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RATIONALE

Power ratings provided for ICE vehicles are obtained from component-level tests of the engine (SAE J1349). However,
electrified powertrains often consist of multiple power-producing components that may include an engine and one or more
electric motors configured and integrated in a variety of ways. To find an objective determination of the powertrain power
among all types of electrified vehicles, SAE J2908 201709 established a wheel power test (WPT) procedure. Because
wheel power results incur losses in the drivetrain not present in traditional engine power ratings, SAE J1349 and wheel
power are not suited for direct comparisons. This revision adds a methodology (with several options) building upon the
established SAE J2908 WPT results to make a total propulsion system power determination (termed “rated system power”).
Rated system power is defined as the maximum sum of the mechanical power outputs of the individual power-producing
components used in propulsion. This method facilitates comparisons to existing engine power ratings established in
SAE J1349 and to electric motor power ratings in SAE J2907. It provides common nomenclature, assumptions, conditions,
and procedures for expressing electrified vehicle power ratings to consumers and the engineering community.

FOREWORD

This SAE Information Report is intended as a guide toward achieving common methods and practices and is subject to
change in order to keep pace with added experience and technical advances.
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1. SCOPE

This SAE Information Report provides test methods and determination options for evaluating the maximum wheel power
and rated system power of vehicles with electrified vehicle powertrains. The scope of this document encompasses
passenger car and light- and medium-duty (GVW <10000 pounds) hybrid-electric vehicles (HEVs), plug-in hybrid electric
vehicles (PHEVs), battery electric vehicles (BEVs), and fuel-cell electric vehicles (FCEVs). These testing methods can also
be applied to conventional ICE vehicles, especially when measuring and comparing wheel power among a range of vehicle

types.

This document version includes a definition and determination methodology for a rated system power that is comparable to
traditional internal combustion engine power ratings (e.g., SAE J1349 and UN ECE R85). The general public is most
accustomed to “engine power” and/or “motor power” as the rating metric for conventional and electrified vehicles,
respectively. Wheel power will always be a lower-power result, owing to losses in the drivetrain that take power away from
the power-producing components as it flows to the wheel. The methods in this document for determining rated system
power were developed recognizing that no single approach is suitable for all powertrains without some variations specific
to the powertrain type (e.g., BEV versus HEV) and the limits of test practicality.

Additional power-related tests are included to address unique operational capabilities of electrified vehicles.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.2 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J1349 Engine Power Test Code - Spark Ignition and Compression Ignition - As Installed Net Power Rating
SAE J1715 Hybrid Electric Vehicle (HEV) and Electric Vehicle (EV) Terminology

SAE J1715/2 Battery Terminology

SAE J1798 Recommended Practice for Performance Rating of Electric Vehicle Battery Modules

SAE J2758 Determination of the Maximum Available Power from a Rechargeable Energy Storage System on a
Hybrid Electric Vehicle

SAE J2907 Performance Characterization of Electrified Powertrain Motor-Drive Subsystem
2.3 1SO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 20762 Determination of Power for Propulsion of Hybrid Electric Vehicle
2.4  United Nations Global Technical Regulation

Copies of these documents are available online at https://unece.org/transport.

UN GTR No. 21  Determination of Electrified Vehicle Power (DEVP)
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3. TERMS AND DEFINITIONS
For terms and definitions not listed below relating to electrified vehicles, refer to SAE J1715.
3.1  ALL-ELECTRIC CHARGE-DEPLETING (CD) MODE

A particular PHEV charge-depleting mode wherein all driving, up to and including full performance, is satisfied by
electric-only propulsion.

3.2 BLENDED CHARGE-DEPLETING (CD) MODE

A particular PHEV charge-depleting mode wherein the engine is used occasionally to blend with the electric motor(s) to
provide vehicle propulsion power.

3.3 CHARGE-DEPLETING (CD) MODE

A PHEV operating mode in which the state of charge (SOC) of the rechargeable energy storage system (RESS) may
fluctuate but, on average, decreases while the vehicle is driven until it transitions to a charge-sustaining mode.

3.4 CHARGE-SUSTAINING (CS) MODE

An operating mode where the HEV runs by consuming fuel energy while sustaining the electric energy of the RESS over
time.

3.5 DCBATTERY POWER

The DC electric power flowing to or from the RESS terminals. This includes the power for propulsion, going to the DC/DC
converter, and all other accessories powered on the DC bus.

3.6 DC/DC CONVERTER

The power converter device typically found on an electrified vehicle that converts power from the traction RESS bus to the
low-voltage (12 V nominal) bus.

3.7 DC PROPULSION POWER

The DC electric power flowing to the propulsion system. It does not include power flowing to the DC/DC converter or any
other accessory on the DC bus.

