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PRACTICE

Submitted for recognition as an American National Standard

ELECTRIC VEHICLE ENERGY CONSUMPTION AND RANGE TEST PROCEDURE

7. Scope—This SAE Recommended Practice establishes uniform procedures for testing electric Qattery-powered
vehicles which are capable of being operated on public and private roads, and is to replacq the range and
vehicle enprgy economy sections SAE J227a. The procedure addresses electric vehicles (EV$) only. It is the
intent of this practice to provide standard tests which will allow for determination of energy cqnsumption and
range baspd on the Federal Emission Test Procedure (FTP) and the Highway'Fuel Economy [Test Procedure
(HWFET).| Realistic alternatives should be aliowed for new technology. Performance is judged on the total
vehicle sytem and the battery.

Dynamonmeter test procedures are specified in this document in order to minimize the test-tp-test variations
inherent with track testing and to adhere to standard industry<practice for energy consum;Tt—ion and range
testing.

Section 2 |provides definitions of terminology used in this‘document. Section 3 specifies test| conditions and
general inftrumentation which are to be used for tests specified in this document. Section 4 identifies the data
which arneFo be recorded. Section 5 specifies standard driving cycles. The specific tests ¢overed by this
document are:

a. Vehicl¢ Energy Consumption According io a Selected Driving Pattern (Section 6)
(1) ERA Urban Driving Schedule (UDS)
(2) Highway Fuel Economy Test(Procedure (HWFET)

b. Vehiclé Range When Operated According to Selected Driving Patterns (Section 7)
(1) Cgmbined EPA Urban Driving Schedule (UDS) and Highway Fuel Economy Test Procedure (HWFET)

c. Coastdown Testing (Section’8)

2. References

2.1 Applicable Documents—The following publications form a part of this specification to the extent specified
herein. The latest issue of SAE publications shall apply.

2.1.1 SAE Pusdc?

SAE J227—Electric Vehicle Test Procedure
SAE J1263 —Road Load Measurement and Dynamometer Simulation Using Coastdown Techniques

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering
sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent
infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.
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2.1.2 CFR PUBLICATION—Available from the Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402.

40 CFR Part 86 — EPA; Contrdl of Air Pollution from New and In-Use Motor Vehicles and New and In-Use Motor
Vehicle Engines; Certification and Test Procedures

2.2 Terminology

2.2.1 Curs WEIGHT — The total weight of the vehicle with all standard equipment and including batteries, lubricants
at nominal capacity, and the welght of optlonal equnpment that is expected to be installed at a rate of over 33%,
but excludjng-the B : : '
weight spegified by the manufacturer

2.2.2 BATTERY

2.2.2.1 Battery |Ampere-Hour Capacity—The capacity of a battery in ampere-hours obtained from a battery
discharged at the C/3 current (see 2.2.2.4) such that a specified minimum _cut-off voltage ($ee 2.2.2.5) is
reached.

2.2.2.2 State of|Charge (SOC)—The residual capacity in ampere-hours of a battery after a discharge [full or partial)
expressed ps a percent of the battery ampere-hour capacity determined in 2.2.2.1. initial State of Charge is
the SOC af the beginning of a test.

2.2.2.3 Depth of Discharge (DOD)—The ampere-hours removed ‘from a battery expressed as a per¢entage of the

2.2.2.5 Cut-Off Terminal Voltage —The manufacturer-recommended minimum voltage as a functior) of load after
2.2.3 START-OF-TEST—The point during a test at which the vehicle key switch is first placed in the "on" [position, after

2.2.4 END-OF-TEST—The point (in-time and distance) at which the vehicle has been decelerated t¢ a rest (zero
velocity) candition after the appropriate test termination criteria have been met and the key switch is placed
in the "off"

s and instrumentation Common to All Tests—The following conditions shall apply to all tests
is document unless otherwise stated in specific test procedures.

3.1 Condition of Vehicle

3.1.1 Vehicles shall be stabilized as determined by the manufacturer and shall have accumulated a minimum of
3219 km (2000 miles), but no more than 9978 km (6200 mies) on the Durability Driving Schedule as defined
in 40 CFR Part 86, Appendix IV, Section (a) or an equivalent driving schedule.

3.1.2 Vehicle shall be tested with normal appendages (mirrors, bumpers, hub caps, etc.) for coastdown testing.
Certain items (e.g., hub caps) may be removed where necessary for safety on the dynamometer. If any
appendages are removed, the fact shall be noted.
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3.1.3 Accessories shall be tumed off. If the vehicle is equipped with air conditioning powered by the same electrical
energy source as the vehicle drivetrain, 10% (up to 1.4 hp) is to be added to the road load curve (or to the 80.5

km/h (50 mph) set point).

