dgii,.qoum,\ds._

N

S T UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
: NATIONAL VEHICLE AND FUEL EMISSIONS LABORATORY

2000 TRAVERWOOD ROAD

ANN ARBOR, MI 48105-2498

W 4genct

o
L pno'!?—d\

N

OFFICE OF
AIR AND RADIATION

December 9, 2020

MEMORANDUM

SUBJECT: Redline Version of EPA’s Final Regulatory Amendments for Heavy-Duty
Greenhouse Gas Standards and other Programs

FROM: Alan Stout
Assessment and Standards Division

TO: Docket EPA-HQ-OAR-2019-0307

EPA is adopting a wide range of amendments to the emission control program for heavy-duty
highway greenhouse gas standards and many other types of engines, vehicles, and equipment.
The attached files highlight the changes in the final rule. The drafting is presenting with two
different methods.

e Attachment 1 includes regulatory text for 40 CFR parts 1036, 1037, 1065, and 1066. This
shows proposed changes in red font, with additional changes shown in blue font to
represent changes made after the proposal.

e Attachment 2 includes regulatory text for the remaining parts of the rule. This shows only
the changes made to these regulatory provisions after the proposal. Where the regulatory
text was not part of the proposed rule, a comment box notes that the relevant text is
presented with markings to show how the text changes from the existing text in the Code
of Federal Regulations.

The regulations in the attached files are intended to be the same as what will be published in the
Federal Register. However, there will likely be some minor differences as a result of preparing
the document for publication. The document published in the Federal Register is the official

copy.
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PART 1036--CONTROL OF EMISSIONS FROM NEW AND IN-USE HEAVY-DUTY
HIGHWAY ENGINES

97. The authority citation for part 1036 continues to read as follows:

Authority: 42 U.S.C. 7401 - 76714

98. Amend § 1036.1 by adding paragraph (b)(3) to read as follows:
§1036.1 Does this part apply for my engines?

* * * * *

(b) * * *

(3) The provisions of § 1036.501(h)(1) apply.

* * * * *

99. Amend § 1036.108 by revising paragraph (a) to read as follows:

§1036.108 Greenhouse gas emission standards.

* * * * *

(a) Emission standards. Emission standards apply for engines and optionally powertrains

measured using the test procedures specified in subpart F of this part as follows:
(1) CO2 emission standards in this paragraph (a)(1) apply based on testing as specified in
subpart F of this part. The applicable test cycle for measuring CO2 emissions differs
depending on the engine family’s primary intended service class and the extent to which the
engines will be (or were designed to be) used in tractors. For medium and heavy heavy-duty
engines certified as tractor engines, measure CO2 emissions using the steady-state duty cycle
specified in § 1036.501 (referred to as the Supplemental Emission Testramped-modal-eyele,

or SETRMG, even thouqh emission sampllnq involves measurements from discrete

modes)40
emmsren—samphﬂgwfe&measwemems#em—dﬁeﬂeﬁedes) ThIS |s |ntended for

engines designed to be used primarily in tractors and other line-haul applications. Note that
the use of some SETRMGC-certified tractor engines in vocational applications does not affect
your certification obligation under this paragraph (a)(1); see other provisions of this part and
40 CFR part 1037 for limits on using engines certified to only one cycle. For medium and
heavy heavy-duty engines certified as both tractor and vocational engines, measure CO2
emissions using the steady-state duty cycle and the transient duty cycle (sometimes referred
to as the FTP engine cycle)-beth-ofwhich-are specified in § 1036.50140-CFR-part-86;
subpartN. This is intended for engines that are designed for use in both tractor and
vocational applications. For all other engines (including engines meeting spark-ignition
standards), measure CO2 emissions using the appropriate transient duty cycle specified in 46
CFR-part-86-subpart-N§ 1036.501.
(i) The COz2 standard is 627 g/hp:-hr for all spark-ignition engines for model years 2016
through 2020. This standard continues to apply in later model years for all spark-ignition
engines that are not heavy heavy-duty engines.
(ii) The following CO2 standards apply for compression-ignition engines (in g/hp--hr):
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Table 1 of 81036.108—Compression-|

gnition Engine Standards for MY 2014 — 2020

MODEL LIGHT MEDIUM HEAVY MEDIUM HEAVY
YEARS HEAVY- | HEAVY-DUTY- | HEAVY-DUTY- | HEAVY-DUTY- HEAVY-
DUTY VOCATIONAL | VOCATIONAL TRACTOR DUTY-
TRACTOR
2014-2016 600 600 567 502 475
2017-2020 576 576 555 487 460

(iii) The following CO:2 standards apply for compression-ignition engines and all heavy
heavy-duty engines (in g/hp:-hr):

Table 2 of 81036.108—Compression-Ignition Engine Standards for MY 2021 and Later
MODEL LIGHT MEDIUM HEAVY MEDIUM HEAVY
YEARS HEAVY- | HEAVY-DUTY- | HEAVY-DUTY- | HEAVY-DUTY- HEAVY-
DUTY VOCATIONAL | VOCATIONAL TRACTOR DUTY-
TRACTOR
2021-2023 563 545 513 473 447
2024-2026 555 538 506 461 436
2027 and later 552 535 503 457 432

(iv) You may certify spark-ignition engines to the compression-ignition standards for the

appropriate model year under this paragraph (a). If you do this, those engines are treated

as compression-ignition engines for all the provisions of this part.
(2) The CHa4 emission standard is 0.10 g/hp:-hr when measured over the applicable transient
duty cycle specified in 40 CFR part 86, subpart N. This standard begins in model year 2014
for compression-ignition engines and in model year 2016 for spark-ignition engines. Note
that this standard applies for all fuel types just like the other standards of this section.
(3) The N20 emission standard is 0.10 g/hp:-hr when measured over the transient duty cycle
specified in 40 CFR part 86, subpart N. This standard begins in model year 2014 for
compression-ignition engines and in model year 2016 for spark-ignition engines.

* * * * *

100. Amend § 1036.150 by revising paragraphs (e), (9), and (p)(2) and adding paragraph (q) to
read as follows:

§1036.150 Interim provisions.

* * * * *

(e) Alternate phase-in standards. Where a manufacturer certifies all of its model year 2013
compression-ignition engines within a given primary intended service class to the applicable
alternate standards of this paragraph (), its compression-ignition engines within that primary
intended service class are subject to the standards of this paragraph (e) for model years 2013
through 2016. This means that once a manufacturer chooses to certify a primary intended
service class to the standards of this paragraph (e), it is not allowed to opt out of these standards.
Engines certified to these standards are not eligible for early credits under paragraph (a) of this
section.

VEHICLE MODEL LHD MHD HHD

TYPE YEARSTRACTORS | ENGINES ENGINES ENGINES

Tractors Meodel-Years-2013- NA 512 g/hphr 485 g/hphr
2015
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Meodel-Years-2016 NA 487 g/hphr 460 g/hphr
and later*later®

Vocational Meodel-Years-2013- 618 g/hphr 618 g/hphr 577 g/hphr
2015
Model-Years-2016 576 g/hphr 576 g/hphr 555 g/hphr
through 20202

*Nete?Note: these alternate standards for 2016 and later are the same as the otherwise applicable standards
for 2017 through 2020.

* * *x X *x

(9) Assigned deterioration factors. You may use assigned deterioration factors (DFs) without
performing your own durability emission tests or engineering analysis as follows:
(1) You may use an assigned additive DF of 0.0 g/hp-hr for CO2 emissions from engines that
do not use advanced or off-cycle technologies. If we determine it to be consistent with good
engineering judgment, we may allow you to use an assigned additive DF of 0.0 g/hp-hr for
CO2 emissions from your engines with advanced or off-cycle technologies.
(2) You may use an assigned additive DF of 0.0120 g/hphr for N2O emissions from any
engine through model year 20218, and 0.0220 g/hp-hr for later model years.
(3) You may use an assigned additive DF of 0.020 g/hp-hr for CH4 emissions from any

engine.
* * * * *

p* * *

(2) You may certify your model year 2024 through 2026 engines to the following alternative
standards:

MODEL MEDIUM HEAVY HEAVY- MEDIUM HEAVY
YEARS HEAVY-DUTY- DUTY- HEAVY-DUTY- HEAVY-
VOCATIONAL VOCATIONAL TRACTOR DUTY-
TRACTOR
2024-2026 538542 506510 467 442

(q) Confirmatory testing of fuel maps defined in 8§ 1036.503(b). For model years 2021 and later,
where the results from Equation 1036.235-1 for a confirmatory test is We-will-replace-fuel-maps

N —
ZeCOZCompEPAi eCOZcompManui

eCOZcompManui

A-3



maps.

101. Amend § 1036.225 by revising paragraphs (e) and (f)(1) to read as follows:

§1036.225 Amending my application for certification.

* * * * *

(e)_The amended application applies starting with the date you submit the amended application,

as follows:
(1) For engine families already covered by a certificate of conformity, you may start
producing a the-new or modified engine configuration any time after you send us your
amended application and before we make a decision under paragraph (d) of this section.
However, if we determine that the affected engines do not meet applicable requirements, we
will notify you to cease production of the engines and may require you to recall the engines
at no expense to the owner. Choosing to produce engines under this paragraph (e) is deemed
to be consent to recall all engines that we determine do not meet applicable emission
standards or other requirements and to remedy the nonconformity at no expense to the owner.
If you do not provide information required under paragraph (c) of this section within 30 days
after we request it, you must stop producing the new or modified engines.
(2) [Reserved]

(f) EE
(1) You may ask to raise your FEL for your engine family at any time before the end of the
model year. In your request, you must show that you will still be able to meet the emission
standards as specified in subparts B and H of this part. Use the appropriate FELS/FCLs with
corresponding production volumes to calculate emission credits for the model year, as
described in subpart H of this part.

* * * * *

102. Amend 8 1036.230 by revising paragraph (d) and adding paragraph (f) to read as follows:
§1036.230 Selecting engine families.

* * * * *

(d) Except as described in paragraph (f) of this section, eEngine configurations within an engine
family must use equivalent greenhouse gas emission controls. Unless we approve it, you may not
produce nontested configurations without the same emission control hardware included on the
tested configuration. We will only approve it if you demonstrate that the exclusion of the

hardware does not increase greenhouse gas emissions.
* * * * *
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(f) Engine families may be divided into subfamilies with respect to compliance with CO»
standards.

103. Amend § 1036.235 by revising the introductory text and paragraphs (b) and (c) to read as
follows:
8§ 1036.235 Testing requirements for certification.
This section describes the emission testing you must perform to show compliance with the
greenhouse gas emission standards in §1036.108._\When testing hybrid powertrains substitute
“hybrid powertrain” for “engine” as it applies to requirements for certification.
* * * * *
(b) Test your emission-data engines using the procedures and equipment specified in subpart F of
this part. In the case of dual-fuel and flexible-fuel engines, measure emissions when operating
with each type of fuel for which you intend to certify the engine. (Note: measurement of criteria
emissions from flexible-fuel engines generally involves operation with the fuel mixture that best
represents in-use operation, or with the fuel mixture with the highest emissions.)Measure COz,
CHy4, and N20 emissions using the specified duty cycle(s), including cold-start and hot-start
testing as specified in 40 CFR part 86, subpart N. The following provisions apply regarding test
cycles for demonstrating compliance with tractor and vocational standards:
(1) If you are certifying the engine for use in tractors, you must measure CO2 emissions
using the applicable SET ramped-modal-cyele-specified in § 1036.501565, and measure
CHa, and N20 emissions using the specified transient cycle.
(2) If you are certifying the engine for use in vocational applications, you must measure
COz2, CHs, and N20 emissions using the specified transient duty cycle, including cold-
start and hot-start testing as specified in § 1036.50140-CFR-part-86-subpart-N.
(3) You may certify your engine family for both tractor and vocational use by submitting
COz emission data from both ramped-medalSET and transient cycle testing and
specifying FCLs for both.
(4) Some of your engines certified for use in tractors may also be used in vocational
vehicles, and some of your engines certified for use in vocational may be used in tractors.
However, you may not knowingly circumvent the intent of this part (to reduce in-use
emissions of COz2) by certifying engines designed for tractors or vocational vehicles (and
rarely used in the other application) to the wrong cycle. For example, we would
generally not allow you to certify all your engines to the ramped-medal-cycleSET
without certifying any to the transient cycle.
(c) We may perform confirmatory testing by measuring emissions from any of your emission-
data engines. If your certification includes powertrain testing as specified in § 40-CFR-1036.630,
this paragraph (c) also applies for the powertrain test results.
(1) We may decide to do the testing at your plant or any other facility. If we do this, you
must deliver the engine to a test facility we designate. The engine you provide must include
appropriate manifolds, aftertreatment devices, electronic control units, and other emission-
related components not normally attached directly to the engine block. If we do the testing at
your plant, you must schedule it as soon as possible and make available the instruments,
personnel, and equipment we need.
(2) If we measure emissions on your engine, the results of that testing become the official
emission results for the engine as specified in this paragraph (c). Unless we later invalidate
these data, we may decide not to consider your data in determining if your engine family
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meets applicable requirements.

(3) Before we test one of your engines, we may set its adjustable parameters to any point
within the physically adjustable ranges.

(4) Before we test one of your engines, we may calibrate it within normal production
tolerances for anything we do not consider an adjustable parameter. For example, this would
apply for an engine parameter that is subject to production variability because it is adjustable
during production, but is not considered an adjustable parameter (as defined in § 1036.801)
because it is permanently sealed. For parameters that relate to a level of performance that is
itself subject to a specified range (such as maximum power output), we will generally
perform any calibration under this paragraph (c)(4) in a way that keeps performance within
the specified range.

(5) We may use our emission test results for steady-state, idle, cycle-average and powertrain

fuel maps defmed in § 1036. 503(b)as499gasw&pe#ermaHeasHh¢ee¥ahd4estsANewH

as the off|C|aI emission results Wema%alseeens&de#hewth&dﬁemﬁae%psaﬁeet
%Me%m%%m%keﬁewde%%We WI|| not replace mdmdual pomts from

your fuel map;-b
anéﬁ@NeﬂraiF#ueLmaps.
(i) We will determine fuel masses, mruelfcycle], and mean idle fuel mass flow rates, rﬂuelmlel
if applicable, using the method described in § 1036.535(h).
(ii) We will perform this comparison using the weighted results from GEM, using
vehicles that are appropriate for the engine under test. For example, we may select
vehicles that the engine went into for the previous model year.
(iii6) If you supply cycle-average engine fuel maps for the highway cruise cycles instead
of generating a steady-state fuel map for these cycles, we may perform a confirmatory
test of your engine fuel maps for the highway cruise cycles by either of the following
methods:
(iA) Directly measuring the highway cruise cycle-average fuel maps.
(#B) Measuring a steady-state fuel map as described in paragraph (c)(5) of this
section and using it in GEM to create our own cycle-average engine fuel maps for the
highway cruise cycles.
(iv) This section describes how we will replace fuel maps as a result of confirmatory
testing.
(A) Weight individual duty cycle results using the vehicle categories determined in
paragraph (c)(5)(i) of this section and respective weighting factors in Table 1 of 40
CFR 1037.510 to determine a composite CO2 emission value for each vehicle
configuration; then repeat the process for all the unigue vehicle configurations used to
generate the manufacturer’s fuel maps.
(B) The average percent difference between fuel maps is calculated using the

following equation:

N —
Z eCOZcompEPAi eCOZcompManui
i=1 €

'CO2compManui 100 %

N

difference =
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Eq. 1036.235-1

Where:

i = an indexing variable that represents one individual weighted duty cycle result for a
vehicle configuration.

N = total number of vehicle configurations.

ecozcompePAi = Unrounded composite mass of CO2 emissions in g/ton-mile for vehicle
configuration i for the EPA confirmatory test.

ecozcompManui = Unrounded composite mass of CO2 emissions in g/ton-mile for vehicle
configuration i for the manufacturer-declared map.

(C) Where the unrounded average percent difference between our composite
weighted fuel map and the manufacturer’s is greater than or equal to 0 %, we will not
replace the manufacturer’s maps, and we will consider an individual engine to have
passed the fuel map confirmatory test.

* * * * *

104. Revise § 1036.255 to read as follows:
§ 1036.255 What decisions may EPA make regarding my-a certificate of conformity?
(a) If we determine yeur-an application is complete and shows that the engine family meets all
the requirements of this part and the Act, we will issue a certificate of conformity for yeur-the
engine family for that model year. We may make the approval subject to additional conditions.
(b) We may deny your-an application for certification if we determine that yeuran engine family
fails to comply with emission standards or other requirements of this part or the Clean Air Act.
We will base our decision on all available information. If we deny yeuran application, we will
explain why in writing.
(c) In addition, we may deny your application or suspend or revoke youra certificate of
conformity if you do any of the following:
(1) Refuse to comply with any testing or reporting requirements.
(2) Submit false or incomplete information-{paragraph-{e)-ef this-section-apphies this-is
fraudulent). This includes doing anything after submitting an application that causes
submission-of yourapphication-to-renderany-of the-submitted information to be false or
incomplete.
(3) Cause any test data to become inaccurateRenderinaceurate-any-test-data.
(4) Deny us from completing authorized activities (see 40 CFR 1068.20). This includes a
failure to provide reasonable assistance.
(5) Produce engines for importation into the United States at a location where local law
prohibits us from carrying out authorized activities.
(6) Fail to supply requested information or amend yeur-an application to include all engines
being produced.
(7) Take any action that otherwise circumvents the intent of the Act or this partwith-respeet

to-your-an-enginefamily.
(d) We may void the-a certificate of conformity feran-engine-family-if you fail to keep records,
send reports, or give us information as required under this part or the Act. Note that these are
also violations of 40 CFR 1068.101(a)(2).
(e) We may void yeur-a certificate of conformity-feran-engine-family if we find that you
intentionally submitted false or incomplete information. This includes doing anything after
submitting an application that causesrendering submitted information to be false or incomplete
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after submission.
(f) If we deny your-an application or suspend, revoke, or void youra certificate, you may ask for
a hearing (see § 1036.820).

Subpart D— Testing Production Engines_and Hybrid Powertrains
105. Amend the heading for subpart D as set forth above.

106. Amend § 1036.301 by revising paragraph (b)(2) to read as follows:

§1036.301 Measurements related to GEM inputs in a selective enforcement audit.

* * * * *

(b) * Kk K
(2) Evaluate cycle-average fuel maps by running GEM based on simulated vehicle
configurations representing the interpolated center of every group of four test points that
define a boundary of cycle work and average engine speed divided by average vehicle speed.
These simulated vehicle configurations are defined from the four surrounding points based
on averaging values for vehicle mass, drag area (if applicable), tire rolling resistance, tire
size, and axle ratio. The regulatory subcategory is defined by the regulatory subcategory of
the vehicle configuration with the greatest mass from those four test points. Figure 1 of this
section illustrates a determination of vehicle configurations for engines used in tractors and
Vocational Heavy-Duty Vehicles (HDV) using a fixed tire size (see § 1036.540(c)(3)(iii)).
The vehicle configuration from the upper-left quadrant is defined by values for Tests 1, 2, 4,
and 5 from Table 3 of § 1036.540. Calculate vehicle mass as the average of the values from
the four tests. Determine the weight reduction needed for GEM to simulate this calculated
vehicle mass by comparing the average vehicle mass to the default vehicle mass for the
vehicle subcategory from the four points that has the greatest mass, with the understanding
that two-thirds of weight reduction for tractors is applied to vehicle weight and one-third is
understood to represent increased payload. This is expressed mathematically as Mavg =
Mosubcategory — 2/3-Mreduction, Which can be solved for Mreduction. FOr vocational vehicles, half of
weight reduction is applied to vehicle weight and half is understood to represent increased
payload. Use the following values for default vehicle masses by vehicle subcategory:

Table 1 of § 1036.301—Default Vehicle Mass by Vehicle Subcategory

DEFAULT VEHICLE
VEHICLE SUBCATEGORY MASS (KG)
Vocational Light HDV 7,257
Vocational Medium HDV 11,408
Class 7 Mid-Roof Day Cab 20,910
Class 8 Mid-Roof Day Cab 29,529
Class 8 High-Roof Sleeper Cab 31,978
Heavy-Haul Tractor 53,750

* * * * *

107. Amend § 1036.501 by revising paragraph (g) and adding paragraph (h) to read as follows:
§1036.501 How do I run a valid emission test?

* * * * *

(g) The following additional provisions apply for testing to demonstrate compliance with the
emission standards in § 1036.108 for model year 2016 through 2020 engines:
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(1) Measure CO», CHa, and N2O emissions using the transient cycle specified in either 40
CFR 86.1333 or appendix-H-to-thispart§ 1036.510.
(2) For engines subject to SETRME testing under § 1036.108(a)(1), measure CO» emissions
using the ramped-modal-eyeleSET specified in 40 CFR 86.1362.
(gh) The following additional provisions apply for testing to demonstrate compliance with the
emission standards in § 1036.108 for model year 2021 and later engines:
(2) If your engine is intended for installation in a vehicle equipped with stop-start
technology, you may use-goed-engineeringjudgmentto-turn the engine off during the idle
portions of the duty cycle to represent in-use operation, consistent with good engineering
judgment._We recommend installing an engine starter motor and allowing the engine’s
Electronic Control Unit (ECU) to control the engine stop and start events.
(2) Measure COz, CHa; and N2O-emissions using the transient cycle specified in either 40
CFR 86.1333 or appendix H to this part.
(223) For engines subject to SETRMC testing under § 1036.108(a)(1), udse one of the
following methods to measure CO2 emissions:
(i) Use the ramped-modalSET duty cycle specified in § 1036.505 using either continuous
or batch sampling.
(ii) Measure CO2 emissions over the ramped-modalSET duty cycle specified in 40 CFR
86.1362 using continuous sampling. Integrate the test results by mode to establish
separate emission rates for each mode (including the transition following each mode, as
applicable). Apply the CO2 weighting factors specified in 40 CFR 86.1362 to calculate a
composite emission result.
(3) Measure CO, CHa, and N2O emissions over the transient cycle specified in either 40 CFR
86.1333 or § 1036.510.
(34) Measure or calculate emissions of criteria pollutants corresponding to your measurements to
demonstrate compliance with CO2 standards. These test results are not subject to the duty-cycle
standards of 40 CFR part 86, subpart A.

108. Add § 1036.503 to read as follows:

8 1036.503 Engine data and information for vehicle certification.

You must give vehicle manufacturers information as follows so they can certify model year 2021
and later vehicles:

(a) Identify engine make, model, fuel type, combustion type, engine family name, calibration
identification, and engine displacement. Also identify which standards the engines meet.

(b) This paragraph (b) describes threefour different methods to generate engine fuel maps. For
engines without hybrid components or mild hybrid where you choose not to include hybrid
components in the test, you must generate fuel maps using either paragraphs (b)(1) or (2) of this
section. For mlld hybrid engines Where you choose to include the hybrid components in the test
and fManufa
hybrid engines, manetaetuteﬁsyou must qenerate fuel maps using etther—evele-ave#aqeer
powertrain-testing-as-deseribed-tr-paragraphs (b)(4) ard-(3)-of this section. For all other hybrids,
powertrains,—exeept-mid-hybrids- and for vehicles where the transmission is not automatic,

automated manual, manual or dual- clutch #ouewyou must use paraqraph (b)(3) of this sectlon
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(1) Combined steady-state and cycle-average. Determine steady-state engine fuel maps and
fuel consumption at idle as described in 8 1036.535(b) and (c) respectively, and determine
cycle-average engine fuel maps as described in § 1036.540, excluding cycle-average fuel
maps for highway cruise cycles.
(2) Cycle-average. Determine fuel consumption at idle as described in § 1036.535(c) and (d),
and determine cycle-average engine fuel maps as described in § 1036.540, including cycle-
average engine fuel maps for highway cruise cycles. In this case, you do not need to
determine steady-state engine fuel maps under § 1036.535(b). Fuel mapping for highway
cruise cycles using cycle-average testing is an alternate method, which means that we may do
confirmatory testing based on steady-state fuel mapping for highway cruise cycles even if
you do not; however, we will use the steady-state fuel maps to create cycle-average fuel
maps. In 8 1036.540 we define the vehicle configurations for testing; we may add more
vehicle configurations to better represent your engine’s operation for the range of vehicles in
which your engines will be installed (see 40 CFR 1065.10(c)(1)).
(3) Powertrain. Generate a powertrain fuel map as described in 40 CFR 1037.550. In this
case, you do not need to perform fuel mapping under § 1036.535 or § 1036.540. The option
in 40 CFR 1037.550(b)(2) is only allowed for hybrid powertrain testing.
(4) Hybrid engine. Determine fuel consumption at idle as described in § 1036.535(c) and (d),
and determine cycle-average engine fuel maps as described in § 1037.550, including cycle-
average engine fuel maps for highway cruise cycles.
(c) Provide the following information if you generate engine fuel maps using either paragraph
(b)(1), (2), or (42) of this section:
(1) Full-load torque curve for installed engines, and the full-load torque curve of the engine
(parent engine) with the highest fueling rate that shares the same engine hardware, including
the turbocharger, as described in 40 CFR 1065.510. You may use 40 CFR 1065.510(b)(5)(i)
for engines subject to spark-ignition standards. Measure the torque curve for hybrid engines
that have an RESS as described in 40 CFR 1065.510(g)(2) with the hybrid system active.
For hybrid engines that do not include an RESS follow 40 CFR 1065.510(b)(5)(ii).
(2) Motoring torque map as described in 40 CFR 1065.510(c)(2) and (45) for conventional
and hybrid engines, respectively. For engines with a low-speed governor, remove data points
where the low speed governor is active. If you don’t know when the low-speed governor is
active, we recommend removing all points below 40 r/min above the low warm idle speed.
(3) Declared engine idle speed. For vehicles with manual transmissions, this is the engine
speed with the transmission in neutral. For all other vehicles, this is the engine’s idle speed
when the transmission is in drive.
(4) The engine idle speed during the transient cycle-average fuel map.
(5) The engine idle torque during the transient cycle-average fuel map.
(d) If you generate powertrain fuel maps using paragraph (b)(3) of this section, determine the
system continuous rated power according to § 1036.527.

109. Amend § 1036.505 to read as follows:

§ 1036.505 Supplemental emission testRamped-medal-testing-procedures.

(a) Starting in model year 2021, you must measure CO2z emissions using the ramped-modalSET
duty cycle in 40 CFR 86.1362 as described in § 1036.501, or using the ramped-medalSET duty
cycle in this section.

(b) Perform ramped-modatSET testing with one of the following procedures:




(1) For engine testing, the SETramped-meodal duty cycles areis based on normalized speed and
torgue values relative to certain maximum values. Denormalize torque as described in 40 CFR
1065.610(d). Denormalize speed as described in 40 CFR 1065.512.

(2) For hybrid powertrain and hybrid engine testing, follow 40 CFR 1037.550 to carry out the
test, but do not compensate the duty cycle for the distance driven as described in 40 CFR
1037.550(qg)(4), for hybrid engines select the transmission from Table 1 of § 1036.540
substituting “engine” for “vehicle” and “highway cruise cycle” for “SET”, and cycles do not
follow 40 CFR 1037.550(j). For cycles that begin with a set of contiguous idle points, leave the
transmission in neutral or park for the full initial idle segment. Place the transmission into drive
within 5 seconds of the first nonzero vehicle speed setpoint. Place the transmission into park or
neutral when the cycle reaches SETRMES mode 14. Use the following vehicle parameters in
place of those in 40 CFR 1037.550 to define the vehicle model in 40 CFR 1037.550(ba)(3):

(i) Determine the vehicle test mass, M, as follows:

M =15.1.pP

contrated

Eq. 1036.505-1
Where:

Pcontrated = the continuous rated power of the hybrid system determined in § 1036.527.

Example:
Pcontrated = 350.1 KW

M = 15.1-350.1%%" = 32499 kg

(ii) Determine the vehicle frontal area, Afront, as follows:
(A)For M < 18050 kg:
Ay =-1.69-10°-M?+6.33-10*-M +1.67

Eq. 1036.505-2

Example:
M = 16499 kg
A =—1.69-10°-16499% +6.33-10* -16499 +1.67 = 7.51 m?

(B) For M > 18050 kg, Afront = 7.59 m?
(iii) Determine the vehicle drag area, CdA, as follows:

(0.00299- A, —0.000832)-2. g -3.6?
P

C,A=

Eq. 1036.505-3

Where:

g = gravitational constant = 9.80665% m/s.

p = air density at reference conditions. Use p = 1.1845 kg/m®.

Example:
0.00299-7.59—0.000832)-2-9.80665 - 3.6°
C,A= ( ) =3.08 m?
1184
(iv) Determine the coefficient of rolling resistance, Cr, as follows:

C, -000513+ 18
M

p { Commented [CAL1]: Example updated.
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Eq. 1036.505-4

Example:
17.6
C, =0.00513+
32499

=0.0057 kg/kg

(v) Determine the vehicle curb mass, Mcur, as follows:
M., =—0.000007376537-M * +0.6038432- M

Eq. 1036.505-5

Example:
M., =—0.000007376537 - 32499 + 0.6038432 - 32499 = 11833 kg

(vi) Determine the linear equivalent inertial-mass of rotational moment of inertiasing
components, Mrotating, as follows:
M rotating — 0.07-M

Eq. 1036.505-65

curb

Example:
M =0.07-11833=828.3 kg

(vii) Select a drive axle ratio, ka, that represents the worst-case pair of drive axle ratio and tire
size for CO2 expected for vehicles in which the powertrain will be installed. This is typically the
highest numeric axle ratio.

(viii) Select a tire radius, r, that represents the worst-case pair of tire size and drive axle ratio for
CO2 expected for vehicles in which the powertrain will be installed. This is typically the
smallest tire radius.

(viiix) If you are certifying a hybrid powertrain system without the transmission, use a default
transmission efficiency of 0.95. If you certify with this configuration, you must use 40 CFR
1037.550(ba)(3)(ii) to create the vehicle model along with its default transmission shift strategy.
Use the transmission parameters defined in Table 1 of § 1036.540 to determine transmission type
and gear ratio. For Light and Medium HDVs, uYse the Light and Medium HDV transientcyele
parameters for the FTP and SET. For Tractors and Heavy HDVs, use the Tractor and Heavy
HDV transient cycle parameters for the FTP and the Tractor and Heavy HDV highway cruise
cycle parameters for the SETRME.

(ix) Select axle efficiency, Effaxie, according to 40 CFR 1037.550.

(cb) Measure emissions using the ramped-modalSET duty cycle shown in the-following
tableTable 1 of this section to determine whether engines and hybrid powertrains meet the
steady-state compression-ignition standards specified in subpart B of this part:—. Table 1 of this
section specifies settings for engine and hybrid powertrain testing, as follows:

(1) The duty cycle for testing engines involves a schedule of normalized engine speed and torque
values.

(2) The duty cycle for hybrid powertrain testing involves a schedule of vehicle speeds and road
grade.

(i) —Determine road grade at each point based on the continuous rated power of the hybrid
powertrain system, Pcontrated, in KW determined in § 1036.527, the vehicle speed (A, B, or C) in
mi/hr for a given SET mode, Vrefispeed], and the specified road grade coefficients using the

rotating

- ’[Commented [CAL2]: Equation updated.




following equation:
_ 3 2 2 2
Road grade =a- Pcontrated +b- Pcontrated 'Vref[speed] +C- Poomrated +d 'Vref[speed] +€- Pcontrated ! Vref[speed] +

f- Pcomrated +3- Vref[speed] +h
Eq. 1036.505-7

Example:
This example is for SET mode 3a in Table 1 to § 1036.505.

Pcontrated = 345.2 KW
Vrefs = 59.3 mi/hr

Road grade =8.296-107°-345.2° + (—4.752-10'7)-345.22 -59.3+1.291-10°°-345.2* +2.88-10* -59.3% +

452410 -345.2-59.3+ (—1.802 1077 ).345.2 + (—1.83‘10‘1) .59.3+8.81=0.53 %

(ii) Use the vehicle C speed determined in § 1036.527 and determine the vehicle A and B speeds
as follows:
(A) Determine vehicle A speed using the following equation:
V. —v 55.0
refA refC 750
Eq. 1036.505-8

Example:
Vrefc = 68.42 mi/hr

Vi = 68.4'% =50.2 mi/hr

(B) Determine vehicle B speed using the following equation:
*C 75.0
Eq. 1036.505-9

refB

Example:

Vg = 68.4-% =59.3 mi/hr



Table 1 of-to § 1036.505—Supplemental Emission Test Ramped-modal Duty Cycle
Engine testing PHybrid powertrain testing

SEHTRMC Time in Engine Torque Vehicle Road-grade coefficients
mdde mode speed®® | (percent)?¢ speed a b c d e f g h

(seconds) (mi/hr) = = = = = - -
lasteady- | o4 | warm Idie 0 wlam 0 0 0 0 0 0 0 0
stafe Idle
b 20 Linear Linear Linear | ) 8ogE-08 | -5.895E-07 | 3.780E-05 | 4.706E-03 | 6.550E-04 | -2.679E-02 | -1.027E+00 | 1.542E+01
Transition Transition Transition | Transition
?t""aﬁteady' 196 A 100 5Viera3:38 | -1.227E-08 | -5.504E-07 | 3.946E-05 | 1.212E-03 | 5.289E-04 | -3.116E-02 | -3.227E-01 | 1.619E+01
Gl 20 Linear Linear Linear | ) 305£-09 | -4.873E-07 | 2.535E-05 | 8.156E-04 | 4.730E-04 | -2.383E-02 | -2.975E-01 | L.277E+01
Transition Transition Transition | Transition
St"“aﬁteady' 220 B 50 Veer265:00 | 8.296E-09 | -4.752E-07 | 1.291E-05 | 2.880E-04 | 4.524E-04 | -1.802E-02 | -1.830E-01 | 8.810E+00
3 20 B Linear Vieis65:00 | 4.642E-09 | -5.143E-07 | 1.991E-05 | 3.556E-04 | 4.873E-04 | -2.241E-02 | -2.051E-01 | 1.068E+01
Transition Transition e
;’" Seteady' 220 B 75 Veer265:00 | 1.818E-10 | -5.229E-07 | 2.579E-05 | 5.575E-04 | 5.006E-04 | -2.561E-02 | -2.399E-01 | 1.287E+01
4l 20 Linear Linear Linear | 5 o/or 10 | -4.992E-07 | 2.244E-05 | 4700E-04 | 4.659E-04 | -2.203E-02 | -1.761E-01 | 1.072E+01
Transition Transition Transition | Transition
ff‘aﬁteady' 268 A 50 VieraB53:38 | 3.973E-09 | -4.362E-07 | 1.365E-05 | 4.846E-04 | 4.158E-04 | -1.606E-02 | -1.908E-01 | 8.206E+00
- 20 A Linear | | 5338 | -2.788E-10 | -4.226E-07 | 1.812E-05 | 6.591E-04 | 4.158E-04 | -1846E-02 | -2.201E-01 | 1.001E+01
Transition Transition
Sf Seteady' 268 A 75 Veern53:38 | -4.216E-09 | -4.891E-07 | 2.641E-05 | 8.796E-04 | 4.692E-04 | -2.348E-02 | -2.595E-01 | 1.226E+01
6b Linear
Tehnsition 20 A Transition | V28338 | 3.979E-00 | -4.392E-07 | LAIIE-05 | 2.079E-04 | 4.203E-04 | -L658E-02 | -LG5SE-01 | 7.705E+00
Zf iteady' 268 A 25 Veera53:38 | 1.211E-08 | -3.772E-07 | 6.209E-07 | 1.202E-04 | 3.578E-04 | -8.420E-03 | -1.248E-01 | 4.189E+00
L 20 Linear Linear Linear |y sor 09 | -4.954E-07 | 2.103E-05 | 4.849E-04 | A4.776E-04 | -2.194E-02 | -2.551E-01 | L.075E+01
Transition Transition Transition | Transition
gf Seteady' 196 B 100 Veer2B85:00 | -8.232E-09 | -5.707E-07 | 3.900E-05 | 8.150E-04 | 5.477E-04 | -3.325E-02 | -2.956E-01 | 1.689E+01
8 20 B Linear | | 6500 | 4.286E-09 | -5.150E-07 | 2.070E-05 | 5.214E-04 | 4.882E-04 | -2291E-02 | -2.271E-01 | 1.157E+01
Transition Transition =
gt’" Seteady' 196 B 25 VeereB5:00 | 1.662E-08 | -4.261E-07 | -2.705E-07 | 2.098E-05 | 4.046E-04 | -1.037E-02 | -1.263E-01 | 4.751E+00




% 20 Linear Linear Linear |7 y90r.09 | -5.451E-07 | 1.950E-05 | 2.243E-04 | 5.114E-04 | -2.331E-02 | -2.270E-01 | 1.062E+01
Transition Transition Transition | Transition

igtesmady' 28 C 100 Veetc77:80 | -L.O73E-09 | -5.904E-07 | 3.477E-05 | 5.069E-04 | 5.647E-04 | -3.354E-02 | -2.648E-01 | L.651E+01
10p 20 c Linear Veeic77:80 | 9.957E-09 | -5.477E-07 | 1.826E-05 | 2.399E-04 | 5.196E-04 | -2.410E-02 | -2.010E-01 | 1.128E+01
Transition Transition e

itl eSteady' 4 C 25 Veerc77:80 | 1.916E-08 | -5.023E-07 | 3.715E-06 | 3.634E-05 | 4.706E-04 | -1.539E-02 | -1.485E-01 | 6.827E+00
p 20 c Linear VeicZ | L4T4E-08 | -5.176E-07 | 1.027E-05 | 1.193E-04 | 4.911E-04 | -1.937E-02 | -1.713E-01 | 8.872E+00
Transition Transition e

itz eSteady' 4 c 75 Veetc77:80 | 6.167E-09 | -5.577E-07 | 2.354E-05 | 3.524E-04 | 5.319E-04 | -2.708E-02 | -2.253E-01 | 1.313E+01
12E . 20 C Linear | | 7780 | 1.039E-08 | -5.451E-07 | 1.756E-05 | 2.257E-04 | 5.165E-04 | -2.366E-02 | -1.978E-01 | 1.106E+01
Transition Transition

if eSteady' 4 c 50 Veerc77:80 | 6.209E-09 | -5.292E-07 | 2.126E-05 | 3.475E-04 | 5.132E-04 | -2.552E-02 | -2.212E-01 | L.274E+01
13E . 20 Linear Linear Linear | 4 461£-09 | -6.452E-07 | 1.301E-05 | 1.420E-03 | 5.779E-04 | -1.564E-02 | 1.949E-01 | 7.998E+00
Transition Transition Transition | Transition

14Steady- 144 Warm Idle 0 Warm 0 0 0 0 0 0 0 0
stafe Idle

#Hngine sSpeed terms are defined in 40 CFR part 1065.

b2Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the speed-or-torgue-settings of the current mode

to the speed-ortorgue-settings of the next mode.

Tihe percent torque is relative to maximum torque at the commanded engine speed.

A-15




110. Revise § 1036.510 to read as follows:
81036.510 Transient testing-procedures.
(a) Measure emissions by testing the engine or hybrid powertrain on a dynamometer with one of
the following transient duty cycles to determine whether it meets the transient emission
standards:
(1) For spark-ignition engines, use the transient duty cycle described in paragraph (a) of
Appendix |1 of this part.
(2) For compression-ignition engines, use the transient duty cycle described in paragraph (b)
of Appendix Il of this part.
(3) For spark-ignition hybrid powertrains, use the transient duty cycle described in paragraph
(a) of Appendix |1 of this part.
(4) For compression-ignition hybrid powertrains, use the transient duty cycle described in
paragraph (b) of Appendix |1 of this part.
(b) Perform the following depending on if you are testing engines or hybrid powertrains:
(1) For engine testing, the transient duty cycles are based on normalized speed and torque
values relative to certain maximum values. Denormalize torque as described in 40 CFR
1065.610(d). Denormalize speed as described in 40 CFR 1065.512.
(2) For hybrid powertrain testing, follow § 1036.505(b)(2) to carry out the test except replace
Pcontrated With Prated, the peak rated power determined in § 1036.527, and-keep the
transmission in drive for all idle segments after the initial idle segment, and for hybrid
engines select the transmission from Table 1 of § 1036.540 substituting “engine” for
“vehicle”. You may request to change the engine commanded torgue at idle to better
represent CITT.
(c) The transient test sequence consists of an initial run through the transient duty cycle from a
cold start, 20 minutes Wlth no enqme operatlon then a final run throuqh of the same tranS|ent
duty cycle. Sta
samphhq—WmJ—th&dHtv—eyel&l&eempleteEmlssmns from engine startlnq is part of the both the
cold and hot test intervals. Calculate the total emission mass of each constituent, m, and the total
work, W, over each test interval according to 40 CFR 1065.650. Calculate the official transient
emission result from the cold-start and hot-start test intervals using the following equation:
cold start emissions (g) + 6- hot start emissions (g)

cold start work (hp- hr) + 6- hot start work (hp- hr)

Official transient emission result =

Eg. 1036.510-1
(d) Calculate cycle statistics and compare with the established criteria as specified in 40 CFR

1065.514 for engines and 40 CFR 1037.550 for hybrid powertrains to confirm that the test is
valid.

111. Amend § 1036.525 by revising paragraphs (a), (d) introductory text, and (d)(4) to read as
follows:

§ 1036.525 Hybrid engines.

(a) H-For model years 2014 through 2020, if your engine system includes features that recover
and store energy during engine motoring operation, test the engine as described in paragraph (d)
of this section. For purposes of this section, features that recover energy between the engine and
transmission are considered related to engine motoring.

* * * * *

(d) Measure emissions using the same procedures that apply for testing non-hybrid engines under




this part, except as specified in this part and 40 CFR part 1065. For ramped-modalSET testing,
deactivate the hybrid features unless we specify otherwise. The following provisions apply for
testing hybrid engines:
* * * * *
(4) Limits on braking energy. Calculate brake energy fraction, x», as follows:
(i) Calculate x» as the integrated negative work over the cycle divided by the integrated
positive work over the cycle according to Eq. 1036.525-1. Calculate the brake energy
limit for the engine, xol, according to Eq. 1036.525-2. If xp is less than or equal to xbi, use
the integrated positive work for your emission calculations. If x» is greater than xoi use
Eq. 1036.525-3 to calculate an adjusted value for cycle work, Weycle, and use Weycte as the
work value for calculating emission results. You may set an instantaneous brake target
that will prevent x» from being larger than xui to avoid the need to subtract extra brake
work from positive work.

W,

neg

W

pos
Eqg. 1036.525-1

Where:
Wheg = the negative work over the cycle.
Woos = the positive work over the cycle.

X, =

X, =4.158.10 P, +0.2247

Eqg. 1036.525-2
Where:
Pmax = the maximum power of the engine with the hybrid system engaged, in k\W.

chcle :Wpos - (’Wneg = Xy 'WPUS)

Eq. 1036.525-3
Where:
Weycle = cycle work when x» is greater than xol.

Example:
Wheg = 4.69 kW-hr
Whpos = 14.67 KW-hr

Pmax = 223 kW

4.69 , { Commented [CAL3]: Example updated.
X, =|[——={=0.31970 ,

14.67 [ 7777777777777777777777777777777777777777 )
X, = 4.158 107 -223+0.2247 = 0.317423‘ - /[ Commented [CAL4]: Example updated.
Since Xo > Xol;
chde =14.67 —(|4.69| —0.317423~l4.67) =14.6365 kW-hr o7 { Commented [CAL5]: Example updated.

(ii) Convert from g/kW-hr to g/hp-hr as the final step in calculating emission results.

* * * * *



112. Add § 1036.527 to read as follows:

§ 1036.527 Powertrain system rated power determination.

This section describes how to determine the peak and continuous rated power of conventional
and hybrid powertrain systems and the vehicle speed for carrying out testing according to §
1036.505, § 1036.510, and 40 CFR 1037.550.

(a) Set up the powertrain according to 40 CFR 1037.550, but use the vehicle parameters in §
1036.505(b)(2), except replace Pcontrated With the manufacturer declared system peak power and
use applicable automatic transmission for the engine. Note that if you repeat the system rated

power determination as described in paragraph (fi)(4) of this section, use the measured system

(be) Prior to the start of each test interval verify the following:
(11) The state-of-charge of the-the rechargeable energy storage system (RESS) is > 90 % of
the operating range between the minimum and maximum RESS energy levels specified by
the manufacturer.

(#2) The conditions of all hybrid system components are within their normal operating range
as declared by the manufacturer.
(#3) RESS restrictions (e.g., power limiting, thermal limits, etc.) are not active.

(cd) Carry out the test as follows:

(1) Warm up the powertrain by operating it. We recommend operating the powertrain at any
vehicle speed and road grade that achieves approximately 75 % of its expected maximum
power. Continue the warm-up until the engine coolant, block, or head absolute temperature
is within +2 % of its mean value for at least 2 min or until the engine thermostat controls
engine temperature.

(2) Start the test by keying on the powertrain and letting it sit at 0 mi/hr for 50 seconds.

(3) Set maximum driver demand for a full load acceleration at 86 % road grade starting at an
initial vehicle speed of 0 mi/hr.

(4) —268 seconds after the initiation of paragraph (c)(3) of this section, linearly ramp the
grade from 6 % to 0 % over 300 seconds. Stop the test 309-seconds-after the vehicle
speedspeed -has stopped increasing above the maximum value observed during the test.

(de) Record the powertrain system angular speed and torgue values measured at the

dynamometerat-the-wheel-hub at 100 Hz and use these in conjunction with the vehicle model to

calculate Psys vehicle.

(ef) After-completi interva ibed- agrap

- o 5

for each testrundata point as follows:

(1) For testing with the speed and torgue measurements at the transmission input shaft, Psys is
equal to the calculated vehicle system peak power, Psys.venicle, determined in paragraphs (c)
through (d) of this section.

(2) For testing with the speed and torgue measurements at the axle input shaft or the wheel
hubs, determine Psys using the following equation:




P

__ " sys,vehicle

Eirans " Eaxte

Eq. 1036.527-1
Where:

Psys.venicte = the calculated vehicle system peak power.

erans = the default transmission efficiency = 0.95.

caxle = the default axle efficiency. Set this value = 1 for speed and torque measurement at the
axle input shaft or = 0.955 at the wheel hubs.

Py

Example:
Psys.vehicle = 317.6 KW

» = 378 _a501kw
0.95-0.955
(fi) The system peak rated power, Prated, is the highest calculated Psys where the coefficient of
variation (COV) < 2 %. The COV is determined as follows:
(1) Calculate the standard deviation, o(t).

a(t>=\/%-i(aysi ~B.)

i=1
Eq. 1036.527-2
Where:

N = the number of measurement intervals = 20.

Psysi = the N samples in the 100 Hz signal previously used to calculate the respective Pu(t) values
at the time step t.

P“ (t) = the power vector from the results of each test run that is determined by a moving
averaging of 20 consecutive samples of Psys in the 100 Hz that converts P(t) to a 5 Hz signal.
(2) The resulting 5 Hz power and covariance signals are used to determine system rated power.
(3) The coefficient of variation COV/(t) shall be calculated as the ratio of the standard deviation,

o(t), to the mean value of power, Isu(t) . for each time step t.

cov (=20

P.(t)

Eq. 1036.527-3

(4) If the determined system peak rated power is not within +3 % of the system peak rated power
as declared by the manufacturer, you must repeat the procedure in paragraphs (a) through (fi)(3)
of this section using the measured system peak rated power determined in paragraph (fi) of this
section instead of the manufacturer declared value. The result from this repeat is the final
determined system peak rated power.
(5) If the determined system peak rated power is within +3 % of the system peak rated power as
declared by the manufacturer, the declared system peak rated power shall be used.
(aj) Determine continuous rated power as follows:
(1) For conventional powertrains, Pcontrated €quals Prated.
(2) For hybrid powertrains, continuous rated power, Pcontrated, IS the maximum measured power
from the data collected in paragraph (c)(3) of this section that meets the requirements in
paragraph (f) of this section.




(h) Vehicle C speed, vrerc, is determined as follows:

(1) For powertrains where Psys is greater than 0.98-Pcontrated in top gear at more than one vehicle
speed, Vrefc is the average of the minimum and maximum vehicle speeds from the data collected
in paragraph (c)(4) of this section that meets the requirements in paragraph (f) of this

sectlon DM@G@W@WMWW@WM%%%

(2) For powertrams Where Psys is not qreater than 0.98Pcontrated in top gear at more than one

vehicle speed, vretc is the maximum vehicle speed from the data collected in paragraph (c)(4) of
this section that meets the requirements in paragraph (f) of this section where Psys is great than
0.98- Pcontrated.

113. Revise § 1036.530 to read as follows:
§1036.530 Calculating greenhouse gas emission rates.
This section describes how to calculate official emission results for COz, CHa, and N20.
(a) Calculate brake-specific emission rates for each applicable duty cycle as specified in 40 CFR
1065.650. Apply infrequent regeneration adjustment factors to your CO2 emission results for
each duty cycle eyele-averageresutts-as described in 40 CFR 86.004-28 for-CO2-starting in
model year 2021. You may optionally apply infrequent regeneration adjustment factors for CHa
and N20.
(b) Adjust CO2 emission rates calculated under paragraph (a) of this section for measured test
fuel properties as specified in this paragraph (b). This adjustment is intended to make official
emission results independent of differences in test fuels within a fuel type. Use good engineering
judgment to develop and apply testing protocols to minimize the impact of variations in test
fuels.
(1) Determine your test fuel’s mass-specific net energy content, Emfueimeas, also known as
lower heating value, in MJ/kg, expressed to at least three decimal places;-. Determine
Emfueimeas as follows:
(i) For quuid fuels, determine Emfueimeas according to ASTM D4809 (incorporated by
reference in § 1036.810)._Have the sample analyzed by at least three different labs and
determine the final value of use-the-arithmetic-mean-of the results-as-your test fuel’s
Emfuelmeas 8s the median all of the lab results you obtained. If you have results from three
different labs, we recommend you screen them to determine if additional observations are
needed. To perform this screening, determine the absolute value of the difference
between each lab result and the average of the other two lab results. If the largest of
these three resulting absolute value differences is greater than 0.297 MJ/kg, we
recommend you obtain additional results prior to determining the final value of Emfueimeas.
(ii) For gaseous fuels, determine Emfuelmeas according to ASTM D3588 (incorporated by
reference in § 1036.810)using-good-engineeringjudgment.
(2) Determine your test fuel’s carbon mass fraction, wc, as described in 40 CFR 1065.655(d),
expressed to at least three decimal places; however, you must measure fuel properties rather
than using the default values specified in Table 1 of 40 CFR 1065.655.
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(i) For liquid fuels, -hHave the sample analyzed by at least three different labs and determine
wse-the final value arithmetic-mean-of theresults-as-your test fuel’s wc_as the median of all of
the lab results you obtained. If you have results from three different labs, we recommend
you screen them to determine if additional observations are needed. To perform this
screening, determine the absolute value of the difference between each lab result and the
average of the other two lab results. If the largest of these three resulting absolute value
differences is greater than 1.56 percent carbon, we recommend you obtain additional results
prior to determining the final value of wc.
(ii) For gaseous fuels, have the sample analyzed by a single lab and use that result as your
test fuel’s we.
(3) If, over a period of time, you receive multiple fuel deliveries from a single stock batch of
test fuel, you may use constant values for mass-specific energy content and carbon mass
fraction, consistent with good engineering judgment. To use this provision, you must
demonstrate that every subsequent delivery comes from the same stock batch and that the
fuel has not been contaminated.
(4) Correct measured CO2 emission rates as follows:

E

— . mfuelmeas
eCOZcor - eCOZ E
mfueiCref * Wemeas

Eq. 1036.530-1

Where:
ecoz = the calculated CO2 emission result.
Emfuelmeas = the mass-specific net energy content of the test fuel as determined in
paragraph (b)(1) of this section. Note that dividing this value by wcmeas (as is done in this
equation) equates to a carbon-specific net energy content having the same units as
Emfuelcref.
Emfueicrer = the reference value of carbon-mass-specific net energy content for the
appropriate fuel type, as determined in Table 1 of this section.
Wemeas = carbon mass fraction of the test fuel (or mixture of test fuels) as determined in
paragraph (b)(2) of this section.

Example:

ecoz = 630.0 g/hp-hr
Emfuelmeas = 42.528 MJ/kg
Emfuelcret = 49.3112 MJ/kgC
Wcmeas = 0.870

eCOZcor =630.0 42528

149.3112-0.870
ecozcor = 624.5 g/hp-hr
Table 1 ofto § 1036.530—Reference fuel properties

REFERENCE FUEL
- NET ENERGY CONTENT, FRACTION. Wener®?
EwmrueLcrer, (MI/KGC)?  TICREF
Diesel fuel 49.3112 0.874
Gasoline 50.4742 0.846
Natural Gas 66.2910 0.750




LPG 56.5218 0.820
Dimethyl Ether 55.3886 0.521
ngh-_level ethanol- 50.3211 0576
gasoline blends
“aFor fuels that are not listed, you must ask us to approve reference fuel properties.
2bFor multi-fuel streams, such as natural gas with diesel fuel pilot injection, use
good engineering judgment to determine blended values for Emueicrer and Werer USING
the values in this table.

(c) Your official emission result for each pollutant equals your calculated brake-specific
emission rate multiplied by all applicable adjustment factors, other than the deterioration factor.

114. Revise § 1036.535 to read as follows:
8 1036.535 Determining steady-state engine fuel maps and fuel consumption at idle.
This section describes how to determine an engine’s steady-state fuel map and fuel consumption
at idle for model year 2021 and later vehicles. Vehicle manufacturers may need these values to
demonstrate compliance with emission standards under 40 CFR part 1037 as described in §
1036.510.
(a) General test provisions. Perform fuel mapping using the procedure described in paragraph (b)
of this section to establish measured fuel-consumption rates at a range of engine speed and load
settings. Measure fuel consumption at idle using the procedure described in paragraph (c) of this
section. If you perform cycle-average mapping for highway cruise cycles as described in §
10367.540, omit mapping under paragraph (b) of the section and instead perform mapping as
described in paragraph {e)-and-(d) of this section. Use these measured fuel-consumption values
to declare fuel-consumption rates for certification as described in paragraph (e) of this section.
(1) Map the engine’s torque curve and declare engine idle speed as described in §
1036.503540(ac)(12) and (3), and perform emission measurements as described in 40 CFR
1065.501 and 1065.530 for discrete-mode steady-state testing. This section uses engine
parameters and variables that are consistent with 40 CFR part 1065.
(2) Measure NOx emissions for each specified sampling period in g/s. You may perform
these measurements using a NOx emission-measurement system that meets the requirements
of 40 CFR part 1065, subpart J. Include these measured NOx values any time you report to
us your fuel consumption values from testing under this section. If a system malfunction
prevents you from measuring NOx emissions during a test under this section but the test
otherwise gives valid results, you may consider this a valid test and omit the NOx emission
measurements; however, we may require you to repeat the test if we determine that you
inappropriately voided the test with respect to NOx emission measurement.
(b) Steady-state fuel mapping. Determine fuel-consumption rates for each engine configuration
over a series of steady-state engine operating points consisting of pairs of speed and torque
points as described in this paragraph (b). You may use shared data across an engine platform to
the extent that the fuel-consumption rates remain valid. For example, if you test a high-output
configuration and create a different configuration that uses the same fueling strategy but limits
the engine operation to be a subset of that from the high-output configuration, you may use the
fuel-consumption rates for the reduced number of mapped points for the low-output
configuration, as long as the narrower map includes at least 70 points. Perform fuel mapping as
follows:
(1) Generate the sequence of steady-state engine operating points as follows:
(i) Determine the required steady-state engine operating points as follows:




(A) For engines with an adjustable warm idle speed setpoint, sSelect the following ten-speed
setpoints: thatipetude-minimum warm idle speed, fridiemin, the highest speed above maximum
power at which 70 % of maximum power occurs, nni, and eight_(or more) equally spaced
points between fnidlemin and nni. Centrelspeed-to-within+1-% ofnni-(Ssee 40 CFR
1065.610(c))._For engines without an adjustable warm idle speed replace minimum warm
idle speed with warm idle speed, fnidte.
(2B) Select the following ten-torque setpoints at each of the selected speed setpoints: zero
(valuesneluding-T = 0), maximum mapped torque, Tmax mapped, and eight (or more) equally
spaced points between T = 0 and Tmax mapped. Replace-For each of the selected speed

setpoints, replace any torque setpoints that are above the mapped torque at a-given the
selected speed setpoint, Tmax, minus 5 percent of Tmax mapped, With one test point at Tmax.

i ithin+ max-mappeds

(ii) Select any additional (optional) steady-state engine operating points consistent with good
engineering judgment. For example; you may select additional points when linear
interpolation between the defined points is not a reasonable assumption for determining fuel
consumption from the engine. For each additional speed setpoint, increments between
torque setpoints must be no larger than one-ninth of Tmaxmapped and we recommend including
a torque setpoint of Tmax. If you select a maximum torque setpoint less than Tmax, Use good
engineering judgement to select your maximum torque setpoint to avoid unrepresentative
data. Note that if the test points were added for the child rating, they should still be reported
in the parent fuel map. We will select at least as many points as you.
(iii) Set the run order for all of the steady-state engine operating points (both required and
optional) as described in this paragraph (b)(1)(iii). Arrange the list of steady-state engine
operating points such that the resulting list of paired speed and torgue setpoints begins with
the highest speed setpoint and highest torque setpoint followed by decreasing torque
setpoints at the highest speed setpoint. This will be followed by the next lowest speed
setpoint and the highest torque setpoint at that speed setpoint continuing through all the
steady-state engine operating points and ending with the lowest speed (fnidlemin) and torque
setpoint (T = 0). The following figure provides an example of this array of points and run
order.
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Figure 1 of § 1036.535—Steady-state engine operation point run order
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(iv) The steady-state engine operating points that have the highest torque setpoint for a given
speed setpoint are optional reentry points into the steady-state-fuel-mapping sequence,
should you need to pause or interrupt the sequence during testing.

(v) The steady-state engine operating points that have the lowest torque setpoint for a given
speed setpoint are optional exit points from the steady-state-fuel-mapping sequence, should
you need to pause or interrupt the sequence during testing.

(2) If the engine has an adjustable warm idle speed setpoint, set it to its minimum value,
fnidlemin.

(3) During each test interval, control speed within £1 % of nni and engine torque within +5
% of Tmax mapped except for the following cases where both setpoints cannot be achieved
because the steady-state engine operating point is near an engine operating boundary:

(i) For steady-state engine operating points that cannot be achieved and the operator demand
stabilizes at minimum; control the dynamometer so it gives priority to follow the torque
setpoint and let the engine govern the speed (see 40 CFR 1065.512(b)(1)). In this case, the

tolerance on speed control in paragraph (b)(3) of this section does not apply and engine
torque is controlled to within £25 N-m.

(ii) For steady-state engine operating points that cannot be achieved and the operator
demand stabilizes at maximum and the speed setpoint is below 90 % of nni; control the
dynamometer so it gives priority to follow the speed setpoint and let the engine govern the
torque (see 40 CFR 1065.512(b)(2)). In this case, the tolerance on torque control given in
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paragraph (b)(3) of this section does not apply.

(iii) For steady-state engine operating points that cannot be achieved and the operator
demand stabilizes at maximum and the speed setpoint is at or above 90 % of nni; control the
dynamometer so it gives priority to follow the torque setpoint and let the engine govern the
speed (see 40 CFR 1065.512(b)(1)). In this case, the tolerance on speed control given in
paragraph (b)(3) of this section does not apply.

(iv) For the steady-state engine operating points at the minimum speed setpoint and
maximum torque setpoint, you may select a dynamometer control mode that gives priority to
speed and an engine control mode that gives priority to torque. In this case, if the operator
demand stabilizes at minimum or maximum, the tolerance on torque control in paragraph

(b)(3) of this section does not applv ¥eu—ma%need—te—ad1&st—dynamemeter—se%ﬂng&any—ume

(4) You may select the appropriate dynamometer and engine control modes in real-time or at
any time prior based on various factors including the operating setpoint location relative to
an engine operating boundary.Precondition \Warm-up the engine as described in 40 CFR
1065.510(b)(2).
(556) Within 60 seconds after concluding the warm-upprecenditioning-procedure, operate
the-engine-at-nni-and-Fmaxlinearly ramp the speed and torque setpoints over 5 seconds to the
first steady-state engine operating point from paragraph (b)(1) of this section.
(66+) After-Operate the engine eperates-at the set-speed-and-terguesteady-state engine
operating point for 66-(70 +1) seconds, and then start the test interval and recording
measurements using one of the following methods:—. You must also measure and report
NOx emissions over each test interval as described in paragraph (a)(2) of this section. If you
use redundant systems for the determination of fuel consumption, for example combining
measurements of dilute and raw emissions when generating your map, follow the
requirements of 40 CFR 1065.201(d).
(i) Sarben-mass-bataneelndirect measurement of fuel flow. Record speed and torque and
measure emissions and other inputs needed to run the chemical balance in 40 CFR
1065.655(c) for a (30 + 129-t6-3%) second test intervals; determine the corresponding
mean values for the samphing-periedtest interval. We-witluse-carbon-mass-balanee-For
dilute sampling of emissions, in addition to the background measurement provisions
described in 40 CFR 1065.140 you may do the following:
(A) If you use batch sampling to measure background emissions, you may sample
periodically into the bag over the course of multiple test intervals and read them as
allowed in paragraph (b)(10)(i) of this section. If you use this provision, you must apply
the same background readings to correct emissions from each of the applicable test
intervals.
(B) You may determine background emissions by sampling from the dilution air during
the non-test interval periods in the test sequence, including pauses allowed in paragraph
(b)(10)(i) of this section. If you use this provision, you must allow sufficient time for
stabilization of the background measurement; followed by an averaging period of at least
30 seconds. Use the average of the most recent pre-test interval and the next post-test
interval background readings to correct each test interval. The most recent pre-test




interval background reading must be taken no greater than 30 minutes prior to the start of
the first applicable test interval and the next post-test interval background reading must
be taken no later than 30 minutes after the end of the last applicable test interval.
Background readings must be taken prior to the test interval for each reentry point and
after the test interval for each exit point or more frequently.
(ii) Direct measurement of fuel flow. Record speed and torque and measure fuel
consumption with a fuel flow meter for a (29-te-30 +1) second test intervals; determine
the corresponding mean values for the sampling-periodtest interval.
(7#8) After completing the sampling-periodtest interval described in paragraph (b)(676) of
this section, linearly ramp the engine-speed and torque setpoints over 45 seconds to the next

lewest—teeqee—valeew#ute—helelmg—speed—eenstantsteadv state enqme operatmq point.

sequence for-all remaining speed-values down-to-fui i
procedure—You may interrupt-pause the steady-state-fuel-mapping sequence at any of the
reentry points (as noted in paragraph (b)(1)(iv) of this section) to calibrate emission-

measurement instrumentation; to read and evacuate background bag samples collected
over the course of multiple test intervals; or to sample the dilution air for background
emissions. This provision allows you to spend more than the 70 seconds noted in

paraqraph (b)(l6) of thls section. enly—duﬂng—stabﬂﬂatten—at—?

(i) If an mfrequent regeneratlon event occurs, interrupt the steady state-fuel- mappmq

sequence and allow the regeneration event to finish. You may continue to operate at the
steady-state engine operating point where the event began or, using good engineering
judgement, you may transition to another operatlnq condition to reduce the reqeneratlon
event durationdy
speed. You may complete any post test |nterval actlvmes to validate test |ntervals prior
to the most recent reentry point. Once AHew-the regeneration event te-is finished,
linearly ramp the speed and torgue setpoints over 5 seconds to the most recent reentry
point described in paragraph (b)(1)(iv) of this section, andthen restart the steady-state-
fuel-mapping sequence by repeating the steps in paragraphs (b)(%6) and (87) of this
section for all the remaining steady-state engine operating points. Operate at the reentry
point for longer than the 70 seconds in paragraph (b)(#6), as needed, to bring the
aftertreatment to representative thermal conditions. Void all test intervals in the steady-
state-fuel-mapping sequence beginning with the reentry point and ending with the steady-
state enqme operatmq point where the reqeneratlon event began. engmestab#&attenat

(iii) You may interrupt the steady-state-fuel-mapping sequence after any of the exit points
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described in paragraph (b)(1)(v) of this section. To restart the steady-state-fuel-mapping
sequence; begin with paragraph (b)(54) of this section and continue with paragraph
(b)(85) of this section, except that the steady-state engine operating point is the next
reentry point, not the first operating point from paragraph (b)(1) of this section. Follow
paragraphs (b)(Z6) and (78) of this section until all remaining steady-state engine
operating points are tested.
(iv) If the steady-state-fuel-mapping sequence is interrupted due test equipment or engine
malfunction, void all test intervals in the steady-state-fuel-mapping sequence beginning
with the most recent reentry point as described in paragraph (b)(1)(iv) of this section.
You-may-cComplete any post-test interval activities to validate test intervals prior to the
most recent reentry point. Correct the malfunction and restart the steady-state-fuel-
mapping sequence as described in paragraph (b)(2987)(iii) of this section.
(v) If any steady-state engine test interval is voided, void all test intervals in the steady-
state-fuel-mapping sequence beginning with the most recent reentry point as described in
paragraph (b)(1)(iv) of this section and ending with the next exit point as described in
paragraph (b)(1)(v) of this section. Rerun that segment of the steady-state-fuel-mapping
sequence. If multiple test intervals are voided in multiple speed setpoints, you may
exclude the speed setpoints where all of the test intervals were valid from the rerun
sequence. Rerun the steady-state-fuel-mapping sequence as described in paragraph
(b)(10)(iii) of this section.

(8941) If you determine fuel-consumption rates using emission measurements from the raw

or diluted exhaust, calculate the mean fuel mass flow rate, m,,, for each point in the fuel

map using the following equation:

m. . = dR . Xecombary  Meozper
fuel exh 1 - M
WCmeas + XHZOexhdry C02
Eqg. 1036.535-1

Where:

m,, = mean fuel mass flow rate for a given fuel map setpoint, expressed to at least the
nearest 0.001 g/s.

Mc = molar mass of carbon.

Wcmeas = carbon mass fraction of fuel (or mixture of test fuels) as determined in 40 CFR
1065.655(d), except that you may not use the default properties in Table 1 of 40 CFR
1065.655 to determine a, S, and wc for liquid fuels. You may not account for the
contribution to «, 8, y, and J of diesel exhaust fluid or other non-fuel fluids injected into
the exhaust.

n.,, = the mean raw exhaust molar flow rate from which you measured emissions
according to 40 CFR 1065.655.

Xccompary = the mean concentration of carbon from fuel and any injected fluids in the
exhaust per mole of dry exhaust as determined in 40 CFR 1065.655(c).

Xiizoexhry = the mean concentration of H20 in exhaust per mole of dry exhaust as
determined in 40 CFR 1065.655(c).

Meoyoer = the mean CO2 mass emission rate resulting from diesel exhaust fluid




decomposition as determined in paragraph (b)(30429) of this section. If your engine does
not use diesel exhaust fluid, or if you choose not to perform this correction, set Mypr

equal to 0.
Mco2 = molar mass of carbon dioxide.

Example:

Mc = 12.0107 g/mol
Wcmeas = 0.869

N, = 25.534 mol/s

Xecombary = 0-002805 mol/mol

Xiizomnary = 0-0353 mol/mol

Mhponee = 0.0726 /s

Mcoz = 44.0095 g/mol

— 12.0107 [ 5 0.002805 0.0726

Ml =0 869 1+0.0353  44.0095
(9420) If you determine fuel-consumption rates using emission measurements with
engines that utilize diesel exhaust fluid for NOx control, correct for the mean CO; mass
emissions resulting from diesel exhaust fluid decomposition at each fuel map setpoint
using the following equation:

j =0.933 g/s

=M. . M co2 “Weranzo
‘co2per ~ ''IDEF M

m
CH4N20

Eq. 1036.535-2
Where:

My = the mean mass flow rate of injected urea solution diesel exhaust fluid for a given

sampling period, determined directly from the engine-electronic control module, or
measured separately, consistent with good engineering judgment.

Mco2 = molar mass of carbon dioxide.

Wcnanzo = mass fraction of urea in diesel exhaust fluid aqueous solution. Note that the
subscript “CH4AN20” refers to urea as a pure compound and the subscript “DEF” refers to
the aqueous 32.5-%-urea diesel exhaust fluid as a solution of urea in water. You may use a
default value of 32.5 % or use good engineering judgment to determine this value based on
measurement.-with-a-neminal-urea-concentrationof 32.5%-

Mechanzo0 = molar mass of urea.

Example:

Myge =0.304 g/s

Mcoz = 44.0095 g/mol

WcHan2o = 32.5 % = 0.325
Mchanzo = 60.05526 g/mol

— 44.0095-0.325

Mcozoer = 0.304- == 202> = 00726 gls
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e 49.3112-0.874

(c) Fuel consumption at idle. Determine values-for-fuel-consumption rate-at-s for engines
certified for installation in vocational vehicles for each engine configuration over a series of
engine-idle operating points consisting of pairs of speed and torque points fereach-engine
configuration-as described in this paragraph (c). You may use shared data across engine
configurations, consistent with good engineering judgment. Perform measurements as follows:

(1) Determine the required engine-idle operating points as follows:

(i) Select the following two speed setpoints:

(A) Engines with an adjustable warm idle speed setpoint: minimum warm idle speed,

fnidlemin, and the maximum warm idle speed, fnidiemax.

(B) Engines without an adjustable warm idle speed setpoint: warm idle speed (with zero

torgue on the primary output shaft), faidie, and 1.15 times fnidie.

(ii) Select the following two torgue setpoints at each of the selected speed setpoints: 0 and

100 N-m.

(iii) You may run these four engine-idle operating points in any order.

(2) Control speed and torque as follows:

(i) Engines with an adjustable warm idle speed setpoint. For the warm-up in paragraph

(c)(3) and the transition in paragraph (c)(4) of this section control both speed and torque. At

any time prior to reaching the next engine-idle operating point, set the engine’s adjustable

warm idle speed setpoint to the speed setpoint of the next engine-idle operating point in the

sequence. This may be done before or during the warm-up or during the transition. Near

the end of the transition period control speed and torque as described in paragraph (b)(3)(i)

of this section. Once the transition is complete; set the operator demand to minimum to
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allow the engine governor to control speed; and control torque with the dynamometer as
described in paragraph (b)(3) of this section.

(i) Engines without an adjustable warm idle speed setpoint. Control speed and torque with
operator demand and the dynamometer for the engine-idle operating points at the higher
speed setpoint as described in paragraph (b)(3) of this section. Both the speed and torque
tolerances apply for these points because they are not near the engine’s operating boundary
and are achievable. Control speed and torque for the engine-idle operating points at the
lower speed setpoint as described in paragraph (c)(2)(i) of this section except for setting the
engine’s adjustable warm idle speed setpoint.

(£3) Warm-up Precendition-the engine as described in 40 CFR 1065.510(b)(2).

(24) Within-60-seconds-aAfter concluding the preconditioning-warm-up procedure, linearly
ramp the speed and torgue setpoints over 20 seconds to operate the engine at the next

enqme idle operating pomt from paragraph (c)(1) of thls sectlon onortethetnaneo s

(5) Operate the engine at the engine-idle operating point for (180 +1) seconds, and then start
the test interval and record measurements using one of the following methods. You must
also measure and report NOx emissions over each test interval as described in paragraph
(a)(2) of this section. If you use redundant systems for the determination of fuel
consumption, for example combining measurements of dilute and raw emissions when
generating vour map follow the requirements of 40 CFR 1065 201(d)

(i) Indirect measurement of fuel flow. Record speed and torque and measure emissions and

other inputs needed to run the chemical balance in 40 CFR 1065.655(c) for a (600 +1)
second test interval; determine the corresponding mean values for the test interval. We will
use an average of indirect measurement of fuel flow with dilute sampling and direct
sampling. For dilute sampling of emissions, measure background according to the
provisions described in 40 CFR 1065.140, but read the background as described in
paragraph (c)(7)(i) of this section. If you use batch sampling to measure background
emissions, you may sample periodically into the bag over the course of multiple test
intervals and read them as allowed in paragraph (b)(10)(i) of this section. If you use this
provision, you must apply the same background readings to correct emissions from each of
the applicable test intervals. Note that the minimum dilution ratio requirements for PM
sampling in 40 CFR 1065.140(e)(2) do not apply. We recommend minimizing the CVS
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flow rate to minimize errors due to background correction consistent with good engineering
judgement and operational constraints such as minimum flow rate for good mixing.

(ii) Direct measurement of fuel flow. Record speed and torgue and measure fuel
consumption with a fuel flow meter for a (600 +1) second test interval; determine the
corresponding mean values for the test interval.

(6) After completing the test interval described in paragraph (c)(5) of this section, repeat the
steps in paragraphs (c)(3) to (5) of this section for all the remaining engine-idle operating
points. After completing the test interval on the last engine-idle operating point, the fuel-
consumption-at-idle sequence is complete.

(7) The following provisions apply for interruptions in the fuel-consumption-at-idle
sequence. These provisions are intended to produce results equivalent to running the
sequence without interruption.

(i) You may pause the fuel-consumption-at-idle sequence after each test interval to calibrate
emission-measurement instrumentation and to read and evacuate background bag samples
collected over the course of a single test interval. This provision allows you to shut-down
the engine or to spend more time at the speed/torque idle setpoint after completing the test
interval before transitioning to the step in paragraph (c)(3) of this section.

(ii) If an infrequent regeneration event occurs, interrupt the fuel-consumption-at-idle
sequence and allow the regeneration event to finish. You may continue to operate at the
engine-idle operating point where the event began or, using good engineering judgement,
you may transition to another operating condition to reduce the regeneration event duration.
If the event occurs during a test interval, void that test interval. Once the regeneration event
is finished, restart the fuel-consumption-at-idle sequence by repeating the steps in
paragraphs (c)(3) through (5) of this section for all the remaining engine-idle operating
points.

(iii) You may interrupt the fuel-consumption-at-idle sequence after any of the test intervals.
Restart the fuel-consumption-at-idle sequence by repeating the steps in paragraphs (c)(3) to
(5) of this section for all the remaining engine-idle operating points.

(iv) If the fuel-consumption-at-idle sequence is interrupted due to test equipment or engine
malfunction, correct the malfunction and restart the fuel-consumption-at-idle sequence by
repeating the steps in paragraphs (c)(3) through (5) of this section for all the remaining
engine-idle operating points. If the malfunction occurred during a test interval, void that test
interval.

(v) If any idle test intervals are voided, repeat the steps in paragraphs (c)(3) through (5) of
this section for each of the voided engine-idle operating points.

(88) Correct the measured or calculated mean fuel mass flow rate, m,,, at each of the four

engine-idle settings-operating points to account for mass-specific net energy content as
described in paragraph (b)(£113) of this section.
(d) Steady-state fuel maps used for cycle-average fuel mapping of the cruise cycles. Determine
fuel-consumption rates for each engine configuration over a series of steady-state engine
operating points near idle as described in this paragraph (d). You may use shared data across an
engine platform to the extent that the fuel-consumption rates remain valid.
(1) Perform steady-state fuel mapping as described in paragraph (b) of this section with the
following exceptions:
(i) All the required steady-state engine operating points as described in paragraph (b)(1)(i) of
this section are optional.
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(ii) Select speed setpoints to cover the range of idle speeds expected as follows:
(A) The minimum number of speed setpoints is two.
(B) For engines with an adjustable warm idle speed setpoint, the minimum speed setpoint
must be equal to the minimum warm idle speed, fnidiemin, and the maximum speed setpoint
must be equal to or greater than the maximum warm idle speed, faidlemax. The minimum
speed setpoint for engines without an adjustable warm idle speed setpoint, must be equal to
the warm idle speed (with zero torque on the primary output shaft), fnide, and the maximum
speed setpoint must be equal to or greater than 1.15 times the warm idle speed, fnidie.
(iii) Select torgue setpoints at each speed setpoint to cover the range of idle torques expected
as follows:
(A) The minimum number of torque setpoints at each speed setpoint is three. Note that you
must meet the minimum torque spacing requirements described in paragraph (b)(1)(ii) of
this section.
(B) The minimum torque setpoint at each speed setpoint is zero.

(C) The maximum torque setpoint at each speed setpoint must be greater than or equal to the

estimated maximum torque at warm idle (|n drlve) condltlons T|dlemaxest Use%heuapprepmte

following equation:. For engines with an adjustable warm idle speed setpoint, evaluate
Tidlemaxest at the maximum warm idle speed, fridiemax. FOr engines without an adjustable warm
idle speed setpoint, use the warm idle speed (with zero torgue on the primary output shaft),

fnidte.
T

2 " ) -
— Bl fmdle . Pacc 0$>g_ 1 //{Commented [CAL6]: Equation updated.
idlemaxest f 2 f el 2
fnstall nidle ] 4

Eq. 1036.535-43
Where:
Tnstal = the maximum engine torque at fostall.
fnidlefspeca} = the applicable engine idle speed as described in this paragraph (d).
frstail = the stall speed of the torque converter; use fatest or 2250 r/minfp#a, whichever is
lower.
Pacc = accessory power for the vehicle class; use 1500 W for Vocational Light HDV, 2500
W for Vocational Medium HDV, and 3500 W for Tractors and Vocational Heavy HDV.
Example:
Ttnstal = 1870 N-m
frtest = 1740.8 r/min = 182.30 rad/s
frstal = 1740.8 r/min = 182.30 rad/s
fridlemax = 700 r/min = 73.30 rad/s
Pacc = 1500 W
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(2) Remove the points from the default map that are below 115 % of the maximum speed

and 115% of the maximum torque of the boundaries of the points measured in paragraph

(d)(1) of this section.

(3) Add the points measured in paragraph (d)(1) of this section.

(e) Carbon balance verification. The provisions related to carbon balance verification in §
1036.543 apply to test intervals in this section.

(f) Correction for net energy content. Correct the measured or calculated mean fuel mass flow
rate, m,,, at each engine operating condition as specified in paragraphs (b). (c), and (d) of this

section to a mass-specific net energy content of a reference fuel using the following equation:

— — E

0 — . 'mfuelmeas

mfuelcor - mfuel E W
mfuelCref ~ V'Cref

Eq. 1036.535-4

Where:

Emfuelmeas = the mass-specific net energy content of the test fuel as determined in §
1036.530(b)(1).

Emfueicref = the reference value of carbon-mass-specific net energy content for the appropriate
fuel. Use the values shown in Table 1 of § 1036.530 for the designated fuel types, or values we
approve for other fuel types.

weref = the reference value of carbon mass fraction for the test fuel as shown in Table 1 of §
1036.530 for the designated fuels. For other fuels, use the reference carbon mass fraction of
diesel fuel for engines subject to compression-ignition standards, and use the reference carbon
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mass fraction of gasoline for engines subject to spark-ignition standards.

Example:
ﬁ,ue, =0.933g/s

Emfuelmeas = 42.7984 MJ/k(]C
Emfuelcref = 49.3112 MJ/kC]C

Woref = 0.874
My = O.QSS-ﬂ =0.927 g/s

49.3112-0.874
(g) Measured vs. declared fuel-consumption rates. Select fuel-consumption rates in g/s to
characterize the engine’s fuel maps. These declared values may not be lower than any
corresponding measured values determined in paragraphs (b) through (d) of this section. This
includes if you use multiple measurement methods as allowed in paragraph (b)(7) of this section.
You may select any value that is at or above the corresponding measured value. These declared
fuel-consumption rates, which serve as emission standards under § 1036.108, are the values that
vehicle manufacturers will use for certification under 40 CFR part 1037. Note that production
engines are subject to GEM cycle-weighted limits as described in § 1036.301._If you perform
the carbon balance error verification in 8§ 1036.543, for each fuel map data point:
(1) If you pass the erc verification, you must declare fuel-consumption rates no lower than the
average of the direct and indirect fuel measurements.
(2) If you pass either the eac verification or eacrate Verification and fail the erc verification, you
must declare fuel-consumption rates no lower than the indirect fuel measurement.
(3) If you don’t pass the eic, eac, and cacrate Verifications, you must declare fuel-consumption rates
no lower than the highest rate for the direct and indirect fuel measurements.
(h) EPA measured fuel-consumption rates. If we pass the carbon mass relative error for a test
interval (erc) verification, the official fuel-consumption rate result will be the average of the
direct and indirect fuel measurements. |f we pass either the carbon mass absolute error for a test
interval (eac) verification or carbon mass rate absolute error for a test interval (eacrate) Verification
and fail the erc verification, the official fuel-consumption rate result will be the indirect fuel
measurement.

115. Revise § 1036.540 to read as follows:
§ 1036.540 Determining cycle-average engine fuel maps.
(a) Overview. This section describes how to determine an engine’s cycle-average fuel maps for
model year 2021 and later vehicles with transient cycles. This may also apply for highway cruise
cycles as described in § 1036.510. Vehicle manufacturers may need one or both of these to
demonstrate compliance with emission standards under 40 CFR part 1037. Generating cycle-
average engine fuel maps consists of the following steps:
(1) Determine the engine’s torque maps as described in § 1036.510(a).
(2) Determine the engine’s steady-state fuel map and fuel consumption at idle as described in
§ 1036.535.
(3) Simulate several different vehicle configurations using GEM (see 40 CFR 1037.520) to
create new engine duty cycles, as described in paragraph (c) of this section. The transient
vehicle duty cycles for this simulation are in 40 CFR part 1037, Appendix I; the highway
cruise cycles with grade are in 40 CFR part 1037, Appendix 1V. Note that GEM simulation
relies on vehicle service classes as described in 40 CFR 1037.140.



(4) Test the engines using the new duty cycles to determine fuel consumption, cycle work,
and average vehicle speed as described in paragraph (d) of this section and establish GEM
inputs for those parameters for further vehicle simulations as described in paragraph (e) of
this section.
(b) General test provisions. The following provisions apply for testing under this section:
(1) To perform fuel mapping under this section for hybrid engines, make sure the engine and
its hybrid features are appropriately configured to represent the hybrid features in your
testing.
(2) Measure NOx emissions for each specified sampling period in grams. You may perform
these measurements using a NOx emission-measurement system that meets the requirements
of 40 CFR part 1065, subpart J. Include these measured NOx values any time you report to
us your fuel consumption values from testing under this section. If a system malfunction
prevents you from measuring NOx emissions during a test under this section but the test
otherwise gives valid results, you may consider this a valid test and omit the NOx emission
measurements; however, we may require you to repeat the test if we determine that you
inappropriately voided the test with respect to NOx emission measurement.
(3) This section uses engine parameters and variables that are consistent with 40 CFR part
1065.
(4) For variable-speed gaseous-fueled engines with a single-point fuel injection system, apply
all of the following statistical criteria to validate the transient duty cycle in 40 CFR part
1037, Appendix I:
Parameter

Speed Torque Power

Slope, a1

0.950 <a1<1.030

0.830 < a1<1.030

0.830 <a1<1.030

Absolute value of
intercept, |ao|

<10 % of warm idle

<3 % of maximum

< 2 % of maximum

mapped torque

mapped power

Standard error of

<5 % of maximum

<15 % of maximum

<15 % of maximum

mapped power
>0.750

mapped torque
>0.700

test speed
>0.970

the estimate, SEE
Coefficient of
determination, r?

(c) Create engine duty cycles. Use GEM to simulate several different vehicle configurations to
create transient and highway cruise engine duty cycles corresponding to each vehicle
configuration, as follows:
(1) Set up GEM to simulate vehicle operation based on your engine’s torque maps, steady-
state fuel maps, engine minimum warm-idle speed and fuel consumption at idle as described
in paragraphs (a)(1) and (2) of this section, as well as 40 CFR 1065.405(b). For engines
without an adjustable warm idle speed replace minimum warm idle speed with warm idle
speed, fhidle.
(2) Set up GEM with transmission parameters gearratios-for different vehicle service classes
and vehicle duty cycles as described in Table 1 of this section. For automatic transmissions
set neutral idle to “Y” in the vehicle file. These values are based on automatic or automated
manual transmissions, but they apply for all transmission types.
Table 1 ofto § 1036.540—Assigned Transmission ParametersGear-Ratios

TRACTORS AND
GEAR LIGHT HDV AND T'IR-I?EC/-:\I/%R:I;\\'/\ID HEAVY HDV,
NUMBER MEDIUMHDV |  HEAVYHDY, HIGHV(\:/\A(\gL(I‘,ERUISE




Transmission Automatip Automatic Transmission Automateq Manual
Type Transmission Transmission

Gear Number GLF:'II‘ Torque Limit GLe_lr Torgue Limit GLe_lr Torque Limit
— | Ratio (N-m) Ratio (N-m) Ratio (N-m)

1 3.10 351 12.8

2 1.81 191 9.25

3 1.41 1.43 6.76

2 1.00 e 1.00 Timax 4.90

5 0.71 0.74 3.58

6 0.61 0.64 2.61 Tmax

7 1.89

8 1.38

9 - 1.00

10 0.73
Lockup Gear 3 —

(3) Run GEM for each simulated vehicle configuration as follows:

(i) Use one of the following equations to determine tire size, —  and drive axle ratio,

V,

vehicle

ka, at each of the defined engine speeds in Tables 2 through 4 of this section:

f . .
(A) Select a value for {ﬂ} and solve for Kafspeed) using the following
[speed]

Vvehicle
equation:

k _ fn[speed]
a[speed] f
ntire
V,

:| : ktopgear Vet
vehicle [speed]

Eq. 1036.540-1

Where:

fnispeed] = €ngine’s angular speed as determined in paragraph (c)(3)(ii) or (iii) of this
section.

ktopgear = transmission gear ratio in the highest available gear from Table 14 of this
section (for powertrain testing use actual top gear ratio).

vret = reference speed. Use 65 mi/hr for the transient cycle and the 65 mi/hr highway
cruise cycle, and use 55 mi/hr for the 55 mi/hr highway cruise cycle.

f. . .
(B) Select a value for Kafspeed) and solve for {ﬂ} using the following
[speed]

vvehicle

equation:

Vvehicle [speed] ka[speed] : ktopgear v ref

Eq. 1036.540-2
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Example:

This example is for a vocational Light HDV or vocational Medium HDV with a 6-
speed automatic transmission at B speed (Test 3 or 4 in Table 2 of this section).
forets = 1870 r/min = 31.17 r/s

kas = 4.0
ktopgear =0.61
Vref = 65 mi/hr = 29.06 m/s
31.17
4.0-0.61-29.06

|: fntire :| —
L'Vvehicle B

=0.4396 r/m

(ii) [Test at least eight different vehicle configurations for engines that will be installed in
vocatlonal Light HDV or vocatlonal Medlum HDV usmq vehlcles in Table 2 of this

Fang&ef—vehwles—For example if your engines WI|| be |nstalled in vocatlonal Medium

HDV and vocational Heavy HDV, you might select Tests 1-through2, 4, 6, and 8 of Table
2 of this section to represent vocational HeawyMedium HDVClass7-vehicles and Tests 2,
3,4, 6, and 9 of Table 3 of this section to represent vocational MediumHeavy HDVElass

8-vehieles. You may test your engine using additional vehicle configurations with
different ka and Crr values to represent a wider range of in-use vehicle configurations.

For all vehicle configurations set the drive axle configuration to 4x2.Set-CeA-to-5-4-foral

testeonfigurations: For powertrain testing, set Mrotating to 340 kg and Effaxie to 0.955 for

all test-vehicle configurations. Set the axle ratio, ka, and tire size,

forefBB, frefcC, OF frtest) at 65 mi/hr for the transient cycle and the 65 mi/hr highway cruise

ntlre

Vvehlcle

vehicle configuration based on the corresponding designated engine speed (fareta A,

, for each test

cycle, and at 55 mi/hr for the 55 mi/hr highway cruise cycle. These vehicle engine
speeds apply equally for engines subject to spark-ignition standards. Use the following
settings specific to each vehicle configuration:

Table 2 of-to § 1036.540—Vehicle Settings-Configurations for Testing Vocational Light

HDV or Vocational Medium HDV

VEHICLE CONFIGURATION NUMBER

Test 1 Test 2 Fest3 | Fest4 | Festb | Fest6 Test 7 Fest-8
Crr (kg/tonne) 6.2 77 6.2 77 6.2 77 6.2 77
f.
2= and k for CI Maximum | Maximum
Viehicle A A B B C C
engines at engine test speed | test speed
speed
fmire and k, for S Minimum | Minimum
Vienicle ,\:TE ’\:TE A A B B C C
engines at engine exc u5|don exc usgon
speed spee speel
GESM Regulatory LHD MHD | LHD | MHD | LHD | MHD | LHD MHD
ubcategory
M (kg)? 7,257 11,408 7,257 | 11,408 | 7,257 | 11,408 7,257 11,408

. { Commented [CAL7]: Example updated.
/7



|| cort | 34 [ 54 | 34 | 54 ] 3454 | 34 | 54 ]
2Note that M and CgA are applicable for powertrain testing only since GEM contains default M and CyA values for
each vocational regulatory category.

(iii) Test nine different vehicle configurations for engines that will be installed in
vocational Heavy HDV and for tractors that are not heavy-haul tractors. Test eversix
different test-vehicle configurations for heavy-haul tractors. You may test your engines
for additional configurations with different ka, CaA, and Crr values to represent a wider
range of in-use vehicle configurations. Set Crr to 6.9 for all nine defined test-vehicle
configurations. For class 7 and 8 vehicle configurations set the drive axle configuration
to 4x2 and 6x4 respectively. For powertrain testing, set Effaxie to 0.955 for all test-vehicle

configurations. Set the axle ratio, ka, and tire size, oiee , for each test-vehicle
vehicle

configuration based on the corresponding designated engine speed (B, fntest, Or the
minimum NTE exclusion speed as determined in 40 CFR 86.1370(b)(1)) at 65 mi/hr_for
the transient duty cycle and the 65 mi/hr highway cruise duty cycle, and at 55 mi/hr for
the 55 mi/hr highway cruise duty cycle. Use the settings specific to each test-vehicle
configuration as shown in Table 3 or Table 4 of this section, as appropriate. Engines
subject to testing under both Table 3 and Table 4 of this section need not repeat
overlapping test-vehicle configurations, so complete fuel mapping requires testing 12 (not
15) test-vehicle configurations for those engines. However, this does not apply if you
choose to create two separate maps from the vehicle configurations defined in Table 3
and Table 4 of this section. Note that Mrotating is needed for powertrain testing but not for
engine testing. Tables 3 and 4 follow:

Table 3 of § 1036.540—Vehicle Settings-Configurations for Testing General Purpose Tractors

and Vocational Heavy HDV

VEHICLE CONFIGURATION NUMBER
Fest-1 Fest-2 Fest-3 Fest4 | Festb | Fest6 Test7 Fest-8 Fest9
CiA 5.4 4.7 4.0 5.4 4.7 4.0 5.4 4.7 4.0
Mrotating (K9) 1,021 794 794 1,021 794 794 1,021 794 794
fa Minimum | Minimum | Minimum
——and ks NTE NTE NTE B B B Maximum | Maximum | Maximum
Viehicle exclusion | exclusion exclusion test speed | testspeed | testspeed
at engine speed speed speed speed
Reeuﬁgfor C8 SCH|C8DCM | C7TDC_|Cc8sc| ceD | C7D |C8SCH| csaDC_ | C7.DC_
guiatory R R MR "HR | C.MR | C_MR R MR MR
Subcategory
Vehicle Weight
Reduction 0 13,275 6,147 0 13,275 | 6,147 0 13,275 6,147
(Ibs)?
M (kg)° 31,978 25,515 19,051 31,978 | 25,515 | 19,051 31,978 25,515 19,051

@Note that vehicle weight reduction is not applicable for powertrain testing, since M is the total mass that is to be simulated.
"Note that M is applicable for powertrain testing only since GEM contains default M values for each vocational regulatory

category.
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Table 4 of § 1036.540—Vehicle Settings-Configurations for Testing Heavy-Haul Tractors

VEHICLE CONFIGURATION NUMBER
Fest-1 Fest-2 Fest-3 Fest4 Fest5 Fest-6
CeA 5.0 5.4 5.0 5.4 5.0 5.4
Miotating (KQ) 1,021 1,021 1,021 1,021 1,021 1,021
’ Minimum Minimum
—ME— and k, NTE NTE 5 5 Maximum | Maximum
Vienicle exclusion exclusion test speed test speed
at engine speed speed speed
GEM
Regulatory C8_HH C8_SC_HR C8_HH C8_SC_HR C8_HH C8_SC_HR
Subcategory
M (kg) 53,751 31,978 53,751 31,978 53,751 31,978

(iv) If the engine will be installed in a combination of vehicles defined in paragraphs (ii)
and (iii) of this section, use good engineering judgment to select at least nine testvehicle
configurations from Table 2 and Table 3 of this section that best represent the range of
vehicles your engine will be sold in. If there are not nine representative configurations
you must add vehicles, that you define, to reach a total of at least nine vehicles. For
example, if your engines will be installed in vocational Medium HDV and vocational
Heavy HDV, select Tests 2, 4, 6 and 8 of Table 2 of this section to represent Medium
HDV and Tests 3, 6, and 9 of Table 3 of this section to represent vocational Heavy HDV
and add two more vehicles that you define. You may test your engine using additional
vehicle configurations with different ka and Cr values to represent a wider range of in-use
vehicle configurations.
(v) Use the defined values in Tables 1 through 4 of this section to set up GEM with the
correct regulatory subcategory and vehicle weight reduction, if applicable, to achieve the
target vehicle mass, M, for each test.
(4) Use the GEM output of instantaneous engine speed and engine flywheel torque for each
of the vehicle configurations to generate a 10 Hz transient duty cycle corresponding to each
vehicle configuration operating over each vehicle duty cycle.
(d) Test the engine with GEM cycles. Test the engine over each of the transient engine duty
cycles generated in paragraph (c) of this section as follows:
(1) Determine the sequence of engine duty cycles (both required and optional) for the cycle-
average-fuel-mapping sequence as follows:
(i) Sort the list of engine duty cycles into three separate groups by vehicle duty cycle; transient
vehicle duty cycle, 55 mi/hr highway cruise duty cycle, and the 65 mi/hr highway cruise duty
cycle.
(ii) Within each group of engine duty cycles derived from the same vehicle duty cycle, order the
duty cycles as follows: Select the engine duty cycle with the highest reference cycle work;
followed by the cycle with the lowest cycle work; followed by the cycle with next highest cycle
work; followed by the cycle with the next lowest cycle work; until all the cycles are selected.
(iii) For each engine duty cycle, preconditioning cycles will be needed to start the cycle-average-
fuel-mapping sequence.
(A) For the first and second cycle in each sequence, the two preconditioning cycles are the first
cycle in the sequence, the transient vehicle duty cycle with the highest reference cycle work.
This cycle is run twice for preconditioning prior to starting the sequence for either of the first
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two cycles.
(B) For all other cycles, the two preconditioning cycles are the previous two cycles in the

sequence.
(2) If the engine has an adjustable warm idle speed setpoint, set it to its minimum value, fnidiemin.
(3) During each test interval, control speed and torque to meet the cycle validation criteria in 40
CFR 1065.514, except as noted in this paragraph (d)(3). Note that 40 CFR part 1065 does not
allow subsampling of the 10 Hz GEM generated reference cycle. If the range of reference
speeds is less than 10 percent of the mean reference speed, you only need to meet the standard
error of the estimate in Table 2 of 40 CFR 1065.514 for the speed regression.

(4) Warm-up the engine as described in 40 CFR 1065.510(b)(2).

(5) Transition between duty cycles as follows:

(i) For transient duty cycles, start the next cycle within 510 seconds after the conclusion of the
preceeding cycle. Note that this applies to transitioning from both the preconditioning cycles
and tests for record.

(ii) For cruise cycles, linearly ramp to the next cycle over 5 seconds and stabilize for 15 seconds
prior to starting the next cycle. Note that this applies to transitioning from both the
preconditioning cycles and tests for record.

(6) Operate the engine over the engine duty cycle and record measurements using one of the
methods described in (d)(6)(i) or (ii) of this section. You must also measure and report NOx
emissions over each test interval as described in paragraph (a)(2) of this section. If you use
redundant systems for the determination of fuel consumption, for example combining
measurements of dilute and raw emissions when generating your map, follow the requirements
of 40 CFR 1065.201(d).

(i) Indirect measurement of fuel flow. Record speed and torque and measure emissions and other
inputs needed to run the chemical balance in 40 CFR 1065.655(c) for the test interval defined by
the first engine duty cycle; determine the corresponding mean values for the test interval. e

samphing—For dilute sampling of emissions, in addition to the background measurement
provisions described in 40 CFR 1065.140, you may do the following:

(A) Measure background as described in 8§ 1036.535(b)(7)(i)(A) but read the background as
described in paragraph (d)(9)(i) of this section.

(B) Measure background as described in § 1036.535(b)(7)(i)(B) but read the background as
described in paragraph (d)(9)(i) of this section.

(ii) Direct measurement of fuel flow. Record speed and torque and measure fuel consumption
with a fuel flow meter for the test interval defined by the first engine duty cycle; determine the
corresponding mean values for the test interval.

(7) Repeat the steps in paragraph (d)(6) of this section for all the remaining engine duty cycles.
(8) Repeat the steps in paragraphs (d)(4) through (7) of this section for all the applicable groups
of duty cycles (e.q., transient vehicle duty cycle, 55 mi/hr highway cruise duty cycle, and the 65
mi/hr highway cruise duty cycle).

(9) The following provisions apply for interruptions in the cycle-average-fuel-mapping sequence.
These provisions are intended to produce results equivalent to running the sequence without
interruption.

(i) You may pause the cycle-average-fuel-mapping sequence after each test interval to calibrate
emission-measurement instrumentation, to read and evacuate background bag samples collected
over the course of multiple test intervals, or to sample the dilution air for background emissions.
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This provision requires you to shut-down the engine during the pause. If the pause is longer than
30 minutes, restart the engine and restart the cycle-average-fuel-mapping sequence at the step in
paragraph (d)(4) of this section. Otherwise, restart the engine and restart the cycle-average-fuel-
mapping sequence at the step in paragraph (d)(5) of this section.

(ii) If an infrequent regeneration event occurs, interrupt the cycle-average-fuel-mapping
sequence and allow the regeneration event to finish. You may continue to operate the engine
over the engine duty cycle where the event began or, using good engineering judgment, you may
transition to another operating condition to reduce the regeneration event duration.

(A) Determine which cycles in the sequence to void as follows:

(1) If the regeneration event began during a test interval, the cycle associated with that test
interval must be voided.

(2) If you used dilute sampling to measure emissions and you used batch sampling to measure
background emissions that were sampled periodically into the bag over the course of multiple
test intervals and you are unable to read the background bag (e.g., sample volume too small),
void all cycles associated with that background bag.

(3) If you used dilute sampling to measure emissions and you used the option to sample
periodically from the dilution air and you did not meet all the requirements for this option as
described in paragraph (d)(6)(i)(B) of this section, void all cycles associated with those
background readings.

(4) If the regeneration event began during a non-test-interval period of the sequence and the
provisions in paragraphs (d)(9)(ii)(A)(2) and (3) of this section do not apply, you do not need to
void any cycles.

(B) Determine the cycle to restart the sequence. Identify the cycle associated with the last valid
test interval. The next cycle in the sequence is the cycle to be used to restart the sequence.

(C) Once the regeneration event is finished, restart the sequence at the cycle determined in
paragraph (d)(9)(ii)(B) of this section instead of the first cycle of the sequence. If the engine is
not already warm, restart the sequence at paragraph (d)(4) of this section. Otherwise, restart at
paragraph (d)(5) of this section.

(iii) If the cycle-average-fuel-mapping sequence is interrupted due to test equipment or engine
malfunction, correct the malfunction and follow the steps in paragraphs (d)(9)(ii)(A) through (C)
of this section to restart the sequence. Treat the detection of the malfunction as the beginning of
the regeneration event.

(iv) If any test interval in the cycle-average-fuel-mapping sequence is voided, you must rerun
that test interval as described in this paragraph (d)(9)(iv). You may rerun the whole sequence or
any contiguous part of the sequence. If you end up with multiple valid test intervals for a given
cycle, use the last valid test interval for determining the cycle-average fuel map. If the engine
has been shut-down for more than 30 minutes or if it is not already warm, restart the sequence at
paragraph (d)(4) of this section. Otherwise, restart at paragraph (d)(5) of this section. Repeat the
steps in paragraphs (d)(6) and (d)(7) of this section until you complete the whole sequence or
part of the sequence. The following examples illustrate possible scenarios for completing only
part of the sequence:

(A) If you voided only the test interval associated with the fourth cycle in the sequence, you may
restart the sequence using the second and third cycles as the preconditioning cycles and stop after
completing the test interval associated with the fourth cycle.

(B) If you voided the test intervals associated with the fourth and sixth cycles, you may restart
the sequence using the second and third cycles as the preconditioning cycles and stop after
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completing the test interval associated with the sixth cycle. If the test interval associated with

the fifth cycle in this sequence was valid, it must be used for determining the cycle-average fuel

declared-idlespeed—For plug-in hybrid engines, precondition the battery and then complete
all back-to-back tests for each test-vehicle configuration according to 40 CFR 1066.501
before moving to the next test-vehicle configuration.

(11) You may send signals to the engine controller during the test, such as current
transmission gear and vehicle speed, if that allows engine operation during the test to better

represent in-use operation.

meter—For hybrid powertrains with no plug-in capability, correct for the net energy change of
the energy storage device as described in 40 CFR 1066.501. For plug-in hybrid engines,
follow 40 CFR 1066.501 to determine End-of-Test for charge-depleting operation; to do this,
you must get our advance approval for a utility factor curve. We will approve your utility
factor curve if you can show that you created it from sufficient in-use data of vehicles in the
same application as the vehicles in which the PHEV engine will be installed.
(413) Calculate the fuel mass flow rate, mruel, for each duty cycle using one of the following
equations:
(i) Determine fuel-consumption rates using emission measurements from the raw or
diluted exhaust, calculate the mass of fuel for each duty cycle, Msuelfcycle], as follows:
(A) For calculations that use continuous measurement of emissions and continuous
COz2 from urea, calculate mrueijcycte] Using the following equation:

/{ Commented [CAL8]: Equation updated.
7/

M C J XCcombdryi 1 3 o
Mt eifeycie) = w Z Py * 1 At |- Z(mCOZDEFi 'At) p

‘Cmeas i=1 XHZOexhdwi coz2 i=l

Eq. 1036.540-3

Where:

Mc = molar mass of carbon.

Wemeas = carbon mass fraction of fuel (or mixture of test fuels) as determined in 40
CFR 1065.655(d), except that you may not use the default properties in Table 1 of 40
CFR 1065.655 to determine a, g, and wc for liquid fuels.

i = an indexing variable that represents one recorded emission value.
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N = total number of measurements over the duty cycle.
N, = exhaust molar flow rate from which you measured emissions.

Xceombdry = amount of carbon from fuel and any injected fluids in the exhaust per mole
of dry exhaust as determined in 40 CFR 1065.655(c).

XH20exhdry = amount of H20 in exhaust per mole of exhaust as determined in 40 CFR
1065.655(c).

At = 1frecord

Mcoz = molar mass of carbon dioxide.

Meozper = Mass emission rate of COz resulting from diesel exhaust fluid

decomposition over the duty cycle as determined from § 1036.535(b)(10). If your
engine does not utilize diesel exhaust fluid for emission control, or if you choose not

to perform this correction, set mCOZDEF, equal to 0.

Example:

Mc =12.0107 g/mol
Wcmeas = 0.867

N = 6680

Ney = 2.876 mol/s

Ny, = 2.224 mol/s

Xocombary = 2.61:10° mol/mol
Xooombaryz = 1.91:10° mol/mol
X poex = 3.53:10°2 mol/mol

X poete = 3.13-102 mol/mol

frecora = 10 Hz
At=1/10=0.15s
Mcoz = 44.0095 g/mol
Meozpers = 0.0726 g/s

Mcozoer2 = 0.0751 g/s

. 2.61.10°° _

1+3.53-102
-3

2924 1.91-10

120107 || “°°" 14313107
mfuellransientTestl = W )

2.876 0.1+

0.1+

X,
A '‘Ccombdr6680
o Nexneeso * 1 : Ateeso
H20exhdry6680

1
44.0095

meueltransientM =1619.6 g

(B) If you measure batch emissions and continuous CO2 from urea, calculate

Miuelfcycle] USiNG the following equation:

:(0.0726-1.0+0.0751-1.0+...+ Mgyneresso - Msaso )
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{ Commented [CAL9]: Equation updated.

M Cc XCcombdry . . 1 3 B
mfuel[cycle] = : : Z ( Mo * At) - Mi Z ( Meoopes * At)

Wermeas it XHZOexhdry i=1 coz2 i=l
Eqg. 1036.540-4
(C) If you measure continuous emissions and batch CO2 from urea, calculate
Mruelfcycle] USiNG the following equation:

, { Commented [CAL10]: Equation updated.

N
- _ M ) z oo Xccomodyi At _ Meospee )
fuel[cycle] — exhi 1+ X M /
Wemeas | i=L + H20exhdryi Cco2 y’

Eq.1036.540-5
(D) If you measure batch emissions and batch CO2 from urea, calculate Mruel[cycle]
using the following equation:

{ Commented [CAL11]: Equation updated.

M Xccombd S, m,
mfuel[cycle] = ¢ [ COMRCTY/ A, Z ( Negni * At) _ _CO2DEF

Wermeas 1+ XHZOexhdry i=1 M Cco2

Eq. 1036.540-6
(ii) Manufacturers may choose to measure fuel mass flow rate. Calculate the mass of fuel
for each duty cycle, Muelfeycie], as follows:

N

Mpye = z Meey A

i=1

Eq. 1036.540-7

Where:

i = an indexing variable that represents one recorded value.

N = total number of measurements over the duty cycle. For batch fuel mass
measurements, set N = 1.

my,; = the fuel mass flow rate, for each point, i, starting from i = 1.

At = 1frecord
frecord = the data recording frequency.

Example:

N = 6680

Mg, = 1.856 g/s

mfuelz =1.962 g/S

frecord = 10 Hz

At=1/10=0.1s

mfueltransient = (1856 +1962 +ot mfueIGGBO) : 01

Miueltransient = 111.95 g

(514) The provisions related to carbon balance error verification in § 1036.543 apply to test
intervals in this section.

(15) Correct the measured or calculated fuel mass flow rate, msuel, for each test result to a
mass-specific net energy content of a reference fuel as described in § 1036.535(be)(11),
replacing r,,,, with mruel in Eq. 1036.535-34.
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(16) For engines designed for plug-in hybrid electric vehicles, the mass of fuel for each
cycle, mrueleycle], is the utility factor-weighted fuel mass. This is done by calculating mruel for
the full charge-depleting and charge-sustaining portions of the test and weighting the results,
using the following equation:

- { Commented [CAL12]: Equation updated.

‘ mfuel[cycle],plug-in = mfuel[cycle],CD 'UFD,CD + mfuel[cycle],CS : (1_UFD,CD)
Eq. 1036.540-8

Where:
Mruelfcycle] co = total mass of fuel for all the tests in the charge-depleting portion of the test.

approved utility factor curve.
Mruelfcycle],cs = total mass of fuel for all the tests in the charge-sustaining portion of the
test.

‘UFD.CD L: utility factor fraction at distance Dcp as determined by interpolating the | - {Commented [CAL13]: Updated.

N

Dep = Z(Vi 'Ati)

i=1
Eq. 1036.540-9
Where:
v = vehicle velocity at each time step. For tests completed under this section, v is the
vehicle velocity in the GEM duty-cycle file. For tests under 40 CFR 1037.550, v is the
vehicle velocity as determined by Eq. 1037.550-1. Note that this should include complete
and incomplete charge-depleting tests.
(e) Determine GEM inputs. Use the results of engine testing in paragraph (d) of this section to
determine the GEM inputs for the transient duty cycle and optionally for each of the highway
cruise cycles corresponding to each simulated vehicle configuration as follows:
(1) Your declared fuel mass consumption, Mruelfcyclelwansient. Fhre-dUsing the calculated fuel
mass consumption values described in paragraph (d) of this section, declared values using the

method described in 8 1036.535(Q)may-be-at-or-abeve-the-values-caleulated-in-paragraph(d)

(2) We will determine mruelfcycle] Values using the method described in § 1036.535(h).

vehicle

. . . frenai . .
(3) Engine output speed per unit vehicle speed, {"6”9'”9} , by taking the average engine
[cycle]

speed measured during the engine test while the vehicle is moving and dividing it by the
average vehicle speed provided by GEM. Note that the engine cycle created by GEM has a
flag to indicate when the vehicle is moving.

(43) Positive work determined accordering to 40 CFR 1065, Wicyclejtransiens—, by using the
engine speed and engine torque measured during the engine test while the vehicle is moving.
Note that the engine cycle created by GEM has a flag to indicate when the vehicle is moving.
(5) The engine idle speed and torque, by taking the average engine speed and torque
measured during the engine test while the vehicle is not moving. Note that the engine cycle
created by GEM has a flag to indicate when the vehicle is moving.

(64) The following table illustrates the GEM data inputs corresponding to the different
vehicle configurations for a given duty cycle:
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Table 5 of § 1036.540—Example vehicle configuration test result output matrix for Class 8
vocational vehicles

VEHICLE CONFIGURATION NUMBER
Festl | Fest2 | Fest3 | Festd | Festb | Fest6 | Fest7 | Fest8 | Fest9

mfuel[cycle]&;a%tem

fnengine
vvehicle [cycle]

W cycle]transient
£ a
fnidlc

a
Tidle’

4ldle speed and torque apply only for the transient duty cycle.

