
40 C.F.R. § 1037.550
Powertrain testing.

This section describes the procedure to measure fuel consumption and create engine fuel maps by 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 elements. Engine fuel maps are part of demonstrating compliance
with Phase 2 vehicle standards under this part; the powertrain test procedure in this section is one option for
generating this fuel-mapping information as described in 40 CFR 1036.505. Additionally, this powertrain test
procedure is one option for certifying hybrids to the engine standards in 40 CFR 1036.108.

(a) General test provisions. The following provisions apply broadly for testing under this section:

(1) Measure NOX emissions as described in paragraph (k) of this section. Include these measured NOX values

any time you report to us your greenhouse gas emissions or fuel consumption values from testing under this
section.

(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 use the detailed equations
in this section to create your own models, or use the GEM HIL model contained within GEM Phase 2, Version
4.0 (incorporated by reference in § 1037.810) to simulate vehicle hardware elements as follows:

(i) Create driveline and vehicle models that calculate the angular speed setpoint for the test cell dynamometer,
fnref,dyno, based on the torque 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.

(ii) 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 torque 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 § 1037.551, such as for a selective
enforcement audit as described in § 1037.301.
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(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 plug-in hybrid electric 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, using good engineering judgment, from
sufficient in-use data of vehicles in the same application as the vehicles in which the plug-in hybrid electric
powertrain will be installed. You may use methodologies described in SAE J2841 (incorporated by reference in §
1037.810) to develop the utility factor curve.

(7) The provisions related to carbon balance error verification in 40 CFR 1036.543 apply for all testing in this
section. These procedures are optional if you are only performing direct or indirect fuel-flow measurement, but
we will perform carbon balance error verification for all testing under this section.

(8) Do not apply accessory loads when conducting a powertrain test to generate inputs to GEM if torque is
measured at the axle input shaft or wheel hubs.

(9) If you test a powertrain over the duty cycle specified in 40 CFR 1036.514, control and apply the electrical
accessory loads using one of the following systems:

(i) An alternator with dynamic electrical load control.

(ii) A load bank connected directly to the powertrain's electrical system.

(b) Test configuration. Select a powertrain for testing as described in § 1037.235 or 40 CFR 1036.235 as
applicable. Set up the engine according to 40 CFR 1065.110 and 40 CFR 1065.405(b). Set the engine's idle
speed to idle speed defined in § 1037.520(h)(1).

(1) The default test configuration consists of a powertrain with all components upstream of the axle. This
involves connecting the powertrain's output shaft directly to the dynamometer or to a gear box with a fixed
gear ratio and measuring torque at the axle input shaft. You may instead set up the dynamometer to connect at
the wheel hubs and measure torque at that location. The preceeding sentence 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.

(2) For testing hybrid engines, connect the engine's crankshaft directly to the dynamometer and measure
torque at that location.

(c) Powertrain temperatures during testing. Cool the powertrain during testing so temperatures for oil, coolant,
block, head, transmission, battery, and power electronics are within the manufacturer's expected ranges
for normal operation. You may use electronic control module outputs to comply with this paragraph (c).
You may use auxiliary coolers and fans.
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