3.1.4 The vehicle shall be tested at loaded vehicle weight—curb weight plus 136 kg (300 Ib). The weight selected
for testing shall be recorded.

Nore—Trucks over 6000 Ib GVW may be tested at curb weight plus one-half vehicle payload (ALVW).

3.15 Manufacturer’s recommended tires shall be used For dynamometer testing, tire pressures shall not exceed
'evdsno ucoed-in mamom ~ino and_necessan ate _operation Dynamometer
tire pressyire should be the same pressure as used to establish the dynamometer road load power setting.

3.1.6 Tires shall be conditioned as recommended by the vehicle manufacturer and shall)have| accumulated a
minimum [of 100 km (62 miles) and have at least 50% of the original usable tread depth remaining.

3.1.7 The lubricants normally specified by the manufacturer shail be empioyed.

3.1.8 The vehicle shall be soaked at ambient temperature (see 3.3.1) before the start of test. The soak period shall
be of duration defined in 3.2.3.

3.1.9 If the vehicle has a manual transmission, gears shall be shifted-at the speed/ioad points reaspnably expected
to be follgwed by vehicles in use.

testing. Hor testing on electric dynamometers, regeneérative braking during the test shall be representative of
regeneratjve braking on the road for the applicable driving cycle, and the methodology fof matching road
regeneratjon shall be described. An example is provided in Appendix A.

3.1.10 If the vehicle has regenerative braking, the regenerative braking system shall be enabled for ;I dynamometer

3.2 Condition of Battery

3.2.1 The battery shall have been aged with the vehicle as defined in 3.1.1, or equivalent conditibning.

3.2.2 All batteries shall be cycled in‘accordance with the manufacturer’s recommendations before starting testing.
Battery ampere-hour capacity-shall be verified against manufacturer’s rating by constant currpnt discharge at
the C/3 rate or an average discharge rate corresponding to the vehicle tests described herein (Sections 6
and 7). The rate used for the verification shall be recorded along with the results obtaingd. The battery
ampere-hpur capacity shall exceed 85% of the manufacturer's brand-new battery measured cappcity throughout
the test period and-shall be verified by periodic constant current discharge tests, inciuding at least one test
immediateély following the completion of vehicle testing.

3.2.3 The battery—(and i ali-be-soaked-in ehicle-g bient temperature
(see 3.3.1) for at least 12 h and shall remain on charge for the duratlon of soak. Soak shall not end before
full charge is reached. The length of the soak/charge time shall be recorded. Maximum soak/charge duration
is 36 h.

3.2.4 Full charge is to be established using manufacturer’s recommended charging procedure and appropriate
equipment.

3.3 Environmental Conditions

3.3.1 Temperature during vehicle and battery ambient soak/charge period shall be within the range of 20 to 30 °C
(68 to 86 °F).
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3.4 Dynamometer

3.4.1 Use of an electric dynamometer is preferred and recommended for electric vehicle testing. Electric
dynamometers must have the capabillity of load adjustment at various vehicle speeds to allow the simulation
of on-road vehicie load versus speed characteristics.

3.4.2 Dynamometer road load power settings shall be made based on SAE J1263 as modified in Section 8.
Alternatively, the road load power setting using the frontal area method in 40 CFR 86.129-80, as detailed in
Appendix B, may be used.

NOTE—SA

icular vehicle
dynamometer

amometer operation, a fixed speed cooling fan shall be positioned so as to directj cooling air to
the vehicle|in a manner consistent with the accepted practices for simuiating road conditions. The fan capacity
in general [shall not exceed 2.5 m*/s (5300 ft*/min), but auxiliary)fans may be employed if ngeded to more
closely dupli

amometer has not been operated during the 2 h period immediately preceding the test, it shall be
for 15 min by operating at 48 km/h (30 mph) using a nontest vehicle or as recommended by the
gter manufacturer.

3.5 Test Instrumentation —This section provides a list of instruments which are required to perform the tests

specified in this document. The overall efror in recording or indicating instruments shall not exceed +2% of
bxcept for distance measurements which must be +0.5% of total distance traveiled. Coastdown
bnt instrument accuracy. is described in SAE J1263.

are typlwl of those requured for the tests outimed in this procedure Instruments used should meet the

AC kilowatt-he B

DC wideband watt-hour meter or watt-time recorder
DC wideband watt meter

DC wideband ampere-hour meter

Vehicle speed versus time recorder

Distance versus time recorder

Tire pressure gauge

Ambient temperature versus time meter

Barometer

X S@meaooe
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3.5.2 Wideband instruments (bandwidth of at least 10 times that of the maximum fundamental frequency) are
required where pulsed power electronics are implemented. Any watt-hour meter or ampere-hour meter using
an integration technique shall have an integration period of less than 0.05 s so that short bursts of regeneration

energy and current can be accommodated without causing integration errors.