116. Add § 1036.543 to subpart F to read as follows:

8§ 1036.543 Carbon balance error verification.

A carbon balance error verification compares independent assessments of the flow of carbon
through the system (engine plus aftertreatment). We will, and you may optionally, verify carbon
balance error according to 40 CFR part 1065.543. This applies to all test intervals in § 1036.535
(b), (), and (d); 8 1036.540; and 40 CFR 1037.550.

117. Amend § 1036.620 by revising paragraphs (a) and (b)(1)(iii) to read as follows:

§ 1036.620 Alternate CO; standards based on model year 2011 compression-ignition
engines.

* * * * *

(a) The standards of this section are determined from the measured emission rate of the test
engine of the applicable baseline 2011 engine family or families as described in paragraphs (b)
and (c) of this section. Calculate the CO2 emission rate of the baseline test engine using the
same equations used for showing compliance with the otherwise applicable standard. The
alternate CO: standard for light and medium heavy-duty vocational-certified engines (certified
for CO2 using the transient cycle) is equal to the baseline emission rate multiplied by 0.975. The
alternate CO: standard for tractor-certified engines (certified for COz using the rampee-
modalSET duty cycle) and all other heavy heavy-duty engines is equal to the baseline emission
rate multiplied by 0.970. The in-use FEL for these engines is equal to the alternate standard
multiplied by 1.03.

(b) * Kk ok

(1) *  x x

(iii) Calculate separate adjustments for emissions over the ramped-modalSET duty cycle and the

transient cycle.
* * * * *

118. Amend § 1036.701 by revising paragraphs (i) and (j) to read as follows:
§1036.701 General provisions.

* * *x X *x

(i) Unless the regulations explicitly allow it, you may not calculate Phase 1credits more than
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once for any emission reduction. For example, if you generate Phase 1CO2 emission credits for a
hybrid engine under this part for a given vehicle, no one may generate COz emission credits for
that same hybrid engine and the associated vehicle under 40 CFR part 1037. However, Phase 1
credits could be generated for identical vehicles using engines that did not generate credits under
this part.

(j) Credits you generate with compression-ignition engines in 2020 and earlier model years may
be used in model year 2021 and later as follows:

(1) For enly-i-the-credit-generating engines were-certified to the tractor engine standards in §
1036.108, you may use -ane-credits were-calculated relative to the tractor engine standards.

(2) For credit-generating engines certified to the vocational engine standards in § 1036.108, you
may optionally carry over adjusted vocational credits from an averaging set, and you may use
credits calculated relative to the emission levels in the following table:

Table 1 of 81036.701—Emission {Levels for eCredit eCalculation
Medium Heavy-Duty Engines Heavy Heavy-Duty Engines

558 g/hp-hr 525 g/hp-hr

119. Amend § 1036.705 by revising paragraphs (b)(2) and (5) to read as follows:

§1036.705 Generating and calculating emission credits.
* * * * *

(b) * ok x
(2) For tractor engines:

Emission credits (Mg) = (Std — FCL) - (CF) - (Volume) - (UL) - (10
Where:
Std = the emission standard, in g/hp-hr, that applies under subpart B of this part for
engines not participating in the ABT program of this subpart (the “otherwise applicable
standard”).
FCL = the Family Certification Level for the engine family, in g/hp-hr, measured over the
ramped-modalSET duty cycle rounded to the same number of decimal places as the
emission standard.
CF = a transient cycle conversion factor (hp-hr/mile), calculated by dividing the total
(integrated) horsepower-hour over the duty cycle (average of tractor-engine
configurations weighted by their production volumes) by 6.3 miles for engines subject to
spark-ignition standards and 6.5 miles for engines subject to compression-ignition
standards. This represents the average work performed by tractor engines in the family
over the mileage represented by operation over the duty cycle. Note that this calculation
requires you to use the transient cycle conversion factor even for engines certified to
standards based on the ramped-modalSET duty cycle.
Volume = the number of tractor engines eligible to participate in the averaging, banking,
and trading program within the given engine family during the model year, as described
in paragraph (c) of this section.
UL = the useful life for the given engine family, in miles.

* *x *x X *x

(5) You may generate CO2 emission credits from a model year 2021 or later medium heavy-
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duty engine family subject to spark-ignition standards for exchanging with other engine
families only if the engines in the family are gasoline-fueled. You may generate COz2 credits
from non-gasoline these-engine families only for the purpose of offsetting CH4 and/or N2O
emissions within the same engine family as described in paragraph (d) of this section.

* * * * *

120. Amend § 1036.801 by:
a. Revising the definitions for Auxiliary emission control device”, “Heavy-duty vehicle”,
“Hybrid”.
b. Adding definitions for “Hybrid engine”, “Hybrid powertrain”, and “Mild hybrid” in
alphabetical order.
¢. Revising the definition for “Steady-state”.
The new and revised definitions read as follows:
§1036.801 Definitions.
* * * * *

Auxiliary emission control device means any element of design that senses temperature,
motive speed, engine speed (r/min)fpm, transmission gear, or any other parameter for the
purpose of activating, modulating, delaying, or deactivating the operation of any part of the

emission control system.
* * * * *

Heavy-duty vehicle means any motor vehicle above 8,500 pounds GVWR. An incomplete
vehicle is also a heavy-duty vehicle if it has a erthat-has-a-vehicle-curb weight above 6,000
pounds or that-has-a basic vehicle frontal area greater than 45 square feet. Curb weight and Basic
vehicle frontal area have the meaning given in 40 CFR 86.1803.

Hybrid means-+elating-te an engine or powertrain that includes energy storage features other
than a conventional battery system or conventional flywheel. Supplemental electrical batteries
and hydraulic accumulators are examples of hybrid energy storage systems. Note that certain
provisions in this part treat hybrid engines and hybrid powertrains intended for vehicles that
include regenerative braking different than those intended for vehicles that do not include
regenerative braking.

Hybrid engine means a hybrid system with features for storing and recovering energy that are
integral to the engine or are otherwise upstream of the vehicle’s transmission other than a
conventional battery system or conventional flywheel. Supplemental electrical batteries and
hydraulic accumulators are examples of hybrid energy storage systems. Examples of hybrids
that could be considered hybrid engines are PO, P1, and P2 hybrids where hHybrid features are
connected to the front end of the engine,are-known-asP0and at hybrid featuresconnectedto-the
crankshaft, or connected between the clutch and the transmission where the clutch upstream of
the hybrid feature is in addition to the transmission clutch(s), respectively-are-known-asP1. Note
other examples of systems that qualify as hybrid engines are systems that recover Kinetic energy
and use it to power an electric heater in the aftertreatment.

Hybrid powertrain means a powertrain that includes energy storage features other than a
conventional battery system or conventional flywheel. Supplemental electrical batteries and
hydraulic accumulators are examples of hybrid energy storage systems. Note other examples of
systems that qualify as hybrid powertrains are systems that recover kinetic energy and use it to
power an electric heater in the aftertreatment.

* * * * *
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Mild hybrid means a hybrid engine or powertrain with regenerative braking capability where
the system recovers less than 20 percent of the total braking energy over the transient cycle
defined in Appendix | of 40 CFR part 1037.

* * * * *
Steady-state has the meaning given in 40 CFR 1065.1001._This includes fuel mapping and

idle testing where engine speed and load are held at a finite set of nominally constant values.
* * * * *

121. Amend § 1036.805 by revising paragraphs (b) through (f) and adding paragraph (g) to read
as follows:

§ 1036.805 Symbols, abbreviations, and acronyms.

*

(b) Symbols for quantities. This part uses the following symbols and units of measure for
various quantities:

SYMB QUANTITY UNIT UNIT SYMBOL UNIT IN
oL TERMS OF SI
BASE UNITS
a Eriz:(t)ir:m hydrogen-to-carbon | ) per mole mol/mol 1
A Area square meter m? m?
B ?;ct)irglc oxygen-to-carbon mole per mole mol/mol 1
CiA drag area meter squared m? m?
coefficient of rolling . : 3
o resistance kilogram per metric ton | kg/tonne 10
D distance miles or meters miorm m
€ efficiency
c Difference or error guantity
e ;T;;sitwelghted emission grams/ton-mile g/ton-mi g/kg-km
Eff efficiency
mass-specific net energy . . 202
Em content megajoules/kilogram MJ/kg m?s
fn angular speed (shaft) revolutions per minute r/min n:30-st
i ) meters per second 2 2
o] gravitational acceleration m/s m-s
squared
i indexing variable
Ka drive axle ratio 1
K highest available
topgear transmission gear
m Mass pound mass or kilogram | Ibm or kg kg
M molar mass gram per mole g/mol 10-3-kg-mol*
M vehicle mass kilogram kg kg
) inertial mass of rotating .
Mirotating components kilogram kg kg
N total number in a series
P Power kilowatt kw 10%m?kg-s*
. kilogram per cubic 3 3
L mass density meter kg/m® m*-kg
r tire radius meter m m
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standard error of the
SEE .
estimate
o standard deviation
T torque (moment of force) newton meter N-m m?kg-s?
t Time second S S
time interval, period,
At 1/frequency P second S S
UF utility factor
v Speed pm;rliseggggour or MELers | mishr or mis m-s?t
W Work kilowatt-hour KW-hr 3.6:m*kg-s*
Wc carbon mass fraction gram/gram g/g 1
Wchanzo | Urea mass fraction gram/gram g/g 1
amount of substance mole
X fraction mole per mole mol/mol 1
Xb brake energy fraction
Xl brake energy limit

(c) Superscripts. This part uses the following superscripts to-define-afor modifying quantity

symbols:
SUPERSCRIPT

overbar (suchas ¥ )

overdot (suchas Yy )

QUANTTYMEANING
arithmetic mean

quantity per unit time

(d) Subscripts. This part uses the following subscripts te-define-afor modifying quantity

symbols:
SUBSCRIPT QUANTHTYMEANING
65 65 miles per hour
A A speed
A absolute (e.q., absolute difference or error)
Acc accessory
App approved
Axle axle
B B speed
C C speed
C carbon mass
Ccombdry carbon from fuel per mole of dry exhaust
CD charge-depleting
CO2DEF CO; resulting from diesel exhaust fluid decomposition
comb combustion
com composite
Cor corrected
CS charge-sustaining
Cycle test cycle
DEF diesel exhaust fluid
engine engine
Exh raw exhaust
Front frontal
Fuel fuel
H20exhaustdry | H»O in exhaust per mole of exhaust
Hi high
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| an individual of a series
Idle idle

M mass

Max maximum

mapped mapped

Meas measured guantity

Neg negative

Pos positive

R relative (e.q., relative difference or error)
Rate rate (divided by time)
Rated rated

record record

Ref reference quantity
speed speed

Stall stall

Test test

Tire tire

transient transient

M vector

vehicle vehicle

(e) Other acronyms and abbreviations. This part uses the following additional abbreviations and

acronyms:
ABT AVERAGING, BANKING, AND TRADING
AECD auxiliary emission control device
ASTM American Society for Testing and Materials
BTU British thermal units
CD charge-depleting
CFR Code of Federal Regulations
Cl compression ignition
CoVv coefficient of variation
Cs charge-sustaining
DEF diesel exhaust fluid
DF deterioration factor
DOT Department of Transportation
E85 gasoline blend including nominally 85 percent denatured ethanol
ECU Electronic Control Unit
EPA Environmental Protection Agency
FCL Family Certification Level
FEL Family Emission Limit
GEM Greenhouse gas Emissions Model
g/hp-hr grams per brake horsepower-hour
GVWR gross vehicle weight rating
HDV heavy-duty vehicle
LPG liquefied petroleum gas
NARA National Archives and Records Administration
NHTSA National Highway Traffic Safety Administration
NTE not-to-exceed
RESS rechargeable energy storage system
RMC ramped-modal cycle
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Rpm revolutions per minute

SCR Selective-selective catalytic reduction

SEE standard error of the estimate

SET Supplemental Emission Test

Sl spark ignition

U.S. United States

U.S.C. United States Code

f) Constants. This part uses the following constants:
i\(MiBO QUANTITY VALUE

§ gravitational constant | 9.806651 m-s?

fq) Prefixes. This part uses the following prefixes to define a quantity:

SYMB | QUANT | VALU
oL ITY E

U micro 10°¢

m milli 103

c centi 102

k kilo 10°

M mega 108

122. Revise 8 1036.810 to read as follows:
§1036.810 Incorporation by reference.
{a)-Certain material is incorporated by reference into this part with the approval of the Director
of the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other
than that specified in this section, the Environmental Protection Agency must publish a
document in the Federal Register and the material must be available to the public. All approved
material is available for inspection at U.S. EPA, Air and Radiation Docket and Information
Center, WJC West Building, Room 3334, 1301 Constitution Ave., NW., Reem-B102,-ERA-West
Building;-Washington, DC 20460, www.epa.gov/dockets, (202) 202-1744, and is available from
the sources listed below. It is also available for inspection at the National Archives and Records
Administration (NARA). For information on the availability of this material at NARA, call 202—
741-6030, or go to http-Awww.archives.gov/federal—-
register/code—offederalregulationscfr/ibr—-locations.html.
(ab) ASTM International American-Society-for Testing-and-Materials, 100 Barr Harbor Drive,
P.0. Box C700, West Conshohocken, PA, 19428-2959, (877) 909-2786, hitp://www.astm.org/.
(1) ASTM D3588-98 (Reapproved 2017)el, Standard Practice for Calculating Heat Value,
Compressibility Factor, and Relative Density of Gaseous Fuels, approved April 1, 2017,
(“ASTM D3588™), IBR approved for § 1036.530(b).
(2) ASTM D4809-13, Standard Test Method for Heat of Combustion of Liquid Hydrocarbon
Fuels by Bomb Calorimeter (Precision Method), approved May 1, 2013, (“ASTM D4809”),
IBR approved for § 1036.530(b).

(2) [Reserved]
(be) National Institute of Standards and Technology, 100 Bureau Drive, Stop 1070,
Gaithersburg, MD 20899-1070, (301) 975-6478, or www.nist.gov.
(1) NIST Special Publication 811, Guide for the Use of the International System of Units
(SI), 2008 Edition, March 2008, IBR approved for § 1036.805.


www.nist.gov
http://www.astm.org
http://www.archives.gov/federal
www.epa.gov/dockets

(2) [Reserved]

123. Amend § 1036.825 by revising paragraph (a) to read as follows:

§ 1036.825 Reporting and recordkeeping requirements.

(a) This part includes various requirements to submit and record data or other information.
Unless we specify otherwise, store required records in any format and on any media and keep
them readily available for eight years after you send an associated application for certification, or
eight years after you generate the data if they do not support an appllcatlon for certification. Yeu

keepreeerdsewyeuebehalPWe may review these records at any tlme You must promptly give
send-us organized, written records in English if we ask for them. We may require you to submit

written records in an electronic format.
* * * * *

124. Redesignate appendix | to part 1036 as appendix 11 to part 1036.

125. Add appendix I to part 1036 to read as follows:
Appendix | to Part 1036—Summary of Previous Emission Standards
The following standards, which EPA originally adopted under 40 CFR part 85 or part 86, apply
to compression-ignition engines produced before model year 2007 and to spark-ignition engines
produced before model year 2008:
(a) Smoke. Smoke standards applied for compression-ignition engines based on opacity
measurement using the test procedures in 40 CFR part 86, subpart |, as follows:
(1) Engines were subject to the following smoke standards for model years 1970 through
1973:
(i) 40 percent during the engine acceleration mode.
(ii) 20 percent during the engine lugging mode.
(2) The smoke standards in 40 CFR 86.11 started to apply in model year 1974.
(b) Idle CO. A standard of 0.5 percent of exhaust gas flow at curb idle applied through model
year 2016 to the following engines:
(1) Spark-ignition engines with aftertreatment starting in model year 1987. This standard
applied only for gasoline-fueled engines through model year 1997. Starting in model year
1998, the same standard applied for engines fueled by methanol, LPG, and natural gas. The
idle CO standard no longer applied for engines certified to meet onboard diagnostic
requirements starting in model year 2005.
(2) Methanol-fueled compression-ignition engines starting in model year 1990. This
standard also applied for natural gas and LPG engines starting in model year 1997. The idle
CO standard no longer applied for engines certified to meet onboard diagnostic requirements
starting in model year 2007.
(c) Crankcase emissions. The requirement to design engines to prevent crankcase emissions
applied starting with the following engines:
(1) Spark-ignition engines starting in model year 1968. This standard applied only for
gasoline-fueled engines through model year 1989, and applied for spark-ignition engines
using other fuels starting in model year 1990.
(2) Naturally aspirated diesel-fueled engines starting in model year 1985.
(3) Methanol-fueled compression-ignition engines starting in model year 1990.

A-53



(4) Naturally aspirated gaseous-fueled engines starting in model year 1997, and all other

gaseous-fueled engines starting in 1998.

(d) Early steady-state standards. The following criteria standards applied to heavy-duty engines

based on steady-state measurement procedures:

Table 1 to Appendix |—Early Steady-State Emission Standards for Heavy-Duty Engines

Pollutant
Model Year Fuel He NO. + HC )
1970-1973 gasoline 275 ppm — 1.5 volume percent
1974-1978 gasoline and diesel — 16 g/hp-hr 40 g/hp-hr
. . l - i
1979-19842 gasoline and diesel — 5 g/hp:fr for diesel 25 g/hp-hr

5.0 g/hp-hr for gasoline

2An optional NOy + HC standard of 10 g/hp-hr applied in 1979 through 1984 in conjunction with a separate HC

standard of 1.5 g/hp-hr.

(e) Transient emission standards for spark-ignition engines. The following criteria standards

applied for spark-ignition engines based on transient measurement using the test procedures in

40 CFR part 86, subpart N. Starting in model year 1991, manufacturers could generate or use

emission credits for NOx and NOx + NMHC standards. Table 2 follows:

Table 2 to Appendix I—Transient Emission Standards for Spark-Ignition Engines®®
Pollutant (g/hp-hr)
Model Year HC co NO, NO, + NMHC
1985-1987 11 14.4 106 —
1988-1990 1.1 14.4 6.0 —
1991-1997 11 14.4 5.0 —
1998-2004° 11 14.4 4.0 —
2005-2007 — 14.4 — 1.0¢

2Standards applied only for qaﬁine—fueled engines through model year 1089.

Standards started to apply for methanol in model year 1990, and for LPG and natural

gas in model year 1998.

PEngines intended for installation only in heavy-duty vehicles above 14,000 pounds

GVWR were subject to an HC standard of 1.9 g/hp-hr for model years 1987 through

2004, and a CO standard of 37.1 g/hp-hr for model years 1987 through 2007. In

addition, for model years 1987 through 2007, up to 5 percent of a manufacturer’s

sales of engines intended for installation in heavy-duty vehicles at or below 14,000

pounds GVWR could be certified to the alternative HC and CO standards.

°For natural gas engines in model years 1998 through 2004, the NO standard was 5.0

g/hp-hr; the HC standards were 1.7 g/hp-hr for engines intended for installation only

in vehicles above 14,000 pounds GVWR, and 0.9 g/hp-hr for other engines.

YManufacturers could delay the 1.0 g/hp-hr NOy + NMHC standard until model year

2008 by meeting an alternate NO, + NMHC standard of 1.5 g/hp-hr applied for

model years 2004 through 2007.

(f) Transient emission standards for compression-ignition engines. The following criteria

standards applied for compression-ignition engines based on transient measurement using the

test procedures in 40 CFR part 86, subpart N. Starting in model year 1991, manufacturers could

generate or use emission credits for NOx, NOx + NMHC, and PM standards. Table 3 follows:




Table 3 to Appendix I—Transient Emission Standards for Compression-lgnition Engines®
Pollutant (g/hp-hr)
Model Year He co NO, NO, + NMHC PM
1985-1987 13 155 107 — —
1988-1989 13 155 107 — 0.60
1990 13 15.5 6.0 = 0.60
1991-1992 13 155 5.0 = 0.25
0.25 truck
1993 13 15.5 5.0 = 0.10 bus
0.10 truck
1994-1995 13 15.5 50 0.07 urban bus
0.10 truck
1996-1997 13 155 5.0 = 0.05 urban bus®
0.10 truck
1998-2003 13 155 4.0 = 0.05 urban bus?
0.10 truck
- e j— © )5 urban bt
2004-2006 = 155 = 24 0.05 urban bus®

aStandards applied only for diesel-fueled engines through model year 1989. Standards
started to apply for methanol in model year 1990, and for LPG and natural gas in model year
1997. An alternate HC standard of 1.2 g/hp-hr applied for natural gas engines for model
years 1997 through 2003.

5The in-use PM standard for urban bus engines in model years 1996 through 2006 was 0.07
g/hp-hr.

°An optional NOy + NMHC standard of 2.5 g/hp-hr applied in 2004 through 2006 in
conjunction with a separate NMHC standard of 0.5 g/hp-hr.

126. Add appendix Il to part 1036 to read as follows:

Appendix Il to Part 1036—T ransient Duty Cycles

(a) This appendix specifies transient duty cycles for the engine and powertrain testing described
in 8 1036.510, as follows:

(1) The transient duty cycle for testing engines involves a schedule of normalized engine speed
and torque values.

(2) The transient duty cycles for powertrain testing involves a schedule of vehicle speeds and
road grade. Determine road grade at each point based on the peak rated power of the powertrain
system, Prated, determined in 8 1036.527 and road grade coefficients using the following
equation:

Road grade=a P2 +b-P ., +¢

b) The following transient duty cycle applies for spark-ignition engines and powertrains:

Engine testing Powertrain testing
Normalized Vehi | Road grade coefficients
Record revolutions Normalized Vehicle
ceconds) | per minute  |toraue (nercer speed
jseconds Qel’er':r(l:ennlite torque (percent’ M a D c
1 0 0 0 0 0 0
2 0 0 0 0 0 0
[ 3 | 0 I 0 [ o [ 1.837E-05 [-1.876E-02 | 2.369E+00
| 4| 0 | 0 [ o [ 2.756E-05 [ -2.814E-02 [ 3.553E+00
[ 5 | 0 I 0 [ o [ 2.756E-05 [-2.814E-02 [ 3.553E+00
6 | 0 | 0 [ o [ 2.756E-05 | -2.814E-02 [ 3.553E+00
7| 0 | 0 [0 | 2756E-05 | -2.814E-02 | 3.553E+00
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! 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
9 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
10 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
11 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
12 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
13 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
14 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
15 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00

[ 16 0 0 0 | 2.756E-05 |-2.814E-02 | 3.553E+00

[ 17 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00

[ 18 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00

[ 19 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
20 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
21 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
22 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
23 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
24 0 0 0 2.756E-05 | -2.814E-02 | 3.553E+00
25 7.00 44.40 0 2.756E-05 | -2.814E-02 | 3.553E+00
26 16.00 85.40 3.04 2.756E-05 | -2.814E-02 | 3.553E+00

[ 27 27.00 97.80 5.59 2.756E-05 | -2.814E-02 | 3.553E+00

| 28 38.00 100.00 8.37 2.756E-05 | -2.814E-02 | 3.553E+00

| 29 45.00 100.00 11.06 | 2.756E-05 | -2.814E-02 | 3.553E+00

[ 30 51.00 100.00 1363 | 2.756E-05 | -2.814E-02 | 3.553E+00
31 54.00 97.50 15.87 | 2.756E-05 |-2.814E-02 | 3.553E+00
32 53,00 90.00 18.09 | 2.756E-05 |-2.814E-02 | 3.553E+00
33 49.00 75.20 2066 | 2.756E-05 | -2.814E-02 | 3.553E+00
34 45.00 50.00 2226 | 9.186E-06 |-9.380E-03 | 1.184E+00
35 40.00 10.00 2208 [ -9.186E-06 | 9.380E-03 | -1.184E+00
36 34.00 2.30 2058 | -2.756E-05 | 2.814E-02 | -3.553E+00
37 27.00 0 18.65 | -2.756E-05 | 2.814E-02 | -3.553E+00

[ 38 21.00 2.30 16.50 | -2.756E-05 | 2.814E-02 | -3.553E+00

[ 39 16.00 12.00 1419 [ -2.756E-05 | 2.814E-02 | -3.553E+00

[ 40 12.00 35.30 11.65 | -2.756E-05 | 2.814E-02 | -3.553E+00
41 8.50 4.90 9.16 | -2.756E-05 | 2.814E-02 | -3.553E+00
42 5.00 @ 8.01 | -2.756E-05 | 2.814E-02 | -3.553E+00
43 3.00 @ 6.86 | -2.756E-05 | 2.814E-02 | -3.553E+00
44 0 0 319 | -2.756E-05 | 2.814E-02 | -3.553E+00
45 0 0 0 -2.756E-05 | 2.814E-02 | -3.553E+00
46 0 0 0 -2.756E-05 | 2.814E-02 | -3.553E+00
47 0 0 0 -1.587E-05 | 1.622E-02 | -2.202E+00
48 0 0 0 -4.187E-06 | 4.310E-03 | -8.511E-01

[ 49 0 0 0 7.498E-06 | -7.604E-03 | 5.001E-01

[ 50 0 0 0 7.498E-06 | -7.604E-03 | 5.001E-01
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| 51 3.00 10.00 105 | 7.498E-06 | -7.604E-03 | 5.001E-01
52 11.00 40.20 2.13 7.498E-06 | -7.604E-03 | 5.001E-01
53 20.00 53.00 3.26 7.498E-06 | -7.604E-03 | 5.001E-01
54 27.50 64.80 4.31 7.498E-06 | -7.604E-03 | 5.001E-01
55 32.00 78.00 5.35 7.498E-06 | -7.604E-03 | 5.001E-01
56 32.00 78.00 6.38 7.498E-06 | -7.604E-03 | 5.001E-01
57 27.50 56.00 7.42 7.498E-06 | -7.604E-03 | 5.001E-01
58 26.00 24.40 8.45 7.498E-06 | -7.604E-03 | 5.001E-01
[ 59 24.00 @) 943 | 7.498E-06 | -7.604E-03 | 5.001E-01
[ 60 23.00 @ 1018 | 7.498E-06 |-7.604E-03 | 5.001E-01
[ 61 24.00 6} 1071 | 7.498E-06 |-7.604E-03 | 5.001E-01
[ 62 27.00 @ 1110 | 7.498E-06 |-7.604E-03 | 5.001E-01
63 34.00 o) 1162 | 7.498E-06 | -7.604E-03 | 5.001E-01
64 44.00 28.00 12.44 | 7.498E-06 | -7.604E-03 | 5.001E-01
65 57.00 74.40 1355 | 7.498E-06 |-7.604E-03 | 5.001E-01
66 60.00 74.40 1469 | 7.498E-06 |-7.604E-03 | 5.001E-01
67 53.00 33.60 15.42 | 7.498E-06 |-7.604E-03 | 5.001E-01
68 48.00 ) 16.06 | 7.498E-06 | -7.604E-03 | 5.001E-01
69 44.00 ) 16.64 | 7.498E-06 | -7.604E-03 | 5.001E-01
[ 70 40.00 @ 17.36 | 8.991E-06 |-9.177E-03 | 2.234E+00
[ n 40.00 7.00 17.86 | 1.048E-05 |-1.075E-02 | 3.968E+00
[ 72 44,00 22.70 18.05 | 1.198E-05 | -1.232E-02 | 5.701E+00
[ 3 46.00 30.00 1809 | 1.198E-05 |-1.232E-02 [ 5.701E+00
74 46.00 32.00 1819 | 1.198E-05 |-1.232E-02 | 5.701E+00
75 44.00 25.00 1855 | 1.198E-05 | -1.232E-02 | 5.701E+00
76 40.00 18.00 1904 | 1.198E-05 |-1.232E-02 | 5.701E+00
77 37.00 14.00 1958 | 1.198E-05 |-1.232E-02 | 5.701E+00
78 36.00 10.00 1990 | 1.198E-05 |-1.232E-02 | 5.701E+00
79 34.00 0 1099 | 1.198E-05 |-1.232E-02 | 5.701E+00
80 34.00 ) 1085 | 1.198E-05 | -1.232E-02 | 5.701E+00
[ 81 32.00 A 1073 | 1.198E-05 | -1.232E-02 | 5.701E+00
[ 8 31.00 6} 1070 | 1.198E-05 |-1.232E-02 [ 5.701E+00
[ 83 36.00 39.90 1084 | 1.198E-05 |-1.232E-02 [ 5.701E+00
84 42.00 84.70 2010 | 1.198E-05 |-1.232E-02 [ 5.701E+00
85 48.00 90.00 2044 | 1.198E-05 |-1.232E-02 | 5.701E+00
86 50.00 90.00 2098 | 1.198E-05 |-1.232E-02 | 5.701E+00
87 50.00 90.00 2152 | 1.198E-05 |-1.232E-02 | 5.701E+00
88 47.00 85.00 2206 | 1.198E-05 |-1.232E-02 | 5.701E+00
89 43.00 75.00 2224 | 1.198E-05 |-1.232E-02 | 5.701E+00
20 38.00 60.00 2235 | 1.198E-05 |-1.232E-02 | 5.701E+00
91 36.00 36.00 2237 | 3.992E-06 | -4.107E-03 | 1.900E+00
| 92 36.00 7.50 2235 | -3.992E-06 | 4.107E-03 | -1.900E+00
[ 93 36.30 o) 2227 | -1198E-05 | 1.232E-02 | -5.701E+00
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94 -1.198E-05 | 1.232E-02 | -5.701E+00
95 -1.198E-05 | 1.232E-02 | -5.701E+00
96 -1.198E-05 | 1.232E-02 | -5.701E+00
97 -1.198E-05 | 1.232E-02 | -5.701E+00
98 -1.198E-05 | 1.232E-02 | -5.701E+00
99 -1.198E-05 | 1.232E-02 | -5.701E+00
100 -1.198E-05 | 1.232E-02 | -5.701E+00
101 -1.198E-05 | 1.232E-02 | -5.701E+00
102 [ -1.198E-05 | 1.232E-02 | -5.701E+00
103 -1.198E-05 | 1.232E-02 | -5.701E+00
104 -1.198E-05 | 1.232E-02 | -5.701E+00
105 -1.198E-05 | 1.232E-02 | -5.701E+00
106 -1.198E-05 | 1.232E-02 | -5.701E+00
107 -1.198E-05 | 1.232E-02 | -5.701E+00
108 -1.198E-05 | 1.232E-02 | -5.701E+00
109 10.00 -1.198E-05 | 1.232E-02 | -5.701E+00
110 0 -1.198E-05 | 1.232E-02 | -5.701E+00
111 ) -1.198E-05 | 1.232E-02 | -5.701E+00
112 ) -1.198E-05 | 1.232E-02 | -5.701E+00
113 @ -1.198E-05 | 1.232E-02 | -5.701E+00
114 27.60 -1.198E-05 | 1.232E-02 | -5.701E+00
115 4.00 -1.198E-05 | 1.232E-02 | -5.701E+00
116 o) -1.198E-05 | 1.232E-02 | -5.701E+00
117 . @ -1.198E-05 | 1.232E-02 | -5.701E+00
118 9.00 @ -1.198E-05 | 1.232E-02 | -5.701E+00
119 7.00 ) -1.198E-05 | 1.232E-02 | -5.701E+00
120 7.00 o) -1.198E-05 | 1.232E-02 | -5.701E+00
121 5.00 o) . -1.198E-05 | 1.232E-02 | -5.701E+00
122 4.00 o) 430 | -1.198E-05 | 1.232E-02 | -5.701E+00
123 3.00 ) 2.64 | -1.198E-05 | 1.232E-02 | -5.701E+00
124 2.00 @ 099 | -1.198E-05 | 1.232E-02 | -5.701E+00
125 0 0 019 [ -1.198E-05 | 1.232E-02 | -5.701E+00
126 0 0 0 -1.198E-05 | 1.232E-02 | -5.701E+00
127 0 0 0 -1.198E-05 | 1.232E-02 | -5.701E+00
128 0 0 0 5.354E-07 | 1492E-03 | -6.315E+00
129 0 0 0 1.305E-05 | -9.337E-03 | -6.929E+00
130 5.00 8.00 3.25 2.556E-05 | -2.017E-02 | -7.543E+00
131 8.00 16.30 5.47 2.556E-05 | -2.017E-02 | -7.543E+00
132 10.00 27.50 6.71 2.556E-05 | -2.017E-02 | -7.543E+00
133 8.00 27.50 6.71 2556E-05 | -2.017E-02 | -7.543E+00
134 5.00 9.00 6.71 2556E-05 | -2.017E-02 | -7.543E+00
135 2.00 1.80 6.55 8.520E-06 | -6.722E-03 | -2.514E+00
136 0 0 6.01 | -8.520E-06 | 6.722E-03 | 2.514E+00
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137 0 0 515 | -2.556E-05 | 2.017E-02 | 7.543E+00
138 0 0 390 | -2556E-05 | 2.017E-02 | 7.543E+00
139 0 0 219 | -2.556E-05 | 2.017E-02 | 7.543E+00
140 0 0 0 -2.556E-05 | 2.017E-02 | 7.543E+00
141 0 0 0 -0.124E-06 | 5.441E-03 | 6.132E+00
142 0 0 0 7.313E-06 | -9.284E-03 | 4.722E+00
143 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
144 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
145 0 0 0 | 2.375E-05 |-2.401E-02 | 3.312E+00
146 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
147 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
148 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
149 2.00 4.80 0 2.375E-05 | -2.401E-02 | 3.312E+00
150 1.00 4.50 0 2.375E-05 | -2.401E-02 | 3.312E+00
151 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
152 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
153 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
154 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
155 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
156 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
157 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
158 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
159 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
160 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
161 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
162 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
163 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
164 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
165 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
166 0 0 0 2.375E-05 | -2.401E-02 | 3.312E+00
167 8.00 27.00 1.95 2.375E-05 | -2.401E-02 | 3.312E+00
168 18.00 65.00 3.70 2.375E-05 | -2.401E-02 | 3.312E+00
169 23.00 82.50 5.53 2.375E-05 | -2.401E-02 | 3.312E+00
170 23.00 88.00 7.22 2.375E-05 | -2.401E-02 | 3.312E+00
171 21.00 88.00 8.64 2.375E-05 | -2.401E-02 | 3.312E+00
172 18.00 81.30 1033 | 2.375E-05 |-2.401E-02 | 3.312E+00
173 17.00 32.00 1118 | 7.917E-06 | -8.003E-03 | 1.104E+00
174 15.00 o) 1057 | -7.917E-06 | 8.003E-03 | -1.104E+00
175 13.00 o) 9.33 | -2.375E-05 | 2.401E-02 | -3.312E+00
176 11.00 o) 7.87 | -2.375E-05 | 2.401E-02 | -3.312E+00
177 8.00 ® 6.27 | -2.375E-05 | 2.401E-02 | -3.312E+00
178 6.00 @ 458 | -2.375E-05 | 2.401E-02 | -3.312E+00
179 4.00 o) 381 | -2.375E-05 | 2.401E-02 | -3.312E+00

A-59




N
[
o
©
N
P
(53]

-2.375E-05 | 2.401E-02 | -3.312E+00

-2.375E-05 | 2.401E-02 | -3.312E+00

-2.375E-05 | 2.401E-02 | -3.312E+00

-1.078E-05 | 1.103E-02 | -1.145E+00

2.190E-06 | -1.954E-03 | 1.022E+00

1.516E-05 | -1.494E-02 | 3.189E+00

|I—\
(2]

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

| 1516E-05 |-1.494E-02 | 3.189E+00

|I—\
©

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 |-1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

1.516E-05 | -1.494E-02 | 3.189E+00

ol|lo|lo|o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o|lo|o|o|lo|lo|lo|lo|lo
o

IS

1.516E-05 | -1.494E-02 | 3.189E+00

o |[lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo ||

o
o |lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|Io ||
o

o
-~
~
o
[y

1.516E-05 | -1.494E-02 | 3.189E+00

5.00 14.00 4.24 1.516E-05 | -1.494E-02 | 3.189E+00
11.00 24.70 7.50 1.516E-05 | -1.494E-02 | 3.189E+00
15.00 42.30 9.18 1.516E-05 | -1.494E-02 | 3.189E+00
16.00 70.00 10.11 1.516E-05 | -1.494E-02 | 3.189E+00
17.00 70.00 10.34 1.516E-05 | -1.494E-02 | 3.189E+00
17.00 50.00 10.46 1.516E-05 | -1.494E-02 | 3.189E+00
16.00 26.30 9.93 1.516E-05 | -1.494E-02 | 3.189E+00
14.00 5.00 8.70 1.516E-05 | -1.494E-02 | 3.189E+00
10.00 [G] 7.43 1.516E-05 | -1.494E-02 | 3.189E+00
10.00 *) 9.14 1.516E-05 | -1.494E-02 | 3.189E+00
14.00 73.30 9.72 1.516E-05 | -1.494E-02 | 3.189E+00
18.00 83.00 9.84 1.516E-05 | -1.494E-02 | 3.189E+00
19.00 84.80 10.02 1.516E-05 | -1.494E-02 | 3.189E+00
18.00 84.80 9.92 5.053E-06 | -4.979E-03 | 1.063E+00
16.00 82.80 9.14 -5.053E-06 | 4.979E-03 | -1.063E+00
11.00 74.00 8.23 -1.516E-05 | 1.494E-02 | -3.189E+00
7.00 8.50 6.64 -1.516E-05 | 1.494E-02 | -3.189E+00
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| 223 4.00 0 451 | -1.516E-05 | 1494E-02 | -3.189E+00
224 0 0 0 -1.516E-05 | 1.494E-02 | -3.189E+00
225 0 0 0 -1.516E-05 | 1.494E-02 | -3.189E+00
226 0 0 0 -6.857E-06 | 6.357E-03 | -2.057E+00
227 0 0 0 1.446E-06 | -2.223E-03 | -9.251E-01
228 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
229 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
230 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 231 0 0 0 | 9.749E-06 | -1.080E-02 | 2.071E-01
[ 232 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 233 6.00 17.60 0 9.749E-06 | -1.080E-02 | 2.071E-01
| 234 6.00 19.60 0 9.749E-06 | -L.0BOE-02 | 2.071E-01
235 5.00 14.00 0 9.749E-06 | -1.080E-02 | 2.071E-01
236 3.00 9.80 0 9.749E-06 | -1.080E-02 | 2.071E-01
237 1.00 5.50 0 9.749E-06 | -1.080E-02 | 2.071E-01
238 0 3.00 0 9.749E-06 | -1.080E-02 | 2.071E-01
239 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
240 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
241 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 242 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 243 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 244 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 245 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
246 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
247 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
248 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
249 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
250 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
251 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
252 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 253 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 254 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 255 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
256 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
257 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
258 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
259 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
260 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
261 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
262 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
263 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 264 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
[ 265 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
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266 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
267 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
268 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
269 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
270 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
271 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
272 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
273 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
274 0 0 0 | 9.749E-06 | -1.080E-02 | 2.071E-01
275 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
276 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
277 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
278 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
279 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
280 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
281 0 7.00 0 9.749E-06 | -1.080E-02 | 2.071E-01
282 1.00 0 9.749E-06 | -1.080E-02 | 2.071E-01
283 2.00 0 9.749E-06 | -1.080E-02 | 2.071E-01
284 1.00 0 9.749E-06 | -1.080E-02 | 2.071E-01
285 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
286 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
287 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
288 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
289 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
290 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
291 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
292 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
293 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
294 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
295 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
296 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
297 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
298 0 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
299 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
300 0 0 9.749E-06 | -1.080E-02 | 2.071E-01
301 2.00 0.55 9.749E-06 | -1.080E-02 | 2.071E-01
302 1.92 9.749E-06 | -1.080E-02 | 2.071E-01
303 3.18 9.749E-06 | -1.080E-02 | 2.071E-01
304 4.80 9.749E-06 | -1.080E-02 | 2.071E-01
305 6.63 9.749E-06 | -1.080E-02 | 2.071E-01
306 7.87 9.749E-06 | -1.080E-02 | 2.071E-01
307 8.32 9.749E-06 | -1.080E-02 | 2.071E-01
308 9.66 9.749E-06 | -1.080E-02 | 2.071E-01
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| 309 13.00 18.00 1146 | 9.749E-06 | -1.080E-02 | 2.071E-01
310 9.00 14.00 1328 | 9.749E-06 |-1.080E-02 | 2.071E-01
311 7.00 8.00 14.61 | 9.749E-06 |-1.080E-02 | 2.071E-01
312 6.00 0 1439 | 9.749E-06 |-1.080E-02 | 2.071E-01
313 4.00 3.00 1350 | 9.749E-06 |-1.080E-02 | 2.071E-01
314 3.00 6.80 1241 | 9.749E-06 |-1.080E-02 | 2.071E-01
315 0 0 11.30 | 9.749E-06 | -1.080E-02 | 2.071E-01
316 0 0 1125 | 9.749E-06 |-1.080E-02 | 2.071E-01
| 317 0 0 12.29 | 9.749E-06 | -1.080E-02 | 2.071E-01
[ 318 0 0 1326 | 9.749E-06 |-1.080E-02 | 2.071E-01
[ 319 0 0 13.66 | 9.749E-06 | -1.080E-02 | 2.071E-01
[ 320 0 0 14.27 | 9.749E-06 |-1.080E-02 | 2.071E-01
321 0 0 1517 | 9.749E-06 |-1.080E-02 | 2.071E-01
322 0 0 16.05 | 9.749E-06 | -1.080E-02 | 2.071E-01
323 0 18.00 16.49 | 9.749E-06 | -1.080E-02 | 2.071E-01
324 3.00 40.00 17.52 | 9.749E-06 | -1.080E-02 | 2.071E-01
325 8.00 86.00 18.06 | 9.749E-06 |-1.080E-02 | 2.071E-01
326 18.00 97.00 18.18 | 9.749E-06 |-1.080E-02 | 2.071E-01
327 38.00 100.00 18.95 | 9.749E-06 | -1.080E-02 | 2.071E-01
[ 328 4550 100.00 20.48 | 9.749E-06 | -1.080E-02 | 2.071E-01
| 320 45,00 96.00 20.48 | 3.250E-06 | -3.601E-03 | 6.902E-02
[ 330 44,00 84.40 1950 | -3.250E-06 | 3.601E-03 | -6.902E-02
[ 331 43,00 53.60 18.43 [ -9.749E-06 | 1.080E-02 | -2.071E-01
332 41.00 5.00 17.44 | -9.749E-06 | 1.080E-02 | -2.071E-01
333 43.00 47.60 16.77 | -9.749E-06 | 1.080E-02 | -2.071E-01
334 44.00 90.00 16.36 | -9.749E-06 | 1.080E-02 | -2.071E-01
335 45.00 90.00 16.34 | -9.749E-06 | 1.080E-02 | -2.071E-01
336 44.00 73.00 16.79 | -9.749E-06 | 1.080E-02 | -2.071E-01
337 40.00 54.00 16.34 | -9.749E-06 | 1.080E-02 | -2.071E-01
338 38.00 34.70 1513 | -9.749E-06 | 1.080E-02 | -2.071E-01
| 339 36.00 10.00 13.72 | -9.749E-06 | 1.080E-02 | -2.071E-01
| 340 35.00 10.00 12.04 [-9.749E-06 | 1.080E-02 | -2.071E-01
R 35.00 10.00 10.44 [ -9.749E-06 | 1.080E-02 | -2.071E-01
342 35.50 60.00 971 | -9.749E-06 | 1.080E-02 | -2.071E-01
343 36.00 57.90 9.81 [ -9.749E-06 | 1.080E-02 | -2.071E-01
344 37.00 53.00 10.65 | -9.749E-06 | 1.080E-02 | -2.071E-01
345 39.00 50.00 1142 | -9.749E-06 | 1.080E-02 | -2.071E-01
346 40.50 50.00 1054 | -9.749E-06 | 1.080E-02 | -2.071E-01
347 43.00 50.00 8.87 | -9.749E-06 | 1.080E-02 | -2.071E-01
348 45,00 50.00 9.26 | -3.250E-06 | 3.601E-03 | -6.902E-02
349 48.00 50.00 1033 | 3.250E-06 | -3.601E-03 | 6.902E-02
[ 350 51.00 52.00 1079 | 9.749E-06 |-1.080E-02 | 2.071E-01
[ 351 56.00 58.70 11.80 | 9.749E-06 | -1.080E-02 | 2.071E-01
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EE 64.00 70.00 14.06 | 9.749E-06 |-1.080E-02 | 2.071E-01
353 68.00 70.00 16.77 | 9.749E-06 | -1.080E-02 | 2.071E-01
354 70.00 70.00 18.83 | 9.749E-06 |-1.080E-02 | 2.071E-01
355 65.50 64.60 2212 | 9.749E-06 |-1.080E-02 | 2.071E-01
356 61.00 28.90 2410 | 9.749E-06 | -1.080E-02 | 2.071E-01
357 55.00 o) 2597 | 9.749E-06 |-1.080E-02 | 2.071E-01
358 50.00 o) 27.04 | 9.749E-06 | -1.080E-02 | 2.071E-01
359 45,00 ) 2718 | 9.749E-06 |-1.080E-02 | 2.071E-01

[ 360 38.00 @) 2834 | 9.749E-06 | -1.080E-02 | 2.071E-01

[ 361 28.00 @ 2069 | 9.749E-06 |-1.080E-02 | 2.071E-01

[ 362 19.00 6} 29.86 | 9.749E-06 | -1.080E-02 | 2.071E-01

[ 363 14.00 o) 2051 | 9.749E-06 |-1.080E-02 | 2.071E-01
364 7.00 o) 2091 | 9.749E-06 |-1.080E-02 | 2.071E-01
365 2.00 [0 30.99 | 9.749E-06 |-1.080E-02 | 2.071E-01
366 3.00 5.00 3255 | 9.749E-06 | -1.080E-02 | 2.071E-01
367 7.00 25.00 33.43 | 9.749E-06 |-1.080E-02 | 2.071E-01
368 9.00 38.00 3356 | 3.250E-06 | -3.601E-03 | 6.902E-02
369 7.00 17.00 33.36 | -3.250E-06 | 3.601E-03 | -6.902E-02
370 4.00 2.00 3265 |-9.749E-06 | 1.080E-02 | -2.071E-01

e 3.00 @ 31.80 | -9.749E-06 | 1.080E-02 | -2.071E-01

[ 372 3.00 o) 3092 | -9.749E-06 | 1.080E-02 | -2.071E-01

[ 373 11.00 70.00 3042 | -9.749E-06 | 1.080E-02 | -2.071E-01

[ 374 15.00 97.60 2073 | -9.749E-06 | 1.080E-02 | -2.071E-01
375 16.00 100.00 28.65 | -9.749E-06 | 1.080E-02 | -2.071E-01
376 19.00 100.00 27.50 | -9.749E-06 | 1.080E-02 | -2.071E-01
377 26.00 100.00 2622 | -9.749E-06 | 1.080E-02 | -2.071E-01
378 29.00 95.00 2469 | -9.749E-06 | 1.080E-02 | -2.071E-01
379 25.00 63.00 2313 | -9.749E-06 | 1.080E-02 | -2.071E-01
380 19.00 o) 2168 | -9.749E-06 | 1.080E-02 | -2.071E-01
381 12.00 ) 2025 | -9.749E-06 | 1.080E-02 | -2.071E-01

[ 382 8.00 @ 1573 | -9.749E-06 | 1.080E-02 | -2.071E-01

[ 383 5.00 6] 10.93 [ -9.749E-06 | 1.080E-02 | -2.071E-01

[ 384 2.00 ) 6.12 | -9.749E-06 | 1.080E-02 | -2.071E-01
385 1.00 o) 131 | -9.749E-06 | 1.080E-02 | -2.071E-01
386 0 0 0 -0.749E-06 | 1.080E-02 | -2.071E-01
387 0 0 0 -0.749E-06 | 1.080E-02 | -2.071E-01
388 0 0 0 -0.749E-06 | 1.080E-02 | -2.071E-01
389 0 0 0 -0.749E-06 | 1.080E-02 | -2.071E-01
390 0 0 0 -0.749E-06 | 1.080E-02 | -2.071E-01
391 0 0 0 -0.749E-06 | 1.080E-02 | -2.071E-01
392 0 0 0 -0.749E-06 | 1.080E-02 | -2.071E-01

[ 393 0 0 0 -1.165E-06 | 1.625E-03 | 1.971E+00

[ 394 0 0 0 7.420E-06 | -7.553E-03 | 4.149E+00

A-64




395 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
3% 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
397 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
398 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
399 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
400 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
401 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
402 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
403 | 0 | 0 [ o | 1.600E-05 |-1.673E-02 | 6.327E+00
404 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
405 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
406 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
407 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
408 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
409 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
410 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
411 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
412 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
413 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
414 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
415 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
416 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
417 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
418 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
419 4.00 20.00 0 1.600E-05 | -1.673E-02 | 6.327E+00
420 4.00 20.00 0 1.600E-05 | -1.673E-02 | 6.327E+00
421 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
422 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
423 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
424 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
425 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
426 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
427 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
428 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
429 0 0 0 1.600E-05 | -1.673E-02 | 6.327E+00
430 2.00 0 118 1.600E-05 | -1.673E-02 | 6.327E+00
431 6.00 2.00 2.85 1.600E-05 | -1.673E-02 | 6.327E+00
432 14.00 28.80 4.57 1.600E-05 | -1.673E-02 | 6.327E+00
433 20.00 30.00 7.42 1.600E-05 | -1.673E-02 | 6.327E+00
434 24.40 11.00 1079 | 1.600E-05 |-1.673E-02 | 6.327E+00
435 24,00 10.00 1351 | 1.60OE-05 |-1.673E-02 | 6.327E+00
436 24.00 12.00 15.48 | 1.60OE-05 |-1.673E-02 | 6.327E+00
437 28.00 52.00 16.82 | 1.600E-05 | -1.673E-02 | 6.327E+00
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| 438 32.00 52.00 17.86 | 1.600E-05 | -1.673E-02 | 6.327E+00
439 34.00 46.00 1870 | 1.600E-05 |-1.673E-02 | 6.327E+00
440 34.00 30.00 19011 | 1.600E-05 |-1.673E-02 | 6.327E+00
441 34.50 30.00 1028 | 1.600E-05 | -1.673E-02 | 6.327E+00
442 35.00 30.00 19.38 | 1.600E-05 |-1.673E-02 | 6.327E+00
443 36.00 35.00 1953 | 1.600E-05 |-1.673E-02 | 6.327E+00
444 39.00 40.00 1957 | 1.600E-05 |-1.673E-02 | 6.327E+00
445 45,00 50.00 1009 | 1.600E-05 |-1.673E-02 | 6.327E+00
| 46 49.00 56.00 1820 | L.60OE-05 | -1.673E-02 | 6.327E+00
[ 447 50.00 @ 1714 [ 1.600E-05 |-1.673E-02 | 6.327E+00
[ as8 45,00 @ 1590 | L.60OE-05 |-1.673E-02 | 6.327E+00
[ 449 39.00 ® 14.42 | 1.600E-05 |-1.673E-02 | 6.327E+00
450 34.00 @ 1386 | L.600E-05 |-1.673E-02 | 6.327E+00
451 28.00 @) 1545 | 1.600E-05 | -1.673E-02 | 6.327E+00
452 25.00 &) 17.32 | 1.600E-05 |-1.673E-02 | 6.327E+00
453 21.00 o) 1803 | 1.600E-05 | -1.673E-02 | 6.327E+00
454 18.00 o) 1819 | 1.600E-05 | -1.673E-02 | 6.327E+00
455 15.00 o) 18.30 | 1.600E-05 |-1.673E-02 | 6.327E+00
456 12.00 o) 18.40 | 1.600E-05 |-1.673E-02 | 6.327E+00
[ 457 18.00 @ 1833 | 1.600E-05 | -1.673E-02 | 6.327E+00
[ 458 29.00 19.80 1868 | 1.600E-05 |-1.673E-02 | 6.327E+00
[ 459 40,00 54.00 1010 | 5.335E-06 | -5.577E-03 | 2.109E+00
[ 460 52.00 82.00 1869 | -5.335E-06 | 5.577E-03 | -2.109E+00
461 64.00 95.00 17.89 | -L.600E-05 | 1.673E-02 | -6.327E+00
462 71.00 99.00 17.23 | -1.600E-05 | 1.673E-02 | -6.327E+00
463 77.00 100.00 16.65 | -1.600E-05 | 1.673E-02 | -6.327E+00
464 84.00 100.00 1576 | -1.600E-05 | 1.673E-02 | -6.327E+00
465 85.00 99.00 1453 | -1.600E-05 | 1.673E-02 | -6.327E+00
466 85.00 95.00 13.07 | -1.600E-05 | 1.673E-02 | -6.327E+00
467 84.00 90.00 11.26 | -1.600E-05 | 1.673E-02 | -6.327E+00
[ 468 82.00 84.60 932 [ -1.600E-05 | 1.673E-02 | -6.327E+00
[ 469 80.00 78.50 804 | -1.600E-05 | 1.673E-02 | -6.327E+00
[ 470 78.00 78.50 815 | -7.218E-06 | 7.554E-03 | -2.785E+00
471 77.00 70.00 9.43 1567E-06 | -1.623E-03 | 7.568E-01
472 76.00 65.50 1080 | 1.035E-05 | -1.080E-02 | 4.299E+00
473 74.00 61.50 1216 | 1.035E-05 | -1.080E-02 | 4.299E+00
474 72.00 56.00 1425 | 1.035E-05 | -1.080E-02 | 4.299E+00
475 70.00 52.00 16.38 | 1.035E-05 | -1.080E-02 | 4.299E+00
476 68.00 46.00 1748 | 1.035E-05 | -1.080E-02 | 4.299E+00
477 66.50 40.00 1741 | 1.035E-05 | -1.080E-02 | 4.299E+00
478 65.00 32.00 1678 | 1.035E-05 | -1.080E-02 | 4.299E+00
[ 479 63.00 26.00 16.06 | 1.035E-05 | -1.080E-02 | 4.299E+00
[ 480 61.00 25.60 1524 | 1.035E-05 |-1.080E-02 | 4.299E+00
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| 481 61.00 72.00 14.69 | 1.035E-05 |-1.080E-02 | 4.299E+00
482 61.00 78.00 15.38 | 1.035E-05 |-1.080E-02 | 4.299E+00
483 58.00 72.00 16.86 | 1.035E-05 |-1.080E-02 | 4.299E+00
484 50.00 64.00 17.35 | 1.035E-05 | -1.080E-02 | 4.299E+00
485 44.00 55.00 16.98 | 1.035E-05 |-1.080E-02 | 4.299E+00
486 35.00 40.00 1657 | 1.035E-05 | -1.080E-02 | 4.299E+00
487 26.00 20.00 16.12 | 1.035E-05 |-1.080E-02 | 4.299E+00
488 21.00 ) 1567 | 1.035E-05 |-1.080E-02 | 4.299E+00
| 489 18.00 @) 1546 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 490 16.00 @ 1552 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 401 19.00 6} 15.89 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 492 24.00 2.00 16.77 | 1.035E-05 | -1.080E-02 | 4.299E+00
493 32.00 68.50 18.08 | 1.035E-05 |-1.080E-02 | 4.299E+00
494 45.00 78.00 1931 | 1.035E-05 |-1.080E-02 | 4.299E+00
495 51.00 86.00 2011 | 1.035E-05 |-1.080E-02 | 4.299E+00
496 58.00 92.00 20.75 | 1.035E-05 |-1.080E-02 | 4.299E+00
497 64.00 97.00 21.23 | 1.035E-05 |-1.080E-02 | 4.299E+00
498 71.00 100.00 21.40 | 1.035E-05 |-1.080E-02 | 4.299E+00
499 73.00 98.00 2151 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 500 73.00 94.00 2218 | 1.035E-05 |-1.080E-02 | 4.299E+00
| 501 73.00 86.00 2248 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 502 73.00 82.00 2249 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 503 76.00 84.00 2327 | 1.035E-05 |-1.080E-02 | 4.299E+00
504 80.00 98.00 2439 | 1.035E-05 |-1.080E-02 | 4.299E+00
505 84.00 100.00 2509 | 1.035E-05 |-1.080E-02 | 4.299E+00
506 85.00 100.00 2526 | 1.035E-05 |-1.080E-02 | 4.299E+00
507 84.00 100.00 2515 | 1.035E-05 |-1.080E-02 | 4.299E+00
508 81.00 92.00 24.80 | 1.035E-05 |-1.080E-02 | 4.299E+00
509 75.00 80.00 2430 | 1.035E-05 |-1.080E-02 | 4.299E+00
510 73.00 70.00 23.92 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 511 70.00 60.00 2382 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 512 67.00 53.00 2375 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 513 65.00 45.00 2434 [ 1.035E-05 |-1.080E-02 | 4.299E+00
514 63.00 36.50 2503 | 1.035E-05 |-1.080E-02 | 4.299E+00
515 62.00 28.00 2513 | 1.035E-05 |-1.080E-02 | 4.299E+00
516 61.00 22.50 2514 | 1.035E-05 | -1.080E-02 | 4.299E+00
517 60.00 23.00 2514 | 1.035E-05 |-1.080E-02 | 4.299E+00
518 60.00 24.00 2515 | 1.035E-05 |-1.080E-02 | 4.299E+00
519 60.00 24.00 2515 | 1.035E-05 |-1.080E-02 | 4.299E+00
520 60.00 26.00 2516 | 1.035E-05 |-1.080E-02 | 4.299E+00
521 61.00 60.00 2517 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 522 62.00 64.00 2524 | 1.035E-05 |-1.080E-02 | 4.299E+00
[ 523 63.00 64.00 2541 | 1.035E-05 | -1.080E-02 | 4.299E+00
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| 524 64.00 64.00 2656 | 1.035E-05 | -1.080E-02 | 4.299E+00
525 62.00 64.00 28.84 | 1.035E-05 |-1.080E-02 | 4.299E+00
526 56.00 60.00 31.08 | 1.035E-05 |-1.080E-02 | 4.299E+00
527 53.00 o) 32.37 | 1.035E-05 |-1.080E-02 | 4.299E+00
528 49.00 o) 3270 | 1.035E-05 |-1.080E-02 | 4.299E+00
529 47.00 o) 32.76 | 1.035E-05 | -1.080E-02 | 4.299E+00
530 46.00 o) 32.82 | 6.288E-06 | -6.906E-03 | 2.331E+00
531 45,00 ) 32.88 | 2.223E-06 | -3.012E-03 | 3.623E-01
| 532 45.00 30.00 33.19 | -1.842E-06 | 8.816E-04 | -1.606E+00
[ 533 46.00 50.00 33.89 | -1.842E-06 | 8.816E-04 | -1.606E+00
[ 534 46.00 50.00 3507 | -1.842E-06 | 8.816E-04 | -1.606E+00
| 535 47.00 50.00 36.61 | -1.842E-06 | 8.816E-04 | -1.606E+00
536 47.00 50.00 37.63 | -1.842E-06 | 8.816E-04 | -1.606E+00
537 47.00 30.00 38.05 | -1.842E-06 | 8.816E-04 | -1.606E+00
538 46.00 12.00 38.67 | -1.842E-06 | 8.816E-04 | -1.606E+00
539 45.00 10.50 39.32 | -1.842E-06 | 8.816E-04 | -1.606E+00
540 44.00 10.00 3954 | -1.842E-06 | 8.816E-04 | -1.606E+00
541 41.00 10.00 3955 | -1.842E-06 | 8.816E-04 | -1.606E+00
542 37.00 9.00 3956 | -1.842E-06 | 8.816E-04 | -1.606E+00
| 543 36.00 2.00 3958 | -1.842E-06 | 8.816E-04 | -1.606E+00
| 544 35.00 o) 3959 | -1.842E-06 | 8.816E-04 | -1.606E+00
[ 545 38.00 67.00 39.61 | -1.842E-06 | 8.816E-04 | -1.606E+00
| 546 35.00 o) 39.60 | -1.842E-06 | 8.816E-04 | -1.606E+00
547 31.00 15.00 30.69 | -1.842E-06 | 8.816E-04 | -1.606E+00
548 28.00 55.00 39.99 | -1.842E-06 | 8.816E-04 | -1.606E+00
549 34.00 44.00 4039 | -1.842E-06 | 8.816E-04 | -1.606E+00
550 35.00 38.50 4101 | -1.842E-06 | 8.816E-04 | -1.606E+00
551 36.00 38.50 41.65 | -1.842E-06 | 8.816E-04 | -1.606E+00
552 36.00 38.50 4169 | -1.842E-06 | 8.816E-04 | -1.606E+00
553 37.00 38.50 4117 | -1.842E-06 | 8.816E-04 | -1.606E+00
| 554 39.00 36.00 4047 | -1.842E-06 | 8.816E-04 | -1.606E+00
| 55 42.00 27.00 39.83 | -1.842E-06 | 8.816E-04 | -1.606E+00
| 556 45.00 62.00 39.39 | -1.842E-06 | 8.816E-04 | -1.606E+00
557 48.00 45,00 39.14 | -1.842E-06 | 8.816E-04 | -1.606E+00
558 51.00 15.00 38.99 | -1.842E-06 | 8.816E-04 | -1.606E+00
559 51.00 8.00 38.88 | -1.842E-06 | 8.816E-04 | -1.606E+00
560 51.00 6.00 38.86 | -1.842E-06 | 8.816E-04 | -1.606E+00
561 48.00 10.00 39.47 | -1.842E-06 | 8.816E-04 | -1.606E+00
562 46.00 11.00 39.37 | -6.139E-07 | 2.939E-04 | -5.353E-01
563 44.00 13.00 38.63 | 6.139E-07 | -2.939E-04 | 5.353E-01
564 41.00 17.00 36.96 | 1.842E-06 | -8.816E-04 | 1.606E+00
[ 565 37.00 20.00 34.87 | 1.842E-06 |-8.816E-04 | 1.606E+00
[ 566 34.00 20.00 3273 | 1.842E-06 | -8.816E-04 | 1.606E+00
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| 567 30.00 17.00 30.53 | 1.842E-06 | -8.816E-04 | 1.606E+00
568 26.00 14.00 28.27 | 1.842E-06 | -8.816E-04 | 1.606E+00
569 23.00 7.00 26.02 | 1.842E-06 | -8.816E-04 | 1.606E+00
570 19.00 2.00 23.76 | 1.842E-06 | -8.816E-04 | 1.606E+00
571 15.00 o) 21.37 | 1.842E-06 |-8.816E-04 | 1.606E+00
572 11.00 o) 18.79 | 1.842E-06 | -8.816E-04 | 1.606E+00
573 8.00 o) 16.06 | 1.842E-06 | -8.816E-04 | 1.606E+00
574 5.00 ) 13.05 | 1.842E-06 | -8.816E-04 | 1.606E+00
| 575 2.00 @) 954 | 1.842E-06 | -8.816E-04 | 1.606E+00
| 576 0 0 4.59 1.842E-06 | -8.816E-04 | 1.606E+00
[ 577 0 0 0 1.842E-06 | -8.816E-04 | 1.606E+00
| 578 0 0 0 1.842E-06 | -8.816E-04 | 1.606E+00
579 0 0 0 1.842E-06 | -8.816E-04 | 1.606E+00
580 0 0 0 1.842E-06 | -8.816E-04 | 1.606E+00
581 0 0 0 8.280E-06 | -7.507E-03 | 1.023E+00
582 0 0 0 1474E-05 | -1.413E-02 | 4.394E-01
583 4.00 15.00 0 2.118E-05 | -2.076E-02 | -1.439E-01
584 19.00 31.00 0.78 2.118E-05 | -2.076E-02 | -1.439E-01
585 30.00 46.00 1.94 2.118E-05 | -2.076E-02 | -1.439E-01
| 586 37.00 68.00 3.83 2.118E-05 | -2.076E-02 | -1.439E-01
| 587 40.00 76.00 5.98 2.118E-05 | -2.076E-02 | -1.439E-01
[ 588 41.00 77.00 8.07 2.118E-05 | -2.076E-02 | -1.439E-01
[ 589 4050 78.00 1009 | 2.118E-05 |-2.076E-02 | -1.439E-01
590 40.00 77.00 1029 | 2.118E-05 |-2.076E-02 | -1.439E-01
591 40.00 64.00 7.34 2.118E-05 | -2.076E-02 | -1.439E-01
592 38.00 10.00 3.27 2.118E-05 | -2.076E-02 | -1.439E-01
593 38.00 25.00 3.24 2.118E-05 | -2.076E-02 | -1.439E-01
594 40.00 50.00 5.98 2.118E-05 | -2.076E-02 | -1.439E-01
595 40.00 36.00 8.48 2.118E-05 | -2.076E-02 | -1.439E-01
59 40.00 31.00 1100 | 2.118E-05 |-2.076E-02 | -1.439E-01
[ 597 40.00 31.00 1362 | 2.118E-05 | -2.076E-02 | -1.439E-01
[ 598 41.00 37.00 16.07 | 2.118E-05 | -2.076E-02 | -1.439E-01
[ 599 42.00 97.00 1851 | 2.118E-05 | -2.076E-02 | -1.439E-01
600 43,00 100.00 2151 | 1588E-05 | -1.615E-02 | -7.554E-01
601 45.00 100.00 2471 | 1.058E-05 |-1.153E-02 | -1.367E+00
602 47.00 100.00 2757 | 5.283E-06 | -6.920E-03 | -1.978E+00
603 48.00 100.00 3004 | 5.283E-06 |-6.920E-03 | -1.978E+00
604 49.00 100.00 3222 | 5.283E-06 | -6.920E-03 | -1.978E+00
605 51.00 97.00 34.28 | 5.283E-06 | -6.920E-03 | -1.978E+00
606 52.00 94.00 36.22 | 5.283E-06 | -6.920E-03 | -1.978E+00
607 53.00 90.00 38.08 | 5.283E-06 | -6.920E-03 | -1.978E+00
[ 608 54.00 87.00 39.83 | 5.283E-06 | -6.920E-03 | -1.978E+00
[ 609 56.00 86.00 4163 | 5.283E-06 | -6.920E-03 | -1.978E+00

A-69




[ 610 56.00 85.00 4318 | 5.283E-06 | -6.920E-03 | -1.978E+00
611 55.50 85.00 4433 | 5.283E-06 | -6.920E-03 | -1.978E+00
612 55.00 81.00 4538 | 5.283E-06 | -6.920E-03 | -1.978E+00
613 54.00 77.00 4614 | 5.283E-06 | -6.920E-03 | -1.978E+00
614 53.00 72.00 4639 | 5.283E-06 | -6.920E-03 | -1.978E+00
615 52.00 67.00 4634 | 5.283E-06 | -6.920E-03 | -1.978E+00
616 49.00 60.00 4624 | 5.283E-06 | -6.920E-03 | -1.978E+00
617 46.00 45.00 4614 | 5.283E-06 | -6.920E-03 | -1978E+00

| 618 45.00 12.00 4605 | 5.283E-06 | -6.920E-03 | -L978E+00

| 619 44.00 10.00 4613 | 5.283F-06 | -6.920E-03 | -1.978E+00

[ 620 44.00 10.00 4649 | 5.283E-06 | -6.920E-03 | -L978E+00

[ 621 45.00 12.00 4678 | 5.283E-06 | -6.920E-03 | -1.978E+00
622 46.00 14.00 4681 | 5.283E-06 | -6.920E-03 | -1.978E+00
623 47.00 24.00 4695 | 5.283E-06 | -6.920E-03 | -1.978E+00
624 49.00 88.00 4737 | 5.283E-06 | -6.920E-03 | -1.978E+00
625 50.00 90.00 4762 | 2.349E-06 | -3.713E-03 | -L409E+00
626 51.00 90.00 4758 | -5.848E-07 | -5.058E-04 | -8.401E-01
627 52.00 90.00 4800 | -3519E-06 | 2701E-03 | -2.710E-01
628 53.00 90.00 4846 | -3519E-06 | 2701E-03 | -2.710E-01

[ 620 54.00 90.00 4845 | -3519E-06 | 2701E-03 | -2.710E-01

[ 630 54.00 90.00 4840 | -3519E-06 | 2701E-03 | -2.710E-01

[ 631 54.00 87.00 4859 | -3519E-06 | 2701E-03 | -2.710E-01

[ 632 54.00 84.00 4930 | -3519E-06 | 2701E-03 | -2.710E-01
633 54.00 80.00 5002 | -3.519E-06 | 2701E-03 | -2.710E-01
634 5350 77.00 5027 | -3519E-06 | 2.701E-03 | -2.710E-01
635 53.00 76.00 5000 | -3.519E-06 | 2.701E-03 | -2.710E-01
636 53.00 75.00 4973 | -3519E-06 | 2.701E-03 | -2.710E-01
637 52.00 73.00 4957 | -3519E-06 | 2701E-03 | -2.710E-01
638 51.00 69.00 4931 | -3519E-06 | 2.701E-03 | -2.710E-01
639 50.00 65.00 4929 | -3519E-06 | 2.701E-03 | -2.710E-01

[ 640 50.00 60.00 4971 | -3519E-06 | 2701E-03 | -2.710E-01

[ 641 49.00 55.00 5002 | -3519E-06 | 2701E-03 | -2.710E-01

[ 642 49.00 50.00 5005 | -3519E-06 | 2701E-03 | -2.710E-01
643 49.00 50.00 5007 | -3519E-06 | 2701E-03 | -2.710E-01
644 4950 60.00 5033 | -3.519E-06 | 2701E-03 | -2.710E-01
645 4950 65.00 50.75 | -3.519E-06 | 2701E-03 | -2.710E-01
646 50,00 70.00 5103 | -3519E-06 | 2.701E-03 | -2.710E-01
647 50.50 75.00 5147 | -3519E-06 | 2.701E-03 | -2.710E-01
648 51.00 80.00 5192 |-3519E-06 | 2.701E-03 | -2.710E-01
649 52.00 85.00 5193 | -3519E-06 | 2.701E-03 | -2.710E-01
650 53.00 90.00 5190 | -4549E-06 | 3.697E-03 | -6.366E-01

[ 651 54.00 90.00 51.87 | -5579E-06 | 4.693E-03 | -1.002E+00

[ 652 55.00 90.00 51.85 | -6.609E-06 | 5.688E-03 | -1.368E-+00

A-70




| 653 55.00 88.00 5182 | -6.600E-06 | 5.688E-03 | -1.368E+00
654 55,00 84.00 51.82 | -6.609E-06 | 5.688E-03 | -1.368E+00
655 55.00 79.00 52.54 | -6.609E-06 | 5.688E-03 | -1.368E+00
656 55.00 74.00 5359 | -6.609E-06 | 5.688E-03 | -1.368E+00
657 55.00 69.00 54.19 | -6.609E-06 | 5.688E-03 | -1.368E+00
658 55.00 64.00 54.26 | -6.609E-06 | 5.688E-03 | -1.368E+00
659 55.00 59.00 5407 | -6.609E-06 | 5.688E-03 | -1.368E+00
660 55.00 54.00 53.93 | -6.609E-06 | 5.688E-03 | -1.368E+00
| 661 55.00 49.00 53.92 | -6.609E-06 | 5.688E-03 | -1.368E+00
[ 662 55.00 44,50 53.90 | -6.609E-06 | 5.688E-03 | -1.368E+00
[ 663 55.00 39.00 53.89 | -6.609E-06 | 5.688E-03 | -1.368E+00
| 664 55.00 34.00 53.88 | -6.609E-06 | 5.688E-03 | -1.368E+00
665 55,00 27.00 53.87 | -6.609E-06 | 5.688E-03 | -1.368E+00
666 55.00 18.00 53.85 | -6.609E-06 | 5.688E-03 | -1.368E+00
667 55.00 8.00 53.81 | -6.609E-06 | 5.688E-03 | -1.368E+00
668 55.00 6.00 53.67 | -6.609E-06 | 5.688E-03 | -1.368E+00
669 55.00 13.00 53.67 | -6.609E-06 | 5.688E-03 | -1.368E+00
670 55.00 27.00 5432 | -6.609E-06 | 5.688E-03 | -1.368E+00
671 55.50 30.00 54.88 | -6.609E-06 | 5.688E-03 | -1.368E+00
[ 672 56.00 30.00 54.87 | -6.609E-06 | 5.688E-03 | -1.368E+00
[ 673 57.00 30.00 54.86 | -6.609E-06 | 5.688E-03 | -1.368E+00
[ 674 58.00 34.00 5475 | -6.609E-06 | 5.688E-03 | -1.368E+00
[ 675 59.00 46.00 5428 | -5.500E-06 | 4.582E-03 | -7.225E-01
676 59.00 89.00 53.84 | -4.390E-06 | 3.477E-03 | -7.706E-02
677 59,00 90.00 5402 | -3.280E-06 | 2.371E-03 | 5.683E-01
678 59.00 91.00 54.48 | -3.280E-06 | 2.371E-03 | 5.683E-01
679 59.00 91.00 54.76 | -3.280E-06 | 2.371E-03 | 5.683E-01
680 60.00 91.00 54.84 | -3.280E-06 | 2.371E-03 | 5.683E-01
681 60.00 91.00 54.87 | -3.280E-06 | 2.371E-03 | 5.683E-01
682 60.50 90.00 5490 | -3.280E-06 | 2.371E-03 | 5.683E-01
[ 683 61.00 89.00 5493 | -3.280E-06 | 2.371E-03 | 5.683E-01
[ 684 61.50 88.00 5497 | -3.280E-06 | 2.371E-03 | 5.683E-01
[ 685 62.00 83.00 5500 | -3.280E-06 | 2.371E-03 | 5.683E-01
686 63.00 73.00 5503 | -3.280E-06 | 2.371E-03 | 5.683E-01
687 65.00 70.00 5506 | -3.280E-06 | 2.371E-03 | 5.683E-01
688 66.00 71.00 5510 | -3.280E-06 | 2.371E-03 | 5.683E-01
689 67.00 74.00 55.12 | -3.280E-06 | 2.371E-03 | 5.683E-01
690 67.50 79.00 55.15 | -3.280E-06 | 2.371E-03 | 5.683E-01
691 68.00 85.00 55.16 | -3.280E-06 | 2.371E-03 | 5.683E-01
692 68.50 90.00 5518 | -3.280E-06 | 2.371E-03 | 5.683E-01
693 69.00 94.00 5533 | -3.280E-06 | 2.371E-03 | 5.683E-01
[ 694 69.50 96.00 55.85 | -3.280E-06 | 2.371E-03 | 5.683E-01
[ 695 70.00 98.00 56.52 | -3.280E-06 | 2.371E-03 | 5.683E-01
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| 696 70.50 100.00 57.05 |-3.280E-06 | 2.371E-03 | 5.683E-01
697 71.00 100.00 57.31 | -3.280E-06 | 2.371E-03 | 5.683E-01
698 72.00 100.00 57.35 | -3.280E-06 | 2.371E-03 | 5.683E-01
699 72.00 100.00 57.34 | -3.280E-06 | 2.371E-03 | 5.683E-01
700 72.00 100.00 57.34 | -2.967E-06 | 2.047E-03 | 8.641E-01
701 72.00 100.00 57.33 | -2.653E-06 | 1.723E-03 | 1.160E+00
702 72.00 100.00 57.33 | -2.340E-06 | 1.399E-03 | 1.456E+00
703 72.00 100.00 57.33 | -2.340E-06 | 1.399E-03 | 1.456E+00
[ 704 72.00 100.00 57.32 | -2.340E-06 | 1.399E-03 | 1.456E+00
| 705 72.00 100.00 57.31 | -2.340E-06 | 1.399E-03 | 1.456E+00
[ 706 72.00 100.00 57.30 | -2.340E-06 | 1.399E-03 | 1.456E+00
[ 707 72.50 100.00 5739 | -2.340E-06 | 1.399E-03 | 1.456E+00
708 73.00 100.00 57.71 | -2.340E-06 | 1.399E-03 | 1.456E+00
709 73.50 100.00 58.14 | -2.340E-06 | 1.399E-03 | 1.456E+00
710 74.00 100.00 58.34 | -2.340E-06 | 1.399E-03 | 1.456E+00
711 74.00 100.00 58.34 | -2.340E-06 | 1.399E-03 | 1.456E+00
712 74.50 100.00 58.33 | -2.340E-06 | 1.399E-03 | 1.456E+00
713 75.00 100.00 58.33 | -2.340E-06 | 1.399E-03 | 1.456E+00
714 75.00 100.00 58.32 | -2.340E-06 | 1.399E-03 | 1.456E+00
| 715 75.00 100.00 58.31 | -2.340E-06 | 1.399E-03 | 1.456E+00
| 716 75.00 100.00 58.30 | -2.340E-06 | 1.399E-03 | 1.456E+00
[ 7117 75.00 100.00 58.30 | -2.340E-06 | 1.399E-03 | 1.456E+00
[ 718 75.00 100.00 58.30 | -2.340E-06 | 1.399E-03 | 1.456E+00
719 75.00 100.00 58.30 | -2.340E-06 | 1.399E-03 | 1.456E+00
720 75.00 100.00 58.48 | -2.340E-06 | 1.399E-03 | 1.456E+00
721 75.00 100.00 58.92 | -2.340E-06 | 1.399E-03 | 1.456E+00
722 75.00 100.00 50.26 | -2.340E-06 | 1.399E-03 | 1.456E+00
723 75.00 98.00 59.34 | -2.340E-06 | 1.399E-03 | 1.456E+00
724 75.00 90.00 59.32 | -2.340E-06 | 1.399E-03 | 1.456E+00
725 75.00 34.00 59.37 | -3.622E-06 | 2.640E-03 | 9.220E-01
| 726 74.00 15.00 59.67 | -4.905E-06 | 3.881E-03 | 3.883E-01
[ 721 72.00 3.00 60.11 | -6.187E-06 | 5.122E-03 | -1.455E-01
| 728 70.00 @ 60.32 | -6.187E-06 | 5.122E-03 | -1.455E-01
729 69.00 @ 60.30 | -6.187E-06 | 5.122E-03 | -1.455E-01
730 68.00 (6] 60.29 -6.187E-06 | 5.122E-03 | -1.455E-01
731 70.50 53.00 60.27 | -6.187E-06 | 5.122E-03 | -1.455E-01
732 73.00 80.00 60.26 | -6.187E-06 | 5.122E-03 | -1.455E-01
733 75.00 88.00 60.25 | -6.187E-06 | 5.122E-03 | -1.455E-01
734 77.00 94.00 60.18 | -6.187E-06 | 5.122E-03 | -1.455E-01
735 79.00 97.00 59.83 | -6.187E-06 | 5.122E-03 | -1.455E-01
736 82.00 97.00 59.36 | -6.187E-06 | 5.122E-03 | -1.455E-01
| 137 85.00 98.00 50.65 | -6.187E-06 | 5.122E-03 | -1.455E-01
[ 738 85.00 98.00 60.12 | -6.187E-06 | 5.122E-03 | -1.455E-01
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[ 739 87.00 97.00 50.80 | -6.187E-06 | 5.122E-03 | -1.455E-01
740 90.00 95.00 50.82 | -6.187E-06 | 5.122E-03 | -1.455E-01
741 92.00 90.00 60.18 | -6.187E-06 | 5.122E-03 | -1.455E-01
742 93.00 88.00 60.27 | -6.187E-06 | 5.122E-03 | -1.455E-01
743 94.00 86.00 60.31 | -6.187E-06 | 5.122E-03 | -1.455E-01
744 95.00 83.00 60.35 | -6.187E-06 | 5.122E-03 | -1.455E-01
745 96.00 79.00 60.37 | -6.187E-06 | 5.122E-03 | -1.455E-01
746 97.00 74.00 60.35 | -6.187E-06 | 5.122E-03 | -1.455E-01

| 747 98.00 68.00 60.33 | -6.187E-06 | 5.122E-03 | -1.455E-01

[ 748 99.00 62.00 60.30 | -6.187E-06 | 5.122E-03 | -1.455E-01

[ 749 100.00 54.00 60.26 | -6.187E-06 | 5.122E-03 | -1.455E-01

[ 750 100.00 30.00 60.45 | -7.791E-06 | 6.722E-03 | -9.485E-01
751 100.00 22.00 61.12 | -9.395E-06 | 8.322E-03 | -1.752E+00
752 100.00 20.00 61.91 | -1.100E-05 | 9.923E-03 | -2.555E+00
753 100.00 22.00 62.23 | -1.100E-05 | 9.923E-03 | -2.555E+00
754 100.00 30.00 62.19 | -1.100E-05 | 9.923E-03 | -2.555E+00
755 100.00 65.00 62.17 | -1.100E-05 | 9.923E-03 | -2.555E+00
756 100.00 76.00 62.19 | -1.100E-05 | 9.923E-03 | -2.555E+00
757 100.00 80.00 62.24 | -1.100E-05 | 9.923E-03 | -2.555E+00

[ 758 100.00 78.00 62.28 | -1.100E-05 | 9.923E-03 | -2.555E+00

[ 759 100.00 72.00 62.30 | -1.100E-05 | 9.923E-03 | -2.555E+00

[ 760 100.00 54.00 62.79 | -1100E-05 | 9.923E-03 | -2.555E+00

[ 761 95.00 30.00 63.22 | -1.100E-05 | 9.923E-03 | -2.555E+00
762 85.00 12.00 63.11 | -1.100E-05 | 9.923E-03 | -2.555E+00
763 68.00 @ 62.97 | -1.100E-05 | 9.923E-03 | -2.555E+00
764 57.00 o) 62.82 | -1.100E-05 | 9.923E-03 | -2.555E+00
765 56.00 o) 62.67 | -1.100E-05 | 9.923E-03 | -2.555E+00
766 57.00 o) 6252 | -1.100E-05 | 9.923E-03 | -2.555E+00
767 57.00 o) 62.37 | -1.100E-05 | 9.923E-03 | -2.555E+00
768 57.00 22.00 62.32 | -1.100E-05 | 9.923E-03 | -2.555E+00

[ 769 58.00 40.00 62.45 | -1.100E-05 | 9.923E-03 | -2.555E+00

[ 770 59.00 45,00 62.64 | -1.100E-05 | 9.923E-03 | -2.555E+00

| m 59.00 46.00 62.69 | -1.100E-05 | 9.923E-03 | -2.555E+00
772 59,50 45.00 62.66 | -1.100E-05 | 9.923E-03 | -2.555E+00
773 60.00 33.00 62.62 | -1.100E-05 | 9.923E-03 | -2.555E+00
774 60.00 0 62.59 | -1.100E-05 | 9.923E-03 | -2.555E+00
775 60.00 ® 62.55 | -1.027E-05 | 9.176E-03 | -2.095E+00
776 60.00 o) 6251 | -9.541E-06 | 8.429E-03 | -1.636E+00
777 60.00 34.00 62.44 | -8.813E-06 | 7.683E-03 | -1.177E+00
778 60.00 50.00 62.37 | -8.813E-06 | 7.683E-03 | -1.177E+00
779 60.00 60.00 62.29 | -8.813E-06 | 7.683E-03 | -1.177E+00

[ 780 60.00 69.00 62.21 | -8.813E-06 | 7.683E-03 | -1.177E+00

[ 781 60.00 75.00 62.15 | -8.813E-06 | 7.683E-03 | -1.177E+00
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| 782 60.00 79.00 62.46 | -8.813E-06 | 7.683E-03 | -1.177E+00
783 61.00 83.00 63.40 | -8.813E-06 | 7.683E-03 | -1.177E+00
784 61.00 84.00 63.97 | -8.813E-06 | 7.683E-03 | -1.177E+00
785 61.00 85.00 63.98 | -8.813E-06 | 7.683E-03 | -1.177E+00
786 62.00 85.00 63.94 |-8.813E-06 | 7.683E-03 | -1.177E+00
787 62.00 85.00 63.93 | -8.813E-06 | 7.683E-03 | -1.177E+00
788 62.00 85.00 63.92 | -8.813E-06 | 7.683E-03 | -1.177E+00
789 63.00 85.00 63.92 | -8.813E-06 | 7.683E-03 | -1.177E+00
[ 790 63.00 85.00 63.91 | -8.813E-06 | 7.683E-03 | -1.177E+00
[ 791 64.00 85.00 64.21 | -8.813E-06 | 7.683E-03 | -1.177E+00
[ 792 64.00 85.00 64.61 | -8.813E-06 | 7.683E-03 | -1.177E+00
[ 793 64.00 85.00 6450 | -8.813E-06 | 7.683E-03 | -1.177E+00
794 64.00 85.00 64.05 | -8.813E-06 | 7.683E-03 | -1.177E+00
795 64.00 85.00 63.83 | -8.813E-06 | 7.683E-03 | -1.177E+00
796 64.00 84.50 63.81 | -8.813E-06 | 7.683E-03 | -1.177E+00
797 64.00 84.00 63.79 | -8.813E-06 | 7.683E-03 | -1.177E+00
798 64.00 83.00 63.77 | -8.813E-06 | 7.683E-03 | -1.177E+00
799 64.00 82.00 63.76 | -8.813E-06 | 7.683E-03 | -1.177E+00
800 64.00 81.00 63.75 | -8.873E-06 | 7.725E-03 | -1.104E+00
[ 801 64.00 77.00 63.73 | -8.933E-06 | 7.767E-03 | -1.032E+00
[ 802 64.00 72.00 63.72 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 803 65.00 67.00 63.70 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 804 66.00 64.00 63.69 | -8.993E-06 | 7.810E-03 | -9.592E-01
805 67.00 60.00 63.69 | -8.993E-06 | 7.810E-03 | -9.592E-01
806 69.00 62.30 63.68 | -8.993E-06 | 7.810E-03 | -9.592E-01
807 72.00 84.00 64.10 | -8.993E-06 | 7.810E-03 | -9.592E-01
808 73.00 90.50 64.60 | -8.993E-06 | 7.810E-03 | -9.592E-01
809 74.00 91.00 64.73 | -8.993E-06 | 7.810E-03 | -9.592E-01
810 74.00 90.00 64.73 | -8.993E-06 | 7.810E-03 | -9.592E-01
811 74.00 84.50 64.73 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 812 73.00 74.00 64.72 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 813 72.00 66.00 64.71 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 814 71.00 60.00 64.71 | -8.993E-06 | 7.810E-03 | -9.592E-01
815 70.00 54.00 64.70 | -8.993E-06 | 7.810E-03 | -9.592E-01
816 69.00 50.00 64.69 | -8.993E-06 | 7.810E-03 | -9.592E-01
817 68.00 49.00 64.68 | -8.993E-06 | 7.810E-03 | -9.592E-01
818 68.00 48.00 64.82 | -8.993E-06 | 7.810E-03 | -9.592E-01
819 68.00 48.00 65.27 | -8.993E-06 | 7.810E-03 | -9.592E-01
820 68.00 48.50 65.65 | -8.993E-06 | 7.810E-03 | -9.592E-01
821 68.00 49.00 65.71 | -8.993E-06 | 7.810E-03 | -9.592E-01
822 68.00 51.00 65.72 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 823 68.00 53.50 65.72 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 824 68.00 55.00 65.72 | -8.993E-06 | 7.810E-03 | -9.592E-01
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| 825 68.00 58.00 65.71 | -8.993E-06 | 7.810E-03 | -9.592E-01
826 68.00 60.00 65.70 | -8.993E-06 | 7.810E-03 | -9.592E-01
827 68.00 62.00 65.69 | -8.993E-06 | 7.810E-03 | -9.592E-01
828 68.00 64.00 65.67 | -8.993E-06 | 7.810E-03 | -9.592E-01
829 68.00 67.00 65.27 | -8.993E-06 | 7.810E-03 | -9.592E-01
830 69.00 68.50 64.33 | -8.993E-06 | 7.810E-03 | -9.592E-01
831 70.00 70.00 63.65 | -8.993E-06 | 7.810E-03 | -9.592E-01
832 70.00 70.00 6350 | -8.993E-06 | 7.810E-03 | -9.592E-01
| 833 70.00 70.00 63.49 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 834 70.00 70.00 63.49 | -8.993E-06 | 7.810E-03 | -9.592E-01
[ 835 70.00 70.00 63.37 | -8.993E-06 | 7.810E-03 | -9.592E-01
| 836 70.00 70.00 63.01 | -8.993E-06 | 7.810E-03 | -9.592E-01
837 71.00 66.00 62.60 | -8.993E-06 | 7.810E-03 | -9.592E-01
838 73.00 64.00 62.44 | -8.993E-06 | 7.810E-03 | -9.592E-01
839 75.00 64.00 62.45 | -8.993E-06 | 7.810E-03 | -9.592E-01
840 77.00 98.00 62.47 | -5.933E-06 | 4.759E-03 | 5.464E-01
841 79.00 100.00 62.50 | -2.873E-06 | 1.709E-03 | 2.052E+00
842 81.00 100.00 6252 | 1.865E-07 | -1.342E-03 | 3.558E+00
843 82.00 100.00 6254 | 1.865E-07 |-1.342E-03 | 3.558E+00
[ 844 83.00 100.00 6257 | 1.865E-07 |-1.342E-03 | 3.558E+00
[ 845 84.00 98.00 62.70 | 1.865E-07 | -1.342E-03 | 3.558E+00
[ 846 84.00 94.00 62.90 | 1.865E-07 |-1.342E-03 | 3.558E+00
[ 847 85.00 93.00 63.11 | 1.865E-07 |-1.342E-03 | 3.558E+00
848 86.00 94.00 63.32 | 1.865E-07 | -1.342E-03 | 3.558E+00
849 87.00 98.00 63.53 | 1.865E-07 | -1.342E-03 | 3.558E+00
850 89.00 100.00 63.74 | 1.865E-07 | -1.342E-03 | 3.558E+00
851 92.00 100.00 62.20 | 1.865E-07 |-1.342E-03 | 3.558E+00
852 95.00 100.00 62.67 | 1.865E-07 | -1.342E-03 | 3.558E+00
853 97.50 100.00 63.19 | 1.865E-07 |-1.342E-03 | 3.558E+00
854 100.00 100.00 63.62 | 1.865E-07 |-1.342E-03 | 3.558E+00
[ 855 100.00 100.00 64.06 | 1.865E-07 |-1.342E-03 | 3.558E+00
[ 856 100.00 100.00 64.19 | 6.218E-08 | -4.474E-04 | 1.186E+00
[ 857 100.00 100.00 63.87 | -6.218E-08 | 4.474E-04 | -1.186E+00
858 100.00 97.00 63.38 | -1.865E-07 | 1.342E-03 | -3.558E+00
859 96.00 @ 62.62 | -1.865E-07 | 1.342E-03 | -3.558E+00
860 94.00 @ 61.32 | -1.865E-07 | 1.342E-03 | -3.558E+00
861 91.00 o) 59.72 | -1.865E-07 | 1.342E-03 | -3.558E+00
862 88.00 o) 58.30 | -1.865E-07 | 1.342E-03 | -3.558E+00
863 86.00 o) 57.08 | -1.865E-07 | 1.342E-03 | -3.558E+00
864 84.00 o) 55.85 | -1.865E-07 | 1.342E-03 | -3.558E+00
865 82.00 A 5461 | -1.865E-07 | 1.342E-03 | -3.558E+00
[ 866 79.00 A 53.36 | -1.865E-07 | 1.342E-03 | -3.558E+00
[ 867 77.00 o) 5210 | -1.865E-07 | 1.342E-03 | -3.558E+00
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868 75.00 @ 50.74 | -1.865E-07 | 1.342E-03 | -3.558E+00
869 73.00 o) 4934 | -1.865E-07 | 1.342E-03 | -3.558E+00
870 72.00 @ 48.05 | -1.865E-07 | 1.342E-03 | -3.558E+00
871 72.00 ) 46.82 | -1.865E-07 | 1.342E-03 | -3.558E+00
872 72.00 o) 4561 | -1.865E-07 | 1.342E-03 | -3.558E+00
873 71.00 8.00 44.37 | -1.865E-07 | 1.342E-03 | -3.558E+00
874 68.00 9.00 43.06 | -1.865E-07 | 1.342E-03 | -3.558E+00
875 64.00 ) 4165 | -1.865E-07 | 1.342E-03 | -3.558E+00
876 58.00 @) 40.32 | -1.865E-07 | 1.342E-03 | -3.558E+00
877 56.00 53.00 39.28 | -1.865E-07 | 1.342E-03 | -3.558E+00
878 56.00 67.00 3840 | -1.865E-07 | 1.342E-03 | -3.558E+00
879 56.00 70.00 37.30 | -1.865E-07 | 1.342E-03 | -3.558E+00
880 56.00 67.00 3579 | -1.865E-07 | 1.342E-03 | -3.558E+00
881 55.00 60.00 34.14 [ -1.865E-07 | 1.342E-03 | -3.558E+00
882 54.00 60.00 3269 | -1.865E-07 | 1.342E-03 | -3.558E+00
883 49.00 75.00 31.38 | -1.865E-07 | 1.342E-03 | -3.558E+00
884 38.00 80.00 2063 | -1.865E-07 | 1.342E-03 | -3.558E+00
885 30.00 78.00 27.22 | -1.865E-07 | 1.342E-03 | -3.558E+00
886 25.00 53.00 2501 | -1.865E-07 | 1.342E-03 | -3.558E+00
887 18.00 32.00 2309 | -1.865E-07 | 1.342E-03 | -3.558E+00
888 14.00 16.00 2023 | -1.865E-07 | 1.342E-03 | -3.558E+00
889 9.00 3.00 17.20 | -1.865E-07 | 1.342E-03 | -3.558E+00
890 5.00 o) 1261 | -1.865E-07 | 1.342E-03 | -3.558E+00
891 1.00 @ 743 | -1.865E-07 | 1.342E-03 | -3.558E+00
892 0 0 2.81 | -1.865E-07 | 1.342E-03 | -3.558E+00
893 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
894 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
895 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
896 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
987 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
898 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
899 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
900 0 0 0 -1.865E-07 | 1.342E-03 | -3.558E+00
901 0 0 0 8.801E-06 | -7.855E-03 | -7.493E-01
902 0 0 0 1.779E-05 | -1.705E-02 | 2.059E+00
903 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
904 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
905 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
906 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
907 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
908 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
909 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
910 0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
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0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 0 2.678E-05 | -2.625E-02 | 4.867E+00
0 0 [ o | 2.678E-05 |-2.625E-02 | 4.867E+00

4.50 47.00 2.63 2.678E-05 | -2.625E-02 | 4.867E+00

12.00 85.00 4.93 2.678E-05 | -2.625E-02 | 4.867E+00

30.00 97.00 7.24 2.678E-05 | -2.625E-02 | 4.867E+00

42.00 100.00 9.73 2.678E-05 | -2.625E-02 | 4.867E+00

51.00 100.00 1191 | 2.678E-05 | -2.625E-02 | 4.867E+00

54.00 100.00 14.16 | 2.678E-05 | -2.625E-02 | 4.867E+00

54.00 97.00 16.04 | 2.678E-05 | -2.625E-02 | 4.867E+00

52.00 90.00 17.98 | 2.678E-05 | -2.625E-02 | 4.867E+00

48.00 75.00 2021 | 2.678E-05 |-2.625E-02 | 4.867E+00

44.00 57.00 2203 | 2.678E-05 | -2.625E-02 | 4.867E+00

37.00 47.00 2235 | 8.925E-06 | -8.749E-03 | 1.622E+00

29.00 40.00 2152 | -8.925E-06 | 8.749E-03 | -1.622E+00

24,00 34.00 2004 | -2.678E-05 | 2.625E-02 | -4.867E+00

21.00 27.00 1829 | -2.678E-05 | 2.625E-02 | -4.867E+00

22.00 24.00 1640 | -2.678E-05 | 2.625E-02 | -4.867E+00

2250 22.00 1440 | -2.678E-05 | 2.625E-02 | -4.867E+00

20.00 16.00 1223 | -2.678E-05 | 2.625E-02 | -4.867E+00

15.00 7.00 9.84 | -2.678E-05 | 2.625E-02 | -4.867E+00

0 8.55 | -2.678E-05 | 2.625E-02 | -4.867E+00
o) 7.56 | -2.678E-05 | 2.625E-02 | -4.867E+00
) 6.14 | -2.678E-05 | 2.625E-02 | -4.867E+00
@ 2.60 | -2.678E-05 | 2.625E-02 | -4.867E+00
0 0 -2.678E-05 | 2.625E-02 | -4.867E+00
0 0 -2.678E-05 | 2.625E-02 | -4.867E+00
0 0 -1.658E-05 | 1.607E-02 | -3.386E+00
0 106 | -6.376E-06 | 5.889E-03 | -1.905E+00
20.00 2.16 3.823E-06 | -4.291E-03 | -4.241E-01
43.00 3.30 3.823E-06 | -4.291E-03 | -4.241E-01
52.00 4.37 3.823E-06 | -4.291E-03 | -4.241E-01
64.00 5.42 3.823E-06 | -4.291E-03 | -4.241E-01
74.00 6.47 3.823E-06 | -4.291E-03 | -4.241E-01
90.00 7.51 3.823E-06 | -4.291E-03 | -4.241E-01
56.00 8.55 3.823E-06 | -4.291E-03 | -4.241E-01
27.00 9.55 3.823E-06 | -4.291E-03 | -4.241E-01
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| 954 35.00 @ 10.25 | 3.823E-06 | -4.291E-03 | -4.241E-01
955 33.00 o) 1078 | 3.823E-06 | -4.291E-03 | -4.241E-01
956 29.00 @ 11.16 | 3.823E-06 | -4.291E-03 | -4.241E-01
957 29.00 o) 11.76 | 3.823E-06 | -4.291E-03 | -4.241E-01
958 29.00 o) 1259 | 3.823E-06 | -4.291E-03 | -4.241E-01
959 34.00 30.00 13.80 | 3.823E-06 | -4.291E-03 | -4.241E-01
960 38.00 75.00 14.85 | 3.823E-06 | -4.291E-03 | -4.241E-01
961 34.00 70.00 1559 | 3.823E-06 | -4.291E-03 | -4.241E-01
[ 962 31.00 25.00 16.20 | 3.823E-06 | -4.291E-03 | -4.241E-01
[ 963 28.00 @ 16.82 | 3.823E-06 | -4.291E-03 | -4.241E-01
[ 964 26.00 6} 17.55 | 3.823E-06 | -4.291E-03 | -4.241E-01
[ 965 24.00 @ 17.91 | 3.823E-06 | -4.291E-03 | -4.241E-01
966 23.00 4.00 18.08 | 3.823E-06 | -4.291E-03 | -4.241E-01
967 23.00 22.00 1810 | 3.823E-06 | -4.291E-03 | -4.241E-01
968 24.00 30.00 1831 | 3.823E-06 | -4.291E-03 | -4.241E-01
969 23.00 32.00 18.67 | 3.823E-06 | -4.291E-03 | -4.241E-01
970 22.00 25.00 1923 | 7.198E-06 |-7.629E-03 | 2.015E+00
971 18.00 18.00 1969 | 1.057E-05 |-1.097E-02 | 4.453E+00
972 16.00 14.00 20.02 | 1.395E-05 | -1.430E-02 | 6.892E+00
[ o3 15.00 10.00 19.94 [ 1.395E-05 | -1.430E-02 | 6.892E+00
[ 74 15.00 0.0 1080 | 1.395E-05 |-1.430E-02 | 6.892E+00
[ 75 15.00 3 1069 | 1.395E-05 | -1.430E-02 | 6.892E+00
[ 76 15.00 o) 1076 | 1.395E-05 | -1.430E-02 | 6.892E+00
977 18.00 @ 19.93 | 1.395E-05 | -1.430E-02 | 6.892E+00
978 25.00 40.00 20.24 | 1.395E-05 |-1.430E-02 | 6.892E+00
979 37.00 90.00 2069 | 1.395E-05 |-1.430E-02 | 6.892E+00
980 46.00 90.00 21.23 | 1.395E-05 | -1.430E-02 | 6.892E+00
981 49.00 90.00 2178 | 1.395E-05 |-1.430E-02 | 6.892E+00
982 49,00 90.00 2215 | 1.395E-05 |-1.430E-02 | 6.892E+00
983 49.00 85.00 2233 | 1.395E-05 | -1.430E-02 | 6.892E+00
[ 984 47.00 77.00 2236 | 1.395E-05 | -1.430E-02 | 6.892E+00
[ 985 44,00 59.00 2236 | 4.650E-06 | -4.768E-03 | 2.297E+00
| 986 43.00 36.00 2233 | -4.650E-06 | 4.768E-03 | -2.207E+00
987 42.00 13.00 2215 | -1.395E-05 | 1.430E-02 | -6.892E+00
988 40.00 @ 2191 [ -1.395E-05 | 1.430E-02 | -6.892E+00
989 41.00 65.00 2162 | -1.395E-05 | 1.430E-02 | -6.892E+00
990 44.00 65.00 21.32 [ -1.395E-05 | 1.430E-02 | -6.892E+00
991 45.00 65.00 2101 | -1.395E-05 | 1.430E-02 | -6.892E+00
992 45.00 62.00 2070 | -1.395E-05 | 1.430E-02 | -6.892E+00
993 44.00 56.00 2048 | -1.395E-05 | 1.430E-02 | -6.892E+00
994 42.00 46.00 2031 | -1.395E-05 | 1.430E-02 | -6.892E+00
[ 995 41.00 36.00 2013 | -1.395E-05 | 1.430E-02 | -6.892E+00
[ 9% 39.00 20.00 19.86 | -1.395E-05 | 1.430E-02 | -6.892E+00
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997 4.00 19.49 | -1.395E-05 | 1.430E-02 | -6.892E+00
998 33.00 19.11 [ -1.395E-05 | 1.430E-02 | -6.892E+00
999 39.00 1871 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,000 40.00 1830 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,001 40.00 17.86 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,002 39.00 1739 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,003 36.00 16.86 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,004 33.00 1631 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,005 2400 | 1575 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,006 @ 1524 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,007 o) 1473 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,008 o) 14.23 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,009 28.00 13.73 [ -1.395E-05 | 1.430E-02 | -6.892E+00
1,010 5.00 1279 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,011 ) 1111 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,012 o) 943 [ -1.395E-05 | 1.430E-02 | -6.892E+00
1,013 o) 7.75 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,014 . @) 6.07 | -1.395E-05 | 1.430E-02 | -6.892E+00
1,015 5.00 ) 439 | -4.650E-06 | 4.768E-03 | -2.297E+00
1,016 4.00 @ [ 2n1 4,650E-06 | -4.768E-03 | 2.297E+00
1,017 3.00 o) 1.03 1.395E-05 | -1.430E-02 | 6.892E+00
1,018 2.00 ® 0.19 1.395E-05 | -1.430E-02 | 6.892E+00
1,019 0 0 0 1.395E-05 | -1.430E-02 | 6.892E+00
1,020 0 0 0 1.395E-05 | -1.430E-02 | 6.892E+00
1,021 0 0 0 1.458E-05 | -1.532E-02 | 5.630E+00
1,022 0 0 0 1.520E-05 | -1.634E-02 | 4.368E+00
1,023 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,024 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,025 2.00 7.00 3.25 1.583E-05 | -1.736E-02 | 3.105E+00
1,026 6.00 15.00 5.47 1.583E-05 | -1.736E-02 | 3.105E+00
1,027 10.00 28.00 6.71 1.583E-05 | -1.736E-02 | 3.105E+00
1,028 11.00 26.00 6.71 1.583E-05 | -1.736E-02 | 3.105E+00
1,029 10.00 10.00 6.71 5.277E-06 | -5.787E-03 | 1.035E+00
1,030 8.00 3.00 6.55 | -5.277E-06 | 5.787E-03 | -1.035E+00
1,031 5.00 0 6.01 | -1.583E-05 | 1.736E-02 | -3.105E+00
1,032 2.00 0 5.5 | -1.583E-05 | 1.736E-02 | -3.105E+00
1,033 0 0 3.90 | -1583E-05 | 1.736E-02 | -3.105E+00
1,034 0 0 219 | -1583E-05 | 1.736E-02 | -3.105E+00
1,035 0 0 0 -5.277E-06 | 5.787E-03 | -1.035E+00
1,036 0 0 0 5.277E-06 | -5.787E-03 | 1.035E+00
1,037 0 0 0 1583E-05 | -1.736E-02 | 3.105E+00
1,038 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,039 0 0 0 1583E-05 | -1.736E-02 | 3.105E+00
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1,040 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,041 0 0 0 1583E-05 | -1.736E-02 | 3.105E+00
1,042 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,043 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,044 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,045 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,046 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,047 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,048 0 0 0 | 1.583E-05 |-1.736E-02 | 3.105E+00
1,049 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,050 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,051 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,052 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,053 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,054 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,055 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,056 0 0 0 1.583E-05 |-1.736E-02 | 3.105E+00
1,057 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,058 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,059 0 0 0 1.583E-05 | -1.736E-02 | 3.105E+00
1,060 0 0 0 1583E-05 | -1.736E-02 | 3.105E+00
1,061 4.00 5.00 1.95 1.583E-05 | -1.736E-02 | 3.105E+00
1,062 11.00 35.00 3.70 1.583E-05 | -1.736E-02 | 3.105E+00
1,063 21.00 73.00 5.53 1.583E-05 | -1.736E-02 | 3.105E+00
1,064 25.00 86.00 7.22 1.583E-05 | -1.736E-02 | 3.105E+00
1,065 26.00 90.00 8.64 1.583E-05 | -1.736E-02 | 3.105E+00
1,066 25.00 90.00 1033 | 1.583E-05 |-1.736E-02 | 3.105E+00
1,067 23.00 83.00 1118 | 5.277E-06 |-5.787E-03 | 1.035E+00
1,068 20.00 32.00 1057 | -5.277E-06 | 5.787E-03 | -1.035E+00
1,069 16.00 ) 9.33 | -1.583E-05 | 1.736E-02 | -3.105E+00
1,070 14.00 @ 7.87 | -1583E-05 | 1.736E-02 | -3.105E+00
1,071 10.00 o) 6.27 | -1583E-05 | 1.736E-02 | -3.105E+00
1,072 7.00 @ 458 | -1583E-05 | 1.736E-02 | -3.105E+00
1,073 3.00 o) 381 | -1583E-05 | 1.736E-02 | -3.105E+00
1,074 1.00 @ 2.35 | -1.583E-05 | 1.736E-02 | -3.105E+00
1,075 0 0 0 -1.583E-05 | 1.736E-02 | -3.105E+00
1,076 0 0 0 -6.540E-06 | 7.597E-03 | -2.563E+00
1,077 0 0 0 2.749E-06 | -2.167E-03 | -2.021E+00
1,078 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,079 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,080 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,081 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,082 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
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1,083 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,084 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,085 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,086 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,087 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,088 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,089 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,090 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,001 0 0 0 | 1.204E-05 |-1.193E-02 | -1.480E+00
1,092 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,093 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,094 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,095 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,096 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,097 0 0 0 1.204E-05 | -1.193E-02 | -1.480E+00
1,098 1.00 3.00 1.35 1.204E-05 | -1.193E-02 | -1.480E+00
1,099 3.00 6.00 3.37 1.204E-05 | -1.193E-02 | -1.480E+00
1,100 6.00 13.00 6.40 1.204E-05 | -1.193E-02 | -1.480E+00
1,101 9.00 14.00 8.47 1.204E-05 | -1.193E-02 | -1.480E+00
1,102 12.00 16.00 9.57 1.204E-05 | -1.193E-02 | -1.480E+00
1,103 15.00 28.00 1019 | 1.204E-05 |-1.193E-02 | -1.480E+00
1,104 18.00 60.00 1035 | 1.204E-05 |-1.193E-02 | -1.480E+00
1,105 20.00 47.00 1046 | 1.204E-05 | -1.193E-02 | -1.480E+00
1,106 21.00 31.00 1011 | 1.204E-05 |-1.193E-02 | -1.480E+00
1,107 21.00 15.00 9.12 1.204E-05 | -1.193E-02 | -1.480E+00
1,108 20.00 ) 7.81 1.133E-05 | -1.140E-02 | 1.667E-01
1,109 20.00 o) 7.87 1.062E-05 | -1.087E-02 | 1.813E+00
1,110 20.00 o) 9.57 9.917E-06 | -1.035E-02 | 3.459E+00
1,111 20.00 70.00 9.75 9.917E-06 | -1.035E-02 | 3.459E+00
1,112 21.00 83.00 9.84 9.917E-06 | -1.035E-02 | 3.459E+00
1,113 22.00 84.00 9.96 9.917E-06 | -1.035E-02 | 3.459E+00
1,114 22.00 83.00 1013 | 3.306E-06 |-3.449E-03 | 1.153E+00
1,115 18.00 78.00 9.36 | -3.306E-06 | 3.449E-03 | -1.153E+00
1,116 14.00 68.00 8.80 | -9.917E-06 | 1.035E-02 | -3.459E+00
1,117 8.00 10.00 7.67 | -9.917E-06 | 1.035E-02 | -3.459E+00
1,118 4.00 4.00 6.08 | -9.917E-06 | 1.035E-02 | -3.459E+00
1,119 1.00 0.0 403 | -9.917E-06 | 1.035E-02 | -3.459E+00
1,120 0 0 0 -3.306E-06 | 3.449E-03 | -1.153E+00
1,121 0 0 0 3.306E-06 | -3.449E-03 | 1.153E+00
1,122 0 0 0 9.917E-06 | -1.035E-02 | 3.459E+00
1,123 0 0 0 9.917E-06 | -1.035E-02 | 3.459E+00
1,124 0 0 0 9.917E-06 | -1.035E-02 | 3.459E+00
1,125 0 1.00 0 9.917E-06 | -1.035E-02 | 3.459E+00
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2Closed throttle motoring.
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(c) The following transient duty cycle applies for compression-ignition engines and powertrains:

Engine testing Powertrain testing
Normalized . | Road grade coefficients
Record | =2~ .
(seconds) revolutions Normalized %
per minute | torque (percent JJW a b c
(percent) (mi/hr) a B B

0 0 0
1.248E-05 |-1.073E-02 | 1.064E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
| 1.872E-05 |-1.609E-02 | 1.596E+00
| 1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 [-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
| 1.872E-05 |-1.609E-02 | 1.596E+00
| 1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 |-1.609E-02 | 1.596E+00
1.872E-05 [-1.609E-02 | 1.596E+00
1.872E-05 [-1.609E-02 | 1.596E+00

[s8]
o |[Io|lo|o|o|lo|lo|lo|o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|Io

| o|llo|lo|llo|lo|lo|lo|lo|lo|o|lo|lo|o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo
[ee}
o
wllo|lo|o|o|lo|lo|lo|lo|lo|lo|o|lo|lo|lo|o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo

L[I8&[IRE[IB RIS [S]IB|N IS |[&| R |83 [R]85 |16 [|5]16 |6 1= |16 | IS 15|15 | 1o [1e0 | i~ i ion f1as fieo fino i

3.67 1.872E-05 |-1.609E-02 | 1.596E+00
47.69 1.872E-05 |-1.609E-02 | 1.596E+00

2.78 59.41 0.33 1.872E-05 |-1.609E-02 | 1.596E+00

| [ 812 | 8454 | 167 | 1.872E-05 |-1.609E-02 | 1.596E+00
| [ 1395 | 8000 | 28 | 1.872E-05 |-1.609E-02 | 1.596E+00
29.90 80.00 4.02 1.872E-05 |-1.609E-02 | 1.596E+00

33.87 79.29 5.64 1.872E-05 [-1.609E-02 | 1.596E+00

27.86 38.25 7.39 1.872E-05 [-1.609E-02 | 1.596E+00

19.63 26.67 8.83 1.872E-05 |-1.609E-02 | 1.596E+00

26.79 15.10 9.15 1.872E-05 |-1.609E-02 | 1.596E+00

19.85 16.47 9.70 1.872E-05 [-1.609E-02 | 1.596E+00

17.51 28.05 11.37 | 1.872E-05 |-1.609E-02 | 1.596E+00

17.86 20.38 13.04 | 1.872E-05 |-1.609E-02 | 1.596E+00
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| 38 16.37 o) 14.74 | 1.872E-05 |-1.609E-02 | 1.596E+00
39 5.85 o) 1641 | 2.033E-05 |-1.775E-02 | 3.890E+00
40 1413 @ 1685 | 2.194E-05 [-1.941E-02 | 6.184E+00
41 21.10 o) 1609 | 2.356E-05 |-2.107E-02 | 8.477E+00
42 15.63 o) 1523 | 2.356E-05 |-2.107E-02 | 8.477E+00
43 12,67 62.52 1422 | 2.356E-05 |-2.107E-02 | 8.477E+00
44 14.86 69.36 13.02 | 2.356E-05 |-2.107E-02 | 8.477E+00
45 24.79 60.00 1247 | 2.356E-05 |-2.107E-02 | 8.477E+00
[ 46 33.06 63.79 13.05 | 2.356E-05 |-2.107E-02 | 8.477E+00
[ 47 42.29 75.36 14.26 | 2.356E-05 |-2.107E-02 | 8.477E+00
[ 48 48.90 80.00 1509 | 2.356E-05 |-2.107E-02 | 8.477E+00
[ 49 51.52 80.00 1542 | 2.356E-05 |-2.107E-02 | 8.477E+00
50 48.24 79.92 1596 | 2.356E-05 |-2.107E-02 | 8.477E+00
51 51.79 65.03 1658 | 2.356E-05 |-2.107E-02 | 8.477E+00
52 52.37 43.23 1761 | 2.356E-05 |-2.107E-02 | 8.477E+00
53 56.14 50.00 18.33 | 2.356E-05 |-2.107E-02 | 8.477E+00
54 62.35 50.00 18.65 | 2.356E-05 |-2.107E-02 | 8.477E+00
55 64.29 42.05 19.67 | 2.356E-05 |-2.107E-02 | 8.477E+00
56 67.69 40.00 2047 | 2.356E-05 |-2.107E-02 | 8.477E+00
[ 57 75.20 42.20 2057 | 2.356E-05 |-2.107E-02 | 8.477E+00
| 58 74.88 41.28 2068 | 2.356E-05 |-2.107E-02 | 8.477E+00
[ 59 71.92 o) 2156 | 2.356E-05 |-2.107E-02 | 8.477E+00
[ 60 71.88 o) 2319 | 2.356E-05 |-2.107E-02 | 8.477E+00
61 69.64 @ 23.64 | 7.852E-06 |-7.024E-03 | 2.826E+00
62 71.24 @ 2275 | -7.852E-06 | 7.024E-03 | -2.826E+00
63 7172 30.54 2181 | -2.356E-05 | 2.107E-02 | -8.477E+00
64 76.41 42.12 2079 | -2.356E-05 | 2.107E-02 | -8.477E+00
65 73.02 50.00 19.86 | -2.356E-05 | 2.107E-02 | -8.477E+00
66 69.64 50.00 19.18 | -2.356E-05 | 2.107E-02 | -8.477E+00
67 72.09 43.16 18.75 | -2.356E-05 | 2.107E-02 | -8.477E+00
| 68 82.23 73.65 18.43 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 69 78.58 o) 1861 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 70 75.00 o) 1911 | -2.356E-05 | 2.107E-02 | -8.477E+00
71 75.00 o) 18.76 | -2.356E-05 | 2.107E-02 | -8.477E+00
72 7247 @ 17.68 | -2.356E-05 | 2.107E-02 | -8.477E+00
73 62.91 @ 1646 | -2.356E-05 | 2.107E-02 | -8.477E+00
74 58.93 1357 1506 | -2.356E-05 | 2.107E-02 | -8.477E+00
75 55.56 29.43 1341 | -2.356E-05 | 2.107E-02 | -8.477E+00
76 57.14 20.00 1191 | -2.356E-05 | 2.107E-02 | -8.477E+00
77 56.68 17.42 11.09 | -2.356E-05 | 2.107E-02 | -8.477E+00
78 53.88 10.00 1090 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 179 50.76 10.00 1140 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 80 50.00 o) 12.38 | -2.356E-05 | 2.107E-02 | -8.477E+00
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| 81 46.83 o) 13.02 | -2.356E-05 | 2.107E-02 | -8.477E+00
82 35.63 10.00 12.30 | -2.356E-05 | 2.107E-02 | -8.477E+00
83 32.48 10.00 1032 | -2.356E-05 | 2.107E-02 | -8.477E+00
84 26.79 10.00 9.70 | -2.356E-05 | 2.107E-02 | -8.477E+00
85 24.94 10.00 11.05 | -2.356E-05 | 2.107E-02 | -8.477E+00
86 2321 16.74 11.88 | -2.356E-05 | 2.107E-02 | -8.477E+00
87 24.70 3.36 1221 | -2.356E-05 | 2.107E-02 | -8.477E+00
88 25.00 o) 1329 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 89 24.47 @ 1373 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 2 18.71 o) 12.77 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ a1 10.85 o) 1146 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 92 3.40 ® 9.84 -2.356E-05 | 2.107E-02 | -8.477E+00
93 0 0 7.62 | -2.356E-05 | 2.107E-02 | -8.477E+00
94 0 0 357 | -2.356E-05 | 2.107E-02 | -8.477E+00
95 0 0.91 133 | -2.356E-05 | 2.107E-02 | -8.477E+00
[ 0 7.52 0 -2.356E-05 | 2.107E-02 | -8.477E+00
97 0 0 0 -2.356E-05 | 2.107E-02 | -8.477E+00
98 0 0 0 -2.356E-05 | 2.107E-02 | -8.477E+00
99 0 0 0 -2.356E-05 | 2.107E-02 | -8.477E+00
[ 100 0 0 0 -9.275E-06 | 8.450E-03 | -4.643E+00
[ 101 0 0 0 5.004E-06 |-4.171E-03 | -8.092E-01
[ 102 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 103 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
104 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
105 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
106 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
107 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
108 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
109 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
110 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 112 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 113 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
114 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
115 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
116 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
117 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
118 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
119 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
120 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
121 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 122 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 123 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
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| 124 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
125 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
126 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
127 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
128 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
129 1.58 o) 0 1.928E-05 |-1.679E-02 | 3.025E+00
130 1.43 o) 0 1.928E-05 |-1.679E-02 | 3.025E+00
131 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 132 0 0 0 | 1.928E-05 [-1.679E-02 | 3.025E+00
[ 133 1.91 9.28 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 134 2.75 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 135 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
136 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
137 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
138 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
139 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
140 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
141 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
142 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 143 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 144 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 145 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 146 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
147 0 5.51 0 1.928E-05 |-1.679E-02 | 3.025E+00
148 0 11.34 0 1.928E-05 |-1.679E-02 | 3.025E+00
149 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
150 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
151 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
152 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
153 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 154 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 155 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 156 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
157 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
158 0 0.21 0 1.928E-05 |-1.679E-02 | 3.025E+00
159 0 30.00 0 1.928E-05 |-1.679E-02 | 3.025E+00
160 0 26.78 0 1.928E-05 |-1.679E-02 | 3.025E+00
161 0 20.00 0 1.928E-05 |-1.679E-02 | 3.025E+00
162 0 20.00 0 1.928E-05 |-1.679E-02 | 3.025E+00
163 0 4.12 0 1.928E-05 |-1.679E-02 | 3.025E+00
164 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 165 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
[ 166 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
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[ 167 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
168 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
169 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
170 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
171 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
172 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
173 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
174 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 175 0 0 0 | 1.928E-05 [-1.679E-02 | 3.025E+00

[ 176 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 177 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 178 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
179 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
180 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
181 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
182 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
183 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
184 0 20.00 0 1.928E-05 |-1.679E-02 | 3.025E+00
185 0 20.00 0 1.928E-05 |-1.679E-02 | 3.025E+00

| 186 0 11.73 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 187 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 188 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 189 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
190 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
191 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
192 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
193 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
194 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
195 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
196 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 197 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 198 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 199 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
200 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
201 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
202 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
203 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
204 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
205 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
206 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
207 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 208 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00

[ 209 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
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[ 210 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
211 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
212 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
213 0 0 0 1.928E-05 |-1.679E-02 | 3.025E+00
214 0 73.41 0 1.928E-05 |-1.679E-02 | 3.025E+00
215 0 90.00 0 1.928E-05 |-1.679E-02 | 3.025E+00
216 27.95 81.30 0 1.928E-05 |-1.679E-02 | 3.025E+00
217 36.74 90.00 2.80 1.928E-05 |-1.679E-02 | 3.025E+00

| 218 39.29 90.00 559 | 1.928E-05 |-1.679E-02 | 3.025E+00

[ 219 41.44 90.00 8.39 1.928E-05 |-1.679E-02 | 3.025E+00

[ 220 4557 82.41 1119 | 1.928E-05 |-1679E-02 | 3.025E+00

[ 221 59.52 80.00 1430 | 1.928E-05 [-1.679E-02 | 3.025E+00
222 66.99 90.00 16.03 | 1.928E-05 |-1679E-02 | 3.025E+00
223 80.22 90.00 1730 | 1.928E-05 [-1.679E-02 | 3.025E+00
224 86.41 93.88 19.72 | 1.928E-05 [-1.679E-02 | 3.025E+00
225 86.53 50.94 2318 | 1.928E-05 |-1.679E-02 | 3.025E+00
226 84.46 17.02 2527 | 1.928E-05 |-1.679E-02 | 3.025E+00
227 88.54 28.60 2691 | 1.928E-05 |-1679E-02 | 3.025E+00
228 89.29 39.83 28.89 | 1.928E-05 |-1.679E-02 | 3.025E+00

[ 229 89.29 30.00 29.43 | 1.928E-05 |-1.679E-02 | 3.025E+00

[ 230 89.29 26.69 2950 | 1.928E-05 |-1679E-02 | 3.025E+00

| 231 90.16 20.00 30.49 | 1.928E-05 |-1.679E-02 | 3.025E+00

| 232 89.92 20.00 3202 | 1.928E-05 |-1679E-02 | 3.025E+00
233 89.29 36.06 3291 | 1.928E-05 |-1.679E-02 | 3.025E+00
234 85.86 40.00 3255 | 1.928E-05 |-1.679E-02 | 3.025E+00
235 85.51 30.00 3226 | 1.928E-05 |-1.679E-02 | 3.025E+00
236 84.42 32.75 32.65 | 1.928E-05 |-1.679E-02 | 3.025E+00
237 86.48 35.68 3350 | 1.928E-05 |-1.679E-02 | 3.025E+00
238 88.55 30.00 34.96 | 1.928E-05 |-1.679E-02 | 3.025E+00
239 89.29 44.93 36.44 | 1.928E-05 |-1.679E-02 | 3.025E+00
| 240 90.90 50.00 36.95 | 6.428E-06 |-5597E-03 | 1.008E+00

[ 2am 77.27 o) 37.02 [ -6.428E-06 | 5.597E-03 | -1.008E+00

[ 242 56.75 o) 36.97 | -1.928E-05 | 1.679E-02 | -3.025E+00
243 50.00 o) 36.37 | -1.928E-05 | 1.679E-02 | -3.025E+00
244 41.07 @ 35.56 | -1.928E-05 | 1.679E-02 | -3.025E+00
245 37.38 45.18 3472 | -1.928E-05 | 1.679E-02 | -3.025E+00
246 34.21 78.47 33.84 | -1.928E-05 | 1.679E-02 | -3.025E+00
247 32.13 80.00 33.40 | -1.928E-05 | 1.679E-02 | -3.025E+00
248 27.71 80.00 3293 [ -1.928E-05 | 1.679E-02 | -3.025E+00
249 22,64 80.00 3198 | -1.928E-05 | 1.679E-02 | -3.025E+00
250 20.58 60.97 3098 | -1.928E-05 | 1.679E-02 | -3.025E+00

[ 251 16.25 27.34 2991 | -1.928E-05 | 1.679E-02 | -3.025E+00

[ 252 11.46 4371 28.73 | -1.928E-05 | 1.679E-02 | -3.025E+00

A-88




| 253 9.02 68.95 27.34 | -1.928E-05 | 1.679E-02 | -3.025E+00
254 3.38 68.95 2585 | -1.928E-05 | 1.679E-02 | -3.025E+00
255 1.32 44.28 2449 | -1.928E-05 | 1.679E-02 | -3.025E+00
256 0 0 2319 | -1.928E-05 | 1.679E-02 | -3.025E+00
257 0 0 21.87 | -1.928E-05 | 1.679E-02 | -3.025E+00
258 0 0 17.39 | -1.928E-05 | 1.679E-02 | -3.025E+00
259 0 0 12.92 | -1.928E-05 | 1.679E-02 | -3.025E+00
260 0 0 845 | -1.928E-05 | 1.679E-02 | -3.025E+00
| 261 0 0 397 | -1.928E-05 | 1.679E-02 | -3.025E+00
[ 262 0 0 0 -1.928E-05 | 1L679E-02 | -3.025E+00
[ 263 0 24.97 0 -1.928E-05 | 1.679E-02 | -3.025E+00
[ 264 0 17.16 0 -1.928E-05 | 1.679E-02 | -3.025E+00
265 0 6.20 0 -6.926E-06 | 5.240E-03 | 8.504E-01
266 0 10.00 0 5.431E-06 |-6.313E-03 | 4.726E+00
267 0 10.00 0 1.779E-05 |-1.787E-02 | 8.601E+00
268 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
269 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
270 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
271 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 272 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 213 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 274 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 215 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
276 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
277 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
278 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
279 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
280 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
281 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
282 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 283 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 284 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 285 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
286 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
287 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
288 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
289 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
290 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
291 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
292 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
293 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 204 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 295 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
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| 29 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
297 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
298 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
299 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
300 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
301 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
302 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
303 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
| 304 0 0 0 | 1L779E-05 [-1.787E-02 | 8.601E+00
[ 305 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 306 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 307 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
308 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
309 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
310 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
311 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
312 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
313 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
314 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 315 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
| 316 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 317 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 318 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
319 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
320 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
321 0 15.55 0 1.779E-05 |-1.787E-02 | 8.601E+00
322 0 20.00 0 1.779E-05 |-1.787E-02 | 8.601E+00
323 21.59 19.08 1.20 1.779E-05 |-1.787E-02 | 8.601E+00
324 20.54 10.00 2.18 1.779E-05 |-1.787E-02 | 8.601E+00
325 10.32 1.86 2.88 1.779E-05 |-1.787E-02 | 8.601E+00
| 326 6.13 o) 3.00 1.779E-05 |-1.787E-02 | 8.601E+00
[ 327 5.36 o) 2.28 1.779E-05 |-1.787E-02 | 8.601E+00
[ 328 0.64 o) 0 1.779E-05 |-1.787E-02 | 8.601E+00
329 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
330 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
331 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
332 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
333 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
334 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
335 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
336 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
| 337 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
[ 338 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
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339 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
340 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
341 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
342 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
343 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
344 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
345 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
346 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
347 0 0 0 | L779E-05 [-1.787E-02 | 8.601E+00
348 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
349 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
350 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
351 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
352 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
353 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
354 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
355 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
356 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
357 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
358 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
359 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
360 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
361 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
362 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
363 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
364 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
365 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
366 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
367 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
368 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
369 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
370 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
371 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
372 0 0 0 1.779E-05 |-1.787E-02 | 8.601E+00
373 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
374 0 0 0 1.779E-05 [-1.787E-02 | 8.601E+00
375 0 0 0 2.077E-05 |-1.947E-02 | 7.751E+00
376 0 0 0 2.376E-05 |-2.108E-02 | 6.900E+00
377 0 29.59 0 2.674E-05 |-2.269E-02 | 6.050E+00
378 -1.34 87.46 0 2.674E-05 |-2.269E-02 | 6.050E+00
379 7.93 100.00 115 2.674E-05 |-2.269E-02 | 6.050E+00
380 41.11 100.00 3.82 2.674E-05 |-2.269E-02 | 6.050E+00
381 68.65 100.00 6.11 2.674E-05 |-2.269E-02 | 6.050E+00
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| 382 71.43 100.00 1000 | 2.674E-05 |-2.269E-02 | 6.050E+00
383 73.34 94.64 1452 | 2.674E-05 |-2.269E-02 | 6.050E+00
384 76.24 83.07 18.09 | 2.674E-05 [-2.269E-02 | 6.050E+00
385 78.30 88.51 2064 | 2.674E-05 |-2.269E-02 | 6.050E+00
386 82.14 79.83 2236 | 2.674E-05 |-2.269E-02 | 6.050E+00
387 82.14 61.66 2370 | 2.674E-05 |-2.269E-02 | 6.050E+00
388 84.45 66.77 2480 | 2.674E-05 |-2.269E-02 | 6.050E+00
389 91.86 60.00 2526 | 2.674E-05 |-2.269E-02 | 6.050E+00
[ 390 94.64 72.76 2544 | 2.674E-05 [-2.269E-02 | 6.050E+00
| 391 97.48 8.43 2557 | 2.674E-05 |-2.269E-02 | 6.050E+00
[ 392 99.92 o) 2579 | 2.674E-05 |-2.269E-02 | 6.050E+00
[ 393 73.21 [0) 2580 | 2.674E-05 |-2.269E-02 | 6.050E+00
394 70.83 o) 2498 | 2.674E-05 |-2.269E-02 | 6.050E+00
395 63.53 @ 2370 | 2.674E-05 [-2.269E-02 | 6.050E+00
39 61.46 o) 2223 | 2.674E-05 |-2.269E-02 | 6.050E+00
397 69.96 49.17 2051 | 2.674E-05 |-2.269E-02 | 6.050E+00
398 73.21 70.00 18.44 | 2.674E-05 |-2.269E-02 | 6.050E+00
399 72.01 69.46 18.19 | 2.674E-05 |-2.269E-02 | 6.050E+00
400 82.90 60.00 2127 | 2.674E-05 |-2.269E-02 | 6.050E+00
| 401 87.04 60.00 2353 | 2.674E-05 |-2.269E-02 | 6.050E+00
| 402 88.35 60.00 23.88 | 2.674E-05 |-2.269E-02 | 6.050E+00
| 403 89.95 60.00 2403 | 2.674E-05 |-2.269E-02 | 6.050E+00
| 404 92.57 43.17 2417 | 2.228E-05 |-1.969E-02 | 5.457E+00
405 92.86 10.04 2430 | L781E-05 [-1.670E-02 | 4.864E+00
406 71.98 20.00 24.09 | 1.335E-05 |-1.370E-02 | 4.271E+00
407 74.44 20.00 2497 | 1.335E-05 |-1.370E-02 | 4.271E+00
408 72.38 15.29 2532 | 4.449E-06 |-4.566E-03 | 1.424E+00
409 71.43 10.00 2415 | -4.449E-06 | 4.566E-03 | -1.424E+00
410 68.63 o) 2314 | -1.335E-05 | 1.370E-02 | -4.271E+00
411 66.17 o) 2238 | -1.335E-05 | 1.370E-02 | -4.271E+00
[ 412 63.93 o) 2158 | -1.335E-05 | 1.370E-02 | -4.271E+00
[ 413 63.02 o) 20.06 | -1.335E-05 | 1.370E-02 | -4.271E+00
[ 414 69.64 o) 1829 | -1.335E-05 | 1.370E-02 | -4.271E+00
415 71.69 1.45 16.16 | -1.335E-05 | 1.370E-02 | -4.271E+00
416 71.91 17.30 13.44 | -1.335E-05 | 1.370E-02 | -4.271E+00
417 69.85 11.13 1100 | -1.335E-05 | 1.370E-02 | -4.271E+00
418 70.04 19.55 1043 | -7.827E-06 | 7.759E-03 | -3.711E+00
419 75.32 24.16 1150 | -2.306E-06 | 1.819E-03 | -3.150E+00
420 64.43 80.00 13.65 | 3.214E-06 |-4.121E-03 | -2.590E+00
421 70.63 74.83 15.03 | 3.214E-06 |-4.121E-03 | -2.590E+00
422 80.44 16.04 1750 | 3.214E-06 |-4.121E-03 | -2.590E+00
| 423 66.11 o) 2079 | 3.214E-06 |-4.121E-03 | -2.590E+00
[ 424 60.73 o) 2292 | 3.214E-06 |-4.121E-03 | -2.590E+00

A-92




425 61.19 o) 2323 | 3.214E-06 |-4.121E-03 | -2.590E+00
426 53,03 o) 2242 | 3.214E-06 |-4.121E-03 | -2.590E+00
427 56.73 o) 2151 | 3.214E-06 |-4.121E-03 | -2.590E+00
428 62.50 2.38 2046 | 3.214E-06 |-4.121E-03 | -2.590E+00
429 65.27 17.76 19.25 | 3.214E-06 |-4.121E-03 | -2.590E+00
430 64.40 @ 1961 | 3.214E-06 |-4.121E-03 | -2.590E+00
431 60.06 o) 2194 | 3.214E-06 |-4.121E-03 | -2.590E+00
432 32.17 o) 2299 | 3.214E-06 |-4.121E-03 | -2.590E+00

| 433 18.53 @ 2251 | 3.214E-06 |-4.121E-03 | -2.590E+00

[ 434 10.26 o) 21.98 | 3.214E-06 |-4.121E-03 | -2.590E+00

[ 435 -1.87 0.0 2139 | 3.214E-06 |-4.121E-03 | -2.590E+00

[ 436 -0.65 0.0 20.73 | 3.214E-06 |-4.121E-03 | -2.590E+00
437 7.65 60.00 2038 | 3.214E-06 |-4.121E-03 | -2.590E+00
438 27.28 61.93 2038 | 3.214E-06 |-4.121E-03 | -2.590E+00
439 59.91 63.00 2078 | 3.214E-06 |-4.121E-03 | -2.590E+00
440 76.81 39.85 21.84 | 3.214E-06 |-4.121E-03 | -2.590E+00
441 79.76 30.00 2360 | 3.214E-06 |-4.121E-03 | -2.590E+00
442 81.82 30.00 2531 | 3.214E-06 |-4.121E-03 | -2.590E+00
443 87.39 10.40 2641 | 3.214E-06 |-4.121E-03 | -2.590E+00

[ 444 87.26 1.37 2729 | 3.214E-06 |-4.121E-03 | -2.590E+00

[ 445 85.71 10.00 27.97 | 3.214E-06 |-4.121E-03 | -2.590E+00

| 46 85.71 0.96 2820 | 3.214E-06 [-4.121E-03 | -2.590E+00

[ 447 85.71 o) 2831 | 3.214E-06 |-4.121E-03 | -2.590E+00
448 76.13 28.34 2922 | 3.214E-06 |-4.121E-03 | -2.590E+00
449 78.16 30.76 2963 | 3.214E-06 |-4.121E-03 | -2.590E+00
450 76.93 29.18 29.64 | 3.214E-06 |-4.121E-03 | -2.590E+00
451 78.57 20.00 3067 | 3.214E-06 |-4.121E-03 | -2.590E+00
452 77.87 20.00 3217 | 3.214E-06 |-4.121E-03 | -2.590E+00
453 76.79 20.00 3310 | 3.214E-06 |-4.121E-03 | -2.590E+00
454 78.05 20.00 33.30 | 3.214E-06 |-4.121E-03 | -2.590E+00

| 455 78.57 11.32 3345 | 3.214E-06 |-4.121E-03 | -2.590E+00

| 456 69.50 o) 3266 | 3.214E-06 |-4.121E-03 | -2.590E+00
| 457 64.29 o) 3198 | 3.214E-06 |-4.121E-03 | -2.590E+00
458 63.68 o) 3148 | 3.214E-06 |-4.121E-03 | -2.590E+00
459 62.50 0.04 3139 | 3.214E-06 |-4.121E-03 | -2.590E+00
460 62.50 o) 3130 | 3.214E-06 |-4.121E-03 | -2.590E+00
461 66.86 o) 3220 | 3.214E-06 |-4.121E-03 | -2.590E+00
462 66.13 @ 3343 | 3.214E-06 |-4.121E-03 | -2.590E+00
463 60.48 @ 3343 | 3.214E-06 |-4.121E-03 | -2.590E+00
464 58.93 o) 3314 | 3.214E-06 |-4.121E-03 | -2.590E+00
465 57.35 o) 3314 | 3.214E-06 |-4.121E-03 | -2.590E+00
| 466 55.36 o) 3345 | 3.214E-06 |-4.121E-03 | -2.590E+00
[ 467 49,95 o) 33.16 | 3.214E-06 |-4.121E-03 | -2.590E+00
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| 468 48.21 o) 33.16 | 3.214E-06 |-4.121E-03 | -2.590E+00
469 59.31 o) 3317 | 2.308E-06 |-3.167E-03 | -2.524E+00
470 67.15 70.00 3330 | 1.401E-06 |-2.214E-03 | -2.458E+00
471 76.79 54.53 3356 | 4.942E-07 |-1.260E-03 | -2.391E+00
472 76.79 24.56 3559 | 4.942E-07 |-1.260E-03 | -2.391E+00
473 79.29 @ 39.04 | 4.942E-07 |-1.260E-03 | -2.391E+00
474 80.36 o) 41.83 | 4.942E-07 |-1.260E-03 | -2.391E+00
475 94.18 o) 43.06 | 4.942E-07 |-1.260E-03 | -2.391E+00
| 476 66.07 @ 4313 | 4.942E-07 [-1.260E-03 | -2.391E+00
[ 477 65.48 o) 4321 | 4.942E-07 [-1.260E-03 | -2.391E+00
[ 478 63.41 10.00 4329 | 4.942E-07 [-1.260E-03 | -2.391E+00
[ 479 68.27 29.38 4337 | 4.942E-07 |-1.260E-03 | -2.391E+00
480 72.87 40.00 4400 | 4.942E-07 [-1.260E-03 | -2.391E+00
481 69.79 30.39 4513 | 4.942E-07 |-1.260E-03 | -2.391E+00
482 66.19 26.46 47.02 | 4.942E-07 [-1.260E-03 | -2.391E+00
483 80.36 0.0 49.20 | 4.942E-07 [-1.260E-03 | -2.391E+00
484 81.13 0.0 49.92 | 4.942E-07 [-1.260E-03 | -2.391E+00
485 82.14 o) 50.36 | 4.942E-07 |-1.260E-03 | -2.391E+00
486 83.48 o) 5152 | 4.942E-07 |-1.260E-03 | -2.391E+00
[ 487 83.93 o) 5211 | 4.942E-07 |-1.260E-03 | -2.391E+00
| 488 84.04 o) 5212 | 4.942E-07 |-1.260E-03 | -2.391E+00
[ 489 79.43 o) 5214 | 4.942E-07 |-1.260E-03 | -2.391E+00
[ 490 56.47 o) 5216 | 4.942E-07 |-1.260E-03 | -2.391E+00
491 55.36 @ 52.18 | 4.942E-07 |-1.260E-03 | -2.391E+00
492 44.23 45.37 5220 | 4.942E-07 |-1.260E-03 | -2.391E+00
493 46.87 86.99 5222 | 4.942E-07 |-1.260E-03 | -2.391E+00
494 57.14 90.00 5216 | 4.942E-07 |-1.260E-03 | -2.391E+00
495 58.03 90.00 5253 | 4.942E-07 |-1.260E-03 | -2.391E+00
496 64.22 93.22 5298 | 4.942E-07 |-1.260E-03 | -2.391E+00
497 70.42 95.21 53.65 | 4.942E-07 |-1.260E-03 | -2.391E+00
[ 408 73.21 83.64 5477 | 4.942E-07 [-1.260E-03 | -2.391E+00
[ 499 77.46 80.00 5514 | 4.942E-07 |-1.260E-03 | -2.391E+00
[ 500 83.67 80.00 5457 | 4.942E-07 |-1.260E-03 | -2.391E+00
501 84.71 80.00 53.63 | 4.942E-07 |-1.260E-03 | -2.391E+00
502 92.50 80.00 52.70 | 4.942E-07 |-1.260E-03 | -2.391E+00
503 90.38 41.89 5203 | 4.942E-07 |-1.260E-03 | -2.391E+00
504 85.25 24.85 51.66 | 4.942E-07 |-1.260E-03 | -2.391E+00
505 87.50 50.00 5142 | 4.942E-07 [-1.260E-03 | -2.391E+00
506 89.10 50.00 51.28 | 4.942E-07 |-1.260E-03 | -2.391E+00
507 94.83 46.82 5113 | 4.942E-07 |-1.260E-03 | -2.391E+00
508 98.96 o) 5153 | 4.942E-07 |-1.260E-03 | -2.391E+00
[ 509 87.99 o) 52.04 | 1.647E-07 |-4.200E-04 | -7.972E-01
[ 510 63.35 o) 51.32 | -1.647E-07 | 4.200E-04 | 7.972E-01
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60.06 o) -4.942E-07 | 1L.260E-03 | 2.391E+00
54.43 o) -4.942E-07 | 1.260E-03 | 2.391E+00
42.88 @ -4.942E-07 | 1.260E-03 | 2.391E+00
46.71 o) -4.942E-07 | 1.260E-03 | 2.391E+00
48.21 o) -4.942E-07 | 1.260E-03 | 2.391E+00
58.28 @ -4.942E-07 | 1.260E-03 | 2.391E+00
69.64 o) -4.942E-07 | 1.260E-03 | 2.391E+00
51.44 o) -4.942E-07 | 1.260E-03 | 2.391E+00
38.02 @ | -4.942E-07 | 1.260E-03 | 2.391E+00
34.65 o) -4.942E-07 | 1.260E-03 | 2.391E+00
19.97 o) -4.942E-07 | 1.260E-03 | 2.391E+00
3.14 [0) -4.942E-07 | 1.260E-03 | 2.391E+00
0 0 . -4.942E-07 | 1.260E-03 | 2.391E+00
-1.30 36.39 0 -4.942E-07 | 1.260E-03 | 2.391E+00
021 5.75 0 -4.942E-07 | 1.260E-03 | 2.391E+00
0 0 0 -4.942E-07 | 1.260E-03 | 2.391E+00
0 0 0 -4.942E-07 | 1.260E-03 | 2.391E+00
0 0 0 -4.942E-07 | 1.260E-03 | 2.391E+00
0 0 0 -4.942E-07 | 1.260E-03 | 2.391E+00
0 0 0 7.439E-06 |-5.768E-03 | 1.455E+00
0 0 0 1537E-05 |-1.280E-02 | 5.195E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 [-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 [-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 o) 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 [-1.982E-02 | -4.165E-01
-0.67 0 0 2.331E-05 [-1.982E-02 | -4.165E-01
-0.50 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
3.57 o) 0 2.331E-05 |-1.982E-02 | -4.165E-01
0.61 o) 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 2.60 0 2.331E-05 |-1.982E-02 | -4.165E-01
0 20.00 0 2.331E-05 |-1.982E-02 | -4.165E-01
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| 554 0 20.00 0 2.331E-05 |-1.982E-02 | -4.165E-01
555 0 7.96 0 2.331E-05 |-1.982E-02 | -4.165E-01
556 0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
557 0 0 0 2.331E-05 |-1.982E-02 | -4.165E-01
558 0 78.53 0 2.331E-05 |-1.982E-02 | -4.165E-01
559 1.65 60.00 0 2.331E-05 |-1.982E-02 | -4.165E-01
560 9.01 63.88 2.80 2.331E-05 |-1.982E-02 | -4.165E-01
561 14.29 70.00 6.02 2.331E-05 |-1.982E-02 | -4.165E-01
| 562 26.83 70.00 857 | 2.331E-05 |-1.982E-02 | -4.165E-01
| 563 38.29 70.00 11.07 | 2.331E-05 [-1.982E-02 | -4.165E-01
[ 564 50.09 70.00 13.68 | 2.331E-05 |-1.982E-02 | -4.165E-01
| 565 56.60 66.52 1652 | 2.331E-05 |-1.982E-02 | -4.165E-01
566 63.09 59.94 1938 | 2.331E-05 [-1.982E-02 | -4.165E-01
567 65.16 80.00 2191 | 2.331E-05 |-1.982E-02 | -4.165E-01
568 69.53 86.46 2434 | 2.331E-05 |-1.982E-02 | -4.165E-01
569 78.60 90.00 27.02 | 2.331E-05 |-1.982E-02 | -4.165E-01
570 80.36 90.00 2041 | 2.331E-05 [-1.982E-02 | -4.165E-01
571 82.35 100.00 3157 | 2.331E-05 [-1.982E-02 | -4.165E-01
572 83.93 100.00 3352 | 2.331E-05 |-1.982E-02 | -4.165E-01
| 573 84.70 100.00 3575 | 2.331E-05 |-1.982E-02 | -4.165E-01
| 574 85.71 100.00 3834 | 2.331E-05 |-1.982E-02 | -4.165E-01
[ 575 87.04 100.00 4083 | 2.331E-05 [-1.982E-02 | -4.165E-01
| 576 97.18 100.00 4337 | 2.331E-05 [-1.982E-02 | -4.165E-01
577 98.21 83.92 4490 | 2.331E-05 |-1.982E-02 | -4.165E-01
578 93.54 o) 4532 | 7.769E-06 |-6.608E-03 | -1.388E-01
579 78.13 @ 4525 | -7.769E-06 | 6.608E-03 | 1.388E-01
580 80.36 0 44.24 | -2.331E-05 | 1.982E-02 | 4.165E-01
581 81.59 [0) 4261 | -2.331E-05 | 1.982E-02 | 4.165E-01
582 73.07 o) 4093 | -2.331E-05 | 1.982E-02 | 4.165E-01
583 58.92 o) 39.03 | -2.331E-05 | 1.982E-02 | 4.165E-01
| 584 56.86 @) 36.96 | -2.331E-05 | 1.982E-02 | 4.165E-01
| 585 54.22 @) 34.84 | -2.331E-05 | 1.982E-02 | 4.165E-01
| 586 50.94 @) 32.66 | -2.331E-05 | 1.982E-02 | 4.165E-01
587 47.74 @) 3040 | -2.331E-05 | 1.982E-02 | 4.165E-01
588 45,02 o) 28.04 | -2.331E-05 | 1.982E-02 | 4.165E-01
589 39.56 o) 2557 | -2.331E-05 | 1.982E-02 | 4.165E-01
590 33.55 37.91 2294 | -2.331E-05 | 1.982E-02 | 4.165E-01
591 29.89 20.00 2011 | -2.331E-05 | 1.982E-02 | 4.165E-01
592 27.82 20.00 1817 | -2.331E-05 | 1.982E-02 | 4.165E-01
593 25.76 20.00 17.20 | -2.331E-05 | 1.982E-02 | 4.165E-01
594 19.76 20.00 16.06 | -2.331E-05 | 1.982E-02 | 4.165E-01
| 595 8.31 @) 14.93 | -2.331E-05 | 1.982E-02 | 4.165E-01
[ 59 0 0 13.78 | -2.331E-05 | 1.982E-02 | 4.165E-01
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| 597 0 0 10.72 | -2.331E-05 | 1.982E-02 | 4.165E-01
598 0 0 6.24 | -2.331E-05 | 1.982E-02 | 4.165E-01
599 0 0 177 | -2.331E-05 | 1.982E-02 | 4.165E-01
600 0 0 0 -2.331E-05 | 1.982E-02 | 4.165E-01
601 0 0 0 -2.331E-05 | 1.982E-02 | 4.165E-01
602 0 0 0 -2.331E-05 | 1.982E-02 | 4.165E-01
603 0 0 0 -2.331E-05 | 1.982E-02 | 4.165E-01
604 0 0 0 -2.331E-05 | 1.982E-02 | 4.165E-01
| 605 0 0 0  |-2.331E-05 | 1.982E-02 | 4.165E-01
| 606 2.25 6.30 0 -2.331E-05 | 1.982E-02 | 4.165E-01
[ 607 9.20 17.87 0 -1.029E-05 | 8.762E-03 | 1.296E+00
[ 608 12.40 20.00 0.75 2.727E-06 |-2.302E-03 | 2.176E+00
609 18.04 20.00 1.90 1574E-05 |-1.337E-02 | 3.055E+00
610 21.49 2259 3.81 1.574E-05 |-1.337E-02 | 3.055E+00
611 29.76 17.50 5.91 1.574E-05 |-1.337E-02 | 3.055E+00
612 35.98 o) 7.92 1574E-05 |-1.337E-02 | 3.055E+00
613 42.72 o) 9.86 1574E-05 |-1.337E-02 | 3.055E+00
614 58.93 7.78 9.37 1574E-05 |-1.337E-02 | 3.055E+00
615 60.71 10.93 5.32 1574E-05 |-1.337E-02 | 3.055E+00
| 616 60.35 32.04 1.45 1574E-05 |-1.337E-02 | 3.055E+00
[ 617 58.93 40.00 4.28 1574E-05 |-1.337E-02 | 3.055E+00
[ 618 59.86 40.00 6.78 1574E-05 |-1.337E-02 | 3.055E+00
[ 619 60.71 40.00 9.12 1574E-05 |-1.337E-02 | 3.055E+00
620 60.71 48.33 1169 | 1.574E-05 |-1.337E-02 | 3.055E+00
621 67.79 99.53 1417 | 1.574E-05 [-1.337E-02 | 3.055E+00
622 69.64 100.00 1635 | 1.574E-05 |-1.337E-02 | 3.055E+00
623 69.64 100.00 19.18 | 1574E-05 [-1.337E-02 | 3.055E+00
624 68.81 100.00 2235 | 1.574E-05 |-1.337E-02 | 3.055E+00
625 67.86 100.00 2517 | 1.574E-05 |-1.337E-02 | 3.055E+00
626 67.86 100.00 27.60 | 1.574E-05 |-1.337E-02 | 3.055E+00
| 627 67.86 100.00 29.72 | 1.574E-05 [-1.337E-02 | 3.055E+00
| 628 67.53 100.00 3171 | 1.574E-05 [-1.337E-02 | 3.055E+00
| 629 65.18 97.50 33.60 | 1.574E-05 |-1.337E-02 | 3.055E+00
630 68.58 90.00 3539 | 1.574E-05 |-1.337E-02 | 3.055E+00
631 71.66 90.00 37.08 | 1.574E-05 [-1.337E-02 | 3.055E+00
632 74.50 90.00 38.83 | 1.574E-05 [-1.337E-02 | 3.055E+00
633 75.00 98.79 4028 | 1.574E-05 [-1.337E-02 | 3.055E+00
634 75.00 100.00 4129 | 1.574E-05 [-1.337E-02 | 3.055E+00
635 74.65 100.00 4231 | 1.574E-05 [-1.337E-02 | 3.055E+00
636 73.21 100.00 4290 | 1.574E-05 |-1.337E-02 | 3.055E+00
637 74.13 94.91 42.94 | 1.574E-05 [-1.337E-02 | 3.055E+00
| 638 77.38 90.00 42.83 | 1.574E-05 |-1.337E-02 | 3.055E+00
| 639 80.04 90.00 4274 | 1.574E-05 |-1.337E-02 | 3.055E+00

A-97




| 640 80.36 99.81 42,65 | 1.574E-05 |-1.337E-02 | 3.055E+00
641 79.87 100.00 4256 | 1.574E-05 |-1.337E-02 | 3.055E+00
642 76.79 100.00 4288 | 1.574E-05 [-1.337E-02 | 3.055E+00
643 76.79 95.47 4329 | 1.574E-05 [-1.337E-02 | 3.055E+00
644 77.88 90.00 4330 | 1.574E-05 [-1.337E-02 | 3.055E+00
645 78.57 90.00 4337 | 1.574E-05 [-1.337E-02 | 3.055E+00
646 78.57 80.74 4379 | 1.574E-05 [-1.337E-02 | 3.055E+00
647 78.57 79.17 4407 | 1.574E-05 [-1.337E-02 | 3.055E+00
| 648 78.57 77.21 44.01 | 1.574E-05 [-1.337E-02 | 3.055E+00
| 649 78.57 100.00 4441 | 1.046E-05 |-8.994E-03 | 2.433E+00
[ 650 78,57 94.45 4485 | 5.183E-06 |-4.623E-03 | 1.811E+00
[ 651 78.57 90.00 4483 | -9.733E-08 [-2.513E-04 | 1.190E+00
652 78.57 90.00 4478 | -9.733E-08 |-2513E-04 | 1.190E+00
653 80.36 90.00 4500 | -9.733E-08 [-2.513E-04 | 1.190E+00
654 80.03 90.00 4580 | -9.733E-08 |-2513E-04 | 1.190E+00
655 79.18 90.00 46.46 | -9.733E-08 |-2.513E-04 | 1.190E+00
656 80.36 90.00 4654 | -9.733E-08 |-2.513E-04 | 1.190E+00
657 80.36 90.00 46.12 | -9.733E-08 |-2513E-04 | 1.190E+00
658 81.81 81.86 4594 | -9.733E-08 |-2513E-04 | 1.190E+00
| 659 82.14 80.00 4581 | -9.733E-08 |-2513E-04 | 1.190E+00
| 660 80.36 81.29 4545 | -9.733E-08 |-2513E-04 | 1.190E+00
[ 661 79.85 92.86 4581 | -9.733E-08 |-2513E-04 | 1.190E+00
[ 662 77.78 100.00 46.26 | -9.733E-08 |-2513E-04 | 1.190E+00
663 76.79 100.00 46.32 | -9.733E-08 |-2.513E-04 | 1.190E+00
664 76.79 100.00 46.28 | -9.733E-08 [-2.513E-04 | 1.190E+00
665 80.05 100.00 46.46 | -9.733E-08 |-2.513E-04 | 1.190E+00
666 80.36 99.27 46.92 | -9.733E-08 |-2513E-04 | 1.190E+00
667 80.77 90.00 47.16 | -9.733E-08 |-2513E-04 | 1.190E+00
668 82.84 90.00 4758 | -9.733E-08 |-2513E-04 | 1.190E+00
669 84.90 90.00 48.04 | -9.733E-08 |-2513E-04 | 1.190E+00
[ 670 89.48 82.97 48.05 | -9.733E-08 |-2513E-04 | 1.190E+00
[ 671 91.07 80.00 48.02 | -9.733E-08 |-2513E-04 | 1.190E+00
[ 672 91.07 70.18 48.00 | -9.733E-08 |-2513E-04 | 1.190E+00
673 91.07 80.00 47.97 | -9.733E-08 [-2513E-04 | 1.190E+00
674 86.91 50.07 47,95 | -9.733E-08 [-2.513E-04 | 1.190E+00
675 77.70 @ 47.95 | -9.733E-08 [-2.513E-04 | 1.190E+00
676 76.79 o) 48.86 | -9.733E-08 |-2.513E-04 | 1.190E+00
677 65.29 22.19 49.92 | -9.733E-08 |-2513E-04 | 1.190E+00
678 67.65 39.62 50.26 | -9.733E-08 |-2.513E-04 | 1.190E+00
679 67.64 48.80 50.18 | -9.733E-08 |-2513E-04 | 1.190E+00
680 67.06 37.23 4991 | -9.733E-08 [-2513E-04 | 1.190E+00
[ 681 69.64 34.34 49.90 [ -9.733E-08 |-2513E-04 | 1.190E+00
[ 682 71.76 40.00 49.88 | -9.733E-08 |-2513E-04 | 1.190E+00
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| 683 69.21 47.49 49.87 | -9.733E-08 |-2.513E-04 | 1.190E+00
684 72.71 50.00 49.86 | -9.733E-08 |-2513E-04 | 1.190E+00
685 73.33 39.36 49.85 | -9.733E-08 [-2.513E-04 | 1.190E+00
686 75.00 27.79 49.83 | -9.733E-08 |-2513E-04 | 1.190E+00
687 75.00 16.21 49.82 | -9.733E-08 |-2513E-04 | 1.190E+00
688 75.00 15.36 49.67 | -9.733E-08 |-2513E-04 | 1.190E+00
689 76.24 26.93 49.60 | -9.733E-08 |-2513E-04 | 1.190E+00
690 76.79 30.00 5023 | -9.733E-08 |-2513E-04 | 1.190E+00
[ 691 76.79 30.08 50.78 | -9.733E-08 |-2.513E-04 | 1.190E+00
[ 692 76.49 40.00 50.77 | -9.733E-08 |-2513E-04 | 1.190E+00
[ 693 75.58 40.00 50.76 | -9.733E-08 |-2513E-04 | 1.190E+00
| 694 76.79 35.20 50.64 | -9.733E-08 |-2.513E-04 | 1.190E+00
695 77.93 30.00 50.14 | -9.733E-08 |-2513E-04 | 1.190E+00
696 78.57 22.05 49.74 | -9.733E-08 [-2.513E-04 | 1.190E+00
697 76.87 o) 50.07 | -9.733E-08 |-2.513E-04 | 1.190E+00
698 74.80 o) 5056 | -9.733E-08 |-2.513E-04 | 1.190E+00
699 72.74 o) 5073 | -2.744E-06 | 1L.973E-03 | 3.071E-01
700 72.95 o) 50.76 | -5.391E-06 | 4.198E-03 | -5.755E-01
701 76.04 o) 50.79 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 702 75.46 o) 50.82 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 703 73.40 o) 50.85 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 704 71.33 o) 50.88 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 705 69.27 o) 5091 | -8.038E-06 | 6.423E-03 | -1.458E+00
706 67.86 6.31 50.94 | -8.038E-06 | 6.423E-03 | -1.458E+00
707 70.68 0 50.98 | -8.038E-06 | 6.423E-03 | -1.458E+00
708 67.11 27.36 51.00 | -8.038E-06 | 6.423E-03 | -1.458E+00
709 64.29 40.00 51.03 | -8.038E-06 | 6.423E-03 | -1.458E+00
710 64.29 40.00 51.04 | -8.038E-06 | 6.423E-03 | -1.458E+00
711 66.07 38.44 51.05 | -8.038E-06 | 6.423E-03 | -1.458E+00
712 66.07 30.00 5119 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 713 66.07 30.00 5169 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 714 66.07 36.28 5235 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 715 64.67 47.86 52.85 | -8.038E-06 | 6.423E-03 | -1.458E+00
716 60.92 59.43 53.06 | -8.038E-06 | 6.423E-03 | -1.458E+00
717 65.89 50.00 53.07 | -8.038E-06 | 6.423E-03 | -1.458E+00
718 64.75 50.00 53.06 | -8.038E-06 | 6.423E-03 | -1.458E+00
719 66.07 45.85 53.06 | -8.038E-06 | 6.423E-03 | -1.458E+00
720 65.04 57.18 53.05 | -8.038E-06 | 6.423E-03 | -1.458E+00
721 68.20 62.70 53.05 | -8.038E-06 | 6.423E-03 | -1.458E+00
722 72.81 60.00 53.05 | -8.038E-06 | 6.423E-03 | -1.458E+00
723 71.59 60.00 53.04 | -8.038E-06 | 6.423E-03 | -1.458E+00
[ 724 74.64 60.00 53.03 | -6.308E-06 | 4.994E-03 | -7.637E-01
[ 725 74.50 56.40 53.02 | -4.577E-06 | 3.565E-03 | -6.931E-02
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[ 726 76.79 50.00 53.24 | -2.847E-06 | 2.136E-03 | 6.251E-01
727 77.99 50.00 53.73 | -2.847E-06 | 2.136E-03 | 6.251E-01
728 77.09 50.00 53.98 | -2.847E-06 | 2.136E-03 | 6.251E-01
729 76.79 40.11 53.98 | -2.847E-06 | 2.136E-03 | 6.251E-01
730 78.83 61.47 53.98 | -2.847E-06 | 2.136E-03 | 6.251E-01
731 79.27 63.92 53.98 | -2.847E-06 | 2.136E-03 | 6.251E-01
732 77.61 50.00 53.97 | -2.847E-06 | 2.136E-03 | 6.251E-01
733 77.46 50.00 53.95 | -2.847E-06 | 2.136E-03 | 6.251E-01

| 734 78.17 42.24 53.95 | -2.847E-06 | 2.136E-03 | 6.251E-01

[ 735 78.57 49.34 53.94 | -2.847E-06 | 2.136E-03 | 6.251E-01

[ 736 76.79 50.91 53.94 | -2.847E-06 | 2.136E-03 | 6.251E-01

| 737 76.79 67.45 53.94 | -2.847E-06 | 2.136E-03 | 6.251E-01
738 76.79 81.88 5415 | -2.847E-06 | 2.136E-03 | 6.251E-01
739 77.79 70.00 54.65 | -2.847E-06 | 2.136E-03 | 6.251E-01
740 79.86 77.21 54.92 | -2.847E-06 | 2.136E-03 | 6.251E-01
741 81.93 88.78 5490 | -2.847E-06 | 2.136E-03 | 6.251E-01
742 80.42 89.65 54.80 | -2.847E-06 | 2.136E-03 | 6.251E-01
743 82.14 80.00 5497 | -2.847E-06 | 2.136E-03 | 6.251E-01
744 82.77 80.00 5544 | -2.847E-06 | 2.136E-03 | 6.251E-01

| 145 83.93 80.00 55.82 | -2.847E-06 | 2.136E-03 | 6.251E-01

[ 746 83.93 80.00 55.80 | -2.847E-06 | 2.136E-03 | 6.251E-01

[ 747 83.93 80.00 5579 | -2.847E-06 | 2.136E-03 | 6.251E-01

[ 748 83.93 80.00 5578 | -2.847E-06 | 2.136E-03 | 6.251E-01
749 83.93 81.37 55.76 | -5.174E-06 | 4.059E-03 | -2.026E-01
750 84.46 87.05 55.75 | -7.501E-06 | 5.983E-03 | -1.030E+00
751 85.71 57.40 55.74 | -9.827E-06 | 7.906E-03 | -1.858E+00
752 85.71 42.19 5542 | -9.827E-06 | 7.906E-03 | -1.858E+00
753 85.71 42.33 5491 | -9.827E-06 | 7.906E-03 | -1.858E+00
754 85.71 40.00 5519 | -9.827E-06 | 7.906E-03 | -1.858E+00
755 85.71 38.37 55.64 | -9.827E-06 | 7.906E-03 | -1.858E+00

| 756 85.71 12.83 5531 | -9.827E-06 | 7.906E-03 | -1.858E+00

[ 757 85.71 o) 5536 | -9.827E-06 | 7.906E-03 | -1.858E+00

[ 758 85.71 o) 5575 | -9.827E-06 | 7.906E-03 | -1.858E+00
759 85.71 o) 5578 | -9.827E-06 | 7.906E-03 | -1.858E+00
760 87.27 7.37 55.81 | -9.827E-06 | 7.906E-03 | -1.858E+00
761 89.33 19.74 55.85 | -9.827E-06 | 7.906E-03 | -1.858E+00
762 91.07 11.83 55.86 | -9.827E-06 | 7.906E-03 | -1.858E+00
763 91.07 26.81 55.84 | -9.827E-06 | 7.906E-03 | -1.858E+00
764 91.96 49.96 55.81 | -9.827E-06 | 7.906E-03 | -1.858E+00
765 92.86 60.00 55.78 | -9.827E-06 | 7.906E-03 | -1.858E+00
766 91.40 60.00 55.74 | -9.827E-06 | 7.906E-03 | -1.858E+00

[ 767 92.80 60.00 56.19 | -9.827E-06 | 7.906E-03 | -1.858E+00

[ 768 92.86 40.00 57.13 | -9.827E-06 | 7.906E-03 | -1.858E+00
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| 769 92.86 25.75 57.59 | -9.827E-06 | 7.906E-03 | -1.858E+00
770 92.07 o) 5755 | -9.827E-06 | 7.906E-03 | -1.858E+00
771 90.00 @ 5752 | -9.827E-06 | 7.906E-03 | -1.858E+00
772 89.29 o) 57.53 | -9.827E-06 | 7.906E-03 | -1.858E+00
773 90.92 44.88 57.58 | -9.827E-06 | 7.906E-03 | -1.858E+00
774 91.07 36.40 57.63 | -1.014E-05 | 8.189E-03 | -1.873E+00
775 91.07 o) 57.64 | -1.045E-05 | 8.472E-03 | -1.887E+00
776 91.07 o) 58.11 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 777 90.10 @ 58.52 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 778 90.54 o) 58.38 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 779 89.54 o) 58.24 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 780 87.47 [0) 58.10 | -1.077E-05 | 8.756E-03 | -1.902E+00
781 85.71 o) 57.96 | -1.077E-05 | 8.756E-03 | -1.902E+00
782 85.71 10.00 57.81 | -1.077E-05 | 8.756E-03 | -1.902E+00
783 85.71 0.23 57.67 | -1.077E-05 | 8.756E-03 | -1.902E+00
784 85.71 o) 57.66 | -1.077E-05 | 8.756E-03 | -1.902E+00
785 85.71 o) 57.89 | -1.077E-05 | 8.756E-03 | -1.902E+00
786 84.00 o) 58.03 | -1.077E-05 | 8.756E-03 | -1.902E+00
787 69.64 o) 57.99 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 788 69.15 o) 57.96 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 789 63.99 28.96 57.93 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 7% 59.98 80.00 57.89 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 791 59.38 87.48 57.85 | -1.077E-05 | 8.756E-03 | -1.902E+00
792 63.78 90.00 57.80 | -1.077E-05 | 8.756E-03 | -1.902E+00
793 66.19 90.00 57.72 | -1.077E-05 | 8.756E-03 | -1.902E+00
794 67.46 92.20 57.65 | -1.077E-05 | 8.756E-03 | -1.902E+00
795 66.74 100.00 5757 | -1.077E-05 | 8.756E-03 | -1.902E+00
796 68.81 94.65 5750 | -1.077E-05 | 8.756E-03 | -1.902E+00
797 70.88 83.08 57.80 | -1.077E-05 | 8.756E-03 | -1.902E+00
798 71.43 7151 58.72 | -1.077E-05 | 8.756E-03 | -1.902E+00
[ 799 71.44 69.93 59.25 | -8.819E-06 | 7.137E-03 | -1.079E+00
| 800 7351 58.36 59.19 | -6.873E-06 | 5.518E-03 | -2.559E-01
[ 801 75.00 50.00 59.16 | -4.927E-06 | 3.899E-03 | 5.670E-01
802 75.00 59.58 59.15 | -4.927E-06 | 3.899E-03 | 5.670E-01
803 75.00 76.36 59.15 | -4.927E-06 | 3.899E-03 | 5.670E-01
804 75.00 80.00 59.14 | -4.927E-06 | 3.899E-03 | 5.670E-01
805 75.00 70.49 59.14 | -4.927E-06 | 3.899E-03 | 5.670E-01
806 73.21 80.00 59.62 | -4.927E-06 | 3.899E-03 | 5.670E-01
807 72.74 82.66 59.93 | -4.927E-06 | 3.899E-03 | 5.670E-01
808 71.43 90.00 59.42 | -4.927E-06 | 3.899E-03 | 5.670E-01
809 69.36 90.00 59.07 | -4.927E-06 | 3.899E-03 | 5.670E-01
[ 810 66.54 75.24 59.05 | -4.927E-06 | 3.899E-03 | 5.670E-01
[ 811 69.27 78.96 59.03 | -4.927E-06 | 3.899E-03 | 5.670E-01
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| 812 73.12 80.00 59.02 | -4.927E-06 | 3.899E-03 | 5.670E-01
813 71.80 80.00 59.00 | -4.927E-06 | 3.899E-03 | 5.670E-01
814 73.21 83.68 58.99 | -4.927E-06 | 3.899E-03 | 5.670E-01
815 74.15 79.50 58.97 | -4.927E-06 | 3.899E-03 | 5.670E-01
816 75.00 70.00 58.96 | -4.927E-06 | 3.899E-03 | 5.670E-01
817 75.00 61.60 58.95 | -4.927E-06 | 3.899E-03 | 5.670E-01
818 75.00 50.03 58.94 | -4.927E-06 | 3.899E-03 | 5.670E-01
819 76.79 60.00 58.93 | -4.927E-06 | 3.899E-03 | 5.670E-01
| 820 76.79 60.00 58.93 | -4.927E-06 | 3.899E-03 | 5.670E-01
| 821 76.79 69.39 59.38 | -4.927E-06 | 3.899E-03 | 5.670E-01
[ 822 79.03 73.73 59.87 | -4.927E-06 | 3.899E-03 | 5.670E-01
[ 823 78.96 70.00 59.91 | -4.927E-06 | 3.899E-03 | 5.670E-01
824 78.57 70.00 59.90 | -4.927E-06 | 3.899E-03 | 5.670E-01
825 83.93 70.99 59.80 | -4.927E-06 | 3.899E-03 | 5.670E-01
826 84.38 80.00 59.88 | -4.927E-06 | 3.899E-03 | 5.670E-01
827 84.97 80.00 59.88 | -4.927E-06 | 3.899E-03 | 5.670E-01
828 84.95 80.00 59.87 | -4.927E-06 | 3.899E-03 | 5.670E-01
829 84.41 80.00 59.86 | -5.382E-06 | 4.139E-03 | 6.372E-01
830 83.93 80.00 59.85 | -5.838E-06 | 4.378E-03 | 7.074E-01
[ 831 83.93 77.89 59.84 | -6.204E-06 | 4.618E-03 | 7.776E-01
[ 832 83.93 31.99 60.25 | -6.204E-06 | 4.618E-03 | 7.776E-01
[ 833 83.93 4357 60.73 | -6.204E-06 | 4.618E-03 | 7.776E-01
[ 834 83.93 60.28 60.80 | -6.204E-06 | 4.618E-03 | 7.776E-01
835 83.93 63.29 60.81 | -6.204E-06 | 4.618E-03 | 7.776E-01
836 83.93 76.57 60.81 | -6.204E-06 | 4.618E-03 | 7.776E-01
837 83.93 89.86 60.81 | -6.294E-06 | 4.618E-03 | 7.776E-01
838 84.19 90.00 60.80 | -6.294E-06 | 4.618E-03 | 7.776E-01
839 87.32 87.00 60.79 | -6.294E-06 | 4.618E-03 | 7.776E-01
840 91.88 80.00 60.78 | -6.204E-06 | 4.618E-03 | 7.776E-01
841 92.86 73.85 60.77 | -6.204E-06 | 4.618E-03 | 7.776E-01
[ 842 92.86 62.28 60.34 | -6.204E-06 | 4.618E-03 | 7.776E-01
[ 843 92.86 69.29 59.34 | -6.204E-06 | 4.618E-03 | 7.776E-01
[ 844 94.64 70.00 58.76 | -6.204E-06 | 4.618E-03 | 7.776E-01
845 94.64 62.70 58.76 | -6.204E-06 | 4.618E-03 | 7.776E-01
846 94.64 40.00 58.75 | -6.204E-06 | 4.618E-03 | 7.776E-01
847 93.64 40.00 58.75 | -6.204E-06 | 4.618E-03 | 7.776E-01
848 92.86 32.85 5857 | -6.294E-06 | 4.618E-03 | 7.776E-01
849 92.86 30.00 58.08 | -7.448E-06 | 5.557E-03 | 8.947E-02
850 92.86 0.30 57.77 | -8.602E-06 | 6.495E-03 | -5.987E-01
851 92.53 11.87 57.78 | -9.756E-06 | 7.434E-03 | -1.287E+00
852 89.84 13.12 57.80 | -9.756E-06 | 7.434E-03 | -1.287E+00
[ 853 87.50 5.01 57.82 | -9.756E-06 | 7.434E-03 | -1.287E+00
| 854 86.32 10.00 57.84 | -9.756E-06 | 7.434E-03 | -1.287E+00
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| 855 85.71 o) 57.86 | -9.756E-06 | 7.434E-03 | -1.287E+00
856 85.71 o) 57.88 | -9.756E-06 | 7.434E-03 | -1.287E+00
857 85.71 o) 57.99 | -9.756E-06 | 7.434E-03 | -1.287E+00
858 85.21 o) 58.19 | -9.756E-06 | 7.434E-03 | -1.287E+00
859 83.93 o) 58.39 | -9.756E-06 | 7.434E-03 | -1.287E+00
860 83.93 @ 58.59 | -9.756E-06 | 7.434E-03 | -1.287E+00
861 85.29 5.18 58.79 | -9.756E-06 | 7.434E-03 | -1.287E+00
862 87.35 o) 59.00 | -9.756E-06 | 7.434E-03 | -1.287E+00
| 863 87.50 @ 57.32 | -9.756E-06 | 7.434E-03 | -1.287E+00
| 864 87.50 o) 58.15 | -9.756E-06 | 7.434E-03 | -1.287E+00
| 865 86.80 o) 58.57 | -9.756E-06 | 7.434E-03 | -1.287E+00
| 866 85.71 6.35 58.00 | -0.756E-06 | 7.434E-03 | -1.287E+00
867 85.71 12.98 59.41 | -3.252E-06 | 2.478E-03 | -4.290E-01
868 85.71 10.00 59.38 | 3.252E-06 |-2.478E-03 | 4.290E-01
869 85.65 10.00 58.90 | 9.756E-06 |-7.434E-03 | 1.287E+00
870 82.14 10.00 58.42 | 9.756E-06 |-7.434E-03 | 1.287E+00
871 82.14 10.00 57.46 | 9.756E-06 |-7.434E-03 | 1.287E+00
872 83.02 14.89 55.85 | 9.756E-06 |-7.434E-03 | 1.287E+00
873 83.93 13.54 54.38 | 9.756E-06 |-7.434E-03 | 1.287E+00
[ 874 81.06 42.12 5319 | 9.756E-06 |-7.434E-03 | 1.287E+00
| 875 78.64 40.40 5200 | 9.756E-06 |-7.434E-03 | 1.287E+00
| 876 76.99 30.00 50.80 | 9.756E-06 |-7.434E-03 | 1.287E+00
[ 877 78.57 32.75 4959 | 9.756E-06 |-7.434E-03 | 1.287E+00
878 77.80 44.32 4839 | 9.756E-06 |-7.434E-03 | 1.287E+00
879 75.73 50.00 47.07 | 9.756E-06 |-7.434E-03 | 1.287E+00
880 73.67 50.00 4571 | 9.756E-06 |-7.434E-03 | 1.287E+00
881 73.21 50.00 44.46 | 9.756E-06 |-7.434E-03 | 1.287E+00
882 73.32 40.00 43.27 | 9.756E-06 |-7.434E-03 | 1.287E+00
883 74.22 35.64 4210 | 9.756E-06 |-7.434E-03 | 1.287E+00
884 71.43 20.00 4089 | 9.756E-06 |-7.434E-03 | 1.287E+00
| 885 75.23 51.95 39.61 | 9.756E-06 |-7.434E-03 | 1.287E+00
| 886 77.34 66.21 38.22 | 9.756E-06 |-7.434E-03 | 1.287E+00
| 887 75.28 60.00 36.96 | 9.756E-06 |-7.434E-03 | 1.287E+00
888 73.21 9.96 36.06 | 9.756E-06 |-7.434E-03 | 1.287E+00
889 70.85 1.61 3523 | 9.756E-06 |-7.434E-03 | 1.287E+00
890 67.29 19.56 34.02 | 9.756E-06 |-7.434E-03 | 1.287E+00
891 65.22 40.00 3237 | 9.756E-06 |-7.434E-03 | 1.287E+00
892 63.15 8.35 3081 | 9.756E-06 |-7.434E-03 | 1.287E+00
893 61.09 @ 2957 | 9.756E-06 |-7.434E-03 | 1.287E+00
894 42.10 8.95 28.26 | 9.756E-06 |-7.434E-03 | 1.287E+00
895 31.96 10.00 2594 | 9.756E-06 |-7.434E-03 | 1.287E+00
| 89 29.42 7.38 2356 | 9.756E-06 |-7.434E-03 | 1.287E+00
[ 897 26.04 o) 2200 | 9.756E-06 |-7.434E-03 | 1.287E+00
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| 898 1471 o) 1921 | 9.756E-06 |-7.434E-03 | 1.287E+00
899 1.90 o) 1651 | 9.756E-06 |-7.434E-03 | 1.287E+00
900 0 0 1212 | 9.756E-06 |-7.434E-03 | 1.287E+00
901 0 0 7.07 9.756E-06 |-7.434E-03 | 1.287E+00
902 0 0 2.60 9.756E-06 |-7.434E-03 | 1.287E+00
903 0 0 0 9.756E-06 |-7.434E-03 | 1.287E+00
904 0 0 0 1.390E-05 |-1.206E-02 | 3.180E+00
905 0 0 0 1.805E-05 |-1.669E-02 | 5.073E+00
| 906 0 0 0 | 2.219E-05 [-2.131E-02 | 6.967E+00
[ 907 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
[ 908 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
[ 909 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
910 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
911 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
912 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
913 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
914 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
915 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
916 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
[ 017 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
[ 18 0 0 0 2219E-05 |-2.131E-02 | 6.967E+00
[ o190 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
[ 920 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
921 0 0 0 2.219E-05 [-2.131E-02 | 6.967E+00
922 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
923 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
924 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
925 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
926 0 0 0 2.219E-05 |-2.131E-02 | 6.967E+00
927 0 3.67 0 2.219E-05 |-2.131E-02 | 6.967E+00
[ 928 0 47.69 0 2.219E-05 [-2.131E-02 | 6.967E+00
[ 929 2.78 59.41 0.33 2.219E-05 |-2.131E-02 | 6.967E+00
[ 930 8.12 84.54 1.67 2.219E-05 |-2.131E-02 | 6.967E+00
931 13.95 80.00 2.83 2.219E-05 |-2.131E-02 | 6.967E+00
932 29.90 80.00 4.02 2.219E-05 [-2.131E-02 | 6.967E+00
933 33.87 79.29 5.64 2.219E-05 [-2.131E-02 | 6.967E+00
934 27.86 38.25 7.39 2.219E-05 |-2.131E-02 | 6.967E+00
935 19.63 26.67 8.83 2.219E-05 |-2.131E-02 | 6.967E+00
936 26.79 15.10 9.15 2.219E-05 |-2.131E-02 | 6.967E+00
937 19.85 16.47 9.70 2.219E-05 |-2.131E-02 | 6.967E+00
938 1751 28.05 1137 | 2.219E-05 [-2.131E-02 | 6.967E+00
[ 939 17.86 20.38 13.04 | 2.219E-05 [-2.131E-02 | 6.967E+00
[ 940 16.37 o) 1474 | 2.219E-05 [-2.131E-02 | 6.967E+00
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| 941 5.85 o) 16.41 | 2.219E-05 |-2.131E-02 | 6.967E+00
942 14.13 o) 16.85 | 2.219E-05 [-2.131E-02 | 6.967E+00
943 21.10 @ 16.09 | 2.219E-05 [-2.131E-02 | 6.967E+00
944 15.63 o) 1523 | 2.219E-05 |-2.131E-02 | 6.967E+00
945 12,67 62.52 1422 | 2.219E-05 [-2.131E-02 | 6.967E+00
946 14.86 69.36 13.02 | 2.219E-05 [-2.131E-02 | 6.967E+00
947 24.79 60.00 1247 | 2.219E-05 [-2.131E-02 | 6.967E+00
948 33.06 63.79 13.05 | 2.219E-05 [-2.131E-02 | 6.967E+00
| 949 42.29 75.36 14.26 | 2.219E-05 [-2.131E-02 | 6.967E+00
[ 950 48.90 80.00 1509 | 2.219E-05 [-2.131E-02 | 6.967E+00
[ 951 51.52 80.00 1542 | 2.219E-05 [-2.131E-02 [ 6.967E+00
[ 952 48.24 79.92 1596 | 2.219E-05 |-2.131E-02 | 6.967E+00
953 51.79 65.03 1658 | 2.219E-05 |-2.131E-02 | 6.967E+00
954 52.37 43.23 1761 | 2.219E-05 [-2131E-02 | 6.967E+00
955 56.14 50.00 18.33 | 2.219E-05 [-2.131E-02 | 6.967E+00
956 62.35 50.00 18.65 | 2.219E-05 |-2.131E-02 | 6.967E+00
957 64.29 42.05 19.67 | 2.219E-05 [-2.131E-02 | 6.967E+00
958 67.69 40.00 2047 | 2.219E-05 [-2.131E-02 | 6.967E+00
959 75.20 42.20 2057 | 2.219E-05 [-2.131E-02 | 6.967E+00
| 960 74.88 41.28 2068 | 2.219E-05 |-2.131E-02 | 6.967E+00
[ 961 71.92 o) 2156 | 2.219E-05 |-2.131E-02 | 6.967E+00
[ 962 71.88 o) 2319 | 2.219E-05 [-2.131E-02 | 6.967E+00
[ 963 69.64 o) 23.64 | 7.398E-06 |-7.105E-03 | 2.322E+00
964 71.24 @ 2275 | -7.398E-06 | 7.105E-03 | -2.322E+00
965 71.72 30.54 2181 | -2.219E-05 | 2.131E-02 | -6.967E+00
966 76.41 42.12 2079 | -2.219E-05 | 2.131E-02 | -6.967E+00
967 73.02 50.00 19.86 | -2.219E-05 | 2.131E-02 | -6.967E+00
968 69.64 50.00 1918 | -2.219E-05 | 2.131E-02 | -6.967E+00
969 72.09 43.16 18.75 | -2.219E-05 | 2131E-02 | -6.967E+00
970 82.23 73.65 1843 | -2.219E-05 | 2131E-02 | -6.967E+00
[ o1 78.58 o) 1861 | -2.219E-05 | 2131E-02 | -6.967E+00
[ 972 75.00 o) 1941 | -2.219E-05 | 2131E-02 | -6.967E+00
[ 973 75.00 o) 18.76 | -2.219E-05 | 2.131E-02 | -6.967E+00
974 72.47 o) 17.68 | -2.219E-05 | 2.131E-02 | -6.967E+00
975 62.91 @ 1646 | -2.219E-05 | 2.131E-02 | -6.967E+00
976 58.93 13.57 1506 | -2.219E-05 | 2.131E-02 | -6.967E+00
977 55.56 29.43 1341 | -2.219E-05 | 2.131E-02 | -6.967E+00
978 57.14 20.00 1191 | -2.219E-05 | 2131E-02 | -6.967E+00
979 56.68 17.42 11.09 | -2.219E-05 | 2.131E-02 | -6.967E+00
980 53.88 10.00 1090 | -2.219E-05 | 2131E-02 | -6.967E+00
981 50.76 10.00 1140 | -2.219E-05 | 2131E-02 | -6.967E+00
[ 982 50.00 o) 1238 | -2.219E-05 | 2131E-02 | -6.967E+00
[ 983 46.83 o) 13.02 | -2.219E-05 | 2131E-02 | -6.967E+00
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984 35.63 10.00 1230 | -2.219E-05 | 2.131E-02 | -6.967E+00
985 32.48 10.00 1032 [ -2.219E-05 | 2131E-02 | -6.967E+00
986 26.79 10.00 9.70 | -2.219E-05 | 2.131E-02 | -6.967E+00
987 24.94 10.00 1105 | -2.219E-05 | 2.131E-02 | -6.967E+00
988 2321 16.74 11.88 | -2.219E-05 | 2.131E-02 | -6.967E+00
989 24.70 3.36 1221 | -2.219E-05 | 2.131E-02 | -6.967E+00
990 25.00 o) 1329 | -2.219E-05 | 2.131E-02 | -6.967E+00
991 24.47 o) 13.73 | -2.219E-05 | 2.131E-02 | -6.967E+00
992 18.71 @) 1277 | -2.219E-05 | 2.131E-02 | -6.967E+00
993 10.85 o) 1146 | -2.219E-05 | 2.131E-02 | -6.967E+00
994 3.40 o) 9.84 | -2.219E-05 | 2.131E-02 | -6.967E+00
995 0 0 7.62 | -2.219E-05 | 2.131E-02 | -6.967E+00
996 0 0 357 | -2.219E-05 | 2.131E-02 | -6.967E+00
997 0 0.91 133 | -2.219E-05 | 2.131E-02 | -6.967E+00
998 0 7.52 0 -2.219E-05 | 2.131E-02 | -6.967E+00
999 0 0 0 -2.219E-05 | 2.131E-02 | -6.967E+00
1,000 0 0 0 -4.577E-06 | 5.686E-03 | -3.784E+00
1,001 0 0 0 1.304E-05 |-9.944E-03 | -6.018E-01
1,002 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,003 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,004 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,005 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,006 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,007 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,008 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,009 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,010 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,011 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,012 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,013 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,014 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,015 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,016 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,017 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,018 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,019 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,020 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,021 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,022 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,023 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,024 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,025 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,026 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
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1,027 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,028 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,029 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,030 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,031 1.58 o) 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,032 1.43 o) 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,033 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,034 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,035 1.91 9.28 [0 [ 3.066E-05 [-2557E-02 | 2.581E+00
1,036 2.75 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,037 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,038 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,039 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,040 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,041 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,042 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,043 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,044 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,045 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,046 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,047 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,048 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,049 0 5.51 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,050 0 1134 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,051 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,052 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,053 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,054 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,055 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,056 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,057 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,058 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,059 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,060 0 0.21 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,061 0 30.00 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,062 0 26.78 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,063 0 20.00 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,064 0 20.00 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,065 0 4.12 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,066 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,067 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,068 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,069 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
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3.066E-05 |-2.557E-02 | 2.581E+00
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1,113 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,114 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,115 0 0 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,116 0 73.41 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,117 0 90.00 0 3.066E-05 |-2.557E-02 | 2.581E+00
1,118 81.30 2.83 3.066E-05 |-2.557E-02 | 2.581E+00
1,119 90.00 5.87 3.066E-05 |-2.557E-02 | 2.581E+00
1,120 90.00 8.67 3.066E-05 |-2.557E-02 | 2.581E+00
1121 9000 | 1147 | 3.066E-05 |-2557E-02 | 2.581E+00
1,122 82.41 14.26 | 3.066E-05 |-2.557E-02 | 2.581E+00
1,123 80.00 1691 | 3.066E-05 |-2.557E-02 | 2.581E+00
1,124 90.00 18.33 | 3.066E-05 |-2.557E-02 | 2.581E+00
1,125 90.00 19.35 | 3.066E-05 |-2.557E-02 | 2.581E+00
1,126 93.88 2155 | 3.066E-05 |-2.557E-02 | 2.581E+00
1,127 50.94 24.84 | 3.066E-05 |-2.557E-02 | 2.581E+00
1,128 17.02 26.81 | 3.066E-05 |-2.557E-02 | 2.581E+00
1,129 28.60 28.36 | 2.397E-05 |-2.025E-02 | 2.539E+00
1,130 39.83 30.31 | 1.729E-05 |-1.494E-02 | 2.498E+00
1,131 30.00 30.82 | 1.06OE-05 [-9.616E-03 | 2.457E+00
1,132 26.69 30.86 | 1.060E-05 |-9.616E-03 | 2.457E+00
1,133 20.00 31.82 | 1.060E-05 |-9.616E-03 | 2.457E+00
1,134 20.00 33.33 | 1.060E-05 |-9.616E-03 | 2.457E+00
1,135 36.06 3420 | 1.060E-05 [-9.616E-03 | 2.457E+00
1,136 40.00 33.82 | 1.060E-05 [-9.616E-03 | 2.457E+00
1,137 30.00 3351 | 1.060E-05 |-9.616E-03 | 2.457E+00
1,138 32.75 33.87 | 1.060E-05 |-9.616E-03 | 2.457E+00
1,139 35.68 3470 | 1.060E-05 [-9.616E-03 | 2.457E+00
1,140 30.00 36.14 | 1.060E-05 |-9.616E-03 | 2.457E+00
1,141 4493 37.60 | 1.060E-05 |-9.616E-03 | 2.457E+00
1,142 50.00 38.09 | 1.0GOE-05 |-9.616E-03 | 2.457E+00
1,143 o) 38.13 | 3.535E-06 |-3.205E-03 | 8.188E-01
1,144 o) 38.05 | -3.535E-06 | 3.205E-03 | -8.188E-01
1,145 o) 37.47 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,146 o) 36.69 | -1.0BOE-05 | 9.616E-03 | -2.457E+00
1,147 45.18 3589 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,148 78.47 35.06 | -L.OGOE-05 | 9.616E-03 | -2.457E+00
1,149 80.00 34.63 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,150 80.00 3443 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,151 80.00 3315 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,152 60.97 3212 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,153 27.34 3102 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,154 4371 29.82 | -1.060E-05 | 9.616E-03 | -2.457E+00
1,155 68.95 2841 | -1.060E-05 | 9.616E-03 | -2.457E+00
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PART 1037—CONTROL OF EMISSIONS FROM NEW HEAVY-DUTY MOTOR
VEHICLES

127. The authority citation for part 1037 continues to read as follows:

Authority: 42 U.S.C. 7401 - 7671q.

128. Amend § 1037.103 by revising paragraph (c) to read as follows:

§ 1037.103 Evaporative and refueling emission standards.

* * * * *

(c) Compliance demonstration. You may provide a statement in the application for certification
that vehicles above 14,000 pounds GVWR comply with evaporative and refueling emission
standards instead of submitting test data if you include an engineering analysis describing how
vehicles include design parameters, equipment, operating controls, or other elements of design
that adequately demonstrate that vehicles comply with the standards_throughout the useful life.
We would expect emission control components and systems to exhibit a comparable degree of
control relative to vehicles that comply based on testing. For example, vehicles that comply
under this paragraph (c) should rely on comparable material specifications to limit fuel
permeation, and components should be sized and calibrated to correspond with the appropriate
fuel capacities, fuel flow rates, purge strategies, and other vehicle operating characteristics. You
may alternatively show that design parameters are comparable to those for vehicles at or below
14,000 pounds GVWR certified under 40 CFR part 86, subpart S.

* * * * *

129. Amend § 1037.105 by revising paragraph (h)(1) to read as follows:

§1037.105 CO; emission standards for vocational vehicles.
* * * * *

h * * *
(1) The following alternative emission standards apply by vehicle type and model year as
follows:
Table 5 of § 1037.105—Phase 2 Custom Chassis Standards (g/ton-mile)

VEHICLE TYPE* ASSIGNED MY 2021-2026 MY 2027+
VEHICLE
SERVICE CLASS
School bus Medium HDV 291 271
Motor home Medium HDV 228 226
Coach bus Heavy HDV 210 205
Other bus Heavy HDV 300 286
Refuse hauler Heavy HDV 313 298
Concrete mixer Heavy HDV 319 316
Mixed-use vehicle Heavy HDV 319 316
Emergency vehicle Heavy HDV 324 319

-Vehicle types are generally defined in § 1037.801. “Other bus” includes any bus that is not a school bus or a coach
bus. A “mixed-use vehicle” is one that meets at least one of the criteria specified in § 1037.631(a)(1) and at least one
of the criteria in § 1037.631(a)(2), but not both.

* * * * *

130. Amend § 1037.106 by revising paragraphs (b) and (f)(2)(i) to read as follows:
§ 1037.106 Exhaust emission standards for tractors above 26,000 pounds GVWR.
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* * * * *

(b) The CO:2 standards for tractors above 26,000 pounds GVWR in Table 1 of this section apply
based on modeling and testing as described in subpart F of this part. The provisions of §

1037.241 specify how to comply with these standards.

Table 1 of § 1037.106—CO: Standards for
Class 7 and Class 8 Tractors by Model Year (g/ton-mile)

PHASE 1 PHASE 1 PHASE 2 PHASE 2 PHASE 2
STANDARD | STANDARD | STANDARD | STANDARD | STANDARD
SFOR SFOR SFOR SFOR SFOR
1A
SUBCATEGORY MODEL MODEL MODEL MODEL MODEL
YEARS YEARS YEARS YEARS YEAR 2027
2014-2016 2017-2020 2021-2023 2024-2026 | AND LATER
Class 7 Low-Roof 107 104 105.5 99.8 96.2
(all cab styles)
Class 7 Mid-Roof 119 115 113.2 107.1 103.4
(all cab styles)
Class 7 High-Roof 124 120 1135 106.6 100.0
(all cab styles)
Class 8 Low-Roof Day 81 80 80.5 76.2 73.4
Cab
Class 8 Low-Roof Sleeper 68 66 72.3 68.0 64.1
Cab
Class 8 Mid-Roof Day Cab 88 86 854 80.9 78.0
Class 8 Mid-Roof Sleeper 76 73 78.0 735 69.6
Cab
Class 8 High-Roof Day 92 89 85.6 80.4 75.7
Cab
Class 8 High-Roof Sleeper 75 72 75.7 70.7 64.3
Cab
Heavy-Haul Tractors — — 52.4 50.2 48.3

#Sub-category terms are defined in § 1037.801.

* * * * *

(f) * * *

(2) * * *

(i) If you certify all your Class 7 tractors to Class 8 standards, you may use these Heavy HDV

credits without restriction. This applies equally for hybrid and electric vehicles.
* * * * *

131. Amend § 1037.115 by revising paragraph (e) to read as follows:

§1037.115 Other requirements.

* * * * *

(e) Air conditioning leakage. Loss of refrigerant from your air conditioning systems may not
exceed a total leakage rate of 11.0 grams per year or a percent leakage rate of 1.50 percent per
year, whichever is greater. This applies for all refrigerants. Calculate the total leakage rate in
glyear as specified in 40 CFR 86.1867-12(a). Calculate the percent leakage rate as: [total leakage
rate (g/yr)] + [total refrigerant capacity (g)] x 100. Round your percent leakage rate to the
nearest one-hundredth of a percent.

(1) This paragraph (e) is intended to address air conditioning systems for which the primary
purpose is to cool the driver compartment. This would generally include all cab-complete
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pickups and vans. This paragraph (e) does not apply for refrigeration units on trailers.;
similarhySimilarly, it this-paragraph-(e)-does not apply for self-contained air conditioning used to
cool passengers or refrigeration units used to cool cargo on vocational vehicles-even-f-. Air
conditioning and refrigeration units may be considered self-contained whether or not they draw
electrical power from engines used to propel the vehicles. For purposes of this paragraph (e). a
self-contained system is an enclosed unit with its own evaporator and condenser even if it draws
power from the engine.

(2) For purposes of this requirement, “refrigerant capacity” is the total mass of refrigerant
recommended by the vehicle manufacturer as representing a full charge. Where full charge is
specified as a pressure, use good engineering judgment to convert the pressure and system
volume to a mass.

(3) If air conditioning systems with capacity above 3000 grams of refrigerant are designed such
that a compliance demonstration under 40 CFR 86.1867-12(a) is impossible or impractical, you
may ask to use alternative means to demonstrate that your air conditioning system achieves an
equivalent level of control.

132. Amend § 1037.120 by revising paragraph (b)(1)(i) and (ii) to read as follows:
§ 1037.120 Emission-related warranty requirements.

* * * * *

(b)ay = = =

(i) 5 years or 50,000 miles for Light HDV (except tires).

(ii) 5 years or 100,000 miles for Medium HDV and Heavy HDV (except tires).

* * * *

*

§ 1037.135—[Revised]
133. Amend § 1037.135 by removing and reserving paragraph (c)(4).

134. Amend 8§ 1037.140 by revising paragraphs (g) and (h) to read as follows:

§1037.140 Classifying vehicles and determining vehicle parameters.

* * * * *

(9) The standards and other provisions of this part apply to specific vehicle service classes for

tractors and vocational vehicles as follows:
(1) Phase 1 and Phase 2 tractors are divided based on GVWR into Class 7 tractors and Class
8 tractors. Where provisions apply to both tractors and vocational vehicles, Class 7 tractors
are considered “Medium HDV” and Class 8 tractors are considered “Heavy HDV”._This
applies for bethelectric, hybrid, and non-hybrid vehicles.
(2) Phase 1 vocational vehicles are divided based on GVWR. “Light HDV” includes Class 2b
through Class 5 vehicles; “Medium HDV includes Class 6 and Class 7 vehicles; and “Heavy
HDV includes Class 8 vehicles.
(3) ePhase 2 vocational vehicles propelled by engines sub|ect to the with-spark-ignition
standards of 40 CER part 1036—Ferthese-vehieles,
“Light HDV” includes Class 2b through Class 5 vehicles, and “Medium HDV” mcludes
Class 6 through Class 8 vehicles.
(4) This-paragraph{g}{34)-appliesforPhase 2 vocational vehicles propelled by engines

subject to the Phase-2-vocational-vehicles-with-compression-ignition standards in ex-40 CFR

part 1036:engines are divided as follows:
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(i) Class 2b through Class 5 vehicles are considered “Light HDV”.
(i) Class 6 through 8 vehicles are considered “Heavy HDV” if the installed engine’s
primary intended service class is heavy heavy-duty (see 40 CFR 1036.140).
(iii) Class 8 hybrid and electric vehicles are considered “Heavy HDV”, regardless of the
engine’s primary intended service class.
(iv) All other Class 6 through Class 8 vehicles are considered “Medium HDV™.
(5) In certain circumstances, you may certify vehicles to standards that apply for a different
vehicle service class. For example, see 88§ 1037.105(g) and 1037.106(f). If you optionally
certify vehicles to different standards, those vehicles are subject to all the regulatory
requirements as if the standards were mandatory.
(h) Use good engineering judgment to identify the intended regulatory subcategory duty-eyele
(Urban, Multi-Purpose, or Regional) for each of your vocational vehicle configurations based on
the expected use of the vehicles.

135. Amend § 1037.150 by revising paragraphs (c), (0)(2), (s), (u), (x) introductory text, (y), (2),
and (aa) to read as follows:

§1037.150 Interim provisions.

* * * * *

(c) ProvisionsfersSmall manufacturers. The followmq provisions applv for smaII
manufacturers anda y ay

(1) Small manufacturers are not subject to the greenhouse gas standards of § 1037.107 for

trailers with a date of manufacture before January 1, 2019.

(2) TQuakifying-smatb-manufacturersare-notsubject-te-the greenhouse gas standards of 88
1037.105 and 1037.106 are optional for small manufacturers producing vehicles with a date
of manufacture before January 1, 2022 SWWQ&WWWMFS—&F@—W
befere%anuary—l—gg}g—ln addltlon qual+fym9tsmall manufacturers producmg vehlcles that
run on any fuel other than gasoline, E85, or diesel fuel may delay complying with every later
standard under this part by one model year.

(3) Qualifying manufacturers must notify the Designated Compliance Officer each model
year before introducing these-excluded vehicles into U.S. commerce. This notification must
include a description of the manufacturer’s qualification as a small business under 13 CFR
121.201. ¥eu-Manufacturers must label yeur-excluded vehicles with the following statement:
“THIS VEHICLE IS EXCLUDED UNDER 40 CFR 1037 150(c) ”Sma“—manufaeture@may

(4) Small manufacturers may meet Phase 1 standards instead of Phase 2 standards in the first
year Phase 2 standards apply to them if they voluntarily comply with the Phase 1 standards
for the full preceding year. Specifically, small manufacturers may certify their model year
2022 vehicles to the Phase 1 greenhouse gas standards of §8 1037.105 and 1037.106 if they
certify all the vehicles from their annual U.S.-directed production volume to the Phase 1
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standards starting on or before January 1, 2021.
(5) See paragraphs (r), (t), (y), and (aa) of this section for additional allowances for small

manufacturers.
* * * * *

q)* * *

(2) For vocational vehicles and tractors subject to Phase 2 standards, create separate vehicle
subfamilies if there is a credit multiplier for advanced technology; group those vehicles
together in a vehicle subfamily if they use the same multiplier.
* * * * *
(s) Confirmatory testing for Fait-aero. |If we conduct coastdown testing to verify your Fait-zero Value
for Phase 2 tractors, we will make our determination using a-statistical-anabysis-consistent-with
the principles of SEA testing in § 1037.305. We will ealeulate-confidence-intervals-not replace
your Faitaero Value if the tractor passes. If your tractor fails, we will generate a replacement value
of Fait-aero based on at least one CgA value and corresponding effective yaw angle, yesr, from a
m|n|mum of 100 valld runs using the procedures of § 1037. 528(h) the—same%EA—equattensanel

greaterethaneur—test—resutt— Note that we |ntend to minimize the dn‘ferences between our test

conditions and those of the manufacturer by testing at similar times of the year where possible
and the same location where possible and when appropriate.

* * * * *

(u) Streamlined preliminary approval for trailer devices. Before January 1, 2018, manufacturers
of aerodynamic devices for trailers may ask for preliminary EPA approval of compliance data for

8 1037.526. Trailer manufacturers may certify based on 4CdA values established under this
paragraph (u) through model year 2020. Manufacturers must perform testing as specified in
subpart F of this part for any vehicles or aerodynamic devices not qualifying for approval under
this paragraph (u).

*

* * * *

(x) Aerodynamic testing for trailers. Section 1037.526 generally requires you to adjust ACsAl
values from alternate test methods to be equivalent to measurements with the primary test
method. This paragraph (x) describes approximations that we believe are consistent with good
engineering judgment; however, you may not use these approximations where we determine that
clear and convincing evidence shows that they would significantly overestimate actual
improvements in aerodynamic performance.
* * * * *
(y) Transition to Phase 2 standards. The following provisions allow for enhanced generation and
use of emission credits from Phase 1 tractors and vocational vehicles for meeting the Phase 2
standards:
(1) For vocational Light HDV and vocational Medium HDV, emission credits you generate
in model years 2018 through 2021 may be used through model year 2027, instead of being
limited to a five-year credit life as specified in § 1037.740(c). For Class 8 vocational
vehicles with medium heavy-duty engines, we will approve your request to generate these
credits in and use these credits for the Medium HDV averaging set if you show that these
vehicles would qualify as Medium HDV under the Phase 2 program as described in §
1037.140(g)(4).
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(2) You may use the off-cycle provisions of § 1037.610 to apply technologies to Phase 1
vehicles as follows:
(i) You may apply an improvement factor of 0.988 for tractors and vocational vehicles
with automatic tire inflation systems on all axles.
(ii) For vocational vehicles with automatic engine shutdown systems that conform with §
1037.660, you may apply an improvement factor of 0.95.
(iii) For vocational vehicles with stop-start systems that conform with § 1037.660, you
may apply an improvement factor of 0.92.
(iv) For vocational vehicles with neutral-idle systems conforming with § 1037.660, you
may apply an improvement factor of 0.98. You may adjust this improvement factor if we
approve a partial reduction under § 1037.660(a)(2); for example, if your design reduces
fuel consumption by half as much as shifting to neutral, you may apply an improvement
factor of 0.99.
(3) Small manufacturers may generate emission credits for natural gas-fueled vocational
vehicles as follows:
(i) Small manufacturers may certify their vehicles instead of relying on the exemption of
paragraph (c) of this section. The provisions of this part apply for such vehicles, except
as specified in this paragraph (y)(3).
(i) Use Phase-+-GEM version 2.0.1 to determine a CO2 emission level for your vehicle,
then multiply this value by the engine’s FCL for CO2 and divide by the engine’s
applicable COz emission standard.
(4) Phase 1 vocational vehicle credits that small manufacturers generate may be used through
model vear 2027 Smal-manutfacturers-that certity-theirentire U-S--directed-produetion

- f - - I.F :

(z) Constraints for vocational requlatory subcategoriesduty-eyeles. The following provisions
apply to determinations of vocational regulatory subcategories guty-eyeles-as described in
§ 1037.140:
(1) Select theFhe Regional regulatory subcategory duty-eyele-apphies-if you certify the
engine was-certified-based on testing only with the Supplemental Emission Testramped-

Frzdoeele,

(2) Fhe-Select the Regional regulatory subcategory duty-eycle-apphies-for coach buses and
motor homes you certify under § 1037.105(b).

(3) You may not select the Urban regulatory subcategoryeuty-eyele for any vehicle with a
manual or single-clutch automated manual transmission.

(4) Starting in model year 2024, you must select the Regional regulatory subcategoryeuty
eyele for any vehicle with a manual transmission.

(5) You may select the Multi-purpose regulatory subcategory for any vocational vehicle,
except as specified in paragraphs (z)(1) through (3) of this section.

(6) You may not select the Urban regulatory subcategory for any vehicle with a manual or
single-clutch automated manual transmission.

(75) You may select the Urban regulatory subcategoryduty-eyele for a hybrid vehicle
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equipped with regenerative braking, unless it is equipped with a manual transmission.
(86) You may select the Urban regulatory subcategory euty-eyele-for any vehicle with a
hydrokinetic torque converter paired with an automatic transmission, or a continuously
variable automatic transmission, or a dual-clutch transmission with no more than two
consecutive forward gears between which it is normal for both clutches to be momentarily
disengaged.
(aa) Custom-chassis standards. The following provisions apply uniquely to small manufacturers
under the custom-chassis standards of § 1037.105(h):
(1) You may use emission credits generated under § 1037.105(d), including banked or traded
credits from any averaging set. Such credits remain subject to other limitations that apply
under subpart H of this part.
(2) You may produce up to 200 drayage tractors in a given model year to the standards
described in § 1037.105(h) for “other buses”._This limit applies with respect to vehicles
produced by you and your affiliated companies. Treat these drayage tractors as being in their
own averaging set.

136. Amend § 1037.201 by revising paragraph (h) to read as follows:

§1037.201 General requirements for obtaining a certificate of conformity.
* * * * *

(h) The certification and testing provisions of 40 CFR part 86, subpart S, apply instead of the
provisions of this subpart relative to the evaporative and refueling emission standards specified
in § 1037.103, except that § 1037.243245 describes how to demonstrate compliance with
evaporative emission standards. For vehicles that do not use an evaporative canister for
controlling diurnal emissions, you may certify with respect to exhaust emissions and use the
provisions of § 1037.622 to let a different company certify with respect to evaporative emissions.

* * * * *

137. Amend § 1037.205 by revising paragraphs (e) amd (f) to read as follows:

§1037.205 What must | include in my application?

* * * * *

(e) Describe any test equipment and procedures that you used, including any special or alternate
test procedures you used (see § 1037.501). Include information describing the procedures you
used to determine CqA values as specified in §§ 1037.525 through 1037.527. Describe which
type of data you are using for engine fuel maps (see 40 CFR 1036.510503). If your trailer
certification relies on approved data from device manufacturers, identify the device and device
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manufacturer.

(f) Describe how you operated any emission-data vehicle before testing, including the duty cycle
and the number of vehicle operating miles used to stabilize emission-related performance.
Explain why you selected the method of service accumulation. Describe any scheduled

maintenance you did, and any practices or specifications that should apply for our testing.
* * * * *

138. Amend § 1037.225 by revising paragraph (e) to read as follows:

§1037.225 Amending applications for certification.

* * * * *

(e)_The amended application applies starting with the date you submit the amended application,

as follows:
(1) For vehicle families already covered by a certificate of conformity, you may start
producing the-a new or modified vehicle configuration any time after you send us your
amended application and before we make a decision under paragraph (d) of this section.
However, if we determine that the affected vehicles do not meet applicable requirements, we
will notify you to cease production of the vehicles and may require you to recall the vehicles
at no expense to the owner. Choosing to produce vehicles under this paragraph (e) is deemed
to be consent to recall all vehicles that we determine do not meet applicable emission
standards or other requirements and to remedy the nonconformity at no expense to the owner.
If you do not provide information required under paragraph (c) of this section within 30 days
after we request it, you must stop producing the new or modified vehicles.

(2) [Reserved]

* * * * *

139. Amend § 1037.230 by revising paragraph (a)(2) to read as follows:
8 1037.230 Vehicle families, sub-families, and configurations.
(a) * * *
(2) Apply subcategories for tractors (other than vocational tractors) as shown in Table 2 of
this section.
(i) For vehicles certified to the optional tractor standards in 8 1037.670, assign the
subcategories as described in § 1037.670.
(ii) For vehicles intended for export to Canada, you may assign the subcategories as
specified in the Canadian regulations.
(iii) Table 2 follows:
Table 2 of § 1037.230— Tractor Subcategories

CLASS 7 CLASS 8
Low-roof tractors Low-roof day cabs Low-roof sleeper cabs
Mid-roof tractors Mid-roof day cabs Mid-roof sleeper cabs
High-roof tractors High-roof day cabs High-roof sleeper cabs

— Heavy-haul tractors (starting with Phase 2)

140. Amend § 1037.231 by revising paragraph (b)(7) to read as follows:
§ 1037.231 Powertrain families.
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* * * * *

(b) * * *
(7) Number of available forward gears, and transmission gear ratio for each available forward
gear, if applicable._Count forward gears as being available only if the vehicle has the hardware

and software to allow operation in those gears.
* * * * *

141. Amend § 1037.235 by revising paragraphs (a), (c)(2), and (h) to read as follows:
§1037.235 Testing requirements for certification.

* * * * *

(a) Select emission-data vehicles that represent production vehicles and components for the
vehicle family consistent with the specifications in 88 1037.205(0), 1037.515, and 1037.520.
Where the test results will represent multiple vehicles or components with different emission
performance, use good engineering judgment to select worst-case emission data vehicles or
components. In the case of powertrain testing under § 1037.550, select a test engine, test hybrid
components, test axle and test transmission_as applicable, by considering the whole range of
vehicle models covered by the powertrain family and the mix of duty cycles specified in §
1037.510._If the powertrain has more than one transmission calibration, for example economy
vs. performance, you may weight the results from the powertrain testing in § 1037.550 by the
percentage of vehicles in the family by prior model year for each configuration. This can be
done, for example, through the use of survey data or based on the previous model year’s sales

volume. Weight the results of Mruelfcycle], M and Wieycle from Table 2 of § 1037.550
powertrain

according to the percentage of vehicles in the family that use each transmission calibration.

* * * * *

(C) *  kx  *

(2) If we measure emissions (or other parameters, as applicable) from your vehicle or

component, the results of that testing become the official emission results for the vehicle or

component. Note that changing the official emission result does not necessarily require a change

in the declared modeling input value._These results will only affect your vehicle FEL if the

results of our confirmatory testing result in a GEM vehicle emission value that is higher than the

vehicle FEL declared by the manufacturer. Unless we later invalidate these data, we may decide

not to consider your data in determining if your vehicle family meets applicable requirements.

* * * * *

(h) You may ask us to use analytically derived GEM inputs for untested configurations_(such as

untested axle ratios within an axle family) as identified in subpart F of this part based on

interpolation of all relevant measured values for related configurations, consistent with good

engineering judgment. We may establish specific approval criteria based on prevailing industry

practice. If we allow this, we may test any configurations. We may also require you to test any

configurations as part of a selective enforcement audit.

142. Amend 8§ 1037.243 by revising paragraph (c) to read as follows:
§ 1037.243 Demonstrating compliance with evaporative emission standards.
* * * * *

(c) AFe-compare-emissionlevels-with-emission-standardsapply deterioration factors to the

measured emission levels for comparing to the emission standard. Establish an additive
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deterioration factor based on an engineering analysis that takes into account the expected aging
from in-use vehicles.

* * * * *

143. Revise § 1037.255 to read as follows:
§1037.255 What decisions may EPA make regarding my certificate of conformity?
(a) If we determine yeur-an application is complete and shows that the vehicle family meets all
the requirements of this part and the Act, we will issue a certificate of conformity for yeur-the
vehicle family for that model year. We may make the approval subject to additional conditions.
(b) We may deny your-an application for certification if we determine that youra vehicle family
fails to comply with emission standards or other requirements of this part or the Clean Air Act.
We will base our decision on all available information. If we deny yeuran application, we will
explain why in writing.
(c) In addition, we may deny yeur-an application or suspend or revoke yeur-a certificate of
conformity if you do any of the following:
(1) Refuse to comply with any testing or reporting requwements
(2) Submit false or incomplete information
fraududent). This includes doing anything after submitting an application that causes
submission-of-your-apphication-to-renderany-of the-submitted information to be false or
incomplete.
(3) Cause any test data to become inaccurate
(4) Deny us from completing authorized activities (see 40 CFR 1068.20). Thls includes a
failure to provide reasonable assistance.
(5) Produce vehicles for importation into the United States at a location where local law
prohibits us from carrying out authorized activities.
(6) Fail to supply requested information or amend yeuran application to include all vehicles
being produced.
(7) Take any action that otherwise circumvents the intent of the Act or this partwith-respect

femmurooenliie ool
(d) We may void the-a certificate of conformity fera-vehiclefamiy-if you fail to keep records,
send reports, or give us information as required under this part or the Act. Note that these are
also violations of 40 CFR 1068.101(a)(2).
(e) We may void yeur-a certificate of conformity-fer-a-vehicle-family if we find that you
intentionally submitted false or incomplete information. This includes doing anything after
submitting an application that causes rerdering-submitted information to be false or incomplete
after submission.
(f) If we deny your-an application or suspend, revoke, or void yeura certificate, you may ask for
a hearing (see § 1037.820).

144. Amend § 1037.301 by revising paragraph (b) to read as follows:

§ 1037.301 Overview of measurements related to GEM inputs in a selective enforcement
audit.

* * * * *

(b) A selective enforcement audit for this part 1037 consists of performing measurements with
production vehicles relative to one or more declared values for GEM inputs, and using those
measured values in place of your declared values to run GEM. Except as specified in this
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subpart, the vehicle is considered passing if the new modeled emission result is at or below the
modeled emission result corresponding to the declared GEM inputs. If you report an FEL for the
vehicle configuration before the audit, we will instead consider the vehicle passing if the new

cycle-weighted emission result matches-or-exceeds-the-efficieney-improvementis at or below the
FEL.

* * *x X X

145. Amend § 1037.305 by revising the introductory text and paragraph (a) to read as follows:
§ 1037.305 Audit procedures for tractors—aerodynamic testing.
To perform a selective enforcement audit with respect to drag area for tractors, use the reference
method specified in § 1037.525; we may instead require you to use the same method you used
for certification. The following provisions apply instead of 40 CFR 1068.420-415 through
1068.425 for a selective enforcement audit with respect to drag area:
(a) Determine whether or-not-a tractor fails-to-meets standards as follows:
(1) We will select a vehicle configuration for testing. Perform a coastdown measurement
according to § 1037.528 with the vehicle in its production configuration-aceordingto
§1037.528. If the production configuration cannot be connected to a standard trailer, you may
ask us to approve trailer specifications different than § 1037.501(g)(1) based on good
engineering judgment. Instead of the process described in § 1037.528(h)(12), determine your
test result as described in this paragraph (a). You must have an equal number of runs in each
direction.
(2) Measure a yaw curve for your test vehicle using your alternate method according to
§ 1037.525(b)(3). You do not need to test at the coastdown effective yaw angle. You may
use a previously established yaw curve from your certification testing if it is available.
(3) Using this-the yaw curve, perform a regression using values of drag area, CaAait, and yaw
angle, i, to determine the air-direction correction coefficients, ao, a1, az, as, and as, for the
following equation:
CoAu (W) =8+, Wy +8, Wi +8 Wi +8, Wy
Eq. 1037.305-1
(4) Adjust the drag area value from each coastdown run, CaAwn, from the yaw angle of each
run, Yrun, to £4.5° to represent a wind-averaged drag area value, CdAwa by applying Eq.
1037.305-1 as follows:

Cd Alva-run = Cd Arun : |:

Eg. 1037.305-2
(5) Perform additional coastdown measurements until you reach a pass or fail decision under
this paragraph (a). The minimum number of runs to pass is 24. The minimum number of
runs to fail is 100.
(6) Calculate statistical values to characterize cumulative test results at least once per day
based on an equal number of coastdown runs in each direction. Determine the wind-averaged
drag area value for the test CaAwa by averaging all CaAwa-run Values for all days of testing.
Determine the upper and lower bounds of the drag area value, CaAwa-bounded, €xpressed to two
decimal places, using a confidence interval as follows:

CoAias +CoAuas }
Cd Aalt, wrun + Cd Aalt,»u/run
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150
C =C +| ———+0.03
dANa-bounded dA\Na ( \/H j

Eq. 1037.305-3

Where:

CdAwa-boundeded = the upper bound, CdaAwa-upper, and lower bound, CdaAwa-lower, OF the drag

area value, where CaAwa-upper is the larger number.

CuAwa = the average of all CgAwa-run Values.

o = the standard deviation of all CaArn values (see 40 CFR 1065.602(c)).

n = the total number of coastdown runs.
(7) Complianee-is-determined Determine compliance based on the values of CaAwa-upper and
CdAwa-lower relative to the adjusted bin boundary. For purposes of this section, the upper limit
of a bin is expressed as the specified value plus 0.05 to account for rounding. For example,
for a bin including values of 5.5-5.9 m?, being above the upper limit means exceeding 5.95
m?. The vehicle reaches-a-passes or fails decision-relative to the adjusted bin boundary based
on one of the following criteria:

(i) The vehicle passes if CaAwa-upper iS less than or equal to the upper limit of the bin to

which you certified the vehicle.

(ii) The vehicle fails if CaAwa-lower is greater than the upper limit of the bin to which you

certified the vehicle.

(iii) The vehicle passes if you perform 100 coastdown runs and CdAwa-upper iS greater than

and CdAwa-lower is lower than the upper limit of the bin to which you certified the vehicle.

(iv) The vehicle fails if you choose to stop testing before reaching a final determination

under this paragraph (a)(7).

(v) ManufacturersYou may continue testing beyond the stopping point specified in this

paragraph (a)(7). We may consider the additional data in making pass/fail

determinations.
* * * * *

146. Revise 8 1037.320 to read as follows:

§1037.320 Audit procedures for axles and transmissions.

Selective enforcement audit provisions apply for axles and transmissions relative to the
efficiency demonstrations of §§ 1037.560 and 1037.565 as specified in this section. The
following provisions apply instead of 40 CFR 1068.415 through 1068.445 for the selective
enforcement audit.feHoews:

(a) A selective enforcement audit for axles or transmissions would consist of performing
measurements with a production axle or transmission to determine mean power loss values as
declared for GEM simulations, and running GEM over one or more applicable duty cycles based
on those measured values. The axle or transmission engine-is considered passing for a given
configuration if the new modeled emission result for every applicable duty cycle is at or below
the modeled emission result corresponding to the declared GEM inputs.

(b) Run GEM for each applicable vehicle configuration identified in 40 CFR 1036.540 using the
applicable default engine map defined in Appendix I11 of 40 CFR part 1036, and the default
torque curve given in Table 1 of this section for the vehicle class as defined in § 1037.140(q).
For axle testing, this may require omitting several vehicle configurations based on selecting axle
ratios that correspond to the tested axle. For transmission testing, use the test transmission’s gear
ratios in place of the gear ratios defined in 40 CFR 1036.540. The GEM result for each vehicle
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configuration counts as a separate test for determining whether the family passes orfails-the
audit.
-(c) If the initial axle or transmission passes, the family passes and no further testing is required.

If the initial axle or transmission does not pass, sSelect two additional production axles or
transmissions, as applicable, to perform additional tests-as-needed. Note that these could be
different axle and transmission configurations within the family. These become official test
results for the family. Use good engineering judgment to eembineuse the results of these three
tests-into-a-single-maptests to update the declared maps for the axle or transmission family. For
example, if you fail the audit test for any of the axles or transmissions tested, the audit result
becomes the declared map. This may also require revising any analytically derived maps.—Fhis

becomes-the-official-testresult forthefamihy-

Table 1 to § 1037.320—Default Torgue Curves for Vehicle Class
Light HDV and
Light HDV Medium HDV Heavy HDV Medium HDV Spark
lgnition

Speed Torque Speed Torque Speed Torque Speed Torque

(r/min) (N-m) (r/min) (N-m) (r/min) (N-m) (r/min) (N-m)
750 470 600 850 600 1200 600 433
907 579 750 890 750 1320 700 436
1055 721 850 1000 850 1490 800 445
1208 850 950 1200 950 1700 900 473
1358 876 1050 1440 1050 1950 1000 492
1507 866 1100 1520 1100 2090 1100 515
1660 870 1150 1570 1200 2100 1200 526
1809 868 1250 1590 1250 2100 1300 541
1954 869 1300 1590 1300 2093 1400 542
2105 878 1450 1590 1400 2092 1500 542
2258 850 1500 1590 1500 2085 1600 542
2405 800 1600 1540 1520 2075 1700 547
2556 734 1700 1470 1600 2010 1800 550
2600 0 1800 1385 1700 1910 1900 551
1900 1300 1800 1801 2000 554
2000 1220 1900 1640 2100 553
2100 1040 2000 1350 2200 558
2250 590 2100 910 2300 558
2400 0 2250 0 2400 566
2500 571
2600 572
2700 581
2800 586
2900 587
3000 590
3100 591
3200 589
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3300 585
3400 584
3500 582
3600 573
3700 562
3800 555
3900 544
4000 534
4100 517
4200 473
4291 442
4500 150

147. Amend § 1037.501 by adding paragraph (i) to read as follows:

§ 1037.501 General testing and modeling provisions.