3.8 DRIVETRAIN

The rotating components of a vehicle mechanically connected to the driving wheels when the transmission is in neutral gear
or mode. This includes the tires, wheels, brake disks/drums, drive shafts, differential, propeller shaft, transmission output
shaft, and some components within the transmission. Because power-producing components are not part of the drivetrain,
for electrified vehicles with no mechanical neutral state, the drivetrain does not include electric motors or engine.

3.9 ELECTRIFIED VEHICLE (also xEV)
A class of vehicles with a powertrain that includes an RESS used to power one or more electric motors used for vehicle
propulsion. For purposes of this document electrified vehicles include the hybrid-electric vehicle (HEV), the plug-in

hybrid-electric vehicle (PHEV), the fuel cell hybrid-electric vehicle (FCV, or FCEV), and the battery electric vehicle (BEV, or
EV).
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3.10 EFFICIENCY FACTORS (K1, K2)
Two efficiency factors (a value between 0 and 1) are established to describe the power losses from measurement locations
in the powertrain to locations where rated system power is defined. Take note of the direction of power flow in the application
of K1 and K2 in Figure 1 and see Equations 1 and 2. The K-factor equations below may account for the total system power,
or only a portion of the total depending upon the propulsion system application.
PLoct * K1 = Motor(s) shaft power (Eq. 1)
PLoc2 = Rated system power * K2 (Eq. 2)

See Appendix C for more detail on measurement points as it pertains to auxiliary loads, the RESS, and motor/generator(s).

HEV / PHEV BEV

ICE

A
PLOCI
pm———e e -.I
i
1
est Py i
1
N S Rated System | G 6/ est Py
Power Location
Any Drivetrain Configuration ‘ Drivetrain |
mmmm = mechanical shaft connection
= electrical power connection
PL0C2 est P = estimated power PLOCZ
. Locl, Loc2 = Measurement locations 1 and 2 ]
Drive RESS = Rechargeable Energy Storage System Drive
Wheels ICE = Internal Combustion Engine Wheels
MG1, MG2 = Electric Motor-Generators 1 and 2
System Power Rating = est P+ est Py, + est Pycy System Power Rating = est Pyg; + €st Pyg, + ...
Pioc: * K1 = est Py + est Py, Piocs * K1 = est Pyg; + est Py + ...
Pocs / K2 =est Pye+ est Pyygq + est Py Pioca / K2 = est Py + €St Py + ...

Figure 1 - Diagram relating system power, test points, and efficiency (K) factors
3.11 FULL CHARGE

For PHEVs and BEVs, the RESS state after the vehicle has completed recharging according to the manufacturer’s
recommended procedures. The recharging must be complete, as indicated by a vehicle recharging indicator light changing
to the “off” state or other dash display indicating “full.” If the vehicle has been at rest in a fully charged state for more than
36 hours, it is recommended that the operator repeat the recharge cycle to re-establish full charge.

3.12 MOVING AVERAGE FILTER
A moving mean, or rolling mean calculation applied to the raw collected data. This filter calculation creates a series of

averages based on the raw data. The peak value from a moving average filter data set represents a peak in the context of
a specific duration (the length of the moving mean window).
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3.13 POWERTRAIN

The entire system of parts, components, and subsystems that produce and transmit rotational power to the wheels for
vehicle propulsion (including the engine and/or electric motors).

3.14 RATED SYSTEM POWER

The sum of mechanical shaft power outputs of all components contributing to the propulsion of the vehicle at the condition
of rated wheel power (maximum power). The precise determination is found by applying the appropriate signal processing
as described in Section 9 to the system power signal estimated in Section 8.

3.15 RATED WHEEL POWER

The maximum power found by measuring torque and speed of the driven wheels, hubs, or axles and applying the
appropriate signal processing in Section 9 to the power versus time signal acquired during the wheel power test (WPT)
procedure in Section 7.

3.16 RECHARGEABLE ENERGY STORAGE SYSTEM (RESS)

A rechargeable storage system that provides electric energy for electrical propulsion, ancillaries, and accessories. The
RESS may include subsystem(s) together with the necessary ancillary systems for physical support, thermal management,
electronic control, and enclosures. It may also be referred to simply as “battery.”

3.17 REPORTED STATE OF CHARGE

The RESS remaining charge state as reported by the vehicle’s control computer(s), expressed in units of percentage. A
high energy state corresponds to a high SOC value. Note: For the purposes of these procedures, 100% could mean usable
energy, total energy, nominal energy, or any other logical choice made by the vehicle manufacturer. The reported value is
useful in any of these cases, provided that the reported SOC level represents a consistent and reproducible RESS SOC.