353 The fifth wheel type device shall be used to measure speed and distance for dynamometer tests unless the
dynamometer can measure vehicie speed and integrate distance accurate to 0.5% of maximum vehicle speed

and 0.5% of actual distance.

4. Data to be Recorded for All Tests

4.1 General

4.1.1 Vehicle jdentification (manufacturer, model, year) and configuration (description of dny nonstandard vehicle

features; p.g., windows, sunroof, exterior mirrors, etc.).

4.1.2 Vehicle @ccumulated mileage at the start and end of test.

4.1.3 Curb weight and test weight to within + 1%.

4.1.4 Battery
a. Manufacturer
b. Type
c. Nominjal capacity rating at specified discharge rate,
d. Previqus history of the battery, including chronological age, number and nature of charge/d

jon of the last discharge and recharge processes (including a description of the

if not supplied by the vehicle manufacturer), and a brief description of known
ns.

te of charge using the definition of percent charge presented in Section 2.2.2.2.
-hours discharged during each' cycle.

DC watt-hours returmed to battery (regenerative) during each cycle.

DC ampere-hours discharged during each cycle.

DC ampere-hours returned to:battery (regenerative) during each cycle.

AC -hours supplied to-battery charger during recharge following test.

DC watt-hours retured to battery during recharge following test.

DC ampere-hours returned to battery during recharge following test.

xS Ta e

4.1.5 Motor and.rating.

4.16 Motor roller type.

scharge cycles,
harging system
adverse usage

4.1.7 Overall drive train ratio(s) available, and those used during test, plus vehicle speeds at shift points if manual

transmission.
4.1.8 Tire manufacturer, design, size, and pressures at start of test.
4.1.9 Environmental Conditions

a. Range of ambient temperature during test

b. Mean test site altitude relative to sea level
c. Barometric pressure
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4.1.10 Soak and charge duration.

4.1.11 Date and starting and ending times of test.

4.1.12 List of all instrumentation used in test (manufacturer, model no., serial no.) and the last calibration date of

the instruments (where applicable).

4.1.13 Any deviation from test procedure and reason for deviation.

4.2 Dynamometer Data

4.2.1 Description of dynamometer used (including drum or roll diameter, number of rolls, distance| between rolls,

422 Roadi power set points.
4.2.3 Dynamoineter inertia weight.

4.2.4 Actual miles driven for each test cycle.

if applicable, and method of vehicle restraint).

5. Test Cycles—The test cycles provided are the EPA Urban Driving-Schedule (UDS) and the|Highway Fuel

5.1

5.2

53

Economy [lest Procedure (HWFET) driving schedule.

cruise, and deceleration modes of various time sequencesand rates. The UDS has a duratiop of 1372 s, is
12 km (7.45 miles) long, and is the first portion of the Cold/Hot Federal Emission Test Procedurg (FTP) driving
schedule. | Average speed is 31.5 km/h (19.6 mph),.and maximum speed is 91.2 km/h (56.7 mph).

UDS-—TEUDS test schedule is described in Table 1. It consists of a series of non-repetitive idl¢, acceleration,

HWFET—The HWFET driving schedule, a speed-versus-time trace, is described in Table 2. A single highway
schedule &5 16.4 km (10.2 miles) and is 12, min, 44 s in duration. Average speed is 77.8 kmfh (48.3 mph);
maximum [speed is 96.4 km/h (§9.9 mph):

Speed Tolerance—The speed tolerance at any given time on the UDS and HWFET driving schedule is defined
by the upper and lower limits shown in Figures 1 and 2. Speeds lower than those prescribed are acceptable
provided vehicle is operated at maximum available power during such occurrences. The upper limit is
3.2 km/h {2 mph) higher than' the highest point on the trace within 1 s of the given time. The lower limit is
3.2 km/h [2 mph) lower'than the lowest point on the trace within 1 s of the given time. S variations
greater than the toleratices (such as may occur during gear changes) are acceptable provided|they occur for
less than 2 s on any occasion. Speeds lower than those prescribed are acceptable provideqg the vehicle is
operated at maximum available power during such occurrences.
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90-1202B EG



https://saenorm.com/api/?name=9fc3d3c4454017dbeb96ae7de315731f

SAE J1634 Issued MAYS83

6. Vehicle Energy Consumption When Operated on 8 Selected Driving Pattern

6.1 Purpose of Test—The purpose of this test is to determine the energy consumed by a test vehicle when
operated on a dynamometer over repeatable driving cycles. It is the intent of this section to provide standard
procedures for testing electric road vehicles so that the performance can be compared when operated over
fixed driving patterns.