* * * * *

(i) Note that declared GEM inputs for fuel maps and aerodynamic drag area will-typically
includes compliance margins to account for testing variability; for other measured GEM inputs,
the declared values are wit-typically-be the measured values without adjustment.

148. Amend § 1037.510 by revising paragraphs (a)(2), (c)(3), (d), and (e) to read as follows:
§ 1037.510 Duty-cycle exhaust testing.
(a) * * * . -
(2) Fer-Perform cycle-average engine fuel mapping under-as described in 40 CFR 1036.540.

For powertrain testing under §§ 1037.550 or 1037.555, perform testing as described in this
paragraph (a)(2) to generate GEM inputs for each simulated vehicle configuration and fer

Perform testlng as foIIows
(|) Transient cycle The tran5|ent cycle is specmed in Appendlx | of thls part Anltauy

(ii) Highway cruise cycles. The grade portion of the route corresponding to the 55 mi/hr
and 65 mi/hr hlghway cruise cycles is specmed in Appendlx 1V of th|s part mmuy

Malntammg vehlcle speed between —1 0 mi/hr and 3.0
mi/hr of the speed setpoint; thls speed tolerance applies instead of the approach specified
in 40 CFR 1066.425(b)(1) and (2).

(iii) Drive idle. Perform testing at a loaded idle condition for Phase 2 vocational
vehicles._For engines with an adjustable warm idle speed setpoint, test at the minimum
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warm idle speed and the maximum warm idle speed; otherwise simply test at the engine’s
warm idle speed. Warm up the powertrain_using the vehicle settings for the Test 1
vehicle configuration as defined in Table 2 or Table 3 of 40 CFR 1036.540 by operating
it at 65 mi/hr for 600 seconds. Linearly ramp the powertrain down to zero vehicle speed
in 20 seconds. Within-10-seconds after concluding the preconditioning cycle, sSet the
engine to operate at idle speed for 90 seconds, with the brake applied and the
transmission in drive (or clutch depressed for manual transmission), and sample
emissions to determine mean emission values (in g/s) over the last 30 seconds of idling.
(iv) Parked idle. Perform testing at an unloaded idle condition for Phase 2 vocational
vehicles. For engines with an adjustable warm idle speed setpoint, test at the minimum
warm idle speed and the maximum warm idle speed; otherwise simply test at the engine’s
warm idle speed. Warm up the powertrain_using the vehicle settings for the Test 1
vehicle configuration by operating it at 65 mi/hr for 600 seconds. Linearly ramp the
powertrain down to zero vehicle speed in 20 seconds. Within-60-seconds-after
concluding-the-preconditioning-cyele-sSet the engine to operate at idle speed for 660-780
seconds, with the transmission in park (or the transmission in neutral with the parking
brake applied for manual transmissions), and sample emissions to determine mean

| emission values (in g/s) over the full-last 600 seconds of idling.

* * * * *

c * * *

(3) Table 1 follows:
Table 1 of § 1037.510—Weighting Factors for Duty Cycles

| DISTANCE-WEIGHTED TIME-WEIGHTED*: AVERAGE SPEED
. . DURING NON-
Transient 55 m'l/hr 65 m'|/hr Drive Idle Parked Non— IDLE CYCLES
| Cruise Cruise Idle idle (MI/HR)

Day Cabs 19% 17 % 64 % — — — —
Sleeper Cabs 5% 9% 86 % — — — —
Heavy-haul 19% 17% 64 % - - - -
tractors
Vocational— 20% 24% 56 % 0% 5% | 75% 3841
Regional
Vocational—
Multi-Purpose 54 % 29% 17 % 17% 25% 58 % 23.18
(2b-7)
Vocational—
Multi-Purpose 54 % 23% 23 % 17% 25% 58 % 23.27
(8)
Vocational— o o o o o o
Urban (2b-7) 92 % 8% 0% 15% 25% 60 % 16.25
Vocational—

ocationa 90 % 10% 0% 15% | 25% | 60% 1651
Urban (8)
Vocational with
conventhnal 2% 1% 37% . . . o
powertrain
(Phase 1 only)
Vocational
Hybrid Vehicles 75 % 9% 16 % — — — —
(Phase 1 only)
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*2Note that these drive idle and non-idle weighting factors do not reflect additional drive idle that occurs during
the transient cycle. The transient cycle does not include any parked idle.
2"These values apply even for vehicles not following the specified speed traces.

(d) For transient testing, compare actual second-by-second vehicle speed with the speed
specified in the test cycle and ensure any differences are consistent with the criteria as specified
in 40 CFR 1066.425(b) and (c). If the speeds do not conform to these criteria, the test is not
valid and must be repeated.

(e) Run test cycles as specified in 40 CFR part 1066. For testing vehicles equipped with cruise
control over the highway cruise cycles, you may use the vehicle’s cruise control to control the
vehicle speed. For vehicles equipped with adjustable vehicle speed limiters, test the vehicle with

the vehicle speed limiter at its highest setting.
* * * * *

149. Amend § 1037.515 by revising paragraphs (c) and (d)(2) to read as follows:

§1037.515 Determining CO2 emissions to show compliance for trailers.

* * * * *

(c) Drag area. You may use 4CdA values approved under 8 1037.211 for device manufacturers if
your trailers are properly equipped with those devices. Determine ACqA values for other trailers
based on testing. Measure C¢A and determine 4CdA values as described in § 1037.526(a). You
may use 4CqA values from one trailer configuration to represent any number of additional
trailers based on worst-case testing. This means that you may apply 4CqA values from your
measurements to any trailer models of the same category with drag area at or below that of the
tested configuration. For trailers in the short dry box vans and short refrigerated box vans that
are not 28 feet long, apply the AC4A value established for a comparable 28-foot trailer model;
you may use the same devices designed for 28-foot trailers or you may adapt those devices as
appropriate for the different trailer length, consistent with good engineering judgment. For
example, 48-foot trailers may use longer side skirts than the skirts that were tested with a 28-foot
trailer. Trailer and device manufacturers may seek preliminary approval for these adaptations.
Determine bin levels based on AC4A test results as described in the following table:

Table 2 of § 1037.515—Bin Determinations for

Trailers Based on Aerodynamic Test Results (4Cg¢A in m?)

IF A TRAILER’S DESIGNATE AND USE THE
MEASURED ACpA IS | THE TRAILER FOLLOWING
AS ... VALUE FOR ACpA

<0.09 Bin | 0.0
0.10-0.39 Bin Il 0.1
0.40-0.69 Bin Il 0.4
0.70-0.99 Bin IV 0.7
1.00-1.39 BinV 1.0
1.40-1.79 Bin VI 1.4
>>1.80 Bin VII 1.8

(d) * * *
(2) Apply weight reductions for other components made with light-weight materials as shown in
the following table:
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Table 3 of § 1037.515—Weight Reductions for Trailers (pounds)

WEIGHT
COMPONENT MATERIAL REDUCTION

(POUNDS)
piracture for Suspension | ajuminun 280
Hub and Drum (per axle) Aluminum 80
Floor®® Aluminum 375
Floor® Composite (wood and plastic) 245
Floor Crossmembers® Aluminum 250
Landing Gear Aluminum 50
Rear Door Aluminum 187
Rear Door Surround Aluminum 150
Roof Bows Aluminum 100
Side Posts Aluminum 300
Slider Box Aluminum 150
Upper Coupler Assembly Aluminum 430

“3For tandem-axle suspension sub-frames made of aluminum, apply a weight
reduction of 280 pounds. Use good engineering judgment to estimate a weight
reduction for using aluminum sub-frames with other axle configurations.
2bCalculate a smaller weight reduction for short trailers by multiplying the indicated
values by 0.528 (28/53).

* * * * *

150. Revise § 1037.520 to read as follows:
§1037.520 Modeling CO; emissions to show compliance for vocational vehicles and
tractors.
This section describes how to use the Greenhouse gas Emissions Model (GEM) (incorporated by
reference in § 1037.810) to show compliance with the CO2 standards of §§ 1037.105 and
1037.106 for vocational vehicles and tractors. Use GEM version 2.0.1 to demonstrate
compliance with Phase 1 standards; use GEM Phase 2, Version 3.0-5.1 to demonstrate
compliance with Phase 2 standards. Use good engineering judgment when demonstrating
compliance using GEM. See § 1037.515 for calculation procedures for demonstrating
compliance with trailer standards.
(a) General modeling provisions. To run GEM, enter all applicable inputs as specified by the
model.
(1) GEM inputs apply for Phase 1 standards as follows:
(i) Model year and regulatory subcategory (see § 1037.230).
(ii) Coefficient of aerodynamic drag or drag area, as described in paragraph (b) of this
section (tractors only).
(iii) Steer and drive tire rolling resistance, as described in paragraph (c) of this section.
(iv) Vehicle speed limit, as described in paragraph (d) of this section (tractors only).
(v) Vehicle weight reduction, as described in paragraph (e) of this section (tractors only
for Phase 1).
(vi) Automatic engine shutdown systems, as described in § 1037.660 (only for Class 8
sleeper cabs). Enter a GEM input value of 5.0 g/ton-mile, or an adjusted value as
specified in § 1037.660.
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(2) For Phase 2 vehicles, the GEM inputs described in paragraphs (a)(1)(i) through (v) of this
section continue to apply. Note that the provisions related to vehicle speed limiters and
automatic engine shutdown systems are available for vocational vehicles in Phase 2. The rest
of this section describes additional GEM inputs for demonstrating compliance with Phase 2
standards. Simplified versions of GEM apply for limited circumstances as follows:
(i) You may use default engine fuel maps for glider kits as described in § 1037.635.
(ii) If you certify vehicles to the custom-chassis standards specified in § 1037.105(h), run
GEM by identifying the vehicle type and entering “NA” instead of what would otherwise
apply for, tire revolutions per mile, engine information, transmission information, drive
axle ratio, axle efficiency, and aerodynamic improvement as specified in paragraphs
(©)(2), (), (@)(1), (9)(3), (i), and (m) of this section, respectively. Incorporate other GEM
inputs as specified in this section.
(b) Coefficient of aerodynamic drag and drag area for tractors. Determine the appropriate drag
area, CdA, for tractors as described in this paragraph (b). Use the recommended method or an
alternate method to establish a value for CqA, expressed in m? to one decimal place, as specified
in § 1037.525. Where we allow you to group multiple configurations together, measure CqA of
the worst-case configuration.
(1) Except as specified in paragraph (b)(2) of this section, determine the Phase 1 bin level for
your vehicle based on measured CdA values as shown in the following tables:
Table 1 ofto § 1037.520(b)(1)— Cu inputs for Phase 1 High-Roof Tractors

IF YOUR
TRACTOR | g\ LEVEL | MEASURED CoA | THEN YOURGo
TYPE ! INPUTIS .. .
(M) 1S ...
Bin | >80 0.79
T Bin Il 7179 0.72
igh-Roo - -
Doy Caon Bin I 6.2-7.0 0.63
Bin IV 5.6-6.1 0.56
Bin Vv <55 0.51
Bin | >756 0.75
Bin Il 6.8-7.5 0.68
High-Roof .
Slosper Cabs |__Bin 11 6.3-6.7 0.60
Bin IV 5.6-6.2 0.52
Bin v <55 0.47

Table 2 toof § 1037.520(b)(1)— Cq inputs for Phase 1 Low-Roof and Mid-Roof Tractors

IF YOUR
TRACTOR TYPE | BIN LEVEL | MEASURED CpA THEN YOUR Co
» INPUTIS. ..
M)IS...
Low-Roof Day Bin | >5.1 0.77
and Sleeper Cabs Bin 11 <50 071
Mid-Roof Day and Bin | >5.6 0.87
Sleeper Cabs Bin Il <55 0.82

(2) For Phase 1 low- and mid-roof tractors, you may instead determine your drag area bin
based on the drag area bin of an equivalent high-roof tractor. If the high-roof tractor is in Bin
I or Bin Il, then you may assume your equivalent low- and mid-roof tractors are in Bin I. If
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the high-roof tractor is in Bin Il1, Bin IV, or Bin V, then you may assume your equivalent
low- and mid-roof tractors are in Bin .
(3) For Phase 2 tractors other than heavy-haul tractors, determine bin levels and CdA inputs
as follows:
(i) Determine bin levels for high-roof tractors based on aerodynamic test results as
specified in § 1037.525 and summarizeddeseribed in the following table:
Table 3 toef § 1037.520(b)(3)(i)—Bin determinations for Phase 2 High-Roof Tractors Based on
Aerodynamic Test Results (CaA in m?)

TRACTOR BINI BINII BINII | BINIV | BINV | BINVI | BINVII
Day Cabs >72 6671 | 6065 | 5559 | 5054 | 4549 <44
Sleeper Cabs >6.9 6368 | 57-62 | 5256 | 4751 | 4246 <41

(ii) For low- and mid-roof tractors, you may either use the same bin level that applies for

an equivalent high-roof tractor as shown in Table 3 of this section, or you may determine

your bin level based on aerodynamic test results as described in Table 4 of this section.
Table 4 tooef § 1037.520(b)(3)(ii)—Bin determinations for Phase 2 Low-Roof and Mid-Roof
Tractors Based on Aerodynamic Test Results (CsA in m?)

m@ETOR BINI | BINI | BINHI | BINIV | BINV | BINVI | BINVII

Low-Roof Cabs >54 4.9-563 44.5-4.8 4.1-44 3.8-4.0 3.5-3.7 <34
Mid-Roof Cabs >5.9 5.5-5.8 5.1-54 4.7-5.0 4.4-4.6 4.1-43 <4.0

(iii) Determine the CdA input according to the tractor’s bin level as described in the
following table:
Table 5 toef § 1037.520(b)(3)(iii)—Phase 2 Cd4A Tractor Inputs Based on Bin Level

TRACTOR TYPE BIN I BIN I BIN I BIN IV BIN V BIN VI BIN VII
High-Roof Day Cabs 7.45 6.85 6.25 5.70 5.20 4.70 4.20
High-Roof Sleeper Cabs 7.15 6.55 5.95 5.40 4.90 4.40 3.90
Low-Roof Cabs 6.00 5.60 5.15 4.75 4.40 4.10 3.80
Mid-Roof Cabs 7.00 6.65 6.25 5.85 5.50 5.20 4.90

(4) Note that, starting in model year 2027, GEM internally reduces CqA for high-roof tractors
by 0.3 m? to simulate adding a rear fairing to the standard trailer.
(c) Tire revolutions per mile and rolling resistance. You must have a tire revolutions per mile
(TRPM) and a tire rolling resistance level (TRRL) for each tire configuration. For purposes of
this section, you may consider tires with the same SKU number to be the same configuration.
Determine TRRL input values separately for drive and steer tires; determine TRPM only for
drive tires.
(1) Use good engineering judgment to determine a tire’s revolutions per mile to the nearest
whole number as specified in SAE J1025 (incorporated by reference in § 1037.810). Note
that for tire sizes that you do not test, we will treat your analytically derived revolutions per
mile the same as test results, and we may perform our own testing to verify your values. We
may require you to test a sample of additional tire sizes that we select.
(2) Measure tire rolling resistance in kg per metric ton as specified in ISO 28580
(incorporated by reference in § 1037.810), except as specified in this paragraph (c). Use
good engineering judgment to ensure that your test results are not biased low. You may ask
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us to identify a reference test laboratory to which you may correlate your test results. Prior to
beginning the test procedure in Section 7 of 1SO 28580 for a new bias-ply tire, perform a
break-in procedure by running the tire at the specified test speed, load, and pressure for 60+2
minutes.
(3) For each tire design tested, measure rolling resistance of at least three different tires of
that specific design and size. Perform the test at least once for each tire. Calculate the
arithmetic mean of these results to the nearest 0.1 kg/tonne and use this value or any higher
value as your GEM input for TRRL. You must test at least one tire size for each tire model,
and may use engineering analysis to determine the rolling resistance of other tire sizes of that
model. Note that for tire sizes that you do not test, we will treat your analytically derived
rolling resistances the same as test results, and we may perform our own testing to verify
your values. We may require you to test a small sub-sample of untested tire sizes that we
select.
(4) If you obtain your test results from the tire manufacturer or another third party, you must
obtain a signed statement from the party supplying those test results to verify that tests were
conducted according to the requirements of this part. Such statements are deemed to be
submissions to EPA.
(5) For tires marketed as light truck tires that have load ranges C, D, or E, use as the GEM
input TRRL multiplied by 0.87.
(6) For vehicles with at least three drive axles or for vehicles with more than three axles total,
use good engineering judgment to combine tire rolling resistance into three values (steer,
drive 1, and drive 2) for use in GEM. This may require performing a weighted average of
tire rolling resistance from multiple axles based on the typical load on each axle._For liftable
axles, calculate load- and time-weighted values to represent the load and the amount of time
these tires are in contact with the ground during typical in-use operation.
(7) For vehicles with a single rear axle, enter “NA” as the TRRL value for drive axle 2.
(d) Vehicle speed limit. If the vehicles will be equipped with a vehicle speed limiter, input the
maximum vehicle speed to which the vehicle will be limited (in miles per hour rounded to the
nearest 0.1 mile per hour) as specified in § 1037.640. Use good engineering judgment to ensure
the limiter is tamper resistant. We may require you to obtain preliminary approval for your
designs.
(e) Vehicle weight reduction. Develop a weight-reduction as a GEM input as described in this
paragraph (e). Enter the sum of weight reductions as described in this paragraph (e), or enter
zero if there is no weight reduction. For purposes of this paragraph (e), high-strength steel is
steel with tensile strength at or above 350 MPa.
(1) Vehicle weight reduction inputs for wheels are specified relative to dual-wide tires with
conventional steel wheels. For purposes of this paragraph (e)(1), an aluminum alloy qualifies
as light-weight if a dual-wide drive wheel made from this material weighs at least 21 pounds
less than a comparable conventional steel wheel. The inputs are listed in Table 6 of this
section. For example, a tractor or vocational vehicle with aluminum steer wheels and eight
(4%2) dual-wide aluminum drive wheels would have an input of 210 pounds (2x21 + 8x21).
Table 6 toof § 1037.520(e)(1)—Wheel-Related Weight Reductions

WEIGHT WEIGHT
WEIGHT-REDUCTION TECHNOLOGY REDUCT'OIN_PHASE RE'gﬁgg'EozN_
(LB PER WHEEL) (LB PER WHEEL)
| Steel Wheel 84 84
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Alloy Wheel

- . . - Aluminum Wheel 139 147
x'tﬂe_Bife Single Drive Tire Light-Weight Aluminum 147 147
o Alloy Wheel
Wide-Base Single Trailer Tire Steel \.NhEEI - — 84
with .= Aluminum or Aluminum . 131
o Alloy Wheel
High-Strength Steel
. . . 8 8
Steer Tire, Dual-wide Drive Wheel
Tire, or Dual-wide Trailer Aluminum Wheel 21 25
Tire with . ... Light-Weight Aluminum 30 25

*2The weight reduction for wide-base tires accounts for reduced tire weight relative to dual-wide tires.

(2) Weight reduction inputs for tractor components other than wheels are specified in the

following table:

Table 7 toef § 1037.520(e)(2)—Nonwheel-Related Weight Reductions fFrom Alternative
Materials for Tractors (pounds)

WEIGHT REDUCTION HIGH-STRENGTH
TECHNOLOGIES ALUMINUM STEEL THERMOPLASTIC
Door 20 6

Roof 60 18

Cab rear wall 49 16

Cab floor 56 18

Hood Support Structure System 15 3

Hood and Front Fender 65
Day Cab Roof Fairing 18
Sleeper Cab Roof Fairing 75 20 40
Aerodynamic Side Extender 10
Fairing Support Structure System 35 6

Instrument Panel Support Structure 5 1

Brake Drums — Drive (set of 4) 140 74

Brake Drums — Non Drive (set of 2) 60 42

Frame Rails 440 87

Crossmember — Cab 15 5

Crossmember — Suspension 25 6

Crossmember — Non Suspension (set of 15 5

3)

Fifth Wheel 100 25

Radiator Support 20 6

Fuel Tank Support Structure 40 12

Steps 35 6

Bumper 33 10

Shackles 10 3

Front Axle 60 15

Suspension Brackets, Hangers 100 30

Transmission Case 50 12

Clutch Housing 40 10

Fairing Support Structure System 35 6

Drive Axle Hubs (set of 4) 80 20

Non Drive Hubs (2) 40 5

Two-piece driveshaft 20 5
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[ Transmission/Clutch Shift Levers | 20 | 4 | |

(3) Weight-reduction inputs for vocational-vehicle components other than wheels are
specified in the following table:
Table 8 toef § 1037.520(e)(3)—Nonwheel-Related Weight Reductions from Alternative
Materials for Phase 2 Vocational Vehicles (pounds)?

VEHICLE TYPE
COMPONENT MATERIAL Light Medium Heavy HDV

HDV HDV? vy
Axle Hubs - Non-Drive Aluminum 40 40
Axle Hubs - Non-Drive High Strength Steel 5 5
Axle - Non-Drive Aluminum 60 60
Axle - Non-Drive High Strength Steel 15 15
Brake Drums - Non-Drive Aluminum 60 60
Brake Drums - Non-Drive High Strength Steel 42 42
Axle Hubs — Drive Aluminum 40 80
Axle Hubs - Drive High Strength Steel 10 20
Brake Drums - Drive Aluminum 70 140
Brake Drums - Drive High Strength Steel 37 74
Suspension Brackets, .
Hangers Aluminum 67 100
Suspension Brackets, .
Hangers High Strength Steel 20 30
Crossmember — Cab Aluminum 10 15 15
Crossmember — Cab High Strength Steel 2 5 5
Crossmember - Non- Aluminum 15 15 15
Suspension
Crossmember - Non- High Strength Steel 5 5 5
Suspension
Crossmember -Suspension | Aluminum 15 25 25
Crossmember -Suspension High Strength Steel 6 6 6
Driveshaft Aluminum 12 40 50
Driveshaft High Strength Steel 5 10 12
Frame Rails Aluminum 120 300 440
Frame Rails High Strength Steel 40 40 87

aWeight--reduction values apply per vehicle unless otherwise noted.
°For mMedium HDV vehieles-with 6xx4 or 6xx2 axle configurations, use the values for Heavy HDVs.

(4) Apply vehicle weight inputs for changing technology configurations as follows:
(i) For Class 8 tractors or for Class 8 vocational vehicles with a permanent 6x2 axle
configuration, apply a weight reduction input of 300 pounds. This does not apply for
coach buses certified to custom-chassis standards under § 1037.105(h).
(ii) For Class 8 tractors with 4x2 axle configuration, apply a weight reduction input of
400 pounds.
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(iii) For tractors with installed engines with displacement below 14.0 liters, apply a
weight reduction of 300 pounds.
(iv) For tractors with single-piece driveshafts with a total length greater than 86 inches,
apply a weight reduction of 43 pounds for steel driveshafts and 63 pounds for aluminum
driveshafts.
(5) You may ask to apply the off-cycle technology provisions of § 1037.610 for weight
reductions not covered by this paragraph (e).
(f) Engine characteristics. Enter information from the engine manufacturer to describe the
installed engine and its operating parameters as described in 40 CFR 1036.510503. The fuel-
mapping information must apply for the vehicle’s GVWR; for example, if you install a medium
heavy-duty engine in a Class 8 vehicle, the engine must have additional fuel-mapping
information for the heavier vehicle. Note that you do not need fuel consumption at idle for
tractors.
(9) Venhicle characteristics. Enter the following information to describe ane-the vehicle and its
operating parameters:
(1) Transmission make, model, and type. Also identify the gear ratio for every available
forward gear to two decimal places, the input torque limit for each of the forward gears, and,
if applicable, identify-the lowest gear involving a locked torque converter-ifapphcable.
Count forward gears as being available only if the vehicle has the hardware and software to
allow operation in those gears. For vehicles with a manual transmission, GEM applies a 2 %
emission increase relative to automated manual transmissions. If your vehicle has a dual-
clutch transmission, use good engineering judgment to determine if it can be accurately
represented in GEM as an automated manual transmission. We may require you to perform a
powertrain test with dual-clutch transmissions to show that they can be properly simulated as
an automated manual transmission.
(2) Drive axle make, model, and configuration-type. Select a drive axle configuration to
represent your vehicle for modeling.
(i) 4x2: One drive axle and one non-drive axle. This includes vehicles with two drive
axles where one of the drive axles is disconnectable and that disconnectable drive axle is
designed to be connected only when the vehicle is driven off-road or in slippery
conditions if at least one of the following is true:
(A) The input and output of the disconnectable axle is mechanically disconnected
from the drive shaft and the wheels when the axle is in 4x2 configuration.
(B) You provide power loss data generated according to § 1037.560 for the
combination of both drive axles, where the disconnectable drive axle is in the
disconnected configuration.
(ii) 6x2: One drive axle and two non-drive axles.
(iii) 6x4: Two or more drive axles, or more than three total axles. Note that this includes,
for example, a vehicle with two drive axles out of four total axles (otherwise known as an
8x4 configuration).
(iv) 6x4D: One non-drive axle and two drive axles; ineludingwhere An-axleone of the
two drive axles is automatically disconnectable drive-axle—TFhe-axle-configuration that
can-automaticallysuch that the axle can switch between 6x2 and 6x4 configurations. You
may select this configuration only if at least one of the following is true:
(A) When-the-axle-is-in-the-6x2-configurationtThe input and output of the
disconnectable axle must-beis mechanically disconnected from the drive shaft and the
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wheels when the axle is in the 6x2 configuration.te-guatify

(B) You provide power loss data generated according to § 1037.560 for the

combination of both drive axles, where the disconnectable drive axle is in the

disconnected configuration.

(3) Drive axle ratio, ka. If a vehicle is designed with two or more user-selectable axle ratios,
use the drive axle ratio that is expected to be engaged for the greatest driving distance. If the
vehicle does not have a drive axle, such as a hybrid vehicle with direct electric drive, let

ka=1

(4) GEM inputs associated with powertrain testing include powertrain family, transmission
calibration identifier, test data from § 1037.550, and the powertrain test configuration
(dynamometer connected to transmission output or wheel hub). You do not need to identify
or provide inputs for transmission gear ratios, fuel map data, or engine torque curves, which
would otherwise be required under paragraph (f) of this section.

(h) Idle speed and idle--reduction technologies. The following provisions apply for engine idling:

(1) For engines with no adjustable warm idle speed, input vehicle idle speed as the

manufacturer’s declared warm idle speed. For engines with adjustable warm idle speed,

itnput your vehicle idle speed as follows:

If your vehicle is a...

And your engine is subject

Your default vehicle idle

fo...

speed is...2

compression-ignition or

HDV

i - . i .
(i) Heavy HDV spark-ignition standards 600 r/min.
(ii) Medium HDV tractor compression-ignition 700 r/min.

standards E—
(iii) Light HDV or Medium compression-ignition 750 r/min
HDV vocational vehicle standards —
(iv) Light HDV or Medium spark-ignition standards 600 r/min.

21 the default idle speed is above or below the engine manufacturer’s whole range of declared

warm idle speeds, use the manufacturer’s maximum or minimum declared warm idle speed,

respectively, instead of the default value.

(2) Identify whether your vehicle has qualifying idle-reduction technologies, subject to the

qualifying criteria in § 1037.660, as follows:
(i%) Stop-start technology and automatic engine shutdown systems apply for vocational
vehicles. See paragraph (j) of this section for automatic engine shutdown systems for

tractors.

(ii2) Neutral idle applies for tractors and vocational vehicles.
(i) Axle, and-transmission, and torque converter efficieneycharacterization. You may

characterize the axle, transmission, and torque converter ane-use-using axle efficiency maps as
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described in § 1037.560, and-transmission efficiency maps as described in § 1037.565, and
torque converter capacity factors and torque ratios as described in § 1037.570 to replace the
default values in GEM. If you obtain your test results from the axle manufacturer, transmission
manufacturer, torque converter manufacturer or another third party, you must obtain a signed
statement from the party supplying those test results to verify that tests were conducted
according to the requirements of this part. Such statements are deemed to be submissions to
EPA.
(j) Additional reduction technologies. Enter input values in GEM as follows to characterize the
percentage CO2 emission reduction corresponding to certain technologies and vehicle
configurations, or enter 0:
(1) Intelligent controls. Enter 2 for tractors with predictive cruise control. This includes any
cruise control system that incorporates satellite-based global-positioning data for controlling
operator demand. For other vehielestractors, enter 1.5 if they have neutral coasting, unless
good engineering judgment indicates that a lower percentage should apply.
(2) Accessory load. Enter the following values related to accessory loads; if more than one
item applies, enter the sum of those values:
(i) If vocational vehicles have electrically powered pumps for steering, enter 0.5 for
vocational vehicles certified with the Regional duty cycle, and enter 1 for tractersand
other vocational vehicles.
(i) If tractors have electrically powered pumps for both steering and engine cooling,
enter 1.
(iii) If vehicles have a high-efficiency air conditioning compressor, enter 0.5 for tractors
and vocatlonal Heavy HDV, and enter 1 for other vocatlonal vehlcles Thls |ncludes

864868—%2(h—)(5)—and—a4+e+eemeal+y—pewered-eempressep&all electrlcallv powered

compressors. It also include mechanically powered compressors if the coefficient of

performance improves by 10 percent or greater over the baseline design, consistent with

the provisions for improved evaporators and condensers in 40 CFR 86.1868-12(h)(5).
(3) Tire-pressure systems. Enter 1.2 for vehicles with automatic tire inflation systems on all
axles (1.1 for Multi-Purpose and Urban vocational vehicles). Enter 1.0 for vehicles with tire
pressure monitoring systems on all axles (0.9 for Multi-Purpose and Urban vocational
vehicles). If vehicles use a mix of the two systems, treat them as having only tire pressure
monitoring systems.
(4) Extended-idle reduction. Enter values as shown in the following table for sleeper cabs
equipped with idle-reduction technology meeting the requirements of § 1037.660 that are
designed to automatically shut off the main engine after 300 seconds or less:

A-136



Table 9 toof § 1037.520(j)(4)—GEM Input Values For AES Systems

GEM Input Values
Technology - -
Adjustable Tamper-resistant
Standard AES system 1 4
With diesel APU 3 4
With battery APU 5 6
With automatic stop-start 3 3
With Fuelfuel-operated heater (FOH) 2 3
With diesel APU and FOH 4 5
With battery APU and FOH 5 6
With stop-start and FOH 4 5

(5) Other. Additional GEM inputs may apply as follows:
(i) Enter 0.9 1.7 and 1.76-9, respectively, for school buses and coach buses that have at
least seven available forward gears.
(if) 1f we approve off-cycle technology under § 1037.610 in the form of an improvement
factor, enter the improvement factor expressed as a percentage reduction in CO2
emissions. (Note: In the case of approved off-cycle technologies whose benefit is
quantified as a g/ton-mile credit, apply the credit to the GEM result, not as a GEM input
value.)
(k) Vehicles with hybrid power take-off. For vocational vehicles, determine the delta PTO
emission result of your engine and hybrid power take-off system as described in § 1037.540.
() [Reserved]
(m) Aerodynamic improvements for vocational vehicles. For vocational vehicles certified using
the Regional duty cycle, enter 4CqA values to account for using aerodynamic devices as follows:
(1) Enter 0.2 for vocational vehicles with an installed rear fairing if the vehicle is at least 7 m
long with a minimum frontal area of 8 m?,
(2) For vehicles at least 11 m long with a minimum frontal area of 9 m?, enter 0.5 if the
vehicle has both skirts and a front fairing, and enter 0.3 if it has only one of those devices.
(3) You may determine input values for these or other technologies based on aerodynamic
measurements as described in § 1037.527.
(n) Alternate fuels. For fuels other than those identified in GEM, perform the simulation by
identifying the vehicle as being diesel-fueled if the engine is subject to the compression-ignition
standard, or as being gasoline-fueled if the engine is subject to the spark-ignition standards.
Correct the engine or powertrain fuel map for mass-specific net energy content as described in
40 CFR 1036.535(b).

151. Revise § 1037.525 to read as follows:

§ 1037.525 Aerodynamic measurements for tractors.

This section describes a methodology for quantifying aerodynamic drag for use in determining
input values for tractors as described in § 1037.520._This coastdown testing is the reference
method for aerodynamic measurements.

(a) General provisions. The GEM input for a tractor’s aerodynamic performance is a Cq value
for Phase 1 and a CqA value for Phase 2. The input value is measured or calculated for a tractor
in a specific test configuration with a trailer, such as a high-roof tractor with a box van meeting
the requirements for the standard trailer.
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(1) Aerodynamic measurements may involve any of several different procedures. Measuring
with different procedures introduces variability, so we identify the coastdown method in §
1037.528 as the primary (or reference) procedure. You may use other procedures with our
advance approval as described in paragraph (d) of this section, but we require that you adjust
your test results from other test methods to correlate with coastdown test results. All
adjustments must be consistent with good engineering judgment. Submit information
describing how you quantify aerodynamic drag from coastdown testing, whether or not you
use an alternate method.
(2) Test high-roof tractors with a standard trailer as described in § 1037.501(g)(1). Note that
the standard trailer for Phase 1 tractors is different from that of later model years. Note also
that GEM may model a different configuration than the test configuration, but accounts for
this internally. Test low-roof and mid-roof tractors without a trailer; however, you may test
low-roof and mid-roof tractors with a trailer to evaluate off-cycle technologies.

(b) Adjustments to correlate with coastdown testing. Adjust aerodynamic drag values from

alternate methods to be equivalent to the corresponding values from coastdown measurements as

follows:
(1) Determine the functional relationship between your alternate method and coastdown
testing. Specify this functional relationship as Fait-aero fOr a given alternate drag measurement
method. The effective yaw angle, e, is assumed to be zero degrees for Phase 1. For Phase
2, determine et from coastdown test results using the following equation:

F — Cd A:oastdown (l//eff )
alt-aero
CoAuWerr)
Eq. 1037.525-1
Where:
CuaAcoastdown(1eff) = the average drag area measured during coastdown at an effective yaw
angle, wetr.
CuAait(etf) = the average drag area calculated from an alternate drag measurement
method at an effective yaw angle, ett.
(2) Unless good engineering judgment dictates otherwise, assume that coastdown drag is
proportional to drag measured using alternate methods—This-means-yeu-may and apply a
constant adJustment factor Fait- aero, for a given alternate drag measurement method of similar
vehlcles Y W y e Vaw

_ Cd Ahffecﬂve-yaw-coastdown

F It
alt-aero
Cd ’%ffeclive—yaw—alt

(23) Determine Fait-aero by performing coastdown testing and applying your alternate method
on the same vehicles. Consider all applicable test data including data collected during
selective enforcement audits. Where-you-have-testresuttsfrom-multiple-vehicles-expected-to
have-the-same FalaerorYou-may-either-average the Falaero

Unless we approve another vehicle, one vehicle must be a Class 8 high-roof sleeper cab Wlth
a full aerodynamics package pulling a standard trailer. Where you have more than one
tractor model meeting these criteria, use the tractor model with the highest projected sales. If
you do not have such a tractor model, you may use your most comparable tractor model with
our prior approval. In the case of alternate methods other than those specified in this subpart,
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good engineering judgment may require you to determine your adjustment factor based on
results from more than the specified minimum number of vehicles.

(34) Measure the drag area using your alternate method for a Phase 2 tractor used to
determine Faitaero With testing at yaw angles of 0°, +1°, +3°, +4.5°, +6°, and £9° (you may
include additional angles), using direction conventions described in Figure 2 of SAE J1252
(incorporated by reference in § 1037.810). Also, determine the drag area at the coastdown
effective yaw angle, CaAait(efr)ettective-yaw-att, DY taking the average drag area at weft and et
for your vehicle using the same alternate method.

(45) For Phase 2 testing, determine separate values of Fait-aero for a-minimum-ef-at least one
high-roof day cab and one high-roof sleeper cab for model year 2021, for at least two high-
roof day cabs and two high-roof sleeper cabs for model year 2024, and for at least three high-
roof day cabs and three high-roof sleeper cabs for model year 2027. These test requirements
are cumulative; for example, you may meet these requirements by testing two vehicles to
support model year 2021 certlflcatlon and four additional vehicles to support model year
2023 certification.

veaps—than—saeemed—here—lior any untested tractor models apply the value of Fait-aero from

the tested tractor model that best represents the aerodynamic characteristics of the untested
tractor model, consistent with good engineering judgment. Testing under this paragraph
(b)(45) continues to be valid for later model years until you change the tractor model in a
way that causes the test results to no longer represent production vehicles. You must also
determine unique values of Fait-aero for low-roof and mid-roof tractors if you determine CsA
values based on low or mid-roof tractor testing as shown in Table 4 of § 1037.520. For
Phase 1 testing, if good engineering judgment allows it, you may calculate a single, constant
value of Fai-aero for your whole product line by dividing the coastdown drag area, CdAcoastdown,
by drag area from your alternate method, CgAai.

(56) Determine Far-acro t0 at least three decimal places. For example, if your coastdown
testing results in a drag area of 6.430, but your wind tunnel method results in a drag area of
6.200, Fait-aero Would be 1.037 (or a higher value you declare).

(67) If a tractor and trailer cannot be configured to meet the gap requirements specified in
§1037.501(g)(1)(ii), test with the trailer positioned as close as possible to the specified gap
dimension and use good engineering judgment to correct the results to be equivalent to a test
configuration meeting the specified gap dimension. For example, we may allow you to
correct your test output using an approved alternate method or substitute a test vehicle that is
capable of meeting the required specifications and is otherwise aerodynamically equivalent.
This allowance applies for certification, confirmatory testing, SEA, and all other testing to
demonstrate compliance with standards.feraltesting-including-confirmatoryand SEA
testing

(8) You may ask us for preliminary approval of your Manufacturers-are-encouraged-to
coordinateFan-aero-coastdown testing with-EPA-beforetesting under § 1037.210. We may

witness the testing.

(c) Yaw sweep corrections. Aerodynamic features can have a different effectiveness for
reducing wind-averaged drag than is predicted by zero-yaw drag. The following procedures
describe how to determine a tractor’s CdA values to account for wind-averaged drag as specified
in 8 1037.520

CRE R RS p s e
(1) Apply the following method for all Fer-Phase 2 testing with an alternate method.-apphy
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(|) F%M%eCalculate the wmd averaged drag area from the alternate method,
CdAwa-alt, Using an average of measurements at —4.5 and +4.5 degrees.
(ii) Determine your wind-averaged drag area, CaAwa, rounded to one decimal place, using
the following equation:
CdAwa = CdAwa-alt - Falt-aero
Eq. 1037.525-2
(2) Apply the following method fFor Phase 2 coastdown testing other than coastdown
testing used to establish Fait- aerotesHes%aetheieHG\W}gmethed
(i) ForaH-coastdewn-testing—dDetermine your drag area at the effective yaw angle from
coastdown, CdAetsective-yaw-coastdown(Weff).
(i) Use an alternate method to calculate the ratio of the wind-averaged drag area-, CoAwa-
ait (using an average of measurements at —4.5 and +4.5 degrees;-CaAwa-t) to the drag area
at the effective yaw angle, CaAait(1eft)ettective-yaw.
(iii) Determine your wind-averaged drag area, CdAwa, rounded to one decimal place,
using the following equation:

C { commented [CAL16]: Equation updated.
Cs = CoPm () 0 /

CAWe /
Eq. 1037.525-3
(3) Different approximations apply for Phase 1. For Phase 1 testing, you may correct your
zero-yaw drag area as follows if the ratio of the zero-yaw drag area divided by yaw-sweep
drag area for your vehicle is greater than 0.8065 (which represents the ratio expected for a
typical Class 8 high-roof sleeper cab):
(i) Determine the zero-yaw drag area, CdaAzero-yaw, and the yaw-sweep drag area for your
vehicle using the same alternate method as specified in this subpart. Measure the drag
area for 0°, —6°, and +6°. Use the arithmetic mean of the —6° and +6° drag areas as the
+6° drag area, CuAss.
(if) Calculate your yaw-sweep correction factor, CFys, using the following equation:
oF - CoA-0.8065

» Cd Azero-yaw
Eq. 1037.525-4
(iii) Calculate your corrected drag area for determining the aerodynamic bin by
multiplying the measured zero-yaw drag area by CFys, as determined using Eq. 1037.525-
4, as applicable. You may apply the correction factor to drag areas measured using other
procedures. For example, apply CFys to drag areas measured using the coastdown
method. If you use an alternate method, apply an alternate correction, Fait-aero, and
calculate the final drag area using the following equation:
CdA = Fait-aero - CFys - CdAzero-alt
Eq. 1037.525-5
(iv) You may ask us to apply CFys to similar vehicles incorporating the same design
features.
(v) As an alternative, you may calculate the wind-averaged drag area according to SAE
J1252 (incorporated by reference in § 1037.810) and substitute this value into Eq.
1037.525-4 for the +6° drag area.
(d) Approval of alternate methods. You must obtain preliminary approval before using any
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method other than coastdown testing to quantify aerodynamic drag. We will approve your
request if you show that your procedures produce data that are the same as or better than
coastdown testing with respect to repeatability and unbiased correlation. Note that the
correlation is not considered to be biased if there is a bias before correction, but you remove the
bias using Fait-aero. Send your request for approval to the Designated Compliance Officer. Keep
records of the information specified in this paragraph (d). Unless we specify otherwise, include
this information with your request. You must provide any information we require to evaluate
whether you may apply the provisions of this section. Include additional information related to
your alternate method as described in §§ 1037.530 through 1037.534. If you use a method other
than those specified in this subpart, include all the following information, as applicable:

(1) Official nameftitle of the procedure.

(2) Description of the procedure.

(3) Cited sources for any standardized procedures that the method is based on.

(4) Description and rationale for any modifications/deviations from the standardized

procedures.

(5) Data comparing the procedure to the coastdown reference procedure.

(6) Additional information specified for the alternate methods described in 8§ 1037.530

through 1037.534 as applicable to this method (e.g., source location/address,

background/history).

152. Amend 8§ 1037.528 by revising the introductory text and paragraphs (a), (c) introductory
text, (e) introductory text, (g)(3) introductory text, (h)(3)(i), (h)(6), and (h)(12)(v) to read as
follows:

§ 1037.528 Coastdown procedures for calculating drag area (CgqA).

The coastdown procedures in this section describe how to calculate drag area, CdA, for Phase 2
tractors, trailers, and vocational vehicles, subject to the provisions of 88 1037.525 through
1037.527. These procedures are considered the reference methodprimary procedures-for tractors,
but an alternate procedures-method for trailers. Follow the provisions of Sections 1 through 9 of
SAE J2263 (incorporated by reference in § 1037.810), with the clarifications and exceptions
described in this section. Several of these exceptions are from SAE J1263 (incorporated by
reference in § 1037.810). The coastdown procedures in 40 CFR 1066.310 apply instead of the
provisions of this section for Phase 1 tractors.

(a) The terms and variables identified in this section have the meaning given in SAE J1263

{incorporated-byrefereneein-§-1037.810)-and SAE J2263 unless specified otherwise.
*

* * * *

(c) The test condition specifications described in Sections 7.1 through 7.4 of SAE J1263 apply,
with certain the-following-exceptions and additional provisions: as described in this paragraph
(c). These conditions apply to each run separately.

* * * * *

(e) Measure wind speed, wind direction, air temperature, and air pressure at a recording
frequency of 10 Hz, in conjunction with time-of-day data. Use at least one stationary electro-
mechanical-anemometer and suitable data loggers meeting SAE J1263 specifications, subject to
the following additional specifications for the anemometer placed along the test surface:

* * * * *

g* * *

(3) Correct measured air direction from all the high-speed segments using the wind speed and
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wind direction measurements described in paragraph (e) of this section as follows:

* *

(h)*
©)

*

(6)

* * *
* *

* * *

(i) Calculate the mean vehicle speed to represent the start point of each speed range as the
arithmetic average of measured speeds throughout the continuous time speed-interval that
begins when measured defined-asvehicle speed is less than 2.00 mi/hr above the nominal
starting speed point to and ends when measured vehicle speed reaches 2.00 mi/hr below
the nominal starting speed point, expressed to at least two decimal places.
CalculateDetermine the timestamp corresponding to the starting point of each speed

range as the time-midpointthe+2.00-mifhrspaverage timestamp of the interval.
* * * *

For tractor testing, calculate the tire rolling resistance force at high and low speeds for

steer, drive, and trailer axle positions, Frrrspeed,axie], and determine AFtrr, the rolling

resi

stance difference between 65 mi/hr and 15 mi/hr, for each tire as follows:

Where:

(i) Conduct a stepwise coastdown tire rolling resistance test with three tires for each tire
model installed on the vehicle using SAE J2452 (incorporated by reference in §
1037.810) for the following test points (which replace the test points in Table 3 of SAE
J2452):

Table 1 of § 1037.528—Stepwise Coastdown Test Points for Determining Tire Rolling
Resistance as a Function of Speed

Step # Loella é)‘g) of Inflation r:gzigure (% of
1 20 100
2 55 70
3 85 120
4 85 100
5 100 95

(if) Calculate Frrrispeedaxie] using the following equation:

L[ax le]

t,[axle]

Braxte)
— =2
] . (a[axle] + b[axle] . Vseg[speed] + c[axle] . Vseg[speed] )

a
FTRR[speed,axIe] = nt,[axle] . p[axle] [

Eq. 1037.528-11

Nt [axte] = NUMber of tires at the axle position.

L[axle] =

PPraxie] = the inflation pressure set and measured on the tires at the axle position at the
beginning of the coastdown test.

the load over the axle at the axle position on the coastdown test vehicle.

afaxle], Plaxie], Afaxle], Dfaxie], @nd Claxie] = regression coefficients from SAE J2452 that are
specific to axle position.

Example:

Nt steer =

2
PPsteer = 758.4 kPa
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Lsteer = 51421.2 N
asteer = —0.2435
ﬁsteer =0.9576
asteer = 0.0434
Dsteer = 5.4:10°°
Csteer = 5.53-1077
Ntdrive = 8
pPdrive = 689.5 kPa
Larive = 55958.4 N
adrive = —0.3146
,Bdrive =0.9914
adrive = 0.0504
barive = 1.11-10
Cdrive = 2.86-107
Nt trailer = 8
PPrrailer = 689.5 kPa
Ltraiter = 45727.5 N
otrailer = —0.3982
ﬂtrailer =0.9756
atrailer = 0.0656
Dtraiter = 1.51-10
Ctrailer = 2.94-1077

Viegni = 28.86 m/s = 103.896 km/hr

Vieglo = 5.84 m/s = 21.024 km/hr

51 ) 0.9576
Forrmniseer = 2+ 758.47024% (%) -(0.0434+5.4-10°-103.896 + 5.53-10 " -103.896°

FTRRhisteer = 365.6 N
Frrrhidive = 431.4 N
FTRRhi,traiIer =231.7N
FTRRIo,steer =297.8N
Frrrio grive = 350.7 N
FTRRIo,trailer = 189.0 N

(iif) Calculate Frrrispeed) by summing the tire rolling resistance calculations at a given
speed for each axle position-and-determine4Frrr-as-follows:

FTRR[speed] = FTRR,[speed]steer + FTRR,[speed]drive + I:TRR,[speed]trailer
Eg. 1037.528-12
Example:

Frrrni = 365.6 + 431.4 + 231.7 = 1028.7 N
Frrrio = 297.8 + 350.7 + 189.0 = 837.5 N

(iv) Adjust Frrrispeed) to the ambient temperature during the coastdown segment as
follows:
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Frasaieet) = Fren sy | 1 0.006 (24— T sgtspean) |

Eq. 1037.528-13

Where:
T seglspeed) = the average ambient temperature during the lew-or-high-speed-coastdown
segment, in °Cs.
Example:

Frrrhi = 1028.7 N
FrrrIo =837.5 N

T seghi = 25.5°C
fseglo =25.1°C
Frrsaiag =1028.7-[1+0.006- (24— 25.5)| =1019.4 N

Firioag = 837.5-[1+0.006-(24-25.1)| =832.0 N

(v) Determine the difference in rolling resistance between 65 mph and 15 mph, 4Ftrr,
for each tire. Use good engineering judgment to consider the multiple results. For
example, you may ignore the test results for the tires with the highest and lowest
differences and use the result from the remaining tire. Determine 4Ftrr as follows:

- ’{ Commented [CAL18]: Equation updated.

‘AFTRR = TIRRhiadj — FTRRIo,adj

Example:

(12) * * *
(v) For the same set of points, recalculate the mean CqA. This is the final result of the
| coastdown test, CdAe#eeﬁvewcoastdownf !ﬂeff).

* * * * *

153. Amend § 1037.530 by revising paragraph (d)(7) to read as follows:
8§ 1037.530 Wind-tunnel procedures for calculating drag area (Cg¢A).
* * * * *
(d) * * *
| (7) Fan section description: fan type, diameter, power, maximum rotatienal-angular speed,

maximum speed, support type, mechanical drive, and sectional total weight.
* * * * *

154. Amend § 1037.532 by revising paragraph (a) to read as follows:
§ 1037.532 Using computational fluid dynamics to calculate drag area (CgA).

* * * * *
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(a) For Phase 2 vehicles, use SAE J2966 (incorporated by reference in § 1037.810), with the
following clarifications and exceptions:

(1) Vehicles are subject to the requirement to meet standards based on the average of testing
at yaw angles of +4.5° er—and —4.5°; however, you may submit your application for
certification with CFD results based on only one of those yaw angles.

(2) For CFD code with a Navier-Stokes based solver, follow the additional steps in paragraph
(d) of this section. For Lattice-Boltzmann based CFD code, follow the additional steps in
paragraph (e) of this section.

(3) Simulate a Reynolds number of 5.1 million (based on a 102-inch trailer width) and an air
speed of 65 mi/hr.

(4) Perform an open-road simulation the-General-On-Read-Simttatien-(not the Wind Tunnel
Simulation).

(5) Use a free stream turbulence intensity of 0.0 %.

(6) Choose time steps that can accurately resolve intrinsic flow instabilities, consistent with
good engineering judgment.

(7) The result must be drag area (CdA), not drag coefficient (Cd), based on an air speed of 65
mi/hr.

(8) Submit information as described in paragraph (g) of this section.

*

* * *

*

]}SI? Amend § 1037.534 by revising paragraph (c)(1), (c)(2), (d)(4)(i), and (f)(4)(iv) to read as
ollows:
8 1037.534 Constant-speed procedure for calculating drag area (CqA).
* * * * *
(C) * * *
(1) Measure torque at each of the drive wheels using a hub torque meter or a rim torque
meter. If testing a tractor with two drive axles, you may disconnect one of the drive axles
from receiving torque from the driveshaft, in which case you would measure torque at only
the wheels that receive torque from the driveshaft. Set up instruments to read engine #pm
speed for calculating angular retational-speed at the point of the torque measurements, or
install instruments for measuring the angular retatienal-speed of the wheels directly.
(2) Install instrumentation to measure vehicle speed at 10 Hz, with an accuracy and
resolution of 0.1 mi/hr. Also install instrumentation for reading engine #pm-speed from the
engine’s onboard computer.
* * * * *
(d) * * *
(4) * * *
(i) Measure the angular retatienal-speed of the driveshaft, axle, or wheel where the torque
is measured, or calculate it from engine £pm-speed in conjunction with gear and axle
ratios, as applicable.
* * * * *
(f) * * *
(4) * * *
(iv) Calculate CqA for each 10 second increment from the 50 mi/hr and 70 mi/hr test
segments using the following equation:
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{ Commented [CAL19]: Equation updated.

Vai r[speed] bacl

Eq. 1037.534-6
Where:

2. 'Eaero spee: R f
CoAspecay :[z[pd]:l

777777777777777777777777777777777777777777777777 ' [ Commented [CAL20]: Updated.

Foerosoeey = Mean aerodynamic force over a given 10 second increment = Fo qpeeqy —

E

RL10 test *

Vyirgspeeq) = MeaN aerodynamic force over a given 10 second increment.
R = specific gas constant = 287.058 J/(kg-K).
T = mean air temperature.

P.c: = mean absolute air pressure.

Example:
Fai7o=43106 N

Fraaes = 900.1 N

F..070= 4310.6 — 900.1 = 34105 N
V2,= 1089.5 m?/s?

R = 287.058 J/(kg-K)

T =293.68 K

P.: = 101300 Pa

c A :‘:2-3410.5. 287.058~293.68:| . { Commented [CAL21]: Equation updated.
@70 10895 101300 |,

CiArg=5210m> _ | commented [CAL22J: Updated.
* *

* * *

156. Amend § 1037.540 by revising paragraphs (b)(3), (b)(8), (d)(2), (€)(2), and (f) to read as
follows:

§1037.540 Special procedures for testing vehicles with hybrid power take-off.

* * * * *
(b) * * *
(3) Denormalize the PTO duty cycle in Appendix Il of this part using the following equation:

> { Commented [CAL23]: Equation updated.

prefi = pi . ( r)max - F_)min ) + ﬁmin

Eq. 1037.540-1
Where:

7777777777777777777777777777777777777777777777777777 j - [ Commented [CAL24]: Updated.

pi = the normalized pressure at each point i in the PTO cycle (relative to Prg). - [Commented [CAL25]: Updated.

Pra = the mean maximum pressure measured in paragraph (b)(2) of this section.
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Prin = the mean minimum pressure measured in paragraph (b)(2) of this section.
* * * * *
(8) Measured pressures must meet the cycle-validation specifications in the following table
for each test run over the duty cycle:
Table 1 of § 1037.540 — Statistical criteria for validating each test run over the duty cycle

PARAMETER*" PRESSURE
Slope, a1 0.950 <a1<1.030
Absolute value of intercept, |ao| < 2.0 % of maximum mapped pressure
Standard error of the estimate, SEE <10 % of maximum mapped pressure
Coefficient of determination, r? >0.970

*2Determine values for specified parameters as described in 40 CFR 1065.514(e) by
comparing measured values to denormalized pressure values from the duty cycle in
Appendix Il of this part.

* * *x X *x

(d) * * *
(2) For fractions of a test, use the following equation to calculate the time:

N
z( pcircuit-l,i + pcircuit-z,i ) ) At
t _ =1

test-partial —

ﬁmrcun-l + Ecircuit-Z
Eqg. 1037.540-2
Where:
i = an indexing variable that represents one recorded value.
N = number of measurement intervals.

i, starting from i = 1. Let pcircuit-2 = O if there is only one circuit.

Plircuit.1 = the mean normalized pressure command from circuit 1 over the entire PTO
cycle.

Puirait2 = the mean normalized pressure command from circuit 2 over the entire PTO

cycle. Let Dyt = O if there is only one circuit.

At = the time interval between measurements. For example, at 100 Hz, 4t = 0.0100
seconds.
* * * * *
(e) * K*  *
(2) Divide the CO2 mass from the PTO cycle by the distance determined in paragraph (d)(4)
of this section and the standard payload as defined in § 1037.801 to get the COz emission rate
in g/ton-mile. For plug-in hybrid electric vehicles follow paragraph (f)(3) of this section to
calculate utility factor weighted CO2 emissions in g/ton-mile.
* * * * *
(f) For Phase 2, calculate the delta PTO fuel results for input into GEM during vehicle
certification as follows:
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(1) Calculate fuel consumption in grams per test, mrueipto, without rounding, as described in
40 CFR 1036.540(d)(4) and-(5)-for both the conventional vehicle and the charge-sustaining
and charge-depleting portions of the test for the hybrid vehicle as applicable.
(2) Divide the fuel mass by the applicable distance determined in paragraph (d)(4) of this
section and the appropriate standard payload as defined in § 1037.801 to determine the fuel
rate in g/ton-mile.
(3) For plug-in hybrid electric vehicles calculate the utility factor weighted fuel consumption
in g/ton-mile, as follows:
(i) Determine the utility factor fraction for the PTO system from the table in Appendix V
of this part using interpolation based on the total time of the charge-depleting portion of
the test as determined in paragraphs (c)(6) and (d)(3) of this section.
(i) Weight the emissions from the charge-sustaining and charge-depleting portions of the
test using the following equation:

- { Commented [CAL29]: Equation updated.

‘mfueIPTO,plug-in = Merocp 'UFt,CD +Morocs '(1_UF1,CD)
Eq. 1037.540-3

Where:

meto.co = mass of fuel per ton-mile while in charge-depleting mode.

UF,, = Utility factor fraction at time tco as determined in paragraph (f)(3)(i) of this |- { Commented [CAL30]: Updated.
sectiorE 777777777777777777777777777777777777777777

meto,cs = mass of fuel per ton-mile while in charge-sustaining mode.
(4) Calculate the difference between the conventional PTO emissions result and the hybrid
PTO emissions result for input into GEM.

* * * * *

157. Revise 8 1037.550 to read as follows:
§ 1037.550 Powertrain testing.
{a)-This section describes the procedure hew-to measure fuel consumption and create determine

engine fuel maps using-a-measurementprocedure-that-invelvesby testing a powertrain that

includes an engine coupled with a transmission, drive axle, and hybrid components or any
assembly with one or more of those hardware elementsa-powertrain-to-simulate-vehicle
operation. Engine fuel maps are part of demonstrating compllance with Phase 2 vehicle standards
under this part 1037; the powertrain test procedure in this section is one option for generating
this fuel-mapping information may-ceme-from-differenttypes-oftesting-as described in 40 CFR
1036.510503. Additionally, this powertrain test procedure is one option for certifying hybrids to
the engine standards in 40 CFR part 1036.108.

(ab) General provnsmns The followmq provnsmns apply broadlv for testlnq under thls

syﬂem%ha&mee&%heﬁqwne%eﬁ%%par&%sﬂebparu Include these measured

NOx values any time you report to us your greenhouse gas emissions or fuel consumption

values from testlng under this sectlon #asystemma#ueeﬂemereve#ﬂsyeuiremmeasuﬂng
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respect to NOx emission measurement.

(2) The procedures of 40 CFR part 1065 apply for testing in this section except as specified.
This section uses engine parameters and variables that are consistent with 40 CFR part 1065.
(3) Powertrain testing depends on models to calculate certain parameters. You can udse-ene
{-Yse the detailed equations in this section -

to create your own models, or use the GEM HIL model éH)—Use-a-Wh#e—Hsfrs—seeHen—meleeles

( mcorporated bv reference in § 1037.810) ereweleel—at—to srmulate vehlcle hardware elements
as follows:-
—Hyeu-use-this-option(i) Create driveline and vehicle models that calculate the angular
speed setpoint for the test cell dynamometer, faret.dyno, based on the torgue measurement
location. Use the detailed equations in paragraph (f) of this section, the GEM HIL
model’s driveline and vehicle submodels, or a combination of the equations and the
submodels. You may use the GEM HIL model’s transmission submodel in paragraph (f)
of this section to simulate a transmission only if testing hybrid engines.
(i) Create a driver model or use the GEM HIL model’s driver submodel to simulate a
human driver modulating the throttle and brake pedals to follow the test cycle as closely
as possible.
(iii) Create a cycle-interpolation model or use the GEM HIL model’s cycle submodel to
interpolate the duty-cycles and feed the driver model the duty-cycle reference vehicle
speed for each point in the duty-cycle.
(4) The powertrain test procedure in this section is designed to simulate operation of different
vehicle configurations over specific duty cycles. See paragraphs (h) and (j) of this section.
(5) For each test run, record engine speed and torgue as defined in 40 CFR 1065.915(d)(5)
with a minimum sampling frequency of 1 Hz. These engine speed and torque values
represent a duty cycle that can be used for separate testing with an engine mounted on an
engine dynamometer under 8 1037.551, such as for a selective enforcement audit as
described in 8 1037.301.
(6) For hybrid powertrains with no plug-in capability, correct for the net energy change of the
energy storage device as described in 40 CFR 1066.501. For PHEV powertrains, follow 40
CFR 1066.501 to determine End-of-Test for charge-depleting operation. You must get our
approval in advance for your utility factor curve; we will approve it if you can show that you
created it from sufficient in-use data of vehicles in the same application as the vehicles in

whrch the PHEV powertram erI be mstalled

(eb) Test configuration. Select an-engine-and powertrain for testing as described in § 1037.235 or
40 CFR 1036.235 as applicablet.
{d)-Set up the engine according to 40 CFR 1065.110 and 40 CFR 1065.405(b)._Set the engine’s
idle speed to the minimum warm-idle speed. If warm idle speed is not adjustable, simply let the
engine operate at its warm idle speed.
(1) The default test configuration consists of a powertrain with all components upstream of
the axle. This involves connecting the powertrain’s transmissien-output shaft directly to the
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dynamometer or to a gear box with a fixed gear ratio and measuring torque at the axle input
shaft-foruse-inthe-vehicle-medel. You may instead set up the dynamometer to connect at
the wheel hubs and measure torque at that location. This may apply if your powertrain
configuration requires it, such as for hybrid powertrains; or if you want to represent the axle

performance with powertrain test results.—H-you-measure-torgue-connect-at-the-wheel-hubs
: | L s i | -

(2) For testing hybrids engines, connect the engine’s crankshaft directly to the dynamometer
and measure torque at that Iocatlon thaedeneemeluelethetraasmtssreeeea*l&eermeeethe

(ec) Powertrain temperatures during testing. Cool the powertrain during testing so temperatures
for intake-air-oil, coolant, block, head, transmission, battery, and power electronics are within
their manufacturer’s expected ranges for normal operation._You may use electronic control
module outputs EEM-measurements-to comply with this requirement. You may use auxiliary
coolers and fans.

(df) Engine break in. Break in the engine according to 40 CFR 1065.405, the axle assembly
according to § 1037.560, and the transmission according to § 1037.565. You may instead break
in the powertrain as a complete system by-fellewingusing the engine break in procedure
according-toin 40 CFR 1065.405.

(fge) Dynamometer setup. Set the dynamometer to operate in speed-control mode (or torque-
control mode for hybrid engine testing at idle, including idle portions of transient duty cycles).
Record data as described in 40 CFR 1065.202. Command and control the dynamometer speed at
a minimum of 5 Hz, or 10 Hz for testing engine hybrids. Run the vehicle model to calculate the
dynamometer setpoints at a rate of at least 100 Hz. If the dynamometer’s command frequency is

Iess than the vehicle model dynamometer setpomt frequencytf—yeueheese—t&eemmand—the

engmeeﬂegﬂudgmem—te subsample the calculated setpomts for usemcommandrng the
dynamomerater speed-setpoints.
(f) Driveline and vehicle model. Use the GEM HIL model’s driveline and vehicle submodels or
the equations in this paragraph (f) of this section toBesigaa-vehicle-model-to-use-the-measured
tergue-and calculate the dynamometer speed setpoint-, forer.dyno, based on the torque measurement
location. Note that the GEM HIL model is configured to set the accessory load to zero and it
comes configured with the tire slip model disabled.

e s 00 e s Lo

(2) Driveline model with a transmission in hardware. For testing with the—speeel—torque

measurement at the axle input shaft or wheel hubs, c€alculate

speed-target, foretdyno, Using the GEM HIL model’s driveline submodel or the following

equationbased-en-the-simulated-Hinear-speed-of the-tires:

f ka[speed] Vet , { Commented [CAL31]: Equation updated.
nrefi,dyno — 0
2 T r[speed] 7777777777777777777777777777777777777777 p Vi
Eq. 1037.550-1
Where:

Kagspeed] = drive axle ratio as determined in paragraph (hih) of this section._Set Kafspeed]
equal to 1.0 if torque is measured at the wheel hubs.
vrefi = Simulated vehicle reference speed_as calculated in paragraph (f)(3) of this section.

Use-the-unrounded-result forcalculating farefidynor
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rispeed] = tire radius as determined in paragraph (hih) of this section.
(2) Driveline model with a simulated transmission. For testing with the torque measurement
at the engine’s crankshaft, faref.ayno is the dynamometer target speed from the GEM HIL
model’s transmission submodel. You may request our approval to change the transmission
submodel, as long as the changes do not affect the gear selection logic. Before testing,
initialize the transmission model with the engine’s measured torgue curve and the applicable
steady-state fuel map from the GEM HIL model. You may request our approval to input
your own steady-state fuel map. Configure the torque converter to simulate neutral idle
when using this procedure to generate engine fuel maps in 40 CFR 1036.503 or to perform
SET testing under 40 CFR 1036.505. You may change engine commanded torque at idle to
better represent CITT for transient testing under 40 CFR 1036.510. You may change the
simulated engine inertia to match the inertia of the engine under test. We will evaluate your
requests under this paragraph (f)(3) based on your demonstration that that the adjusted testing
better represents in-use operation.
(i) The transmission submodel needs the following model inputs:

(A) Torque measured at the engine’s crankshaft.

(B) Engine estimated torque determined from the electronic control module or by

converting the instantaneous operator demand to an instantaneous torque in N-m.

(C) Dynamometer mode when idling (speed-control or torgue-control).

(D) Measured engine speed when idling.

(E) Transmission output angular speed, fnitransmission, Calculated as follows:

f _ ka[speed] 'Vrefi
ni transmission — 2 T

[speed]
Eg. 1037.550-2
Where:
Karspeed) = drive axle ratio as determined in paragraph (h) of this section.
Vrefi = Simulated vehicle reference speed as calculated in paragraph (f)(3) of this
section.
I'ispeed] = tire radius as determined in paragraph (h) of this section.
(ii) The transmission submodel generates the following model outputs:
(A) Dynamometer target speed.
(B) Dynamometer idle load.
(C) Transmission engine load limit.
(D) Engine speed target.
(3) Vehicle model. Calculate the simulated vehicle reference speed, vrefi, using the GEM HIL

model’s vehicle submodel or the equations in this paragraph (f)(3):
{ Commented [CAL32]: Equation updated.
At /

k, T,
a_I-l'(Effaxle)_
—— 4y /

) ref,i-1
(M 19°Co ~Cos(atan (Gi-l )) + s gdA 'Vrzw,i-lj - Fbrake,i.l - Fgrade.i-l M+M R //

Vrefi =

Eq. 1037.550-32

Where:

i = a time-based counter corresponding to each measurement during the sampling period.
Let vrer1 = 0; start calculations at i = 2. A 10-minute sampling period will generally
involve 60,000 measurements.
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T = instantaneous measured torque at the axle input, measured at the wheel hubs, or
simulated by the GEM HIL model’s transmission submodel.

Effaxie = axle efficiency. Use Effaxie = 0.955 for T >> 0, and use Effaxie = 1/0.955 for T < 0.
Use Effaxie = 1.0 if torque is measured at the wheel hubs. Fe-caleulatefaretiaynofora

M = vehicle mass for a vehicle class as determined in paragraph (hih) of this section.

g = gravitational constant = 9.806651 m/s2.

Cr = coefficient of rolling resistance for a vehicle class as determined in paragraph (kih)
of this section.

Gii = the percent grade interpolated at distance, Di4, from the duty cycle in Appendix IV - { commented [CAL33]: Updated.

corresponding to measurement (i-1). | Commented [CAL34}: Updated.

i=1

Eqg. 1037.550-
p = air density at reference conditions. Use p = 1.184520 kg/m®.
CdA = drag area for a vehicle class as determined in paragraph (kih) of this section.
Fhbrake,i-1 = instantaneous braking force applied by the driver model.

N
Di-1 = Z(Vref,i-l 'Ati-l) - { Commented [CAL35]: Equation updated.
3

‘ Fgrade,i-l =M-g .sin(atan((;l_l))‘ - { Commented [CAL36]: Equation updated.

Eqg. 1037.550-54
At = the time interval between measurements. For example, at 100 Hz, 4t = 0.0100
seconds.
Mrotating = inertial mass of rotating components. Let Mrotating = 340 kg for vocational Light
HDV or vocational Medium HDV. See paragraph (hih) of this section for tractors and for
vocational Heavy HDV.

(4) Example. The following example illustrates a calculation of faref.dyno USing paragraph

(f)(2) of this section where torque is measured at the axle input shaft.

This example is for a vocational Light HDV or vocational Medium HDV with 6 speed

automatic transmission at B speed (Test 4 in Table 2 of 40 CFR 1036.540).

kag = 4.0

rs =0.399 m

Togo1000-1 = 500.0 N-m

Cr = 67.79 kg/tonne = 76.79-10° kg/kg

M = 11408 kg

CiA =5.4m?

Gogoz000-1 = 20.390 % = 0.0480039
998

Dggo = D (19.99-0.01+20.0- 0.01+ ..+ V,g1 5 - Aty ) =1792M
i=0

Fbrake,999 =0N

VWreta99 = 20.0 m/s

F o090 =11408-9.81-sin  atan 0.0039)) =436.5N

At=0.0100s
Mrotating =340 kg
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4.0-500.0

(0.955)—
v | 0.399 0.0100 4200
ref1000 — L S a
L/ (11408-9.80665-7.7 10 cos(atan (0.0039)) + 134224, 20.02]7 0-436.5 | 11408+340
vrefiooo = 20.06429-00189 mfs -~ { Commented [CAL37]: Example updated.
f reti000 dymo = w =31.93r/s =1915.8 r/min - { Commented [CAL38]: Example updated.
' 2-3.14-0.399 y
. . g - {Commented [CAL39]: Example updated.

f mrefidyno

_ ka[speed] Vet c

2 - I’[speed]

(gha) Driver model. Use the GEM HIL model’s driver submodel or dBesign a driver model to
simulate a human driver modulating the throttle and brake pedals. In either case, tune the model
to follow the test cycle as closely as possible meeting the following specifications—:
(1) The driver model must meet the speed requirements for operation over the highway cruise
cycles as described in § 1037.510 and for operation over the transient cycle as described in
40 CFR 1066.425(b). The exceptions in 40 CFR 1066.425(b)(4) apply to the transient cycle
and the highway cruise cycles.—Besign-the-driver-model-to-meet-the following-specifications:

(42) Send a brake signal when throttle-pesitionoperator demand is zero and vehicle speed is
greater than the reference vehicle speed from the test cycle. Include a delay before changing

the brake signal to prevent dithering, consistent with good engineering judgment.

(23) Allow braking only if threttle-pesitienoperator demand is zero.

(34) Compensate for the distance driven over the duty cycle over the course of the test. Use
the following equation to perform the compensation in real time to determine your time in
the cycle:

"ni transmission

i=1 chcle, i-1

N Vo /{ Commented [CAL40]: Equation updated.
t — Z vehicle,i-1 LAt . ,
cyclei i- /

Eqg. 1037.550-66
Where:
Vvehicle = Measured vehicle speed.

Veycle = reference speed from the test cycle. If veyclei-1 < 1.0 m/s, set Veycle,i-1 = vVehic|e,i41L - [ Commented [CAL41]: Updated.

(hih) Vehicle configurations to evaluate for generating fuel maps as defined in 40 CFR 1036.503.
Configure the driveline and vehicle models from paragraph (f) of this section in the test cell to
test the powertrain-. Simulate multiple vehicle configurations that represent the range of intended
vehicle applications. Useusing at least three equally spaced axle ratios or tire sizes and three

different road loads (nine configurations), or at least four equally spaced axle ratios or tire sizes
and two different road loads (eight configurations)-te-cever-the-range-of-intended-vehicle
apphications. Select axle ratios to represent the full range of expected vehicle installations.
(1) -Determine the vehicle model inputs for Mvehicle-mass, Mrotating, CdA, and Crr for a set of
vehlcle conflguratlons as descrlbed in 40 CFR 1036 540(c)(3) ¥ea—may—mstead—test—te
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et—thetwe&thaMntLbemstaHeeLenthese#ehaetes—Allenstead of selecting specific-axle
ratios and tire sizes based on the range of intended vehicle applications as described in this
paragraph (hih), you may select equally-spaced-axle ratios and tire sizes such that the ratio of
engine speed everto vehicle speed that-covers the range of ratios of minimum and maximum
engine speed ever-to vehicle speed when the transmission is in top gear for the vehicles in
which the powertrain will be installed-t._Note that you do not have to use the same axle
ratios and tire sizes for each GEM regulatory subcategory.
(2)- For hybrid powertrain systems where the transmission will be part-efthe-vehicle
modelsimulated, use the transmission parameters defined in Table 1 of 40 CFR 1036.540 to
determine transmission type and gear ratio. and Use a fixed transmission efficiency of 0.95.
The GEM HIL transmission model uses a transmission parameter file for each test that
includes the transmission type, gear ratios, lockup gear, torque limit per gear from Table 1 of
40 CFR 1036.540, and the values from 40 CFR 1036.503(b)(4) and (c).

(i) [Reserved]

(1)) Duty cycles to evaluate. Operate the powertrain over each of the duty cycles specified in §

1037.510(a)(2), and for each applicable test-vehicle configuration from paragraph (h) of this

sectionidentified-in-40-CFR-1036-540(¢c). Determine cycle-average powertrain fuel maps by

testing the powertrain usmq the procedures in Iest—theeewe.tﬂamaeee#qumo CFR

1036.540(d); ~- with the following exceptions:
(1) Understand “engine” to mean “powertrain”.
(2) If the preceding duty cycle does not end at 0 mi/hr, transition between duty cycles by
decelerating at a rate of 2 mi/hr/s at 0 % grade until the vehicle reaches zero speed. Shut off
the powertrain. Prepare the powertrain and test cell for the next duty-cycle. Start the next
duty-cycle within 60 to 180 seconds after shutting off the powertrain. Do not run the
powertrain or change its physical state before starting the next duty cycle. If the next duty
cycle begins at 0 mi/hr vehicle speed, key on the vehicle and start the duty-cycle after 10
seconds, otherwise key on the vehicle and transition to the next duty cycle by accelerating at
a rate of 1 mi/hr/s at 0 % grade for vehicle configurations given in Table 2 of 40 CFR
1036.540 or 2 mi/hr/s at 0 % grade for vehicle configurations given in Table 3 and Table 4 of

40 CFR 1036 540 then stablllze for 10 seconds at the initial dutv cvcle condltlons Add-a-20-

(23) ¥eeema¥eseCalculate cvcle work usmq GEM or the speed and torque from the
driveline and vehlcle modeIs from paragraph (f) of thls section to determme the sequence of
duty cyclesy W y .
(34) Calculate the mass of fuel consumed for theldle duty cycles as descrlbed in paraqraph

(n) of this sectlon
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(5) Warm up the powertram as descrlbed in 40 CFR 1036 527(0)(1)

(jk) Measuring NOx emissions. Measure NOx emissions for each sampling period in grams. You
may perform these measurements using a NOx emission-measurement system that meets the
requirements of 40 CFR part 1065, subpart J. If a system malfunction prevents you from
measuring NOx emissions during a test under this section but the test otherwise gives valid
results, you may consider this a valid test and omit the NOx emission measurements; however,
we may require you to repeat the test if we determine that you inappropriately voided the test
W|th respect to NOx emlssmn measurementemekaﬂémeaa%enﬂssmqsa&deseﬂbe@mm

(1) [Reserved]

(mk) Measured output speed validation. For each test point, validate the measured output speed

with the corresponding reference values. If the range of reference speed is less than 10 percent
of the mean reference speed, you need to meet only the standard error of the estimate in Table 1
of this section. You may delete points when the vehicle is stopped. If your speed measurement
is not at the location of fu.ref, Yotay-correct your measured speed byusing the constant speed
ratio between the two locations. Apply cycle-validation criteria for each separate transient or
highway cruise cycle based on the following parameters:

Table 1 of § 1037.550 — Statistical criteria for validating duty cycles

PARAMETER*A SPEED CONTROL
Slope, a1 0.990 <a1<1.010
5 -
Absolute value of intercept, |ao| =20%of msag(el&]jum_ furet
Standard error of the estimate, < 2.0 % of maximum favrer test
SEE speed
Coefficient of determination, r? >0.990

*aDetermine values for specified parameters as described in 40
CFR 1065.514(e) by comparing measured and reference values for
fnref,dyno.

(n) Fuel consumption at idle. Determine the mass of fuel consumed at idle for the applicable
duty cycles described in § 1037.510(a)(2) as follows:
(1) Measure fuel consumption with a fuel flow meter and report the mean idle fuel mass flow
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rate for each duty cycle as applicable, rﬁfuelidle.

(2) If you do not Fermeasurements-that-de-netinvelve-measured fuel mass flow rate,
calculate the idle fuel mass flow rate for each duty cycle, rﬁfue,idle , for each set of vehicle
settings, as follows:

rﬁfuelidle = M '[ﬁexh : Yiwmbdry - mCOZDEFJ
Cmeas 1+ Xzoexnary M co.
Eq. 1037.550-77
Where:

Mc = molar mass of carbon.

Wemeas = carbon mass fraction of fuel (or mixture of test fuels) as determined by-in 40
CFR 1065.655(d), except that you may not use the default properties in Table 1 of 40
CFR 1065.655 to determine o, g, and wc for liquid fuels.

n, = the mean raw exhaust molar flow rate from which you measured emissions
according to 40 CFR 1065.655.

Xccomnary = the mean concentration of carbon from fuel and any injected fluids in the

exhaust per mole of dry exhaust.
Xinoenary = the mean concentration of H20 in exhaust per mole of dry exhaust.

Mcosoer = the mean CO2 mass emission rate resulting from diesel exhaust fluid
decomposition over the duty cycle as determined in 40 CFR 1036.535(b)(10). If your
engine does not use diesel exhaust fluid, or if you choose not to perform this correction,
set Meoy0er €QUal to 0.

Mco2 = molar mass of carbon dioxide.

Example:

Mc = 12.0107 g/mol
Wcmeas = 0.867

n,., = 25.534 mol/s

XCcombdry = 280510-3 mOl/mOI
Risz0exnary = 3-53'10% mol/mol
rﬁCOZDEF =0.0726 g/s

Mco2 = 44.0095
-3
~ 120107 '(25.53 4. 2805107 00726 ]

M etigle = ————— . _
fuelidle 0.867 14353 '1072 42,0095
My, = 0-405 gfs = 1458.6 g/hr

(0) Create GEM inputs. Use the results of powertrain testing to determine GEM inputs for the
different simulated vehicle configurations as follows:
(1) Correct the measured or calculated fuel masses, Melfcycle], and mean idle fuel mass flow
rates, M,,..q..iT applicable, for each test result to a mass-specific net energy content of a
reference fuel as described in 40 CFRS 1036.535(bf)(+1), replacing m,,, With Mueifcycle]
where applicable in Eq. 1036.535-34.
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(2) Seleet-Declare fuel-eensumptionrates masses, Mruelfeycle], in g/cycle. In addition, declare
mean a-fuel mass eonsumption-flow rate for each applicable idle duty cycle, m, .. These

declared values may not be lower than any corresponding measured values determined in this
section._If you use multiple measurement methods as allowed in 40 CFR 1036.540(d),
follow 40 CFR 1036.535(q) regarding the use of direct and indirect fuel measurements and
the carbon balance error verification. Yeu-ay-selectany-valiethatisat-orabove-the

corresponding-measured-value—These declared fuel-consumptionratesvalues, which serve
as emission standards, represent-collectively as-represent the eertified-powertrain fuel map

for certification.

fnpuwenraln j| USinE one
[cycle]

Vpowertrain

(23) Calculate pRowertrain output speed per unit of vehicle speed, [

of the following methods:-
(i) For testing with torgue measurement at the axle input shaft:

npowertrain _ ka
powertrain _{[cy cle] 2.7 r[speedl]

Eq. 1037.550-8

—h

<

Example:

ka =4.0

rs =0.399 m
f !

{—_"Wwem'"} 40 15961/m
Voowetrein transienttest4 2:3.14-0.399

(ii) -For testing with Hthe-test-is-done-with-the-torque measurementdynamometer

eenneeted at the wheel hubs, use Eq 1037 550-8 sett_g ka we-brepdeodo o therear

veheles—m&h%eet—eleetnedm;e—let—ka gual to— 1

npowertrain ka
Vpowemain 2 - r[speed]

(iii) For testing with torque measurement at the engine’s crankshaft:
fnpowenrain — fnengine
vpowertrain [cycle] vref

Eg. 1037.550-9

Where:

fnengine = average engine speed when vehicle speed is at or above 0.100 m/s.

¢ = average simulated vehicle speed at or above 0.100 m/s.

Example:
fnengine: 1870 r/min =31.17 r/s

V. =19.06 m/s
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Fo
o _3L17 4 635 m
V

powertrain _|anienttest4 19.06
(43) Positive-Calculate positive work, Wieycle], as the work over the duty cycle at the

brmomicsienattortaxle mgut shaft er-wheel hubs, ortheaewertrmn%eu%pu&sha#&that
engine’s crankshaft, as applicable,

when vehicle speed is at or above 0.100 m/s.

(55) FheCalculate engine idle speed, by taking the average engine speed measured during the
transient cycle engine-test while the vehicle speed is net-moving—Note that GEM-hasaflag
to-indicate-when-the-vehicle-is mevingbelow 0.100 m/s.

%@%&P@HFW%&M&%&#WW—&M—M%MH—NEME i

(64) The following table illustrates the GEM data inputs corresponding to the different
vehicle configurations for a given duty cycle:

Table 2 of § 1037.550 — Example vehicle configuration test result output matrix for Heavy HDV

VEHICLE CONFIGURATION NUMBER
MMiuel[cycle]
[ {f— }
Viowerain oy
W[cycle]
]Enidleg

a1dle speed applies only for the transient duty cycle.

158. Amend § 1037.551 by revising paragraph (b) to read as follows:

§1037.551 Engine-based simulation of powertrain testing.

* * * * *

(b) Operate the engine over the applicable engine duty cycles corresponding to the vehicle cycles
specified in 8 1037.510(a)(2) for powertrain testing over the applicable vehicle simulations
described in § 1037.550(hi). Warm up the engine to prepare for the transient test or one of the
highway cruise cycles by operating it one time over one of the simulations of the corresponding
duty cycle. Warm up the engine to prepare for the idle test by operating it over a simulation of
the 65-mi/hr highway cruise cycle for 600 seconds. Within 60 seconds after concluding the
warm up cycle, start emission sampling while the engine operates over the duty cycle. You may
perform any number of test runs directly in succession once the engine is warmed up. Perform
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cycle validation as described in 40 CFR 1065.514 for engine speed, torque, and power.

* * * * *

159. Amend § 1037.555 by revising paragraphs (d), (e), and (f) to read as follows:
§ 1037.555 Special procedures for testing Phase 1 hybrid systems.
* * * * *
(d) Calculate the transmission output shaft’s angular speed target for the driver model, faref driver,
from the linear speed associated with the vehicle cycle using the following equation:
v k

__cyclei a
fnrefl,dnver 2 N
Eq. 1037.555-1
Where:
Veyclei = Vehicle speed of the test cycle for each point, i, starting from i = 1.
ka = drive axle ratio, as declared by the manufacturer.
r = radius of the loaded tires, as declared by the manufacturer.
(e) Use speed control with a loop rate of at least 100 Hz to program the dynamometer to follow
the test cycle, as follows:
(1) Calculate the transmission output shaft’s angular speed target for the dynamometer,
foref,dyno, from the measured linear speed at the dynamometer rolls using the following
equation:
VrefI 'ka
nrefi g m
Eq. 1037.555-2
Where:

ka 'Ti— ti —ti_
Veer :( r : _( A+B Vi, +C 'VrZef,i-l) - Fbrake,i—lj ‘Tl+v

Eqg. 1037.555-3

T = instantaneous measured torque at the transmission output shaft.

Fbrake = instantaneous brake force applied by the driver model to add force to slow down the

vehicle.

t = elapsed time in the driving schedule as measured by the dynamometer, in seconds.

(2) For each test, validate the measured transmission output shaft’s speed with the

corresponding reference values according to 40 CFR 1065.514(e). You may delete points
when the vehicle is stopped. Perform the validation based on speed values at the
transmission output shaft. For steady-state tests (55 mi/hr and 65 mi/hr cruise), apply cycle-
validation criteria by treating the sampling periods from the two tests as a continuous
sampling period. Perform this validation based on the following parameters:

Table 1 of § 1037.555 — Statistical criteria for validating duty cycles

PARAMETER SPEED CONTROL
Slope, a1 0.950 <a1<1.030
Absolute value of intercept, |ao| < 2.0 % of maximum test speed
Standard error of the estimate, SEE <5 % of maximum test speed
Coefficient of determination, r2 >0.970
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(f) Send a brake signal when throttle-pesitienoperator demand is equal to zero and vehicle speed
is greater than the reference vehicle speed from the test cycle. Set a delay before changing the
brake state to prevent the brake signal from dithering, consistent with good engineering
judgment.

* * *x X X

160. Revise § 1037.560 to read as follows:
§1037.560 Axle efficiency test.
This section describes a procedure for mapping axle efficiency through a determination of axle
power loss.
(a) You may establish axle power loss maps based on testing any number of axle configurations
within an axle family as specified in § 1037.232. You may share data across a family of axle
configurations, as long as you test the axle configuration with the lowest efficiency from the axle
family; this will generally involve testing the axle with the highest axle ratio. For vehicles with
tandem drive axles, always test each drive axle separately. For tandem axles that can be
disconnected, test both single-drive and tandem axle configurations. This includes 4x4 axles
where one of the axles is disconnectable. Alternatively, you may ask-ts-to-appreve-powerless
maps-for-untested-configurations-that-are-analytically derived power loss maps for untested
configurations within the same axle family as defineddescribed in paragraph (h) of this
sectionfrom-tested-configurations-within-the-same-family-(see-5-1037.235(h)).
(b) Prepare an axle assembly for testing as follows:
(1) Select an axle assembly with less than 500 hours of operation before testing. Assemble
the axle in its housing, along with wheel ends and bearings.
(2) If you have a family of axle assemblies with different axle ratios, you may test multiple
configurations using a common axle housing, wheel ends, and bearings.
(3) Install the axle assembly on the dynamometer with an input shaft angle perpendicular to
the axle.
(i) For axle assemblies with or without a locking main differential, test the axle assembly
using one of the following methods:
(A) Lock the main differential and test it with one electric motor on the input shaft
and a second electric motor on the output side of the output shaft that has the speed-
reduction gear attached to it.
(B) Test with the main differential unlocked and with one electric motor on the input
shaft and electric motors on the output sides of each of the output shafts.
(ii) For drive-through tandem-axle setups, lock the longitudinal and inter-wheel
differentials.
(4) Add gear oil according to the axle manufacturer’s instructions. If the axle manufacturer
specifies multiple gear oils, select the one with the highest viscosity at operating temperature.
You may use a lower-viscosity gear oil if we approve that as critical emission-related
maintenance under § 1037.125. Fill the gear oil to a level that represents in-use operation.
You may use an external gear oil conditioning system, as long as it does not affect measured
values.
(5) Install equipment for measuring the bulk temperature of the gear oil in the oil sump or a
similar location. Report temperature to the nearest 0.1 °C.
(6) Break in the axle assembly using good engineering judgment. Maintain gear oil
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temperature at or below 100 °C throughout the break-in period.
(7) You may drainBrain the gear oil following the break-in procedure and repeat the filling
procedure described in paragraph (b)(34) of this section._We will follow your
protoeolpractice for our testing.
(c) Measure mput and output speed and torque as described in 40 CFR 1065. 210(b)49xee|eethat
y You may, 3 3 A
Ymust use a speed measurement system that meets an accuracy of +O 05 % of pornt Use torque
transducers that meet an accuracy requirement of £1.0 N-m for unloaded test points and +0.2 %
of the maximum tested axle input torque or output torque, respectively, tested-for loaded test
points;-and-+=1L0-N-m-forunloaded-testpoints. Calibrate and verify measurement instruments
according to 40 CFR part 1065, subpart €D. Command speed and torque at a minimum of 10
Hz, and record all data, including bulk oil temperature, as 1 Hz mean values.
(d) The test matrix consists of test points representing output torque and wheel speed values
meeting the following specifications:
(1) Output torque includes both loaded and unloaded operation. For measurement involving
unloaded output torque, also called spin loss testing, the wheel end is not connected to the
dynamometer and is left to rotate freely; in this condition the input torque (to maintain
constant wheel speed) equals the power loss. Test axles at a range of output torque values, as
follows:
(i) 0, 500, 1000, 2000, 3000, and 4000 N-m for single drive axle applications for tractors
and for vocational Heavy HDV with a single drive axle.
(ii) 0, 250, 500, 1000, 1500, and 2000 N-m for tractors, for vocational Heavy HDV with
tandem drive axles, and for all vocational Light HDV or vocational Medium HDV.
(iii) You may exclude values that exceed your axle’s maximum torque rating.
(2) Determine maximum wheel speed corresponding to a vehicle speed of 65 mi/hr based on
the smallest tire (as determined using 8 1037.520(c)(1)) that will be used with the axle. If
you do not know the smallest tire size, you may use a default size of 650 r/mi. Use wheel
angular retational-speeds for testing that include 50 r/min and speeds in 100 r/min increments
that encompass the maximum wheel speed (150, 250, etc.).
(3) You may test the axle_ assembly at additional speed and torque setpoints.
(e) Determine axle efficiency using the following procedure:
(1) Maintain ambient temperature between (15 and 35) °C throughout testing. Measure
ambient temperature within 1.0 m of the axle assembly. Verify that critical axle settings
(such as bearing preload, backlash, and oil sump level) are within specifications before and
after testing.
(2) Maintain gear oil temperature at (81 to 83) °C. You may alternatively specify a lower
ranqe by shlftmq both temperatures down by the same amount seeeriwaeeltemetwereeqe

aliewableraneers%@—@ We will test your axle assembly usrnq the same temperature range
you usedspecify for your testing.—Measure-gear-oi-temperature-at-the-drain-of-the-sump-

You may use an external gear oil conditioning system, as long as it does not affect measured
values.

(3) Use good engineering judgment to warm up the axle assembly by operating it until the
gear oil is within the specified temperature range.

(4) Stabilize operation at each point in the test matrix for at least 10 seconds, then measure
the input torque, output torque, and wheel angular speed for at least 10 seconds;+. Recording
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the-arithmetic mean values for all three parameters_over the measurement period. Calculate
power loss as described in paragraph (f) of this section based on torgue-and-speedthese
values for mean input torque, T, , mean output torque, T, and mean wheel angular speed,

int out
T e a1 €QCh test point.

(5) Perform the map sequence described in paragraph (e)(4) of this section three times.
Remove torque from the input shaft and allow the axle to come to a full stop before each
repeat measurement.

(6) You may need to perform additional testing atagiven test point based on a calculation of

mthetest—matnx—lf the confrdence I|m|t is greater than 0.10 % for Ioaded tests or greater
than 0.05 % for unloaded tests, perform another repeat of measurements at that eperating

conditiontest pointthe-axle-pewer-loss-map and recalculate the repeatability for the whole set
of test results. Continue testing until the repeatability-confidence interval is at or below the

specified values for all eperating-cenditionstest points. Calculate a confidence Hmitinterval
representing the repeatability in establishing a 95 % confidence level using the following
equation:

Confidence Interval = % -100 %
JN

" Pimax

Eq. 1037.560-1

Where:

oploss = standard deviation of power loss values at a given torque-speed setting (see 40 CFR
1065.602(c)).

N = number of repeat tests.

Pmax = maximum output torque setting from the test matrix.

Example:
oploss = 0.165:0 kW
N=3
Pmax = 31472009 KW
1.96-0.1650 Ac ted [CAL44]: Example updated.
Confidence Interval = m .100 % B { commente xample update

Confidence Limit-Interval = 0. 0594 %

Qa—ealeunlateumeah—mpet—terqee— o ,—meaheetput—terqee— T r-and-mean-wheel rotational

tests:
(f) Calculate the mean power loss, P, at each eperating-condition-in-the test matrixtest pointas -  Commented [CAL45]: Updated.
follows: oo

@ﬁeeeaehteseeCalculate themeaeJeeweHessﬁ Poce for each measurement at each test
point; as follows:
P =T Fruuneer Ko =T,

loss in nwheel * fa out

- f

nwheel
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Eq. 1037.560-2
Where:

T = mean input torque_from paragraph (e)(4) of this section.
f..a = Mean wheel angularretational speed from paragraph (e)(4) of this section in rad/s.
ka = drive axle ratio, expressed to at least the nearest 0.001.

T,,.= Mean output torque from paragraph (e)(4) of this section. Let 'I'_Out =0 for all unloaded
tests.

(2) Calculate F’IOSS as the mean power loss from all measurements at a given test point.

(3) The following example illustrates a calculation of P,
Ti1=845.10 N'm

T eet2 = 100.0 r/min = 10.472 rad/s

ka=3.731

T,.1=3000.00 N'm

P ,=845.10-10.472-3.731-3000.00-10.472

055

‘ b 1602.9 W = 1.6029 kW E / { Commented [CAL46]: Updated.

Pess2 = 1601.9 W = 1.6019 kW

Poss = 1603.9 W = 1.6039 kW

o 1.6029+1.6019 +1.6039

loss —

3
(9) Create a table shewing-with the mean power loss, Pus, corresponding to each mean-output
torque-and-mean-wheel-speedtest point for input into GEM. Express wheel angular speed in
r/min to one decimal place; express output torque in N-m to two decimal places; express power
loss in KW to four decimal places

=1.6029 kW

1) Record P, . Out,and fmn for each test point. Calculate TOLll and fnln for each test
point by calculating the arithmetic average of TOut and fnin for all the repeat tests at that test
point.

-(2) Record declared Select-mean power loss values at or above the corresponding value
calculated in paragraph (f) of this section. Use good engineering judgment to select values
that will be at or above the mean power loss values for your production axles. Vehicle
manufacturers will use these declared mean power loss values for certification. For vehicles
with tandem drive axles, the GEM input is the sum of the power losses and output torques of
from the individual axles-when-creating-yyourtable. For vehicles with a disconnectable axle,

GEM uses separate inputs for tandem-axles-with-a-disconnect—input-a-separate-table-inte
GEM-forthe-single and tandem drive axle configurations.—\/ehicle-manufacturers-witl-use

(h) You may analytically derive axle power loss maps for untested configurations within the
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samean axle family as follows:
(1) Test a-minimum-of three-numericratiosat least three axle assemblies within the same
family representing at least the smallest axle ratio, the largest axle ratio, and an axle ratio
closest to the arithmetic mean from the two other tested axle assembliesaceordingto-this
section. Test each efthese-axle assemblsy as described in this section at the same speed and
torque settestpomts Jesetheemallestand%rqesenumeneaxlemnemmtheiamumd

(2) Perform a second--order least-squares regression efthebetween declared power loss

values-versus-theand axle ratio ferusing each speed and torque settest-point described in
paragraph (d) of this section for your tested axle assembliesinthe-powerlossmap. Use the
declared power loss values from paragraph () of this section; however, for purposes of
analytically deriving power loss maps under this paragraph (h), you must select declared
values for the largest and smallest axle ratios in the axle family that are adjusted relative to

the calculated values for mean power Ioss by the same multiplier.

{i-If the coefficent of the second-order term is negative, include testing from additional axle
ratios, or eitherretest-the-axle{s)-er-increase theyour declared power loss effor the largest and
smallest axle ratios test-peints-by the same multiplier as needed for the second-order term to

become posﬂweueﬂhhe%eemd—erdeHe#weﬁkmeaskstheHeq#essm%—pesm%
(3) Determine PIOSS of untested axles for each speed and torque setpoint based on a linear

relationship between your declared power loss and axle ratio as follows:
(i) Determine the slope of the correlation line by connecting the declared power loss
values for the smallest and largest axle ratios.
(ii) Fix the intercept for the correlation line by shifting it upward as needed so all the
declared power loss values are on the correlation line or below it. Note that for cases
involving three tested axle assemblies, the correlation line will always include the
declared power loss for the smallest and largest axle ratio.

(4) Select declared values of P, for untested configurations that are at or above the values

0SS

vou determlned in paraqraph (h)(3) of thls section. Use—lmear—mtemelatten—beween—the

161. Revise § 1037.565 to read as follows:

§ 1037.565 Transmission efficiency test.

This section describes a procedure for mapping transmission efficiency through a determination
of transmission power loss.

(a) You may establish transmission power loss maps based on testing any number of
transmission configurations within a transmission family as specified in § 1037.232. You may
share data across any configurations within the family, as long as you test the transmission
configuration with the lowest efficiency from the erissien-transmission family. Alternatively,
you may ask us to approve analytically derived power loss maps for untested configurations that

are-anahyticathy-derived-from-tested-configurations-within the same transmission family (see §
1037.235(h)).
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(b) Prepare a transmission for testing as follows:

(1) Select a transmission with less than 500 hours of operation before testing.

(2) Mount the transmission to the dynamometer such that the geared shaft in the transmission

is aligned with the input shaft from the dynamometer.

(3) Add transmission oil according to the transmission manufacturer’s instructions. If the

transmission manufacturer specifies multiple transmission oils, select the one with the

highest viscosity at operating temperature. You may use a lower-viscosity transmission oil if
we approve thatit as critical emission-related maintenance under § 1037.125. Fill the
transmission oil to a level that represents in-use operation. You may use an external
transmission oil conditioning system, as long as it does not affect measured values.

(4) Include any internal and external pumps for hydraulic fluid and lubricating oil in the test.

Determine the work required to drive an external pump according to 40 CFR 1065.210.

(5) Install equipment for measuring the bulk temperature of the transmission oil in the oil

sump or a similar location.

(6) If the transmission is equipped with a torque converter, lock it for all testing performed in

this section.

(7) Break in the transmission using good engineering judgment. Maintain transmission oil

temperature at (87 to 93) °C for automatic transmissions and transmissions having more than

two friction clutches, and at (77 to 83) °C for all other transmissions. You may ask us to

approve a different range of transmission oil temperatures if you have data showing that it

better represents in-use operation.
(c) Measure input and output shaft speed and torque as descrlbed in 40 CFR 1065. 210(b)—exeept
thaty. You may 1y
revolution—Ymust use a- speed measurement system that meets an accuracy of +0.05 % of point.
Accuracy requirements for torque transducers depend on the highest loaded transmission input
and output torque as described in paragraph (d)(2) of this section. Use torque transducers for
torgue input measurements that meet an accuracy requirement of £0.2 % of the transmission’s
highest loaded transmission maximum-rated-input torgue-oroutput-torgueforthe-selected-gear
ratio-for loaded test points; and £0.1 % of the highest loaded transmission transrrission’s
maximum-rated-input torque for unloaded test points. For torque output measurements, torque
transducers must meet an accuracy requirement of +0.2 % of the highest loaded transmission
output torque for each gear ratio. Calibrate and verify measurement instruments according to 40
CFR part 1065, subpart €D. Command speed and torque at a minimum of 10 Hz, and record all
data, including bulk oil temperature, at a minimum of 1 Hz mean values.
(d) Test the transmission at input shaft speeds and torque setpoints as described in this paragraph
(d). You may exclude lower gears from testing; however, you must test all the gears above the
highest excluded gear. GEM will use default values for any untested gears. The test matrix
consists of test points representing transmission input shaft speeds and torque setpoints meeting
the following specifications for each tested gear-tested:

(1) trelude-Test at the following transmission input shaft speeds:
-at-the-maximum-rated-input-shaft-speed;(i) 600.0 r/min_or transmission input shaft speed
when paired with the engine operating at idle;-and-three-equathy-spaced-intermediate
Sanods,

(ii) The transmission’s maximum rated input shaft speed. You may alternatively select a
value representing the highest expected in-use transmission input shaft speed.
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(iii) Three equally spaced intermediate speeds. The intermediate speed points may be
adJusted to the nearest 50 or 100 r/min. You may test any number of addltlonal speed

) Test at certam transmlssmn mput torque setpomts as follows
(i) Include one unloaded (zero-torque) setpoint.
(i) Include one loaded torque setpoint between 75 % and 105 % of the transmission’s
maximum rated transrission-input shaft torque-and-one-unloaded-(zero-torgue)-setpoint.
However, you may use a lower torque setpoint as needed to avoid exceeding
dynamometer torgue limits, as long as testing accurately represents in-use performance.
If your loaded torque setpoint is below 75 % of the transmission’s maximum rated input
shaft torque, you must demonstrate that the sum of time for all gears where demanded
engine torgue is between your maximum torque setpoint and 75 % of the transmission’s
maximum rated input shaft torque is no more than 10 % of the time for each vehicle drive
cycle specified in subpart F of this part. This demonstration must be made available upon
request.
(1ii) You may test at any number of additional torque setpoints to improve accuracy.
(iv) Note that GEM calculates power loss between tested or default values by linear
interpolation, except that GEM may extrapolate outside of measured values to account
for testing at torque setpoints below 75 % as specified in paragraph (d)(2)(ii) of this
section.

(3) In the case of transmissions that automatically go into neutral when the vehicle is
stopped, also perform tests at 600 r/min and 800 r/min with the transmission in neutral and
the transmission output flxed at zero speed

(e) Determine transmission tergue-tessefficiency using the following procedure:
(1) Maintain ambient temperature between (15 and 35) °C throughout testing. Measure
ambient temperature within 1.0 m of the transmission.
(2) Maintain transmission oil temperature as descrlbed in paragraph (b)(7) of this section.

(3) Use good engineering judgment to warm up the transmission according to the
transmission manufacturer’s specifications.

(4) Perform unloaded transmission tests by disconnecting the transmission output shaft from
the dynamometer and letting it rotate freely. If the transmission adjusts pump pressure based
on whether the vehicle is moving or stopped, set up the transmission for unloaded tests to
operate as if the vehicle is moving.

(5) For transmissions that have multiple configurations for a given gear ratio, such as dual-
clutch transmissions that can pre-select an upshift or downshift, set the transmission to
operate in the configuration with the greatest power loss. Alternatively, test in each
configuration and use good engineering judgment to calculate a weighted power loss for each
test point under this section based on field data that characterizes the degree of in-use
operation in each configuration.
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(6) QperateFor a selected gear, operate the transmlssmn m#tetepaeaseleeteégeaeaea

the test pomts from paraqraph (d) of thls sectlon for at Ieast 10 seconds%heﬂm Measure the
speed and torque of the input and output shafts for at least 10 seconds. You may omit
measurement of output shaft speeds if your transmission is configured is-in-a-way-that-deesto
not allow slip. Calculate arithmetic mean values for mean input shaft torque, T, , mean

output shaft torque, T, ,, mean input shaft speed, f, ,and mean output shaft speed, ., for

each point in the test matrix for each testal-speed-and-torque-values-overeach-measurement

period. Repeat this stabilization, measurement, and calculation for the other speed and
torque setpoints from the test matrix for the selected gear in any sequence. Calculate power
loss as described in paragraph (f) of this section based on mean speed and torque and-speed
values at each test point.

(7) Repeat the procedure described in paragraph (e)(6) of this section for all gears, or for all
gears down to a selected gear._This section refers to an “operating condition” to represent
operation at a test point in a specific gear.—GEM-will-use-default-valuesforany-gearsnot
st

(8) Perform the test sequence described in paragraphs (ee)(6) and (7) of this section three
times. You may do this repeat testing at any given test point before you perform
measurements for the whole test matrix. Remove torque from the transmission input shaft
and bring the transmission to a complete stop before each repeat measurement.

(9) You may need to perform additional testing at a given operating condition based on a
calculation of a confidence interval to represent repeatability at a 95 % confidence level at
that operating condition. Make-a-separaterepeatability-caleulation-forthe-three-data-points-at

each-operating-condition-in-the-test-matrix—If the confidence Hmitinterval is greater than
0.10 % for loaded tests or greater than 0.05 % for unloaded tests, perform another repeat-of

measurements at that operating condition and recalculate the repeatability for the whole set
of test results. Continue testing until the repeatabHity-confidence interval is at or below the
specified values for all operating conditions. As an alternative, for any operating condition
that does not meet this repeatability criterion, you may determine a maximum power l0ss
instead of calculating a mean power loss as described in paragraph (qg) of this section.
Calculate a confidence Hmit-interval representing the repeatability in establishing a 95 %
confidence level using the following equation:

Confidence Interval = M -100 %

* Mrated

Eq. 1037.565-1
Where:
oploss = Standard deviation of power loss values at a given test-peointoperating condition (see
40 CFR 1065.602(c)).
N = number of repeat tests for an operating condition.
Prated = the transmission’s rated input power for a given gear. For testing in neutral, use the
value of Prated for the top gear.

Example:
oploss = 0.120:0 kW
N=3
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(f) Calculate the mean power loss,

Prated = 3142009 KW

Confidence Interval :M -100 %
\/3-314.2000

Confidence Limit-Interval = 0.0432 %
{0)-Caleulate-mean-input-shaft-torque-_-mean-output-shaft-torque-—__—mean-input-shaft
speed—%—wémeanﬂu%pm%ha#speed—%%ep%ehmm%%ma{ﬂ*umﬂgm

(1) Calculate P, - of-all-for eachthe tests;measurement at each

0SS
operatlng condition -

QZQ—Fe«r—eaeh—test—ealwsu+ateJ&hLLmeaflcr—pevver—less—pm as follows:

_T f out fnout
Eq. 1037.565 2
Where:

fn = mean input shaft torque_from paragraph (e)(6) of this section.
f_nln = mean input shaft speed from paragraph (e)(6) of this section in rad/s.

T, = mean output shaft torque from paragraph (e)(6) of this section. Let Tout =0 forall
unloaded tests.

fnout = mean output shaft speed from paragraph (e)(6) of this section in rad/s. Let fnout =0
for all tests with the transmission in neutral. See paragraph (f)(32) of this section for
calculating f_nout as a function of f_nin instead of measuring froufor-certain-transmission

E_xampl&
—f—-—]:QGQ—#mm——LM—?—Z—Fael,Lsee

nin

4'07:2654545#144
= 36127 min=-37.832 radls

nout

loss

%%5—\/\#142—954(—\/\/

= 4.295+4.285+4.292

loss —
3
(32) For transmissions that are configured r-a-way-that-deesto not allow slip, you may

calculate f_nout based on the gear ratio using the following equation:

20

A \AL
=a.ZJ

11
T KVY
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— f.

f =
nout k

Eqg. 1037.565-3
Where:
kg = transmission gear ratio, expressed to at least the nearest 0.001.

(3) Calculate '3@5 as the mean power loss from all measurements at a given operating condition.

(4) The following example illustrates a calculation of F?OSS;

Example:
T2 =1000.0 N-m

frins = 1000 r/min = 104.72 rad/sec
T, = 2654.5 N'm

Frous = 361.27 r/min = 37.832 rad/s
F_iml =1000.0-104.72—2654.5-37.832
Poss.1 = 4295 W = 4.295 kW

Poss» = 4285 W = 4.285 KW

Poss 3 = 4292 W = 4.292 kW

5 - 4.295+4.2385+ 4292 _ 4 ot 1w

(g) Create a table shewing-with the mean mean-power loss, P+ P loss 7 corresponding to each

operating condition mean-transmission-input-speed-and-mean-aput-tergue-for input into GEM.
Also include mean-power loss in neutral for each tested engine’s speed, if applicable. Express
transmission input speed in r/min to one decimal place; express input torque in N-m to two
decimal placeS' express power loss in kW to four decimal places._Record the following values:

1) Recored P, T;, .and fn,n for each operating condition meeting the repeatability criterion

in in paragraph (e)(9) of this section. Calculate T, and fn-p for each operating condition by
calculating the arithmetic average of T, and ¥ for all the repeat tests at that operating
condition.

(2) For any operating condition not meeting the repeatability criterion in paragraph (e)(9) of this
section, record the maximum value of P___ for that operating condition along with the

loss

corresponding values of T, and T, P TP T

—(h) Seleet-meanRecord declared power loss values at or above the corresponding value
calculated in paragraph (f) of this section. Use good engineering judgment to select values that
will be at or above the mean power loss values for your production axlestransmissions. Vehicle
manufacturers will use these declared mean power loss values for certification.

162. Add § 1037.570 to subpart F to read as follows:
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§ 1037.570 Determinatein-of Procedures to characterize torgue converters-capacity
factors.

GEM includes input values related to torque converters. This section describes a procedure for
mapping a torque converter S caoacrtv factors and torque ratios over a range of operating
conditionsth y
may ask us to approve analvtrcallv derlved |nput values based on this testlnq for addltlonal

untested conflquratlons as descrlbed in§ 1037 235(h).