3.18 STATE OF CHARGE (SOC)

The representation of the level of charge of the RESS relative to its referenced capacity. SOC is often expressed as a
percentage based on a reference total capacity as determined by the manufacturer (for example, 0% = empty charge; 100%
= full charge).

3.19 STATE-OF-CHARGE SET POINT

The SOC level established at the conclusion of the appropriate preconditioning procedure detailed in Section 6. It can be
tracked and returned to that level for any necessary testing repeats by monitoring the vehicle-reported SOC % level or by
tracking the RESS integrated A-h .

3.20 STATE-OF-CHARGE (SOC) CONDITIONING

Any series of steps taken with the test vehicle on the dynamometer that actively changes the SOC to a target SOC level by
depleting the RESS or recharging the RESS using propulsion and/or regenerative braking functions. More details of SOC
conditioning can be found in Appendix A.

3.21 TEST LOCATIONS (LOC1, LOC2)

These test locations are defined for use with efficiency factors K1 and K2. Test Location 1 (“Loc1”) is the measured DC
electrical power flowing to the traction drive motor(s). Test Location 2 (“Loc2”) is the wheel (hub or axle) power measurement

point from the wheel power test (WPT). See Figure 1.

NOTE: These test locations and efficiency factors are referenced in GTR-21 and provided here to harmonize references to
K1 and K2 which are helpful in estimating rated system power.
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3.22 VEHICLE SPEED AT MAXIMUM POWER (Vwmp)

The specific vehicle speed where wheel power is measured to be at the maximum. The value of Vwp is either provided to
the tester by the manufacturer (or other third party) or determined using the procedures detailed in 7.1.

3.23 WHEEL ASSEMBLY

A pneumatic tire in combination with a wheel that can be mounted on a vehicle.

3.24 WHEEL HUB (OR HUB)

A rotating member that provides for wheel mounting.

3.25 WHEEL POWER

Total sum of all power-producing wheels measured at the wheels, axles, or wheel hubs using a dynamometer.
3.26 xEV

A vehicle with an “electrified” powertrain system. This document includes hybrid-electric, plug-in hybrid-electric, fuel cell
hybrid-electric, and battery electric vehicles.

3.27 Acronyms and Abbreviations

4WD Four-wheel drive

AWD All-wheel drive

BEV Battery electric vehicle

CAN Controller area network

CD Charge-depleting

Cl Compression ignition (engine)

CS Charge-sustaining

DC Direct current (electric power)

EV Electric vehicle

FCEV Fuel cell electric vehicle

GTR Global technical regulation

HEV Hybrid electric vehicle

HWY Highway (drive schedule cycle)

IC, ICE Internal combustion, internal combustion engine
K1, K2 Efficiency factor for location 1 and 2

LOC1, LOC2 Measurement location 1 and 2

MG1, MG2 Motor generator 1 and 2
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mph Miles per hour

OEM Original equipment manufacturer

PHEV Plug-in hybrid electric vehicle

RESS Rechargeable energy storage system

SOC State-of-charge

UN United nations

Ve Velocity (at) maximum power

WPT Wheel power test

xEV Any electrified vehicle type (HEV, PHEV, BEV, FCEV)

4. LABORATORY AND VEHICLE EQUIPMENT
4.1 Laboratory Conditions

Lab conditions when testing with an IC engine should broadly comply with SAE J1349 where applicable. Otherwise,
conditions in Table 1 apply.

Table 1 - Laboratory conditions

Parameter Standard Condition Test Limits
Atmospheric pressure 100 kPa 90 to 105 kPa
Test area air temperature 25°C 15t0 35°C

4.2 Vehicle Condition

Before testing, a new vehicle shall have been properly broken in (mechanical run-in), according to the manufacturer’s
recommendations and/or sound engineering practice, to avoid additional frictional losses resulting from fresh bearings and
wear surfaces in the powertrain components.

4.3 Dynamometer Systems

Dynamometer testing shall be conducted with the vehicle operating normally, as if it were driven on-road. This may require
speed synchronization of front and rear axles and proper vehicle posture (among other vehicle testing properties). In some
cases, proper vehicle operation may require a test mode to be activated that allows normal operation in a dynamometer
facility. If the test vehicle has two driven axles, a synchronized 4WD (two-axle) dynamometer shall be used to measure
power from all four wheels (both axles).

4.3.1 Hub Dynamometer

A hub dynamometer that directly measures torque and speed is suitable for all testing covered in this document. Because
of low rotating inertia, special care needs to be taken to avoid oscillations, overshoots, or other transient problems that may
interfere with measurement or could damage the test and measurement hardware or vehicle components. A hub
dynamometer connects to the vehicle’s hub (usually with the brake assembly remaining intact). Absorption mode is required
for all tests in Sections 7 and 10, motoring capability is required for the peak electric regenerative braking power test in
Section 10.
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