éb)—Prepare a torque converter for testlnq as follows
(1) Select a torgue converter with less than 500 hours of operation before the start of testing.
(2) If the torque converter is-eguipped-withhas a locking feature, unlock it for all testing
performed under this section. |If eguipped-withthe torque convertuer has a slipping lockup
clutch, technelegy-you may ask us to approve a different strateqy #f-you-havebased on data
showing that it represents better in-use operation.
(3) Mount the torque converter with a transmission to the dynamometer in series eithera
serial-or parallel arrangement or mount the torque converter without a transmission to
represent a series configuration.—-you-choose-a-serial-arrangementyyou-may-test without-the
transmission:
(43) Add transmission oil according to the torque converter manufacturer’s instructions, with
the following additional specifications:
(i)= If the torque converter manufacturer specifies multiple transmission oils, select the
one with the highest viscosity at operating temperature. You may use a lower-viscosity
transmission oil if we approve that as critical emission-related maintenance under §
1037.125.
(ii) -Fill the transmission oil to a level that represents in-use operation. If you are testing
the torque converter enlywithout the transmission, the-inputtorgue-converter
transmission-oH-flow-rate-and-keep output pressure-must-be-kept and the flow rate of
transmission oil into the torque converter within the torque converter manufacturer’s
limits-forthe transmission-type-and-maximum-input-speed.
(iii)- You may use an external transmission oil conditioning system, as long as it does not
affect measured values.
(45) Install equipment for measuring the bulk temperature of the transmission oil in the oil
sump or a similar location and at the torque converter inlet. If the torque converter is tested
without thea transmission, measure the oil temperature priorto-where-itentersat the torque
converter inlet.
{5)(6) Break in the torque converter and transmission (if applicable) using good engineering
judgment. Maintain transmission oil temperature at (87 to 93) °C. You may ask us to
approve a different range of transmission oil temperatures if you have data showing that it
better represents in-use operation.
(eb) Measure pump and eutput-shaftturbine shaft speed and torque as described in 40 CFR
1065.210(b)-except-thaty. You must use a speed measurement system that meets an accuracy
of £0.1 % of point or £1 r/min, whichever is greater. Use torque transducers that meet an
accuracy reguirement-of +1.0 % of the torque converter’s maximum rated input torgue-orand
output torque-fer-loaded-and-unloaded-testpoints, respectively. Calibrate and verify
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measurement instruments according to 40 CFR part 1065, subpart €D. Command speed and
torgue at a minimum of 10 Hz;-and-+. Record all speed and torgue data-including-bultk-oil
temperature; at a minimum of 1 Hz mean values. Note that this section relies on the convention
of describing the input shaft as the pump and the output shaft as the turbine shaft.

(dc) Determine torque converter characteristics based on a test matrix using either constant input
speed or constant mput torque as foIIows IheJtest—ma%n*e%s%ef—tema&eem#eﬁer—eenstam

(1) Constant input speed. Test at To-determine-torgue-converter-characteristics-at-constant
input speed as follows:
(i) Select a p-inputrotationalfixed pump speed, fapum, fixed-to-a-constant-speed-between
(1000 and 2000) r/min.
(ii) Test the torque converter at multiple speed ratios, v, in the range of v=0.00to v =
0.95. Use a step width of 0.10 for the range of v = 0.00 to 0.60 and 0.05 for the range of
v = 0.60 to 0.95. Calculate speed ratio, v, as turbine shaft speed divided by pump speed.
(2) Constant input torque. Test To-determine-torque-convertercharacteristies-at constant
input torgue as follows:
(i) Set the input-pump torgue, Tpum, to a fixed positive tevelvalue at fapum = 1000 r/min
with the eutput-shaft-of the-torque converter’s turbine shaft locked in a non-rotating state
(i.e., eutputrotational-turbine’s -speed, niwr, = 0 r/min).

(ii) Test the torque converter at multiple speed ratios, v, in the range of v = 0.00 up to a
usable-value of fwr that covers the usable range of v-with-at-least-seven-evenly-distributed
peints. Use a step width of 0.10 for the range of v = 0.00 to 0.60 and 0.05 for the range
of v=0.60to 0.95.
(3) You may limit the maximum speed ratio to a value below 0.95 if you have data showing
this better represents in-use operation. You must use the step widths defined in paragraph
(c)(1) or (2) of this section and include the upper limit as a test point. |f you choose a value
less than 0.60, you must test at least seven evenly distributed points between v = 0 and your
new upper speed ratio.
(ed) Characterize the torque converter using the following procedure:
(1) Maintain ambient temperature between (15 and 35) °C throughout testing. Measure
ambient temperature within 1.0 m of the torque converter.
(2) Maintain transmission oil temperature as described in paragraph (ba)(6) of this section.
You may use an external transmission oil conditioning system, as long as it does not affect
measured values.
(3) Use good engineering judgment to warm up the torque converter according to the torque
converter manufacturer’s specifications.
(4) Test the torque converter at constant input speed or constant input torque as described in
paraqraph (c) of thls sectlon anrat&the%eﬁqeweeweﬁer—asielmlevv&

{5)-Operate the torque converter at v = 0.00 for (5 to 60) seconds, then measure pump torque,

turbine shaft torque, angular pump speed, angular turbine shaft speed, and the transmission
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oil temperature at the torque converter inlet measure-input-pump-torque; Teum—outputturbine
torgue T inputrotational pump-speed fapum—outputrotational turbine-speed-fauand-the
torgue-converter-inlet oil-temperature; Txcinfor (5 to 15) seconds. Calculate arithmetic mean

values for pump torque, al-speed-and-torgue-values- T, , turbine shaft torque, Ttur ,angular

pump speed, fnpum . and anqular turbine shaft speed, fmJur , over eaehthe measurement period.

Repeat this stabilization, measurement, and calculation for the other speed ratios from the
test matrix in order of increasing speed ratio. Adjust the speed ratio by increasing the eutput
anqular#etattenal turblne shaft speed %Wmt—theueper—speed—mttetea%ame%etew

(65) PComplete a test run by performing the test sequence described in paragraph (ed)(54) of
this section two times.

Q%—Galeu#atemean—mput—pwneterque— pum,—meaneutput—tutbme—terqee— mr—mean—input

Fetattenal—pump—speed— rpum ,—and—meaneutput—wtattenal—tu#bme—speed— o — ot ehp et
inthe test matrix-foreach-of the repeattests:

(68) Invalidate the test run if the difference between the pair of mean torque values for the
repeat tests at any test point differ by more than +1 N-m or by more than +5 % of the average

of those two values. This aoplles seDarater for mean pump torque and mean turbine shaft
torque at each test pomt i3 A ,

(79) Invalidate the test run if any calculated value for mean angular pump speed does not stay
within +5 r/min of the speed setpoint or if any calculated value for mean pump torque does
not stav W|th|n +5 N-m of the torque setpoint. :Fheelewattenier—theeemeleteﬂeeed-ratte

(fe) Calculate the mean torque ratio, /_l . at each operating-condition-in-the test- matrixtested
speed ratlo v, as follows:

Eq. 1037.570-1
Where:

T, = mean eutput-turbine shaft torque from paragraph (d)(4) of this section.

Tpurn = mean input-pump torque from paragraph (d)(4) of this section.

(2) Calculate & as the average of the two values of J at each tested speed ratio.
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(3) The following example illustrates a calculation of ﬁ :Example:

Tturv 017_ 332.4 N'm
Tomeor = 150.8 N'm
Turveo2 =.333.6 N'm
Tmw0z.= 150.3 N'm

g =324 590
Hy—on 150.8

3336
i = 222=222
M0z = 7503 ===
7 - 220;2 2 .

(gf) Calculate the mean capacity factor, K, at each eperating-condition-in-the-test matrixtested
speed ratio, v, as follows:

(1) Calculate K i ioh-

@Leeeaeh%s&ealeelatﬂhemeaeeaeae&tv#aete#«- at each tested speed ratio as foIIows
f

K = —noum

T

pum

Eq. 1037.570-2
Where:

fnpum = mean inputangularretational pump speed from paragraph (d)(4) of this section.

T_pum = mean input-pump torque from paragraph (d)(4) of this section.

(2) Calculate K as the average of the two values of K at each tested speed ratio.

(3) The following example illustrates a calculation of K;
Froumveo1 = Frumumaz = 1000.0 r/min

T v = 150.8 N'm

_ 10000 . o
KV_m:ﬁ_ 8143 r/(min-(N-m)™)
Tome02= 150.4 N'm
— 1000.0 .

="—— = 8154 r/(min-(N-m)*®
Kioz 1504 (min-(N-m)™)
K, - w —81.49 r/(min- (N -m)®)

(hg) Create a table of GEM inputs showing themean—te#qeem&e—ﬁ —and mean-capacity factor;
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K: at each ofcorrespondingtested speed ratios, v-that-were testedfor-inputinto- GEM. EXxpress

i

to two decimal places; express Kme%%eapaeﬁyiaeteﬁn#mm%m)%yto one decimal

place; express v speed-ratio-to two decimal places.

163. Amend 8§ 1037.601 by revising paragraph (a)(2) to read as follows:
§1037.601 General compliance provisions.

(@)

*

* * *

(2) The provisions of 40 CFR 1068.105(a) apply for vehicle manufacturers installing engines
certified under 40 CFR part 1036 as further limited by this paragraph (a)(2). If new engine
emission standards apply in a given model year, you may install normal inventories of
engines from the preceding model year under the provisions of 40 CFR 1068.105(a) through
March 31 of that year without our approval; you may not install such engines after March 31
of that year unless we approve it in advance. Installing such engines after March 31 without
our prior approval is considered to be prohibited stockpiling of engines. In a written request
for our approval, you must describe how your circumstances led you and your engine
supplier to have normal inventories of engines that were not used up in the specified time
frame. We will approve your request for up to three additional months to install up-te-50
engines under this paragraph (a)(2) if we determine that the excess inventory is a result of
unforeseeable circumstances and should not be considered circumvention of emission
standards. We will limit this approval to a certain number of engines consistent with your
normal production and inventory practices. Note that 40 CFR 1068.105(a) allows vehicle
manufacturers to use up only normal inventories of engines meeting less stringent standards;
if, for example, a vehicle manufacturer’s normal practice is to receive a shipment of engines
every two weeks, it will deplete its potential to install previous-tier engines under this
paragraph (a)(2) well before March 31 in the year that new standards apply.

* * * *

164. Amend § 1037.615 by revising paragraph (f) to read as follows:
§ 1037.615 Advanced technologies.

*

* *  Xx  *x

() For electric vehicles and for fuel cells powered by hydrogen, calculate COz credits using an

FE
*

L of 0 g/ton-mile.

* * X  *x

165. Amend § 1037.621 by revising paragraph (g) introductory text to read as follows:
§1037.621 Delegated assembly.

*

* * X  *x

(9) We may allow certifying vehicle manufacturers to authorize dealers or distributors to
reconfigure/recalibrate vehicles after the vehicles have been introduced into commerce if they
have not yet been delivered to the ultimate purchaser as follows:

*

* * * *

166. Amend 8§ 1037.635 by revising paragraph (c)(1) introductory text to read as follows:

*

§1037.635 Glider kits and glider vehicles.
*

* * *
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(C) * * *
(1) The allowance in this paragraph (c) applies only for the following engines:

* * * * *

167. Amend § 1037.660 by revising paragraphs (a)(2) and (b) to read as follows:

§ 1037.660 Idle-reduction technologies.

* * * * *

(a) * * *
(2) Neutral idle. Phase 2 vehicles with hydrokinetic torque converters paired with automatic
transmissions qualify for neutral-idle credit in GEM modeling if the transmission reduces
torque equivalent to shifting into neutral throughout the interval during which the vehicle’s
brake pedal is depressed and the vehicle is at a zero-speed condition_(beginning within
tweofive seconds of the vehicle reaching zero speed with the brake depressed). If a vehicle
reduces torque partially but not enough to be equivalent to shifting to neutral, you may use
the provisions of § 1037.610(g) to apply for an appropriate partial emission reduction; this
may involve A to B testing with the powertrain test procedure in 8§ 1037.550 or the spin-loss

portion of the transmission efficiency test in § 1037.565.
* * * * *

(b) Override conditions. The system may limit activation of the idle-reduction technology while
any of the conditions of this paragraph (b) apply. These conditions allow the system to delay
engine shutdown, adjust engine restarting, or delay disengaging transmissions, but do not allow
for resetting timers. Engines may restart and transmissions may re-engage during override
conditions if the vehicle is set up to do this automatically. We may approve additional override
criteria as needed to protect the engine and vehicle from damage and to ensure safe vehicle
operation.
(1) For AES systems on tractors, the system may delay shutdown—

(i) When While-an exhaust emission control device is regenerating. The period

considered to be regeneration for purposes of this allowance must be consistent with

good engineering judgment and may differ in length from the period considered to be

regeneration for other purposes. For example, in some cases it may be appropriate to

include a cool down period for this purpose but not for infrequent regeneration

adjustment factors.

{H-H-When the vehicle’s main
engine to be restarted.

(iiiv) H-When the vehicle’s transmission, fuel, oil, or engine coolant temperature is too
low or too high according to the manufacturer's specifications for protecting against
system damage. This allows the engine to continue operating until it is in a predefined
temperature range, within which the shutdown sequence of paragraph (a) of this section
would resume.

(iv) While-When the vehicle's main engine is operating in power take-off (PTO) mode.
For purposes of this paragraph (b), an engine is considered to be in PTO mode when a
switch or setting designating PTO mode is enabled.

(vi) H-When external ambient conditions prevent managing cabin temperatures for the

battery state-of-charge is not sufficient to allow the main
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driver’s safety.
(vi) When necessary while servicing the vehicle, provided the deactivation of the AES
system is accomplished using a diagnostic scan tool. The system must be automatically
reactivated when the engine is shut down for more than 60 minutes.

(2) For AES systems on vocational vehicles, the system may limit activation—
(i) H-When any condition specified in paragraphs (b)(1)(i) through (vi) of this section
applies.

(ii) When the engine compartment is opentf-internal-cab-temperatures-are-too-het-ortoe
cold for the driver’s safety.

(3) For neutral idle, the system may delay shifting the transmission to neutral—
(i) When the system meets Forthe PTO conditions specified in paragraph (b)(1)(iv) of
this section.
(ii) When the transmission is in reverse gear.fReserved}
(iii) When the vehicle is ascending or descending a road with grade at or above 6.0 %.

(4) For stop-start, the system may limit activation—
(i) When Ferany-ef-the conditions specified in paragraphs (b)(2) or (b)(3)(ii)_or (iii) of
this section applies.
(if) When air brake pressure is too low according to the manufacturer’s specifications for
maintaining vehicle-braking capability.
(iii) When an automatic transmission is in “park” or “neutral” and the parking brake is
engagedWhen-the-transmission-is-in-reverse-gear.
(iv) When recent vehicle speeds indicate an abnormally high shutdown and restart
frequency, such as with congested driving. For example, a vehicle not exceeding 10 mi/hr
for the previous 300 seconds or since the most recent engine start would be a proper basis
for overriding engine shutdown. You may also design this override to protect against
system damage or malfunction of safety systems.
(v) When the vehicle detects that a system or component is worn or malfunctioning in a
way that could reasonably prevent the engine from restarting, such as low battery voltage.
(vi) When the steering angle is at or near the limit of travel.
(vii) When flow of diesel exhaust fluid is limited due to freezing.
(viii) When a sensor failure could prevent the anti-lock braking system from properly
detecting vehicle speed.
(ix) When a protection mode designed to prevent component failure is active.

(x) When a fault on a system component needed for starting the engine is active.
* * * * *

168. Amend § 1037.665 by revising paragraph (c) to read as follows:

§ 1037.665 Production and in-use tractor testing.

* * * * *

(c) We may approve your request to perform alternative testing that will provide equivalent or
better information compared to the specified testing. For example, we may allow you to provide
CO2 data from in-use operation or from manufacturer-run on-road testing as long as it allows for
reasonable year-to-year comparisons and includes testing from nen-protetypeproduction
vehicles. We may also direct you to do less testing than we specify in this section.

* * * * *
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169. Amend § 1037.670 by revising paragraphs (a) and (b) to read as follows:

§ 1037.670 Optional CO> emission standards for tractors at or above 120,000 pounds
GCWR.

(a) You may certify tractors at or above 120,000 pounds GCWR to the following CO2 standards
instead of the Phase 2 CO2 standards of § 1037.106:

Table 1 of § 1037.670—Optional Phase 2 CO2 Standards

for Tractors above 120,000 Pounds GCWR by-Medel-Year-(g/ton-mile)?

SUBCATEGORY PHASE 2 MODEL YEARS MODEL YEARS
STANDARDS FOR 2024 -2026 2026 AND LATER
MODEL YEARS 2021
ANDLATER-2023
Heavy Class 8 Low-Roof Day Cab 53.551.8 50.8 48.9
g:gvy Class 8 Low-Roof Sleeper 47.145.3 445 124
Heavy Class 8 Mid-Roof Day Cab 55.654-% 52.8 50.8
gzgvy Class 8 Mid-Roof Sleeper 49.647.9 46.9 447
Heavy Class 8 High-Roof Day Cab 54.5541 514 48.6
gsgvy Class 8 High-Roof Sleeper 47.146.9 442 410

@Note that these standards are not directly comparable to the standards for Heavy-Haul Tractors in § 1037.106
because GEM handles aerodynamic performance differently for the two sets of standards.

(b) Determine subcategories as described in § 1037.230 for tractors that are not heavy-haul
tractors. For example, the subcategory for tractors that would otherwise be considered Class 8
low-roof day cabs would be Heavy Class 8 Low-Roof Day Cabs and would be identified as
HC8 DC_LR for the GEM run.

* * * * *

170. Amend § 1037.701 by revising paragraphs (h) and (i) to read as follows:

§ 1037.701 General provisions.

* * * * *

(h) See § 1037.740 for special credit provisions that apply for credits generated under 40 CFR
86.1819-14 (k)(7), 40 CFR 1036.615, or § 1037.615.

(i) Unless the regulations explicitly allow it, you may not calculate Phase 1 credits more than
once for any emission reduction. For example, if you generate Phase 1 CO2 emission credits for
a given hybrid vehicle under this part, no one may generate CO2 emission credits for the
associated hybrid engine under 40 CFR part 1036. However, Phase 1 credits could be generated
for identical engines used in vehicles that did not generate credits under this part.

* * * * *

171. Amend 8 1037.705 by revising paragraph (c)(2) to read as follows:
§1037.705 Generating and calculating emission credits.
* * * * *
(C) * * *
(2) Exported vehicles. This exclusion applies even for exported vehicles that are certified

under this part and labeled accordingly.
* * * * *
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172. Amend § 1037.740 by revising paragraph (b)(1) to read as follows:
§ 1037.740 Restrictions for using emission credits.
* * * * *
(b) EE
(1) The maximum amount of credits you may bring into the following service class groups is
60,000 Mg per model year:
(i) Spark-ignition engines, light heavy-duty compression-ignition engines, and Hght-Light
HDVheawy-duty-vehicles. This group comprises the averaging set listed in paragraphs
(a)(2) of this section and the averaging set listed in 40 CFR 1036.740(a)(1) and (2).
(if) Medium heavy-duty compression-ignition engines and medism-Medium HDVheawy-
duty-vehicles. This group comprises the averaging sets listed in paragraph (a)(2) of this
section and 40 CFR 1036.740(a)(3).
(iif) Heavy heavy-duty compression-ignition engines and heawy-Heavy HDV
vehieles. This group comprises the averaging sets listed in paragraph (a)(3) of this section
and 40 CFR 1036.740(a)(4).
* *

* * *

173. Amend § 1037.801 by-

a. Revising the definitions for “Auxiliary emission control device”, “Compression-ignition”, and
“Electric vehicle”.

b. Adding a definition for “Electronic control module” in alphabetical order.

¢. Revising the definitions for “Gear ratio or Transmission gear ratio, kg” and “Heavy-duty
vehicle”.

d. Adding a definition for “High-strength steel” in alphabetical order.

e. Revising the definitions for “Hybrid engine or hybrid powertrain”, “Hybrid vehicle”, “Light-
duty truck”, “Low rolling resistance tire”, “Model year”, and “Small manufacturer”.

f. Adding a definition for “Tonne” in alphabetical order.

The new and revised definitions read as follows:

§ 1037.801 Definitions.

* * * * *

Auxiliary emission control device means any element of design that senses temperature, motive
speed, engine speed (r/min)fpm, transmission gear, or any other parameter for the purpose of
activating, modulating, delaying, or deactivating the operation of any part of the emission control

system.
* * * * *

Compression-ignition has the meaning given in § 1037.101.

* * * * *

Electric vehicle means a motor vehicle that does not include an engine, and is powered solely by
an external source of electricity and/or solar power. Note that this does not include hybrid
electric vehicles or fuel-cell vehicles that use a chemical fuel such as gasoline, diesel fuel, or
hydrogen. Electric vehicles may also be referred to as all-electric vehicles to distinguish them
from hybrid vehicles.

EngineElectronic control module has the meaning given in 40 CFR 1065.1001.

* * * * *

Gear ratio or Transmission gear ratio, kg, means the dimensionless number representing the
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angular veloeeity-speed of the transmission’s input shaft divided by the angular velecity-speed of
the transmission’s output shaft when the transmission is operating in a specific gear.

* * * * *

Heavy-duty vehicle means any trailer and any other motor vehicle that has a GVWR above 8,500
pounds. An incomplete vehicle is also a heavy-duty vehicle if it has; a curb weight above 6,000
pounds; or a basic vehicle frontal area greater than 45 square feet.

* * * * *

High-strength steel has the meaning given in § 1037.520.

Hybrid engine or hybrid powertrain means an engine or powertrain that includes energy storage
features other than a conventional battery system or conventional flywheel. Supplemental
electrical batteries and hydraulic accumulators are examples of hybrid energy storage systems.
Note other examples of systems that qualify as hybrid engines or powertrains are systems that
recover Kinetic energy and use it to power an electric heater in the aftertreatment. Note that
certain provisions in this part treat hybrid engines and hybrid powertrains intended for vehicles
that include regenerative braking different than those intended for vehicles that do not include
regenerative braking.

Hybrid vehicle means a vehicle that includes energy storage features (other than a conventional
battery system or conventional flywheel) in addition to an internal combustion engine or other
engine using consumable chemical fuel. Supplemental electrical batteries and hydraulic
accumulators are examples of hybrid energy storage systems. Note other examples of systems
that qualify as hybrid engines or powertrains are systems that recover Kinetic energy and use it to
power an electric heater in the aftertreatment. Note that certain provisions in this part treat
hybrid vehicles that include regenerative braking different than those that do not include

regenerative braking.
* * * * *

(1) Designed primarily for purposes of transportation of property or is a derivation of such a
vehicle; or

(2) Designed primarily for transportation of persons and has a capacity of more than 12 persons;
or

(3) Available with special features enabling off-street or off-highway operation and use.

* * * * *

Low rolling resistance tire means a tire on a vocational vehicle with a TRRL at or below of 7.7
kg/tonne, a steer tire on a tractor with a TRRL at or below 7.7 kg/tonne, a drive tire on a tractor
with a TRRL at or below 8.1 kg/tonne, a tire on a non-box trailer with a TRRL at or below of 6.5
kg/tonne, or a tire on a box van with a TRRL at or below of 6.0 kg/tonne;.

* * * * *

Model year means one of the following for compliance with this part 1037. Note that
manufacturers may have other model year designations for the same vehicle for compliance with
other requirements or for other purposes:

(1) For tractors and vocational vehicles with a date of manufacture on or after January 1, 2021,
the-vehicle’s-model year means the manufacturer’s annual new model production period based
on the vehicle’s date of manufacture, where the model year is the calendar year corresponding to
the date of manufacture, except as follows::-hewevert
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(i) The vehicle’s model year may be designated aste-be the year before the calendar year
corresponding to the date of manufacture if the engine’s model year is also from an earlier
year. You may ask us to extend your prior model year certificate to include such vehicles.
Note that § 1037.601(a)(2) limits the extent to which vehicle manufacturers may install
engines built in earlier calendar years.
(ii) The vehicle’s model year may be designated te-beas the year after the calendar year
corresponding to the vehicle’s date of manufacture. For example, a manufacturer may
produce a new vehicle by installing the engine in December 2023 and designating it fo-beas a
model year 2024 vehicle.
(2) For trailers and for Phase 1 tractors and vocational vehicles with a date of manufacture before
January 1, 2021, model year means the manufacturer’s annual new model production period,
except as restricted under this definition and 40 CFR part 85, subpart X. It must include January
1 of the calendar year for which the model year is named, may not begin before January 2 of the
previous calendar year, and it must end by December 31 of the named calendar year. The model
year may be set to match the calendar year corresponding to the date of manufacture.
(i) The manufacturer who holds the certificate of conformity for the vehicle must assign the
model year based on the date when its manufacturing operations are completed relative to its
annual model year period. In unusual circumstances where completion of your assembly is
delayed, we may allow you to assign a model year one year earlier, provided it does not
affect which regulatory requirements will apply.
(ii) Unless a vehicle is being shipped to a secondary vehicle manufacturer that will hold the
certificate of conformity, the model year must be assigned prior to introduction of the vehicle
into U.S. commerce. The certifying manufacturer must redesignate the model year if it does
not complete its manufacturing operations within the originally identified model year. A
vehicle introduced into U.S. commerce without a model year is deemed to have a model year
equal to the calendar year of its introduction into U.S. commerce unless the certifying
manufacturer assigns a later date.

* * * * *

Small manufacturer means a manufacturer meeting the criteria specified in 13 CFR 121.201.
Apply the small business criteria for NAICS code 336120 for vocational vehicles and tractors
and 336212 for trailers. The employee and revenue limits apply to the total number employees
and total revenue together for affiliated companies.

* * * * *

Tonne means metric ton, which is exactly 1000 kg.

* * * * *

174. Amend § 1037.805 by revising paragraphs (b), (c), (d), (e), and (f) to read as follows:

§ 1037.805 Symbols, abbreviations, and acronyms.

* * * * *

(b) Symbols for quantities. This part 1037 uses the following symbols and units of measure for
various quantities:

SYMBO | QUANTITY UNIT UNIT SYMBOL | UNIT IN
L TERMS OF SI
BASE UNITS
A vehicle frictional load pound force or newton Ibf or N kg-m-s?
a axle position regression
coefficient
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a atomic hydrogen-to- mole per mole mol/mol 1
carbon ratio
a axle position regression
coefficient
a0 intercept of air speed
correction
o slope of air speed
correction
ay acceleration of Earth’s meters per second m/s? m-s2
gravity squared
ao intercept of least squares
regression
ar slope of least squares
regression
B vehicle load from drag pound force per mile per | Ibf/(mi/hr) or kg-st
and rolling resistance hour or newton second N-s/m
per meter
b axle position regression
coefficient
B atomic oxygen-to-carbon | mole per mole mol/mol 1
ratio
B axle position regression
coefficient
B intercept of air direction
correction
B slope of air direction
correction
C vehicle-specific pound force per mile per | Ibf/mph? or kg-m?
aerodynamic effects hour squared or newton- | N-s¥m?
second squared per
meter squared
c axle position regression
coefficient
Ci axle test regression
coefficients
Ci constant
ACGA differential drag area meter squared m? m?
CA drag area meter squared m? m?
Cq drag coefficient
CF correction factor
(o coefficient of rolling kilogram per metric ton | kg/tonne 103
resistance
D distance miles or meters mi orm m
e mass-weighted emission grams/ton-mile g/ton-mi g/kg-km
result
Eff efficiency
F adjustment factor
F force pound force or newton Ibf or N kg-m-s2
fn angular speed (shaft) revolutions per minute r/min n-30-s
G road grade percent % 102
g gravitational acceleration | meters per second m/s? m-s?
squared
h elevation or height meters m m

indexing variable
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Ka drive axle ratio 1
K transmission gear ratio
Kiopgear highest available
transmission gear
L load over axle pound force or newton Ibf or N kg-m-s2
m mass pound mass or kilogram | Ibm or kg kg
M molar mass gram per mole g/mol 10-3-kg-mol*
M vehicle mass kilogram kg kg
Me vehicle effective mass kilogram kg kg
Mirotating inertial mass of rotating kilogram kg kg
components
N total number in series
n number of tires
n amount of substance rate mole per second mol/s mol-s!
P power kilowatt kw 10%m?kg-s*
P tire-inflation-pressure pascal Pa kgmis?
p pressure pascal Pa kg-m*-s?
p mass density kilogram per cubic kg/m?3 kg-m?3
meter
PL payload tons ton kg
] direction degrees ° °
v direction degrees ° °
r tire radius meter m m
r2 coefficient of
determination
Re* Reynolds number
SEE standard error of the
estimate-ef-error
a standard deviation
TRPM tire revolutions per mile revolutions per mile r/mi
TRRL tire rolling resistance kilogram per metric ton | kg/tonne 103
level
T absolute temperature kelvin K K
T Celsius temperature degree Celsius °C K -273.15
T torque (moment of force) | newton meter N-m m?kg-s?
t time hour or second hrors S
At time interval, period, second S S
1/frequency
UF utility factor
v speed miles per hour or meters | mi/hr or m/s m-s?t
per second
w weighting factor
w wind speed miles per hour mi/hr m-s?!
W work kilowatt-hour KW-hr 3.6:-m*kg-s*
Wc carbon mass fraction gram/gram g/g 1
WR weight reduction pound mass lbm kg
X amount of substance mole | mole per mole mol/mol 1
fraction

(c) Superscripts. This part uses the following superscripts to-define-afor modifying quantity

symbols:

([ SUPERSCRIPT

[ QUANTIFYMEANING |
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overbar (suchas Y ) arithmetic mean

Double overbar (suchas y ) | arithmetic mean of
arithmetic mean

overdot (suchas Y ) quantity per unit time

(d) Subscripts. This part uses the following subscripts te-define-afor modifying quantity
symbols:

SUBSCRIPT QUANTITYMEANING

+6 +6° yaw angle sweep

A A speed

air air

aero aerodynamic

alt alternative

act actual or measured condition

air air

axle axle

B B speed

brake brake

C C speed

Ccombdry carbon from fuel per mole of dry exhaust

CD charge-depleting

circuit circuit

CO2DEF CO; resulting from diesel exhaust fluid
decomposition

CO2PTO CO; emissions for PTO cycle

coastdown coastdown

comp composite

Cs charge-sustaining

cycle test cycle

drive drive axle

drive-idle idle with the transmission in drive

driver driver

dyno dynamometer

effective effective

end end

eng engine

event event

fuel fuel

full full

grade grade

H20exhaustdry H0 in exhaust per mole of exhaust

hi high

i an individual of a series

idle idle

in inlet

inc increment

lo low

loss loss

max maximum

meas measured guantity

med median
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min minimum

moving moving

out outlet

P power

pair pair of speed segments
parked-idle idle with the transmission in park
partial partial

ploss power loss

plug-in plug-in hybrid electric vehicle
powertrain powertrain

PTO power take-off

rated rated speed

record record

ref reference quantity

RL road load

rotating rotating

seg segment

speed speed

spin axle spin loss

start start

steer steer axle

t tire

test test

th theoretical

total total

trac traction

trac10 traction force at 10 mi/hr
trailer trailer axle

transient transient

TRR tire rolling resistance
urea urea

veh vehicle

w wind

wa wind average

yaw yaw angle

ys yaw sweep

zero zero guantity

(e) Other acronyms and abbreviations. This part uses the following additional abbreviations and

acronyms:
ABT AVERAGING, BANKING, AND TRADING
AECD auxiliary emission control device
AES automatic engine shutdown
APU auxiliary power unit
CD charge-depleting
CFD computational fluid dynamics
CFR Code of Federal Regulations
CITT curb idle transmission torque
CS charge-sustaining
DOT Department of Transportation
ECM engineelectronic control module
EPA Environmental Protection Agency
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FE fuel economy

FEL Family Emission Limit

GAWR gross axle weight rating

GCWR gross combination weight rating

GEM greenhouse gas emission model

GVWR gross vehicle weight rating

Heavy HDV Heavy heavy-duty vehicle (see § 1037.140)

HVAC heating, ventilating, and air conditioning

1SO International Organization for Standardization

Light HDV Light heavy-duty vehicle (see § 1037.140)

Medium HDV Medium heavy-duty vehicle (see § 1037.140)

NARA National Archives and Records Administration

NHTSA National Highway Transportation Safety Administration

PHEV plug-in hybrid electric vehicle

PTO power take-off

RESS rechargeable energy storage system

o - >

SAE Society of Automotive Engineers

SEE standard error of the estimate

SKU stock-keeping unit

TRPM tire revolutions per mile

TRRL tire rolling resistance level

U.sS.C. United States Code

VSL vehicle speed limiter

f) Constants. This part uses the following constants:

SYMBOL QUANTITY VALUE

g gravitational constant | 9.80665% m-s?

R specific gas constant 287.058 J/(kg-K)
* * * * *

175. Revise § 1037.810 to read as follows:

§1037.810 Incorporation by reference.

(a) Certain material is incorporated by reference into this part with the approval of the Director
of the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other
than that specified in this section, the Environmental Protection Agency must publish a netice-of
the-ehangedocument in the Federal Register and the material must be available to the public. All
approved material is available for inspection at EPA Docket Center, WJC West Building, Room

3334 1301 Constltutlon Avenue N. W Washmqton DC 20004 WWW.Epa. qov/docketsU%

(202) 202 1744 and is avallable from the
sources listed below. It is also available for inspection at the National Archives and Records
Administration (NARA). For information on the availability of this material at NARA, email
fedreg.legal@nara.gov, call 202-741-6030, or go to hitp:/Awww.archives.gov/federal—
register/code—offederal—regulationscfr/ibr—Ilocations.html.

(b) International Organization for Standardization, Case Postale 56, CH-1211 Geneva 20,
Switzerland, (41) 22749 0111, www.iso.org, or central@iso.org.
(1) 1SO 28580:2009(E) “Passenger car, truck and bus tyres — Methods of measuring rolling
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resistance — Single point test and correlation of measurement results”, First Edition, July 1,
2009, (“I1SO 28580™), IBR approved for § 1037.520(c).
(2) [Reserved]
(c) U.S. EPA, Office of Air and Radiation, 2565 Plymouth Road, Ann Arbor, M1 48105,
WWW.epa.gov.
(1) Greenhouse gas Emissions Model (GEM), Version 2.0.1, September 2012 (“GEM
version 2.0. 1”) IBR approved for 8§ 1037. 520 Iheeempu%e%edeio%nmdeh&avaﬂable

(2) Greenhouse gas Emlssmns Model (GEM) Phase 2, Ver5|on 3.5.1, November 2020
(“GEM Phase 2 Versnon 3 5. 1”)3%%0;6 IBR approved for §§ 1037. 520end

(3) GEM S MATLAB/SlmuImk Hardware in- Loop model Versmn 3 8, December 2020

(“GEM HIL model™); IBR approved for § 1037.550(a).
Note 1 to paragraph (c): The computer code for these models is available as noted in
paragraph (a) of this section. A working version of the software is also available for
download at https://www.epa.gov/regulations-emissions-vehicles-and-engines/greenhouse-
gas-emissions-model-gem-medium-and-heavy-duty.
(d) National Institute of Standards and Technology, 100 Bureau Drive, Stop 1070, Gaithersburg,
MD 20899-1070, (301) 975-6478, or www.nist.gov.
(1) NIST Special Publication 811, Guide for the Use of the International System of Units
(SI), 2008 Edition, March 2008, IBR approved for § 1037.805.
(2) [Reserved]
(e) SAE International, 400 Commonwealth Dr., Warrendale, PA 15096-0001, (877) 606-7323
(U.S. and Canada) or (724) 776-4970 (outside the U.S. and Canada), http://www.sae.org.
(1) SAE J1025, Test Procedures for Measuring Truck Tire Revolutions Per Kilometer/Mile,
Stabilized August 2012, (“SAE J1025”), IBR approved for § 1037.520(c).
(2) SAE J1252, SAE Wind Tunnel Test Procedure for Trucks and Buses, Revised July 2012,
(“SAE J1252”), IBR approved for §8§ 1037.525(b) and 1037.530(a).
(3) SAE J1263, Road Load Measurement and Dynamometer Simulation Using Coastdown
Techniques, revised March 2010, (“SAE J1263”), IBR approved for 8§ 1037.528
introductory text, (a), (b), (c), (e), and (h) and 1037.665(a).
(4) SAE J1594, Vehicle Aerodynamics Terminology, Revised July 2010, (“SAE J1594”),
IBR approved for § 1037.530(d).
(5) SAE J2071, Aerodynamic Testing of Road Vehicles - Open Throat Wind Tunnel
Adjustment, Revised June 1994, (“SAE J2071"), IBR approved for § 1037.530(b).
(6) SAE J2263, Road Load Measurement Using Onboard Anemometry and Coastdown
Techniques, Revised December 2008, (“SAE J2263”), IBR approved for §§ 1037.528
introductory text, (a), (b), (d), and (f) and 1037.665(a).
(7) SAE J2343, Recommended Practice for LNG Medium and Heavy-Duty Powered
Vehicles, Revised July 2008, (“SAE J2343"), IBR approved for § 1037.103(e).
(8) SAE J2452, Stepwise Coastdown Methodology for Measuring Tire Rolling Resistance,
Revised June 1999, (“SAE J2452”), IBR approved for § 1037.528(h).
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(9) SAE J2966, Guidelines for Aerodynamic Assessment of Medium and Heavy Commercial
Ground Vehicles Using Computational Fluid Dynamics, Issued September 2013, (“SAE
J2966”), IBR approved for § 1037.532(a).

176. Amend § 1037.825 by revising paragraph (a) to read as follows:

§ 1037.825 Reporting and recordkeeping requirements.

(a) This part includes various requirements to submit and record data or other information.
Unless we specify otherwise, store required records in any format and on any media and keep
them readily available for eight years after you send an associated application for certification, or

specificallyautherize-it—\We may review these records at any time. You must promptly send
give us organized, written records in English if we ask for them. We may require you to submit

written records in an electronic format.
* * * * *

177. Revise appendix Il to part 1037 to read as follows:
Appendix I11 to Part 1037 — Emission Control ldentifiers
This appendix identifies abbreviations for emission control information labels, as required under
§1037.135.
Vehicle Speed Limiters
-VSL - Vehicle speed limiter
-VSLS - “Soft-top” vehicle speed limiter
-VSLE - Expiring vehicle speed limiter
-VSLD - Vehicle speed limiter with both “soft-top” and expiration
Idle Reduction Technology
-IRT5 — Engine shutoff after 5 minutes or less of idling
-IRTE - Expiring engine shutoff
Tires
-LRRA — Low rolling resistance tires (all, including trailers)
-LRRD - Low rolling resistance tires (drive)
-LRRS - Low rolling resistance tires (steer)
Aerodynamic Components
-ATS — Aerodynamic side skirt and/or fuel tank fairing
-ARF — Aerodynamic roof fairing
-ARFR - Adjustable height aerodynamic roof fairing
-TGR - Gap reducing tractor fairing (tractor to trailer gap)
-TGRT - Gap reducing trailer fairing (tractor to trailer gap)
-TATS - Trailer aerodynamic side skirt
-TARF — Trailer aerodynamic rear fairing
-TAUD - Trailer aerodynamic underbody device
Other Components
-ADVH - Vehicle includes advanced hybrid technology components
-ADVO - Vehicle includes other advanced-technology components (i.e., non-hybrid system)
-INV - Vehicle includes innovative (off-cycle) technology components
-ATI — Automatic tire inflation system
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-TPMS - Tire pressure monitoring system

-WRTW - Weight-reducing trailer wheels

-WRTC - Weight-reducing trailer upper coupler plate

-WRTS — Weight-reducing trailer axle sub-frames

-WBSW - Wide-base single trailer tires with steel wheel

-WBAW - Wide-base single trailer tires with aluminum wheel

-WBLW — Wide-base single trailer tires with light-weight aluminum alloy wheel
-DWSW - Dual-wide trailer tires with high-strength steel wheel

-DWAW - Dual-wide trailer tires with aluminum wheel

-DWLW - Dual-wide trailer tires with light-weight aluminum alloy wheel

178. Revise appendix 1V to part 1037 to read as follows:

Appendix 1V to Part 1037 — Heavy-duty Grade Profile for Phase 2 Steady-State Test
Cycles

The following table identifies a grade profile for operating vehicles over the highway cruise

cycles specified in subpart F of this part. Determine intermediate values by linear interpolation.

Distance Grade 2548 0 5168 -1.36 7870 1.29 10316 0.37
(%) (%1 2732 -0.46 5254 -0.97 7956 1.09 10370 07
202 0 2800 -0.69 5336 -0.69 8130 0.77 10514 1.85
304 05 2880 -1.08 5608 0.1 8270 0.58 10658 0.7
206 0 2948 -153 5674 0 8462 0.38 10712 0.37
510 ) 3100 -2.75 5724 0 8684 017 10800 0
52 o1 3252 -1.53 5808 01 8776 0.1 10812 0
1234 0 3320 -1.08 5900 017 8860 0 10900 -0.37
1244 0 3400 -0.69 6122 0.38 8904 0 10954 -0.7
1204 0.36 3468 -0.46 6314 0.58 9010 -0.38 11098 -1.85
1344 0 3652 0 6454 0.77 9070 -0.69 11242 -0.7
1354 0 3666 0 6628 1.09 9254 =213 11296 -0.37
1408 0.28 3742 0.35 6714 1.29 9438 -0.69 11384 0
1504 1.04 3818 0.9 6838 1.66 9498 -0.38 11394 0
1600 20.28 3904 1.59 6964 2.14 9604 0 11462 0.34
1654 0 3990 0.9 7040 2.57 9616 0 11588 1.33
1666 0 4066 0.35 7112 3 9664 0.26 11714 0.34
1792 0.39 4142 0 7164 3.27 9718 0.7 11782 0
1860 066 4158 0 7202 3.69 9772 0.26 11792 0
1936 115 4224 0.1 7292 5.01 9820 0 11840 -0.26
2098 2.44 4496 -0.69 7382 3.69 9830 0 11894 -0.7
2260 1 4578 -0.97 7420 3.27 9898 -0.34 11948 -0.26
2336 0.66 4664 -1.36 7472 3 10024 -1.33 11996 0
2204 039 4732 -1.78 7544 257 10150 | -034 12008 0
2530 ) 4916 -3.23 7620 2.14 10218 0 12114 0.38

5100 -1.78 7746 1.66 10228 0 12174 0.69
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12358 213 14320 -5.01 16358 0.97 0.46 0
12542 0.69 14410 -3.69 16444 1.36 0.69 0
12602 0.38 14448 -3.27 16512 1.78 1.08 0.28
12708 0 14500 -3 16696 3.23 1.53 1.04
12752 0 14572 -2.57 16880 178 2.75 0.28
12836 0.1 14648 -2.14 16948 1.36 1.53 0
12928 -0.17 14774 -1.66 17034 0.97 1.08 0
13150 -0.38 14898 -1.29 17116 0.69 0.69 -0.36
13342 -0.58 14984 -1.09 17388 0.1 0.46 0
13482 -0.77 15158 -0.77 17454 0 0 0
13656 -1.09 15298 -0.58 17470 0 0 0.1
13742 -1.29 15490 -0.38 17546 -0.35 -0.39 0
13866 -1.66 15712 -0.17 17622 -0.9 -0.66 0
13992 -2.14 15804 -0.1 17708 -1.59 -1.15 -0.5
14068 -2.57 15888 0 17794 -0.9 2.44 0
14140 3 15938 0 17870 -0.35 -1.15 0
14192 -3.27 16004 0.1 17946 0 -0.66
14230 -3.69 16276 0.69 17960 0 -0.39

Distance | Grade 2145 9 4330 478
{m) (%)

o o 2330 -0.46 4514 323
208 o 2398 -0.69 4698 478
932 o 2546 153 4852 -0.97
a12 o 2698 275 4934 -0:69
042 o 2918 -1.08 5272 0
952 o 2998 -0.69 5322 0
1005 528 3066 046 5406 01
1102 1os 3250 0 5498 047
1108 o8 3264 0 5720 0-38
1252 o 3340 0-35 5912 058
1264 o 3416 09 6052 077
1458 066 3588 09 6312 129
1695 244 3740 0 6562 214
1958 1o 3756 0 6638 257
1034 066 3822 01 6710 3
2128 5 4176 -0.97 6800 369 0
4262 136 68990 501 0
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PART 1065—ENGINE-TESTING PROCEDURES
314. The authority citation for part 1065 continues to read as follows:
Authority: 42 U.S.C. 7401 - 7671q.

315. Amend § 1065.1 by revising paragraph (g) to read as follows:

§1065.1 Applicability.

* * * * *

(9) For additional information regarding these test procedures, visit our Web site at
www.epa.gov, and in particular https://www.epa.gov/vehicle-and-fuel-emissions-testing/engine-

estmg-regulatlon hﬁp#wm#ep&gex#nviel#esﬂng#eg&#aﬂen&htm

316. Amend § 1065.2 by revising paragraph (c) to read as follows:

§1065.2 Submitting information to EPA under this part.

* * * * *

(c) We may void any certificates or approvals associated with a submission of information if we
find that you intentionally submitted false, incomplete, or misleading information. For example,
if we find that you intentionally submitted incomplete information to mislead EPA when
requesting approval to use alternate test procedures, we may void the certificates for all engines
families certified based on emission data collected using the alternate procedures. This would
also apply if you ignore data from incomplete tests or from repeat tests with higher emission

results.
* * * * *

317. Amend § 1065.130 by revising paragraph (e) to read as follows:
§ 1065.130 Engine exhaust.

* * *
(e) Leaks. Minimize leaks sufficiently to ensure your ability to demonstrate compliance with the
applicable standards. We recommend performing a-chemical-balance-of fuelintakeairand
exhaust-according-to-§-1065.655carbon balance error verification as described in § 1065.543 to

verify exhaust system integrity.
* * * * *

318. Amend § 1065.140 by revising paragraphs (c)(6)(i) and (e)(2) to read as follows:

§ 1065.140 Dilution for gaseous and PM constituents.

* * * * *

(C) * * *

(6) * * *

(i) Preventing aqueous condensation. To prevent condensation, you must keep the temperature
of internal surfaces, excluding any sample probes, above the dew-point of the dilute exhaust
passing through the CVS tunnel. Use good engineering judgment to monitor temperatures in the
CVS. For the purposes of this paragraph (c)(6), assume that aqueous condensation is pure water
condensate only, even though the definition of “aqueous condensation” in § 1065.1001 includes
condensation of any constituents that contain water. No specific verification check is required
under this paragraph (c)(6)(i), but we may ask you to show how you comply with this
requirement. You may use engineering analysis, CVS tunnel design, alarm systems,
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measurements of wall temperatures, and calculation of water dew-point to demonstrate
compliance with this requirement. For optional CVS heat exchangers, you may use the lowest
water temperature at the inlet(s) and outlet(s) to determine the minimum internal surface

temperature.
* * * * *
(e) * * *

(2) For any PM dilution system (i.e., CVS or PFD), add dilution air to the raw exhaust such that
the minimum overall ratio of diluted exhaust to raw exhaust is within the range of (5:1 to 7:1)
and is at least 2:1 for any primary dilution stage. Base this minimum value on the maximum
engine exhaust flow rate during a given duty cycle for discrete-mode testing and on the
maX|mum engine exhaust flow rate durlnq fora glven test |nterval for other testmq %emte

d;uty—_e% Elther measure the maximum exhaust flow during a practlce run of the test |nterval
or estimate it based on good engineering judgment (for example, you might rely on
manufacturer-published literature).

* * * * *

319. Amend § 1065.145 by revising paragraph (€)(3)(i) to read as follows:

§ 1065.145 Gaseous and PM probes, transfer lines, and sampling system components.

* * * * *

(e) * * *

(3) * * *

(i) If you use a NOx sample pump upstream of either an NO2-to-NO converter that meets
§1065.378 or a chiller that meets § 1065.376, i-must-be-heateddesign the sampling system to

prevent aqueous condensation.
* * * * *

320. Amend § 1065.170 by revising the introductory text and paragraph (a)(1) to read as follows:
§1065.170 Batch sampling for gaseous and PM constituents.

Batch sampling involves collecting and storing emissions for later analysis. Examples of batch
sampling include collecting and storing gaseous emissions in a bag or collecting and storing PM
on a filter. You may use batch sampling to store emissions that have been diluted at least once in
some way, such as with CVS, PFD, or BMD. You may use batch- sampling to store undiluted
emissions._You may stop emission sampling anytime the engine is turned off, consistent with
good engineering judgment. This is intended to allow for higher concentrations of dilute exhaust
gases and more accurate measurements. Account for exhaust transport delay in the sampling
system and be-sure-te-integrate over the actual sampling duration when determining Ndexh. Use
good engineering judgement to add additional-dilution air-as-needed; to fill bags up to minimum
read volumes, as needed.

(a) * * *

(1) Verify proportional sampling after an emission test as described in § 1065.545. You
maymust exclude from the proportional sampling verification segmentsany portion of the test
where you are not sampling emissions because the engine is turned off whereand the bag-sbatch
samplers are not sampling, accounting for exhaust transport delay in the sampling system-rot
being-filled-from-the propertional-sampling-verification. Use good engineering judgment to
select storage media that will not significantly change measured emission levels (either up or
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down). For example, do not use sample bags for storing emissions if the bags are permeable
with respect to emissions or if they off gas emissions to the extent that it affects your ability to
demonstrate compliance with the applicable gaseous emission standards. As another example,
do not use PM filters that irreversibly absorb or adsorb gases to the extent that it affects your
ability to demonstrate compliance with the applicable PM emission standard.

* * * * *

321. Revise § 1065.205 to read as follows:

8§ 1065.205 Performance specifications for measurement instruments.

Your test system as a whole must meet all the calibrations, verifications, and test-validation
criteria specified outside this section for laboratory testing or field testing, as applicable. We
recommend that your instruments meet the specifications in Fable-1-ef-this section for all ranges
you use for testing. We also recommend that you keep any documentation you receive from
instrument manufacturers showing that your instruments meet the specifications in Fable-1-of
this-seetion:the following table:
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TABLE 1 oF § 1065.205-RECOMMENDED PERFORMANCE SPECIFICATIONS FOR MEASUREMENT INSTRUMENTS

Measured Complete System Recordin
Measurement Instrument quantity | Rise time (tio-90) and undate fre ugnc Accuracy® Repeatability® Noise®
symbol Fall time (teo-10) P quency
. 2 % of pt. or 1% of pt. or o
Engine speed transducer fn 1s 1 Hz means 0.5 % of max. 0.25 % of max. 0.05 % of max
. 2 % of pt. or 1% of pt. or o
Engine torque transducer T 1s 1 Hz means 1 % of max. 0.5 % of max 0.05 % of max.
0, 0,
Electrical work (active-power meter) W 1s 1 Hz means 025/:]%0;?;’]2; O:LZSA)“/gfo’;tr.nZ; 0.05 % of max
General pressure transducer (not a part of 2 % of pt. or 1% of pt. or o
another instrument) P 5s LHz 1 % of max. 0.5 % of max. 0.1 % of max
Atmospheric pressure meter for PM- .
stabilization and balance environments Patmos 50 5 times per hour 50Pa 25 Pa 5Pa
General purpose atmospheric pressure meter Patmos 50s 5 times per hour 250 Pa 100Pa 50 Pa
Temperature_: sensor for PM-stabilization and T 50s 0.1 Hz 0.25 K 01K 01K
balance environments
Other temperature sensor (not a part of 0.4 % of pt. K or 0.2 % of pt. K or o
another instrument) T 10s 0.5Hz 0.2 % of max. K 0.1 % of max. K 0.1 % of max.
Dewpoint sensor for intake air, PM- Taew 50s 0.1 Hz 025K 01K 0.02K
stabilization and balance environments
Other dewpoint sensor Tdew 50s 0.1Hz 1K 05K 0.1K
Fuel mass flow rate meter® i 5s 1Hz 2 % of pt. or 1 % of pt. or 0.5 % of max
{Fueltotatizer) —) —) 1.5 % of max. 0.75 % of max. ) )
0, 0,
. pt. . pt.
DEF mass flow rate meter® m 5s 1Hz 5% of pL. or 25 % of pt. or 1.25 % of max.
4 % of max. 2 % of max.
04 -
Fuel mass scale? m 5s 1Hz %Z&xi 1.13 % - Mmax 4.4 % - Mmax
04 -
DEF mass scale? m 5s 1Hz %’;ﬂ 1.13 % - Mmax 4.4 % - Mmax
Total diluted exhaust meter (CVS)® " 1s 1 Hz means 2 % of pt. or 1% of pt. or 1 % of max
(With heat exchanger before meter) (55) (1 Hz) 1.5 % of max. 0.75 % of max. ’ )
Dilution air, inlet air, exhaust, and sample " 1s 1 Hz means of 5 Hz 2.5 % of pt. or 1.25 % of pt. or 1 % of max
flow meters® samples 1.5 % of max. 0.75 % of max. )
. 2 % of pt. or 1% of pt. or o
Continuous gas analyzer X 5s 1Hz 2 % of meas. 1 % of meas. 1 % of max.
) 0,
Batch gas analyzer X — — 22 0//;' gff r'])jté;;_ ll 0//: gff f;é;; 1 % of max.
Gravimetric PM balance Mem — — See § 1065.790 0.5 pg —
0, 0,
Inertial PM balance Mem 5s 1Hz 2 % of pt. or 1% of pt. or 0.2 % of max.

2 % of meas.

1 % of meas.

@The performance specifications identified in the table apply separately for rise time and fall time.
PAccuracy, repeatability, and noise are all determined with the same collected data, as described in § 1065.305, and based on absolute values. “pt.” refers to the overall flow-

weighted mean value expected at the standard; “max.” refers to the peak value expected at the standard over any test interval, not the maximum of the instrument’s range; “meas”
refers to the actual flow-weighted mean measured over any test interval.
“The procedure for accuracy, repeatability, and noise measurement described in § 1065.305 may be modified for flow meters to allow noise to be measured at the lowest calibrated

value instead of zero flow rate.
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0 guantitiesthe-values that-are are-Base performance specifications for mass scales on differential mass over the test interval as
described in paragraphs-§1065.307(e)(9).
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322. Amend § 1065.220 by revising paragraph (a) introductory text to read as follows:

§ 1065.220 Fuel flow meter.

(a) Application. You may use fuel flow meters in combination with a chemical balance of fuel,
DEF, inletintake air, and raw exhaust to calculate raw exhaust flow as described in

§ 1065.655(f). -as-follows: You may also use fuel flow meters and-to determine the mass flow
rate of carbon-carrying fuel streams Haputte-the-for performing carbon balance error verification
in 8 1065.543 and to calculate the mass of those fuel streams as described in § 1065.643. The
following provisions apply for using fuel flow meters:

(1) Use the actual value of calculated raw exhaust flow rate in the following cases:

(i) For multiplying raw exhaust flow rate with continuously sampled concentrations.

(i) For multiplying total raw exhaust flow with batch-sampled concentrations.

(iii) For calculating the dilution air flow for background correction as described in § 1065.667.
(2) In the following cases, you may use a fuel flow meter signal that does not give the actual
value of raw exhaust, as long as it is linearly proportional to the exhaust molar flow rate’s actual
calculated value:

(i) For feedback control of a proportional sampling system, such as a partial-flow dilution
system.

(if) For multiplying with continuously sampled gas concentrations, if the same signal is used in a
chemical-balance calculation to determine work from brake-specific fuel consumption and fuel
consumed.

323. Amend § 1065.225 by revising paragraph (a) introductory text to read as follows:
§1065.225 Intake-air flow meter.

(a) Application. You may use an-intake-air flow meters in combination with a chemical balance
of fuel, DEF, inlet-intake air, and raw exhaust to calculate raw exhaust flow as described in

§ 1065.655(f) and (g). ;as-feHews: You may also use intake-air flow meters ané-to determine the
measured-amount of intake air input for performing te-the-carbon balance error verification
deseribed-in 8 1065.543 and to calculate the measured amount of intake air, nint, as described in
8 1065.643. The following provisions apply for using intake air flow meters:

(1) Use the actual value of calculated raw exhaust in the following cases:

(i) For multiplying raw exhaust flow rate with continuously sampled concentrations.

(ii) For multiplying total raw exhaust flow with batch-sampled concentrations.

(iii) For verifying minimum dilution ratio for PM batch sampling as described in § 1065.546.
(iv) For calculating the dilution air flow for background correction as described in § 1065.667.
(2) In the following cases, you may use an intake-air flow meter signal that does not give the
actual value of raw exhaust, as long as it is linearly proportional to the exhaust flow rate’s actual
calculated value:

(i) For feedback control of a proportional sampling system, such as a partial-flow dilution
system.

(ii) For multiplying with continuously sampled gas concentrations, if the same signal is used in a
chemical-balance calculation to determine work from brake-specific fuel consumption and fuel
consumed.
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324. Revise § 1065.247 to read as follows:

§ 1065.247 Diesel exhaust fluid flow rate.

(a) Application. Determine diesel exhaust fluid (DEF) flow rate over a test interval for batch or
continuous emission sampling using one of the three methods described in this section.

(b) ECM. Use the ECM signal directly to determine DEFdiesel-exhaustfluid flow rate. You
may combine this with a gravimetric scale if that improves measurement quality. Prior to
testing, you may characterize the ECM signal using a laboratory measurement and adjust the
ECM signal, consistent with good engineering judgment.

(c) Flow meter. Measure DEFdiesel-exhaust-fluid flow rate with a flow meter. We recommend
that the flow meter that meets the specifications in Table 1 of § 1065.205. Note that your overall
system for measuring DEFdiesel-exhaust-fluid flow must meet the linearity verification in §
1065.307. Measure using the following procedure:

(1) Condition the flow of DEFdiesel-exhaust-fiuid as needed to prevent wakes, eddies, circulating
flows, or flow pulsations from affecting the accuracy or repeatability of the meter. You may
accomplish this by using a sufficient length of straight tubing (such as a length equal to at least
10 pipe diameters) or by using specially designed tubing bends, straightening fins, or pneumatic
pulsation dampeners to establish a steady and predictable velocity profile upstream of the meter.
Condition the flow as needed to prevent any gas bubbles in the fluid from affecting the flow
meter.

(2) Account for any fluid that bypasses the engine-DEFdiesel-exhaust-fluid dosing unit or returns
from the engine-dosing unit to the fluid storage tank.

(d) Gravimetric scale. Use a gravimetric scale to determine the mass of DEFdiesel-exhaustfluid
the engine uses over a discrete-mode test interval and divide by the time of the test interval.

325. Amend § 1065.260 by revising paragraph (e) to read as follows:

§1065.260 Flame-ionization detector.

* * * * *

(e) NMHC and NMOG. For demonstrating compliance with NMHC standards, you may either
measure THC and determine NMHC mass as described in § 1065.660(b)(1), or you may measure
THC and CHa and determine NMHC as described in § 1065.660(b)(2) or (3). Fergaseous-
fueled-enginesyYou may also use the additive method in § 1065.660(b)(4) for natural gas-
fueled engines as described in § 1065.266. See 40 CFR 1066.635 for methods to demonstrate
compliance with NMOG standards for vehicle testing.

* * * * *

326. Amend § 1065.266 by revising paragraphs (a) and (b) to read as follows:

§ 1065.266 Fourier transform infrared analyzer.

(a) Application. For engines that run only on natural gas, you may use a Fourier transform
infrared (FTIR) analyzer to measure nonmethane hydrocarbon (NMHC) and nonmethane-
nonethane hydrocarbon (NMNEHC) for continuous sampling. You may use an FTIR analyzer
with any gaseous-fueled engine, including dual-fuel and flexible-fuel engines, to measure CH4
and CzHe, for either batch or continuous sampling (for subtraction from THC).
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(b) Component requirements. We recommend that you use an FTIR analyzer that meets the
specifications in Table 1 of § 1065.205. Note that your FTIR-based system must meet the
linearity verification in § 1065.307. Use appropriate analytical procedures for interpretation of
infrared spectra. For example, EPA Test Method 320 (see https://www.epa.gov/emc/method-
320-vapor-phase-organic-and-inorganic-emissions-extractive-
ftirhttps:rnanen3.epa-govitinfeme/promgate/m-320-pdf) and ASTM D6348 (incorporated by
reference in § 1065.1010) are considered valid methods for spectral interpretation. You must use
heated FTIR analyzers that maintain all surfaces that are exposed to emissions at a temperature
of (110 to 202) °C.

*

* * * *

327. Amend § 1065.275 by revising paragraph (b)(2) to read as follows:

§ 1065.275 N2O measurement devices.

* * * * *

(b) * * *

(2) Fourier transform infrared (FTIR) analyzer. Use appropriate analytical procedures for

interpretation of infrared spectra. For example, EPA Test Method 320 (see §
1065.266(b)https:Hwanna3-epa-govittnfemelpromgate/m-320-pdf) and ASTM D6348

(incorporated by reference in § 1065.1010) are considered valid methods for spectral

|nterpretat|0n
* * * * *

328. Amend § 1065.280 by revising paragraph (a) to read as follows:
8 1065.280 Paramagnetic and magnetopneumatic O» detection analyzers.
(a) Application. You may use a paramagnetic detection (PMD) or magnetopneumatic detection
(MPD) analyzer to measure Oz concentration in raw or diluted exhaust for batch or continuous
sampling. You may use good engineering judgment to develop calculations that use Oz
measurements with a chemical balance of fuel, DEF, inletintake air, and exhaust irtake-airer
fueHflowmeasurements-to calculate exhaust flow rate-aceerding-to-5-1065.650.

*

* * * *

329. Revise § 1065.303 to read as follows:

§1065.303 Summary of required calibration and verifications.

The following table summarizes the required and recommended calibrations and verifications
described in this subpart and indicates when these have to be performed:

TABLE 1 OF § 1065.303—SUMMARY OF REQUIRED CALIBRATION AND VERIFICATIONS
Type of calibration or verification Minimum frequency®*

Accuracy: Not required, but recommended for initial installation. | - { Formatted: Underline

Repeatability: Not required, but recommended for initial

§ 1065.305: Accuracy, repeatability and noise installation.

Noise: Not required, but recommended for initial installation. - [ Formatted: Underline
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§ 1065.307: Linearity verification

before testing, and after major maintenance.
Fuel mass scale: Upon initial installation, within 370 days before
testing, and after major maintenance.

before testing, and after major maintenance.®
DEF mass scale: Upon initial installation, within 370 days before

testing, and after major maintenance.
Intake-air, dilution air, diluted exhaust, and batch sampler flow

rates: Upon initial installation, within 370 days before testing and

after major maintenanceunlessflow-is-verified-by-propane-check
or by carbon or oxygen balance.!
Raw exhaust flow rate: Upon initial installation, within 185 days

before testing and after major maintenance;-unless-flow-is-verified
d

testing, and after major maintenance.
Gas analyzers (unless otherwise noted): Upon initial installation,

testing and after major maintenance.
Pressure, temperature, and dewpoint: Upon initial installation,

within 370 days before testing and after major maintenance.
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§ 1065.308: Continuous gas analyzer system response
and updating-recording verification—for gas analyzers
not continuously compensated for other gas species

Upon initial installation or after system modification that would
affect response.

§ 1065.309: Continuous gas analyzer system-response
and updating-recording verification—for gas analyzers
continuously compensated for other gas species

Upon initial installation or after system modification that would
affect response.

§ 1065.310: Torque

Upon initial installation and after major maintenance.

§ 1065.315: Pressure, temperature, dewpoint

pon initial installation and after major maintenance.

§ 1065.320: Fuel flow

Upon initial installation and after major maintenance.

§ 1065.325: Intake flow

Upon initial installation and after major maintenance.

§ 1065.330: Exhaust flow

Upon initial installation and after major maintenance.

§ 1065.340: Diluted exhaust flow (CVS) |
O

§ 1065.341: CVS_and PFD flow-ane-bateh-sampler
verification (propane check)®

Upon initial installation and after major maintenance.

i isstens:-Upon initial
installation, within 35 days before testing, and after major
maintenance.t

§ 1065.342 Sample dryer verification

For thermal chillers: upon installation and after major maintenance.
For osmotic membranes; upon installation, within 35 days of
testing, and after major maintenance.

§ 1065.345: Vacuum leak

For laboratory testing: upon initial installation of the sampling
system, within 8 hours before the start of the first test interval of
each duty-cycle sequence, and after maintenance such as pre-filter
changes.

For field testing: after each installation of the sampling system on
the vehicle, prior to the start of the field test, and after maintenance
such as pre-filter changes.

§ 1065.350: CO2 NDIR H20 interference

Upon initial installation and after major maintenance.

§ 1065.355: CO NDIR CO2 and H20 interference

Upon initial installation and after major maintenance.
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Calibrate all FID analyzers: upon initial installation and after major
maintenance.

Optimize and determine CHa response for THC FID analyzers:
upon initial installation and after major maintenance.

§ 1065.360: FID calibration Verify CHa response for THC FID analyzers: upon initial

THC FID optimization, and THC FID verification installation, within 185 days before testing, and after major
maintenance.

Verify C2He response for THC FID analyzers if used for
NMNEHC determination: upon initial installation, within 185 days
before testing, and after major maintenance.

For all FID analyzers: upon initial installation, and after major
maintenance.

For THC FID analyzers: upon initial installation, after major
maintenance, and after FID optimization according to § 1065.360.

§ 1065.362: Raw exhaust FID O: interference

Upon initial installation, within 185 days before testing, and after

§ 1065.365: Nonmethane cutter penetration ; .
major maintenance.

§ 1065.366: Interference verification for FTIR

Upon initial installation and after major maintenance.
analyzers

§ 1065.369: H20, CO, and CO; interference

e . Upon initial installation and after major maintenance.
verification for ethanol photoacoustic analyzers

§ 1065.370: CLD CO; and H20 quench Upon initial installation and after major maintenance.
§ 1065.372: NDUV HC and H20 interference Upon initial installation and after major maintenance.
§ 1065.375: N20O analyzer interference Upon initial installation and after major maintenance.
§ 1065.376: Chiller NO2 penetration Upon initial installation and after major maintenance.

Upon initial installation, within 35 days before testing, and after

§ 1065.378: NO2-to-NO converter conversion N N
major maintenance.

Independent verification: upon initial installation, within 370 days
before testing, and after major maintenance.

Zero, span, and reference sample verifications: within 12 hours of
weighing, and after major maintenance.

§ 1065.390: PM balance and weighing

Independent verification: upon initial installation, within 370 days
before testing, and after major maintenance.

Other verifications: upon initial installation and after major
maintenance.

§ 1065.395: Inertial PM balance and weighing

#perform calibrations and verifications more frequently than we specify, according to measurement system manufacturer
instructions and good engineering judgment.

b2perform linearity verification either for electrical power or for current and voltage.

CLinearity verification is not required if DEF flow rate comes directly from the ECM signal is-used-as described in §
1065.247(b).

9ThelLinearity verification is not required if the flow signal’s accuracy efthe-flow-signal-is verified by carbon balance error
verification as described in § 1065.307(e)(5) or a propane check as described in § 1065.341-6+by-a-carbon-balance-error

verification-asdescribed-in-§8 1065.307(e)}(5).

#The' CVS and PFD flow verification (propane check) deseribed-in-§-1065.341-is not required for measurement systems that

are-verified by linearity verification as described in § 1065.307 or a-carbon balance error verification as described in §
awithin /A H nee i aai a i

1065.341(h).

330. Amend § 1065.307 by—

a. Revising paragraphs (c)(13), (d)(4), (d)(6)(i), (d)(7), (d)(9), (e)(3), and (e)(5).

b. Adding paragraphs (e)(7)(i)(F) and (G), (f), and (g).

The added and revised paragraphs read as follows:

§ 1065.307 Linearity verification.

(C) * * * *

(13) Use the arithmetic means, ;, and reference values, yrefi, to calculate least-squares linear

regression parameters and statistical values to compare to the minimum performance criteria
specified in Table 1 of this section. Use the calculations for a floating intercept described in
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§ 1065.602. Using good engineering judgment, you may weight the results of individual data
pairs (i.e., (yrefi, ¥;)), in the linear regression calculations.

(d) * * *
(4) Fuel er—and DEF mass flow rate Qperatetheengmeat—a—senes—ef—eenstan{—fuel—ﬂew—ra{te&er

grawmetrlc reference measurement (suchasa scale balance or mass comparator) fdhploste
the-fuel-measurementsystemand a container. Use a stopwatch or timer to measure the time
intervals over which reference masses of fuel-fluid pass through the mass flow rate meter. Use
good engineering judgement to correct the reference mass that-floweding through the mass flow
rate meter for buoyancy effects from including-any tubes, temperature probes, or objects
submerged in the fluid in the container that are are-not attached to the container. If the container
has any tubes or wires connected to the container, recalibrate the gravimetric reference
measurement device with them connected and at normal operating pressure using calibration
weights that meet the requirements in 8 1065.790are-introduced-to-the-fuel-measurement-system.
The corrected reference fuel-mass that flowed through the mass flow rate meter during a time
interval divided by the duration of the time interval is the average reference fuelmass flow rate.
For meters that report a different quantity (such as actual volume, standard volume, or moles),
convert the reported quantity to mass. For meters that report a cumulative mass{or-other
guantity}. calculate the average measured mass flow rate as the difference in the reported
cumulative mass during frem-the-beginningto-the-end-ef-the time interval divided by the
duration of the time interval. For measuring flow rate of gaseous fuel-flew-meters: prevent
condensation on the fuel container and any attached tubes, fittings, or requlators-attached-to-the
SHEEeREIACE

# * * *

(6) * * *

(i) At the outlet of the gas-division system, connect a gas analyzer that meets the linearity
verification described in this section and has not been linearized with the gas divider being
verified. For example, verify the linearity of an analyzer using a series of reference analytical
gases directly from compressed gas cylinders that meet the specifications of § 1065.750. We
recommend using a FID analyzer or a PMD or MPD O: analyzer because of their inherent
linearity. Operate this analyzer consistent with how you would operate it during an emission
test. Connect a span gas_containing only a single constituent of interest with balance of purified
air or nitrogenpurified N2 to the gas-divider inlet. Use the gas-division system to divide the span
gas with purified air or nitrogen. Select gas divisions that you typically use. Use a selected gas
division as the measured value. Use the analyzer response divided by the span gas concentration
as the reference gas-division value. Because the instrument response is not absolutely constant,
sample and record values of Xrefi for 30 seconds and use the arithmetic mean of the values, X
as the reference value. Refer to § 1065.602 for an example of calculating arithmetic mean.
* * * * *

(7) Continuous constituent concentration. For reference values, use a series of gas cylinders of
known gas concentration_containing only a single constituent of interest with balance of purified
air or pitregenpurified N2 or use a gas-division system that is known to be linear with a span gas.
Gas cylinders, gas-division systems, and span gases that you use for reference values must meet
the specifications of § 1065.750.

* * * * *

ref
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(9) Mass. For linearity verification for gravimetric PM balances, fuel mass scales, and DEF
mass scales, use external calibration weights that meet the requirements in § 1065.790._Perform
the linearity verification for fuel mass scales and DEF mass scales with the in-use container,
installing and-all objects that interface with the container-nstalled. For example, this ifncludes
all tubes, temperature probes, and objects submerged in the fluid in the container; it also includes

aneLalLtubes flttmqs requlators and W|res and any other oblectsete attached to the contamer

MWMWMMWMMWWe recommend that you useaeeel
engineeringjudgementto-develop and apply appropriate buoyancy corrections for the
configuration of your mass scale during normal testing, consistent with good engineering
judgment. Account for During-the-linearity-verificationconfigure-this-buoyancy-correctionto
account-forthe-factthat-the scale-is weighing a calibration weight instead of fluid if you
calculate buoyancy corrections. You may also correct develop-correctionsin-your-mass-scales
for the effect of natural convection currents from generated-by-temperature differences between
the fluid-container and ambient air. Prepare for linearity verification by taking the following
steps for vented and unvented containers:

(i) If the container is vented to ambient, fill the container and tubes with fluid above the
minimum level used to trigger a fill operation; drain the fluid down to the minimum level; tare
the scale; and perform the linearity verification.

(ii) If the container is rigid and not vented, drain the fluid down to the minimum level; fill all
tubes attached to the container to normal operating pressure; tare the scale; and perform the
linearity verification.

(e) * * *

(3) The expression “max” generally refers to the absolute value of the reference value used
during linearity verification that is furthest from zero. This is the value used to scale the first and
third tolerances in Table 1 of this section using ao and SEE. For example, if the reference values
chosen to validate a pressure transducer vary from —10 to -1 kPa, then pmax is +10 kPa. If the
reference values used to validate a temperature device vary from 290 to 390 K, then Tmax is 390
K. For gas dividers where “max” is expressed as, Xmax/Xspan; Xmax iS the maximum gas
concentration used during the verification, Xspan is the undivided, undiluted, span gas
concentration, and the resulting ratio is the maximum divider point reference value used during
the verification (typically 1). The following are special cases where “max” refers to a different
value:

(i) For linearity verification with-of a PM balance, mmax refers-tois the typical mass of a PM
filter.

(ii) For linearity verification of a torque en-measurement system used with to-determine-the
engine’s primary output shaft, Tmax refers-teis the manufacturer’s specified engine-torgue-peak
value-torgue of the lowest torque engine te-be-testedexpected during testing.

(iii) For linearity verification of a fuel mass scale, mmax is determined based on the range of
engines and test interval durations expected during testing. It is the minimum, over all engines
expected during testing, of the fuel consumption expected over the minimum test interval
duration at the engine’s maximum fuel rate. If the minimum test interval duration used during
testing does not change with engine power or if the minimum test interval duration used during
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testing increases with engine power, mmax is given by Eq. 1065.307-1. Calculate mmax using the

following equation:
m =m

-t

max,fuel ~ “min

Eq. 1065.307-1
Where:

m

max,fuel scale

= the manufacturer’s specified maximum fuel rate on the lowest--power engine expected

max,fuel
during testing.

tmin = the minimum test interval duration expected during testing. If the minimum test interval
duration used-during-testing-decreases with engine power, evaluate Eq. 1065.307-1 for the range
of engines expected during testing and use the minimum calculated value of Mmax.fuel scale.

(iv) For linearity verification of a DEF mass scale, mmax is 10 % of mmaxthe value determined for
a fuel mass scale; as-determined-in paragraph (e)(3)(iii) of this section. Fer-purposesof
determining You may determine mmax for a DEF mass scale by evaluating —yteu-may-evaluate
mmax for a fuel mass scale based only on the DEF-using engines expected during testing.

(v) For linearity verification of a fuel flow rate meter, m,,, is the manufacturer’s specified

maximum fuel rate of the lowest--power engine expected during testing.
(vi) For linearity verification of a DEF flow rate meter, m,, is 10 % of the manufacturer’s

specified maximum fuel rate of the lowest--power; DEF-using; engine expected during testing.
(vii) For linearity verification of an intake-air flow rate meter, i, is the manufacturer’s

specified maximum intake-air flow rate (converted to molar flow rate) of the lowest--power
engine expected during testing.
(viii) For linearity verification of a raw exhaust flow rate meter, 1, _is the manufacturer’s

specified maximum exhaust flow rate (converted to molar flow rate) of the lowest--power engine
expected during testing.

(ix) For linearity verification of an electrical--power measurement system used to determine the
engine’s primary output shaft torque, Pmax is the manufacturer’s specified maximum power of
the lowest--power engine expected during testing.

(x) For linearity verification of an electrical--current measurement system used to determine the
engine’s primary output shaft torque, Imax is the maximum current expected on the lowest--power
engine expected during testing.

(xi) For linearity verification of an electrical--voltage measurement system used to determine the
engine’s primary output shaft torque, Vmax is the minimum peak voltage expected on the range of

engines expected durinq testing.
* * *

(5) Table 2 of this section describes optional verification procedures you may perform instead of
linearity verification for certaintists- the-flow-measurement-systems-that-have-optional
verificationsto the linearity-verification. The following provisions apply for the alternative
verification procedures:

(i) Hyou-substitute-Perform the propane check verification described in § 1065.341 —t-must-be
performed-at the frequency specified in Table 1 of § 1065.303.

Hyou-substitute-(ii) Perform the carbon balance error verification described in § 1065.543 it
must-be-performed-on all test sequences that use the corresponding system. and-ilt must also
meet the restrictions listed in Table 2 of this section. You may evaluate the carbon balance error
verification multiple ways with different inputs to validate multiple flow--measurement
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(F) Transmission oil.

(G) Axle gear oil.

* * *

(f) Table 1 follows:
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TABLE 1 OF § 1065.307-MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY VERIFICATION

Linearity criteria

temperature signals

Measurement system | Quantity Domad)va0] ™ SEE =
Speed fn <0.05 %  fomax 0.98-1.02 <S2% " fomax >0.990
Torque T <1%:- 7y 0.98-1.02 S2% - T >0.990
Electrical power P <1%- R, 0.98-1.02 S2% - By >0.990
Current | <1%: 0,y 0.98-1.02 <S2%: 1, .y >0.990
Voltage U <1%: U, . 0.98-1.02 S2% - U >0.990
Fuel flow rate m <1%: m, .y 0.98-1.02 S2% o ay >0.990
Fuel mass scale m <0.3 % - Mmax 0.996-1.004 <0.4 % - Mmax >0.999
DEF flow rate m S1% gy 0.98-1.02 S2% ey >0.990
DEF mass scale m < 0.3 % - Mmax 0.996-1.004 < 0.4 % - Mmax >0.999
1[?;\?: o n S19° 0.98-1.02 2% fy, >0.990
Dilution air f <1%- 1, 098102 | <2%- g, >0.990
Diluted exhaust f <1%- 1, 098-1.02 <2%- 4, >0.990
ﬁga f:gf{‘s‘ i <1%: gy 0.98-1.02 <2%: 4, >0.990
ﬁﬁ;ﬁ*};;’gﬁ'ef n <1%- iy 0.98-1.02 S2% " >0.990
Gas dividers X/Xspan < 0.5 % - Xmax/Xspan 0.98-1.02 <2 % - Xmax/Xspan >0.990
Comnesio | x| osmo | oo | sima | oo
ﬁ:lsd""tg‘:h’rfgers for X <1%- 0.99-1.01 <1%- >0.998
PM balance m <1%: my . 0.99-1.01 S1% my o >0.998
Pressures p S1%: poax 0.99-1.01 S1%: poax >0.998
Dewpoint for intake
ar PMSbIZation | o | S05% Typumey | 099001 | S05% Ty | 20998
environments
3L§L?:r¥]v§r?;:t Tdew < 1%:- Tdewmax 0.99-1.01 = 1% Tuewmax > 0.998
Analog-to-digital
conversion of T <1%- 1, 0.99-1.01 <1%: 7, >0.998

#For flow meters that determine volumetric flow rate, V.

substitute V

stdmax

(9) Table 2 follows:

for N, .

std 0
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TABLE 2 oF 8§ 1065.307—OPTIONAL VERIFICATION TO LINEARITY VERIFICATION
Measurement system §1065.341 | § 1065.543 Restrictions for § 1065.543

Determine raw exhaust flow rate using the itntake-air flow rate
signal must-be-used-to-computeraw-exhaust flowrateas an input
into Eqg. 1065.655-24 and d—Metermine mass of CO, over each
test interval input into Eq. 1065.643-6 must-be-determined
frousing samples taken from the raw exhaust (continuous or bag,
and with or without a PED).

Intake-air flow rate Yes Yes

Dilution air flow rate for
CVS Yes No Not allowed.

MbDetermine mass of CO; over each test interval input into Eq.
Yes Yes 1065.643-6 mustbe-determined-from-using samples taken from
the CVS (continuous or bag, and with or without a PED).

MDetermine mass of CO; over each test interval input into Eq.
Yes Yes 1065.643-6 mustbe-determined-frem-using samples taken from
the raw exhaust (continuous or bag, and with or without a PED).

Diluted exhaust flow rate
for CVS

Raw exhaust flow rate for
exhaust stack

Flow measurements in a
PED (usually dilution air
and diluted exhaust

MbDetermine mass of CO; over each test interval input into Eq.

streams) used fo determine Yes Yes 1065.643-6 mustbe-determined-from-using samples taken from
the dilution ratio in the the PFD (continuous or bag).
PED
Batch sampler flow rates Yes No Not allowed.

MDetermine mass of ene-efthea carbon-carrying fluid streams
Fuel mass flow rate No Yes used as an input into Eq. 1065.643-1 mustbe-determined-from

using the fuel mass flow rate meter.

MDetermine mass of ene-efthea carbon-carrying fluid streams
Fuel mass scale No Yes used as an input into Eq. 1065.643-1 must-be-determined-from
using the fuel mass scale.

331. Amend § 1065.309 by revising paragraph (d)(2) to read as follows:

§1065.309 Continuous gas analyzer system-response and updating-recording
verification—for gas analyzers continuously compensated for other gas species.

* * * * *

(d) * * *

(2) Equipment setup. We recommend using minimal lengths of gas transfer lines between all
connections and fast-acting three-way valves (2 inlets, 1 outlet) to control the flow of zero and
blended span gases to the sample system’s probe inlet or a tee near the outlet of the probe. If you
inject the gas at a tee near the outlet of the probe, you may correct the transformation time, tso,
for an estimate of the transport time from the probe inlet to the tee. Normally the gas flow rate is
higher than the sample flow rate and the excess is overflowed out the inlet of the probe. If the
gas flow rate is lower than the sample flow rate, the gas concentrations must be adjusted to
account for the dilution from ambient air drawn into the probe. We recommend you use the
final, stabilized analyzer reading as the final gas concentration. Select span gases for the species
being continuously combined, other than H20. Select concentrations of compensating species
that will yield concentrations of these species at the analyzer inlet that covers the range of
concentrations expected during testing. You may use binary or multi-gas span gases. You may
use a gas blending or mixing device to blend span gases. A gas blending or mixing device is
recommended when blending span gases diluted in N2 with span gases diluted in air. You may
use a multi-gas span gas, such as NO-CO-CO2-CsHs-CHa, to verify multiple analyzers at the
same time. In designing your experimental setup, avoid pressure pulsations due to stopping the
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flow through the gas blending device. The change in gas concentration must be at least 20 % of
the analyzer’s range. If H20 correction is applicable, then span gases must be humidified before
entering the analyzer; however, you may not humidify NO2 span gas by passing it through a
sealed humidification vessel that contains H2Owater. You must humidify NO2 span gas with
another moist gas stream. We recommend humidifying your NO-CO-CO2-CsHs-CHa, balance
N2, blended gas by flewing-bubbling the gas mixture that meets the specifications in § 1065.750
through distilled H20 in a sealed vessel that-humidifies-the-gas-by-bubbling-it-through-distitled
water-and then mixing the gas with dry NO2 gas, balance purified air, or by using a device that
injeetsintroduces distilled H2O water-as vapor into a controlled span gas flow. If yoursystem
does-netusethe sample does not pass through a sample-dryer to-remeve-waterfrom-the-sample
gasduring emission testing, yeu-musthumidify your span gas to the-highestsamplean H20 Ievel
at or above the maximum expected eentent-that-yeu-estimate-during emission samplingtesting.
your-system-uses-athe sample passes through a dryer during emission testing, it must pass the
sample dryer verification check in § 1065.342, and you must humidify your span gas to an H20

content-level at or above

= { Formatted: Font: 12 pt

dryer. If you are humidifying span gases without NO2, use good engineering Judgment toensure - { Formatted: Font: 12 pt, Font color: Auto

that the wall temperatures in the transfer lines, fittings, and valves from the humidifying system
to the probe are above the dewpoint required for the target H20 content. If you are humidifying
span gases with NOz2, use good engineering judgment to ensure that there is no condensation in
the transfer lines, fittings, or valves from the point where humidified gas is mixed with NO2 span
gas to the probe. We recommend that you design your setup so that the wall temperatures in the
transfer lines, fittings, and valves from the humidifying system to the probe are at least 5 °C
above the local sample gas dewpoint. Operate the measurement and sample handling system as
you do for emission testing. Make no modifications to the sample handling system to reduce the
risk of condensation. Flow humidified gas through the sampling system before this check to
allow stabilization of the measurement system’s sampling handling system to occur, as it would

for an emission test.
* * * * *

§ 1065.320—[Revised]
332. Amend § 1065.320 by removing and reserving paragraph (b).

333. Revise § 1065.341 to read as follows:

8 1065.341 CVS;-and PFD ;and-bateh-samplerflow verification (propane check).

This section describes two optional methods, using propane as a tracer gas, to verify CVS and
PFD flow streams. You may use good engineering judgment and safe practices to use other
tracer gases, such as CO2 or CO. The first method, described in paragraphs (a) through (e) of
this section, iswritten-applies for the CVS diluted exhaust flow measurement system. It may
also apply for be-appliedte-other single-flow measurement systems as described in Table 2 of §
1065.307. Paragraph (g) of this section describes a second method you may use may-be-used-to
verify the-flow measurements in a PFD for determining that-are-used-to-determine-the PFD

d||ut|on ratuo%%emmmmmmwmm—a&mgmwm

A-207



(ba) A propane check uses either a reference mass or a reference flow rate of CsHs as a tracer gas
in a CVS. Note that if you use a reference flow rate, account for any non-ideal gas behavior of
C3Hgs in the reference flow meter. Refer to § 1065.640 and § 1065.642, which describe how to
calibrate and use certain flow meters. Do not use any ideal gas assumptions in § 1065.640 and

§ 1065.642. The propane check compares the calculated mass of injected CsHs using HC
measurements and CV'S flow rate measurements with the reference value.

(eb) Prepare for the propane check as follows:

(1) If you use a reference mass of CsHs instead of a reference flow rate, obtain a cylinder
charged with CsHs. Determine the reference cylinder’s mass of C3Hs within +0.5 % of the
amount of C3Hs that you expect to use._You may substitute a CsHs analytical gas mixture (i.e., a
prediluted tracer gas) for pure CsHs. This would be most appropriate for lower flow rates. The
analytical gas mixture must meet the specifications in 8 1065.750(a)(3).

(2) Select appropriate flow rates for the CVS and CsHs.

(3) Select a CsHs injection port in the CVS. Select the port location to be as close as practical to
the location where you introduce engine exhaust into the CVS, or at some point in the laboratory
exhaust tubing upstream of this location. Connect the CsHs cylinder to the injection system.

(4) Operate and stabilize the CVS.

(5) Preheat or pre-cool any heat exchangers in the sampling system.

(6) Allow heated and cooled components such as sample lines, filters, chillers, and pumps to
stabilize at operating temperature.

(7) You may purge the HC sampling system during stabilization.

(8) If applicable, perform a vacuum side leak verification of the HC sampling system as
described in § 1065.345.
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(9) You may also conduct any other calibrations or verifications on equipment or analyzers.

(dc) If you performed the vacuum-side leak verification of the HC sampling system as described
in paragraph (eb)(8) of this section, you may use the HC contamination procedure in §
1065.520(f) to verify HC contamination. Otherwise, zero, span, and verify contamination of the
HC sampling system, as follows:

(1) Select the lowest HC analyzer range that can measure the CsHs concentration expected for
the CVS and CsHs flow rates.

(2) Zero the HC analyzer using zero air introduced at the analyzer port.

(3) Span the HC analyzer using CsHs span gas introduced at the analyzer port.

(4) Overflow zero air at the HC probe inlet or into a tee near the outlet of the probe.

(5) Measure the stable HC concentration of the HC sampling system as overflow zero air flows.
For batch HC measurement, fill the batch container (such as a bag) and measure the HC
overflow concentration.

(6) If the overflow HC concentration exceeds 2 umol/mol, do not proceed until contamination is
eliminated. Determine the source of the contamination and take corrective action, such as
cleaning the system or replacing contaminated portions.

(7) When the overflow HC concentration does not exceed 2 umol/mol, record this value as
XtHcinit and use it to correct for HC contamination as described in § 1065.660.

(ed) Perform the propane check as follows:

(1) For batch HC sampling, connect clean storage media, such as evacuated bags.

(2) Operate HC measurement instruments according to the instrument manufacturer’s
instructions.

(3) If you will correct for dilution air background concentrations of HC, measure and record
background HC in the dilution air.

(4) Zero any integrating devices.

(5) Begin sampling, and start any flow integrators.

(6) Release the contents of the CsHs reference cylinder at the rate you selected. If you use a
reference flow rate of CsHs, start integrating this flow rate.

(7) Continue to release the cylinder’s contents until at least enough CsHs has been released to
ensure accurate quantification of the reference CsHs and the measured CsHs.

(8) Shut off the CsHs reference cylinder and continue sampling until you have accounted for time
delays due to sample transport and analyzer response.

(9) Stop sampling and stop any integrators.

(ef) Perform post-test procedure as follows:

(2) If you used batch sampling, analyze batch samples as soon as practical.

(2) After analyzing HC, correct for contamination and background.

(3) Calculate total CsHs mass based on your CVS and HC data as described in § 1065.650 (40
CFR 1066.605 for vehicle testing) and § 1065.660, using the molar mass of CsHs, Mcans, instead
the effective molar mass of HC, Muc.

(4) If you use a reference mass, determine the cylinder’s propane mass within £0.5 % and
determine the C3Hs reference mass by subtracting the empty cylinder propane mass from the full
cylinder propane mass.

(5) Subtract the reference CsHs mass from the calculated mass. If this difference is within +2 %
of the reference mass, the CVS passes this verification. If not, take corrective action as
described in paragraph (af) of this section.
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(f) A failed propane check might indicate one or more problems requiring corrective action, as
follows:

Problem Recommended Corrective Action

Incorrect analyzer calibration | Recalibrate, repair, or replace the FID analyzer.

Inspect CVS tunnel, connections, fasteners, and HC sampling

Leaks -
system. Repair or replace components.
Perform the verification as described in this section while
traversing a sampling probe across the tunnel’s diameter,
Poor mixin vertically and horizontally. If the analyzer response indicates

any deviation exceeding +2 % of the mean measured
concentration, consider operating the CVS at a higher flow
rate or installing a mixing plate or orifice to improve mixing.

Hydrocarbon contamination Perform the hydrocarbon-contamination verification as
in the sample system described in § 1065.520.

Perform a calibration of the CVS flow meter as described in §
1065.340.

Change in CVS calibration

Inspect the CVS tunnel to determine whether the entrance
Flow meter entrance effects effects from the piping configuration upstream of the flow
meter adversely affect the flow measurement.

Other problems with the CVS
or sampling verification
hardware or software

Inspect the CVS system and related verification hardware, and
software for discrepancies.

(9) You may verify the-flow measurements in a PFD (usually dilution air and diluted exhaust
streams) %eM&dﬁemm&for determmlnq the dllutlon ratio in the PFED using the foIIowmq
method: 2 a y a-P

Q) Conflgure the HC sampling system to extract a sample from the PFED’s diluted exhaust

stream ef-the-PFDnear-the-location-of-the-bateh-sampler’s-storage-meedia-(such as near the
ocation-of-a PM filter). If the absolute pressure at this location is too low to extract an HC

sample, you may sample HC from the bateh-samplerPED’s-system’s pump’s exhaust. Use
caution when sampling from pump exhaust because an otherwise acceptable pump leak
downstream of a bateh-samplerPED diluted exhaust flow meter will cause a false failure of the
propane check.

(2) Repeat-Perform the propane check described in paragraphs (eb), (dc), and (ed) of this section,
but sample HC from the PED’s diluted exhaust stream-ef-the-PFB. Inject the propane in the
same exhaust stream that the PFD is sampling from (either CVS or raw exhaust stack)bateh

sampler.

(3) Calculate CsHs mass, taking into account ary-secendarythe dilution from the bateh
samplerPFED.

(4) Subtract the reference CsHs mass from the calculated mass. If this difference is within +5-2
% of the reference mass, the-the-all PFD flow measurements in-a-PED-{usually-dilution-airand
diHuted-exhaust-streams)-used-to-determine-the-for determining PFD dilution ratio inthe PFD-all
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bateh-sampler-passes this verification. If not, take corrective action as described in paragraph
(af) of this section._For PFDs sampling only for PM-enby, the allowed difference is +5 %.

(h) Table 2 of § 1065.307 describes optional verification procedures you may perform instead of
linearity verification for certain Hsts-the-flow--measurement systems-that-have-optional
verifications tothe linearityverification. The-allowancesforsubstitutingthe Performing carbon
balance error verification also replaces forthe Hnearity-verification-may-also-be-used-to
substitute-for-any required propane checks.

334. Amend § 1065.342 by revising paragraph (d)(2) to read as follows:

§ 1065.342 Sample dryer verification.

* * * * *

(d) * * *

(2) Humidify room air, purified N2, or purified air by bubbling it through distilled waterH20 in a
sealed vessel_or use a device that injects distilled H2O water-as vapor into a controlled gas flow
thatto humidifyies the gas to the highest sample H20 water-content that you estimate during

emission sampling.
* * * * *

335. Amend § 1065.350 by revising paragraph (d)(2) to read as follows:

8 1065.350 HO interference verification for CO> NDIR analyzers.

* * * * *

(d) * * *

(2) Create a humidified test gas by bubbling zero gas that meets the specifications in § 1065.750
through distilled H20 in a sealed vessel or use a device that rjeetsintroduces distilled HoOwater
as vapor into a controlled gas flow. If the sample is-does not passed through a dryer during
emission testing, eontrol-the-vessel-temperature-to-generatehumidify your test gas to an H20
level at or above at-least-as-high-as-the maximum expected during emission testing. If the
sample is-passesé through a dryer during emission testing, you must humidify your test gas to an

H20 level at or above eentrol-the-vessel-temperature-to-generate-an-HoO-levelatleast-as-high-as
the level determined in § 1065.145(e)(2) for that dryer.
* *

* * *

336. Amend § 1065.355 by revising paragraph (d)(2) to read as follows:
§1065.355 H.0 and CO: interference verification for CO NDIR analyzers.
* * * * *
(d) * * *
(2) Create a humidified CO:2 test gas by bubbling a CO2 span gas that meets the specifications in
§ 1065.750 through distilled H20 in a sealed vessel or use a device that injectsintroduces distilled
H2Owater as vapor into a controlled gas flow. If the sample is-does not passed through a dryer
during emission testing, humidify your test gas to eentrel-the-vessel-temperature-to-generate-an
H20 level at or above atleastas-high-as-the maximum expected during emission testing. If the
sample is-passese through a dryer during emission testing, you must humidify your test gas
tocentrol-the-vessel-temperature-to-generate an H20 at or above levelatleastas-high-as-the level
determined in § 1065.145(e)(2) for that dryer. Use a CO2 span gas concentration at least as high
as the maximum expected during testing.

* *

* * *
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337. Amend § 1065.360 by adding paragraphs (2)(4) and (d)(12) to read as follows:

§ 1065.360 FID optimization and verification.

(a) * * *

(4) For any gaseous-fueled engine, including dual-fuel and flexible-fuel engines, you may
determine the methane (CH4) and ethane (C2Hs) response factors as a function of the molar water
concentration in the raw or diluted exhaust. If you choose this option, Ggenerate and verify the
humidity level (or fraction) as described in § 1065.365(d)(112).

* * * * *

(d) * * *

(12) Determine the response factor as a function of exhaust-molar water concentration; and use
this response factor to account for the CH4 response for NMHC determination described in
§1065.660(b)(2)(iii). Humidify the CHa span gas as described in § 1065.365(d)(11) and repeat
the steps in paragraphs (d)(7) through (9) of this section until measurements are complete for
each setpoint in the selected range. Fereach-measurement-divide-the-Divide each mean
measured CH4 concentration by the recorded span concentration of the CH4 calibration gas,
adjusted for water content, to determine —TFheresultisthe FID analyzer’s CHa response factor
for CH4, RFchartHe-Fip). Use these CHa response factors at the different setpoints to create a
functional relationship between to-determine-the-response factor based-en-theand exhaust-molar
water concentration, downstream of the last sample dryer if any sample dryers are present. Use;
this functional relationship to determine the response factor during thean emission test-and-use
thisresponse-factorto-account-forthe CH4-response for NMHGC determination-described-in

* * * * *

338. Amend § 1065.365 by revising paragraphs (a), (d), (f)(9), and (f)(14) to read as follows:

§ 1065.365 Nonmethane cutter penetration fractions.

(a) Scope and frequency. If you use a FID analyzer and a nonmethane cutter (NMC) to measure
methane (CHa), determine the nonmethane cutter’s penetration fractions of SHsmethane, PFcha,
and ethane, PFczre. As detailed in this section, these penetration fractions may be determined as
a combination of NMC penetration fractions and FID analyzer response factors, depending on
your particular NMC and FID analyzer configuration. Perform this verification after installing
the nonmethane cutter. Repeat this verification within 185 days of testing to verify that the
catalytic activity of the cutter has not deteriorated. Note that because nonmethane cutters can
deteriorate rapidly and without warning if they are operated outside of certain ranges of gas
concentrations and outside of certain temperature ranges, good engineering judgment may dictate
that you determine a nonmethane cutter’s penetration fractions more frequently.

* * * * *

(d) Procedure for a FID calibrated with the NMC. The method described in this paragraph (d) is
recommended over the procedures specified in paragraphs (e) and (f) of this section and required
for any gaseous-fueled engine, including dual-fuel and flexible-fuel engines. If your FID
arrangement is such that a FID is always calibrated to measure CHa4 with the NMC, then span
that FID with the NMC using a CHa span gas, set the product of that FID’s CH4 response factor
and CHa penetration fraction, RFPFchapnme-Fip), equal to 1.0 for all emission calculations, and
determine its combined ethane-{C2Hs) response factor and C2Hs penetration fraction,
RFPFcansinvic-rFiDy, as follows:. For any gaseous-fueled engine, including dual-fuel and flexible-
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fuel engines, you must determine the CHa4 penetration fraction, PFcrapnmc-rip), and CoHe
response factor and C2Hs penetration fraction, REPFcansinmc-Fipy, as a function of the molar
water concentration in the raw or diluted exhaust as described in paragraphs (d)(10) and (12) of
this section. Generate and verify the humidity generation as described in § 1065.365(d)(121).
When using this option, note that the FID’s CH4 penetration fraction, PFcHainmc-rFip), is set equal
to 1.0 only for 0 % molar water concentration. You are not required to meet the recommended
lower limit for PFcrs of greater than 0.85 for any of the penetration fractions generated as a
function of molar water concentration.

(1) Select CH4 and CzHs analytical gas mixtures and ensure that both mixtures meet the
specifications of § 1065.750. Select a CHa concentration that you would use for spanning the
FID during emission testing and select a C2Hs concentration that is typical of the peak NMHC
concentration expected at the hydrocarbon standard or equal to the THC analyzer’s span value.
For CHa analyzers with multiple ranges, perform this procedure on the highest range used for
emission testing.

(2) Start, operate, and optimize the nonmethane cutter according to the manufacturer’s
instructions, including any temperature optimization.

(3) Confirm that the FID analyzer meets all the specifications of § 1065.360.

(4) Start and operate the FID analyzer according to the manufacturer’s instructions.

(5) Zero and span the FID with the nonmethane cutter as you would during emission testing.
Span the FID through the cutter by using CHa span gas.

(6) Introduce the Cz2Hs analytical gas mixture upstream of the nonmethane cutter. Use good
engineering judgment to address the effect of hydrocarbon contamination if your point of
introduction is vastly different from the point of zero/span gas introduction.

(7) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the nonmethane cutter and to account for the analyzer’s response.

(8) While the analyzer measures a stable concentration, record 30 seconds of sampled data.
Calculate the arithmetic mean of these data points.

(9) Divide the mean C2Hs concentration by the reference concentration of C2Hs, converted to a
Cu basis. The result is the C2Hes combined response factor and penetration fraction,
RFPFcarsinme-rip). Use this combined C2Hs response factor and C2Hs penetration fraction and
the product of the CHa response factor and CH4 penetration fraction, RFPFcHanmc-FiD), Set to 1.0
in emission calculations according to § 1065.660(b)(2)(i), § 1065.660(d)(1)(i), or § 1065.665, as
applicable.

(10) Fe-dDetermine the combined C2Hs response factor and C2Hs penetration fraction as a
function of exhaust-molar water concentration and use it to account for C2Hs response factor and
C2He penetration fraction for NMHC determination as described in §1065.660(b)(2)(iii) and for
CHa4 determination in § 1065.660(d)(1)(iii).; Hhumidify the CoHs analytical gas mixture as
described in paragraph (d)(112) of this section. Repeat the steps in paragraphs (d)(6) through (8)
of this section until measurements are complete for each setpoint in the selected range. Foreach
measurement-dDivide theeach mean measured C2Hs concentration by the reference
concentration of C2Hs, converted to a Ci-basis and adjusted for water content—Fhe+esuttis to
determine the FID analyzer’s combined C2Hs response factor and C2Hs penetration fraction,
REPFcansinmc-Fip]._Use REPFcansinmvc-FiD] these-combined-CoHerespensefactors-ane-CoHs
penetration-fractions-at the different setpoints to create a functional relationship between the
combined response factor and penetration fraction and te-determine-the-combined-respense
factorand-penetration-fraction-based-on-the-exhaust-molar water concentration, downstream of
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the last sample dryer if any sample dryers are present;. Use this functional relationship to
determrne the combined response factor and Denetratron fraction during the emission test-and-use
CaHsresponse-factorand
eene#a&%#aeﬂeni%NMHGen@GHMﬁemnaﬂ%a&de%nbe@#@%%%@@Mmﬁnd

L.

(121) Create a humidified test gas by bubbling the analytical gas mixture that meets the
specifications in 8§ 1065.750 through distilled H20 in a sealed vessel or use a device that
introduces distilled H20 as vapor into a controlled gas flow. If the sample does not pass through
a dryer during emission testingFerwet-methane-analyzers, generate at least five different
waterH>O concentrations that cover the range from less than the minimum expected water
concentration-to greater than the maximum expected water concentration during testing. Use
good engineering judgement to determine the target concentrations. Dry-gas-can-be-one-ofthese
points—For dry-methane-analyzers determine the-methane penetration fraction-by humidifying
where the sample passes through a dryer during emission testing, humidify your test gas to an
H20 level at or above the level determined in § 1065.145(e)(2) for that dryer the-sample-to-a
level-higherthan-the-sample-dryer-outlet-humidity-and measuredetermine a single wet
penetration-fraction-analyzer response toef the dehumidified sample. Heat all transfer lines from
the water generation system to a temperature at least 5 °C higher than the highest dewpoint
generated. Use-atleast30-second-averages-ofmeasuredDetermine H2Owater concentration as an

averaqe value over intervals of at least 30 secondsm—earaqraehs—éd}(—l—Z—)M—and—én—)éB)—ef—th&s

respense—faeter—and—penetratren—fraeﬂen. Monltor the humrdrfred sample stream Wlth a dewpoint
analyzer, relative humidity sensor, FTIR, NDIR, or other water analyzer during each test or, if
the humidity generator achieves humidity levels with controlled flow rates, validate the
instrument within 370 days before testing and after major maintenance \ahdate-the-water
qenerauen—svstemusmq one of the followrnq methods—

(iA) Determine the linearity of each flow metering device. Use one or more reference flow

meters to measure the humidity generator’s flow rates efthe-gas-dividerand verify the H20 level
gas-division-value based on the humidity generator manufacturer’s recommendations and good
engineering judgment. Fhis-methed-shouldWe recommend that you utilize at least 10 flow rates
for each flow--metering device.

(Bii) Perform validation testing based on mMonitoring the humidified stream with a dewpoint
analyzer, relative humrdrty sensor, FTIR NDIR or other water analyzer as descrrbed in this
paraqraph (d)(ll) a y 3 y 3

testrnq—Compare the measured humrdrty to the humrdlty qenerator S valueversustheealeulated

generated-humidity. Verify overall linearity performance for the generated humidity as
described in by-follewing-8 1065.307 using the criteria for other dewpoint measurements or
confirm all measured values are within + 2 % of the generated-target mole fraction. In the case
of dry gas, the measured value may not exceed 0.002 mole fraction.Hf-dry-gas-is-used-it-must-be
measured-within-0.002 mole fraction:
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(iii€) Follow the performance requirements in § 1065.307(b) if the humidity generator does not
meet validation criteria.

(12) Fe-dDetermine the CH4 penetration fraction as a function of exhaust-molar water
concentration and use this penetration fraction for NMHC determination in § 1065.660(b)(2)(iii)
and for CH4 determination in § 1065.660(d)(1)(iii).; ¥Repeat the steps in paragraphs (d)(6)
through (101) of this section, but with the CHa4 analytical gas mixture instead of CoHs. Use this
functlonal relationship to determme the penetration fraction during the emission test.Fheresult

(f) * * *

(9) Divide the mean C2Hs concentration by the reference concentration of C2Hs, converted to a
C1 basis. The result is the €2Hs-combined C2Hs response factor and C2Hs penetration fraction,

RFPFcarsinme-rip). Use this combined C2Hs response factor and C2Hs penetration fraction
according to § 1065.660(b)(2)(iii), § 1065.660(d)(1)(iii), or § 1065.665, as applicable.
* * * * *

(14) Divide the mean CHa concentration measured through the nonmethane cutter by the mean
CHa concentration measured after bypassing the nonmethane cutter. The result is the CHa
penetration fraction, PFcrHapnme-rip). Use this CHa penetration fraction according to 8
1065.660(b)(2)(iii), § 1065.660(d)(1)(iii), or § 1065.665, as applicable.

339. Amend § 1065.370 by revising paragraph (e)(5) to read as follows:

§ 1065.370 CLD CO; and H20 quench verification.

* * * * *

(e) * * *

(5) Create a Humidify-humidified the-NO span gas by bubbling a NO gas that meets the
specifications in § 1065.750# through distilled H20 in a sealed vessel_or use a device that
introduces distilled H20 as vapor into a controlled gas flow. If the humidified-NO-span-gas
sample does-does not pass through a sample-dryer for-this-verification-testduring emission
testing, humidify your test gas to eentrol-the-vessel-temperature-to-generate-an Hz0 level
approximately equal to the maximum mole fraction of H20 expected during emission testing. If
the humidified NO span gas sample does not pass through a sample dryer, the quench
verification calculations in § 1065.675 scale the measured H20 quench to the highest mole
fraction of H20 expected during emission testing. If the humidified-NO-span-gas-sample
passespasses- through a dryer for-this-verificationtestduring emission testing, you must humidify
your test gas to eontrot-the-vessel-temperature-to-generate-an H20 level at or above atleastas
high-as-the level determined in § 1065.145(e)(2) for that dryer. For this case, the quench
verification calculations in § 1065.675 do not scale the measured H20 quench.

* * * * *

340. Amend § 1065.375 by revising paragraph (d)(2) to read as follows:
§ 1065.375 Interference verification for NoO analyzers.

* * * * *

(d) * * *

A-215



(2) Create a humidified test gas by bubbling a multi component span gas that incorporates the
target interference species and meets the specifications in § 1065.750 through distilled H20 in a
sealed vessel or use a device that injeetsintroduces distilled H20 water-as vapor into a controlled
gas flow. If the sample doesis not passed through a dryer during emission testing, humidify your
test gas to eentrol-the-vessel-temperature-to-generate-an Hz20 level at-least-as-high-asat or above
the maximum expected during emission testing. If the sample is-passese through a dryer during
emission testing, you must humidify your test gas tocentrol-the-vessel-temperature-to-generate an
H20 level at or above atleast-as-high-as-the level determined in § 1065.145(e)(2) for that dryer.
Use interference span gas concentrations that are at least as high as the maximum expected
during testing.
* * *

* *

341. Amend § 1065.410 by revising paragraphs (c) and (d) to read as follows:

§ 1065.410 Maintenance limits for stabilized test engines.

* * * * *

(c) If you inspect an engine, keep a record of the inspection and update your application for
certification to document any changes that result. You may use any kind of equipment,
instrument, or tool that is available at dealerships and other service outlets to identify bad
enginemalfunctioning components or perform maintenance-if-it-is-avatable-at-dealerships-and
other service outlets.

(d) You may repair-a-test-engine-as-needed-for defective parts from a test engine if they thatare
unrelated to emission control. You must ask us to approve repairs that might affect the engine’s
emission controls. If we determine that a part failure, system malfunction, or associated repairs
have-mademakes the engine’s emission controls unrepresentative of production engines, you
may not fenger-use it as an emission-data engine. Also, if your test engine has a major
mechanical failure that requires you to take it apart, you may no longer use it as an emission-data
engine.

342. Amend § 1065.510 by—

a. Revising paragraphs (a) introductory text and (b)(5)(i).

b. Adding paragraph (c)(5).

¢. Revising paragraph (f)(4)(i)

The revisions and addition read as follows:

§ 1065.510 Engine mapping.

(a) Applicability, scope, and frequency. An engine map is a data set that consists of a series of
paired data points that represent the maximum brake torque versus engine speed, measured at the
engine’s primary output shaft. Map your engine if the standard-setting part requires engine
mapping to generate a duty cycle for your engine configuration. Map your engine while it is
connected to a dynamometer or other device that can absorb work output from the engine’s

prlmary output shaft accordmg to 8§ 1065 110 Ie@stabl%h—speed—and—tepque#aluesier—mappmg

- Conflgure any auxmary
work inputs and outputs such as hybrld turbo compoundmg or thermoelectric systems to
represent their in-use configurations, and use the same configuration for emission testing. See
Figure 1 of § 1065.210. This may involve configuring initial states of charge and rates and times
of auxiliary-work inputs and outputs. We recommend that you contact the Designated
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Compliance Officer before testing to determine how you should configure any auxiliary-work
inputs and outputs. Use the most recent engine map to transform a normalized duty cycle from
the standard-setting part to a reference duty cycle specific to your engine. Normalized duty
cycles are specified in the standard-setting part. You may update an engine map at any time by
repeating the engine-mapping procedure. You must map or re-map an engine before a test if any
of the following apply:
* * * * *
(b) * * *
(5) * * *
(i) For any engine subject only to steady-state duty cycles, you may perform an engine map by
using discrete speeds. Select at least 20 evenly spaced setpoints from 95 % of warm idle speed
to the highest speed above maximum power at which 50 % of maximum power occurs. We refer
to this 50 % speed as the check point speed as described in paragraph (b)(5)(iii) of this section.
At each setpoint, stabilize speed and allow torque to stabilize. We recommend that you stabilize
an engine for at least 15 seconds at each setpoint and record the mean feedback speed and torque
of the last (4 to 6) seconds. Record the mean speed and torque at each setpoint. Use linear
interpolation to determine intermediate speeds and torques. Use this series of speeds and torques
to generate the power map as described in paragraph (e) of this section.

* * *

* *

(C) * * *

(5) For engines with an electric hybrid system, map the negative torque required to motor the
engine by repeating paragraph (b) of this section with minimum operator demand and a fully
charged RESS or with the hybrid system disabled, such that it doesn’t affect the motoring torque.
You may start the negative torque map at either the minimum or maximum speed from

paragraph (b) of this section.
* * * * *

® *
(4) * * *

(i) For variable-speed engines, declare a warm idle torque that is representative of in-use
operation. For example, if your engine is typically connected to an automatic transmission or a
hydrostatic transmission, declare the torque that occurs at the idle speed at which your engine
operates when the transmission is engaged. Use this value for cycle generation. You may use
multiple warm idle torques and associated idle speeds in cycle generation for representative
testing. For example, for cycles that start the engine and begin with idle, you may start a cycle in
idle with the transmission in neutral with zero torque and later switch to a different idle with the
transmission in drive with the Curb-Idle Transmission Torque (CITT). For variable-speed
engines intended primarily for propulsion of a vehicle with an automatic transmission where that
engine is subject to a transient duty cycle with idle operation, you must declare a CITT. We
recommend that you specify CITT as a function of idle speed for engines with in-cases-where
you-have-an-adjustable warm idle or enhanced--idle. You mustmay specify a CITT based on
typical applications at the mean of the range of idle speeds you specify at stabilized temperature

conditions.
* * * * *

343. Amend § 1065.512 by revising paragraphs (b)(1) and (2) to read as follows:
§ 1065.512 Duty cycle generation.
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* * * * *

(b) * * *
(1) Engine speed for variable-speed engines. For variable-speed engines, normalized speed may
be expressed as a percentage between warm idle speed, fnidle, and maximum test speed, fatest, OF
speed may be expressed by referring to a defined speed by name, such as “warm idle,”
“intermediate speed,” or “A,” “B,” or “C” speed. Section 1065.610 describes how to transform
these normalized values into a sequence of reference speeds, frer. Running duty cycles with
negative or small normalized speed values near warm idle speed may cause low-speed idle
governors to activate and the engine torque to exceed the reference torque even though the
operator demand is at a minimum. In such cases, we recommend controlling the dynamometer
so it gives priority to follow the reference torque instead of the reference speed and let the engine
govern the speed. Note that the cycle-validation criteria in § 1065.514 allow an engine to govern
itself. This allowance permits you to test engines with enhanced-idle devices and to simulate the
effects of transmissions such as automatic transmissions. For example, an enhanced-idle device
might be an idle speed value that is normally commanded only under cold-start conditions to
quickly warm up the engine and aftertreatment devices. In this case, negative and very low
normalized speeds will generate reference speeds below this higher erhaneced-enhanced-idle
speed. You may do either of the following with wMhen using enhanced-idle devices-you-ray-de
one of the following:

(i) Control and-we-recommend-controlling-the dynamometer so it gives priority to follow the
reference torque, controlling the operator demand so it gives priority to follow reference speed
and let the engine govern the speed when the operator demand is at minimum.

(ii) While running an engine thatwhere the electronic control module broadcasts an enhanced-
idle speed that is above the denormallzed speed, use thatthe broadcast speed as the reference
speed-w A e. Use these new reference
points for dutv cvcle valldatlon Ne{&the—speeraJ-Thls does not affect how you determine
denormalized reference torque denermalization-in paragraph (b)(2) of this section.—\hen

(2) Engine torque for variable-speed engines. For variable-speed engines, normalized torque is
expressed as a percentage of the mapped torque at the corresponding reference speed. Section
1065.610 describes how to transform normalized torques into a sequence of reference torques,
Tref. Section 1065.610 also describes special requirements for modifying transient duty cycles
for variable-speed engines intended primarily for propulsion of a vehicle with an automatic
transmission. Section 1065.610 also describes under what conditions you may command Tret
greater than the reference torque you calculated from a normalized duty cycle. This provision
permits you to command Tref values that are limited by a declared minimum torque. For any
negative torque commands, command minimum operator demand and use the dynamometer to
control engine speed to the reference speed, but if reference speed is so low that the idle
governor activates, we recommend using the dynamometer to control torque to zero, CITT, or a
declared minimum torque as appropriate. Note that you may omit power and torque points
during motoring from the cycle-validation criteria in § 1065.514. Also, use the maximum
mapped torque at the minimum mapped speed as the maximum torque for any reference speed at
or below the minimum mapped speed.—H-you-use-the provision-n-paragraph-(bY (i) -of this
section-do-not alter the denormalized reference torque.

* * * * *
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344. Amend § 1065.514 by revising paragraphs (e) introductory text, (e)(3), and (f)(3) to read as
follows:

§ 1065.514 Cycle-validation criteria for operation over specified duty cycles.

* * * * *

(e) Statistical parameters. Use the remaining points to calculate regression statistics for a
floating intercept as described in § 1065.602. Round calculated regression statistics to the same
number of significant digits as the criteria to which they are compared. Refer to Table 2 of §
1065.514 for the default criteria and refer to the standard-setting part to determine if there are
other criteria for your engine. Calculate the following regression statistics:

* * * * *

(3) Standard error of the estimates-ef-errer for feedback speed, SEE, feedback torque, SEEr,
and feedback power SEEe.

*

* * * *

0] * * *

(3) For discrete-mode steady-state testing, apply cycle-validation criteria by treating the

sampling periods from the series of test modes as a continuous sampling period, analogous to

ramped-modal testing and apply statistical criteria as described in paragraph (f)(1) or (f)(2) of

this section. Note that if the gaseous and particulate test intervals are different periods of time,

separate validations are required for the gaseous and particulate test intervals. Table 2 follows:
TABLE 2 OF § 1065.514—DEFAULT STATISTICAL CRITERIA FOR VALIDATING DUTY CYCLES

Parameter Speed Torque Power
Slope, a1 0.950 <a1<1.030 0.830 <a1<1.030 0.830 <a1<1.030
Absolute value of . <2 % of maximum <2 % of maximum
f <10 % of warm idle
intercept, |ao| mapped torque mapped power
Standard error of | <5 % of maximum | <10 % of maximum | <10 % of maximum
the estimate, SEE test speed mapped torque mapped power
Coefficient of >0.970 >0.850 >0.910
determination, r

345. Amend § 1065.530 by revising paragraphs (a)(2)(iii) and (g)(5) to read as follows:
§1065.530 Emission test sequence.

(a) * * *

(2) * * *

(iii) For testing that involves hot-stabilized emission measurements, bring the engine either to
warm idle or the first operating point of the duty cycle. Start the test within 10 min of achieving
temperature stability. Determine temperature stability as the point at which the engine
thermostat controls engine temperature or as the point at which based-en-measured operating
temperature has stayed stayirg-within +2 % of the mean value for at least 2 min based on the
following parameters:

(A) Engine coolant or block or head absolute temperatures for Water cooled engines. —‘éeu—mav

(B) Qil sump absolute temperature for air-cooled engines with an oil sump.
(C) Cylinder head absolute temperature or exhaust gas temperature for air-cooled engines with
no oil sump. A a
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controls-engine temperature.

* * * * *

(g) * * *

(5) If you perform carbon balance error verification-s-required-or-ifyyou-choose to-performthe
verification, verify carbon balance error as required-by-specified in the standard-setting part and
as-deseribed-in-8 1065.543. Foral-testintervals,eCalculate and report the three test-interval
carbon balance error quantities for each test interval; carbon mass absolute error for a test
interval (eac), carbon mass rate absolute error for a test interval (eacrate), and carbon mass relative
error for a test interval (erc). For multi-test-interval-duty cycles with multiple test intervals, you
may instead-calculate and report the composite carbon mass relative error, erccomp, for the whole
duty cycleinstead-of the-test-interval-carbon-balance-error-guantities. If you report erccompehoose
to-use-the-multi-test-interval-eption, you must still calculate and report eac, cacrate, and erc for each
test |ntervaltheLFesu#5ﬂfer—theLtlﬁweeutest—lmewal—eBHens

* * *

346. Add § 1065.543 to read as follows:

8§ 1065.543 Carbon balance error verification.

(a) AcCarbon balance error verification compares independently calculated guantities of carbon
flowing into and out of an engine system. The engine system includes aftertreatment devices as
applicable. Calculating carbon intake considers carbon-carrying streams flowing into the system,
including intake air, fuel, and optionally DEF or other fluids. Cassessments-oftheflow-of
carbon-through-the-system-(engine-plus-aftertreatmenty—The-carbon flow out of the system as
determined-by-thecomes from exhaust emissions calculations.-is-compared-to-the-carbon-flow-of
all-the streams-flowing-into-the-system-(fuelsfluids{e.g- DEF)and-intake-air). -Note that this
verification is not valid whenif you calculate exhaust molar flow rate is-caleutated-using fuel rate
and chemical balance as described in § 1065.655(f)(3) because the-flows-ef-carbon flows into
and out of the system are not independent. Use good engineering judgment to ensure that carbon

mass |n and carbon mass out data 5|qnals allqn —'Fhe—fe#emnq%a—p%ﬂal#st—ef—pess&bl&eauses
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(b) Perform the carbon balance error verification as-foHews:
{B)-Carbon-balance-errorverification-takes place-during-the-pestafter emission sampling is
complete for a portion-ofthe emission-test sequenceinterval or duty cycle as described in §
1065.530(qg). Testing must include measured values as needed to determine intake air, fuel flow,
and carbon related gaseous exhaust emissions. %@must—melud&measu;ement&ef—the

qaseeu&emtssmn&You may optlonally account for the flow of carbon carrylnq flmds other than
intake air and fuel into the system.

Perform carbon balance error verification as follows:

(21) Calculate carbon balance error quantities as The-calculationsfordetermining-carbon-balance
errorare-described in 8§ 1065.643. The three quantities for individual test intervals areThere-are
four different carbon-balanceerror-guantities: carbon mass absolute error, foratest-interval-{eac),
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carbon mass rate absolute error-fora-testinterval, {cacrate}, and carbon mass relative error, fora
testinterval-{erc).; Determine eac, cacrate, and erc for all test intervals. You may determine cand
eomposite carbon mass relative error, for-rmultiple-test-interval-duty-eyeles{crccomp, as a fourth
guantity that optionally applies for duty cycles with multiple test intervals).—you-choose-to
{D-Forall-test-intervalsdetermine-cacrcacraterand-€rc:

(32) You meet verification criteria for an individual test interval if the absolute values of carbon
balance error quantities are at or below the following limit values:Fhe-followingare-the limits
forthe three carbon-balance-errorguantities for test-intervals:

(i) cac-must-be-within{0-000-+ L .c)-g;-whereCalculate the carbon mass absolute error limit, Lcac,
is-determined-using-E£q-1065-543-1-in units-of grams and-expressed-to atleastfourthree decimal
places for comparision to the absolute value of eac, using the following equation:-

Lt‘JaC =cC- Pmax
Eq. 1065.543-1
Where:

¢ = power-specific carbon mass absolute error coefficient = 0.007 g/kW.
Pmax = maximum power from the engine map generated according to § 1065.510. If ameasured
Pmax is not available, use a manufacturer-declared value for Pmax.

Example:
¢ =0.007 g/kW
Pmax = 230.0 KW

L.c =0.007-230.0=1.610¢

(i) €acrate-Mrust-be-within{0-000-+ L acrae)}-gfhr-wWhereCalculate the carbon mass rate absolute

error limit, Lcacrate, is-determined-using-Eg-—1065.543-2-in units-ef-grams per hour and-expressed

to atleast-three decimal places for comparison to the absolute value of eacrate, using the following
equation::

Léacrate = d P

Eq. 1065.543-2

Where:

d = power-specific carbon mass rate absolute error coefficient = 0.31 g/(kW-hr).

Pmax = maximum power from the engine map generated according to § 1065.510. If ameasured

Pmax is not available, use a manufacturer-declared value for Pmax.

Example:

d =0.31 g/(kW:hr)
Pmax = 230.0 kW

Liscrae = 0-31-230.0 = 71.300 g/hr
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(iii) The erc-carbon mass relative error limit, Lerc

is 0.020 for comparision to the absolute value

of erc, and optionally the absolute value of erccompmust-be-within{0.000+0.020).

(c) A failed carbon balance error verification might indicate one or more problems requiring

corrective action, as follows:

Problems with-the
gGas analyzer
system

Area of Concern Problem Recommended Corrective Action
Incorrect analyzer Perform-a-ealibration-of the-Calibrate NDIR and/er THC
calibration analyzers.

Incorrect time -alignment
between flow and
concentration data

Determine transformation time, tso, for continuous gas
analyzers and time-align flow and concentration data as
described in § 1065.650(c)(2)(i).

Problems with the sample
system

Inspect the-sample system components such as sample lines,
filters, chillers, and pumps for leaks, operating temperature,
and contamination.

Problems with
fFuel flow
measurement

Zero shift of fuel flow rate
meter

Perform an in-situ zero adjustment.

Change in fuel flow meter
calibration

Perform-a-calibration-of Calibrate the fuel flow meter as
described in § 1065.320.

Incorrect time -alignment
of fuel flow data

" "
HRE-BHGR-Tue oW data_ to-e SH.EE EE. uell ow-data-fro

i i -Verify alignment

of carbon mass in and carbon mass out data streams.

Short sampling periods

For test intervals that-are-alowed-te-vary-n-with varying
duration, such as discrete-mode steady-state duty cycles,
make the test intervals longer extend-the-testinterval-duration
to improve accuracy when measuring low fuel flow rates.

Fluctuations in the fuel
conditioning system

Improve the-stability of the fuel temperature and pressure
conditioning system to improve accuracy when measuring
low fuel flow rates.

Dilute testing
using a CVS
system

Inspect exhaust system and CVS tunnel, connections, and
fasteners. and-rRepair or replace components as needed. A

Leaks leak in the exhaust transfer tube to the CVS may result in
negative values for will-drive-yourcarbon balance error
negative.
L.
Poor mixing Perform the verification related to mixing deseribed-in §

1065.341(f)(a)(3) to look for-and correct poor mixing.

Change in CVS calibration

Perform-a-calibration-of-Calibrate the CVS flow meter as
described in § 1065.340.

Flow meter entrance
effects

Inspect the CV'S tunnel to determine whether the-entrance
effects from the piping configuration upstream of the flow
meter adversely affect the-flow measurement.

Other problems with the
CVS or sampling
verification hardware or
software

Inspect hardware and software for the CVS system; and CVS
verification hardware-and-seftwaresystem for discrepancies.

Raw testing using
intake air flow
measurement or
direct exhaust

Leaks

Inspect the-intake air system-and exhaust systems,
connections, fasteners. R—andepair or replace components as
needed.

Zero shift of intake air
flow rate meter

Perform an in-situ zero adjustment.
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flow
measurement

Change in intake air flow
meter calibration

Perform-a-calibration-of Calibrate the intake air flow meter as
described in § 1065.325.

Zero shift of exhaust flow
rate meter

Perform an in-situ zero adjustment.

Change in exhaust flow
meter calibration

Perform-a-calibration-of Calibrate the exhaust flow meter as
described in § 1065.330.

Flow meter entrance
effects

Inspect the-intake air system-and the-exhaust systems to
determine whether the-entrance effects from the piping
configuration upstream and downstream of the intake air flow
meter or the exhaust flow meter adversely affect the-flow
measurement.

Other problems with the
intake air flow and exhaust
flow measurement
hardware or software

Look for discrepancies in the hardware er-and software for
measuring intake air flow and exhaust flowdiserepancies.

Poor mixing

Ensure that all streams are well mixed.

Accuracy of fluid
properties

Inaccurate fluid properties

If defaults are used, use measured values. If measured values
are used, verify fluid property determination.

347. Amend § 1065.545 by revising paragraphs (a) and (b) introductory text to read as follows:
8§ 1065.545 Verification of proportional flow control for batch sampling.
* *

* * *

(a) For any pair of flow rates, use recorded sample and total flow rates. Total flow rate means
the raw exhaust flow rate for raw exhaust sampling and the dilute exhaust flow rate for CVS

sampling, or their 1 Hz means with the statistical calculations in § 1065.602 forcing the intercept
through zero. Determine the standard error of the estimate, SEE, of the sample flow rate versus
the total flow rate. For each test interval, demonstrate that SEE was less than or equal to 3.5 %
of the mean sample flow rate.
(b) For any pair of flow rates, use recorded sample and total flow rateswhere-t. Total flow rate
means the raw exhaust flow rate for raw exhaust sampling and the dilute exhaust flow rate for
CVS sampling, or their 1 Hz means to demonstrate that each flow rate was constant within £2.5
% of its respective mean or target flow rate. You may use the following options instead of
recording the respective flow rate of each type of meter:

*

* * * *

348. Revise § 1065.602 to read as follows:

§ 1065.602 Statistics.

(a) Overview. This section contains equations and example calculations for statistics that are
specified in this part. In this section we use the letter "y" to denote a generic measured quantity,
the superscript over-bar “~” to denote an arithmetic mean, and the subscript "rf" to denote the
reference quantity being measured.

(b) Arithmetic mean. Calculate an arithmetic mean, Y, as follows:

VvV = i=1

N
Eq. 1065.602-1

Example
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N=3

y1=10.60
y2=11.91
yn=Yy3=11.09
_ 10.60+11.91+11.09
y =
3
Y=1120
(c) Standard deviation. Calculate the standard deviation for a non-biased (e.g., N-1) sample, o,
as follows:

[ Commented [CAL49]: Equation updated.

Eqg. 1065.602-2
Example:
N=3
y1=10.60
y2=11.91
yn =y3=11.09

y: 11.20

\/(10.60 ~11.2)" +(11.91-11.2)* + (11.09 -11.2)*
O'y =
2

oy=0.6619
(d)_Root mean square. Calculate a root mean square, rmsy, as follows:

. { Commented [CAL50]: Equation updated.

18,
rms, = WZyi

i=1 o

Eq. 1065.602-3

Example:
N=3
y1=10.60
y2=11.91
yn=Yy3=11.09

\/10.602 +11.912 +11.092
I’I'T]Sy = 3

rmsy=11.21

(e) Accuracy. Determine accuracy as described in this paragraph (e).- Make multiple
measurements of a standard quantity to create a set of observed values, yi, and compare each
observed value to the known value of the standard quantity. The standard quantity may have a
single known value, such as a gas standard, or a set of known values of negligible range, such as
a known applied pressure produced by a calibration device during repeated applications. The
known value of the standard quantity is represented by yrefi. If you use a standard quantity with a
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single value, , would be constant. Calculate an accuracy value as follows:

, { Commented [CAL51]: Equation updated.

Eq. 10

1 N
accuracy = ‘W DY~ Ve )J ’
i=1 i
5.602-4

Example:
yref = 1800.0
N=3

Yi= 1806.4
Yo= 1803.1

Y= 1798.9

accuracy = %((1806.4- 1800.0)+ (1803.1- 1800.0)+ (1798.9- 1800.0)#

accuracy =

%((6.4)+ GO+ ¢ 1.1)#

accuracy =2.8
(f) t-test. Determine if your data passes a t-test by using the following equations and tables:
(1) For an unpaired t-test, calculate the t statistic and its number of degrees of freedom, v,

as follows:

t= ‘yref - y‘ -

Oy

Nref N

Eq. 1065.602-5
2 2\?
[ O et + _y
Nref N

V= . 2

o | |9

Nref N

+
Nog—-1 N-1
Eq. 1065.602-6

Example:
Ve = 1205.3
Y=11238
oref = 9.399
oy =10.583
Nref = 11
N=7
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. [12053-11238

9.399? +10.5832
11 7
t=16.63
Oref = 9.399
oy =10.583
Nref = 11
N=7
9399 10583’ ’
11 7
9.399?)" (10583’
n ) 7
11-1 7-1
v=11.76

(2) For a paired t-test, calculate the t statistic and its number of degrees of freedom, v, as follows,
noting that the &; are the errors (e.g., differences) between each pair of yrefi and yi:

t=\5\~\/ﬁ

e}

€

Eq. 1065.602-7
Example:
£=-0.12580
N=16

o, =0.04837

_ |-0.12580-v16

0.04837
t=10.403
v=N-1
Example:
N=16
v=16-1
v=15
(3) Use Table 1 of this section to compare t to the terit values tabulated versus the number of
degrees of freedom. If tis less than terit, then t passes the t-test. The Microsoft Excel software
has a TINV function that returns results equivalent results and may be used in place of Table 1,
which follows:

t
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TABLE 1 OF § 1065.602—
CRITICAL t VALUES VERSUS NUMBER OF DEGREES OF FREEDOM, v&*

Confidence
! 90 % 95 %
1 6.314 12.706
2 2.920 4.303
3 2.353 3.182
4 2.132 2.776
5 2.015 2,571
6 1.943 2.447
7 1.895 2.365
8 1.860 2.306
9 1.833 2.262
10 1.812 2.228
11 1.796 2.201
12 1.782 2.179
13 1.771 2.160
14 1.761 2.145
15 1.753 2.131
16 1.746 2.120
18 1.734 2.101
20 1.725 2.086
22 1.717 2.074
24 1.711 2.064
26 1.706 2.056
28 1.701 2.048
30 1.697 2.042
35 1.690 2.030
40 1.684 2.021
50 1.676 2.009
70 1.667 1.994
100 1.660 1.984
1000+ 1.645 1.960

*2Use linear interpolation to
establish values not shown here.

(g) E-test. Calculate the F statistic as follows:
2

O,
F=—2r
T o
Eq. 1065.602-8
Example:
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Nier

z ( Yieti = Vref )2
=4|=—— =9.399
et Na-D)
_ 10.583°
9.3997
F =1.268

(1) For a 90 % confidence F-test, use Table2-efthis-sectienthe following table to compare F to
the Feritoo values tabulated versus (N-1) and (Nref —1). If F is less than Feritoo, then F passes the F-

test at 90 % confidence.
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TABLE 2 OF § 1065.602—CRITICAL F VALUES, Feritoo, VERSUS N—1 AND Nref—1 AT 90 % CONFIDENCE

| 2

| 3 | « [ s [ 6 [ 7 [ 8 ] o] 0] 12 ] 15 | 20 ] 2a | 30 ] a0 [ e [ 120 [1000+

N-1 1
Nrer—1
1 39.86 | 49.50 | 53.59 55.83 57.24 58.20 58.90 | 59.43 59.85 60.19 | 60.70 61.22 61.74 | 62.00 62.26 62.52 62.79 63.06 63.32
2 8.526 9.000 | 9.162 9.243 | 9.293 9.326 9.349 | 9.367 9.381 9.392 | 9.408 9.425 9.441 | 9.450 9.458 9.466 9.475 9.483 9.491
3 5.538 [ 5.462 5.391 5.343 5.309 5.285 5.266 5.252 5.240 5.230 | 5.216 5200 | 5.184 | 5.176 5.168 5.160 5.151 5.143 5.134
4 4545 | 4325 | 4191 [ 4.107 | 4.051 | 4.010 3.979 | 3.955 3.936 3.920 | 3.896 3.870 | 3.844 | 3.831 3.817 3.804 | 3.790 3.775 | 3.761
5 4.060 | 3.780 | 3.619 3.520 | 3.453 3.405 3.368 | 3.339 3.316 3.297 | 3.268 3.238 | 3.207 | 3.191 3.174 | 3.157 3.140 3.123 3.105
6 3.776 | 3.463 3.289 3.181 3.108 3.055 3.014 2.983 2.958 2.937 2.905 2.871 2.836 2.818 2.800 2.781 2.762 2.742 2.722
7 3.589 [ 3.257 3.074 | 2.961 2.883 2.827 2.785 2.752 2.725 2.703 2.668 2.632 2.595 2.575 2.555 2.535 | 2.514 2.493 2471
8 3.458 3.113 | 2.924 2.806 | 2.726 2.668 2.624 | 2.589 2.561 2.538 | 2.502 2464 | 2.425 | 2.404 2.383 2.361 2.339 2.316 2.293
9 3.360 [ 3.006 | 2.813 2.693 | 2.611 2.551 2.505 [ 2.469 2.440 2416 | 2.379 2.340 | 2298 | 2277 2.255 2.232 2.208 2.184 2.159
10 3.285 | 2.924 2.728 2.605 2.522 2.461 2414 | 2377 2.347 2.323 | 2.284 2.244 | 2201 | 2.178 2.155 2.132 2.107 2.082 2.055
11 3.225 | 2.860 2.660 2.536 2.451 2.389 2.342 2.304 2.274 | 2.248 | 2.209 2.167 2.123 2.100 2.076 | 2.052 2.026 2.000 1.972
12 3.177 | 2.807 2.606 2.480 2.394 2.331 2.283 2.245 2.214 | 2.188 2.147 2.105 2.060 2.036 2.011 1.986 1.960 1.932 1.904
13 3.136 | 2.763 2.560 2.434 2.347 2.283 2.234 2.195 2.164 | 2.138 2.097 2.053 2.007 1.983 1.958 1.931 1.904 1.876 1.846
14 3.102 | 2.726 2.522 2.395 2.307 2.243 2.193 2.154 2.122 2.095 | 2.054 2.010 1.962 1.938 1.912 1.885 1.857 1.828 1.797
15 3.073 2.695 | 2.490 2.361 2.273 2.208 2.158 | 2.119 2.086 2.059 | 2.017 1.972 1.924 1.899 1.873 1.845 1.817 1.787 1.755
16 3.048 | 2.668 2.462 2.333 2.244 2.178 2.128 | 2.088 2.055 2.028 1.985 1.940 1.891 1.866 1.839 1.811 1.782 1.751 1.718
17 3.026 | 2.645 2.437 2.308 2.218 2.152 2.102 2.061 2.028 2.001 1.958 1.912 1.862 1.836 1.809 1.781 1.751 1.719 1.686
18 3.007 | 2.624 2.416 2.286 2.196 2.130 2.079 2.038 2.005 1.977 1.933 1.887 1.837 1.810 1.783 1.754 1.723 1.691 1.657
19 2.990 | 2.606 2.397 2.266 2.176 2.109 2.058 2.017 1.984 1.956 1.912 1.865 1.814 1.787 1.759 1.730 1.699 1.666 1.631
20 2.975 | 2.589 2.380 2.249 2.158 2.091 2.040 1.999 1.965 1.937 1.892 1.845 1.794 1.767 1.738 1.708 1.677 1.643 1.607
21 2.961 2.575 2.365 2.233 2.142 2.075 2.023 1.982 1.948 1.920 1.875 1.827 1.776 1.748 1.719 1.689 1.657 1.623 1.586
220 2.949 2.561 | 2.351 2.219 2.128 2.061 2.008 1.967 1.933 1.904 1.859 1.811 1.759 1.731 1.702 1.671 1.639 1.604 1.567
23 2.937 2.549 | 2.339 2.207 2.115 2.047 1.995 1.953 1.919 1.890 1.845 1.796 1.744 1.716 1.686 1.655 1.622 1.587 1.549
24 2.927 2.538 2.327 2.195 2.103 2.035 1.983 1.941 1.906 1.877 1.832 1.783 1.730 1.702 1.672 1.641 1.607 1.571 1.533
25 2918 | 2.528 2.317 2.184 2.092 2.024 1.971 1.929 1.895 1.866 1.820 1.771 1.718 1.689 1.659 1.627 1.593 1.557 1.518
26 2.909 [ 2519 2.307 2.174 2.082 2.014 1.961 1.919 1.884 1.855 1.809 1.760 1.706 1.677 1.647 1.615 1.581 1.544 1.504
27 2901 [ 2511 2.299 2.165 2.073 2.005 1.952 1.909 1.874 1.845 1.799 1.749 1.695 1.666 1.636 1.603 1.569 1.531 1.491
28 2.894 | 2503 | 2.291 2.157 2.064 1.996 1.943 1.900 1.865 1.836 1.790 1.740 1.685 1.656 1.625 1.593 1.558 1.520 1.478
29 2.887 2.495 | 2.283 2.149 2.057 1.988 1.935 1.892 1.857 1.827 1.781 1.731 1.676 1.647 1.616 1.583 1.547 1.509 1.467
30 2.881 2.489 2.276 2.142 2.049 1.980 1.927 1.884 1.849 1.819 1.773 1.722 1.667 1.638 1.606 1.573 1.538 1.499 1.456
40 2.835 | 2.440 2.226 2.091 1.997 1.927 1.873 1.829 1.793 1.763 1.715 1.662 1.605 1.574 1.541 1.506 1.467 1.425 1.377
60 2.791 | 2.393 2.177 2.041 1.946 1.875 1.819 1.775 1.738 1.707 1.657 1.603 1.543 1.511 1.476 1.437 1.395 1.348 1.291
120 2.748 | 2.347 2.130 1.992 1.896 1.824 1.767 1.722 1.684 1.652 1.601 1.545 1.482 1.447 1.409 1.368 1.320 1.265 1.193
1000+ | 2.706 | 2.303 2.084 1.945 1.847 1.774 1.717 1.670 1.632 1.599 1.546 1.487 1.421 1.383 1.342 1.295 1.240 1.169 1.000

A-230




| (2) For a 95 % confidence F-test, use Fable-3-of this sectionthe following table to compare F to the Ferites values
tabulated versus (N-1) and (Nref —1). If F is less than Feritos, then F passes the F-test at 95 % confidence.
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TABLE 3 OF § 1065.602—CRITICAL F VALUES, Feritos, VERSUS N—1 AND Nret—1 AT 95 % CONFIDENCE

| 3 | « [ s [ 6 [ 7 [ 8] o] 0] 12 15 | 20 2a | 30 [ a0 [ e0 [ 120 [ 1000+

N-1 1 2

Nrer—1
1 161.4 199.5 | 215.7 224.5 230.1 233.9 236.7 238.8 240.5 2418 | 2439 245.9 248.0 249.0 250.1 251.1 252.2 253.2 254.3
2 18.51 19.00 19.16 19.24 19.29 19.33 19.35 19.37 19.38 19.39 19.41 19.42 19.44 19.45 19.46 19.47 19.47 19.48 19.49
3 10.12 9.552 | 9.277 | 9.117 9.014 8.941 8.887 | 8.845 8.812 8.786 | 8.745 8.703 | 8.660 8.639 8.617 | 8594 | 8572 8.549 8.526
4 7.709 6.944 | 6.591 | 6.388 6.256 6.163 6.094 | 6.041 5.999 5.964 | 5.912 5.858 5.803 5.774 5.746 5.717 5.688 5.658 5.628
5 6.608 5786 | 5.410 | 5.192 5.050 | 4.950 | 4.876 | 4.818 | 4.773 4.735 | 4.678 | 4.619 4.558 | 4.527 | 4496 | 4.464 | 4.431 | 4.399 | 4.365
6 5.987 5.143 | 4.757 | 4.534 4.387 | 4.284 | 4.207 | 4.147 | 4.099 4.060 | 4.000 3.938 3.874 | 3.842 3.808 | 3.774 | 3.740 3.705 | 3.669
7 5591 [ 4.737 | 4.347 | 4.120 3.972 3.866 3.787 | 3.726 3.677 3.637 | 3.575 3.511 3.445 3411 3.376 | 3.340 | 3.304 3.267 3.230
8 5318 [ 4.459 | 4.066 | 3.838 3.688 | 3.581 3.501 | 3.438 3.388 3.347 | 3.284 3.218 3.150 | 3.115 3.079 | 3.043 | 3.005 2.967 2.928
9 5117 [ 4.257 | 3.863 | 3.633 3.482 | 3.374 3.293 | 3.230 3.179 3.137 | 3.073 3.006 2.937 2.901 2.864 2.826 2.787 2.748 2.707
10 4.965 | 4.103 | 3.708 | 3.478 3.326 | 3.217 3.136 | 3.072 3.020 | 2.978 | 2913 2.845 2.774 2.737 2.700 2.661 2.621 2.580 2.538
11 4.844 | 3982 | 3.587 | 3.357 3.204 3.095 3.012 | 2.948 2.896 2.854 | 2.788 2.719 2.646 2.609 2.571 2.531 2.490 2.448 2.405
12 4.747 3.885 | 3.490 | 3.259 3.106 2.996 2.913 | 2.849 2.796 2.753 | 2.687 2.617 2.544 2.506 2.466 2.426 2.384 | 2.341 2.296
13 4.667 3.806 | 3.411 | 3.179 3.025 2.915 2.832 | 2.767 2.714 | 2.671 | 2.604 2.533 | 2.459 2.420 2.380 2.339 2.297 2.252 2.206
14 4.600 3.739 | 3.344 | 3.112 2.958 2.848 2.764 | 2.699 2.646 | 2.602 2.534 2.463 2.388 2.349 2.308 2.266 2.223 2.178 2.131
15 4.543 3.682 3.287 3.056 2.901 2.791 2.707 2.641 2.588 2.544 | 2475 2.403 2.328 2.288 2.247 2.204 2.160 2.114 2.066
16 4.494 3.634 | 3.239 | 3.007 2.852 2.741 2.657 2.591 2.538 2.494 | 2.425 2.352 2.276 2.235 2.194 2.151 2.106 2.059 2.010
17 4.451 3.592 | 3.197 | 2.965 2.810 2.699 2.614 | 2.548 2.494 | 2.450 | 2.381 2.308 2.230 2.190 2.148 2.104 2.058 2.011 1.960
18 4.414 | 3.555 | 3.160 [ 2.928 2.773 2.661 2.577 | 2510 2.456 2412 | 2.342 2.269 2.191 2.150 2.107 2.063 2.017 1.968 1.917
19 4.381 3.522 | 3.127 | 2.895 2.740 2.628 2.544 | 2.477 2.423 2.378 | 2.308 2.234 | 2.156 2.114 | 2.071 2.026 1.980 1.930 1.878
20 4.351 3.493 | 3.098 | 2.866 2.711 2.599 2.514 | 2.447 2.393 2.348 | 2.278 2.203 2.124 2.083 2.039 1.994 1.946 1.896 1.843
21 4.325 3.467 | 3.073 | 2.840 2.685 2.573 2.488 | 2.421 2.366 2.321 | 2.250 2.176 2.096 2.054 2.010 1.965 1.917 1.866 1.812
22 4.301 3.443 | 3.049 | 2.817 2.661 2.549 2.464 | 2.397 2.342 2.297 2.226 2.151 2.071 2.028 1.984 1.938 1.889 1.838 1.783
23 4.279 3.422 | 3.028 | 2.796 2.640 2.528 2.442 | 2.375 2.320 | 2.275 | 2.204 2.128 2.048 2.005 1.961 1.914 1.865 1.813 1.757
24 4.260 3.403 | 3.009 | 2.776 2.621 2.508 2.423 | 2.355 2.300 [ 2.255 | 2.183 2.108 2.027 1.984 1.939 1.892 1.842 1.790 1.733
25 4.242 3.385 | 2991 | 2.759 2.603 2.490 2.405 | 2.337 2.282 2.237 | 2.165 2.089 2.008 1.964 1.919 1.872 1.822 1.768 1.711
26 4.225 3.369 | 2.975 | 2.743 2.587 2.474 2.388 | 2.321 2.266 2220 | 2.148 2.072 1.990 1.946 1.901 1.853 1.803 1.749 1.691
27 4.210 3.354 | 2.960 | 2.728 2.572 2.459 2.373 | 2.305 2.250 | 2.204 | 2.132 2.056 1.974 1.930 1.884 1.836 1.785 1.731 1.672
28 4.196 3.340 | 2.947 2.714 2.558 2.445 2.359 | 2.291 2.236 2.190 | 2.118 2.041 1.959 1.915 1.869 1.820 1.769 1.714 1.654
29 4.183 3.328 | 2.934 | 2.701 2.545 2.432 2.346 | 2.278 2.223 2.177 | 2.105 2.028 1.945 1.901 1.854 1.806 1.754 1.698 1.638
30 4.171 3.316 | 2.922 | 2.690 2.534 2.421 2.334 | 2.266 2.211 2.165 | 2.092 2.015 1.932 1.887 1.841 1.792 1.740 1.684 1.622
40 4.085 3.232 | 2.839 | 2.606 2.450 2.336 2.249 | 2.180 2.124 | 2.077 | 2.004 1.925 1.839 1.793 1.744 1.693 1.637 1.577 1.509
60 4.001 3.150 | 2.758 | 2.525 2.368 2.254 | 2.167 | 2.097 2.040 1.993 1.917 1.836 1.748 1.700 1.649 1.594 1.534 1.467 1.389
120 3.920 3.072 | 2.680 | 2.447 2.290 2.175 2.087 | 2.016 1.959 1.911 1.834 1.751 1.659 1.608 1.554 1.495 1.429 1.352 1.254

1000+ | 3.842 2.996 | 2.605 | 2.372 2.214 2.099 2.010 1.938 1.880 1.831 1.752 1.666 1.571 1.517 1.459 1.394 1.318 1.221 1.000
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(h) Slope. Calculate a least-squares regression slope, a1y, using one of the following two
methodsas-felows:
(1) If the intercept floats, i.e., is not forced through zero:

/{ Commented [CAL54]: Equation updated.

N

Z(yi_y)'(yrefi_yref) /
aJ.y == N ///
Z(yrefi - Vref)2 A

i=1

Eq. 1065.602-9
Example:
N = 6000
y1=2045.8

y: 1050.1
Yref1 = 2045.0

Yier = 1055.3
_ (2045.8-1050.1)-(2045.0 =1055.3) + ... + ( Yagoo = 1050.1) (yers000 ~ 1055.3)
Y (2045.0 ~1055.3)° + ... + (Yyes000 — 1055.3)°

aiy = 1.0110
(2) If the intercept is forced through zero, such as e-g—for verifying proportional sampling:

N
Z Yi* Yeesi
_ =1

- N
2
Z yrefi
i=1

Eq. 1065.602-10

Example:
N = 6000

y1=2045.8
Yeef1 = 2045.0

_ 2045.8-2045.0+...+ Yeo00 * Yret o000
a, 2045.0° +...+ yrzefsooo

aiy = 1.0110
(i) Intercept. For a floating intercepti-the-interceptfloatsi-eis-hotforced-throughzere,
cGalculate a least-squares regression intercept, aoy, as follows:

2, =Y (2 V)

Example:

ay

Eq. 1065.602-116
y= 1050.1

aiy = 1.0110

Vs =1055.3
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aoy = 1050.1 — (1.0110 - 1055.3)

aoy =-16.8083

(j) Standard error of the estimate-eferror. Calculate a standard error of the estimate-ef-errer,
SEE, using one of the following two methodsas-foHews:

(1) For a floating intercepti-the-interceptfloats—i-e-is-notforced-throughzero:

N
Z(Yi —ay _(aly : yrefi))z
SEE, = | T———

Eq. 1065.602-121

Example:

N = 6000
y1=2045.8
aoy =-16.8083
aiy =1.0110
Yref1 = 2045.0

b - \/(2045.8— (~16.8083) — (1.0110-2045.0))° +...( Y ggq0 — (~16.8083) — (1.0110- yrm,(,))2
v 60002

SEEy = 5.348
(2) If the intercept is forced through zero, e-g=such as for verifying proportional sampling:
N

Z(yi — 8y Yeeri )2

SEE, = 1|2
N1
Eq. 1065.602-13
Example:
N = 6000
yi=2045.8
ai = 1.0110
Veern = 2045.0
- \/(2045.8—1.0110-2045.0)2 oot (Yao ~1.0110- Yoy i00 )
v 60001
SEE, = 5.347

P { Commented [CAL57]: Updated.

2
(k) Coefficient of determination. Calculate a coefficient of determination, ’ I ‘ as follows:

N { Commented [CAL58]: Equation updated.

Z(yl _aOy - (a:ly . yrefi))2 /
rZ=1--1= /
y 2 /
(yi _y) /

Eq. 1065.602-142

M=

Il
L

Example:

N = 6000
y1=2045.8
aoy =-16.8083
aiy = 1.0110
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yrefn = 2045.0
Y- 14805
(2045.8 - (~16.8083) — (1.0110 x 2045.0))° +..( Yggq0 — (~16.8083) ~ (1.0110- Y,y 000) )
(2045.8-1480.5)" +...( y 00 ~1480.5)’

2
|§, =0.9859

() Flow-weighted mean concentration. In some sections of this part, you may need to calculate a
flow-weighted mean concentration to determine the applicability of certain provisions. A flow-
weighted mean is the mean of a quantity after it is weighted proportional to a corresponding flow
rate. For example, if a gas concentration is measured continuously from the raw exhaust of an
engine, its flow-weighted mean concentration is the sum of the products of each recorded
concentration times its respective exhaust molar flow rate, divided by the sum of the recorded
flow rate values. As another example, the bag concentration from a CVS system is the same as
the flow-weighted mean concentration because the CVS system itself flow-weights the bag
concentration. You might already expect a certain flow-weighted mean concentration of an
emission at its standard based on previous testing with similar engines or testing with similar
equipment and instruments. If you need to estimate your expected flow-weighted mean
concentration of an emission at its standard, we recommend using the following examples as a
guide for how to estimate the flow-weighted mean concentration expected at the standard. Note
that these examples are not exact and that they contain assumptions that are not always valid.
Use good engineering judgment to determine if you can use similar assumptions.

(1) To estimate the flow-weighted mean raw exhaust NOx concentration from a turbocharged
heavy-duty compression-ignition engine at a NOx standard of 2.5 g/(kW-hr), you may do the
following:

(i) Based on your engine design, approximate a map of maximum torque versus speed and use it
with the applicable normalized duty cycle in the standard-setting part to generate a reference
duty cycle as described in § 1065.610. Calculate the total reference work, Wret, as described in §
1065.650. Divide the reference work by the duty cycle’s time interval, Atdutycycle, to determine
mean reference power, 5 .

(ii) Based on your engine design, estimate maximum power, Pmax, the design speed at maximum
power, famax, the design maximum intake manifold boost pressure, pinmax, and temperature, Tinmax.
Also, estimate a mean fraction of power that is lost due to friction and pumping, 5 . Use this

information along with the engine displacement volume, Vuisp, an approximate volumetric
efficiency, nv, and the number of engine strokes per power stroke (two-stroke or four-stroke),

Nstroke, t0 estimate the maximum raw exhaust molar flow rate, Qmmx

(iii) Use your estimated values as described in the following example calculation:
7 st 'Wref

Xexp = — —
’ Pref + (anct ) Pmax )]

M -n <At

exhmax duty cycle : P

max

Eq. 1065.602-153
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pmax 'lesp ) fnmax : Ni Ty
nethax = stioke
R- Tmax
Eq. 1065.602-164
Example:
enox = 2.5 g/(kW-hr)
Wret = 11.883 KW hr
Mnox = 46.0055 g/mol = 46.0055-10° g/umol

Atdutycycte = 20 min=1200s

o =35.65kW
. =15%
Pmax = 125 kW

pmax = 300 kPa = 300000 Pa
Vaisp = 3.0 | = 0.0030 m¥/r
famax = 2800 r/min = 46.67 r/s
Nstroke = 4

nv=0.9

R = 8.314472 J/(mol-K)

Tmax = 348.15 K

300000-0.0030-46.67 ‘§~0.9

et = 8.314472-348.15
rbmw: 6.53 mol/s
X, = 2.5.11.883
" 35.65+(0.15-125
46,0055-10°° -6.53-1200~[+£25)j

. =189.4 pmol/mol

(2) To estimate the flow-weighted mean NMHC concentration in a CVS from a naturally
aspirated nonroad spark-ignition engine at an NMHC standard of 0.5 g/(kW-hr), you may do the
following:
(i) Based on your engine design, approximate a map of maximum torque versus speed and use it
with the applicable normalized duty cycle in the standard-setting part to generate a reference
duty cycle as described in 8 1065.610. Calculate the total reference work, Wret, as described in §
1065.650.
(ii) Multiply your CVS total molar flow rate by the time interval of the duty cycle, Atdutycycle.
The result is the total diluted exhaust flow of the Ndexn.
(iii) Use your estimated values as described in the following example calculation:
X — estd 'Wref

He M- ndexh ! Atduty cycle

Eg. 1065.602-175
Example:
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enmHc = 1.5 g/(kW-hr)

Whet = 5.389 KW-hr

Mnmhe = 13.875389 g/mol = 13.875389-10° g/umol
Nyexn = 6.021 mol/s

Atdutycycle= 30 min=1800s
1.5-5.389

X, =
NMHC " 13.875389-10°-6.021-1800
Xavie= 53.8 pmol/mol

349. Amend § 1065.610 by revising paragraphs (2)(1)(iv), (a)(2) introductory text, and (d)(3)
introductory text to read as follows:

§1065.610 Duty cycle generation.

* * * * *

(a) * * *

(1) * * *

(iv) Transform the map into a normalized power-versus-speed map by dividing power terms by
Pmax and dividing speed terms by farmax. Use the following equation to calculate a quantity
representing the sum of squares from the normalized map:

Sum of squares= f2 .+ P2

nnormi normi

Eg. 1065.610-1
Where:
i = an indexing variable that represents one recorded value of an engine map.
fanormi = an engine speed normalized by dividing it by frpmax.
Prormi = an engine power normalized by dividing it by Pmax.

* * * * *

(2) For engines with a high-speed governor that will be subject to a reference duty cycle that
specifies normalized speeds greater than 100 %, calculate an alternate maximum test speed,
fntestalt, @S specified in this paragraph (a)(2). If festait is less than the measured maximum test
speed, fneest, determined in paragraph (a)(1) of this section, replace fatest With fatestair. In this case,
fntest.alt Decomes the “maximum test speed” for that engine for all duty- cycles. Note that §
1065.510 allows you to apply an optional declared maximum test speed to the final measured
maximum test speed determined as an outcome of the comparison between fatest, and fntestait in
this paragraph (a)(2). Determine fntestait as follows:

* * * * *

(d) * * *

(3) Required deviations. We require the following deviations for variable-speed engines
intended primarily for propulsion of a vehicle with an automatic transmission where that engine
is subject to a transient duty cycle with idle operation. These deviations are intended to produce
a more representative transient duty cycle for these applications. For steady-state duty cycles or
transient duty cycles with no idle operation, these requirements do not apply. Idle points for
steady--state duty cycles of such engines are to be run at conditions simulating neutral or park on
the transmission._You may develop an-atternate-different procedures for adjusting CITT as a
function of speed, consistent with good engineering judgment.
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350. Amend § 1065.640 by revising paragraph (a), (b)(3), (d)(1), and (d)(3) to read as follows:
§ 1065.640 Flow meter calibration calculations.

* * * * *

(a) Reference meter conversions. The calibration equations in this section use molar flow rate,

N, . as a reference quantity. If your reference meter outputs a flow rate in a different quantity,

such as standard volume rate, Vg, , actual volume rate, V¢ , OF mass rate, M, , convert your

reference meter output to a molar flow rate using the following equations, noting that while
values for volume rate, mass rate, pressure, temperature, and molar mass may change during an
emission test, you should ensure that they are as constant as practical for each individual set
point during a flow meter calibration:

Vstdref " Paa Vaclref " Pagt _ M

ref »

" T4 R T.-R M

act mix

Eq. 1065.640-1

Where:

N, = reference molar flow rate.

v.,., = reference volume flow rate; corrected to a standard pressure and a standard temperature.
v...., = reference volume flow rate at the actual pressure and temperature of the flow rate.

actr

m, = reference mass flow.

psta = standard pressure.

pact = actual pressure of the flow rate.
Tsta = standard temperature.

Tact = actual temperature of the flow rate.
R = molar gas constant.

Mnmix = molar mass of the flow rate.

Example 1:
v =1000.00 ft¥min = 0.471948 m%s

Pstd = 29.9213 in Hg @ 32 °F = 101.325 kPa = 101325 Pa = 101325 kg/(m-s?)
Tetd = 68.0 °F = 293.15 K
R = 8.314472 J/(mol-K) = 8.314472 (m2-kg)/(s®>mol-K)
o 0471948101325
e 293.15.8.314472

Ny = 19.619 mol/s

Example 2:
m, = 17.2683 kg/min = 287.805 g/s
Mmix = 28.7805 g/mol
i, = 287.805
' 28.7805

A-238



N, = 10.0000 mol/s

(b) * *

(3) Perform a least-squares regression of Vrev, versus Ks, by calculating slope, a1, and intercept,
ao, as described for a floating intercept in § 1065.602.

* * * * *
(d) * * *
(1) Calculate the Reynolds number, Re”, for each reference molar flow rate, ﬁ,ef , using the

throat diameter of the venturi, d. Because the dynamic viscosity, (1, is needed to compute Re”,
you may use your own fluid viscosity model to determine p for your calibration gas (usually air),
using good engineering judgment. Alternatively, you may use the Sutherland three-coefficient
viscosity model to approximate p, as shown in the following sample calculation for Re*:

Re’ = 4 Mmix 'nref
m-d-u

Eq. 1065.640-10
Where, using the Sutherland three-coefficient viscosity model_ as captured in Table 4 of this
section:

3
(T, ) (TS
=M\ 70 T, s

Eq. 1065.640-11

Where:

Mo = Sutherland reference viscosity.

To = Sutherland reference temperature.

S = Sutherland constant.

TABLE 4 OF 8§ 1065.640—

SUTHERLAND THREE-COEFFICIENT VISCOSITY MODEL PARAMETERS

s | W | T | s | rngwitin | Presure
+2 % error®
kg/(m-s) K K K kPa
Air 1.716-10°° 273 111 170 to 1900 <1800
CO2 1.370-10° 273 222 190 to 1700 <3600
H20 1.12:10°% 350 1064 360 to 1500 <10000
02 1.919-10° 273 139 190 to 2000 <2500
N2 1.663-10° 273 107 100 to 1500 <1600

aUse tabulated parameters only for the pure gases, as listed. Do not combine
parameters in calculations to calculate viscosities of gas mixtures.
The model results are valid only for ambient conditions in the specified ranges.

Example:

Mo = 1.716-10°° kg/(m:s)
To=273K
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S=111K

3
298.15)\2 ' 273+111
273 298.15+111
u = 1.838-10° kg/(m-s)

1=1.716-10" [

Mmix = 28.7805 g/mol_= 0.0287805 kg/mol

N = 57.625 mol/s

di =152.4 mm = 0.1524 m
Tin=298.15 K

4, 4-0.0287805-57.625

3.14159-0.1524-1.838-10"°

Re* = 7.538-10%¢
* * * * *
(3) Perform a least-squares regression analysis to determine the best-fit coefficients for the
equation and calculate SEE as described in § 1065.602._\When using Eq. 1065.640-12the
example-equation-abeve, treat Cq as y and the radical term as yrer and use Eq. 1065.602-12 to
calculate SEE. When using another mathematical expression, use the same approach to
substitute that expression into the numerator of Eq. 1065.602-12 and replace the 2 in the

denominator with the number of coefficients in the mathematical expression.
* * * * *

351. Amend § 1065.642 by revising paragraphs (b) and (c)(1) to read as follows:
§ 1065.642 PDP, SSV, and CFV molar flow rate calculations.

* * * * *

(b) SSV molar flow rate. Calculate SSV molar flow rate, ri , as follows:

h=Cd~Cf- A'pin
\/Z'Mmix'R'Tin

Eq. 1065.642-3

Where:

Ca = discharge coefficient, as determined based on the Cq versus Re” equation in §
1065.640(d)(2).

Cr = flow coefficient, as determined in § 1065.640(c)(32)(ii).

At = venturi throat cross-sectional area.

pin = static absolute pressure at the venturi inlet.

Z = compressibility factor.

Mnmix = molar mass of gas mixture.

R = molar gas constant.

Tin = absolute temperature at the venturi inlet.

Example:

At =0.01824 m?

pin = 99.132 kPa = 99132 Pa = 99132 kg/(m-s?)
z=1
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Mnmix = 28.7805 g/mol = 0.0287805 kg/mol

R = 8.314472 J/(mol-K) = 8.314472 (m?-kg)/(s>mol-K)
Tin=298.15 K

Re =7.232-10°

y=1.399

$=0.8

Ap =2.312 kPa

Using Eq. 1065.640-7,
rssv = 0.997

Using Eq. 1065.640-6,
Ci=0.274

Using Eq. 1065.640-5,
Ca = 0.990
0.01824-99132
\/1-0.0287805-8.314472-298.15

n =58.173 mol/s

(C) * * *

(1) To calculate ri through one venturi or one combination of venturis, use its respective mean
Cad and other constants you determined according to § 1065.640 and calculate ri as follows:

n=0.990-0.274-

hZCd'Cf' A'pin
\IZ : I\/Imix : R'Tin
Eq. 1065.642-4
Where:
Cs = flow coefficient, as determined in § 1065.640(c)(3).

Example:

Cd=10.985

Cr=0.7219

At =0.00456 m?

pin = 98.836 kPa = 98836 Pa = 98836 kg/(m-s?)

zZ=1

Mnmix = 28.7805 g/mol = 0.0287805 kg/mol

R =8.314472 J/(mol-K) = 8.314472 (m?kg)/(s?mol-K)
Tin=378.15K

§ o 0.985.0.7219. 0.00456 -98836

\1-0.0287805-8.314472-378.15
i = 33.690 mol/s

* * * * *

352. Add § 1065.643 to read as follows:
8§ 1065.643 Carbon balance error verification calculations.
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This section describes the-eguationsfor-caleulating-carbon-balance-errerhow to calculate
guantities used in the carbon balance error verification described in 8 1065.543. Paragraphs (a)
through (c) of this section describe how to cCalculate the mass of carbon for a test interval from
inallefthe-carbon-carrying fluid streams, intake air into the system, and exhaust emissions-,
respectivelyoverthe test-interval. Paragraph (d) of this section describes how to use these carbon
masses to calculate four different quantities for evaluating carbon balance error. ¥eu-may-uUse
rectangular or trapezoidal integration methods to calculate masses and amounts over a test
interval from continuously measured or calculated mass and molar flow rates You may use ECM

(a) Fuel and other fluids. Determine the masses of fuel, DEF, and other efal-the-carbon-

carrying fluid streams, other than intake air, (ueland-other{e-g-—PEF)flowing into the system
overeach-testinterval, mruigj, for each test intervalwherejis-an-indexing-variable that represents
one-carbon-carrying fluid-stream. Note that 81065.543 allows you to omit all flows other than
fuel. You may determine the mass of DEF based on ECM signals for DEF flow rate. You may
determine fuel mass during field testing based on ECM signals for fuel flow rate. C
{b)-Foreach-testintervalcalculate the mass of carbon in-all-efthefrom the combined carbon-
carrying fluid streams flowing into the system as follows:

N
Menig = Z(Wq' 'mﬂuidj)

j=1

Eq. 1065.643-1

Where:
j = an indexing variable that represents one carbon-carrying fluid stream.
N = total number of carbon-carrying fluid streams into the system over the test interval.
wc = carbon mass fraction of the carbon-carrying fluid stream as determined in § 1065.655(d).

muid = the mass of the carbon-carrying fluid stream determined over the test interval.

Example:

N=2

Wetuel = 0.869

wcper = 0.065

Mrel = 1119.6 g

mper = 36.8 9

M=2

Meuig = 0.869-1119.6+0.065-36.8=975.3 ¢

(eb) Intake air. Calculate the mass of carbon in the intake air-thatflowed-into-the-system, mcair,
for each test interval; using one of the methods in this paragraph (b). The methods are listed
below-in order of preference. Use the first method where all the inputs are available for your test
configuration. For methods that calculate mcair based on the amount of CO2 per mole of intake
air, we recommend measuring intake air concentration, but you may calculate xcozint using Eq.
1065.655-10 and letting xcozintdry = 375 pmol/mol.

A-242



(1) Calculate mcair, using the following equation if you measure intake air flowMhen-the-amount
£ = 2 -

Mey = Mc “Ming * Xcozing
Eq. 1065.643-2
Where:
Mc = molar mass of carbon.
nint = the-measured amount of intake air over the test interval.
xcozint = the-amount of intake air CO2 per mole of intake air.—Y-ou-may-calculate xcozin-tsing-Eg:

Example:
Mc = 12.0107 g/mol

Nint = 62862 mol
xcozint = 369 umol/mol = 0.000369 mol/mol

M, =12.0107-62862-0.000369 = 278.6 g
(2) Calculate mcair, using the following equation if you measure or calculate When-the-amount-of
raw exhaust flow and you calculateis-measured-or-caleulated—and chemical balance terms-are
caleulated for the raw exhaust:

Mo =Mc'nexh '(1_XH20exh)'Xooeint '<Xdille>d1dry+)gmle>d1dry)
Eq. 1065.643-3

Where:

Mc = molar mass of carbon.

Nexh = the-calculated or measured amount of ameuntefraw exhaust over the test interval.
XH20exh = amount of H20 in exhaust per mole of exhaust.

Xcozint = the-amount of |ntake air COz per mole of |ntake air. 4eu—mav—ealeu+a¥e%gog.m-usmq—5_%

Xdillexhdry = amount of excess air per mole of dry exhaust. Note that excess air and intake air have
the same compositionfer-the-chemical-balance-caleulation-from-raw-exhaust, SO Xcozdil = Xcozint
and XxH2odil = XH20int for the chemical balance calculation for raw exhaust.-as-excess-air-and-intake
air-have-the same-composition:

Xint/exndry = amount of intake air required to produce actual combustion products per mole of dry
exhaust.

Example:
Mc = 12.0107 g/mol

Nexh = 62862 mol

XH20exh = 0.034 mol/mol

xcozint = 369 umol/mol = 0.000369 mol/mol
Xdil/exhdry = 0.570 mol/mol

Xint/exhdry = 0.465 mol/mol

Mesir :12.0107-62862-(1—0.034)-0.000369-(0.570+0.465) =2786¢

A-243



(3) Calculate mcair, using the following equation if you measure When-the-amount-ofraw exhaust
flow-is-measured:

Meir = Mc Ny * Xoozint
Eq. 1065.643-4

Where:

Mc = molar mass of carbon.

Nexh = the-measured amount of raw exhaust over the test interval.

xcozint = the-amount of intake air CO2 per mole of intake air.-~Yeou-may-calewlate xcozin-using-Eq-

Example:
Mc = 12.0107 g/mol

Nexh = 62862 mol
xcozint = 369 umol/mol = 0.000369 mol/mol
M, =12.0107-62862-0.000369 = 278.6 g
(4) Calculate mcair, using the following equation if you measure When-the-amount-of diluted
exhaust flow and dilution air flow-are-measured:
Moy = Mc '(ndexh _ndil)'xcozint
Eq. 1065.643-5

Where:

Mc = molar mass of carbon.

Ndexn = the-measured amount of diluted exhaust over the test interval as determined in §
1065.642.

ndil = the-measured amount of dilution air over the test interval as determined in 8§ 1065.667(b).
Xcozint = the-amount of |ntake air COz per mole of |ntake air. ¥eu—ma+ealeu4a%e—xeggm-usmq-lé_ec

Example:
Mc = 12.0107 g/mol

Ndexh = 942930 mol
ndir = 880068 mol
xcozint = 369 umol/mol = 0.000369 mol/mol

Mer =12.0107-(942930-880068) -0.000369 = 278.6 g

(5) Whenthe amount-of intake aircan-be-dDetermined fromrecorded ECM broadeast signals;
use-ECM breadeastintake-air-to-determine-mcair based on ECM signals for intake air flow as
described in paragraph (eb)(1) of this section.

(6) If you measure When-diluted exhaust-is-measured, determine mcair as described in paragraph
(b)(4) of this section usinguse a calculated amount of dilution air over the test interval as
determined in § 1065.667(d) instead of the measured amount of dilution air-te-determine-Mcai-as
(dc) Exhaust emissions. Calculate the mass of carbon in exhaust emissions, mcexn, for each test
interval as follows:

A-244



m m m
— Cc02 co THC
mc"“_Mc.[M EYIRRY ]
Cc02 co THC

Eq. 1065.643-6

Where:

Mc = molar mass of carbon.

mcoz2 = mass of CO: over the test interval as determined in § 1065.650(c).

Mcoz = molar mass of carbon dioxide.

mco = mass of CO over the test interval as determined in § 1065.650(c).

Mco = molar mass of carbon monoxide.

mtrc = mass of THC over the test interval as determined in § 1065.650(c).

Mrhc = effective C1 molar mass of total hydrocarbon as defined in § 1065.1005(f)(2).
Meco2-—=is-the mass-of CO.-overthe test-interval-as-determined-in-§-1065-650{c):
mco-—=isthe-massof CO-overthe testinterval as-determined-in § 1065.:650(c).
mrHc—=isthe massof THC overthe testinterval as-determined-in § 1065.650{c).

Example:
Mc = 12.0107 g/mol

Mco2 = 4567 g
Mcoz = 44.0095 g/mol

mco = 0.803 g
Mco = 28.0101 g/mol

mthe = 0.537 g
Mrthc = 13.875389 g/mol

Mco2=
Mco=0-803¢

MrHc—

Mo =12.01o7-(

4567 N 0.803 N 0.537
44.0095 28.0101 13.875389

J:1247.2 g

(ed) Carbon balance error quantities. Calculate carbon balance error quantities as follows:
(1) Calculate carbon mass absolute error, eac, for a test interval as follows:

OaC = mCexh - mCfluid - mCair

Eq. 1065.643-7
Where:
Mcexh = Mass of carbon in exhaust emissions over the test interval as determined in paragraph (d)
of this section.
Mciuid = Mass of carbon in all efthe carbon-carrying fluid streams that-flewedflowing into the
system over the test interval as determined in paragraph (ba) of this section.
mcair = Mass of carbon in the intake air that-flewedflowing into the system over the test interval
as determined in paragraph (eb) of this section.

Example:

Mcexh = 1247.2 o]
Mcrivid = 975.3 g
Mcair = 278.6 a
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0, =1247.2-975.3-2786=-6.7¢
(2) Calculate carbon mass rate absolute error, cacrate, for a test interval as follows:

N O,
Oucrate = T

Eq. 1065.643-8
Where:

t = duration of the test interval.

Example:
cc=-6.7¢
t=1202.2 s=0.3339 hr

-6.7
O  =——" =_20.065 g/hr
ecrte = 0.3339 g

(3) Calculate carbon mass relative error, erc, for a test interval as follows:

\ Oc

qc [P A
Meswia + Meair
Eq. 1065.643-9

Example:

cac =—6.7 q

Mcriivd = 975.3 g

Mcair = 278.6 aq

R -6.7

OrC P T ——
975.3+278.6

(4) Calculate composite carbon mass relative error, erccomp, for a duty cycle with multiple test

intervals as follows:

(i) Yse- thefolowing-eguationto-cCalculate; erccomp; Using the following equationfer-duty-cyecles

=-0.0053

eyeles:
iWFI . (mCexhi - meIuidi - mCairi)
qcmmp - - (mcﬂuiditi" mCairi)
2R
Eg. 1065.643-10
Where:

i = an indexing variable that represents one test interval-aumber.

N = number of test intervals.

WEF = weighting factor for the test interval as defined in the standard-setting part.

Mcexh = Mass of carbon in exhaust emissions over the test interval as determined in paragraph
(dc) of this section.

mMcuid = mass of carbon in all efthe carbon-carrying fluid streams that flowed into the system
over the test interval as determined in paragraph (ba) of this section.

mcair = Mass of carbon in the intake air that flowed into the system over the test interval as
determined in paragraph (eb) of this section.
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t = duration of the test interval. For duty cycles with multiple test intervals of a prescribed
duration, such as cold-start and hot-start transient cycles, set t = 1 for all test intervals. For
discrete-mode steady-state duty cycles with multiple test intervals of varying duration, set t equal
to the actual duration of each test interval.

(ii) The following example illustrates calculation of erccomp, for cold-start and hot-start transient
cycles:

Example:

N=2

WF1=1/7

WF2 = 6/7

Meexhy = 1255.3 ¢

Meexhz = 1247.2 ¢

Mcrid1 = 977.8 ¢

Mcrvide = 975.3 ¢

Meairs = 280.2 ¢

Mcairz = 278.6 ¢

1 (1255.3-977.8-2802) 6 (1247.2-975.3-278.6)
: 7 1 7
= =-0.004
Orccomp 1 (977.8+2802) 6 (975.3+278.6) 00049
7 1 "7 1

(iii) The following example illustrates calculation ofdse-the following-equation-to-calculate;
crccomp; for duty-eyeles-with-multiple test intervals that-alew-use-efwith varying duration, such as
discrete-mode steady-state duty cycles:

iWFi . (mCexhi ~ Megigi — mCairi)

Pl ti
recomp iWE . (meIuidi + mCairi)
Py t;
Eg-1065:643-11

Where:

Example:

N=2

WF1 =0.85

WF2=0.15

Mcexht = 2.873 o]
Meexnz = 0.125 g
Mcrivid1 = 2.864 g
Mcruide = 0.095 g
Mcair1 = 0.023 g

Mcairz = 0.024 g
t1=123s
t2=306s
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0.85. 2.873-2.864— 0.023j + 0.15.(0.125 —0.095-0.024
~ 123 306
rCcomp —
0.85. 2.864+0.023 0.095+0.024
306

0 ) =-0.0047

+0.15~(

353. Amend § 1065.650 by revising paragraphs (b)(3) introductory text, (c)(1), (c)(2)(i)
introductory text, (c)(3), (d) introductory text, (d)(7), (f)(2) introductory text, and (g) to read as
follows:

§ 1065.650 Emission calculations.

* * * * *

(b) * * *

(3) For field testing, you may calculate the ratio of total mass to total work, where these
individual values are determined as described in paragraph (f) of this section. You may also use
this approach for laboratory testing, consistent with good engineering judgment. Good
engineering judgment dictates that this method not be used if there are any work flow paths
described in § 1065.210 that cross the system boundary, other than the primary output shaft
(crankshaft). This is a special case in which you use a signal linearly proportional to raw exhaust
molar flow rate to determine a value proportional to total emissions. You then use the same
linearly proportional signal to determine total work using a chemical balance of fuel, DEF, intake
air, and exhaust as described in § 1065.655, plus information about your engine’s brake-specific
fuel consumption. Under this method, flow meters need not meet accuracy specifications, but
they must meet the applicable linearity and repeatability specifications in subpart D or subpart J
of this part. The result is a brake-specific emission value calculated as follows:

* * * * *

(C) * * *

(1) Concentration corrections. Perform the following sequence of preliminary calculations on
recorded concentrations:

(i) Use good engineering judgment to time-align flow and concentration data to match
transformation time, tso, to within +1 s.

(i) Correct all gaseous emission analyzer concentration readings, including continuous readings,
sample bag readings, and dilution air background readings, for drift as described in § 1065.672.
Note that you must omit this step where brake-specific emissions are calculated without the drift
correction for performing the drift validation according to § 1065.550(b). When applying the
initial THC and CH4 contamination readings according to § 1065.520(f), use the same values for
both sets of calculations. You may also use as-measured values in the initial set of calculations
and corrected values in the drift-corrected set of calculations as described in § 1065.520(f)(7).
(iii) Correct all THC and CHa4 concentrations for initial contamination as described in §
1065.660(a), including continuous readings, sample bags readings, and dilution air background
readings.

(Htiv) Correct all concentrations measured on a “dry” basis to a “wet” basis, including dilution
air background concentrations, as described in § 1065.659.

(iv) Calculate all NMHC and CHa concentrations, including dilution air background
concentrations, as described in § 1065.660.

(vi) For emission testing with an oxygenated fuel, calculate any HC concentrations, including
dilution air background concentrations, as described in § 1065.665. See subpart I of this part for
testing with oxygenated fuels.
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(vii) Correct all the NOx concentrations, including dilution air background concentrations, for
intake-air humidity as descrlbed in § 1065.670.

(2) * *

(i) Varying flow rate. If you continuously sample from a changing exhaust flow rate, time align
and then multlply concentratlon measurements by the flow rate from WhICh you extracted |t Use

W&WWe con5|der the foIIowmg to be examples of changlng flows that
require a continuous multiplication of concentration times molar flow rate: raw exhaust, exhaust
diluted with a constant flow rate of dilution air, and CVS dilution with a CVS flow meter that
does not have an upstream heat exchanger or electronic flow control. This multiplication results
in the flow rate of the emission itself. Integrate the emission flow rate over a test interval to
determine the total emission. If the total emission is a molar quantity, convert this quantity to a
mass by multiplying it by its molar mass, M. The result is the mass of the emission, m.
Calculate m for continuous sampling with variable flow using the following equations:

* * * * *

(3) Batch sampling. For batch sampling, the concentration is a single value from a
proportionally extracted batch sample (such as a bag, filter, impinger, or cartridge). In this case,
multiply the mean concentration of the batch sample by the total flow from which the sample
was extracted. You may calculate total flow by integrating a changing flow rate or by
determining the mean of a constant flow rate, as follows:

(i) Varying flow rate. If you collect a batch sample from a changing exhaust flow rate, extract a
sample proportional to the changing exhaust flow rate. We consider the following to be
examples of changing flows that require proportional sampling: raw exhaust, exhaust diluted
with a constant flow rate of dilution air, and CVS dilution with a CVS flow meter that does not
have an upstream heat exchanger or electronic flow control. Integrate the flow rate over a test
interval to determine the total flow from which you extracted the proportional sample. Multiply
the mean concentration of the batch sample by the total flow from which the sample was
extracted. If the total emission is a molar quantity, convert this quantity to a mass by multiplying
it by its molar mass, M. The result is the mass of the emission, m. In the case of PM emissions,
where the mean PM concentration is already in units of mass per mole of sample, -, simply

multiply it by the total flow. The result is the total mass of PM, mem. Calculate m for batch
sampling with variable flow using the following equation:

Eq. 1065.650-6

Example:
Mnox = 46.0055 g/mol
N = 9000

Xnox = 85.6 umol/mol = 85.6-10° mol/mol
Nt = 25.534 mol/s

Nesp = 26.950 mol/s

frecord = 5 Hz
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Using Eq. 1065.650-5,

At=1/5=0.2
Mo, = 46.0055-85.6-10° - (25.534 + 26.950 + ...+ M, 0000 - 0.2
mnox = 4.201 g

(ii) Constant flow rate. If you batch sample from a constant exhaust flow rate, extract a sample at
a proportional or constant flow rate. We consider the following to be examples of constant
exhaust flows: CVS diluted exhaust with a CVS flow meter that has either an upstream heat
exchanger, electronic flow control, or both. Determine the mean molar flow rate from which you
extracted the constant flow rate sample. Multiply the mean concentration of the batch sample by
the mean molar flow rate of the exhaust from which the sample was extracted, and multiply the
result by the time of the test interval. If the total emission is a molar quantity, convert this
quantity to a mass by multiplying it by its molar mass, M. The result is the mass of the emission,
m. In the case of PM emissions, where the mean PM concentration is already in units of mass
per mole of sample, M,,,, simply multiply it by the total flow, and the result is the total mass of

PM, mem;—.Calculate m for sampling with constant flow using the following equations:
m=M -X-n-At
Eq. 1065.650-7
M and for PM or any other analysis of a batch sample that yields a mass per mole of sample,
M=M-X
Eqg. 1065.650-8
Example:
M, = 144.0 pg/mol = 144.0-10°° g/mol
Ny, = 57.692 mol/s

dexh
At =1200s
mem = 144.0-10%-57.692-1200
mem = 9.9692 g
* * * * *
(d) Total work over a test interval. To calculate the total work from the engine over a test
interval, add the total work from all the work paths described in 8§ 1065.210 that cross the system
boundary including electrical energy/work, mechanical shaft work, and fluid pumping work. For
all work paths, except the engine’s primary output shaft (crankshaft), the total work for the path
over the test interval is the integration of the net work flow rate (power) out of the system
boundary. When energy/work flows into the system boundary, this work flow rate signal
becomes negative; in this case, include these negative work rate values in the integration to
calculate total work from that work path. Some work paths may result in a negative total work.
Include negative total work values from any work path in the calculated total work from the
engine rather than setting the values to zero. The rest of this paragraph (d) describes how to
calculate total work from the engine’s primary output shaft over a test interval. Before
integrating power on the engine’s primary output shaft, adjust the speed and torque data for the
time alignment used in § 1065.514(c). Any advance or delay used on the feedback signals for
cycle validation must also be used for calculating work. Account for work of accessories
according to 8 1065.110. Exclude any work during cranking and starting. Exclude work during
actual motoring operation (negative feedback torques), unless the engine was connected to one or
more energy storage devices. Examples of such energy storage devices include hybrid
powertrain batteries and hydraulic accumulators, like the ones illustrated in Figure 1 of
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§ 1065.210. Exclude any work during reference zero-load idle periods (0 % speed or idle speed
with 0 N-m reference torque). Note, that there must be two consecutive reference zero load idle
points to establish a period where this applies. Include work during idle points with simulated
minimum torque such as Curb Idle Transmissions Torque (CITT) for automatic transmissions in
“drive”. The work calculation method described in paragraphs (bd)(1) though (7) of this section
meets these requirements using rectangular integration. You may use other logic that gives
equivalent results. For example, you may use a trapezoidal integration method as described in
paragraph (bd)(8) of this section.

* * * * *

(7) Integrate the resulting values for power over the test interval. Calculate total work as
follows:

W:iPi-At

i=1

Eq. 1065.650-10

Where:
W = total work from the primary output shaft
Pi = instantaneous power from the primary output shaft over an interval i.

Pi=fni - Ti

Eq. 1065.650-11
Example:
N = 9000

far = 1800.2 r/min

fn2 = 1805.8 r/min
T1=177.23 N'm
T2=175.00 N-m

Crev = 2z rad/r

Cu =60 s/min

Cp = 1000 (N-m-rad/s)/kW
frecord = 5 Hz

Cr2 = 3600 s/hr

~1800.2-177.23-2-3.14159

! 60-1000
P1 = 33.41 kW
P2 = 33.09 kW
Using Eq. 1065.650-5,
At=1/5=02s

 (33.414+33.09+...+ Pyy,)-0.2

3600
W =16.875 kW-hr

* * * * *

w

(f) * * *
(2) Total work. To calculate a value proportional to total work over a test interval, integrate a

value that is proportional to power. Use information about the brake-specific fuel consumption
of your engine, eruel, to convert a signal proportional to fuel flow rate to a signal proportional to
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power. To determine a signal proportional to fuel flow rate, divide a signal that is proportional to
the mass rate of carbon products by the fraction of carbon in your fuel, wec.. You may use a
measured wc or you may use default values for a given fuel as described in § 1065.655(¢).
Calculate the mass rate of carbon from the amount of carbon and water in the exhaust, which you
determine with a chemical balance of fuel, DEF, intake air, and exhaust as described in §
1065.655. In the chemical balance, you must use concentrations from the flow that generated the
signal proportional to molar flow rate, A , in paragraph (e)(1) of this section. Calculate a value
proportional to total work as follows:

* *

(9) Brake-specific emissions over a duty cycle with multiple test intervals. The standard-setting
part may specify a duty cycle with multiple test intervals, such as with discrete-mode steady-
state testing. Unless we specify otherwise, calculate composite brake-specific emissions over the
duty cycle as described in this paragraph (g). If a measured mass (or mass rate) is negative, set it
to zero for calculating composite brake-specific emissions, but leave it unchanged for drift
validation. In the case of calculating composite brake-specific emissions relative to a combined
emission standard (such as a NOx + NMHC standard), change any negative mass (or mass rate)
values to zero for a particular pollutant before combining the values for the different pollutants.
(1) Use the following equation to calculate composite brake-specific emissions for duty cycles
with multiple test intervals all with prescribed durations, such as cold-start and hot-start transient
cycles:

N
> WF,-m,
eCDmp = I;:l
DWF W
=L
Eq. 1065.650-17
Where

i = test interval number.

N = number of test intervals.

WF = weighting factor for the test interval as defined in the standard-setting part.

m = mass of emissions over the test interval as determined in paragraph (c) of this section.
W = total work from the engine over the test interval as determined in paragraph (d) of this
section.

Example:
N=2
WF1 = 0.1428
WF2 = 0.8572
m1=70.125¢g
mz2=64.975¢9
W1 = 25.783 kW-hr
W2 = 25.783 kW-hr
(0.1428-70.125) +(0.8572-64.975)

e =
NOEMP 1 (0.1428- 25.783) +(0.8572- 25.783)
eNoxcompesie = 2548 g/kW-hr
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(2) Calculate composite brake-specific emissions for duty cycles with multiple test intervals that
allow use of varying duration, such as discrete-mode steady-state duty cycles, as follows:

(i) Use the following equation if you calculate brake-specific emissions over test intervals based
on total mass and total work as described in paragraph (b)(1) of this section:

N
3 WF, T—
ecomD = I;]. V\}
WF, - —&
i1 L
Eg. 1065.650-18
here

i = test interval number.

N = number of test intervals.

WF = weighting factor for the test interval as defined in the standard-setting part.

m = mass of emissions over the test interval as determined in paragraph (c) of this section.
W = total work from the engine over the test interval as determined in paragraph (d) of this
section.

t = duration of the test interval.

Example:

N=2

WF1=0.85
WF2=0.15
m1=1.3753¢
m2=0.4135¢g
t1=120s
t2=200s

W1 = 2.8375 kW:hr
W2 = 0.0 kW-hr

0.85.1:3753) , .15, 0:4135
120 200

eNOXcomp =
(035-23375J+[015.951)
120 200

enoxcompesite = 0.5001 g/kW-hr
(ii) Use the following equation if you calculate brake-specific emissions over test intervals based
on the ratio of mass rate to power as described in paragraph (b)(2) of this section:

D WF, -,

Eq. 1065.650-19

Where
i = test interval number.
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N = number of test intervals.

WF = weighting factor for the test interval as defined in the standard-setting part.

m = mean steady-state mass rate of emissions over the test interval as determined in paragraph
(e) of this section.

P = mean steady-state power over the test interval as described in paragraph (e) of this section.

Example:
N=2
WF1=0.85
WF2=0.15

M, = 2.25842 g/hr
M, = 0.063443 g/hr

P, =4.5383 kW

P, =0.0 kW

o _ (0.85-2.25842) + (0.15 . 0.063443) /{ Commented [CAL69]: Example updated.
NOwom (0,85 4,5383) +(0.15-0.0) //

enoxcompesite = 0.5001 g/kW-hr
* * * *

*

354. Amend § 1065.655 by revising the section heading and paragraphs (a), (c) introductory text,
(c)(3), (d) introductory text, (e), and (f)(3) to read as follows:

§1065.655 Chemical balances of fuel, DEF, intake air, and exhaust.

(a) General. Chemical balances of fuel, intake air, and exhaust may be used to calculate flows,
the amount of water in their flows, and the wet concentration of constituents in their flows. With
one flow rate of either fuel, intake air, or exhaust, you may use chemical balances to determine
the flows of the other two. For example, you may use chemical balances along with either intake
air or fuel flow to determine raw exhaust flow. Note that chemical balance calculations reguire
allow measured values for the flow rate of diesel exhaust fluid for engines with urea-based

selective catalytic reduction;-if-apphicable.
* * * * *

(c) Chemical balance procedure. The calculations for a chemical balance involve a system of
equations that require iteration. We recommend using a computer to solve this system of
equations. You must guess the initial values of up to three quantities: the amount of water in the
measured flow, xH2oexn, fraction of dilution air in diluted exhaust, Xdilexh, and the amount of
products on a Ci basis per dry mole of dry measured flow, Xccombdry. YOU may use time-weighted
mean values of combustion air humidity and dilution air humidity in the chemical balance; as
long as your combustion air and dilution air humidities remain within tolerances of £0.0025
mol/mol of their respective mean values over the test interval. For each emission concentration,
X, and amount of water, X120exh, you must determine their completely dry concentrations, Xdary and
XH20exhdry. YOU must also use your fuel mixture’s atomic hydrogen-to-carbon ratio, o, oxygen-to-
carbon ratio, g, sulfur-to-carbon ratio, y, and nitrogen-to-carbon ratio, J; you may optionally
account for diesel exhaust fluid (or other fluids injected into the exhaust), if applicable. You
may calculate a, f, y, and ¢ based on measured fuel_composition or based on measured fuel and
diesel exhaust fluid (or other fluids injected into the exhaust) composition together, as described

A-254



in paragraph (e) of this section. eryYou may alternatively use any combination of default values
and measured values as described in paragraph (e) of this section. Use the following steps to
complete a chemical balance:

* * * * *

(3) Use the following symbols and subscripts in the equations for performing the chemical
balance calculations in this paragraph (c):

Xdilexh = amount of dilution gas or excess air per mole of exhaust.

XH20exh = amount of H20 in exhaust per mole of exhaust.

Xceombdry = amount of carbon from fuel and any injected fluids in the exhaust per mole of dry
exhaust.

XHadry = amount of Hz in exhaust per amount of dry exhaust.

Kr20gas = water-gas reaction equilibrium coefficient. You may use 3.5 or calculate your own
value using good engineering judgment.

XH20exhdry = amount of H20 in exhaust per dry mole of dry exhaust.

Xprodiintdry = amount of dry stoichiometric products per dry mole of intake air.

Xdilexhdry = amount of dilution gas and/or excess air per mole of dry exhaust.

Xintlexhdry = amount of intake air required to produce actual combustion products per mole of dry
(raw or diluted) exhaust.

Xrawrexhdry = amount of undiluted exhaust, without excess air, per mole of dry (raw or diluted)
exhaust.

Xozint = amount of intake air Oz per mole of intake air.

Xcozintdry = amount of intake air COz per mole of dry intake air. You may use Xcozintdry = 375
pmol/mol, but we recommend measuring the actual concentration in the intake air.

XHz0intdry = amount of intake air H20 per mole of dry intake air.

Xcozint = amount of intake air CO2 per mole of intake air.

Xcozdil = amount of dilution gas CO2 per mole of dilution gas.

Xcozdildry = amount of dilution gas CO2 per mole of dry dilution gas. If you use air as diluent, you
may use Xcoadildry = 375 pmol/mol, but we recommend measuring the actual concentration in the
intake air.

XHzodildry = amount of dilution gas H20 per mole of dry dilution gas.

XHzodil = amount of dilution gas H20 per mole of dilution gas.

X[emission]meas = amount of measured emission in the sample at the respective gas analyzer.
X[emissionldry = @amount of emission per dry mole of dry sample.

XH20[emission]meas = amount of H20 in sample at emission-detection location. Measure or estimate
these values according to § 1065.145(e)(2).

Xrzoint = amount of H20 in the intake air, based on a humidity measurement of intake air.

a = atomic hydrogen-to-carbon ratio of the fuel (or mixture of test fuels) and any injected fluids.
S = atomic oxygen-to-carbon ratio of the fuel (or mixture of test fuels) and any injected fluids.
yé = atomic sulfur-to-carbon ratio of the fuel (or mixture of test fuels) and any injected fluids.

J »-= atomic nitrogen-to-carbon ratio of the fuel (or mixture of test fuels) and any injected fluids.
* * * * *

(d) Carbon mass fraction of fuel. Determine carbon mass fraction of fuel, wc, based on the fuel
properties as determined in paragraph (e) of this section, optionally accounting for diesel exhaust
fluid’s contribution to a, B, y, and 4, or other fluids injected into the exhaust, if applicable (for
example, the engine is equipped with an emission control system that utilizes DEF). Calculate
wc using the following equation:
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* * * * *

(e) Fuel and diesel exhaust fluid composition. Determine fuel and diesel exhaust fluid
composition represented by a, A, v, and J as described in this paragraph (e). When using
measured fuel or diesel exhaust fluid properties, you must determine values for o and g in all
cases. If you determine compositions based on measured values and the default value listed in
Table 1 of this section is zero, you may set y and d to zero; otherwise determine y and o (along
with a and ) based on measured values. Determine elemental mass fractions and values for a,
B, y, and ¢ as follows:

(1) For liquid fuels, use the default values for a, S, y, and J in Table 1 of this section or determine
mass fractions of liquid fuels for calculation of «, £, y, and J as follows:

(i) Determine the carbon and hydrogen mass fractions according to ASTM D5291 (incorporated
by reference in § 1065.1010). When using ASTM D5291 to determine carbon and hydrogen
mass fractions of gasoline (with or without blended ethanol), use good engineering judgment to
adapt the method as appropriate. This may include consulting with the instrument manufacturer
on how to test high-volatility fuels. Allow the weight of volatile fuel samples to stabilize for 20
minutes before starting the analysis; if the weight still drifts after 20 minutes, prepare a new
sample). Retest the sample if the carbon, hydrogen, and-oxygen, sulfur, and nitrogen -mass
fractions do not add up to a total mass of 100 £0.5 %; if you do not measure oxygen, you may
assume it has a zero concentration for this specification._You may also assume that sulfur and
nitrogen have a zero concentration for all fuels except residual fuel blends.

(ii) Determine oxygen mass fraction of gasoline (with or without blended ethanol) according to
ASTM D5599 (incorporated by reference in § 1065.1010). For all other liquid fuels, determine
the oxygen mass fraction using good engineering judgment.

(iii) Determine the nitrogen mass fraction according to ASTM D4629 or ASTM D5762
(incorporated by reference in § 1065.1010) for all liquid fuels. Select the correct method based
on the expected nitrogen content.

(iv) Determine the sulfur mass fraction according to subpart H of this part.

(2) For gaseous fuels and diesel exhaust fluid, use the default values for «, f, y, and ¢ in Table 1
of this section, or use good engineering judgment to determine those values based on
measurement.

(3) For nonconstant fuel mixtures, you must account for the varying proportions of the different
fuels. This generally applies for dual-fuel and flexible-fuel engines, but it also applies if diesel
exhaust fluid is injected in a way that is not strictly proportional to fuel flow. Account for these
varying concentrations either with a batch measurement that provides averaged values to
represent the test interval, or by analyzing data from continuous mass rate measurements.
Application of average values from a batch measurement generally applies to situations where
one fluid is a minor component of the total fuel mixture, for example dual-fuel and flexible-fuel
engines with diesel pilot injection, where the diesel pilot fuel mass is less than 5 % of the total
fuel mass and diesel exhaust fluid injection; consistent with good engineering judgment.

(4) Calculate a, B, y, and ¢ using the following equations:

ZN:
m. - -w,
i VHj
Mc i=1
“Twm, R
Oy wg

Eq. 1065.655-20
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ﬂ _ CH J;l
M .
© % mJ WCI
Eq.1065.655-21
 Eq.1065.655-22
N
5 Mc E m; - W
M, <&
;mj Uiy
 Eq.1065.655-23
Where:

M-N = total number of fuels and injected fluids over the duty cycle.
j = an indexing variable that represents one fuel or injected fluid, starting with j = 1.

M, = the mass flow rate of the fuel or any injected fluid j. For applications using a single fuel

and no DEF fluid, set this value to 1. For batch measurements, divide the total mass of fuel over
the test interval duration to determine a mass rate.

whj = hydrogen mass fraction of fuel or any injected fluid j.

wcj = carbon mass fraction of fuel or any injected fluid j.

Woj = oxygen mass fraction of fuel or any injected fluid j.

ws;j = sulfur mass fraction of fuel or any injected fluid j.

Wn;j = nitrogen mass fraction of fuel or any injected fluid j.

Example:
N=1
i=1
m =1
H1; = 0.1239
wej = 0.8206
Woz;j = 0.0547
ws1j = 0.00066
wnij = 0.000095
Mc = 12.0107
Mu = 1.00794
Mo = 15.9994
Ms = 32.065
Mn = 14.0067
~12.0107-1-0.1239

"~ 1.00794-1-0.8206
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~12.0107-1-0.0547

p 15.9994-1.0.8206
~12.0107-1-0.00066
32.065-1-0.8206
~12.0107-1-0.000095
14.0067-1-0.8206
a=1799
£ =0.05004
y = 0.0003012
¢ =0.0001003

(5) Table 1 follows:

TABLE 1 OF § 1065.655-DEFAULT VALUES OF a, f3, 7, &, AND Wc

Atomic hydrogen,
oxygen, sulfur, and Carbon mass
Fuel or injected fluid nitrogen-to-carbon ratios fraction, wc
CH.0pS;Ns v
Gasoline CH1.8500S0No 0.866
E10 Gasoline CH1.9200.03S0No 0.833
E15 Gasoline CH1.9500.05S0No 0.817
E85 Gasoline CH2.7300.38S0No 0.576
E100 Ethanol CH3005S0No 0.521
M100 Methanol CH401S0No 0.375
#1 Diesel CH1.9300SoNo 0.861
#2 Diesel CH1.8000SoNo 0.869
Liquefied petroleum gas CH2.6400SoNo 0.819
Natural gas CHas.78 00.016S0No 0.747
ety | ML e by et e properes
Diesel exhaust fluid CHirssOreoSoN2 | 0.065

(f) * *

(3) Fluid mass flow rate calculation. This calculation may be used only for steady-state
laboratory testing._You may not use this calculation if the standard-setting part requires carbon
balance error verification as described in § 1065.543. See § 1065.915(d)(5)(iv) for application to

field testing. Calculate Ny, based on r; using the following equation:
h, _im Y, '(1+XHzom1ryj)
j=L ' Mc . XCmnbdryj

Eq. 1065.655-25

here:
N, = raw exhaust molar flow rate from which you measured emissions.

i = an indexing variable that represents one fuel or injected fluid, starting with j = 1.

A-258

/{ Commented [CAL75]: Equation updated.




rhj = the mass flow rate of the fuel or any injected fluid j.

wcj = carbon mass fraction of the fuel and any injected fluid j.

Example:
N=1
j=1

J =
m, f 7.559 g/s | - { Commented [CAL76]: Updated.

c1=0.869 g/g
Mc = 12.0107 g/mol
Xceombdry: = 99.87 mmol/mol = 0.09987 mol/mol
XH20exhdry1 = 107.64 mmol/mol = 0.10764 mol/mol

0.869-(1+0.10764)
12.0107-0.09987

Ny = 6.066 mol/s

* * * *k

i,y = 7.559 -

355. Amend § 1065.659 by revising paragraph (c)(2) and (3) to read as follows:

§1065.659 Removed water correction.
* * * * *

(C) * * *

(2) If the measurement comes from raw exhaust, you may determine the amount of water based
on intake-air humidity, plus a chemical balance of fuel, DEF, intake air, and exhaust as described
in § 1065.655.

(3) If the measurement comes from diluted exhaust, you may determine the amount of water
based on intake-air humidity, dilution air humidity, and a chemical balance of fuel, DEF, intake
air, and exhaust as described in § 1065.655.

*

* * * *

356. Amend § 1065.660 by adding paragraphs (a)(5) and (6) and revising paragraphs (b)(2)
introductory text, (b)(2)(ii) introductory text, (b)(2)(iii) introductory text, (b)(3) introductory text,
(b)(4), (c)(2), and (d) introductory text, (d)(1) introductory text, (d)(1)(ii) introductory text,
(d)(2)(iii) introductory text, (d)(2), and (e) to read as follows:

§1065.660 THC, NMHC, NMNEHC, CH4, and CzHg determination.

(a) * * *

(5) You may calculate THC as the sum of NMHC and CHa if you determine CH4 with an FTIR
as described in 8 1065.660(d)(2) and NMHC with an FTIR using the additive method from §
1065.660(b)(4).

(6) You may calculate THC as the sum of NMNEHC, C2Hs, and CHa if you determine CH4 with
an FTIR as described in § 1065.660(d)(2), C2Hs with an FTIR as described in § 1065.660(e), and
NMNEHC with an FTIR using the additive method from $ 1065.660(c)(3).

(b) * * *

(2) For nonmethane cutters, calculate xnmHc using the nonmethane cutter’s methane penetration
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fraction, (PFcranvic-Fip),) 6F-CHs-and the ethane response factor penetration fraction,
{RFPFc2rsnvc-Fip),}-6F-CaHe- from § 1065.365, the THC FID’s methane response factor,

{RFcra[tHe-FiDy), fthe THEFIB-te-CH4-from § 1065.360, the initial THC contamination and - [ Formatted: Subscript

dry-to-wet corrected THC concentration, XTHc[THc-FID]cor, @S determined in paragraph (a) of this
section, and the dry-to-wet corrected €Hs-methane concentration, XTHcNnme-FiDcor, Optionally
corrected for initial THC contamination as determined in paragraph (a) of this section.

* * * * *

(if) Use the following equation fFor penetration fractions determined using an NMC

configuration as outlined in section-§ 1065.365(e);-tse-the-foeHewing-equation:

(iii) Use the following equation fFor penetration fractions determined using an NMC
configuration as outlined in section-§ 1065.365(f) or for penetration fractions determined as a
function of molar water concentration using an NMC configuration as outlined in § 1065.365(d);

use-the-follewing-equation:

(3) For a GC-FID or FTIR, calculate xnmHc using the THC analyzer’s methane response factor,

{RF)orchartric-Fio], from § 1065.360, and the initial THC contamination and dry-to-wet corrected - [ Formatted: Subscript
THC concentration, XTHc[THc-FiDJcor, @S determined in paragraph (a) of this section as follows:

* * * * *

(4) For an FTIR, calculate xnmre by summing the hydrocarbon species listed in § 1065.266(c) as

follows:
N

Xnmre = Z( Xnci — XHCi-init)

i=1

Eqg. 1065.660-6

Where:
XnmHc = concentration of NMHC.
xHci = the Ci-equivalent concentration of hydrocarbon species i as measured by the FTIR, not
corrected for initial contamination.
Xci-init = the C1-equivalent concentration of the initial system contamination (optional) of
hydrocarbon species i, dry-to-wet corrected, as measured by the FTIR.
Example:
Xczrs = 4.9 pmol/mol
XczHa = 0.9 pmol/mol
XczHz2 = 0.8 pmol/mol
Xcsns = 0.4 pmol/mol
Xcsns = 0.5 pmol/mol
Xcanio = 0.3 pmol/mol
XcHzo = 0.8 pmol/mol
Xczrao = 0.3 pmol/mol
Xcarzo02 = 0.1 pmol/mol
Xchao = 0.1 pmol/mol
XnmHc=4.9+09+08+04+05+03+08+03+01+0.1
XNMHC = 9.1 pmol/mol

(c) * * * . /{ Formatted: Subscript
(2) For a GC-FID, NMC FID, or FTIR, calculate xnmnerc using the THC analyzer’s methane / { )

/| Formatted: Subscript
response factor.s {RF sorcra(trc-Fip). and ethane response factor, REcanerrrc-rio), from§ - S

o { Formatted: Subscript
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1065.360, and-the initial contamination and dry-to-wet corrected THC concentration, XTHc[THc-
FID]cor, @S determined in paragraph (a) of this section, the dry-to-wet corrected methane
concentration, XcHa, as determined in paragraph (d) of this section, and the dry-to-wet corrected
ethane concentration, XczHs, as determined in paragraph (e) of this section as follows:

XNMNEHC THC[THC-FIDJcor — RFCH4[THC—FID] Ko — RFCZHGD’HC—FID] *Xeans
Eq. 1065.660-7
Where:
XNMNEHC = concentration of NMNEHC.
XTHC[THC-FIDJcor = cONCentration of THC, initial THC contamination and dry-to-wet corrected,
as measured by the THC FID.
RFcHartHe-FiD) = response factor of THC-FID to CHa.
XcHa = concentration of CHa, dry-to-wet corrected, as measured by the GC-FID, NMC FID
or FTIR.
RFczns[THe-FiD) = response factor of THC-FID to CzHe.
Xczrs = the Ci-equivalent concentration of C2Hs, dry-to-wet corrected, as measured by the
GC-FID or FTIR.
Example:
XTHC[THC-FIDIcor = 145.6 pumol/mol
RFcrHarthHe-Fip) = 0.970
XcHa = 18.9 pumol/mol
RFcansTHe-FID] = 1.02
Xczrs = 10.6 pmol/mol
XNmneHe = 145.6 —0.970 - 18.9-1.02 - 10.6
XNMNEHC = 116.5 pmol/mol
* * * * *
(d) CH4 determination. Use one of the following methods to determine €Hs-methane
concentration, XcHa:
(1) For nonmethane cutters, calculate xcHa using the nonmethane cutter’s methane penetration

FHCFIB-te-CH4-from § 1065.360, the initial THC contamination and dry-to-wet corrected THC
concentration, XTHc[THc-FIDJcor, S determined in paragraph (a) of this section, and the dry-to-wet
corrected SHs-methane concentration, XtHcinme-Fipjcor, Optionally corrected for initial THC

contamination as determined in paragraph (a) of this section.
* * * * *

(ii) Fer-Use the following equation for penetration fractions determined using an NMC

configuration as outlined in § 1065.365(e)use-the-foHowing-equation:
* * * * *

(iii) Use the following equation fFor penetration fractions determined using an NMC
configuration as outlined in § 1065.365(f)_or for penetration fractions determined as a function of
molar water concentration using an NMC configuration as outlined in 8 1065.365(d)-tse-the

B e

* * * * *

(2) For a GC-FID or FTIR, xcHa is the actual dry-to-wet corrected EHs4-methane concentration as
measured by the analyzer.

(e)_C2oHe determination. For a GC-FID or FTIR, XczHs is the Ci-equivalent, dry-to-wet corrected
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CoHs-ethane concentration as measured by the analyzer.

357. Amend § 1065.665 by revising paragraph (a) to read as follows:

§ 1065.665 THCE and NMHCE determination.

(a) If you measured an oxygenated hydrocarbon's mass concentration, first calculate its molar
concentration in the exhaust sample stream from which the sample was taken (raw or diluted
exhaust), and convert this into a Ci-equivalent molar concentration. Add these Ci-equivalent
molar concentrations to the molar concentration of non-oxygenated total hydrocarbon (NOTHC).
The result is the molar concentration of total hydrocarbon equivalent (THCE). Calculate THCE
concentration using the following equations, noting that Eq. 1065.665-3 is required only if you
need to convert your oxygenated hydrocarbon (OHC) concentration from mass to moles:

N
Xthce = XnotHe T Z( Xomci —~ XOHCi-init)
i-1
Eq. 1065.665-1
N

XnoTHe = XTHC[THC—FID]cor - Z(( Xomci ~ XOHCi-inil) ’ RFOHCirI'HC-FID])
i=1

Eq. 1065.665-2

mdethHCi

Xonei = Mokci — Naexnorici

M Niexn

M dexh

Eq. 1065.665-3

Where:
xtrce = the sum of the Ci-equivalent concentrations of non-oxygenated hydrocarbon, alcohols,
and aldehydes.

xnotHe = the sum of the Ci-equivalent concentrations of NOTHC.

Xowci = the Ci-equivalent concentration of oxygenated species i in diluted exhaust, not corrected
for initial contamination.

XoHci-init = the Ci1-equivalent concentration of the initial system contamination (optional) of
oxygenated species i, dry-to-wet corrected.

XTHC[THC-FIDJcor = the Ci-equivalent response to NOTHC and all OHC in diluted exhaust, HC
contamination and dry-to-wet corrected, as measured by the THC-FID.

RFoHcirtHe-Fib) = the response factor of the FID to species i relative to propane on a Ci-
equivalent basis.

Mudexh = the molar mass of diluted exhaust as determine in § 1065.340.

MaexhoHci = the mass of oxygenated species i in dilute exhaust.

Monci = the Ci-equivalent molecular weight of oxygenated species i.

Madexh = the mass of diluted exhaust

ndexhorci = the number of moles of oxygenated species i in total diluted exhaust flow.

Ndexh = the total diluted exhaust flow.
* * * * *

358. Amend § 1065.667 by revising paragraph (d) to read as follows:
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§ 1065.667 Dilution air background emission correction.

* * * * *

(d) You may determine the total flow of dilution air from the measured dilute exhaust flow and a
chemical balance of the fuel, DEF, intake air, and dilute exhaust as described in § 1065.655. For
this option, the molar flow of dilution air is calculated by multiplying the dilute exhaust flow by

the mole fraction of dilution gas to dilute exhaust, Xjijext. from the dilute chemical balance. This

may be done by totaling continuous calculations or by using batch results. For example, to use
batch results, the total flow of dilution air is calculated by multiplying the total flow of diluted

exhaust, Nexn, by the flow-weighted mean mole fraction of dilution air in diluted exhaust, Xgyeq.

Calculate Xgyexn Using flow-weighted mean concentrations of emissions in the chemical balance,

as described in § 1065.655. The chemical balance in § 1065.655 assumes that your engine
operates stoichiometrically, even if it is a lean-burn engine, such as a compression-ignition
engine. Note that for lean-burn engines this assumption could result in an error in emission
calculations. This error could occur because the chemical balance in § 1065.655 treats excess air
passing through a lean-burn engine as if it was dilution air. If an emission concentration expected
at the standard is about 100 times its dilution air background concentration, this error is
negligible. However, if an emission concentration expected at the standard is similar to its
background concentration, this error could be significant. If this error might affect your ability
to show that your engines comply with applicable standards, we recommend that you either
determine the total flow of dilution air using one of the more accurate methods in paragraph (b)
or (c) of this section, or remove background emissions from dilution air by HEPA filtration,
chemical adsorption, or catalytic scrubbing. You might also consider using a partial-flow
dilution technique such as a bag mini-diluter, which uses purified air as the dilution air.

*

* * * *

359. Amend § 1065.675 by revising paragraph (d) to read as follows:
§ 1065.675 CLD quench verification calculations.

* * * * *

(d) Calculate quench as follows:
XNOwet

quench = | | 1= Xuoness 7 |, Xreows +[XN<MS—1]-XC°2“P -100 %
XNOdry XHZOmeas XNOact XCOZact

Eq. 1065.675-1

Where:

quench = amount of CLD quench.

XNodry = concentration of NO upstream of a bubblerhumidity generator, according to §
1065.370(e)(4).

Xnowet = measured concentration of NO downstream of a humidity generatorbubbler, according
to § 1065.370(e)(9).

XH20exp = Maximum expected mole fraction of water during emission testing, according to
paragraph (b) of this section.
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Xrzomeas = measured mole fraction of water during the quench verification, according to §
1065.370(e)(7).

Xnomeas = measured concentration of NO when NO span gas is blended with CO2 span gas,
according to § 1065.370(d)(10).

Xnoact = actual concentration of NO when NO span gas is blended with COz span gas, according
to § 1065.370(d)(11) and calculated according to Eq. 1065.675-2.

Xcozexp = Maximum expected concentration of CO2 during emission testing, according to
paragraph (c) of this section.

Xcozact = actual concentration of CO2 when NO span gas is blended with CO2 span gas, according
to § 1065.370(d)(9).

Xnoect :( _XXO(:QM J'XNOSpan

Eq. 1065.675-2

Where:
Xnospan = the NO span gas concentration input to the gas divider, according to § 1065.370(d)(5).
Xcozspan = the CO2 span gas concentration input to the gas divider, according to § 1065.370(d)(4).

Example:

Xnodry = 1800.0 pmol/mol
XNowet = 1739.6 pmol/mol
XH20exp = 0.030 mol/mol
XH20meas = 0.030 mol/mol
XNomeas = 1515.2 pmol/mol
XNospan = 3001.6 pmol/mol
Xcozexp = 3.2 %

Xcozspan = 6.1 %

Xcozact = 2.98 %

XNoact = (1— %) -3001.6 =1535.24459 pmol/mol

1739.6

1-0.030 4 .0.030_’_( 1515.2 _1) 32 | 100%
1800.0 0.030 \1535.24459 2.98

guench =

quench = (-0.0036655 — 0.014020171) -100 % = -1.7685671 %

360. Amend § 1065.695 by adding paragraph (c)(8)(v) to read as follows:
§1065.695 Data requirements.

* * * * *

(C) * *

(8) * * *

(v) Carbon balance error verification, if performed.
* * * * *

361. Amend § 1065.701 by revising paragarphs (b) and (f) to read as follows:
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§1065.701 General requirements for test fuels.

* * * * *

(b) Fuels meeting alternate specifications. We may allow you to use a different test fuel (such as
California LEV Phase-2-111 gasoline) if it does not affect your ability to show that your engines
would comply with all applicable emission standards using the specified test fuel-specified-in-this

* * * * *

(f) Service accumulation and field testing fuels. 1f we do not specify a service-accumulation or
field-testing fuel in the standard-setting part, use an appropriate commercially available fuel such
as those meeting minimum specifications from the following table:

TABLE 1 OF § 1065.701-EXAMPLES OF SERVICE-ACCUMULATION AND FIELD-TESTING FUELS

Fuel category Subcategory Reference procedure®

ng_ht distillate and light blends with ASTM D975

Diesel res_ldual —
Middle distillate ASTM D6985
Biodiesel (B100) ASTM D6751

Intermediate and residual fuel All See § 1065.705
Automotive gasoline ASTM D4814

Gasoline Automotlv_e gasoline with ethanol ASTM D4814
concentration up to 10 volume %.

Alcohol Ethanol (E51-83) ASTM D5798
Methanol (M70-M85) ASTM D5797
Aviation gasoline ASTM D910

Auviation fuel Gas turbine ASTM D1655
Jet B wide cut ASTM D6615

Gas turbine fuel General ASTM D2880

2L ASTM-specifications-are-tincorporated by reference; seein § 1065.1010.

362. Amend § 1065.703 by revising paragraph (b) to read as follows:

§ 1065.703 Distillate diesel fuel.

* * * * *

(b) There are three grades of #2 diesel fuel specified for use as a test fuel. See the standard-
setting part to determine which grade to use. If the standard-setting part does not specify which
grade to use, use good engineering judgment to select the grade that represents the fuel on which
the engines will operate in use. The three grades are specified in Table 1 of this section.
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TABLE 1 OF § 1065.703—-TEST FUEL SPECIFICATIONS FOR DISTILLATE DIESEL FUEL

Property Unit Ultra Low Low High Reference
Sulfur Sulfur Sulfur Procedure*

Cetane Number — 40-50 40-50 40-50 ASTM D613

Distillation range:

Initial boiling point 171-204 171-204 171-204 ASTM D86

10 pct. point oc 204-238 204-238 204-238

50 pct. point 243-282 243-282 243-282

90 pct. point 293-332 293-332 293-332

Endpoint 321-366 321-366 321-366

Gravity °API 32-37 32-37 32-37 ASTM D4052

Total sulfur mg/kg 7-15 300-500 800-2500 ASTM D2622, ASTM
D5453, or ASTM
D7039

Aromatics, min. (Remainder shall be g/kg 100 100 100 ASTM D5186

paraffins, naphthenes, and olefins)

Flashpoint, min. °C 54 54 54 ASTM D93

Kinematic Viscosity mm?/seSt | 2.0-3.2 2.0-3.2 2.0-3.2 ASTM D445

HASTM-procedures-are-ilncorporated by reference, see in-§ 1065.1010. See § 1065.701(d) for other allowed procedures.

* * * * *

363. Amend § 1065.705 by revising paragraph (c) to read as follows:
§ 1065.705 Residual and intermediate residual fuel.

* * * * *

(c) The fuel must meet the specifications for one of the categories in the following table:
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TABLE 1 OF § 1065.705-SERVICE ACCUMULATION AND TEST FUEL SPECIFICATIONS FOR RESIDUAL FUEL

Category ISO-F-

| Property Unit RMA RMB RMD RME RMF RMG RMH RMK RMH RMK Reference Procedure*
30 30 80 180 180 380 380 380 700 700
. 1SO 3675 or 1ISO 12185 (see
o 3
Density at 15 °C, max. kg/m 960.0 975.0 980.0 991.0 991.0 1010.0 991.0 1010.0 also 1SO 8217)
oaric VISCOsIy 8t mmasest 300 80.0 180.0 380.0 700.0 1SO 3104
Flash point, min. °C 60 60 60 60 60 1SO 2719 (see also ISO 8217)
Pour point (upper)
Winter quality, max. °C 0 24 30 30 30 30 1S0 3016
Summer quality, max. 6 24 30 30 30 30
Carbon residue, max. (kg/kg) % 10 14 15 [ 20 18 [ 22 22 1SO 10370
Ash, max. (kg/kg) % 0.10 0.10 010 [ 015 0.15 0.15 1SO 6245
Water, max. (m¥m3) % 0.5 0.5 0.5 0.5 0.5 1SO 3733
1SO 8754 or 1SO 14596 (see
0,
Sulfur, max. (kg/kg) % 3.50 4.00 450 450 450 also 150 8217)

. 1SO 14597 or IP--501 or IP-
L/anadlum, max. mag/kg 150 350 200 500 300 600 600 470 (see also 1S0 8217)
Total sediment o 1SO 10307-2 (see also I1SO
potential, max. (ka/kg) % 0.10 0.10 0.10 0.10 0.10 8217)

Aluminium plus 1SO 10478 or IP 501 or IP 470
bilicon, max. mg/kg 80 80 80 80 80 (see also 1SO 8217:2012)

F1SO-procedures-are-incorporated by reference; seein § 1065.1010. See § 1065.701(d) for other allowed procedures.
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364. Amend § 1065.710 by revising paragraphs (b)(2) and (c) to read as follows:
§1065.710 Gasoline.

* * * *

b * * *

(2) Table 1 of this section identifies limit values consistent with the units in the reference
procedure for each fuel property. These values are generally specified in international units.
Values presented in parentheses are for information only. Table 1 follows:
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TABLE 1 OF § 1065.710-TEST FUEL SPECIFICATIONS
FOR A LOW-LEVEL ETHANOL-GASOLINE BLEND

SPECIFICATION
Property Unit Low- Reference Procedure*
General High Altitude
- Temperature .
Testing Testing Testing
. ; _qq gb2 Minimum, 87.0 | ASTM D2699 and
Antiknock Index (R+M)/2 87.0-88.4 Mini ASTM D2700
L . . ASTM D2699 and
Sensitivity (R-M) - Minimum, 7.5-Minimum ASTM D2700
Dry Vapor Pressure . 60.0-63.4 77.2-81.4 52.4-55.2
Equivalent (DVPE) kPapsi) | (87.92) | (11.2-118) (7680 | ASTMDS11
Distillation® °C (°F) 49-60 43-54 49-60
10 % evaporated (120-140) (110-130) (120-140)
50 % evaporated °C (°F) 88-99 (190-210)
90 % evaporated | °C (°F) 157-168 (315-335) ASTM D86
Evaporated final boiling point °C (°F) 193-216 (380-420)
Residue milliliter Maximum, 2.0-Maximum
Total Aromatic Hydrocarbons volume % 21.0-25.0
C6 Aromatics (benzene) volume % 0.5-0.7
C7 Aromatics (toluene) volume % 5.2-6.4
- ASTM D5769
C8 Aromatics volume % 5.2-6.4
C9 Aromatics volume % 5.2-6.4
C10+ Aromatics volume % 4.4-56
i mass ]
Olefins® volume % 4.0-10.0 ASTM D6550
See paragraph (b)(3) of
0, -
Ethanol blended volume % 9.6-10.0 this section.
" ASTM D4815 or
f6 0 -
Ethanol confirmatory’ volume % 9.4-10.2 ASTM D5599
Total Content of Oxygenates o . . ASTM D4815 or
Other than Ethanol’ volume % Maximum, 0.1-bei ASTM D5599
ASTM D2622, ASTM
Sulfur ma/kg 8.0-11.0 D5453 or ASTM D7039
Lead glliter Maximum, 0.0026-Maximum ASTM D3237
Phosphorus g/liter Maximum, 0.0013-Maxirmum ASTM D3231
Copper Corrosion - Maximum, No. 1-Maximum ASTM D130
Solvent-Washed Gum Content nr:‘i?lﬁggr Maximum, 3.0-Maxirmum ASTM D381
Oxidation Stability minute Minimum, 1000-Minirmum ASTM D525

LASTM-procedures-are-ilncorporated by reference; seein § 1065.1010. See § 1065.701(d) for other allowed procedures.
b2Octane specifications apply only for testing related to exhaust emissions. For engines or vehicles that require the use of
premium fuel, as described in paragraph (d) of this section, the adjusted specification for antiknock index is a minimum
value of 91.0; no maximum value applies. All other specifications apply for this high-octane fuel.

“Calculate dry vapor pressure equivalent, DVPE, based on the measured total vapor pressure, pr, using the following
equation: DVPE (kPa) = 0.956-pt — 2.39 or DVPE (psi) = 0.956-pr — 0.347. DVPE is intended to be equivalent to Reid
Vapor Pressure using a different test method.
d4Parenthetical values are shown for informational purposes only.

e

0.857 and round to the first decimal place to determine the olefin concentration in volume %.
EASTM D5599 prescribes concentration measurements for ethanol and other oxygenates in mass %. Convert results to

volume % as specified in Section 14.3 of ASTM D4815.
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* * * * *

(c) The specifications of this paragraph (c) apply for testing with neat gasoline. This is
sometimes called indolene or EO test fuel. Gasoline for testing must have octane values that
represent commercially available fuels for the appropriate application. Test fuel specifications
apply as follows:

TABLE 2 OF 8 1065.710-TEST FUEL SPECIFICATIONS FOR NEAT (E0) GASOLINE
SPECIFICATION Reference
Propert Unit X
perty General Testing Low-Temperature Procedure®
Testing
Distillation Range:
Evaporated initial boiling point °C 24-35% 24-36
10 % evaporated °C 49-57 37-48
ASTM D86
50 % evaporated °C 93-110 82-101
90 % evaporated °C 149-163 158-174
Evaporated final boiling point °C Maximum, 213 Maximum, 212
Total Aromatic Hydrocarbons
€omposition: volume 96 | Maximum-10 Maximum,17.5 ASTM D1319 or
. 0 Maximum, 35 Maximum, 30.4 ASTM D5769
S e e
. . . ASTM D1319 or
Olefins® volume % [ Maximum, 10 Maximum, 17.5 ASTM D6550
Lead g/liter Maximum, 0.013 Maximum, 0.013 ASTM D3237
Phosphorous g/liter Maximum, 0.0013 | Maximum, 0.005 ASTM D3231
Total sulfur mg/kg Maximum, 80 Maximum, 80 ASTM D2622
Dry vapor pressure equivalent® kPa 60.0-63.4%04 77.2-81.4 ASTM D5191

HASTM-procedures-are-iincorporated by reference; seein § 1065.1010.

procedures.

See § 1065.701(d) for other allowed

b2For testing at altitudes above 1219 m, the specified initial boiling point range is (23.9 to 40.6) °C and the
specified volatility range is (52.0 to 55.2) kPa.
°ASTM D6550 prescribes measurement of olefin concentration in mass %. Multiply this result by 0.857 and

round to the first decimal place to determine the olefin concentration in volume %.

#dCalculate dry vapor pressure equivalent, DVPE, based on the measured total vapor pressure, pr, in kPa using

the following equation: DVPE (kPa) = 0.956-pt — 2.39 or DVPE (psi) = 0.956-pt — 0.347. DVPE is intended to be
equivalent to Reid Vapor Pressure using a different test method.
“eFor testing unrelated to evaporative emissions, the specified range is (55.2 to 63.4) kPa.

365. Amend § 1065.715 by revising paragraph (a) to read as follows:
§ 1065.715 Natural gas.
(a) Except as specified in paragraph (b) of this section, natural gas for testing must meet the
specifications in the following table:
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TABLE 1 OF § 1065.715-TEST FUEL SPECIFICATIONS FOR NATURAL GAS

Property

Value®

Methane, CHs

Minimum, 0.87 mol/mol

Ethane, CoHs

Maximum, 0.055 mol/mol

Propane, CsHs

Maximum, 0.012 mol/mol

Butane, CsH1o

Maximum, 0.0035 mol/mol

Pentane, CsHi2

Maximum, 0.0013 mol/mol

Cs and higher

Maximum, 0.001 mol/mol

Oxygen

Maximum, 0.001 mol/mol

Inert gases (sum of CO> and N2)

Maximum, 0.051 mol/mol

*2Demonstrate compliance with fuel specifications based on the reference procedures in
ASTM D1945 (incorporated by reference in § 1065.1010), or on other measurement

procedures using good engineering judgment. See § 1065.701(d) for other allowed

procedures.
* * * * *

366. Amend § 1065.720 by revising paragraph (a) to read as follows:

§1065.720 Liquefied petroleum gas.

(a) Except as specified in paragraph (b) of this section, liquefied petroleum gas for testing must

meet the specifications in the following table:

TABLE 1 OF § 1065.720(a)—-TEST FUEL SPECIFICATIONS FOR LIQUEFIED PETROLEUM GAS

Property

Value

Reference Procedure®*

Propane, CsHs

Minimum, 0.85 m%m?3

ASTM D2163

Vapor pressure at 38 °C

Maximum, 1400 kPa

ASTM D1267 or
ASTM D2598%

Volatility residue (evaporated temperature, 35 °C) Maximum, 38 °C ASTM D1837
Butanes Maximum, 0.05 m¥/m? ASTM D2163
Butenes Maximum, 0.02 m3/m? ASTM D2163
Pentenes and heavier Maximum, 0.005 m%m? ASTM D2163
Propene Maximum, 0.1 m%m?® ASTM D2163
Residual matter (residue on evaporation of 100 ml oil stain Maximum, 0.05 ml pass® | ASTM D2158
observation)

Corrosion, copper strip Maximum, No. 1 ASTM D1838
Sulfur Maximum, 80 mg/kg ASTM B2784D6667
Moisture content pass ASTM D2713

HASTM-procedures-are-ilncorporated by reference; seein § 1065.1010. See § 1065.701(d) for other allowed procedures.
b2If these two test methods yield different results, use the results from ASTM D1267.
%The test fuel must not yield a persistent oil ring when you add 0.3 ml of solvent residue mixture to a filter paper in 0.1 ml

increments and examine it in daylight after two minutes.

* * * * *

367. Amend § 1065.750 by revising paragraph (a)(1)(ii) to read as follows:

§ 1065.750 Analytical gases.
(a) * * *
(1) * * *

(ii) Contamination as specified in the following table:




TABLE 1 OF § 1065.750-GENERAL SPECIFICATIONS FOR PURIFIED GASES®

Constituent Purified Air Purified N
THC (Cs-equivalent) < 0.05 umol/mol < 0.05 umol/mol
Cco <1 pmol/mol <1 pmol/mol
CO, <10 pmol/mol <10 pmol/mol
0O, 0.205 to 0.215 mol/mol < 2 umol/mol
NOy < 0.02 umol/mol <0.02 umol/mol
N,0O% <0.02 pmol/mol <0.02 pmol/mol

#\We do not require these levels of purity to be NIST-traceable.
b2The N,O limit applies only if the standard-setting part requires you to report N,O or certify to an N,O standard.

* * * * *

368. Amend § 1065.790 by revising paragraph (b) to read as follows:

§1065.790 Mass standards.

* * * * *

(b) Dynamometer, fuel mass scale, and DEF mass scale calibration weights. Use dynamometer
and mass scale calibration weights that are certified as NIST-traceable within 0.1 % uncertainty.
Calibration weights may be certified by any calibration lab that maintains NIST-

traceability. fReserved]}

369. Amend § 1065.905 by revising paragraph (f) to read as follows:
§ 1065.905 General provisions.
* *

* * *

(f) Summary. The following table summarizes the requirements of paragraphs (d) and (e) of this
section:
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TABLE 1 OF § 1065.905-SUMMARY OF TESTING REQUIREMENTS SPECIFIED OUTSIDE OF THIS SUBPART J

Subpart

Applicability for field testing*

a

Applicability for laboratory or
similar testing with PEMS
without restriction*#

Applicability for laboratory or
similar testing with PEMS with
restrictions*?

A: Applicability and general

) Use all. Use all. Use all.
provisions
Use all.
Use § 1065.101 and § 1065.140 through the end of subpart B, except § . .
B: Equipment for testing 1065.140(e)(1) and (4), § 1065.170(c)(1)(vi), and § 1065.195(c). § Use all. § 1065.910 specifies equipment

1065.910 specifies equipment specific to field testing.

specific to laboratory testing
with PEMS.

C: Measurement instruments

Use all.
§ 1065.915 allows deviations.

Use all except § 1065.295(c).

Use all except § 1065.295(c).
§ 1065.915 allows deviations.

D: Calibrations and

Use all except § 1065.308 and § 1065.309.

Use all.
§1065.920 allows deviations,

Use all.
verifications § 1065.920 allows deviations, but also has additional specifications. but also has additional
specifications.

E: Test engine selection, Do not use. Use all Use all
maintenance, and durability Use standard-setting part. ) )
F: Running an emission test in | Use 8§ 1065.590 and 1065.595 for PM Use all Use all
the laboratory § 1065.930 and § 1065.935 to start and run a field test. ) )

. Use all.
G: Calculations and data Use all. s

; . - ) Use all. § 1065.940 has additional

requirements § 1065.940 has additional calculation instructions calculation instructions
H: Fuels, engine fluids,
analytical gases, and other Use all. Use all. Use all.
calibration materials
I: Testing with oxygenated Use all. Use all. Use all.
fuels
K: Definitions and reference Use all. Use all. Use all.

materials

@Refer to paragraphs (d) and (e) of this section for complete specifications.
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370. Amend § 1065.910 by revising paragraph (a)(2) to read as follows:

§1065.910 PEMS auxiliary equipment for field testing.

* * * * *

(a) * * *

(2) Tubing. Yse-We recommend using rigid 300 series stainless steel tubing to connect between
flexible connectors. Tubing may be straight or bent to accommodate vehicle geometry. You
may use “T” or “Y” fittings made-6f-300-seriesstainlesssteel-tubing-to join multiple
connections, or you may cap or plug redundant flow paths if the engine manufacturer

recommends it.
* * * * *

371. Amend § 1065.915 by revising paragraph (a) to read as follows:

§1065.915 PEMS instruments.

(a) Instrument specifications. We recommend that you use PEMS that meet the specifications of
subpart C of this part. For unrestricted use of PEMS in a laboratory or similar environment, use
a PEMS that meets the same specifications as each lab instrument it replaces. For field testing or
for testing with PEMS in a laboratory or similar environment, under the provisions of §
1065.905(b), the specifications in the following table apply instead of the specifications in Table
1 of § 1065.205:-
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TABLE 1 OF § 1065.915-RECOMMENDED MINIMUM PEMS MEASUREMENT INSTRUMENT PERFORMANCE

Rise time, t10-90,

Measurement ual\rflt?{a; lsm;gbol and Rec?rredllr]gnlépdate Accuracy®* Repeatability** Noise*?
q Y! Fall time, too-10 q Y
) 5% of pt. or 2% of pt. or o
Engine speed transducer fn 1s 1 Hz means 1 9% of max. 1 % of max. 0.5 % of max
Engine torque estimator, BSFC 8 % of pt. or 2 % of pt. or o
(This is a signal from an engine’s ECM) TorBSFC Ls 1 Hz means 5 % of max. 1 % of max. 1% of max.
General pressure transducer 5 % of pt. or 2 % of pt. or 0
(not a part of another instrument) P 5s 1Hz 5 % of max. 0.5 % of max. 1% of max
Atmospheric pressure meter Patmos 50s 0.1Hz 250 Pa 200 Pa 100 Pa
General temperature sensor T 5s 1 Hz 1% of pt. Kor 0.5 % of pt. K or 0.5 % of max
(not a part of another instrument) 5K 2K 05K
General dewpoint sensor Tdew 50s 0.1Hz 3K 1K 1K
: 5 % of pt. or 0 0
Exhaust flow meter n 1s 1 Hz means 3% of max. 2 % of pt. 2 % of max.
Dilution air, inlet air, exhaust, and sample ; 2.5 % of pt. or 1.25 % of pt. or o
flow meters n Ls 1 Hz means 1.5 % of max. 0.75 % of max. 1% of max.
. 4 % of pt. or 2 % of pt. or o
Continuous gas analyzer X 5s 1Hz 4% of meas. 2 9% of meas. 1 % of max.
Gravimetric PM balance Mem — — See § 1065.790 0.5 ug —
0, 0,
Inertial PM balance Mpm — — 4 % of pt. or 2 % of pt. or 1 % of max

4 % of meas.

2 % of meas.

aAccuracy, repeatability, and noise are all determined with the same collected data, as described in § 1065.305, and based on absolute values. “pt.” refers to the overall
flow-weighted mean value expected at the standard; “max.” refers to the peak value expected at the standard over any test interval, not the maximum of the instrument’s
range; “meas” refers to the actual flow-weighted mean measured over any test interval.
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372. Amend § 1065.1001 by adding a definition for "Enhanced-idle” in alphabetical order and
revising the definition for “Test interval” to read as follows:
§ 1065.1001 Definitions.

* *

* * *

Enhanced-idle means a mode of engine idle operation where idle speed is elevated above

warm idle speed as determined by the electronic control module, for example during engine

warm-up or to increase exhaust temperature.

* *

* * *

Test interval means a duration of time over which you determine mass of brake-
specificemissions. For example, the standard-setting part may specify a complete laboratory
duty cycle as a cold-start test interval, plus a hot-start test interval. As another example, a

standard-setting part may specify a field-test interval, such as a “not-to-exceed” (NTE) event, as
a duration of time over which an engine operates within a certain range of speed and torque. In
cases where multiple test intervals occur over a duty cycle, the standard-setting part may specify

additional calculations that weight and combine results to arrive at composite values for

comparison against the
*

*

* *

applicable standards.

373. Amend § 1065.1005 by revising paragraphs (a), (c), (d), (), (f)(2), and (g) to read as

follows:

§ 1065.1005 Symbols, abbreviations, acronyms, and units of measure.

* *

* * *

(a) Symbols for quantities. This part uses the following symbols and units of measure for

various quantities:
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- . . Units in terms of SI
Symbol Quantity Unit Unit symbol base units
o atomic hydrogen-to-carbon ratio mole per mole mol/mol 1
A area square meter m? m?
a0 intercept of least squares regression
a1 slope of least squares regression
ag acceleration of Earth’s gravity meter per square second [m/s? m-s2
ratio of diameters meter per meter m/m 1
atomic oxygen-to-carbon ratio mole per mole mol/mol 1
Cx number of carbon atoms in a molecule
c power-specific carbon mass error gram per kilowatt--hour [a/(kW-hr) 3.610°-m %52
coefficient
Cq discharge coefficient
Ct flow coefficient
0 atomic nitrogen-to-carbon ratio mole per mole mol/mol 1
d [Biameterdiameter meter m m
d power-specific carbon mass rate gram per kilowatt--hour fg/(kW-hr) 3.6-10°-m %52
labsolute error coefficent
DR dilution ratio mole per mole mol/mol 1
R error between a quantity and its
reference
c difference or error guantity
e :;iti}i%i%:c emission or fuel gram per kilowatt hour [g/(kW-hr) %s?;'sfllm kg
F F-test statistic
f frequency hertz Hz st




fn angular speed (shaft) revolutions per minute |r/min n-30%-s!
(joule per kilogram
y ratio of specific heats kelvin) per (joule per  |(J/(kg'K))/(J/(kg'K)) (1
kilogram Kkelvin)
y atomic sulfur-to-carbon ratio mole per mole mol/mol 1
K correction factor 1
Kv calibration coefficient m*s-K%5/kg m*kgls-K%®
[ length meter m m
L limit
viscosity, dynamic pascal second Pa-s m-kg-s?t
M molar mass® gram per mole g/mol 10-3-kg-mol!
m mass kilogram kg kg
m mass rate kilogram per second kals kg-s?t
v viscosity, kinematic ;nei;er:dsquared per m?/s m2-st
N total number in series
n amount of substance mole mol mol
n lamount of substance rate mole per second mol/s mol-st
P power kilowatt kw 103-m?kg-s™
PF penetration fraction
p pressure pascal Pa m™-kg-s?
n mass density kilogram per cubic kg/m? m--kg
meter
Up differential static pressure pascal Pa m-1-kg-s?
r ratio of pressures pascal per pascal Pa/Pa 1
r2 coefficient of determination
Ra average surface roughness micrometer um 10°-m
Re* Reynolds number
RF response factor
RH relative humidity
o non-biased standard deviation
S Sutherland constant kelvin K K
SEE standard error of the estimate-ef error
T absolute temperature kelvin K K
T Celsius temperature degree Celsius °C K -273.15
T torque (moment of force) newton meter N-m m?kg-s?
o plane angle degrees ° rad
t time second s s
t time interval, period, 1/frequency second s s
v volume cubic meter m3 m®
Vv \volume rate cubic meter per second |m%/s m-st
W work kilowatt-hour KW-hr 3.6:10%m*kg-s?
we carbon mass fraction gram per gram g/g 1
X lamount of substance mole fraction®  [mole per mole mol/mol 1
X flow-weighted mean concentration mole per mole mol/mol 1
generic variable
Z compressibility factor

a*See paragraph (f)(2) of this section for the values to use for molar masses. Note that in the cases of NOx and HC, the
regulations specify effective molar masses based on assumed speciation rather than actual speciation.
bNote that mole fractions for THC, THCE, NMHC, NMHCE, and NOTHC are expressed on a Ci-equivalent basis.

* * * * *

(c) Prefixes. This part uses the following prefixes te-define-a-guantityfor units and unit symbols:

ValueFact
or

QuantityPre

Symbol
fix name
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U micro 106
m milli 108
c centi 102
k kilo 10°
M mega 106

(d) Superscripts. This part uses the following superscripts to-define-afor modifying quantity
symbols:

Superscript QuantityMeaning
overbar (suchas Y ) arithmetic mean
overdot (such as y) quantity per unit time

(e) Subscripts. This part uses the following subscripts te-define-afor modifying quantity
symbols:

Subscript | QuantityMeaning
a }@olute (e.q., absolute difference or error)
abs labsolute quantity
act lactual condition
air air, dry
lamb lambient
latmos latmospheric
bkgnd background
C carbon mass
cal calibration quantity
CFV critical flow venturi
comb combined
compesite [composite value
cor corrected quantity
dil dilution air
dew dewpoint
dexh diluted exhaust
dry dry condition
dutycycle duty cycle
5 related to a difference or error guantity
exh raw exhaust
exp expected quantity
fluid fluid stream
fn feedback speed
frict friction
fuel fuel consumption
hi,idle condition at high-idle
i an individual of a series
idle condition at idle
in quantity in
init initial quantity, typically before an emission test
int intake air
j an individual of a series
mapped conditions over which an engine can operate
the maximum (i.e., peak) value expected at the standard over a
max test interval; not the maximum of an instrument range
meas measured quantity
media PM sample media
mix mixture of diluted exhaust and air
norm normalized
out quantity out
P power
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part partial quantity

PDP positive-displacement pump
post after the test interval

pre before the test interval

prod stoichiometric product

r relative (e.q., relative difference or error)
rate rate (divided by time)

record record rate

ref reference quantity

rev revolution

sat saturated condition

s slip

span span quantity

SSV subsonic venturi

std standard condition

stroke lengine strokes per power stroke
T torque

test test quantity

test,alt alternate test quantity

uncor uncorrected quantity

vac \vacuum side of the sampling system
weight calibration weight

zero zero quantity

*

(2) This part uses the following molar masses or effective molar masses of chemical species:

Symbol Quantity (10_39((’;‘3'1 ol
Mair molar mass of dry air®* 28.96559
Mar molar mass of argon 39.948
Mc molar mass of carbon 12.0107
Mchson  |molar mass of methanol 32.04186
Mcanson |molar mass of ethanol 46.06844
MczHao  |molar mass of acetaldehyde 44.05256
Mchanzo |molar mass of urea 60.05526
Mcaons molar mass of ethane 30.06904
McsHs molar mass of propane 44.09562
Mcsnron  |molar mass of propanol 60.09502
Mco molar mass of carbon monoxide 28.0101
Mch4 molar mass of methane 16.0425
Mco2 molar mass of carbon dioxide 44.0095
Mu molar mass of atomic hydrogen 1.00794
Mh2 molar mass of molecular hydrogen 2.01588
Mhz20 molar mass of water 18.01528
Mchzo molar mass of formaldehyde 30.02598
Mhe molar mass of helium 4.002602
Mn molar mass of atomic nitrogen 14.0067
Mn2 molar mass of molecular nitrogen 28.0134
Mnrsz molar mass of ammonia 17.03052
Mnmrc [effective Ci molar mass of nonmethane hydrocarbon® 13.875389
Mririce :;fueicvt;\llsnfhlz molar mass of nonmethane hydrocarbon 13.875389
Miwingie ﬁ;fgrcégier b%ln rhgolar mass of nonmethane-nonethane 13.875389
Mnox effective molar mass of oxides of nitrogen= 46.0055
Mn2o0 molar mass of nitrous oxide 44.0128
Mo molar mass of atomic oxygen 15.9994
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Mo2 molar mass of molecular oxygen 31.9988
Ms molar mass of sulfur 32.065
Mrthc effective C1 molar mass of total hydrocarbon®? 13.875389
MrtHce effective C1 molar mass of total hydrocarbon equivalent?? 13.875389

#See paragraph (f)(1) of this section for the composition of dry air.

22The effective molar masses of THC, THCE, NMHC, NMHCE, and NMNEHC are defined on a
C1 basis and are based on an atomic hydrogen-to-carbon ratio, «, of 1.85 (with 8, y, and J equal
to zero).

“The effective molar mass of NOx is defined by the molar mass of nitrogen dioxide, NOa.

* * * * *

(9) Other acronyms and abbreviations. This part uses the following additional abbreviations and
acronyms:

Acronym Meaning

ABS acrylonitrile-butadiene-styrene

ASTM American Society for Testing and MaterialsASTM
International

BMD bag mini-diluter

BSFC brake-specific fuel consumption

CARB California Air Resources Board

CFR Code of Federal Regulations

CFV critical-flow venturi

Cl compression-ignition

CITT Curb Idle Transmission Torque

CLD chemiluminescent detector

CVs constant-volume sampler

DEF diesel exhaust fluid

DF deterioration factor

ECM electronic control module

EFC electronic flow control

e.g. exempli gratia, for example

EGR exhaust gas recirculation

EPA Environmental Protection Agency

FEL Family Emission Limit

FID flame-ionization detector

FTIR Fourier transform infrared

GC gas chromatograph

GC-ECD gas chromatograph with an electron-capture detector

GC-FID gas chromatograph with a flame ionization detector

HEPA high-efficiency particulate air

IBP initial boiling point

IBR incorporated by reference

i.e. id est, in other words

1SO International Organization for Standardization

LPG liquefied petroleum gas

MPD magnetopneumatic detection

NDIR nondispersive infrared

NDUV nondispersive ultraviolet

NIST National Institute for Standards and Technology

NMC nonmethane cutter

PDP positive-displacement pump

PEMS portable emission measurement system

PFD partial-flow dilution

PLOT porous layer open tubular

PMD paramagnetic detection

PMP Polymethylpentene

pt. a single point at the mean value expected at the standard.
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psi pounds per square inch

PTFE polytetrafluoroethylene (commonly known as Teflon™)
RE rounding error

RESS rechargeable energy storage system

RFPF response factor penetration fraction

RMC ramped-modal cycle

rms root-mean square

RTD resistive temperature detector

SAW surface acoustic wave

SEE standard error of the estimate-of-error

SSV subsonic venturi

S| spark-ignition

THC-FID total hydrocarbon flame ionization detector
TINV inverse student t-test function in Microsoft Excel
UCL upper confidence limit

UFM ultrasonic flow meter

U.S.C. United States Code

374. Amend § 1065.1010 by revising paragraph (b) to read as follows:

§ 1065.1010 Incorporation by reference.

* * * * *

(b) ASTM material. The following standards are available from ASTM International, 100 Barr
Harbor Dr., P.O. Box C700, West Conshohocken, PA 19428-2959, (877) 909-ASTM, or
http://www.astm.org:

(1) ASTM D86-12, Standard Test Method for Distillation of Petroleum Products at Atmospheric
Pressure, approved December 1, 2012 (“ASTM D86”), IBR approved for §§ 1065.703(b) and
1065.710(b) and (c).

(2) ASTM D93-13, Standard Test Methods for Flash Point by Pensky- Martens Closed Cup
Tester, approved July 15, 2013 (“ASTM D93"), IBR approved for § 1065.703(b).

(3) ASTM D130-12, Standard Test Method for Corrosiveness to Copper from Petroleum
Products by Copper Strip Test, approved November 1, 2012 (“ASTM D130”), IBR approved for
§ 1065.710(b).

(4) ASTM D381-12, Standard Test Method for Gum Content in Fuels by Jet Evaporation,
approved April 15, 2012 (“ASTM D381"), IBR approved for § 1065.710(b).

(5) ASTM D445-12, Standard Test Method for Kinematic Viscosity of Transparent and Opaque
Liquids (and Calculation of Dynamic Viscosity), approved April 15, 2012 (“ASTM D445”), IBR
approved for § 1065.703(b).

(6) ASTM D525-12a, Standard Test Method for Oxidation Stability of Gasoline (Induction
Period Method), approved September 1, 2012 (“ASTM D525”), IBR approved for §
1065.710(b).

(7) ASTM D613-13, Standard Test Method for Cetane Number of Diesel Fuel Oil, approved
December 1, 2013 (“ASTM D613"), IBR approved for § 1065.703(b).

(8) ASTM D910-13a, Standard Specification for Aviation Gasolines, approved December 1,
2013 (“ASTM D910”), IBR approved for § 1065.701(f).

(9) ASTM D975-13a, Standard Specification for Diesel Fuel Oils, approved December 1, 2013
(“ASTM D975”), IBR approved for § 1065.701(f).

(10) ASTM D1267-12, Standard Test Method for Gage Vapor Pressure of Liquefied Petroleum
(LP) Gases (LP-Gas Method), approved November 1, 2012 (“ASTM D1267”), IBR approved for
§ 1065.720(a).
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(11) ASTM D1319-13, Standard Test Method for Hydrocarbon Types in Liquid Petroleum
Products by Fluorescent Indicator Adsorption, approved May 1, 2013 (“ASTM D1319”), IBR
approved for § 1065.710(c).

(12) ASTM D1655-13a, Standard Specification for Aviation Turbine Fuels, approved December
1, 2013 (“ASTM D1655"), IBR approved for § 1065.701(f).

(13) ASTM D1837-11, Standard Test Method for Volatility of Liquefied Petroleum (LP) Gases,
approved October 1, 2011 (“ASTM D1837”), IBR approved for § 1065.720(a).

(14) ASTM D1838-12a, Standard Test Method for Copper Strip Corrosion by Liquefied
Petroleum (LP) Gases, approved December 1, 2012 (“ASTM D1838”), IBR approved for §
1065.720(a).

(15) ASTM D1945-03 (Reapproved 2010), Standard Test Method for Analysis of Natural Gas by
Gas Chromatography, approved January 1, 2010 (“ASTM D1945”), IBR approved for §
1065.715(a).

(16) ASTM D2158-11, Standard Test Method for Residues in Liquefied Petroleum (LP) Gases,
approved January 1, 2011 (“ASTM D2158"), IBR approved for § 1065.720(a).

(17) ASTM D2163-07, Standard Test Method for Determination of Hydrocarbons in Liquefied
Petroleum (LP) Gases and Propane/Propene Mixtures by Gas Chromatography, approved
December 1, 2007 (“ASTM D2163”), IBR approved for § 1065.720(a).

(18) ASTM D2598-12, Standard Practice for Calculation of Certain Physical Properties of
Liquefied Petroleum (LP) Gases from Compositional Analysis, approved November 1, 2012
(“ASTM D2598"), IBR approved for § 1065.720(a).

(19) ASTM D2622-16, Standard Test Method for Sulfur in Petroleum Products by Wavelength
Dispersive X-ray Fluorescence Spectrometry, approved January 1, 2016 (“ASTM D2622”), IBR
approved for §§ 1065.703(b) and 1065.710(b) and (c).

(20) ASTM D2699-13b, Standard Test Method for Research Octane Number of Spark-Ignition
Engine Fuel, approved October 1, 2013 (“ASTM D2699”), IBR approved for § 1065.710(b).
(21) ASTM D2700-13b, Standard Test Method for Motor Octane Number of Spark-Ignition
Engine Fuel, approved October 1, 2013 (“ASTM D2700”), IBR approved for § 1065.710(b).
(22) ASTM D2713-13, Standard Test Method for Dryness of Propane (Valve Freeze Method),
approved October 1, 2013 (“ASTM D2713”), IBR approved for § 1065.720(a).

(23) M- D andard-Te y h a) urin-iayefied um

1065.720(a)-
{24)-ASTM D2880-13b, Standard Specification for Gas Turbine Fuel Qils, approved November
15, 2013 (“ASTM D2880"), IBR approved for § 1065.701(f).

(245) ASTM D2986-95a, Standard Practice for Evaluation of Air Assay Media by the
Monodisperse DOP (Dioctyl Phthalate) Smoke Test, approved September 10, 1995 (“ASTM
D2986"), IBR approved for § 1065.170(c). (Note: This standard was withdrawn by ASTM.)
(256) ASTM D3231-13, Standard Test Method for Phosphorus in Gasoline, approved June 15,
2013 (“ASTM D3231"), IBR approved for § 1065.710(b) and (c).

(264) ASTM D3237-12, Standard Test Method for Lead in Gasoline By Atomic Absorption
Spectroscopy, approved June 1, 2012 (“ASTM D3237”), IBR approved for § 1065.710(b) and
(c).

(278) ASTM D4052-11, Standard Test Method for Density, Relative Density, and API Gravity
of Liquids by Digital Density Meter, approved October 15, 2011 (“ASTM D4052”), IBR
approved for § 1065.703(b).
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(289) ASTM D4629-12, Standard Test Method for Trace Nitrogen in Liquid Petroleum
Hydrocarbons by Syringe/Inlet Oxidative Combustion and Chemiluminescence Detection,
approved April 15, 2012 (“ASTM D4629”), IBR approved for § 1065.655(e).

(2930) ASTM D4814-13b, Standard Specification for Automotive Spark-Ignition Engine Fuel,
approved December 1, 2013 (“ASTM D4814”), IBR approved for § 1065.701(F).

(30%) ASTM D4815-13, Standard Test Method for Determination of MTBE, ETBE, TAME,
DIPE, tertiary-Amyl Alcohol and C1 to C4 Alcohols in Gasoline by Gas Chromatography,
approved October 1, 2013 (“ASTM D4815”), IBR approved for § 1065.710(b).

(312) ASTM D5186-03 (Reapproved 2009), Standard Test Method for Determination of the
Aromatic Content and Polynuclear Aromatic Content of Diesel Fuels and Aviation Turbine Fuels
By Supercritical Fluid Chromatography, approved April 15, 2009 (“ASTM D5186”), IBR
approved for § 1065.703(b).

(323) ASTM D5191-13, Standard Test Method for Vapor Pressure of Petroleum Products (Mini
Method), approved December 1, 2013 (“ASTM D5191"), IBR approved for § 1065.710(b) and
(c).

(334) ASTM D5291-10, Standard Test Methods for Instrumental Determination of Carbon,
Hydrogen, and Nitrogen in Petroleum Products and Lubricants, approved May 1, 2010 (“ASTM
D5291"), IBR approved for § 1065.655(e).

(345) ASTM D5453-19a , Standard Test Method for Determination of Total Sulfur in Light
Hydrocarbons, Spark Ignition Engine Fuel, Diesel Engine Fuel, and Engine Oil by Ultraviolet
Fluorescence, approved July 1, 2019 (“ASTM D5453”), IBR approved for §§ 1065.703(b) and
1065.710(b).

(356) ASTM D5599-00 (Reapproved 2010), Standard Test Method for Determination of
Oxygenates in Gasoline by Gas Chromatography and Oxygen Selective Flame lonization
Detection, approved October 1, 2010 (“ASTM D5599”), IBR approved for §§ 1065.655(¢e) and
1065.710(b).

(36%) ASTM D5762-12 Standard Test Method for Nitrogen in Petroleum and Petroleum
Products by Boat-Inlet Chemiluminescence, approved April 15, 2012 (“ASTM D5762”), IBR
approved for § 1065.655(e).

(378) ASTM D5769-10, Standard Test Method for Determination of Benzene, Toluene, and
Total Aromatics in Finished Gasolines by Gas Chromatography/Mass Spectrometry, approved
May 1, 2010 (“ASTM D5769”), IBR approved for § 1065.710(b).

(389) ASTM D5797-13, Standard Specification for Fuel Methanol (M70- M85) for Automotive
Spark-Ignition Engines, approved June 15, 2013 (“ASTM D5797”), IBR approved for §
1065.701(f).

(3940) ASTM D5798-13a, Standard Specification for Ethanol Fuel Blends for Flexible Fuel
Automotive Spark-Ignition Engines, approved June 15, 2013 (“ASTM D5798”), IBR approved
for § 1065.701(f).

(401) ASTM D6348-12%, Standard Test Method for Determination of Gaseous Compounds by
Extractive Direct Interface Fourier Transform Infrared (FTIR) Spectroscopy, approved February
1, 2012 (“ASTM D6348"), IBR approved for 88 1065.266(b) and 1065.275(b).

(412) ASTM D6550-10, Standard Test Method for Determination of Olefin Content of Gasolines
by Supercritical-Fluid Chromatography, approved October 1, 2010 (“ASTM D6550"), IBR
approved for § 1065.710(b).

(423) ASTM D6615-11a, Standard Specification for Jet B Wide-Cut Aviation Turbine Fuel,
approved October 1, 2011 (“ASTM D6615”), IBR approved for § 1065.701(F).
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(43) ASTM D6667-14 (Reapproved 2019), Standard Test Method for Determination of Total
Volatile Sulfur in Gaseous Hydrocarbons and Liquefied Petroleum Gases by Ultraviolet
Fluorescence, approved May 1, 2019 (*ASTM D6667”), IBR approved for 8§ 1065.720(a).

(44) ASTM D6751-12, Standard Specification for Biodiesel Fuel Blend Stock (B100) for Middle
Distillate Fuels, approved August 1, 2012 (“ASTM D6751”), IBR approved for § 1065.701(f).
(45) ASTM D6985-04a, Standard Specification for Middle Distillate Fuel Oil—Military Marine
Applications, approved November 1, 2004 (“ASTM D6985”), IBR approved for § 1065.701(f).
(Note: This standard was withdrawn by ASTM.)

(46) ASTM D7039-15a (Reapproved 2020), Standard Test Method for Sulfur in Gasoline, Diesel
Fuel, Jet Fuel, Kerosine, Biodiesel, Biodiesel Blends, and Gasoline-Ethanol Blends by
Monochromatic Wavelength Dispersive X-ray Fluorescence Spectrometry, approved May 1,
2020 (“ASTM D7039”), IBR approved for §§ 1065.703(b) and 1065.710(b).

(47) ASTM F1471-09, Standard Test Method for Air Cleaning Performance of a High-
Efficiency Particulate Air Filter System, approved March 1, 2009 (“ASTM F1471”), IBR
approved for § 1065.1001.

*

* * * *
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Part 1066—VEHICLE-TESTING PROCEDURES
375. The authority citation for part 1066 continues to read as follows:
Authority: 42 U.S.C. 7401 - 7671q.

376. Amend § 1066.1 by revising paragraph (g) to read as follows:

§1066.1 Applicability.

* * * * *

(9) For additional information regarding these test procedures, visit our Web site at
www.epa.gov, and in particular https://www.epa.gov/vehicle-and-fuel-emissions-testing/vehicle-

testing-regulationshttp-Awnaepa-govinvieltesting/regulations-htm.

377. Amend § 1066.135 by revising paragraph (a)(1) to read as follows:
§1066.135 Linearity verification.
* * *

* *

(a) * * *

(1) Use instrument manufacturer recommendations and good engineering judgment to select at
least ten reference values, yrefi, that cover the range of values that you expect during testing (to
prevent extrapolation beyond the verified range during emission testing). We recommend
selecting zero as one of your reference values. For each range calibrated, if the deviation from a
least-squares best-fit straight line is 2 % or less of the value at each data point, concentration
values may be calculated by use of a straight-line curve fit for that range. If the deviation
exceeds 2 % at any point, use the best-fit nonlinear equation that represents the data to within 2
% of each test point to determine concentration. If you use a gas divider to blend calibration
gases, you may verify that the calibration curve produced names a calibration gas within 2 % of
its certified concentration. Perform this verification between 15-10 and 50-60 % of the full-scale

analyzer range.
* * * * *

378. Amend § 1066.210 by revising paragraph (d)(3) to read as follows:
§ 1066.210 Dynamometers.

* * * * *

d * * *

(3) The load applied by the dynamometer simulates forces acting on the vehicle during normal
driving according to the following equation:

FR = A-cos(atan(G,,))+B-v,+C-/ + M, %+ M -a, -sin(atan(G,,))
(I

Eq. 1066.210-1

Where:

FR = total road-load force to be applied at the surface of the roll. The total force is the sum of
the individual tractive forces applied at each roll surface.

i = a counter to indicate a point in time over the driving schedule. For a dynamometer operating
at 10-Hz intervals over a 600-second driving schedule, the maximum value of i should be 6,000.
A = a vehicle-specific constant value representing the vehicle’s frictional load in Ibf or newtons.
See subpart D of this part.
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Gi = instantaneous road grade, in percent. If your duty cycle is not subject to road grade, set this
value to 0.

B = a vehicle-specific coefficient representing load from drag and rolling resistance, which are a
function of vehicle speed, in Ibf/(mi/hr) or N-s/m. See subpart D of this part.

v = instantaneous linear speed at the roll surfaces as measured by the dynamometer, in mi/hr or
m/s. Letvi-a=0fori=0.

C = a vehicle-specific coefficient representing aerodynamic effects, which are a function of
vehicle speed squared, in Ibf/(mi/hr)? or N-s2/m2. See subpart D of this part.

Me = the vehicle’s effective mass in Ibm or kg, including the effect of rotating axles as specified
in § 1066.310(b)(7).

t = elapsed time in the driving schedule as measured by the dynamometer, in seconds. Let ti-1 =
0fori=0.

M = the measured vehicle mass, in Ibm or kg.

ag = acceleration of Earth’s gravity = 9.80665 m/s?-as-described-in-40-CFR-1065.630.

* *

* * *

379. Amend § 1066.255 by revising paragraph (c) to read as follows:

§ 1066.255 Parasitic loss verification.

* * * * *

(c) Procedure. Perform this verification by following the dynamometer manufacturer’s
specifications to establish a parasitic loss curve, taking data at fixed speed intervals to cover the
range of vehicle speeds that will occur during testing. You may zero the load cell at a selected
speed if that improves your ability to determine the parasitic loss. Parasitic loss forces may
never be negative. Note that the torque transducers must be mathematically zeroed and spanned

prior to performing this procedure.
* * * * *

380. Amend § 1066.260 by revising paragraph (c)(4) to read as follows:
8§ 1066.260 Parasitic friction compensation evaluation.
* * * * *
(C) * * *
(4) Calculate the power equivalent of friction compensation error, FCeror, using the following
equation:
FCermr = % : (Viznit - szinal )
Eq. 1066.260-1
Where:
| = dynamometer inertia setting.
t = duration of the measurement interval, accurate to at least 0.01 s.
vinit = the roll speed corresponding to the start of the measurement interval, accurate to at least
0.05 mi/hr.
viinal = the roll speed corresponding to the end of the measurement interval, accurate to at least
0.05 mi/hr.

Example:
I = 2000 lom = 62.16 Ibf-s/ft
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t=60.0s
vinit = 9.2 mi/hr = 13.5 ft/s
viinal = 10.0 mi/hr = 14.7 ft/s

o = 62.16 -(18.5°-14.7%)
2-60.00
FCerror = -176.5 ft-Ibf/s = -0.032% hp
* * * * *

381. Amend § 1066.265 by revising paragraph (d)(1) to read as follows:

§1066.265 Acceleration and deceleration verification.
* * * * *

d) * * *
(1) Calculate the force setting, F, using the following equation:
F=1,|al
Eq. 1066.265-4
Where:

Ip = the dynamometer manufacturer’s stated base inertia, in Ibf-s?/ft.
a = nominal acceleration rate, in ft/s?.

Example:
Ib = 2967 lbm = 92.217 Ibf-s?/ft
a =1 (mi/hr)/s = 1.4667 ft/s

F=s22lr |1 4667]‘ 7 [ Commented [CAL77]: Equation updated.
F 135 25 |bf 777777777777777777777777777777777777777777777777

382. Amend § 1066.270 by revising paragraphs (c)(4) and (d)(2) to read as follows:
§1066.270 Unloaded coastdown verification.
* * * * *
(C) * * *
(4) Determine the mean coastdown force, F , for each speed and inertia setting for each of the
coastdowns performed using the following equation:
E= I '(Vinit _Vfinal)
t

Eqg. 1066.270-1
Where:
F = the mean force measured during the coastdown for each speed interval and inertia setting,
expressed in Ibf-s*# and rounded to four significant figures.
| = the dynamometer’s inertia setting, in Ibf-s%/ft.
Vinit = the speed at the start of the coastdown interval, expressed in ft/s to at least four significant
figures.
viinal = the speed at the end of the coastdown interval, expressed in ft/s to at least four significant
figures.
t = coastdown time for each speed interval and inertia setting, accurate to at least 0.01 s.

A-287



Example:

I = 2000 Ibm = 62.16 Ibf-s?/ft
Vinit = 25 mi/hr = 36.66 ft/s
vfinal = 15 mi/hr = 22.0 ft/s
t=5.00s

62.16-(36.66—22.0)

5.00
F =182.2-3 Ibf

T
Il

* *

(d) * * *

(2) For vehicles above 20,000 pounds GVWR, the maximum allowable error, Ferrormax, for all
speed intervals and inertia settings is 1.0 % or £39.2-Nthe value determined from Eg. 1066.270-
3 (substituting 8.8 Ibf for 2.2 Ibf in the numerator), whichever is greater.

* * * * *

383. Amend § 1066.275 by revising paragraphs (b) and (d) to read as follows:

§ 1066.275 Daily dynamometer readiness verification.

* * * * *

(b) Scope and frequency. Perform this verification upon initial installation, within 1 day before
testing, and after major maintenance._You may run this within 7 days before testing if you

accumulate -everaperiod-oftimeyou-have-data to support a less frequent verification interval.

* * * * *

(d) Performance evaluation. The coastdown force error determined in paragraph (c) of this
section may not exceed the following:
(2) For vehicles at or below 20,000 pounds GVWR, £1.0 % or the value determined from Eq.
1066.270-3+(x2.2-1bf)}-+9.8-N-, whichever is greater.
(2) For vehicles above 20,000 pounds GVWR, £1.0 % or £39.2-Nthe value determined from
Eq. 1066.270-3 (substituting {+8.8 Ibf) for 2.2 Ibf), whichever is greater.

* * * * *

384. Revise § 1066.405 to read as follows:

§ 1066.405 Vehicle preparation, and-preconditioning, and maintenance.

(a) Prepare the vehicle for testing (including measurement of evaporative and refueling
emissions if appropriate), as described in the standard-setting part.

(b) If you inspect a vehicle, keep a record of the inspection and update your application for
certification to document any changes that result. You may use any kind of equipment,
instrument, or tool that is available at dealerships and other service outlets to identify bad
enginemalfunctioning components or perform maintenance-fitis-available-at dealerships-and
otherservice-outlets.

(c) You may repair a-testvehicle-asneededfor-defective parts from a test vehicle if they that-are
unrelated to emission control. You must ask us to approve repairs that might affect the vehicle’s
emission controls. If we determine that a part failure, system malfunction, or associated repairs
makes the vehicle’s emission controls unrepresentative of production engines, you may not
lenger-use it as an emission-data vehicle. Also, if the engine installed in the test vehicle has a
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major mechanical failure that requires you to take the vehicle apart, you may no longer use the
vehicle as an emission-data vehicle for exhaust measurements.

385. Amend § 1066.420 by revising paragraph (d) to read as follows:

§ 1066.420 Test preparation.

* * * * *

(d) Control test cell ambient air humidity as follows:

(1) For vehicles at or below 14,000 pounds GVWR, follow the humidity requirements in Table 1
of this section, unless the standard-setting part specifies otherwise. When complying with
humidity requirements in the table, where no tolerance is specified, use good engineering
judgment to maintain the humidity level near the specified value within the limitations of your
test facility.

(2) For vehicles above 14,000 pounds GVWR, you may test vehicles at any humidity.

(3) Table 1 follows:

TABLE 1 OF § 1066.420—-TEST CELL HUMIDITY REQUIREMENTS

Testcyele Eﬂi?é‘i'%i%'rrﬁ?fﬁé Tolrance (grais H:0
+
AC17 89 + 15 ;Sn:t\g\er::’a\%%ous
FTP# and LA-92 50
HFET 50
SC03 100 + 5 average
US06 50

ZETP humidity requirement does not apply for cold (=7°C), intermediate
(10 °C), and hot (35 °C) temperature testing.

* * * * *

386. Amend § 1066.605 by revising paragraphs (c)(4) and (h)(2)(i) to read as follows:

8 1066.605 Mass-based and molar-based exhaust emission calculations.

* * * * *

(C) * * *

(4) For vehicles at or below 14,000 pounds GVWR, calculate HC concentrations, including
dilution air background concentrations, as described in this section, and as described in §
1066.635 for NMOG. For emission testing of vehicles above 14,000 pounds GVWR, with fuels
that contain 25 % or more oxygenated compounds by volume, calculate THCE and NMHCE
concentrations, including dilution air background concentrations, as described in 40 CFR part
1065, subpart I.
* * * * *

(h) * * *

(2) * * *

(i) Varying flow rate. If you continuously sample from a varying exhaust flow rate, calculate
Vifiow] Using the following equation:

N
V[flow] = ZQ At
i
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Eq. 1066.605-10

Where:
At = 1/frecord  Eq. 1066.605-11

Example:
N =505
..., =0276 m¥s

o.,., =0294ms

frecord = 1 Hz

Using Eqg. 1066.605-11,
At=1/1=15s

Veys = (0.276 + 0.294 + ...+ Q cygss) -1
Vevs = 170.721 m?

* * * * *

387. Amend § 1066.610 by revising paragraph (d) to read as follows:

§ 1066.610 Dilution air background correction.

* * * * *

(d) Determine the time-weighted dilution factor, DFw, over the duty cycle using the following
equation:

{Commented [CAL79]: Equation updated.

_[_\ﬁz

DF,

N 1

Z

i=1

U‘H

F

Eq. 1066.610-4
here
= number of test intervals.
i = test interval number
t = duration of the test interval.
DF = dilution factor over the test interval.

Example:
N=3
DF1=14.40
t1=505s
DF2=24.48
t2=867s
DF3=17.28

t3=505s
DE - 505+867 + 505 —18.82

! -505 |+ 1 ~867]+ 1 -505
14.40 24.48 17.28

388. Amend § 1066.710 by revising paragraph (c) to read as follows:
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§ 1066.710 Cold temperature testing procedures for measuring CO and NMHC emissions
and determining fuel economy.

* * *

(c) Heater and defroster. During the test, operate the vehicle’s interior climate control system
with the heat on and set-to-primarily-defrost-the-frontwindow—Tura-air conditioning off. You
may not use any supplemental auxiliary heat during this testing. You may set the heater to any
temperature and fan setting during vehicle preconditioning.

(1) Manual and automatic temperature control. Unless you rely on full automatic control as
specified in paragraph (c)(2) of this section, take the following steps to control heater settings:
(i) Set the climate control system as follows before the first acceleration (t = 20 s), or before
starting the vehicle if the climate control system allows it:

(A) Temperature. Set controls to maximum heat. For automatic temperature control systems
ruRRing-H-mandal-medethat allow the operator to select a specific temperature, set the heater
control to 72 °F or higher.

(B) Fan speed. Set the fan speed to full off or the lowest available speed if a full off position is
not available.

(C) Airflow direction. Direct airflow to the front window (window defrost mode).

(D) Air source. If independently controllable, set the system to draw in outside air.

(ii) At the second idle of the test cycle, which occurs 125 seconds after the start of the test, set
the fan speed to maximum. Complete by 130 seconds after the start of the test. Leave
temperature and air source settings unchanged

(iii) At the sixth idle of the test interval, which occurs at the deceleration to zero miles per hour
505 seconds after the start of the test, set the fan speed to the lowest setting that maintains air
flow. Complete these changes by 510 seconds after the start of the test. You may use different
vent and fan speed settings for the remainder of the test. Leave the temperature and air source
settings unchanged.

(2) Autermatic-Full automatic control. FervVehicles with full automatic control systems rurning
nautematic-mede,smay instead operate as described in this paragraph (c)(2). Set the
temperature to 72 °F and-in full automatic control for the whole test, allowing the vehicle to

adlust the air temperature and dlrectlon of the alrflow —Lf—the—s»#stem—a#emg—theeeetater—te—seteet

(3) Multiple-zone systems. For vehicles that have separate driver and passenger controls or
separate front and rear controls, you must set all temperature and fan controls as described in
paragraphs (c)(1) and (2) of this section, except that rear controls need not be set to defrost the
front window.

(4) Alternative test procedures. We may approve the use of other settings under 40 CFR 86.1840
if a vehicle’s climate control system is not compatible with the provisions of this section.

* * * * *

389. Amend § 1066.801 by revising paragraph (e) to read as follows:
§ 1066.801 Applicability and general provisions.
* * * *

*

(e) The following figure illustrates the FTP test sequence for measuring exhaust and evaporative
emissions:
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Fuel dnm and fill

& d“dc Soak l :I:G hour min

Pn:condmonmﬂ drive
; 1 hour MAX

Fuel drain and fill ~ }--------ommommmomonaes

v

Precondition canister | 12-36 hours

Cold start exhaust test |

; 10 minutes

Hot start exhaust test |

2 % _1-6hours

Running loss test |

! 7 minutes max

Hot soak test

90-100 °F ambient i

v

Vehicle soak J | 6-36 hours

Diurnal emission test

3 heat builds in 72 hours
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| Cold start exhaust test |

10 minutes

[ Hot start exhaust test |
v 7 minutes MAX
Hot soak test
68 - 86 °F ambient

1 hour

| Vehicle soak

; |
6-36 hours
P

Diumal emission test
2 heat builds in 48 hours
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390. Amend § 1066.835 by revising paragraphs (a) and (f)(2) to read as follows:
§ 1066.835 Exhaust emission test procedure for SC03 emissions.
* * * * *

(a) Drain and refill the vehicle’s fuel tank(s) if testing starts more than 72 hours after the most

recent FTP or HFET measurement after-thelast-drainand-fihoperation(with or without

evaporative emission measurements).
* * * * *

(f) * * *
(2) Conditions before and after testing. Use good engineering judgment to demonstrate that you
meet the specified rstantaneous-temperature and humidity tolerances in paragraphs (f)(1) of this

section at all times before and between emission measurements.
* * * * *

391. Revise § 1066.930 to read as follows:

§ 1066.930 Equipment for point-source measurement of running losses.

For point-source measurement of running loss emissions, use equipment meeting the
specifications in 40 CFR 86.107-96(i).

392. Amend § 1066.1005 by revising paragraphs (), (c), (d), and (f) to read as follows:

§ 1066.1005 Symbols, abbreviations, acronyms, and units of measure.
* * * * *

(a) Symbols for quantities. This part uses the following symbols and units of measure for
various quantities:

. . . Unit in terms of SI
Symbol Quantity Unit Unit symbol base units
a atomic hydrogen to carbon ratio  [mole per mole mol/mol 1
A area square meter m? m?
A vehicle frictional load pound force or newton Ibf or N m-kg-s?
ag acceleration of Earth’s gravity ~ |meters per second squared  |m/s? m-s2
Am calculated vehicle frictional load |pound force or newton Ibf or N m-kg-s?
N intercept of least squares
0 regression
a1 slope of least squares regression
a acceleration feet per second squared or ft/s? or m/s? m-s?
meters per second squared
\vehicle load from drag and pound force per mile per hour . . ol
B rolling resistance or newton second per meter Ibfi(mi/hr) or N-s/m - kg-s
3 ratio of diameters meter per meter m/m 1
i atomic oxygen to carbon ratio mole per mole mol/mol
c conversion factor
\vehicle-specific aerodynamic pound force per mile per hour Ibf/(mi/hr)? or "
C effects squared or newton-second N-s2/m? m1-kg
squared per meter squared
number of carbon atoms in a number of carbon
Cs Cu . Cy
molecule atoms in a molecule
Cd discharge coefficient
CuA drag area meter squared m? m?
Ct flow coefficient
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Cp heat capacity at constant pressure [joule per kelvin /K m?kg-s2-K*
Cv heat capacity at constant volume |joule per kelvin /K m?kg-s2-K*t
d diameter meters m m
D distance miles or meters mi or m m
ound force per mile per hour .
D slope correlation Equared or ngvvton seé)ond I,\Tslglmn:éhr)z or m2-kg
squared per meter squared
DF dilution factor 1
e mass weighted emission result  |grams/mile g/mi
F force pound force or newton Ibf or N kg-s?
f frequency hertz Hz st
fn angular speed (shaft) revolutions per minute r/min n-30-s!
FC friction compensation error horsepower or watt W m?-kg-s
FR road-load force pound force or newton Ibf or N kg-s?
(joule per kilogram kelvin)
¥ ratio of specific heats per (joule per kilogram (J/(kg'K))/(J/(kg'K)) [1
kelvin)
i ambient humidity Eirforgiama:jerry v{;;r)or per gi:-lzo vapor/kg dry gi:-lzo vapor/kg dry
4h change in height meters m m
| inertia pound mass or kilogram Ibm or kg kg
| |current ampere A A
i |indexing variable
IR inertia work rating
K correction factor 1
Kv calibration coefficient m*s-K%5/kg m*kg-s-KOS
m viscosity, dynamic pascal second Pa-s m-kg-s?t
M molar mass gram per mole g/mol 10-3-kg-mol*
Me effective mass kilogram kg kg
m mass pound mass or kilogram Ibm or kg kg
N total number in series
n total number of pulses in a series
P pressure pascal Pa m -kg-s2
Ap differential static pressure pascal Pa m-1-kg-s?
e
PF penetration fraction
mass density kilogram per cubic meter kg/m? m-3-kg
R dynamometer roll revolutions revolutions per minute rpm n-301-st
r ratio of pressures pascal per pascal Pa/Pa 1
r2 coefficient of determination
Re* Reynolds number
RF response factor
RH relative humidity
S Sutherland constant kelvin K K
SEE Zﬁgfard error of the estimate-of
SG specific gravity




s distance travel_ed during meters m m
measurement interval
absolute temperature kelvin K K
Celsius temperature degree Celsius °C K — 273.15
torque (moment of force) newton meter N-m m2-kg-s?

t time hour or second hrors S

At time interval, period, 1/frequency [second S s

u voltage volt Y m?kg-s3A?t

v speed ;nelcltoazger hour or meters per mi/hr or m/s m-s?

\Y volume cubic meter m3 m®

\% flow volume rate (r:#ebtlecrfpegart Speecror:(;nute or cubic ft3/min or m%s md-/st

VP 'volume percent

" conqentration of emission over a nart per million bpm
test interval

y generic variable

Z compressibility factor

* * * * *

(c) Superscripts. This part uses the following superscripts to-define-afor modifying quantity
symbols:

Superscript QuantityMeaning
overbar (such as y ) arithmetic mean
overdot (such as y) quantity per unit time

(d) Subscripts. This part uses the following subscripts te-define-afor modifying quantity
symbols:

Subscript QuantityMeaning
0 reference
abs absolute quantity
AC17 air conditioning 2017 test interval
act lactual or measured condition
actint actual or measured condition over the speed interval
adj adjusted
air air, dry
atmos atmospheric
b base
bkgnd background
c cold
comp composite
cor corrected
cs cold stabilized
ct cold transient
cUDDS cold-start UDDS
D driven
dew dewpoint
dexh dilute exhaust quantity
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dil dilute

e effective

lemission lemission specie

error error

EtOH ethanol

exh raw exhaust quantity

exp lexpected quantity

fil filter

final final

flow flow measurement device type

gas gaseous

h hot

HFET highway fuel economy test

hs hot stabilized

ht hot transient

huDDS hot-start UDDS

i an individual of a series

ID driven inertia

in inlet

int intake

init initial quantity, typically before an emission test

IT target inertia

lig liquid

max the r_naximum (i.e., peak)_ value expec_ted at the standard over a
test interval; not the maximum of an instrument range

meas measured quantity

mix dilute exhaust gas mixture

out outlet

PM particulate matter

record record

ref reference quantity

rev revolution

roll dynamometer roll

§ settling

§ slip

§ stabilized

sat saturated condition

SC03 air conditioning driving schedule

span span quantity

sda secondary dilution air

std standard conditions

T target

t throat

test test quantity

uncor uncorrected quantity

w weighted

zero zero quantity
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* *

* * *

(f) This part uses the following densities of chemical species:

Symbol Quantity2:? g/m? glft®
|pcHa density of methane 666.905 18.8847
lpcH3oH density of methanol 1332.02 37.7185
lpcaHsoH Ci-equivalent density of ethanol 957.559 27.1151
DC2H40 C1-equivalent density of acetaldehyde 915.658 25.9285
lpcans density of propane 611.035 17.3026
NC3HTOH C1-equivalent density of propanol 832.74 23.5806
lpco density of carbon monoxide 1164.41 32.9725
NCO?2 density of carbon dioxide 1829.53 51.8064
|pHC-gas effective density of hydrocarbon - gaseous fuel®® (see 3) (see 3)
OCH20 density of formaldehyde 1248.21 35.3455
IpHC-lig effective density of hydrocarbon - liquid fuel®* 576.816 16.3336
ONMHC-gas effective density of nonmethane hydrocarbon - gaseous fuel®®|(see 3) (see 3)
|PNMHC-lig effective density of nonmethane hydrocarbon - liquid fuel* |576.816 16.3336
ONMHCE-gas effective denzity of nonmethane equivalent hydrocarbon - (see 3) (see 3)

gaseous fuel®
[PNMHCE-liq Ie_ffe_ctive ddeansity of nonmethane equivalent hydrocarbon - 576.816 16.3336
iquid fuel®
loNox effective density of oxides of nitrogen 1912.5 54.156
N20 density of nitrous oxide 1829.66 51.8103
lpTHC-lig effective density of total hydrocarbon - liquid fuel®* 576.816 16.3336
THCE-liq ]t(a:zgc}ive density of total equivalent hydrocarbon - liquid 576.816 16.3336

#Densities are given at 20 °C and 101.325 kPa.

b2Densities for all hydrocarbon containing quantities are given in g/m3-carbon atom and g/ft3-

carbon atom.

%The effective density for natural gas fuel and liquefied petroleum gas fuel are defined by an
atomic hydrogen-to-carbon ratio, ¢, of the hydrocarbon components of the test fuel. prcgas =

41.57-(12.011 + (-1.008)).

%The effective density for gasoline and diesel fuel are defined by an atomic hydrogen-to-carbon

ratio, ¢, of 1.85.
©The effective density of NOx is defined by the molar mass of nitrogen dioxide, NO2.
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PART 9—OMB APPROVALS UNDER THE PAPERWORK REDUCTION ACT

1. The authority citation for part 9 continues to read as follows:

Authority: 7 U.S.C. 135 et seq., 136-136y; 15 U.S.C. 2001, 2003, 2005, 2006, 2601-2671; 21
U.S.C. 331j, 3464, 31 U.S.C. 9701; 33 U.S.C. 1251 et seq., 1311, 1313d, 1314, 1318, 1321,
1326, 1330, 1342, 1344, 1345 (d) and (e), 1361; E.O. 11735, 38 FR 21243, 3 CFR, 1971-1975
Comp. p. 973; 42 U.S.C. 241, 242b, 243, 246, 300f, 300g, 300g-1, 300g-2, 300g-3, 300g-4,
300g-5, 300g-6, 300j-1, 300j-2, 300j-3, 300j-4, 300j-9, 1857 et seq., 6901-6992k, 7401-7671q,
7542, 9601-9657, 11023, 11048.

2. Amend 89.1 by:

a. Removing entries for 85.1403 through 85.1415, 85.1514, 85.1712, 85.1808, 85.2208, and
85.2401 through 85.2409;

b. Revising the entries under the heading “Control of Emissions From New and In-Use Highway
Vehicles and Engine”;

c. Removing the heading “Clean-Fuel Vehicles” and the items under that heading;

d. Removing the heading “Control of Emissions From New and In-Use Nonroad Compression-
Ignition Engines” and the items under that heading;

e. Removing the heading “Control of Emissions From New and In-use Nonroad Engines” and
the items under that heading;

f. Removing the heading “Control of Emissions From New and In-Use Marine Compression-
Ignition Engines” and the items under that heading;

g. Revising the entries under the heading “Fuel Economy of Motor Vehicles”;

h. Revising the entry for “1033.825” to read as “1033.925” and

I. Revising the entry for “1042.825” to read as “1042.925".

The revisions read as follows:

89.1 OMB approvals under the Paperwork Reduction Act.

* * * * *

* * * * * *

Control of Air Pollution From Motor Vehicles and
Motor Vehicle Engines

85.503 2060-0104
85.505 2060-0104
85.1504 2060-0095
85.1505 2060-0095
85.1507 2060-0095
85.1508 2060-0095
85.1509 2060-0095
85.1511 2060-0095
85.1512 2060-0095
85.1705 2060-0104
85.1706 2060-0104
85.1708 2060-0104
85.1710 2060-0104
85.1802 2060-0104
85.1803 2060-0104
85.1806 2060-0104
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85.1903 2060-0104
85.1904 2060-0104
85.1905 2060-0104
85.1906 2060-0104
85.1908 2060-0104
85.1909 2060-0104
85.2110 2060-0104
85.2114 2060-0060
85.2115 2060-0060
85.2116 2060-0060
85.2117 2060-0060
85.2118 2060-0060
85.2119 2060-0060
85.2120 2060-0060
Control of Emissions From New and In-Use Highway
Vehicles and Engines

86.000-7 2060-0104
86.000-24 2060-0104
86.001-21 2060-0104
86.001-23 2060-0104
86.001-24 2060-0104
86.004-28 2060-0104
86.004-38 2060-0104
86.004-40 2060-0104
86.079-31—86.079-33 2060-0104
86.079-39 2060-0104
86.080-12 2060-0104
86.082-34 2060-0104
86.085-37 2060-0104
86.090-27 2060-0104
86.091-7 2060-0104
86.094-21 2060-0104
86.094-25 2060-0104
86.094-30 2060-0104
86.095-14 2060-0104
86.095-35 2060-0104
86.096-24 2060-0104
86.098-23 2060-0104
86.099-10 2060-0104
86.107-98 2060-0104
86.108-00 2060-0104
86.111-94 2060-0104
86.113-15 2060-0104
86.113-94 2060-0104
86.129-00 2060-0104
86.142-90 2060-0104
86.144-94 2060-0104
86.150-98 2060-0104
86.155-98 2060-0104




86.159-08 2060-0104
86.160-00 2060-0104
86.161-00 2060-0104
86.162-03 2060-0104
86.163-00 2060-0104
86.412-78 2060-0104
86.414-78 2060-0104
86.415-78 2060-0104
86.416-80 2060-0104
86.421-78 2060-0104
86.423-78 2060-0104
86.427-78 2060-0104
86.428-80 2060-0104
86.429-78 2060-0104
86.431-78 2060-0104
86.432-78 2060-0104
86.434-78 2060-0104
86.435-78 2060-0104
86.436-78 2060-0104
86.437-78 2060-0104
86.438-78 2060-0104
86.439-78 2060-0104
86.440-78 2060-0104
86.445-2006 2060-0104
86.446-2006 2060-0104
86.447-2006 2060-0104
86.448-2006 2060-0104
86.449 2060-0104
86.513 2060-0104
86.537-90 2060-0104
86.542-90 2060-0104
86.603-98 2060-0104
86.604-84 2060-0104
86.605-98 2060-0104
86.606-84 2060-0104
86.607-84 2060-0104
86.609-98 2060-0104
86.612-97 2060-0104
86.614-84 2060-0104
86.615-84 2060-0104
86.884-5 2060-0104
86.884-7 2060-0104
86.884-9 2060-0104
86.884-10 2060-0104
86.884-12 2060-0104
86.884-13 2060-0104
86.1106-87 2060-0104
86.1107-87 2060-0104
86.1108-87 2060-0104




86.1110-87 2060-0104
86.1111-87 2060-0104
86.1113-87 2060-0104
86.1114-87 2060-0104
86.1805-17 2060-0104
86.1806-17 2060-0104
86.1809-12 2060-0104
86.1811-17 2060-0104
86.1823-08 2060-0104
86.1826-01 2060-0104
86.1829-15 2060-0104
86.1839-01 2060-0104
86.1840-01 2060-0104
86.1842-01 2060-0104
86.1843-01 2060-0104
86.1844-01 2060-0104
86.1845-04 2060-0104
86.1847-01 2060-0104
86.1862-04 2060-0104
86.1920-86.1925 2060-0287
EGE R I I

Fuel Economy of Motor Vehicles

600.005 2060-0104
600.006 2060-0104
600.007 2060-0104
600.010 2060-0104
600.113-12 2060-0104
600.206-12 2060-0104
600.207-12 2060-0104
600.209-12 2060-0104
600.301 — 600.314-08 2060-0104
600.507-12 2060-0104
600.509-12 2060-0104
600.510-12 2060-0104
600.512-12 2060-0104

* * * *




PART 59—NATIONAL VOLATILE ORGANIC COMPOUND EMISSION STANDARDS
FOR CONSUMER AND COMMERCIAL PRODUCTS

3. The authority citation for part 59 continues to read as follows:

Authority: 42 U.S.C. 7414 and 7511Db(e).

Subpart F—[Amended]

4. Amend 8 59.626 by revising paragraph (e) to read as follows:

859.626 What emission testing must | perform for my application for a certificate of
conformity?

* * * * *

(e) We may require you to test units of the same or different configuration in addition to the units
tested under paragraph (b) of this section.

* * * * *

5. Amend 8 59.628 by revising paragraph (b) to read as follows:

859.628 What records must | keep and what reports must | send to EPA?

* * * * *

(b) Keep required data from emission tests and all other information specified in this subpart for
five years after we issue the associated certificate of conformity. If you use the same emission
data or other information for a later production period, the five-year period restarts with each
new production period if you continue to rely on the information.

* * * * *

6. Amend 8 59.650 by revising paragraph (c) to read as follows:

859.650 General testing provisions.

* * * * *

(c) The specification for gasoline to be used for testing is given in 40 CFR 1065.710(c). Use the
grade of gasoline specified for general testing. Blend this grade of gasoline with reagent grade
ethanol in a volumetric ratio of 90.0 percent gasoline to 10.0 percent ethanol to achieve a
blended fuel that has 10.0 £1.0 percent ethanol by volume. You may use ethanol that is less pure
if you can demonstrate that it will not affect your ability to demonstrate compliance with the
applicable emission standards.

* * * * *

7. Amend 8 59.653 by revising paragraphs (a)(1), (a)(3), and (a)(4)(ii)(C) to read as follows:
859.653 How do I test portable fuel containers?

* * * * *

(a) * * *

(1) Pressure cycling. Perform a pressure test by sealing the container and cycling it between +
13.8 and —3.4 kPa (+2.0 and —0.5 psig) for 10,000 cycles at a rate of 60 seconds per cycle. For
this test, the spout may be removed, and the pressure applied through the opening where the
spout attaches. The purpose of this test is to represent environmental wall stresses caused by
pressure changes and other factors (such as vibration or thermal expansion). If your container
cannot be tested using the pressure cycles specified by this paragraph (a)(1), you may ask to use
special test procedures under §59.652(c).

* * * * *

(3) Slosh testing. Perform a slosh test by filling the portable fuel container to 40 percent of its
capacity with the fuel specified in paragraph (e) of this section and rocking it at a rate of 15
cycles per minute until you reach one million total cycles. Use an angle deviation of + 15° to
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—15° from level. Take steps to ensure that the fuel remains at 40 percent of its capacity
throughout the test run.

(4) * * *

(ii) * Kk *x

(C) Actuate the spout by fully opening and closing without dispensing fuel. The spout must
return to the closed position without the aid of the operator (e.g., pushing or pulling the spout
closed). Repeat for a total of 10 actuations. If at any point the spout fails to return to the closed
position, the container fails the diurnal test.

* * * * *

8. Amend 8 59.660 by revising paragraph (b) to read as follows:

859.660 Exemption from the standards.

* * * * *

(b) Manufacturers and other persons subject to the prohibitions in 859.602 may ask us to exempt
portable fuel containers to purchase, sell, or distribute them for the sole purpose of testing them.
* * * * *

9. Amend 8 59.664 by revising paragraph (c) to read as follows:

859.664 What are the requirements for importing portable fuel containers into the United
States?

* * * * *

(c) You may meet the bond requirements of this section by obtaining a bond from a third-party
surety that is cited in the U.S. Department of Treasury Circular 570, “Companies Holding
Certificates of Authority as Acceptable Sureties on Federal Bonds and as Acceptable Reinsuring
Companies” (https://www.fiscal.treasury.gov/surety-bonds/circular-570.html).

* * * * *

10. Amend § 59.680 by revising the definition of “Portable fuel container” to read as follows:
859.680 What definitions apply to this subpart?

* * * * *

Portable fuel container means a reusable container of any color that is designed and marketed
{or otherwise intended)} for use by consumers for receiving, transporting, storing, and dispensing
gasoline, diesel fuel, or kerosene. For the purposes of this subpart, all utility jugs that are red,
yellow or blue in color are deemed to be portable fuel containers, regardless of how they are
labeled or marketed.

* * * * *
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PART 60—STANDARDS OF PERFORMANCE FOR NEW STATIONARY SOURCES
11. The authority statement for part 60 continues to read as follows:

Authority: 42 U.S.C. 7401 et seq.

12. Amend 8 60.4200 by revising paragraph (d) to read as follows:

860.4200 Am | subject to this subpart?

* * * * *

(d) Stationary CI ICE may be eligible for exemption from the requirements of this subpart as
described in 40 CFR part 1068, subpart C, except that owners and operators, as well as
manufacturers, may be eligible to request an exemption for national security.

13. Amend 8 60.4201 by revising paragraph (a), paragraph (d) introductory text, paragraph (f)
introductory text, and paragraph (h) to read as follows:

860.4201 What emission standards must | meet for non-emergency engines if | am a
stationary CI internal combustion engine manufacturer?

(a) Stationary ClI internal combustion engine manufacturers must certify their 2007 model year
and later non-emergency stationary Cl ICE with a maximum engine power less than or equal to
2,237 kilowatt (KW) (3,000 horsepower (HP)) and a displacement of less than 10 liters per
cylinder to the certification emission standards for new nonroad CI engines in 40 CFR 1039.101,
40 CFR 1039.102, 40 CFR 1039.104, 40 CFR 1039.105, 40 CFR 1039.107, and 40 CFR
1039.115 and 40 CFR part 1039, Appendix |, as applicable, for all pollutants, for the same model
year and maximum engine power.

* * * * *

(d) Stationary CI internal combustion engine manufacturers must certify the following non-
emergency stationary CI ICE to the appropriate Tier 2 emission standards for new marine CI
engines as described in 40 CFR part 1042, Appendix I, for all pollutants, for the same
displacement and rated power:

* * * * *

() Notwithstanding the requirements in paragraphs (a) through (c) of this section, stationary non-
emergency CI ICE identified in paragraphs (a) and (c) of this section may be certified to the
provisions of 40 CFR part 1042 for commercial engines that are applicable for the engine’s
model year, displacement, power density, and maximum engine power if the engines will be
used solely in either or both of the following locations:

* * * * *

(h) Stationary CI ICE certified to the standards in 40 CFR part 1039 and equipped with auxiliary
emission control devices (AECDs) as specified in 40 CFR 1039.665 must meet the Tier 1
certification emission standards for new nonroad CI engines in 40 CFR part 1039, Appendix |
while the AECD is activated during a qualified emergency situation. A qualified emergency
situation is defined in 40 CFR 1039.665. When the qualified emergency situation has ended and
the AECD is deactivated, the engine must resume meeting the otherwise applicable emission
standard specified in this section.

14. Amend 8 60.4202 by revising paragraphs (a)(1)(i), (a)(2), (b)(2), paragraph (e) introductory
text, and paragraph (g) introductory text to read as follows:

860.4202 What emission standards must I meet for emergency engines if I am a stationary
Cl internal combustion engine manufacturer?

(a) * * *
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(1) I

(i) The Tier 2 emission standards for new nonroad CI engines for the appropriate rated power as
described in 40 CFR part 1039, Appendix I, for all pollutants and the smoke standards as
specified in 40 CFR 1039.105 for model year 2007 engines, and

* * * * *

(2) For engines with a rated power greater than or equal to 37 KW (50 HP), the Tier 2 or Tier 3
emission standards for new nonroad CI engines for the same rated power as described in 40 CFR
part 1039, Appendix I for all pollutants and the smoke standards as specified in 40 CFR
1039.105 beginning in model year 2007.

(b) * *x  *

(2) For 2011 model year and later, the Tier 2 emission standards as described in 40 CFR part
1039, Appendix | for all pollutants and the smoke standards as specified in 40 CFR 1039.105.

* * * * *

(e) Stationary CI internal combustion engine manufacturers must certify the following
emergency stationary CI ICE that are not fire pump engines to the appropriate Tier 2 emission
standards for new marine CI engines as described in 40 CFR part 1042, Appendix I, , for all
pollutants, for the same displacement and rated power:

* * * * *

(9) Notwithstanding the requirements in paragraphs (a) through (d) of this section, stationary
emergency CI ICE identified in paragraphs (a) and (c) of this section may be certified to the
provisions of 40 CFR part 1042 for commercial engines that are applicable for the engine’s
model year, displacement, power density, and maximum engine power if the engines will be
used solely in either or both of the locations identified in paragraphs (g)(1) and (2) of this
section. Engines that would be subject to the Tier 4 standards in 40 CFR part 1042 that are used
solely in either or both of the locations identified in paragraphs (g)(1) and (2) of this section may
instead continue to be certified to the appropriate Tier 3 standards in 40 CFR part 1042.

* * * * *

15. Amend 8 60.4204 by revising paragraphs (a) and (f) to read as follows:

860.4204 What emission standards must I meet for non-emergency engines if | am an
owner or operator of a stationary ClI internal combustion engine?

(a) Owners and operators of pre-2007 model year non-emergency stationary ClI ICE with a
displacement of less than 10 liters per cylinder must comply with the emission standards in table
1 to this subpart. Owners and operators of pre-2007 model year non-emergency stationary Cl
ICE with a displacement of greater than or equal to 10 liters per cylinder and less than 30 liters
per cylinder must comply with the Tier 1 emission standards in 40 CFR part 1042, Appendix 1.
* * * * *

() Owners and operators of stationary Cl ICE certified to the standards in 40 CFR part 1039 and
equipped with AECDs as specified in 40 CFR 1039.665 must meet the Tier 1 certification
emission standards for new nonroad CI engines in 40 CFR part 1039, Appendix | while the
AECD is activated during a qualified emergency situation. A qualified emergency situation is
defined in 40 CFR 1039.665. When the qualified emergency situation has ended and the AECD
is deactivated, the engine must resume meeting the otherwise applicable emission standard
specified in this section.

16. Amend 8§ 60.4205 by revising paragraph (a) to read as follows:
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860.4205 What emission standards must | meet for emergency engines if I am an owner or
operator of a stationary CI internal combustion engine?

(a) Owners and operators of pre-2007 model year emergency stationary CI ICE with a
displacement of less than 10 liters per cylinder that are not fire pump engines must comply with
the emission standards in Table 1 to subpart 1111. Owners and operators of pre-2007 model year
emergency stationary Cl ICE with a displacement of greater than or equal to 10 liters per
cylinder and less than 30 liters per cylinder that are not fire pump engines must comply with the
Tier 1 emission standards in 40 CFR part 1042, appendix I.

* * * * *

17. Amend 8 60.4210 by revising paragraphs (a) and (b), paragraph (c) introductory text,
paragraphs (c)(3), (d), (i), and (j) and adding paragraph (k) to read as follows:

860.4210 What are my compliance requirements if | am a stationary ClI internal
combustion engine manufacturer?

(a) Stationary ClI internal combustion engine manufacturers must certify their stationary CI ICE
with a displacement of less than 10 liters per cylinder to the emission standards specified in
860.4201(a) through (c) and §60.4202(a), (b) and (d) using the certification procedures required
in 40 CFR part 1039, subpart C, and must test their engines as specified in 40 CFR part 1039.
For the purposes of this subpart, engines certified to the standards in table 1 to this subpart shall
be subject to the same certification procedures required for engines certified to the Tier 1
standards in 40 CFR part 1039, appendix I. For the purposes of this subpart, engines certified to
the standards in table 4 to this subpart shall be subject to the same certification procedures
required for engines certified to the Tier 1 standards in 40 CFR part 1039, appendix I, except that
engines with NFPA nameplate power of less than 37 KW (50 HP) certified to model year 2011
or later standards shall be subject to the same requirements as engines certified to the standards
in 40 CFR part 1039.

(b) Stationary CI internal combustion engine manufacturers must certify their stationary CI ICE
with a displacement of greater than or equal to 10 liters per cylinder and less than 30 liters per
cylinder to the emission standards specified in 860.4201(d) and (e) and §60.4202(e) and (f) using
the certification procedures required in 40 CFR part 1042, subpart C, and must test their engines
as specified in 40 CFR part 1042.

(c) Stationary ClI internal combustion engine manufacturers must meet the requirements of 40
CFR 1039.120, 1039.125, 1039.130, and 1039.135, and 40 CFR part 1068 for engines that are
certified to the emission standards in 40 CFR part 1039. Stationary CI internal combustion
engine manufacturers must meet the corresponding provisions of 40 CFR part 1042 for engines
that would be covered by that part if they were nonroad (including marine) engines. Labels on
such engines must refer to stationary engines, rather than or in addition to nonroad or marine
engines, as appropriate. Stationary CI internal combustion engine manufacturers must label their
engines according to paragraphs (c)(1) through (3) of this section.

* * * * *

(3) Stationary CI internal combustion engines manufactured after January 1, 2007 (for fire pump
engines, after January 1 of the year listed in table 3 to this subpart, as applicable) must be labeled
according to paragraphs (c)(3)(i) through (iii) of this section.

(1) Stationary CI internal combustion engines that meet the requirements of this subpart and the
corresponding requirements for nonroad (including marine) engines of the same model year and
HP must be labeled according to the provisions in 40 CFR part 1039 or 1042, as appropriate.
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(ii) Stationary CI internal combustion engines that meet the requirements of this subpart, but are
not certified to the standards applicable to nonroad (including marine) engines of the same model
year and HP must be labeled according to the provisions in 40 CFR part 1039 or 1042, as
appropriate, but the words *“stationary” must be included instead of “nonroad” or “marine” on the
label. In addition, such engines must be labeled according to 40 CFR 1039.20.

(iii) Stationary CI internal combustion engines that do not meet the requirements of this subpart
must be labeled according to 40 CFR 1068.230 and must be exported under the provisions of 40
CFR 1068.230.

(d) An engine manufacturer certifying an engine family or families to standards under this
subpart that are identical to standards applicable under 40 CFR part 1039 or 1042 for that model
year may certify any such family that contains both nonroad (including marine) and stationary
engines as a single engine family and/or may include any such family containing stationary
engines in the averaging, banking and trading provisions applicable for such engines under those
parts.

* * * * *

(i) The replacement engine provisions of 40 CFR 1068.240 are applicable to stationary Cl
engines replacing existing equipment that is less than 15 years old.

(j) Stationary CI ICE manufacturers may equip their stationary CI internal combustion engines
certified to the emission standards in 40 CFR part 1039 with AECDs for qualified emergency
situations according to the requirements of 40 CFR 1039.665. Manufacturers of stationary CI
ICE equipped with AECDs as allowed by 40 CFR 1039.665 must meet all the requirements in 40
CFR 1039.665 that apply to manufacturers. Manufacturers must document that the engine
complies with the Tier 1 standard in 40 CFR part 1039, appendix I, when the AECD is activated.
Manufacturers must provide any relevant testing, engineering analysis, or other information in
sufficient detail to support such statement when applying for certification (including amending
an existing certificate) of an engine equipped with an AECD as allowed by 40 CFR 1039.665.
(K) Manufacturers of any size may certify their emergency stationary CI internal combustion
engines under this section using assigned deterioration factors established by EPA, consistent
with 40 CFR 1039.240 and 1042.240.

18. Amend 8§ 60.4211 by revising paragraphs (a)(3) and (b)(1) to read as follows:

860.4211 What are my compliance requirements if I am an owner or operator of a
stationary CI internal combustion engine?

(a) * * *

(3) Meet the requirements of 40 CFR part 1068, as they apply to you.

(b) * *x  *

(1) Purchasing an engine certified to emission standards for the same model year and maximum
engine power as described in 40 CFR part 1039 and part 1042, as applicable. The engine must be
installed and configured according to the manufacturer's specifications.

* * * * *

19. Amend 8§ 60.4212 by revising paragraphs (a) and (c) to read as follows:

860.4212 What test methods and other procedures must I use if I am an owner or
operator of a stationary CI internal combustion engine with a displacement of less than 30
liters per cylinder?

* * * * *
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(a) The performance test must be conducted according to the in-use testing procedures in 40 CFR
part 1039, subpart F, for stationary CI ICE with a displacement of less than 10 liters per cylinder,
and according to 40 CFR part 1042, subpart F, for stationary CI ICE with a displacement of
greater than or equal to 10 liters per cylinder and less than 30 liters per cylinder. Alternatively,
stationary CI ICE that are complying with Tier 2 or Tier 3 emission standards as described in 40
CFR part 1039, appendix I, or with Tier 2 emission standards as described in 40 CFR part 1042,
Appendix I, may follow the testing procedures specified in 860.4213, as appropriate.

* * * * *

(c) Exhaust emissions from stationary CI ICE subject to Tier 2 or Tier 3 emission standards as
described in 40 CFR part 1039, appendix I, or Tier 2 emission standards as described in 40 CFR
part 1042, Appendix I, must not exceed the NTE numerical requirements, rounded to the same
number of decimal places as the applicable standard, determined from the following equation:
NTE requirement for each pollutant = (1.25) x (STD) (Eqg. 1)

Where:

STD = The standard specified for that pollutant in 40 CFR part 1039 or part 1042, as applicable.

* * * * *

20. Amend § 60.4216 by revising paragraphs (b) and (c) to read as follows:
860.4216 What requirements must I meet for engines used in Alaska?
* * * * *
(b) Except as indicated in paragraph (c) of this section, manufacturers, owners and operators of
stationary CI ICE with a displacement of less than 10 liters per cylinder located in remote areas
of Alaska may meet the requirements of this subpart by manufacturing and installing engines
meeting the Tier 2 or Tier 3 emission standards described in 40 CFR part 1042 for the same
model year, displacement, and maximum engine power, as appropriate, rather than the otherwise
applicable requirements of 40 CFR part 1039, as indicated in 8860.4201(f) and 60.4202(g).
(c) Manufacturers, owners, and operators of stationary CI ICE that are located in remote areas of
Alaska may choose to meet the applicable emission standards for emergency engines in 88
60.4202 and 60.4205, and not those for non-emergency engines in 88 60.4201 and 60.4204,
except that for 2014 model year and later nonemergency CI ICE, the owner or operator of any
such engine must have that engine certified as meeting at least the Tier 3 PM standards identified
in appendix | of 40 CFR part 1039 or in 40 CFR 1042.101.
* * * * *
21. Amend § 60.4219 by revising the definition for “Certified emissions life” to read as follows:
860.4219 What definitions apply to this subpart?
* * * * *
Certified emissions life means the period during which the engine is designed to properly
function in terms of reliability and fuel consumption, without being remanufactured, specified as
a number of hours of operation or calendar years, whichever comes first. The values for certified
emissions life for stationary CI ICE with a displacement of less than 10 liters per cylinder are
given in 40 CFR 1039.101(g). The values for certified emissions life for stationary CI ICE with a
displacement of greater than or equal to 10 liters per cylinder and less than 30 liters per cylinder
are given in 40 CFR 1042.101(e).

*

* * * *

22. Amend 8§ 60.4230 by revising paragraph (e) to read as follows:
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860.4230 Am | subject to this subpart?

* * * * *

(e) Stationary SI ICE may be eligible for exemption from the requirements of this subpart as
described in 40 CFR part 1068, subpart C (or the exemptions described in 40 CFR parts 1048
and 1054, for engines that would need to be certified to standards in those parts), except that
owners and operators, as well as manufacturers, may be eligible to request an exemption for
national security.

* * * * *

23. Amend § 60.4231 by revising paragraphs (a) through (d) to read as follows:

860.4231 What emission standards must | meet if | am a manufacturer of stationary Sl
internal combustion engines or equipment containing such engines?

(a) Stationary Sl internal combustion engine manufacturers must certify their stationary SI ICE
with a maximum engine power less than or equal to 19 KW (25 HP) manufactured on or after
July 1, 2008 to the certification emission standards and other requirements for new nonroad Sl
engines in 40 CFR part 1054, as follows:

If engine and manufacturin the engine must meet the following non-
displacement is dates are * * * 9 | handheld emission standards identified in 40
* ok ox CFR part 1054 and related requirements:
July 1, 2008 to
(1) below 225 cc December 31, 2011 Phase 2.
(2) below 225 cc i]:tr::ary 1, 2012 or Phase 3.
July 1, 2008 to
(3) at or above 225 cc December 31, 2010 Phase 2.
(4) at or above 225 cc f:tr::ary 1,201 or Phase 3.

(b) Stationary Sl internal combustion engine manufacturers must certify their stationary SI ICE
with a maximum engine power greater than 19 KW (25 HP) (except emergency stationary ICE
with a maximum engine power greater than 25 HP and less than 130 HP) that use gasoline and
that are manufactured on or after the applicable date in §60.4230(a)(2), or manufactured on or
after the applicable date in 860.4230(a)(4) for emergency stationary ICE with a maximum engine
power greater than or equal to 130 HP, to the certification emission standards and other
requirements for new nonroad Sl engines in 40 CFR part 1048. Stationary Sl internal combustion
engine manufacturers must certify their emergency stationary SI ICE with a maximum engine
power greater than 25 HP and less than 130 HP that use gasoline and that are manufactured on or
after the applicable date in §60.4230(a)(4) to the Phase 1 emission standards in 40 CFR part
1054, Appendix I, applicable to class Il engines, and other requirements for new nonroad Sl
engines in 40 CFR part 1054. Stationary Sl internal combustion engine manufacturers may
certify their stationary Sl ICE with a maximum engine power less than or equal to 30 KW (40
HP) with a total displacement less than or equal to 1,000 cubic centimeters (cc) that use gasoline
to the certification emission standards and other requirements as appropriate for new nonroad Sl
engines in 40 CFR part 1054.

(c) Stationary Sl internal combustion engine manufacturers must certify their stationary SI ICE
with a maximum engine power greater than 19 KW (25 HP) (except emergency stationary ICE
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with a maximum engine power greater than 25 HP and less than 130 HP) that are rich burn
engines that use LPG and that are manufactured on or after the applicable date in §60.4230(a)(2),
or manufactured on or after the applicable date in §60.4230(a)(4) for emergency stationary ICE
with a maximum engine power greater than or equal to 130 HP, to the certification emission
standards and other requirements for new nonroad Sl engines in 40 CFR part 1048. Stationary Sl
internal combustion engine manufacturers must certify their emergency stationary SI ICE greater
than 25 HP and less than 130 HP that are rich burn engines that use LPG and that are
manufactured on or after the applicable date in §60.4230(a)(4) to the Phase 1 emission standards
in 40 CFR part 1054, appendix I, applicable to class Il engines, and other requirements for new
nonroad Sl engines in 40 CFR part 1054. Stationary Sl internal combustion engine
manufacturers may certify their stationary SI ICE with a maximum engine power less than or
equal to 30 KW (40 HP) with a total displacement less than or equal to 1,000 cc that are rich
burn engines that use LPG to the certification emission standards and other requirements as
appropriate for new nonroad Sl engines in 40 CFR part 1054.

(d) Stationary Sl internal combustion engine manufacturers who choose to certify their stationary
SI ICE with a maximum engine power greater than 19 KW (25 HP) and less than 75 KW (100
HP) (except gasoline and rich burn engines that use LPG and emergency stationary ICE with a
maximum engine power greater than 25 HP and less than 130 HP) under the voluntary
manufacturer certification program described in this subpart must certify those engines to the
certification emission standards for new nonroad Sl engines in 40 CFR part 1048. Stationary Sl
internal combustion engine manufacturers who choose to certify their emergency stationary Sl
ICE greater than 25 HP and less than 130 HP (except gasoline and rich burn engines that use
LPG), must certify those engines to the Phase 1 emission standards in 40 CFR part 1054,
Appendix I, applicable to class Il engines, for new nonroad Sl engines in 40 CFR part 1054.
Stationary Sl internal combustion engine manufacturers may certify their stationary Sl ICE with
a maximum engine power less than or equal to 30 KW (40 HP) with a total displacement less
than or equal to 1,000 cc (except gasoline and rich burn engines that use LPG) to the certification
emission standards and other requirements as appropriate for new nonroad Sl engines in 40 CFR
part 1054. For stationary SI ICE with a maximum engine power greater than 19 KW (25 HP) and
less than 75 KW (100 HP) (except gasoline and rich burn engines that use LPG and emergency
stationary ICE with a maximum engine power greater than 25 HP and less than 130 HP)
manufactured prior to January 1, 2011, manufacturers may choose to certify these engines to the
standards in Table 1 to this subpart applicable to engines with a maximum engine power greater
than or equal to 100 HP and less than 500 HP.

* * * * *

24. Revise 8 60.4238 to read as follows:

860.4238 What are my compliance requirements if I am a manufacturer of stationary Sl
internal combustion engines <19 KW (25 HP) or a manufacturer of equipment containing
such engines?

Stationary Sl internal combustion engine manufacturers who are subject to the emission
standards specified in §60.4231(a) must certify their stationary SI ICE using the certification and
testing procedures required in 40 CFR part 1054, subparts C and F. Manufacturers of equipment
containing stationary Sl internal combustion engines meeting the provisions of 40 CFR part 1054
must meet the provisions of 40 CFR part 1060, subpart C, to the extent they apply to equipment
manufacturers.
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25. Revise 8 60.4239 to read as follows:

860.4239 What are my compliance requirements if I am a manufacturer of stationary Sl
internal combustion engines >19 KW (25 HP) that use gasoline or a manufacturer of
equipment containing such engines?

Stationary Sl internal combustion engine manufacturers who are subject to the emission
standards specified in 860.4231(b) must certify their stationary SI ICE using the certification
procedures required in 40 CFR part 1048, subpart C, and must test their engines as specified in
that part. Stationary Sl internal combustion engine manufacturers who certify their stationary Sl
ICE with a maximum engine power less than or equal to 30 KW (40 HP) with a total
displacement less than or equal to 1,000 cc to the certification emission standards and other
requirements for new nonroad Sl engines in 40 CFR part 1054, and manufacturers of stationary
S| emergency engines that are greater than 25 HP and less than 130 HP who meet the Phase 1
emission standards in 40 CFR part 1054, appendix I, applicable to class Il engines, must certify
their stationary Sl ICE using the certification and testing procedures required in 40 CFR part
1054, subparts C and F. Manufacturers of equipment containing stationary Sl internal
combustion engines meeting the provisions of 40 CFR part 1054 must meet the provisions of 40
CFR part 1060, subpart C, to the extent they apply to equipment manufacturers.

26. Revise 8 60.4240 to read as follows:

860.4240 What are my compliance requirements if I am a manufacturer of stationary Sl
internal combustion engines >19 KW (25 HP) that are rich burn engines that use LPG or a
manufacturer of equipment containing such engines?

Stationary Sl internal combustion engine manufacturers who are subject to the emission
standards specified in 860.4231(c) must certify their stationary Sl ICE using the certification
procedures required in 40 CFR part 1048, subpart C, and must test their engines as specified in
that part. Stationary Sl internal combustion engine manufacturers who certify their stationary Sl
ICE with a maximum engine power less than or equal to 30 KW (40 HP) with a total
displacement less than or equal to 1,000 cc to the certification emission standards and other
requirements for new nonroad Sl engines in 40 CFR part 1054, and manufacturers of stationary
S| emergency engines that are greater than 25 HP and less than 130 HP who meet the Phase 1
emission standards in 40 CFR part 1054, appendix I, applicable to class Il engines, must certify
their stationary SI ICE using the certification and testing procedures required in 40 CFR part
1054, subparts C and F. Manufacturers of equipment containing stationary Sl internal
combustion engines meeting the provisions of 40 CFR part 1054 must meet the provisions of 40
CFR part 1060, subpart C, to the extent they apply to equipment manufacturers.

27. Amend § 60.4241 by revising paragraphs (a), (b), and (i) to read as follows:

860.4241 What are my compliance requirements if I am a manufacturer of stationary SlI
internal combustion engines participating in the voluntary certification program or a
manufacturer of equipment containing such engines?

(a) Manufacturers of stationary Sl internal combustion engines with a maximum engine power
greater than 19 KW (25 HP) that do not use gasoline and are not rich burn engines that use LPG
can choose to certify their engines to the emission standards in §60.4231(d) or (e), as applicable,
under the voluntary certification program described in this subpart. Manufacturers who certify
their engines under the voluntary certification program must meet the requirements as specified
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in paragraphs (b) through (g) of this section. In addition, manufacturers of stationary Sl internal
combustion engines who choose to certify their engines under the voluntary certification
program, must also meet the requirements as specified in 860.4247. Manufacturers of stationary
Sl internal combustion engines who choose not to certify their engines under this section must
notify the ultimate purchaser that testing requirements apply as described in §60.4243(b)(2);
manufacturers must keep a copy of this notification for five years after shipping each engine and
make those documents available to EPA upon request.

(b) Manufacturers of engines other than those certified to standards in 40 CFR part 1054 must
certify their stationary Sl ICE using the certification procedures required in 40 CFR part 1048,
subpart C, and must follow the same test procedures that apply to large SI nonroad engines under
40 CFR part 1048, but must use the D-1 cycle of International Organization of Standardization
8178-4: 1996(E) (incorporated by reference, see 40 CFR 60.17) or the test cycle requirements
specified in Table 3 to 40 CFR 1048.505, except that Table 3 of 40 CFR 1048.505 applies to
high load engines only. Manufacturers of any size may certify their stationary emergency
engines at or above 130 hp using assigned deterioration factors established by EPA, consistent
with 40 CFER 1048.240. Stationary Sl internal combustion engine manufacturers who certify their
stationary SI ICE with a maximum engine power less than or equal to 30 KW (40 HP) with a
total displacement less than or equal to 1,000 cc to the certification emission standards and other
requirements for new nonroad Sl engines in 40 CFR part 1054, and manufacturers of emergency
engines that are greater than 25 HP and less than 130 HP who meet the Phase 1 standards in 40
CFR part 1054, appendix I, applicable to class 11 engines, must certify their stationary SI ICE
using the certification and testing procedures required in 40 CFR part 1054, subparts C and F.
Manufacturers of equipment containing stationary Sl internal combustion engines meeting the
provisions of 40 CFR part 1054 must meet the provisions of 40 CFR part 1060, subpart C, to the
extent they apply to equipment manufacturers.

* *

* * *

(i) For engines being certified to the voluntary certification standards in Table 1 of this subpart,
the VOC measurement shall be made by following the procedures in 40 CFR part 1065, subpart
C, -260-an6-1065.265-in-order-to determine the total NMHC emissions-by-using-a-flame-
Fobmabendnlnee o o e cn s AS gn aIternat|veJte4Iqe46}eemetleecm-}eew;e1E
manufacturers may 3 A

measure ethane, as well as methane for excludmg such Ievels from the total VOC measurement

28. Revise 8§ 60.4242 to read as follows:

860.4242 What other requirements must I meet if I am a manufacturer of stationary Sl
internal combustion engines or equipment containing stationary Sl internal combustion
engines or a manufacturer of equipment containing such engines?

(a) Stationary Sl internal combustion engine manufacturers must meet the provisions of 40 CFR
parts 1048, 1054, and 1068, as applicable, except that engines certified pursuant to the voluntary
certification procedures in 860.4241 are subject only to the provisions indicated in 860.4247 and
are permitted to provide instructions to owners and operators allowing for deviations from
certified configurations, if such deviations are consistent with the provisions of paragraphs
860.4241(c) through (f). Manufacturers of equipment containing stationary Sl internal
combustion engines meeting the provisions of 40 CFR part 1054 must meet the provisions of 40
CFR part 1060, as applicable. Labels on engines certified to 40 CFR part 1048 must refer to
stationary engines, rather than or in addition to nonroad engines, as appropriate.
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(b) An engine manufacturer certifying an engine family or families to standards under this
subpart that are identical to standards identified in 40 CFR part 1048 or 1054 for that model year
may certify any such family that contains both nonroad and stationary engines as a single engine
family and/or may include any such family containing stationary engines in the averaging,
banking and trading provisions applicable for such engines under those parts. This provision also
applies to equipment or component manufacturers certifying to standards under 40 CFR part
1060.

(c) Manufacturers of engine families certified to 40 CFR part 1048 may meet the labeling
requirements referred to in paragraph (a) of this section for stationary SI ICE by either adding a
separate label containing the information required in paragraph (a) of this section or by adding
the words “and stationary” after the word “nonroad” to the label.

(d) For all engines manufactured on or after January 1, 2011, and for all engines with a
maximum engine power greater than 25 HP and less than 130 HP manufactured on or after July
1, 2008, a stationary Sl engine manufacturer that certifies an engine family solely to the
standards applicable to emergency engines must add a permanent label stating that the engines in
that family are for emergency use only. The label must be added according to the labeling
requirements specified in 40 CFR 1048.135(b).

(e) All stationary Sl engines subject to mandatory certification that do not meet the requirements
of this subpart must be labeled and exported according to 40 CFR 1068.230. Manufacturers of
stationary engines with a maximum engine power greater than 25 HP that are not certified to
standards and other requirements under 40 CFR part 1048 are subject to the labeling provisions
of 40 CFR 1048.20 pertaining to excluded stationary engines.

(F) For manufacturers of gaseous-fueled stationary engines required to meet the warranty
provisions in 1054.120, we may establish an hour-based warranty period equal to at least the
certified emissions life of the engines (in engine operating hours) if we determine that these
engines are likely to operate for a number of hours greater than the applicable useful life within
24 months. We will not approve an alternate warranty under this paragraph (f) for nonroad
engines. An alternate warranty period approved under this paragraph (f) will be the specified
number of engine operating hours or two years, whichever comes first. The engine manufacturer
shall request this alternate warranty period in its application for certification or in an earlier
submission. We may approve an alternate warranty period for an engine family subject to the
following conditions:

(1) The engines must be equipped with non-resettable hour meters.

(2) The engines must be designed to operate for a number of hours substantially greater than the
applicable certified emissions life.

(3) The emission-related warranty for the engines may not be shorter than any published
warranty offered by the manufacturer without charge for the engines. Similarly, the emission-
related warranty for any component shall not be shorter than any published warranty offered by
the manufacturer without charge for that component.

29. Amend § 60.4243 by revising paragraph (f) to read as follows:

860.4243 What are my compliance requirements if I am an owner or operator of a
stationary Sl internal combustion engine?

* * * * *

(F) If you are an owner or operator of a stationary Sl internal combustion engine that is less than
or equal to 500 HP and you purchase a non-certified engine or you do not operate and maintain

B-16



your certified stationary Sl internal combustion engine and control device according to the
manufacturer's written emission-related instructions, you are required to perform initial
performance testing as indicated in this section, but you are not required to conduct subsequent
performance testing unless the stationary engine is-+ebuit-er-undergoes rebuild, major repair or

maintenance. A rebuilt stationary SIICE means an engine that has been rebuilt as that term is
defined-r40-CFR-1068-120{b)-Engine rebuilding means to overhaul an engine or to otherwise

perform extensive service on the engine (or on a portion of the engine or engine system). For the
purpose of this definition, perform extensive service means to disassemble the engine (or portion
of the engine or engine system), inspect and/or replace many of the parts, and reassemble the
engine (or portion of the engine or engine system) in such a manner that significantly increases
the service life of the resultant engine.

* * * * *

30. Amend § 60.4245 by revising paragraph (a)(3) to read as follows:

860.4245 What are my notification, reporting, and recordkeeping requirements if I am an
owner or operator of a stationary Sl internal combustion engine?

* * * * *

(a) E

(3) If the stationary Sl internal combustion engine is a certified engine, documentation from the
manufacturer that the engine is certified to meet the emission standards and information as
required in 40 CFR parts 1048, 1054, and 1060, as applicable.

* * * * *

31. Amend § 60.4247 by revising paragraph (a) to read as follows:

860.4247 What parts of the mobile source provisions apply to me if I am a manufacturer
of stationary Sl internal combustion engines or a manufacturer of equipment containing
such engines?

(a) Manufacturers certifying to emission standards in 40 CFR part 1054 must meet the provisions
of 40 CFR part 1054. Note that 40 CFR part 1054, Appendix I, describes various provisions that
do not apply for engines meeting Phase 1 standards. Manufacturers of equipment containing
stationary Sl internal combustion engines meeting the provisions of 40 CFR part 1054 must meet
the provisions of 40 CFR part 1060 to the extent they apply to equipment manufacturers.

* * * * *

32. Amend § 60.4248 by revising the definition for “Certified emissions life” and “Certified
stationary internal combustion engine” to read as follows:

860.4248 What definitions apply to this subpart?

* * * * *

Certified emissions life means the period during which the engine is designed to properly
function in terms of reliability and fuel consumption, without being remanufactured, specified as
a number of hours of operation or calendar years, whichever comes first. The values for certified
emissions life for stationary SI ICE with a maximum engine power less than or equal to 19 KW
(25 HP) are given in 40 CFR 1054.107 and 40 CFR 1060.101, as appropriate. The values for
certified emissions life for stationary SI ICE with a maximum engine power greater than 19 KW
(25 HP) certified to 40 CFR part 1048 are given in 40 CFR 1048.101(g). The certified emissions
life for stationary SI ICE with a maximum engine power greater than 75 KW (100 HP) certified
under the voluntary manufacturer certification program of this subpart is 5,000 hours or 7 years,
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whichever comes first. You may request in your application for certification that we approve a
shorter certified emissions life for an engine family. We may approve a shorter certified
emissions life, in hours of engine operation but not in years, if we determine that these engines
will rarely operate longer than the shorter certified emissions life. If engines identical to those in
the engine family have already been produced and are in use, your demonstration must include
documentation from such in-use engines. In other cases, your demonstration must include an
engineering analysis of information equivalent to such in-use data, such as data from research
engines or similar engine models that are already in production. Your demonstration must also
include any overhaul interval that you recommend, any mechanical warranty that you offer for
the engine or its components, and any relevant customer design specifications. Your
demonstration may include any other relevant information. The certified emissions life value
may not be shorter than any of the following:

(1) 1,000 hours of operation.

(2) Your recommended overhaul interval.

(3) Your mechanical warranty for the engine.

Certified stationary internal combustion engine means an engine that belongs to an engine
family that has a certificate of conformity that complies with the emission standards and
requirements in this part, or of 40 CFR part 1048 or 40 CFR part 1054, as appropriate.

* * * * *
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PART 85— CONTROL OF AIR POLLUTION FROM MOBILE SOURCES

33. The authority citation for part 85 continues to read as follows:

Authority: 42 U.S.C. 7401-7671q.

Subpart O—[Removed and Reserved]

34. Remove and reserve Subpart O, consisting of 8§ 85.1401 through 85.1415

35. Amend § 85.1501 by revising paragraph (a) to read as follows:

§85.1501 Applicability.

(a) Except where otherwise indicated, this subpart is applicable to motor vehicles offered for
importation or imported into the United States for which the Administrator has promulgated
regulations under 40 CFR part 86, subpart D or subpart S, prescribing emission standards, but
which are not covered by certificates of conformity issued under section 206(a) of the Clean Air
Act (i.e., which are nonconforming vehicles as defined below), as amended, and part 86 at the
time of conditional importation. Compliance with regulations under this subpart shall not relieve
any person or entity from compliance with other applicable provisions of the Clean Air Act. This
subpart no longer applies for heavy-duty engines certified under 40 CFR part 86, subpart A;
references in this subpart to “engines” therefore de-net-apply only for replacement engines
intended for installation in motor vehicles that are subject to this subpart.

* * * * *

36. Amend § 85.1511 by adding introductory text and paragraph (b)(5) to read as follows:
885.1511 Exemptions and exclusions.

The exemption provisions of 40 CFR part 1068, subpart D, apply instead of the provisions of this
section for heavy-duty motor vehicles and heavy-duty motor vehicle engines regulated under 40
CFR part 86, subpart A, 40 CFR part 1036, and 40 CFR part 1037. The following provisions
apply for other motor vehicles and motor vehicle engines:

(b) * ok  *

(5) Export exemption. Vehicles may qualify for a temporary exemption under the provisions of
40 CFR 1068.325(d).

* * * * *

37. Revise § 85.1514 to read as follows:
885.1514 Treatment of confidential information.
The provisions of 40 CFR 1068.10 apply for information you consider confidential.

38. Amend § 85.1701 by revising paragraph (a)(1) to read as follows:

§85.1701 General applicability.

(a) * x %

(1) Beginning January 1, 2014, the exemption provisions of 40 CFR part 1068, subpart C, apply
instead of the provisions of this subpart for heavy-duty motor vehicle engines regulated under 40
CFR part 86, subpart A, except that the nonroad competition exemption of 40 CFR 1068.235 and
the nonroad hardship exemption provisions of 40 CFR 1068.245, 1068.250, and 1068.255 do not
apply for motor vehicle engines. Note that the provisions for emergency vehicle field
modifications in 885.1716 continue to apply for heavy-duty engines.

* * * * *

39. Revise § 85.1712 to read as follows:
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885.1712 Treatment of confidential information.
The provisions of 40 CFR 1068.10 apply for information you consider confidential.

40. Revise 8§ 85.1801 to read as follows:

§85.1801 Applicability and definitions.

(@) The recall provisions of 40 CFR part 1068, subpart E, apply instead of the provisions of this
subpart for heavy-duty motor vehicles and heavy-duty motor vehicle engines regulated under 40
CFR part 86, subpart A, 40 CFR part 1036, and 40 CFR part 1037. The provisions of this subpart
S apply for other motor vehicles and motor vehicle engines.

(b) For the purposes of this subpart, except as otherwise provided, words shall be defined as
provided for by sections 214 and 302 of the Clean Air Act, 42 U.S.C. 1857, as amended.

(1) Act shall mean the Clean Air Act, 42 U.S.C. 1857, as amended.

(2) Days shall mean calendar days.

41. Revise § 85.1807 to read as follows:
§85.1807 Public hearings.
Manufacturers may request a hearing as described in 40 CFR part 1068, subpart G.

42. Revise § 85.1808 to read as follows:
885.1808 Treatment of confidential information.
The provisions of 40 CFR 1068.10 apply for information you consider confidential.

43. Amend § 85.1902 by revising paragraph (b)(2) to read as follows:

§85.1902 Definitions.

* * * * *

(b) * * *

(2) A defect in the design, materials, or workmanship in one or more emission-related parts,
components, systems, software or elements of design which must function properly to ensure
continued compliance with greenhouse gas emission standards.

* * * * *

44. Amend § 85.2102 revising paragraph (a)(18) and by adding and reserving paragraph (b) to
read as follows:

§85.2102 Definitions.

(a) * X %

(18) MOD Director has the meaning given for “Designated Compliance Officer” in 40 CFR
1068.30.

(b) [Reserved].

45. Amend § 85.2115 by revising paragraph (a)(4) to read as follows:

§ 85.2115 Noatification of intent to certify.

(a) * * *

(4) Two complete and identical copies of the notification and any subsequent industry comments
on any such notification shall be submitted by the aftermarket manufacturer to: MOD Director.

* * * * *
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46. Revise § 85.2301 to read as follows:

§85.2301 Applicability.

The definitions provided by this subpart are effective February 23, 1995 and apply to all motor
vehicles regulated under 40 CFR part 86, subpart S, and to highway motorcycles regulated under
40 CFR part 86, subparts E and F. The definitions and related provisions in 40 CFR part 1036,
40 CFR part 1037, and 40 CFR part 1068 apply instead of the provisions in this subpart for
heavy-duty motor vehicles and heavy-duty motor vehicle engines regulated under 40 CFR part
86, subpart A, 40 CFR part 1036, and 40 CFR part 1037.
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PART 86— CONTROL OF EMISSIONS FROM NEW AND IN-USE HIGHWAY
VEHICLES AND ENGINES

47. The authority statement for part 86 continues to read as follows:

Authority: 42 U.S.C. 7401-7671q.

48. Section 86.1 is amended by:

a. Revising the last sentence of paragraph (a);

b. Redesignating paragraphs (b)(19) through (21) as paragraphs (b)(21) through (23); and

c. Adding new paragraphs (b)(19) and (20).

The revision and additions read as follows:

886.1 Incorporation by reference.

(@) * * * For information on the availability of this material at NARA, email
fedreg.legal@nara.gov, or go to www.archives.gov/federal-register/cfr/ibr-locations.html.

* k Kk kK

(b) * % %

(19) ASTM D5769-2045, Standard Test Method for Determination of Benzene, Toluene, and
Total Aromatics in Finished Gasolines by Gas Chromatography/Mass Spectrometry, approved
June 1, 2020Becember1,2015 (“ASTM5769”), IBR approved for 8§ 86.113-04(a), 86.213(a),
and 86.513(a)

(20) ASTM D6550-2045, Standard Test Method for Determination of Olefin Content of
Gasolines by Supercritical-Fluid Chromatography, approved July 1, 2020Becember1,2015
(*ASTM D6550”), IBR approved for 88 86.113-04(a), 86.213(a), and 86.513(a).

49. Section 86.004-15 is amended by revising paragraph (a)(1) to read as follows:

886.004-15 NOx plus NMHC and particulate averaging, trading, and banking for heavy-
duty engines.

(a)(1) Heavy-duty engines eligible for NOx plus NMHC and particulate averaging, trading and
banking programs are described in the applicable emission standards sections in this subpart. For
manufacturers not selecting Options 1 or 2 contained in §86.005-10(f), the ABT program
requirements contained in 886.000-15 apply for 2004 model year Otto-cycle engines, rather than
the provisions contained in this 886.004-15. Participation in these programs is voluntary.

* * * * *

50. Section 86.010-18 is amended by—

a. Revising paragraphs a}5}-(9)(2)(ii)(B), and (g)(2)(iii)(C).

b. Adding paragraph (g)(2)(iii)(D).

c. Removing and reserving paragraph (1)(2)(ii).

d. Revising paragraphs {h{2){i)-and-(m)(3)-e-Adeaing-paragraph-(r}4)-F-Revising-paragraphs
(p)(3) and (p)(4).

The revisions and additions read as follows:

886.010-18 On-board Diagnostics for engines used in applications greater than 14,000
pounds GVWR.

* * *
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* *
(g) * * *
(2) * * *
(ii) * *x  *
(B) For model years 2013 and later, on engines equipped with sensors that can detect combustion
or combustion quality (e.g., for use in engines with homogeneous charge compression ignition
(HCCI) control systems), the OBD system must detect a misfire malfunction when the
percentage of misfire is 5 percent or greater.
(iii) E R
(C) For model years 2013 through 2018, on engines equipped with sensors that can detect
combustion or combustion quality, the OBD system must monitor continuously for engine
misfire when positive torque is between 20 and 75 percent of peak torque, and engine speed is
less than 75 percent of maximum engine speed. If a monitoring system cannot detect all misfire
patterns under all required engine speed and load conditions, the manufacturer may request that
the Administrator approve the monitoring system nonetheless. In evaluating the manufacturer's
request, the Administrator will consider the following factors: the magnitude of the region(s) in
which misfire detection is limited; the degree to which misfire detection is limited in the
region(s) (i.e., the probability of detection of misfire events); the frequency with which said
region(s) are expected to be encountered in-use; the type of misfire patterns for which misfire
detection is troublesome; and demonstration that the monitoring technology employed is not
inherently incapable of detecting misfire under required conditions (i.e., compliance can be
achieved on other engines). The evaluation will be based on the following misfire patterns:
equally spaced misfire occurring on randomly selected cylinders; single cylinder continuous
misfire; and, paired cylinder (cylinders firing at the same crank angle) continuous misfire.
(D) For 20 percent of 2019 model year, 50 percent of 2020 model, and 100 percent of 2021 and
later model year diesel engines (percentage based on the manufacturer’s projected sales volume
of all diesel engines subject to this regulation) equipped with sensors that can detect combustion
or combustion quality, the OBD system must monitor continuously for engine misfire under all
positive torque engine speed conditions except within the following range: the engine operating
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region bound by the positive torque line (i.e., engine torque with transmission in neutral) and the
two following points: engine speed of 50 percent of maximum engine speed with the engine
torque at the positive torque line, and 100 percent of the maximum engine speed with the engine
torque at 10 percent of peak torque above the positive torque line. If a monitoring system cannot
detect all misfire patterns under all required engine speed and load conditions, the manufacturer
may request that the Administrator approve the monitoring system nonetheless. In evaluating the
manufacturer’s request, the Administrator will consider the following factors: the magnitude of
the region(s) in which misfire detection is limited; the degree to which misfire detection is
limited in the region(s) (i.e., the probability of detection of misfire events); the frequency with
which said region(s) are expected to be encountered in-use; the type of misfire patterns for which
misfire detection is troublesome; and demonstration that the monitoring technology employed is
not inherently incapable of detecting misfire under required conditions (i.e., compliance can be
achieved on other engines). The evaluation will be based on the following misfire patterns:
equally spaced misfire occurring on randomly selected cylinders; single cylinder continuous
misfire; and, paired cylinder (cylinders firing at the same crank angle) continuous misfire.

* * * * *
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(p) * * *
(3) For model years 2016 through 2018. (i) On the engine ratings tested according to paragraph

(D(2)(iii) of this section, the certification emissions thresholds shall apply in-use.

(if) On the manufacturer's remaining engine ratings, separate in-use emissions thresholds shall
apply. These thresholds are determined by doubling the applicable thresholds as shown in Table
1 of paragraph (g) of this section and Table 2 of paragraph (h) of this section. The resultant
thresholds apply only in-use and do not apply for certification or selective enforcement auditing.
(iii) For monitors subject to meeting the minimum in-use monitor performance ratio of 0.100 in
paragraph (d)(2)(ii) of this section, the OBD system shall not be considered noncompliant unless
a representative sample indicates the in-use ratio is below 0.088 except for filtering performance
monitors for PM filters (paragraph (g)(8)(ii)(A) of this section) and missing substrate monitors
(paragraph (g)(8)(ii)(D) of this section) for which the OBD system shall not be considered
noncompliant unless a representative sample indicates the in-use ratio is below 0.050.

(iv) An OBD system shall not be considered noncompliant solely due to a failure or deterioration
mode of a monitored component or system that could not have been reasonably foreseen to occur
by the manufacturer.

(4) For model years 2019 and later. (i) On all engine ratings, the certification emissions
thresholds shall apply in-use.

(ii) For monitors subject to meeting the minimum in-use monitor performance ratio of 0.100 in
paragraph (d)(2)(ii) of this section, the OBD system shall not be considered noncompliant unless
a representative sample indicates the in-use ratio is below 0.088.

(iii) An OBD system shall not be considered noncompliant solely due to a failure or deterioration
mode of a monitored component or system that the manufacturer could not have reasonably

foreseen.
* * * * *

51. Section 86.113-04 is amended by revising paragraph (a)(1) to read as follows:

§ 86.113-04 Fuel specifications.

* * * * *

(a) * * *

(1) Gasoline meeting the following specifications, or substantially equivalent specifications
approved by the Administrator, must be used for exhaust and evaporative testing:
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Table 1 to §86.113-04(a)(1)-Test fuel specifications for gasoline without ethanol

Item Regular Reference Procedure!
Research octane, Minimum? 93 ASTM D2699
Octane sensitivity? 7.5 ASTM D2700
Distillation Range (°F):

Evaporated initial boiling point® 75-95

10% evaporated 120- 135

50% evagorated 200 - 230 ASTM D86

90% evaporated 300 - 325

Evaporated final boiling point 415 Maximum

Total Aromatic Hydrocarbon (vol %)

35% Maximum

ASTM D1319 or ASTM
D5769

Olefins (vol %)*

10% Maximum

ASTM D1319 or ASTM
D6550

0.050

Lead, g/gallon (g/liter), Maximum (0.013) ASTM D3237
Phosphorous, g/gallon (g/liter), Maximum ?6985313) ASTM D3231
Total sulfur, wt. %° 0.0015 - 0.008 ASTM D2622
Dry Vapor Pressure Equivalent (DVPE), kPa (psi)® ((Sé) ?5 3;)4 ASTM D5191

Incorporated by reference, see §86.1.
2QOctane specifications are optional for manufacturer testing.

3For testing at altitudes above 1,219 m (4000 feet), the specified range is 75-105° F.

4ASTM D6550 prescribes measurement of olefin concentration in mass %. Multiply this result by 0.857 and

round to the first decimal place to determine the olefin concentration in volume %.

SSulfur concentration will not exceed 0.0045 weight percent for EPA testing.
SFor testing unrelated to evaporative emission control, the specified range is 54.8-63.7 kPa (8.0-9.2 psi). For

testing at altitudes above 1,219 m (4000 feet), the specified range is 52.0-55.4 kPa (7.6-8.0 psi). Calculate dry
vapor pressure equivalent, DVPE, based on the measured total vapor pressure, pr, using the following equation:
DVPE (kPa) = 0.956-pr - 2.39 (or DVPE (psi) = 0.956-pt — 0.347). DVPE is intended to be equivalent to Reid

Vapor Pressure using a different test method.
* * * * *

52. Section 86.129-00 is amended by revising paragraph (f)(2)(ii)(C) to read as follows:
886.129-00 Road load power, test weight, and inertia weight class determination.

* * * * *

M = = =

(ii) * Kk *

(C) Regardless of other requirements in this section relating to the testing of HLDTSs, for Tier 2
and Tier 3 HLDTs, the test weight basis for FTP and SFTP testing (both US06 and SCO03), if
applicable, is the vehicle curb weight plus 300 pounds. For MDPVs certified to standards in bin
11 in Tables S04-1 and 2 in 886.1811-04, the test weight basis must be adjusted loaded vehicle
weight (ALVW) as defined in this part.

*

* * * *

53. Section 86.130-96 is amended by revising paragraph (a) to read as follows:
886.130-96 Test sequence; general requirements.

* * * * *
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(a)(1) Gasoline- and methanol-fueled vehicles. The test sequence shown in Figure 1 of 40 CFR
1066.801 shows the steps encountered as the test vehicle undergoes the procedures subsequently
described to determine conformity with the standards set forth. The full three- diurnal sequence
depicted in Figure 1 of 40 CFR 1066.801 tests vehicles for all sources of evaporative emissions.
The supplemental two-diurnal test sequence is designed to verify that vehicles sufficiently purge
their evaporative canisters during the exhaust emission test. Sections 86.132-96, 86.133-96 and
86.138-96 describe the separate specifications of the supplemental two-diurnal test sequence.

(2) Gaseous-fueled vehicles. The test sequence shown in figure-Figure 1 of 40 CFR 1066.801
shows the steps encountered as the test vehicle undergoes the procedures subsequently described
to determine conformity with the standards set forth, with the exception that the fuel drain and
fill and precondition canister steps are not required for gaseous-fueled vehicles. In addition, the
supplemental two-diurnal test and the running loss test are not required.

* * * * *

54. Section 86.213 is amended by revising paragraph (a)(2) to read as follows:

§ 86.213 Fuel specifications.

(a) * k%

(2) You may use the test fuel specified in this paragraph (a)(2) for vehicles that are not yet
subject to exhaust testing with an ethanol-blend test fuel under §86.113. Manufacturers may
certify based on this fuel using carryover data until testing with the ethanol-blend test fuel is
required. The following specifications apply for gasoline test fuel without ethanol:
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Table 1 of § 86.213(a)(2)-Cold temperature test fuel specifications for gasoline without ethanol

. Reference
Item Regular Premium Procedure
ASTM D2699
2
(RON+MON)/2 87.8+0.3 92.3+0.5 ASTM D2700
. ASTM D2699
3
Sensitivity 7.5 7.5 ASTM D2700
Distillation Range (°F):
Evaporated initial boiling point 76 — 96 76 — 96
10% evaporated 98 -118 105 - 125
50% evaporated 179 - 214 195 - 225 ASTM D86
90% evaporated 316 - 346 316 - 346
Evaporated final boiling point 413 Maximum 413 Maximum
. ASTM D1319 or
0,
Total Aromatic Hydrocarbon (vol %) 26.4+4.0 32.0£4.0 ASTM D5769
. ASTM D1319 or
(VAL
Olefins (vol %) 12.5+5.0 10.5+5.0 ASTM D6550
Lead, g/gallon 0.01, Maximum 0.01, Maximum ASTM D3237
Phosphorous, g/gallon 0.005 Maximum 0.005 Maximum | ASTM D3231
Total sulfur, wt. %° 0.0015 - 0.008 0.0015 - 0.008 ASTM D2622
RVP, psi 11.540.3 11.540.3 ASTM D5191

Incorporated by reference, see § 86.1.

2Qctane specifications are optional for manufacturer testing. The premium fuel specifications apply for vehicles
designed to use high-octane premium fuel.

3Sulfur concentration will not exceed 0.0045 weight percent for EPA testing.

4ASTM D6550 prescribes measurement of olefin concentration in mass %. Multiply this result by 0.857 and

round to the first decimal place to determine the olefin concentration in volume %.
* * * * *

§86.401-97—[Removed]
55. Remove §86.401-97.

56. Amend §86.408-78 by adding paragraphs (c) and (d) to read as follows:

886.408-78 General standards; increase in emissions; unsafe conditions.

* * * * *

(c) If a new motorcycle is designed to require manual adjustment to compensate for changing
altitude, the manufacturer must include the appropriate instructions in the application for
certification. EPA will review the instructions to ensure that properly adjusted motorcycles will
meet emission standards at both low altitude and high altitude.

(d) An action to install parts, modify engines, or perform other adjustments to compensate for
changing altitude is not prohibited under 42 U.S.C. 7522 as long as it is done consistent with the
manufacturer's instructions.

8§86.413-78—[Removed]
57. Remove §86.413-78.

58. Amend §86.419-2006 by revising paragraph (b) introductory text to read as follows:
886.419-2006 Engine displacement, motorcycle classes.

* * * * *
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(b) Motorcycles will be divided into classes and subclasses based on engine displacement.
* *

* * *

59. Amend §86.427-78 by revising paragraph (a)(1) to read as follows:

§ 86.427-78 Emission tests.

(a)(1) Each test vehicle shall be driven with all emission control systems installed and operating
for the following total test distances, or for such lesser distances as the Administrator may agree

to as meeting the objectives of this procedure. (See §86.419 for class explanation.)
Displacement | Total test distance Minimum test distance Minimum number of
class (kilometers) (kilometers) tests
I-A 6,000 2,500 4
I-B 6,000 2,500 4
1 9,000 2,500 4
1l 15,000 3,500 4

* * * * *

60. Amend §86.435-78 by revising paragraph (b)(1) to read as follows:

886.435-78 Extrapolated emission values.

(b) * * *

(1) If the useful life emissions are at or below the standards, certification will be granted.

* * * * *

61. Amend §86.436-78 by revising paragraph (d) to read as follows:

886.436-78 Additional service accumulation.

* * * * *

(d) To qualify for certification:

(1) The full life emission test results must be at or below the standards, and

(2) The deterioration line must be below the standard at the minimum test distance and the useful
life, or all points used to generate the line, must be at or below the standard.

* * * * *

62. Amend 886.513 by revising paragraphs (a)(1) and (a)(3) to read as follows:

886.513 Fuel and engine lubricant specifications.

(a) Gasoline. (1) Use gasoline meeting the following specifications for exhaust and evaporative
emission testing:

B-29



Table 1 of § 86.513(a)(1)—Gasoline Test Fuel Specifications

Item | Value | Procedure?
Distillation Range:
1. Initial boiling point, °C 23.9—35.02
2. 10% point, °C 48.9—57.2
3. 50% point, °C 93.3—110.0 ASTM D86
4. 90% point, °C 148.9—162.8
5. End point, °C 212.8 maximum
. . ASTM D1319 or

Total aromatic hydrocarbon, volume % 35 maximum ASTM D5769

. 3 . ASTM D1319 or
Olefins, volume % 10 maximum ASTM D6550
Lead (organic), g/liter 0.013 maximum ASTM D3237
Phosphorous, g/liter 0.0013 maximum ASTM D3231
Sulfur, weight % 0.008 maximum ASTM D2622
Dry Vapor Pressure Equivalent (DVPE), kPa 55.2t063.4* ASTM D5191

Incorporated by reference, see § 86.1.

2For testing at altitudes above 1,219 m, the specified initial boiling point range is (23.9 to 40.6) °C.

SASTM D6550 prescribes measurement of olefin concentration in mass %. Multiply this result by 0.857 and
round to the first decimal place to determine the olefin concentration in volume %.

“For testing at altitudes above 1,219 m, the specified volatility range is 52 to 55 kPa. Calculate dry vapor pressure
equivalent, DVPE, based on the measured total vapor pressure, pr, using the following equation: DVPE (kPa) =
0.956-pt - 2.39 (or DVPE (psi) = 0.956-pt — 0.347). DVPE is intended to be equivalent to Reid Vapor Pressure
using a different test method.

* * * * *

(3) Manufacturers may alternatively use ethanol-blended gasoline meeting the specifications
described in 40 CFR 1065.710(b) for general testing without our advance approval.
Manufacturers using the ethanol-blended fuel for certifying a given engine family may also use it
for any testing for that engine family under this part. If manufacturers use the ethanol-blended
fuel for certifying a given engine family, EPA may use the ethanol-blended fuel or the neat
gasoline test fuel specified in this section for that engine family. Manufacturers may also request
to use fuels meeting alternate specifications as described in 40 CFR 1065.701(b).

* * * * *

63. Revise 886.531-78 to read as follows:

886.531-78 Vehicle preparation.

(a) The manufacturer shall provide additional fittings and adapters, as required by the
Administrator, to accommodate a fuel drain at the lowest point possible in the tank(s) as installed
on the vehicle, and to provide for exhaust sample collection.

(b) Connect the motorcycle’s exhaust system to the analyzer for all exhaust emission
measurements. Seal all known leaks in the exhaust system. Make sure Seal-the-exhaust-system-as
needed-to-ensure-that-any remaining leaks do not affect the demonstration that the motorcycle

complies with standards. Sealingat-known-leaks-isrecommended-

64. Revise 886.1362 to read as follows:

886.1362 Steady-state testing with a ramped-modal cycle.

(a) This section describes how to test engines under steady-state conditions. Perform ramped-
modal testing as described in 40 CFR 1036.505 and 40 CFR part 1065, except as specified in this
section.
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(b) Measure emissions by testing the engine on a dynamometer with the following ramped-
modal duty cycle to determine whether it meets the applicable steady-state emission standards:

Engine testing Powertrain testing CO»
H i H _ 101 4
RMC Mode ;lgéz in Engine Torque ;;eery((j:le Road-grade coefficients weighting
1.2 2,3 5
(secends) Speed (percent) (mi/hr)? a b c (percent)
1a Steady-state 170 Warmlidle |0 Warmlidle |0 0 0 6
1b Transition | 20 Linear | Linear —jLinear —foeeqs | 46E-3 |-9.1E+0
Transition Transition Transition
2a Steady-state 173 A 100 53.38 -1.6E-6 691.3E-6 | 2.1E+0 9
" Linear Linear Linear
2b Transition 20 Transition Transition Transition 0 0 0
3a Steady-state 219 B 50 65.00 -12.8E-6 | 10.2E-3 -1.6E+0 10
3b Transition 20 B Linear 65.00 0 0 0
Transition
4a Steady-state 217 B 75 65.00 -10.2E-6 | 7.8E-3 -268.9E-3 | 10
4b Transition | 20 Linear | Linear —jLinear | ggrg | 67E-3 | 2.2E40
Transition Transition Transition
5a Steady-state 103 A 50 53.38 -8.0E-6 6.2E-3 -623.0E-3 | 12
5b Transition | 20 A Linear | 533 56E-6 | 44E-3 | 92.1E-3
Transition
6a Steady-state 100 A 75 53.38 -5.0E-6 3.5E-3 7124E-3 | 12
6b Transition | 20 A Linear | 5339 69E-6 | 54E-3 | -473.1E-3
Transition
7a Steady-state 103 A 25 53.38 -11.1E-6 | 8.8E-3 -2.0E+0 12
7b Transition | 20 Linear Linear Linear 86E-6 | 6.9E3 | -3.1E+0
Transition Transition Transition
8a Steady-state 194 B 100 65.00 -7.4E-6 5.5E-3 798.2E-3 | 9
8b Transition 20 B Linear 65.00 132E-6 | 10.1E-3 | -1.2E+0
Transition
9a Steady-state 218 B 25 65.00 -16.9E-6 | 13.6E-3 -3.2E+0 9
ob Transition | 20 Linear | Linear ——jLinear | 16766 |136E-3 | -5.2E+0
Transition Transition Transition
10a Steady-state | 171 C 100 77.80 -16.5E-6 | 13.1E-3 -1.3E+0 2
10b Transition | 20 C Linear 77.80 -18.5E-6 | 15.4E-3 | -2.9E+0
Transition
11a Steady-state | 102 C 25 77.80 -24.7E-6 | 20.2E-3 -5.0E+0 1
11b Transition | 20 C Linear 77.80 221E-6 | 17.9E-3 | -3.8E+0
Transition
12a Steady-state | 100 C 75 77.80 -19.2E-6 | 15.5E-3 -2.5E+0 1
12b Transition | 20 C Linear 77.80 204E-6 | 16.5E-3 | -3.1E+0
Transition
13a Steady-state | 102 C 50 77.80 -21.8E-6 | 17.7E-3 -3.7E+0 1
13b Transition | 20 Linear Linear Linear 118E-6 | 7.6E-3 | 17.6E+0
Transition Transition Transition
14 Steady-state 168 Warmidle |0 Warmlidle |0 0 0 6

‘Engine speed terms are defined in 40 CFR part 1065.

2Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear
progression from the settings of the current mode to the settings of the next mode.

3The percent torque is relative to maximum torque at the commanded engine speed.

4See 40 CFR 1036.505(c) for a description of powertrain testing with the ramped-modal cycle, including the equation that uses
the road-grade coefficients.

SUse the specified weighting factors to calculate composite emission results for CO, as specified in 40 CFR 1036.501.
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Subpart P—[Removed and Reserved]
65. Remove and reserve Subpart P.

Subpart Q—[Removed and Reserved]
66. Remove and reserve Subpart Q.

67. Amend §86.1803-01 by revising the definitions for “Heavy-duty vehicle” and “Light-duty
truck” to read as follows:

§86.1803-01 Definitions.

* * * * *

Heavy-duty vehicle means any complete or incomplete motor vehicle rated at more than 8,500
pounds GVWR. Heavy-duty vehicle also includes incomplete vehicles that have a curb weight
above 6,000 pounds or a basic vehicle frontal area greater than 45 square feet. Note that MDPVs
are heavy-duty vehicles that are in many cases subject to requirements that apply for light-duty
trucks.

* * * * *

Light-duty truck means any motor vehicle that is not a heavy-duty vehicle, but is:

(1) Designed primarily for purposes of transportation of property or is a derivation of such a
vehicle; or

(2) Designed primarily for transportation of persons and has a capacity of more than 12 persons;
or

(3) Available with special features enabling off-street or off-highway operation and use.

* * * * *

68. Amend §86.1811-17 by revising paragraph (b)(8)(iii)(C) to read as follows:
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886.1811-17 Exhaust emission standards for light-duty vehicles, light-duty trucks and
medium-duty passenger vehicles.

* * * * *

(b) * *x  *

(8) E I

(iii) * Kk  x

(C) Vehicles must comply with the Tier 2 SFTP emission standards for NMHC + NOx and CO
for 4,000-mile testing that are specified in §86.1811-04(f)(1) if they are certified to transitional
Bin 85 or Bin 110 standards, or if they are certified based on a fuel without ethanol, or if they are
not certified to the Tier 3 PM standard. Note that these standards apply under this section for
alternative fueled vehicles, for flexible fueled vehicles when operated on a fuel other than
gasoline or diesel fuel, and for MDPVs, even though these vehicles were not subject to the SFTP
standards in the Tier 2 program.

* * * * *

69. Amend §86.1813-17 by revising the introductory text and paragraph (a)(2)(i) to read as
follows:

886.1813-17 Evaporative and refueling emission standards.

Vehicles must meet evaporative and refueling emission standards as specified in this section.
These emission standards apply for heavy duty vehicles above 14,000 pounds GVWR as
specified in §86.1801. These emission standards apply for total hydrocarbon equivalent (THCE)
measurements using the test procedures specified in subpart B of this part, as appropriate. Note
that 886.1829 allows you to certify without testing in certain circumstances. These evaporative
and refueling emission standards do not apply for electric vehicles, fuel cell vehicles, or diesel-
fueled vehicles, except as specified in paragraph (b) of this section. Unless otherwise specified,
MDPVs are subject to all the same provisions of this section that apply to LDT4.

(a) * ok *

(2) E

(i) The emission standard for the sum of diurnal and hot soak measurements from the two-
diurnal test sequence and the three-diurnal test sequence is based on a fleet average in a given
model year. You must specify a family emission limit (FEL) for each evaporative family. The
FEL serves as the emission standard for the evaporative family with respect to all required
diurnal and hot soak testing. Calculate your fleet-average emission level as described in
886.1860 based on the FEL that applies for low-altitude testing to show that you meet the
specified standard. For multi-fueled vehicles, calculate fleet-average emission levels based only
on emission levels for testing with gasoline. You may generate emission credits for banking and
trading and you may use banked or traded credits for demonstrating compliance with the diurnal
plus hot soak emission standard for vehicles required to meet the Tier 3 standards, other than
gaseous-fueled vehicles, as described in 886.1861 starting in model year 2017. You comply with
the emission standard for a given model year if you have enough credits to show that your fleet-
average emission level is at or below the applicable standard. You may exchange credits between
or among evaporative families within an averaging set as described in 886.1861. Separate diurnal
plus hot soak emission standards apply for each evaporative/refueling emission family as shown
for high-altitude conditions. The sum of diurnal and hot soak measurements may not exceed the
following Tier 3 standards:

* * * * *
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70. Amend §86.1817-05 by revising paragraph (a)(1) to read as follows:

886.1817-05 Complete heavy-duty vehicle averaging, trading, and banking program.

(a) * * *

(1) Complete heavy-duty vehicles eligible for the NOx averaging, trading and banking program
are described in the applicable emission standards section of this subpart. Participation in this
averaging, trading, and banking program is voluntary.

* * * * *

71. Amend §86.1818-12 by revising paragraph (d) to read as follows:

886.1818-12 Greenhouse gas emission standards for light-duty vehicles, light-duty trucks,
and medium-duty passenger vehicles.

* * * * *

(d) In-use COz2 exhaust emission standards. The in-use CO2 exhaust emission standard shall be
the combined city/highway carbon-related exhaust emission value calculated for the appropriate
vehicle carline/subconfiguration according to the provisions of 8600.113-12(g)(4) of this chapter
adjusted by the deterioration factor from §86.1823-08(m). Multiply the result by 1.1 and round to
the nearest whole gram per mile. For in-use vehicle carlines/subconfigurations for which a
combined city/highway carbon-related exhaust emission value was not determined under
8600.113-12(g)(4) of this chapter, the in-use CO2 exhaust emission standard shall be the
combined city/highway carbon-related exhaust emission value calculated according to the
provisions of 8600.208 of this chapter for the vehicle model type (except that total model year
production data shall be used instead of sales projections) adjusted by the deterioration factor
from §86.1823-08(m). Multiply the result by 1.1 and round to the nearest whole gram per mile.
For vehicles that are capable of operating on multiple fuels, except plug-in hybrid electric
vehicles, a separate in-use standard shall be determined for each fuel that the vehicle is capable
of operating on. These standards apply to in-use testing performed by the manufacturer pursuant
to regulations at §886.1845 and 86.1846 and to in-use testing performed by EPA.

* * * * *

72. Amend §86.1838-01 by revising paragraph (c)(2)(iii) to read as follows:

886.1838-01 Small-volume manufacturer certification procedures.

* * * * *

(C) * * *

(2) * * *

(iii) The provisions of §86.1845-04(c)(2) that require one vehicle of each test group during high
mileage in-use verification testing to have a minimum odometer mileage of 75 percent of the full
useful life mileage do not apply.

* * * * *

73. Amend 886.1868-12 by revising paragraph (g) introductory text and adding paragraph (g)(5)
to read as follows:
886.1868-12 CO3 credits for improving the efficiency of air conditioning systems.

* * * * *
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(g) AC17 validation testing and reporting requirements. For 2020 and later model years,
manufacturers must validate air conditioning credits by using the AC17 Test Procedure as
follows:

* * * * *

(5) AC17 testing requirements apply as follows for electric vehicles and plug-in hybrid electric
vehicles:

(i) Manufacturers may omit AC17 testing for electric vehicles. Electric vehicles may qualify for
air conditioning efficiency credits based on identified technologies, without testing. The
application for certification must include a detailed description of the vehicle’s air conditioning
system and identify any technology items eligible for air conditioning efficiency credits. Include
additional supporting information to justify the air conditioning credit for each technology.

(i) The provisions of paragraph (g)(5)(i) of this section also apply for plug-in hybrid electric
vehicles if they have an all electric range of at least 60 miles (combined city and highway) after
adjustment to reflect actual in-use driving conditions (see 40 CFR 600.311(j)), and they do not
rely on the engine to cool the vehicle’s cabin for the ambient and driving conditions represented
by the AC17 test.

(iii) If AC17 testing is required for plug-in hybrid electric vehicles, perform this testing in
charge-sustaining mode.

* * * * *
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74. Part 88 is revised to read as follows:

PART 88—CLEAN-FUEL VEHICLES

Sec.

88.1 General applicability.

88.2 through 88.3 [Reserved]

Authority: 42 U.S.C. 7410, 7418, 7581, 7582, 7583, 7584, 7586, 7588, 7589, 7601(a).

§88.1 General applicability.

(@) The Clean Air Act includes provisions intended to promote the development and sale of
clean-fuel vehicles (see 42 U.S.C. 7581-7589). This takes the form of credit incentives for State
Implementation Plans. The specified clean-fuel vehicle standards to qualify for these credits are
now uniformly less stringent than the emission standards that apply for new vehicles and new
engines under 40 CFR part 86 and part 1036.

(b) The following provisions apply for purposes of State Implementation Plans that continue to
reference the Clean Fuel Fleet Program:

(1) Vehicles and engines certified to current emission standards under 40 CFR part 86 or part
1036 are deemed to also meet the Clean Fuel Fleet standards as Ultra Low-Emission Vehicles.
(2) Vehicles and engines meeting requirements as specified in paragraph (a)(1) of this section
with a fuel system designed to not vent fuel vapors to the atmosphere are also deemed to meet
the Clean Fuel Fleet standards as Inherently Low-Emission Vehicles. The applies for vehicles
using diesel fuel, liquefied petroleum gas, or compressed natural gas. It does not apply for
vehicles using gasoline, ethanol, methanol, or liquefied natural gas.

(3) The following types of vehicles qualify as Zero Emission Vehicles:

(i) Electric vehicles (see 40 CFR 86.1803).

(it) Any other vehicle with a fuel that contains no carbon or nitrogen compounds, that has no
evaporative emissions, and that burns without forming oxides of nitrogen, carbon monoxide,
formaldehyde, particulate matter, or hydrocarbon compounds. This applies equally for all
engines installed on the vehicle.

§888.2 through 88.3 [Reserved]
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75. Part 89 is revised to read as follows:

PART 89—CONTROL OF EMISSIONS FROM NEW AND IN-USE NONROAD
COMPRESSION-IGNITION ENGINES

Sec.

89.1 Applicability.

89.2 through 89.3 [Reserved]

Authority: 42 U.S.C. 7401-7671q.

§89.1 Applicability.

The Environmental Protection Agency adopted emission standards for model year 1996 and later
nonroad compression-ignition engines under this part 89. EPA has migrated regulatory
requirements for these engines to 40 CFR part 1039, with additional testing and compliance
provisions in 40 CFR part 1065 and part 1068. The Tier 1, Tier 2, and Tier 3 standards originally
adopted in this part 89 are identified in 40 CFR part 1039, Appendix I. See 40 CFR 1039.1 for
information regarding the timing of the transition to 40 CFR part 1039, and for information
regarding regulations that continue to apply for engines that manufacturers originally certified or
otherwise produced under this part 89.

§889.2 through 89.3 [Reserved]
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76. Part 90 is revised to read as follows:

PART 90—CONTROL OF EMISSIONS FROM NONROAD SPARK-IGNITION
ENGINES AT OR BELOW 19 KILOWATTS

Sec.

90.1 Applicability.

90.2 through 90.3 [Reserved]

Authority: 42 U.S.C. 7401-7671q.

§90.1 Applicability.

The Environmental Protection Agency adopted emission standards for model year 1997 and later
nonroad spark-ignition engines below 19 kW under this part 90. EPA has migrated regulatory
requirements for these engines to 40 CFR part 1054, with additional testing and compliance
provisions in 40 CFR part 1065 and part 1068. The Phase 1 and Phase 2 standards originally
adopted in this part 90 are identified in 40 CFR part 1054, Appendix |. See 40 CFR 1054.1 for
information regarding the timing of the transition to 40 CFR part 1054, and for information
regarding regulations that continue to apply for engines that manufacturers originally certified or
otherwise produced under this part 90.1

§890.2 through 90.3 [Reserved]

B-38



77. Part 91 is revised to read as follows:

PART 91—CONTROL OF EMISSIONS FROM MARINE SPARK-IGNITION ENGINES
Sec.

91.1 Applicability.

91.2 through 91.3 [Reserved]

Authority: 42 U.S.C. 7401-7671q.

§91.1 Applicability.

The Environmental Protection Agency adopted emission standards for model year 1998 and later
marine spark-ignition engines under this part 91, except that the standards of this part did not
apply to sterndrive/inboard engines. EPA has migrated regulatory requirements for these engines
to 40 CFR part 1045, with additional testing and compliance provisions in 40 CFR part 1065 and
part 1068. The standards originally adopted in this part 91 are identified in 40 CFR part 1045,
Appendix I. See 40 CFR 1045.1 for information regarding the timing of the transition to 40 CFR
part 1045, and for information regarding regulations that continue to apply for engines that
manufacturers originally certified or otherwise produced under this part 91.

§891.2 through 91.3 [Reserved]
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78. Part 92 is revised to read as follows:

PART 92—CONTROL OF AIR POLLUTION FROM LOCOMOTIVES AND
LOCOMOTIVE ENGINES

Sec.

92.1 Applicability.

92.2 through 92.3 [Reserved]

Authority: 42 U.S.C. 7401-7671q.

§92.1 Applicability.

The Environmental Protection Agency first adopted emission standards for freshly manufactured
and remanufactured locomotives under this part 92 in 1998. EPA has migrated regulatory
requirements for these engines to 40 CFR part 1033, with additional testing and compliance
provisions in 40 CFR part 1065 and part 1068. The Tier 0, Tier 1, and Tier 2 standards originally
adopted in this part 92 are identified in 40 CFR part 1033, Appendix I. See 40 CFR 1033.1 for
information regarding the timing of the transition to 40 CFR part 1033, and for information
regarding regulations that continue to apply for engines that manufacturers originally certified or
otherwise produced or remanufactured under this part 92. Emission standards started to apply for
locomotive and locomotive engines if they were—

(a) Manufactured on or after January 1, 2000;

(b) Manufactured on or after January 1, 1973 and remanufactured on or after January 1, 2000; or
(c) Manufactured before January 1, 1973 and upgraded on or after January 1, 2000.

§892.2 through 92.3 [Reserved]
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79. Part 94 is revised to read as follows:

PART 94—CONTROL OF EMISSIONS FROM MARINE COMPRESSION-IGNITION
ENGINES

Sec.

94.1 Applicability.

94.2 through 94.3 [Reserved]

Authority: 42 U.S.C. 7401-7671q.

§94.1 Applicability.

The Environmental Protection Agency adopted emission standards for model year 2004 and later
marine compression-ignition engines under this part 94. EPA has migrated regulatory
requirements for these engines to 40 CFR part 1042, with additional testing and compliance
provisions in 40 CFR part 1065 and part 1068. The Tier 1 and Tier 2 standards originally
adopted in this part 94 are identified in 40 CFR part 1042, Appendix |. See 40 CFR 1042.1 for
information regarding the timing of the transition to 40 CFR part 1042, and for information
regarding regulations that continue to apply for engines that manufacturers originally certified or
otherwise produced under this part 94.

§894.2 through 94.3 [Reserved]

B-41



PART 1027 — FEES FOR VEHICLE AND ENGINE COMPLIANCE PROGRAMS
80. The authority statement for part 1027 continues to read as follows:

Authority: 42 U.S.C. 7401-7671q.

81. The heading for part 1027 is revised to read as set forth above.

82. Amend §1027.101 by:
a. Revising paragraph (a); and
b. Removing and reserving paragraph (b).
The revision reads as follows:
81027.101 To whom do these requirements apply?
(a) This part prescribes fees manufacturers must pay for activities related to EPA’s motor vehicle
and engine compliance program (MVECP). This includes activities related to approving
certificates of conformity and performing tests and taking other steps to verify compliance with
emission standards. You must pay fees as described in this part if you are a manufacturer of any
of the following products:
(1) Motor vehicles and motor vehicle engines we regulate under 40 CFR part 86. This
includes light-duty vehicles, light-duty trucks, medium-duty passenger vehicles, highway
motorcycles, and heavy-duty highway engines and vehicles.
(2) The following nonroad engines and equipment:
(i) Locomotives and locomotive engines we regulate under 40 CFR part 1033.
(if) Nonroad compression-ignition engines we regulate under 40 CFR part 1039.
(iii) Marine compression-ignition engines we regulate under 40 CFR part 1042 or 1043.
(iv) Marine spark-ignition engines and vessels we regulate under 40 CFR part 1045 or
1060. We refer to these as Marine Sl engines.
(v) Nonroad spark-ignition engines above 19 kW we regulate under 40 CFR part 1048.
We refer to these as Large Sl engines.
(vi) Recreational vehicles we regulate under 40 CFR part 1051.
(vii) Nonroad spark-ignition engines and equipment at or below 19 kW we regulate under
40 CFR part 1054 or 1060. We refer to these as Small SI engines.
(3) The following stationary internal combustion engines:
(i) Stationary compression-ignition engines we certify under 40 CFR part 60, subpart I111.
(ii) Stationary spark-ignition engines we certify under 40 CFR part 60, subpart JJJJ.
(4) Portable fuel containers we regulate under 40 CFR part 59, subpart F.
*

* * * *

83. Revise 81027.105 to read as follows:
§1027.105 How much are the fees?
(a) Fees are determined based on the date we receive a complete application for certification.
Each reference to a year in this subpart refers to the calendar year, unless otherwise specified.
Paragraph (b) of this section specifies baseline fees that apply for certificates received in 2020
See paragraph (c) of this section for provisions describing how we calculate fees for 2021 and
later years.
(b) The following baseline fees apply for each application for certification:
(1) Except as specified in paragraph (b)(2) of this section for Independent Commercial
Importers, the following fees apply in 2020 for motor vehicles and motor vehicle engines:
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Category? Certificate type Fee

(i) Light-duty vehicles, light-duty trucks, medium-

duty passenger vehicle, and complete heavy-duty | Federal $27,347
highway vehicles

(i) Light-duty vehicles, light-duty trucks, medium-

duty passenger vehicle, and complete heavy-duty | California-only $14,700
highway vehicles

(iii) Heavy-duty highway engine Federal $56,299
(iv) Heavy-duty highway engine California-only $563
(v) Heavy-duty vehicle Evap $563
(vi) Highway motorcycle, including Independent All $1.852

Commercial Importers

aThe specified categories include engines and vehicles that use all applicable fuels.

(2) A fee of $87,860 applies in 2020 for Independent Commercial Importers with respect to

the following motor vehicles:
(i) Light-duty vehicles and light-duty trucks.
(if) Medium-duty passenger vehicles.
(iii) Complete heavy-duty highway vehicles.

(3) The following fees apply in 2020 for nonroad and stationary engines, vehicles,

equipment, and components:

Category Certificate type Fee

(i) Locomotives and locomotive engines All $563

(if) Marine compression-ignition engines and

stationary compression-ignition engines with per- | All, including EIAPP $563

cylinder displacement at or above 10 liters

(iii) Other nonroad compression-ignition engines

and stationary compression-ignition engines with | All $2,940

per-cylinder displacement below 10 liters

(iv) Large Sl engines and stationary spark-ignition All $563

engines above 19 kW

(v) Marine Sl engines. Small Sl engines, and

stationary spark-ignition engines at or below 19 kW Exhaust only $563

(vi) Recreational vehicles Exhaust (or combined $563
exhaust and evap)

(vii) Equipment and fuel-system components

associated with nonroad and stationary spark- Evap _(where_separa_te $397

S . ) . . certification is required)

ignition engines, including portable fuel containers.

(c) We will calculate adjusted fees for 2021 and later years based on changes in the Consumer
Price Index and the number of certificates. We will announce adjusted fees for a given year by

March 31 of the preceding year.

(1) We will adjust the values specified in paragraph (b) of this section for years after 2020 as

follows:
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(i) Use the following equation for certification related to evaporative emissions from
nonroad and stationary engines when a separate fee applies for certification to
evaporative emission standards:

Certificate Fee., = [op+|_.CP|cv-zj _ OH
CPlygs ) | [(certhy,., +certiy, ;)-0.5]

Where:

Certificate FeeCY = Fee per certificate for a given year.

Op = operating costs are all of EPA's nonlabor costs for each category's compliance
program, including any fixed costs associated with EPA's testing laboratory, as described
in paragraph (d)(1) of this section.

L = the labor costs, to be adjusted by the Consumer Price Index, as described in
paragraph (d)(1) of this section.

CPICY-2 = the Consumer Price Index for the month of November two years before the
applicable calendar year, as described in paragraph (d)(2) of this section.

CPI2006 = 201.8. This is based on the October 2006 value of the Consumer Price Index.
as described in paragraph (d)(2) of this section

OH =1.169. This is based on EPA overhead, which is applied to all costs.

cert#MY -2 = the total number of certificates issued for a fee category in the model year
two years before the calendar year for the applicable fees as described in paragraph (d)(3)
of this section.

cert#MY -3 = the total number of certificates issued for a fee category in the model year
three years before the calendar year for the applicable fees as described in paragraph
(d)(3) of this section.

(i) Use the following equation for all other certificates:

CPley, )| OH
CPlyyg, )| [(certhy,, ., +certi,, ;)-0.5]

Certificate Fee., = KOp +L -

Where:
CP12002 = 180.9. This is based on the December 2002 value of the Consumer Price
Index as described in paragraph (d)(2) of this section.

(2) The fee for any year will remain at the previous year’s amount until the value calculated
in paragraph (c)(1) of this section differs by at least $50 from the amount specified for the
previous year.
(d) Except as specified in §1027.110(a) for motor vehicles and motor vehicle engines, we will
use the following values to determine adjusted fees using the equation in paragraph (c) of this
section:
(1) The following values apply for operating costs and labor costs:
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Engine or Vehicle Category Op L

(i) Light-duty, medium-duty passenger, and complete heavy-
duty highway vehicle certification $3,322,039 |$2,548,110

(i) Light-duty, medium-duty passenger, and complete heavy-

duty highway vehicle in-use testing $2858.223 32,184,331

(iii) Independent Commercial Importers identified in

§1027.105(b)(2) $344,824  |$264,980

(iv) Highway motorcycles $225,726 $172,829
(v) Heavy-duty highway engines $1,106,224 |$1,625,680
(vi) Nonroad compression-ignition engines that are not

locomotive or marine engines, and stationary compression- $486,401 $545,160
ignition engines with per-cylinder displacement below 10 liters

(vu) Evaporative certificates related to nonroad and stationary $5.039 $236.670
engines

(viii) All other $177,425 $548,081

(2) The applicable Consumer Price Index is based on the values published by the Bureau of
Labor Statistics for All Urban Consumers at https://www.usinflationcalculator.com/ under
“Inflation and Prices” and “Consumer Price Index Data from 1913 to....”. For example, we
calculated the 2006 fees using the Consumer Price Index for November 2004, which is 191.0.
(3) Fee categories for counting the number of certificates issued are based on the grouping
shown in paragraph (d)(1) of this section.

84. Amend §1027.110 by revising paragraph (a) introductory text to read as follows:
81027.110 What special provisions apply for certification related to motor vehicles?
(a) We will adjust fees for light-duty, medium-duty passenger, and complete heavy-duty
highway vehicles as follows:

* * * * *

85. Amend §1027.125 by revising paragraph (e) to read as follows:
§1027.125 Can | get a refund?

* * * *

(e) Send refund and correction requests online at www.Pay.gov, or as specified in our guidance.

* * * * *

86. Amend 81027.130 by revising paragraphs (a) and (b) to read as follows:

81027.130 How do | make a fee payment?

(a) Pay fees to the order of the Environmental Protection Agency in U.S. dollars using electronic
funds transfer or any method available for payment online at www.Pay.gov, or as specified in
EPA guidance.

(b) Submit a completed fee filing form at www.Pay.gov.

* * * * *

87. Amend §1027.135 by revising paragraph (b) to read as follows:
81027.135 What provisions apply to a deficient filing?

* * * * *
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(b) We will hold a deficient filing along with any payment until we receive a completed form
and full payment. If the filing remains deficient at the end of the model year, we will continue to
hold any funds associated with the filing so you can make a timely request for a refund. We will
not process an application for certification if the associated filing is deficient.

88. Revise 81027.155 to read as follows:
§1027.155 What abbreviations apply to this subpart?
The following symbols, acronyms, and abbreviations apply to this part:

CFR Code of Federal Regulations.

CPI Consumer Price Index.

EPA U.S. Environmental Protection Agency.
Evap Evaporative emissions.

Engine International Air Pollution Prevention

EIAPP (from MARPOL Annex VI).

ICI Independent Commercial Importer.

MVECP Motor vehicle and engine compliance program.
MY Model year.

U.S. United States.
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PART 1033—CONTROL OF EMISSIONS FROM LOCOMOTIVES
89. The authority citation for part 1033 continues to read as follows:
Authority: 42 U.S.C. 7401-7671q.

90. Amend §1033.150 by—

a. Removing and reserving paragraphs (a) and (d).

b. Revising paragraph (e) introductory text.

c. Removing and reserving paragraphs (h) through (j).
d. Removing paragraphs (1) and (m).

The revision reads as follows:

§1033.150 Interim provisions.

* * * * *

(e) Producing switch locomotives using certified nonroad engines. You may use the provisions
of this paragraph (e) to produce any number of freshly manufactured or refurbished switch
locomotives in model years 2008 through 2017. Locomotives produced under this paragraph (e)
are exempt from the standards and requirements of this part subject to the following provisions:

* * * * *

91. Revise 81033.255 to read as follows:

§1033.255 EPA decisions.

(a) If we determine an application is complete and shows that the engine family meets all the
requirements of this part and the Clean Air Act, we will issue a certificate of conformity for the
engine family for that model year. We may make the approval subject to additional conditions.
(b) We may deny an application for certification if we determine that an engine family fails to
comply with emission standards or other requirements of this part or the Clean Air Act. We will
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base our decision on all available information. If we deny an application, we will explain why in
writing.
(c) In addition, we may deny your application or suspend or revoke a certificate of conformity if
you do any of the following:
(1) Refuse to comply with any testing or reporting requirements.
(2) Submit false or incomplete information. This includes doing anything after submitting an
application that causes submitted information to be false or incomplete.
(3) Cause any test data to become inaccurate.
(4) Deny us from completing authorized activities (see 40 CFR 1068.20). This includes a
failure to provide reasonable assistance.
(5) Produce locomotives for importation into the United States at a location where local law
prohibits us from carrying out authorized activities.
(6) Fail to supply requested information or amend an application to include all locomotives
being produced.
(7) Take any action that otherwise circumvents the intent of the Clean Air Act or this part;
(d) We may void a certificate of conformity feran-engine-famiby-if you fail to keep records, send
reports, or give us information as required under this part or the Act. Note that these are also
violations of 40 CFR 1068.101(a)(2).
(e) We may void a certificate of conformity foran-engine-famiby-if we find that you intentionally
submitted false or incomplete information. This includes doing anything after submitting an
application that causes submitted information to be false or incomplete.
(F) If we deny an application or suspend, revoke, or void a certificate, you may ask for a hearing
(see §1033.920).

92. Amend 81033.601 by revising paragraphs (c)(4) and (5) to read as follows:

§ 1033.601 General compliance provisions.

* * * * *

(C) * * *

(4) The provisions for importing engines and equipment under the identical configuration
exemption of 40 CFR 1068.315(h) do not apply for locomotives.

(5) The provisions for importing engines and equipment under the ancient engine exemption of
40 CFR 1068.315(i) do not apply for locomotives.

* *

* * *

93. Amend §1033.701 by revising paragraph (k)(1) to read as follows:

§ 1033.701 General provisions.

* * * * *

(k) * * *

(1) You may retire emission credits generated from any number of your locomotives. This may

be considered donating emission credits to the environment. Identify any such credits in the

reports described in § 1033.730. Locomotives must comply with the applicable FELs even if

you donate or sell the corresponding emission credits under this paragraph (k). Those credits

may no longer be used by anyone to demonstrate compliance with any EPA emission standards.
*

* * * *
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94. Amend §1033.740 by revising the introductory text and paragraph (2) to read as follows:
§1033.740 Credit restrictions.

Use of emission credits generated under this part 1033 is restricted depending on the standards
against which they were generated.

(a) Pre-2008 cCredits-from-40-CFRpart-92. NOx and PM credits generated before model year
2008 under-40-CFR-part-92-may be used under this part in the same manner as NOx and PM
credits generated under this part.

* * * * *

95. Amend 81033.901 by revising paragraph (1) of the definition of “New” to read as follows:
§1033.901 Definitions.

* * * * *

NeW, * *  *x

(1) A locomotive or engine is new if its equitable or legal title has never been transferred to an
ultimate purchaser. Where the equitable or legal title to a locomotive or engine is not transferred
prior to its being placed into service, the locomotive or engine ceases to be new when it is placed
into service. A locomotive or engine also becomes new if it is remanufactured or refurbished (as
defined in this section). A remanufactured locomotive or engine ceases to be new when placed
back into service. With respect to imported locomotives or locomotive engines, the term “new
locomotive” or “new locomotive engine” also means a locomotive or locomotive engine that is
not covered by a certificate of conformity under this part or 40 CFR part 92 at the time of
importation, and that was manufactured or remanufactured after January 1, 2000, which would
have been applicable to such locomotive or engine had it been manufactured or remanufactured
for importation into the United States. Note that replacing an engine in one locomotive with an
unremanufactured used engine from a different locomotive does not make a locomotive new.

* * * * *

96. Amend §1033.925 by revising paragraph (e) introductory text to read as follows:

§ 1033.925 Reporting and recordkeeping requirements.

(e) Under the Paperwork Reduction Act (44 U.S.C. 3501 et seq.), the Office of Management and
Budget approves the reporting and recordkeeping specified in the applicable regulations. The
following items illustrate the kind of reporting and recordkeeping we require for locomotives
regulated under this part:

* * * * *
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PART 1039—CONTROL OF EMISSIONS FROM NEW AND IN-USE NONROAD
COMPRESSION-IGNITION ENGINES

179. The authority statement for part 1039 continues to read as follows:

Authority: 42 U.S.C. 7401-7671q.

180. Amend §1039.1 by revising paragraphs (b)(3) and (c) to read as follows:

81039.1 Does this part apply for my engines?

* * * * *

(b) * ok  *

(3) Engines originally meeting Tier 1, Tier 2, or Tier 3 standards as specified in Appendix | of
this part remain subject to those standards. This includes uncertified engines that meet standards
under 40 CFR 1068.265. Affected engines remain subject to recall provisions as specified in 40
CFR part 1068, subpart F, throughout the useful life corresponding to the original certification.
Also, tampering and defeat-device prohibitions continue to apply for those engines as specified
in 40 CFR 1068.101.

* * * * *

(c) The definition of nonroad engine in 40 CFR 1068.30 excludes certain engines used in
stationary applications. These engines may be required by 40 CFR part 60, subpart 1111, to
comply with some of the provisions of this part 1039; otherwise, these engines are only required
to comply with the requirements in 81039.20. In addition, the prohibitions in 40 CFR 1068.101
restrict the use of stationary engines for nonstationary purposes unless they are certified to the
same standards that would apply to certain nonroad engines for the same model year.

* * * * *

181. Amend §1039.20 by revising paragraph (a) introductory text, paragraphs (b)(2), (4), and (c)
to read as follows:

81039.20 What requirements from this part apply to excluded stationary engines?

* * * * *

(@) You must add a permanent label or tag to each new engine you produce or import that is
excluded under 81039.1(c) as a stationary engine and is not required by 40 CFR part 60, subpart
[111, to meet the requirements described in this part 1039, or the requirements described in 40
CFR part 1042, that are equivalent to the requirements applicable to marine or land-based
nonroad engines for the same model year. To meet labeling requirements, you must do the
following things:

* * * * *

(b) * *  *

(2) Include your full corporate name and trademark.

* * * * *

(4) State: “THIS ENGINE IS EXEMPTED FROM NONROAD CERTIFICATION
REQUIREMENTS AS A “STATIONARY ENGINE.” INSTALLING OR USING THIS
ENGINE IN ANY OTHER APPLICATION MAY BE A VIOLATION OF FEDERAL LAW
SUBJECT TO CIVIL PENALTY.”

(c) Stationary engines required by 40 CFR part 60, subpart 1111, to meet the requirements
described in this part 1039 or 40 CFR part 1042, must meet the labeling requirements of 40 CFR
60.4210.
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182. Amend §1039.101 by revising the introductory text and paragraph (b) to read as follows:
81039.101 What exhaust emission standards must my engines meet after the 2014 model

year?

The exhaust emission standards of this section apply after the 2014 model year. Certain of these
standards also apply for model year 2014 and earlier. This section presents the full set of
emission standards that apply after all the transition and phase-in provisions of 81039.102 and
81039.104 expire. Section 1039.105 specifies smoke standards.
*

* * * *

(b) Emission standards for steady-state testing. Steady-state exhaust emissions from your
engines may not exceed the applicable emission standards in Table 1 of this section. Measure

emissions using the applicable steady-state test procedures described in subpart F of this part.
Table 1 of §1039.101—Tier 4 Exhaust Emission Standards After the 2014 Model Year, g/lkW-hr

Maximum

. Application |PM NOx NMHC NOx+NMHC |CO
Engine Power
kW <19 All 0.40% |- - 7.5 6.6
19<kW<56 |All 0.03 - - 4.7 5.0%
56 < kW < 130 |All 0.02 0.40 0.19 - 5.0
130 < kW <560 | All 0.02 0.40 0.19 - 3.5
kW > 560 Generator sets | 0.03 0.67 0.19 - 3.5
kw>sgo |Alexeept o I35 019 |- 35

generator sets

&Note that some of these standards also apply for 2014 and earlier model years. This table presents the full set of
emission standards that apply after all the transition and phase-in provisions of §1039.102 expire.
b2See paragraph (c) of this section for provisions related to an optional PM standard for certain engines below 8

kw

%The CO standard is 8.0 g/kW-hr for engines below 8 kW.

%The CO standard is 5.5 g/kW-hr for engines below 37 kW.

* * * * *

183. Amend §1039.102 by:

a. Revising the introductory text and paragraph (a)(2);
b. Revising Tables 1, 3, and 6 in paragraph (b); and

c. Revising paragraphs (d)(1), (e)(3), (9)(1)(iv), and (9)(2).
The revisions read as follows:
81039.102 What exhaust emission standards and phase-in allowances apply for my

engines in model year 2014 and earlier?

The exhaust emission standards of this section apply for 2014 and earlier model years. See
81039.101 for exhaust emission standards that apply to later model years.

(a) * * *

(2) The transient standards in this section for gaseous pollutants do not apply to phase-out
engines that you certify to the same numerical standards (and FELSs if the engines are certified
using ABT) for gaseous pollutants as you certified under the Tier 3 requirements identified in
Appendix | of this part. However, except as specified by paragraph (a)(1) of this section, the

transient PM emission standards apply to these engines.

(b) * * *
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Table 1 of §1039.102—Tier 4 Exhaust Emission Standards (g/kW-hr): kW <19

Maximum engine power | Model years |PM NOx + NMHC |CO
kW <8 2008-2014 0.40* 7.5 8.0
8 <kW <19 2008-2014 0.40 7.5 6.6

&For engines that qualify for the special provisions in §1039.101(c), you may delay certifying to the standards in
this part 1039 until 2010. In 2009 and earlier model years, these engines must instead meet the applicable Tier 2
standards and other requirements identified in Appendix | of this part. Starting in 2010, these engines must meet a
PM standard of 0.60 g/kW-hr, as described in §1039.101(c). Engines certified to the 0.60 g/kWhr PM standard
may not generate ABT credits.

* * * * *

Table 3 of §1039.102—Interim Tier 4 Exhaust Emission Standards (g/kW-hr): 37 <kW <56

Option* Model years PM NOx + NMHC CO
#1 2008-2012 0.30 4.7 5.0
#2 2012 0.03 4.7 5.0
All 2013-2014 0.03 4.7 5.0

&Y ou may certify engines to the Option #1 or Option #2 standards starting in the listed model year. Under Option
#1, all engines at or above 37 kW and below 56 kW produced before the 2013 model year must meet the
applicable Option #1 standards in this table. These engines are considered to be “Option #1 engines.” Under
Option #2, all these engines produced before the 2012 model year must meet the applicable standards identified in
Appendix | of this part. Engines certified to the Option #2 standards in model year 2012 are considered “Option #2

engines.”
* * * * *

Table 6 of §1039.102—Interim Tier 4 Exhaust Emission Standards (g/kW-hr): 130 < kW <560

Model years | Phase-in Option |PM NOx NMHC |NOx+NMHC |CO
Phase-in 0.02 0.40 0.19 - 3.5

2011-2013 Phase-out 0.02 - - 4.0 3.5

2014 All engines 0.02 0.40 0.19 - 3.5

* * * * *

(d) * * *

(1) For model years 2012 through 2014, you may use banked NOx + NMHC credits from any
Tier 2 engine at or above 37 kW certified under the standards identified in Appendix I of this
part to meet the NOx phase-in standards or the NOx + NMHC phase-out standards under
paragraphs (b) and (c) of this section, subject to the additional ABT provisions in §1039.740.
* * * * *

(e) R

(3) You use NOx + NMHC emission credits to certify an engine family to the alternate NOx +
NMHC standards in this paragraph (e)(3) instead of the otherwise applicable alternate NOx and
NMHC standards. Calculate the alternate NOx + NMHC standard by adding 0.1 g/kW-hr to the
numerical value of the applicable alternate NOx standard of paragraph (e)(1) or (2) of this
section. Engines certified to the NOx + NMHC standards of this paragraph (e)(3) may not
generate emission credits. The FEL caps for engine families certified under this paragraph (¢)(3)
are the previously applicable NOx + NMHC standards identified in Appendix I of this part
(generally the Tier 3 standards).

*

* * * *

(g) * * *
(l) * * *
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(iv) Gaseous pollutants for phase-out engines that you certify to the same numerical standards
and FELs for gaseous pollutants to which you certified under the Tier 3 requirements identified
in Appendix | of this part. However, the NTE standards for PM apply to these engines.

(2) Interim FEL caps. As described in §1039.101(d), you may participate in the ABT program in
subpart H of this part by certifying engines to FELs for PM, NOx, or NOx + NMHC instead of
the standards in Tables 1 through 7 of this section for the model years shown. The FEL caps
listed in the following table apply instead of the FEL caps in §1039.101(d)(1), except as allowed

by §1039.104(g):
Table 8 of §1039.102—Interim Tier 4 FEL Caps, g/kW-hr

Maximumengine | Phase-in -y, o0l vearia |pM - |NOx | NOX + NMHC
power optlon

KW <19 — 2008-2014 0.80 |— 29 50

19 < KW < 37 — 2008-2012 060 |— 9.5

37 < KW < 56 — 32008-2012° |0.40 |— 75

56 < KW < 130 phase-in | 2012-2013 0.04 0.80 —

56 < kW <130 phase-out | 2012-2013 0.04 |— 46.6¢

130 < kW < 560 phase-in | 2011-2013 0.04 |0.80 —

130 < kW <560 phase-out 2011-2013 004 |— 56.4°

KW > 560 — 2011-2014 020 6.2 —

&For model years before 2015 where this table does not specify FEL caps, apply the FEL caps shown in
81039.101.

b2For engines below 8 kW, the FEL cap is 10.5 g/kW-hr for NOx + NMHC emissions.

SFor manufacturers certifying engines to the standards of this part 1039 in 2012 under Option #2 of Table 3 of
81039.102, the FEL caps for 37-56 kW engines in the 19-56 kW category of Table 2 of §1039.101 apply for
model year 2012 and later; see Appendix I of this part for provisions that apply to earlier model years.

%For engines below 75 kW, the FEL cap is 7.5 g/kW-hr for NOx + NMHC emissions.

&For engines below 225 kW, the FEL cap is 6.6 g/kW-hr for NOx + NMHC emissions.

184. Amend §1039.104 by revising paragraphs (c)(1), (c)(2)(ii), (c)(4), and (g)(4) to read as
follows:

81039.104 Are there interim provisions that apply only for a limited time?

* * * * *

(C) * * *

(1) You may delay complying with certain otherwise applicable Tier 4 emission standards and
requirements as described in the following table:

B-53



If your engine’s Until Before that model year
maximum You may delay meeting . . . model the engine must comply
poweris. . . year. . . |with. ..
: The standards and
kw <19 ;m: s;a:?dards and requirements of 2011 requirements described in
P Appendix | of this part.
Iehilé%:ni;agg ?r:idss aanrii that The Tier 4 standards and
19 <kW <37 g ) part : 2016 requirements that apply
would otherwise be applicable in
for model year 2008.
model year 2013
37 <kW <56 See_para_grap_h (c)(2) of this section for special provisions that apply for
engines in this power category.
. The standards and
56 <kW <130 The standards and requirements of 2015 requirements described in
this part . .
Appendix | of this part.
(2) * * *

(ii) If you do not choose to comply with paragraph (c)(2)(i) of this section, you may continue to
comply with the standards and requirements described in Appendix | of this part for model years
through 2012, but you must begin complying in 2013 with Tier 4 standards and requirements
specified in Table 3 of §1039.102 for model years 2013 and later.

* * * * *

(4) For engines not in the 19-56 kW power category, if you delay compliance with any standards
under this paragraph (c), you must do all the following things for the model years when you are
delaying compliance with the otherwise applicable standards:

(i) Produce engines that meet all the emission standards identified in Appendix | of this part and
other requirements applicable for that model year, except as noted in this paragraph (c).

(if) Meet the labeling requirements that apply for certified engines but use the following
alternative compliance statement: “THIS ENGINE COMPLIES WITH U.S. EPA
REGULATIONS FOR [CURRENT MODEL YEAR] NONROAD COMPRESSION-IGNITION
ENGINES UNDER 40 CFR 1039.104(c).”.

* * * * *

(g) * * *
(4) Do not apply TCAFs to gaseous emissions for phase-out engines that you certify to the same

numerical standards (and FELs if the engines are certified using ABT) for gaseous pollutants as
you certified under the Tier 3 requirements identified in Appendix I of this part.

B-54



Table 1 of §1039.104—Alternate FEL Caps

Model years Model years
Maximum engine |PM FEL cap, for the NOXx FEL cap, for the
power o/kW-hr alternate PM | g/kW-hr* alternate NOXx
FEL cap FEL cap
19 <kW <56 0.30 22012-2015"
56 < kW < 130%* 0.30 2012-2015 3.8 42012-2015¢
130 < kW <560 0.20 2011-2014 3.8 52011-2014¢
KW > 5608f 0.10 2015-2018 3.5 2015-2018

atThe FEL cap for engines demonstrating compliance with a NOx + NMHC standard is equal to the previously
applicable NOx + NMHC standard specified in Appendix | of this part (generally the Tier 3 standards).

b2For manufacturers certifying engines under Option #1 of Table 3 of §1039.102, these alternate FEL caps apply
to all 19-56 kW engines for model years from 2013 through 2016 instead of the years indicated in this table. For
manufacturers certifying engines under Option #2 of Table 3 of §1039.102, these alternate FEL caps do not apply
to 19-37 kW engines except in model years 2013 to 2015.

c3For engines below 75 kW, the FEL caps are 0.40 g/kW-hr for PM emissions and 4.4 g/kW-hr for NOx
emissions.

d4For manufacturers certifying engines in this power category using a percentage phase-in/phase-out approach
instead of the alternate NOx standards of §1039.102(e)(1), the alternate NOx FEL cap in the table applies only in
the 2014-2015 model years if certifying under §1039.102(d)(1), and only in the 2015 model year if certifying
under §1039.102(d)(2).

e5For manufacturers certifying engines in this power category using the percentage phase-in/phase-out approach
instead of the alternate NOx standard of §1039.102(e)(2), the alternate NOx FEL cap in the table applies only for
the 2014 model year.

f6For engines above 560 kW, the provision for alternate NOx FEL caps is limited to generator-set engines.
* * * * *

185. Amend §1039.135 by revising paragraph (e) introductory text to read as follows:
81039.135 How must I label and identify the engines | produce?
* * * * *
(e) For model year 2019 and earlier, create a separate label with the statement: “ULTRA LOW
SULFUR FUEL ONLY”. Permanently attach this label to the equipment near the fuel inlet or, if
you do not manufacture the equipment, take one of the following steps to ensure that the
equipment will be properly labeled:

*

* * * *

186. Amend §1039.205 by adding paragraph (c) to read as follows:

§1039.205 What must I include in my application?

* * * * *

(c) If your engines are equipped with an engine diagnostic system as required under §1039.110,
explain how it works, describing especially the engine conditions (with the corresponding
diagnostic trouble codes) that cause the warning lamp makfunetion-indicatorHghtto go on and
the design features that minimize the potential for operation without reductant. Also identify the
communication protocol (SAE J1939, SAE J1979, etc.)

* * * * *
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187. Amend §1039.245 by revising paragraph (a) to read as follows:
81039.245 How do | determine deterioration factors from exhaust durability testing?

* * * * *

(@) You may ask us to approve deterioration factors for an engine family with established
technology based on engineering analysis instead of testing. Engines certified to a NOx +
NMHC standard or FEL greater than the Tier 3 NOx + NMHC standard described in Appendix |
of this part are considered to rely on established technology for gaseous emission control, except
that this does not include any engines that use exhaust-gas recirculation or aftertreatment. In
most cases, technologies used to meet the Tier 1 and Tier 2 emission standards would be
considered to be established technology.

* * * * *

188. Revise 81039.255 to read as follows:
81039.255 What decisions may EPA make regarding a certificate of conformity?
(a) If we determine an application is complete and shows that the engine family meets all the
requirements of this part and the Act, we will issue a certificate of conformity for the engine
family for that model year. We may make the approval subject to additional conditions.
(b) We may deny an application for certification if we determine that an engine family fails to
comply with emission standards or other requirements of this part or the Clean Air Act. We will
base our decision on all available information. If we deny an application, we will explain why in
writing.
(c) In addition, we may deny your application or suspend or revoke a certificate of conformity if
you do any of the following:
(1) Refuse to comply with any testing or reporting requirements.
(2) Submit false or incomplete information. This includes doing anything after submitting an
application that causes submitted information to be false or incomplete.
(3) Cause any test data to become inaccurate.
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(4) Deny us from completing authorized activities (see 40 CFR 1068.20). This includes a
failure to provide reasonable assistance.

(5) Produce engines for importation into the United States at a location where local law
prohibits us from carrying out authorized activities.

(6) Fail to supply requested information or amend an application to include all engines being
produced.

(7) Take any action that otherwise circumvents the intent of the Act or this part;ith-respect

to-anrengine famiby.
(d) We may void a certificate of conformity feran-engine-famiby-if you fail to keep records, send
reports, or give us information as required under this part or the Act. Note that these are also
violations of 40 CFR 1068.101(a)(2).
(e) We may void a certificate of conformity foran-engine-famiby-if we find that you intentionally
submitted false or incomplete information. This includes doing anything after submitting an
application that causes submitted information to be false or incomplete.
(F) If we deny an application or suspend, revoke, or void a certificate, you may ask for a hearing
(see §81039.820).

189. Amend §1039.601 by revising paragraph (b) to read as follows:

§ 1039.601 What compliance provisions apply?

* * * * *

(b) Subpart C of this part describes how to test and certify dual-fuel and flexible-fuel engines.
Some multi-fuel engines may not fit either of those defined terms. For such engines, we will
determine whether it is most appropriate to treat them as single-fuel engines, dual-fuel engines,
or flexible-fuel engines based on the range of possible and expected fuel mixtures. For example,
an engine might burn natural gas but initiate combustion with a pilot injection of diesel fuel. If
the engine is designed to operate with a single fueling algorithm (i.e., fueling rates are fixed at a
given engine speed and load condition), we would generally treat it as a single-fuel engine. In
this context, the combination of diesel fuel and natural gas would be its own fuel type. If the
engine is designed to also operate on diesel fuel alone, we would generally treat it as a dual-fuel
engine. If the engine is designed to operate on varying mixtures of the two fuels, we would
generally treat it as a flexible-fuel engine. To the extent that requirements vary for the different
fuels or fuel mixtures, we may apply the more stringent requirements.

190. Amend §1039.620 by revising paragraph (b) to read as follows:

81039.620 What are the provisions for exempting engines used solely for competition?

(b) The definition of nonroad engine in 40 CFR 1068.30 excludes engines used solely for
competition. These engines are not required to comply with this part 1039, but 40 CFR 1068.101
prohibits the use of competition engines for noncompetition purposes.

* * * * *

191. Amend §1039.625 by revising the introductory text, paragraph (d)(4) introductory text,
paragraphs (e)(1), (e)(3), and (g)(1)(vi), paragraph (j) introductory text, and paragraph (j)(1) to
read as follows:

81039.625 What requirements apply under the program for equipment-manufacturer
flexibility?
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The provisions of this section allow equipment manufacturers to produce equipment with
engines that are subject to less stringent emission standards after the Tier 4 emission standards
begin to apply. To be eligible to use these provisions, you must follow all the instructions in this
section. See 81039.626 for requirements that apply specifically to companies that manufacture
equipment outside the United States and to companies that import such equipment without
manufacturing it. Engines and equipment you produce under this section are exempt from the
prohibitions in 40 CFR 1068.101(a)(1), subject to the provisions of this section.

* * * * *

(d) * Kk *

(4) You may start using the allowances under this section for engines that are not yet subject to
Tier 4 standards, as long as the seven-year period for using allowances under the Tier 2 or Tier 3
program has expired. Table 3 of this section shows the years for which this applies. To use these
early allowances, you must use engines that meet the emission standards described in paragraph
(e) of this section. You must also count these units or calculate these percentages as described in
paragraph (c) of this section and apply them toward the total number or percentage of equipment
with exempted engines we allow for the Tier 4 standards as described in paragraph (b) of this
section. The maximum number of cumulative early allowances under this paragraph (d)(4) is 10
percent under the percent-of-production allowance or 100 units under the small-volume
allowance. For example, if you produce 5 percent of your equipment with engines between 130
and 560 kW that use allowances under this paragraph (d)(4) in 2009, you may use up to an
additional 5 percent of your allowances in 2010. If you use allowances for 5 percent of your
equipment in both 2009 and 2010, your 80 percent allowance for 2011-2017 in the 130-560 kW
power category decreases to 70 percent. Manufacturers using allowances under this paragraph
(d)(4) must comply with the notification and reporting requirements specified in paragraph (g) of
this section.

* * * * *

(e) * * *

(1) If you are using the provisions of paragraph (d)(4) of this section, engines must meet the
applicable Tier 1 or Tier 2 emission standards described in Appendix I of this part.

* * * * *

(3) In all other cases, engines at or above 56 kW and at or below 560 kW must meet the
appropriate Tier 3 standards described in Appendix | of this part. Engines below 56 kW and
engines above 560 kW must meet the appropriate Tier 2 standards described in Appendix | of
this part.

* * * * *

(g) * * *

(l) *  x  *x

(vi) The number of units in each power category you have sold in years for which the Tier 2 and
Tier 3 standards apply.

* * * * *

() Provisions for engine manufacturers. As an engine manufacturer, you may produce exempted
engines as needed under this section. You do not have to request this exemption for your
engines, but you must have written assurance from equipment manufacturers that they need a
certain number of exempted engines under this section. Send us an annual report of the engines
you produce under this section, as described in §1039.250(a). Exempt engines must meet the
emission standards in paragraph (e) of this section and you must meet all the requirements of 40
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CFR 1068.265, except that engines produced under the provisions of paragraph (a)(2) of this
section must be identical in all material respects to engines previously certified under this part
1039. If you show under 40 CFR 1068.265(c) that the engines are identical in all material
respects to engines that you have previously certified to one or more FELS above the standards
specified in paragraph (e) of this section, you must supply sufficient credits for these engines.
Calculate these credits under subpart H of this part using the previously certified FELs and the
alternate standards. You must meet the labeling requirements in §1039.135, as applicable, with
the following exceptions:

(1) Add the following statement instead of the compliance statement in §1039.135(c)(12):
THIS ENGINE MEETS U.S. EPA EMISSION STANDARDS UNDER 40 CFR 1039.625.
SELLING OR INSTALLING THIS ENGINE FOR ANY PURPOSE OTHER THAN FOR THE
EQUIPMENT FLEXIBILITY PROVISIONS OF 40 CFR 1039.625 MAY BE A VIOLATION
OF FEDERAL LAW SUBJECT TO CIVIL PENALTY.

* * * * *

192. Amend 8§1039.626 by revising paragraph (b)(1)(iv) to read as follows:

81039.626 What special provisions apply to equipment imported under the equipment-
manufacturer flexibility program?

* * * * *

(b) * * *

(1) * * *

(iv) The number of units in each power category you have imported in years for which the Tier 2
and Tier 3 standards apply.

* * * * *

193. Amend 8§1039.655 by revising paragraphs (a)(2) and (b) to read as follows:

81039.655 What special provisions apply to engines sold in Guam, American Samoa, or
the Commonwealth of the Northern Mariana Islands?

(a) *  x  *x

(2) The engine meets the latest applicable emission standards in Appendix | of this part.

* * * * *

(b) If you introduce an engine into commerce in the United States under this section, you must
meet the labeling requirements in 81039.135, but add the following statement instead of the
compliance statement in §1039.135(c)(12):

THIS ENGINE DOES NOT COMPLY WITH U.S. EPA TIER 4 EMISSION
REQUIREMENTS. IMPORTING THIS ENGINE INTO THE UNITED STATES OR ANY
TERRITORY OF THE UNITED STATES EXCEPT GUAM, AMERICAN SAMOA, OR THE
COMMONWEALTH OF THE NORTHERN MARIANA ISLANDS MAY BE A VIOLATION
OF FEDERAL LAW SUBJECT TO CIVIL PENALTY.

* * * * *

194. Amend 8§81039.740 by revising paragraph (b) to read as follows:
81039.740 What restrictions apply for using emission credits?

* * * * *
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(b) Emission credits from earlier tiers of standards. (1) For purposes of ABT under this subpart,
you may not use emission credits generated from engines subject to emission standards identified
in Appendix | of this part, except as specified in §1039.102(d)(1) or the following table:

If the maximum power | And it was certified to the Then you may use those

of the credit-generating | following standards identified in | banked credits for the
engineis. . . Appendix | of this part. . . following Tier 4 engines . . .
(i) kw <19 Tier 2 kW <19

(ii) 19 <kW <37 Tier 2 kKW >19

(iii) 37 <kW <560 Tier 3 kW >19

(iv) kw >560 Tier 2 kKW >19

(2) Emission credits generated from marine engines certified to the standards identified in
Appendix | of this part for land-based engines may not be used under this part.

* * * * *

195. Amend §1039.801 by:

a. Revising the definition for “Low-hour”;

b. Revising paragraph (5)(ii) for the definition of “Model year”; and

c. Revising the definitions for “Small-volume engine manufacturer”, “Tier 17, “Tier 2", and
“Tier 3”.

The revisions read as follows.

81039.801 What definitions apply to this part?

* * * * *

Low-hour means relating to an engine with stabilized emissions and represents the undeteriorated
emission level. This would generally involve less than 300 hours of operation for engines with
NOx aftertreatment and 125 hours of operation for other engines-at-er-belew-560-k\W-and-less

PO e cpeel o o e o e A0

* * * * *

Model year means one of the following things:

* * * * *

(5) R

(i) For imported engines described in paragraph (5)(ii) of the definition of “new nonroad
engine,” model year means the calendar year in which the engine is modified.

* * * * *

Small-volume engine manufacturer means an engine manufacturer with 1,000 or fewer
employees that has had annual U.S.-directed production volume of no more than 2,500 units.
For manufacturers owned by a parent company, these limits apply to the total number of
employees and production volume from the parent company and all its subsidiaries.

* * * * *

Tier 1 means relating to the Tier 1 emission standards identified in Appendix | of this part.
Tier 2 means relating to the Tier 2 emission standards identified in Appendix I of this part.
Tier 3 means relating to the Tier 3 emission standards identified in Appendix | of this part.

* * * * *

196. Add Appendix | to part 1039 to read as follows:
Appendix I to Part 1039— Summary of Previous Emission Standards
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The following standards, which EPA originally adopted under 40 CFR part 89, apply to nonroad

compression-ignition engines produced before the model years specified in §1039.1:

(a) Tier 1 standards apply as summarized in the following table:
Table 1 to Appendix I—Tier 1 Emission Standards (g/kW-hr)

Rated Power

Starting

(W) Model Year |NOX  |HC NOx+NMHC |CO PM
KW< 8 2000 — - 10.5 8.0 1.0
8<kW<19  [2000 — — 9.5 6.6 0.80
19<kW<37 [1999 — — 9.5 5.5 0.80
37<kW<75 |1998 0 _ _ _ _
75 <KW <130 |1997 '

130 < kW < 560 | 1996

=560 5000 9.2 13 — 11.4 0.54
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(b) Tier 2 standards apply as summarized in the following table:
Table 2 to Appendix I—Tier 2 Emission Standards (g/kW-hr)

(R;(e\a/t\e/a)d Power \S(t;r;ung Model NOx+NMHC CO PM
kW< 8 2005 7.5 8.0 0.80
8<kW<19 2005 7.5 6.6 0.80
19 <kW <37 2004 7.5 5.5 0.60
37<kW <75 2004 7.5 5.0 0.40
75<kW <130 [2003 6.6 5.0 0.30
130 < kW <225 |2003 6.6 3.5 0.20
225 < kW < 450 |2001

450 < kW <560 |2002 6.4 3.5 0.20
kW > 560 2006

(c) Tier 3 standards apply as summarized in the following table:
Table 3 to Appendix I—Tier 3 Emission Standards (g/kW-hr)

(Rl’(a\l/t\?)d Power it:lar;[mg Model NOx+NMHC CO PM
37<kW<75 2008 4.7 5.0 0.40
75<kW <130 2007 4.0 5.0 0.30
130 < kW < 560 |2006 4.0 35 0.20

(d) Tier 1 through Tier 3 standards applied only for discrete-mode steady-state testing. There
were no not-to-exceed standards or transient testing.
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PART 1042—CONTROL OF EMISSIONS FROM NEW AND IN-USE MARINE
COMPRESSION-IGNITION ENGINES AND VESSELS

197. The authority statement for part 1042 continues to read as follows:

Authority: 42 U.S.C. 7401-7671q.

198. Amend §1042.1 by:
a. Revising paragraphs (b) and (c); and
b. Removing and reserving paragraph (d).
The revisions read as follows:
§1042.1 Applicability.
* * * * *
(b) New engines with maximum engine power below 37 kW and originally manufactured and
certified before the model years identified in Table 1 to this section are subject to emission
standards as specified in Appendix | of this part. The provisions of this part 1042 do not apply
for such engines, except as follows beginning June 29, 2010:

(1) The allowances of this part apply.

(2) The definitions of “new marine engine” and “model year” apply.
(c) Marine engines originally meeting Tier 1 or Tier 2 standards as specified in Appendix I of
this part remain subject to those standards. This includes uncertified engines that meet standards
under 40 CFR 1068.265. Those engines remain subject to recall provisions as specified in 40
CFR part 1068, subpart F, throughout the useful life corresponding to the original certification.
Also, tampering and defeat-device prohibitions continue to apply for those engines as specified
in 40 CFR 1068.101. The remanufacturing provisions in subpart | of this part may apply for
remanufactured engines originally manufactured in model years before the model years
identified in Table 1 to this section.

* * * * *

199. Amend 8§81042.101 by revising paragraphs (a)(6), (c)(2), and (e)(2) to read as follows:

81042.101 Exhaust emission standards for Category 1 and Category 2 engines.

(a) R

(6) Interim Tier 4 PM standards apply for 2014 and 2015 model year engines between 2000 and

3700 kW as specified in this paragraph (a)(6). These engines are considered Tier 4 engines.
(i) For Category 1 engines, the Tier 3 PM standards from Table 1 to this section continue to
apply. PM FELs for these engines may not be higher than the applicable Tier 2 PM standards
specified in Appendix | of this part.
(i) For Category 2 engines with per-cylinder displacement below 15.0 liters, the Tier 3 PM
standards from Table 2 to this section continue to apply. PM FELSs for these engines may not
be higher than 0.27 g/kW-hr.
(iii) For Category 2 engines with per-cylinder displacement at or above 15.0 liters, the PM
standard is 0.34 g/kW-hr for engines at or above 2000 kW and below 3300 kW, and 0.27
g/kW-hr for engines at or above 3300 kW and below 3700 kW. PM FELSs for these engines
may not be higher than 0.50 g/kW-hr.

* * * * *

(C) * * *

(2) Determine the applicable NTE zone and subzones as described in 81042.515. Determine

NTE multipliers for specific zones and subzones and pollutants as follows:
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*

(i) For marine engines certified using the duty cycle specified in §1042.505(b)(1), except for
variable-speed propulsion marine engines used with controllable-pitch propellers or with
electrically coupled propellers, apply the following NTE multipliers:

(A) Subzone 1: 1.2 for Tier 3 NOx+HC standards.

(B) Subzone 1: 1.5 for Tier 4 standards and Tier 3 PM and CO standards.

(C) Subzone 2: 1.5 for Tier 4 NOx and HC standards and for Tier 3 NOx+HC standards.

(D) Subzone 2: 1.9 for PM and CO standards.
(i) For recreational marine engines certified using the duty cycle specified in
§1042.505(b)(2), except for variable-speed marine engines used with controllable-pitch
propellers or with electrically coupled propellers, apply the following NTE multipliers:

(A) Subzone 1: 1.2 for Tier 3 NOx+HC standards.

(B) Subzone 1: 1.5 for Tier 3 PM and CO standards.

(C) Subzones 2 and 3: 1.5 for Tier 3 NOx+HC standards.

(D) Subzones 2 and 3: 1.9 for PM and CO standards.
(iii) For variable-speed marine engines used with controllable-pitch propellers or with
electrically coupled propellers that are certified using the duty cycle specified in
§1042.505(b)(1), (2), or (3), apply the following NTE multipliers:

(A) Subzone 1: 1.2 for Tier 3 NOx+HC standards.

(B) Subzone 1: 1.5 for Tier 4 standards and Tier 3 PM and CO standards.

(C) Subzone 2: 1.5 for Tier 4 NOx and HC standards and for Tier 3 NOx+HC standards.

(D) Subzone 2: 1.9 for PM and CO standards. However, there is no NTE standard in

Subzone 2b for PM emissions if the engine family's applicable standard for PM is at or

above 0.07 g/kW-hr.
(iv) For constant-speed engines certified using a duty cycle specified in §1042.505(b)(3) or
(4), apply the following NTE multipliers:

(A) Subzone 1: 1.2 for Tier 3 NOx+HC standards.

(B) Subzone 1: 1.5 for Tier 4 standards and Tier 3 PM and CO standards.

(C) Subzone 2: 1.5 for Tier 4 NOx and HC standards and for Tier 3 NOx+HC standards.

(D) Subzone 2: 1.9 for PM and CO standards. However, there is no NTE standard for PM

emissions if the engine family's applicable standard for PM is at or above 0.07 g/kW-hr.
(v) For variable-speed auxiliary marine engines certified using the duty cycle specified in
§1042.505(b)(5)(ii) or (iii):

(A) Subzone 1: 1.2 for Tier 3 NOx+HC standards.

(B) Subzone 1: 1.5 for Tier 4 standards and Tier 3 PM and CO standards.

(C) Subzone 2: 1.2 for Tier 3 NOx+HC standards.

(D) Subzone 2: 1.5 for Tier 4 standards and Tier 3 PM and CO standards. However, there

is no NTE standard for PM emissions if the engine family's applicable standard for PM is

at or above 0.07 g/kW-hr.

* * * *

(e) * * *
(2) Specify a longer useful life in hours for an engine family under either of two conditions:

*

(1) If you design your engine to operate longer than the minimum useful life. Indicators of
design life include your recommended overhaul interval and may also include your
advertising and marketing materials.

(ii) If your basic mechanical warranty is longer than the minimum useful life.

* *

* *
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200. Amend §1042.104 by revising paragraphs (a)(2) and (c) to read as follows:
81042.104 Exhaust emission standards for Category 3 engines.

(a) * * *
(2) NOx standards apply based on the engine's model year and maximum in-use engine speed as

shown in the following table:
Table 1 to §1042.104—NOx Emission Standards for Category 3 Engines (g/kW-hr)

Emission Maximum in-use engine speed

standards | Model year Egslfﬂtha” 130 1130-2000 RPM® | Over 2000 RPM
Tier 1 2004-2010 17.0 45.0-n0-20) 9.8

Tier 2 2011-2015 14.4 44.0-n(023) 7.7

Tier 3° 2016 and later |3.4 9.0-n(-0:20) 2.0

aApplicable standards are calculated from n (maximum in-use engine speed, in RPM, as specified in §1042.140).
Round the standards to one decimal place.

bFor engines designed with on-off controls as specified in §1042.115(g), the Tier 2 standards continue to apply
any time the engine has disabled its Tier 3 NOx emission controls.

* * * * *

(c) Mode caps. Measured NOx emissions from Tier 3 engines may not exceed the cap specified
in this paragraph (c) for any applicable duty-cycle test modes with power greater than 10 percent
maximum engine power. Calculate the mode cap by multiplying the applicable Tier 3 NOx
standard by 1.5 and rounding to the nearest 0.1 g/kW-hr. Note that mode caps do not apply for
pollutants other than NOx and do not apply for any modes of operation outside of the applicable
duty cycles in §1042.505. Category 3 engines are not subject to not-to-exceed standards.

* * * * *

201. Amend 81042.115 by revising paragraph (g) to read as follows:
§1042.115 Other requirements.
* * * * *
(9) On-off controls for engines on Category 3 vessels. Manufacturers may equip Category 3
propulsion engines with features that disable Tier 3 NOx emission controls subject to the
provisions of this paragraph (g). For auxiliary engines allowed to use on-off controls as
specified in §1042.650(d), read "Tier 2" to mean "IMO Tier 11" and read "Tier 3" to mean "IMO
Tier 11",
(1) Features that disable Tier 3 NOx emission controls are considered to be AECDs whether
or not they meet the definition of an AECD. For example, manually operated on-off features
are AECDs under this paragraph (g). The features must be identified in your application for
certification as AECDs. For purposes of this paragraph (g), the term "features that disable
Tier 3 emission controls” includes (but is not limited to) any combination of the following
that cause the engine's emissions to exceed any Tier 3 emission standard:
(i) Bypassing of exhaust aftertreatment.
(ii) Reducing or eliminating flow of reductant to an SCR system.
(iii) Modulating engine calibration in a manner that increases engine-out emissions of a
regulated pollutant.
(2) You must demonstrate that the AECD will not disable NOx emission controls while
operating shoreward of the boundaries of the North American ECA and the U.S. Caribbean
Sea ECA. You must demonstrate that the AECD will not disable emission control while
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operating in these waters. (Note: See the regulations in 40 CFR part 1043 for requirements
related to operation in ECAs, including foreign ECAs.) Compliance with this paragraph will
generally require that the AECD operation be based on Global Positioning System (GPS)
inputs. We may consider any relevant information to determine whether your AECD
conforms to this paragraph (g).

(3) The onboard computer log must record in nonvolatile computer memory all incidents of
engine operation with the Tier 3 NOx emission controls disabled.

(4) The engine must comply with the Tier 2 NOx standard when the Tier 3 NOx emission
controls are disabled.

202. Amend §1042.125 by revising paragraph (e) to read as follows:

81042.125 Maintenance instructions.

* * * * *

(e) Maintenance that is not emission-related. For maintenance unrelated to emission controls,
you may schedule any amount of inspection or maintenance. You may also take these inspection
or maintenance steps during service accumulation on your emission-data engines, as long as they
are reasonable and technologically necessary. This might include adding engine oil, changing
air, fuel, or oil filters, servicing engine-cooling systems or fuel-water separator cartridges or
elements, and adjusting idle speed, governor, engine bolt torque, valve lash, or injector lash.

You may not perform this nonemission-related maintenance on emission-data engines more
often than the least frequent intervals that you recommend to the ultimate purchaser.

* * * * *

203. Amend §1042.135 by revising paragraph (c)(13) to read as follows:

§1042.135 Labeling.

* * * * *

(C) * * *

(13) For engines above 130 kW that are intended for installation on domestic or public vessels,
include the following statement: “THIS ENGINE DOES NOT COMPLY WITH
INTERNATIONAL MARINE REGULATIONS UNLESS IT IS ALSO COVERED BY AN
EIAPP CERTIFICATE.”

* * * * *

204. Amend 81042.145 by removing and reserving paragraphs (b), (c), (e), (h), and (i) and
revising paragraph (j) to read as follows:

§1042.145 Interim provisions.

* * * * *

(1) Installing land-based engines in marine vessels. Vessel manufacturers and marine equipment
manufacturers may apply the provisions of 88§ 1042.605 and 1042.610 to land-based engines
with maximum engine power at or above 37 kW and at or below 560 kW if they meet the Tier 3
emission standards in Appendix I of 40 CFR part 1039 as specified in 40 CFR 1068.265. All the
provisions of 8 1042.605 or §1042.610 apply as if those engines were certified to emission
standards under 40 CFR part 1039. Similarly, engine manufacturers, vessel manufacturers, and
marine equipment manufacturers must comply with all the provisions of 40 CFR part 1039 as if
those engines were installed in land-based equipment. The following provisions apply for engine
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manufacturers shipping engines to vessel manufacturers or marine equipment manufacturers
under this paragraph (j):
(1) You must label the engine as described in 40 CFR 1039.135, but identify the engine
family name as it was last certified under 40 CFR part 1039 and include the following
alternate compliance statement: “THIS ENGINE MEETS THE TIER 3 STANDARDS FOR
LAND-BASED NONROAD DIESEL ENGINES UNDER 40 CFR PART 1039. THIS
ENGINE MAY BE USED ONLY IN A MARINE VESSEL UNDER THE DRESSING
PROVISIONS OF 40 CFR 1042.605 OR 40 CFR 1042.610.”
(2) You must use the provisions of 40 CFR 1068.262 for shipping uncertified engines under
this section to secondary engine manufacturers.

* * * * *

205. Amend 8§1042.235 by revising paragraph (d)(3) to read as follows:

81042.235 Emission testing related to certification.

* * * * *

(d) * *x  *

(3) The data show that the emission-data engine would meet all the requirements that apply to
the engine family covered by the application for certification. For engines originally tested to
demonstrate compliance with Tier 1 or Tier 2 standards, you may consider those test procedures
to be equivalent to the procedures we specify in subpart F of this part.

* * * * *

206. Revise §1042.255 to read as follows:
§1042.255 EPA decisions.
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(a) If we determine an application is complete and shows that the engine family meets all the
requirements of this part and the Clean Air Act, we will issue a certificate of conformity for the
engine family for that model year. We may make the approval subject to additional conditions.
(b) We may deny an application for certification if we determine that an engine family fails to
comply with emission standards or other requirements of this part or the Clean Air Act. We will
base our decision on all available information. If we deny an application, we will explain why in
writing.
(c) In addition, we may deny your application or suspend or revoke a certificate of conformity if
you do any of the following:

(1) Refuse to comply with any testing or reporting requirements.

(2) Submit false or incomplete information. This includes doing anything after submitting an

application that causes submitted information to be false or incomplete.

(3) Cause any test data to become inaccurate.

(4) Deny us from completing authorized activities (see 40 CFR 1068.20). This includes a

failure to provide reasonable assistance.

(5) Produce engines for importation into the United States at a location where local law

prohibits us from carrying out authorized activities.

(6) Fail to supply requested information or amend an application to include all engines being

produced.

(7) Take any action that otherwise circumvents the intent of the Clean Air Act or this part;
(d) We may void a certificate of conformity fer-an-engine-famiby-if you fail to keep records, send
reports, or give us information as required under this part or the Clean Air Act. Note that these
are also violations of 40 CFR 1068.101(a)(2).
(e) We may void a certificate of conformity foran-engine-famiby-if we find that you intentionally
submitted false or incomplete information. This includes doing anything after submitting an
application that causes submitted information to be false or incomplete after submission.
(F) If we deny an application or suspend, revoke, or void a certificate, you may ask for a hearing
(see §1042.920).

207. Amend §1042.302 by revising paragraph (a) to read as follows:

81042.302 Applicability of this subpart for Category 3 engines.

* * * * *

(a) You must test each Category 3 engine at the sea trial of the vessel in which it is installed or
within the first 300 hours of operation, whichever occurs first. This may involve testing a fully
assembled production engine before it is installed in the vessel. For engines with on-off controls,
you may omit testing to demonstrate compliance with Tier 2 standards if the engine does not rely
on aftertreatment when Tier 3 emission controls are disabled. Since you must test each engine,
the provisions of 8§1042.310 and 1042.315(b) do not apply for Category 3 engines. If we
determine that an engine failure under this subpart is caused by defective components or design
deficiencies, we may revoke or suspend your certificate for the engine family as described in
81042.340. If we determine that an engine failure under this subpart is caused only by incorrect
assembly, we may suspend your certificate for the engine family as described in §1042.325. If
the engine fails, you may continue operating only to complete the sea trial and return to port. It is
a violation of 40 CFR 1068.101(b)(1) to operate the vessel further until you remedy the cause of
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failure. Each two-hour period of such operation constitutes a separate offense. A violation lasting
less than two hours constitutes a single offense.

* * * * *

208. Amend §1042.605 by revising paragraphs (a), (b), (c), (d)(2)(ii), (d)(2), (d)(3)(ii), (f), and
(h) to read as follows:
81042.605 Dressing engines already certified to other standards for nonroad or heavy-
duty highway engines for marine use.
(a) General provisions. If you are an engine manufacturer (including someone who marinizes a
land-based engine), this section allows you to introduce new marine engines into U.S. commerce
if they are already certified to the requirements that apply to compression-ignition engines under
40 CFR parts 85 and 86 or 40 CFR part 1033 or 1039 for the appropriate model year. If you
comply with all the provisions of this section, we consider the certificate issued under 40 CFR
part 86, 1033, or 1039 for each engine to also be a valid certificate of conformity under this part
1042 for its model year, without a separate application for certification under the requirements of
this part 1042. This section does not apply for Category 3 engines.
(b) Vessel-manufacturer provisions. If you are not an engine manufacturer, you may install an
engine certified for the appropriate model year under 40 CFR part 86, 1033, or 1039 in a marine
vessel as long as you do not make any of the changes described in paragraph (d)(3) of this
section and you meet the requirements of paragraph (e) of this section. If you modify the non-
marine engine in any of the ways described in paragraph (d)(3) of this section, we will consider
you a manufacturer of a new marine engine. Such engine modifications prevent you from using
the provisions of this section.
(c) Liability. Engines for which you meet the requirements of this section are exempt from all the
requirements and prohibitions of this part, except for those specified in this section. Engines
exempted under this section must meet all the applicable requirements from 40 CFR parts 85 and
86 or 40 CFR part1033 or 1039. This paragraph (c) applies to engine manufacturers, vessel
manufacturers that use such an engine, and all other persons as if the engine were used in its
originally intended application. The prohibited acts of 40 CFR 1068.101(a)(1) apply to these new
engines and vessels; however, we consider the certificate issued under 40 CFR part 86, 1033, or
1039 for each engine to also be a valid certificate of conformity under this part 1042 for its
model year. If we make a determination that these engines do not conform to the regulations
during their useful life, we may require you to recall them under 40 CFR part 85 or 1068.

* * *
@
(if) Land-based compression-ignition nonroad engines (40 CFR part 1039).
* * * * *
(2) The engine must have the label required under 40 CFR part 86, 1033, or 1039.
(3) * ok *
(i) Replacing an original turbocharger, except that small-volume engine manufacturers may
replace an original turbocharger on a recreational engine with one that matches the performance
of the original turbocharger.
* * * * *
(F) Failure to comply. If your engines do not meet the criteria listed in paragraph (d) of this
section, they will be subject to the standards, requirements, and prohibitions of this part 1042 and
the certificate issued under 40 CFR part{s} 86, 1033, or 1039 will not be deemed to also be a
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certificate issued under this part 1042. Introducing these engines into U.S. commerce as marine
engines without a valid exemption or certificate of conformity under this part violates the
prohibitions in 40 CFR 1068.101(a)(1).

* * * * *

(h) Participation in averaging, banking and trading. Engines adapted for marine use under this
section may not generate or use emission credits under this part 1042. These engines may
generate credits under the ABT provisions in 40 CFR part(s) 86, 1033, or 1039, as applicable.
These engines must use emission credits under 40 CFR part(s) 86, 1033, or 1039 as applicable if
they are certified to an FEL that exceeds an emission standard.

* * * * *

209. Amend 81042.610 by revising paragraphs (a), (c), (d)(1), (f), and (g) to read as follows:
81042.610 Certifying auxiliary marine engines to land-based standards.

* * * * *

(a) General provisions. If you are an engine manufacturer, this section allows you to introduce
new marine engines into U.S. commerce if they are already certified to the requirements that
apply to compression-ignition engines under 40 CFR part 1039 for the appropriate model year. If
you comply with all the provisions of this section, we consider the certificate issued under 40
CFR part 1039 for each engine to also be a valid certificate of conformity under this part 1042
for its model year, without a separate application for certification under the requirements of this
part 1042.

* * * * *

(c) Liability. Engines for which you meet the requirements of this section are exempt from all the
requirements and prohibitions of this part, except for those specified in this section. Engines
exempted under this section must meet all the applicable requirements from 40 CFR part 1039.
This paragraph (c) applies to engine manufacturers, vessel manufacturers that use such an
engine, and all other persons as if the engine were used in its originally intended application. The
prohibited acts of 40 CFR 1068.101(a)(1) apply to these new engines and vessels; however, we
consider the certificate issued under 40 CFR part 1039 for each engine to also be a valid
certificate of conformity under this part 1042 for its model year. If we make a determination that
these engines do not conform to the regulations during their useful life, we may require you to
recall them under 40 CFR part 1068.

(d) * ok  *

(1) The marine engine must be identical in all material respects to a land-based engine covered
by a valid certificate of conformity for the appropriate model year showing that it meets emission
standards for engines of that power rating under 40 CFR part 1039.

* * * * *

(f) Failure to comply. If your engines do not meet the criteria listed in paragraph (d) of this
section, they will be subject to the standards, requirements, and prohibitions of this part 1042 and
the certificate issued under 40 CFR part 1039 will not be deemed to also be a certificate issued
under this part 1042. Introducing these engines into U.S. commerce as marine engines without a
valid exemption or certificate of conformity under this part 1042 violates the prohibitions in 40
CFR 1068.101(a)(1).

(g) Participation in averaging, banking and trading. Engines using this exemption may not
generate or use emission credits under this part 1042. These engines may generate credits under
the ABT provisions in 40 CFR part 1039, as applicable. These engines must use emission credits
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under 40 CFR part 1039 as applicable if they are certified to an FEL that exceeds an emission
standard.

* * * * *

210. Amend 8§1042.615 by revising paragraph (a) introductory text and paragraphs (a)(1) and (3)
and adding paragraphs (f) and (g) to read as follows:
81042.615 Replacement engine exemption.
* * * * *
(a) This paragraph (a) applies instead of the provisions of 40 CFR 1068.240(b)(2) for installing
new marine engines in vessels that are not “new vessels”. The prohibitions in 40 CFR
1068.101(a)(1) do not apply to a new replacement engine if all the following conditions are met:
(1) You use good engineering judgment to determine that no engine certified to the current
requirements of this part is produced by any manufacturer with the appropriate physical or
performance characteristics to repower the vessel. We have determined that Tier 4 engines with
aftertreatment technology do not have the appropriate physical or performance characteristics to
replace uncertified engines or engines certified to emission standards that are less stringent than
the Tier 4 standards.
* * * * *
(3) Send us a report by September 30 of each year describing your engine shipments under this
section from the preceding calendar year. Your report must include all the following things and
be signed by an authorized representative of your company:
(i) Identify the number of Category 1 and Category 2 exempt replacement engines that meet
Tier 1, Tier 2, or Tier 3 standards, or that meet no EPA standards. Count engines separately
for each tier of standards. {)-Identify the number of those engines that have been shipped
(directly or indirectly) to a vessel owner. This includes engines shipped to anyone intending
to install engines on behalf of a specific engine owner. Also include commercial Tier 3
engines with maximum engine power at or above 600 kW even if they have not been shipped
to or designated for a specific vessel owner in the specified time frame.
(ii¥) Describe how you made the determinations described in paragraph (a)(1) of this section
for each Category 1 and Category 2 exempt replacement engine for each vessel during the
preceding year. For Tier 3 replacement engines at or above 600 kW, describe why any
engines certified to Tier 4 standards without aftertreatment are not suitable.
(ifiv) Identify the number of Category 3 exempt replacement engines. We may require you to
describe how you made the determinations described in paragraph (a)(1) of this section for
each engine.
(iv) Include the following statement:
I certify that the statements and information in the enclosed document are true, accurate, and
complete to the best of my knowledge. | am aware that there are significant civil and criminal
penalties for submitting false statements and information, or omitting required statements and
information.
* * * * *
(F) The provisions of 40 CFR 1068.240(c) allow you to ship a limited number of exempt
replacement engines to vessel owners or distributors without making the determinations
described in paragraph (a) of this section. Note that such engines do not count toward the
production limits of 40 CFR 1068.240(c) if you meet all the requirements of 46-CFR
1068:246(b)-and-this section by the due date for the annual report. You may count Tier 3
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commercial marine replacement engines at or above 600 kW as tracked engines under 40 CFR
1068.240(b) even if they have not been shipped to or designated for a specific vessel owner in
the specified time frame.
(9) In unusual circumstances, you may ask us to allow you to apply the replacement engine
exemption of this section for repowering a vessel that becomes a “new vessel” under §1042.901
as a result of modifications, as follows:
(1) You must demonstrate that no manufacturer produces an engine certified to Tier 4
standards with the appropriate physical or performance characteristics to repower the vessel.
We will consider concerns about the size of the replacement engine and its compatibility with
vessel components relative to the overall scope of the project.
(2) Exempt replacement engines under this paragraph (g) must meet the Tier 3 standards
specified in §1042.101 (or the Tier 2 standards if there are no Tier 3 standards).
(3) We will not approve a request for an exemption from the Tier 3 standards for any
engines.
(4) You may not use the exemption provisions for untracked replacement engines under 40
CFR 1068.240(c) for repowering a vessel that becomes a “new vessel” under 8§1042.901 as a
result of modifications.

211. Amend 8§1042.650 by revising the introductory text and paragraph (b)(4) to read as follows:
§1042.650 Migratory vessels.

The provisions of paragraphs (a) through (c) of this section apply for Category 1 and Category 2
engines, including auxiliary engines installed on vessels with Category 3 propulsion engines;
these provisions do not apply for any Category 3 engines. All engines exempted under this
section must comply with the applicable requirements of 40 CFR part 1043.

* * * * *

(b) * * *

(4) Operating a vessel containing an engine exempted under this paragraph (b) violates the
prohibitions in 40 CFR 1068.101(a)(1) if the vessel is not in full compliance with applicable
requirements for international safety specified in paragraph (b)(1)(i) of this section.

* * * * *

212. Amend 81042.655 by revising the paragraph (b) to read as follows:

81042.655 Special certification provisions for Category 3 engines with aftertreatment.

* * * * *

(b) Required testing. The emission-data engine must be tested as specified in subpart F of this
part. Testing engine-out emissions to simulate operation with disabled Tier 3 emission controls
must simulate backpressure and other parameters as needed to represent in-use operation with an
SCR catalyst. The catalyst material or other aftertreatment device must be tested under
conditions that accurately represent actual engine conditions for the test points. This catalyst or
aftertreatment testing may be performed on a bench scale.

* * * * *

§1042.701 [Amended]
213. Amend 81042.701 by removing and reserving paragraph (j).

214. Amend 81042.801 by revising paragraph (f)(1) to read as follows:
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81042.801 General provisions.
(f) * * *
(1) Only fuel additives registered under 40 CFR part 79 may be used under this paragraph (f).

* * * * *

215. Amend §1042.836 by revising the introductory text and paragraph (c) to read as follows:
81042.836 Marine certification of locomotive remanufacturing systems.
If you certify a Tier 0, Tier 1, or Tier 2 remanufacturing system for locomotives under 40 CFR
part 1033, you may also certify the system under this part 1042, according to the provisions of
this section.
* * * * *
(c) Systems that were certified to the standards of 40 CFR part 92 are subject to the following
restrictions:
(1) Tier 0 locomotive systems may not be used for any Category 1 engines or Tier 1 or later
Category 2 engines.
(2) Where systems certified to the standards of 40 CFR part 1033 are also available for an
engine, you may not use a system certified to the standards of 40 CFR part 92.

216. Amend §1042.901 by revising the definition for “Low-hour” and paragraph (3) of the
definition for “Model year” to read as follows:

§1042.901 Definitions.

* * * * *

Low-hour means relating to an engine that has stabilized emissions and represents the
undeteriorated emission level. This would generally involve less than 300 hours of operation for
engines with NOx aftertreatment and 125 hours of operation for other engines-belew-560-k\W
and-less-than-300-heursfer-engines-at-orabove 560-K\W/. [This definition is added for the final

rule. Changes shown are relative to the Code of Federal Regulations.]

* * * * *

Model year means * * *

* * * * *

(3) For an uncertified marine engine excluded under 8 1042.5 that is later subject to this part
1042 as a result of being installed in a different vessel, model year means the calendar year in
which the engine was installed in the non-excluded vessel. For a marine engine excluded under
§ 1042.5 that is later subject to this part 1042 as a result of reflagging the vessel, model year
means the calendar year in which the engine was originally manufactured. For a marine engine
that becomes new under paragraph (7) of the definition of "new marine engine,” model year
means the calendar year in which the engine was originally manufactured. (See definition of
"new marine engine," paragraphs (3) and (7).)

* * * * *

217. Revise §1042.910 to read as follows:

81042.910 Incorporation by reference.

(a) Certain material is incorporated by reference into this part with the approval of the Director
of the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other
than that specified in this section, the Environmental Protection Agency must publish a
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document in the Federal Register and the material must be available to the public. All approved
material is available for inspection at EPA Docket Center, WJC West Building, Room 3334,
1301 Constitution Avenue, N.W., Washington, DC 20004, www.epa.gov/dockets, (202) 202-
1744, and is available from the sources listed below. It is also available for inspection at the
National Archives and Records Administration (NARA). For information on the availability of
this material at NARA, email fedreg.legal@nara.gov or go to:
http://www.archives.gov/federal_register/code_of federal regulations/ibr_locations.html.
(b) The International Maritime Organization, 4 Albert Embankment, London SE1 7SR, United
Kingdom, or www.imo.org, or 44-(0)20-7735-7611.
(1) MARPOL Annex VI, Regulations for the Prevention of Air Pollution from Ships, Fourth
Edition, 2017, and NOx Technical Code 2008.
(i) Revised MARPOL Annex VI, Regulations for the Prevention of Pollution from Ships,
Fourth Edition, 2017 (“2008 Annex VI7); IBR approved for §1042.901.
(if) NOx Technical Code 2008, Technical Code on Control of Emission of Nitrogen
Oxides from Marine Diesel Engines, 2017 Edition, (“NOx Technical Code”); IBR
approved for 881042.104(g), 1042.230(d), 1042.302(c) and (e), 1042.501(g), and
1042.901.
(2) [Reserved]

218. Amend Appendix | 