6.2 Definition of Energy Consumption—Energy consumption is the energy used by a vehicle in traveling a
particular distance. In an electric vehicle utilizing an electrically rechargeable energy source, there is always
a certain amount of the total AC energy supphed to the battery whlch Is not avallable for vehlcle propulsion due

to charger—a res of energy
consumptipn:
. AC Energy to Charger for Recharge
System AC Energy Consumption = Distance Traveled (Eq.1)
with units of AC W -h/km (AC W -h/mile)
. DC Energy to Charger for Recharge (Eq.2)
System DC Energy Consumption = Distance Traveled
with units of DC W -h/km (DC W -h/ mile)
. . DC Energy from Battery While Driving (
Vehicle DC Energy Consumption = Distance Traveled
with units of DC W -h/km (DC W - h /mile)
The system AC energy consumption shall be defined as the electrical economy value.
6.2.1 SySTEM AC ENERGY CONSUMPTION —The AC energy required to return the battery to full charge shall be divided
by the ranfje of the vehicle on the particular driving test. This quotient shall be reported as the AC energy
consumptibn of the electric vehicle for the particular conditions of the test. These data shall be presented in

tabular form for each test performed.

6.2.2 SYSTEM
charge s
as the §

DC ENERGY CONSUMPTION—The DC energy required from the charger to return the|battery to full
3ll be divided by the range of vehicle for the particular driving test. This quotient shall be reported
em DC energy-consumption of the electric vehicle for the particular conditions of the test. These
e presented.in tabular form for each test performed.

‘ ised, the total
energy cohsume : ‘ : vehicles with
regenerative braking, 2 W-h meters shall be used: one to measure the energy taken from the battery, and the
second to measure energy retumed to the battery by regenerative braking. Both the gross vehicle DC energy
consumption (watt-hours from the battery divided by the distance traveled) and the net vehicle DC energy
consumption (watt-hours from the battery during driving minus the watt-hours returned to the battery from
regenerative braking divided by the distance traveled) shall be reported for each driving cycle. The vehicle DC
energy consumption data shall be reported in tabular form for each test performed.
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6.3 Test Procedure—The dynamometer test defined in this procedure is to be conducted subject to the test
conditions and data requirements of Sections 3 and 4. The tests are to be started within 1 h of the end of
soak/charge period and with the battery at 100% SOC as established in 3.2.3.

6.3.1 PRECONDITIONNG—The vehicle shall be moved (pushed or towed—not driven) into position on the
dynamometer. The vehicle drive train should be in a "cold” condition at the start of this test; therefore, the
vehicle shall not be rolied more than 1.6 km (1 mile) between the end of the charge/soak period and the start
of this test.

6.3.2 DRVING SCHEDULES—The vehicle shall be operated over two successive UDS cycles as described in 5.1,

04 dile B SVWWILCT] M| 1

cycles arg to be followed by two HWFET driving schedules desci

od| by 15 s at zero speed with the key switch "on" and the brake pedal depressed, and are to be
performed within 3 h of the UDS cycles without the benefit of intermediate recharge. (The key switch will be
in the “off|position during the time between the UDS and HWFET cycles. Vehicle DC energy copsumption shall
be reportéd for the two UDS cycles and the second HWFET cycle. Any dynamometer coastdown "quick

6.3.3 Following the test sequence, the vehicle battery shall be recharged ‘to full capacity agcording to the
manufactyrer's recommended procedure. If the vehicle must be moved to a separate charging location at the

AC and D recharge energy values shall be divided by the total distance traveled betwaen the ftart-of-test and
the end-of-test to provide, respectively, the system AC and DC ‘average energy consumptign values of the
vehicle fof that test.

6.4 Special Reporting—The actual SOC for each set of energy consumption measurements shal| be determined
based on|the actual ampere-hours removed from the battery during the entire test.

7. Vehicle Range When Operated on Selected Driving Patterns

7.1 Purpose jof Test—The purpose of this(test is to determine the overall range of an electric vehicle when
operated pn a dynamometer over repeated driving cycles.

ure—The dynamometer tests defined in this procedure are to be conducted subject to the test
and data requirements of Sections 3 and 4. Recording of battery discharge, battery recharge, and
regenerative data is optional for the range test. The test is to be started within 1 h of the end of the

IONING=-The vehicle shall be moved (pushed or towed—not driven) into ition on the
er. The vehicle drive train must be in a cold condition at the start of this test; therefore, the vehicle

shall not be-rolied more than 1.6 km (1 mile) between the end of charge/soak period and the start of test.

7.2.2 DRVING SCHEDULE

7.2.2.1 Combined UDS/HWFET—The vehicle shall be operated over two successive UDS cycles as described in
5.1 followed by two HWFET driving cycles described in 5.2. The two HWFET cycles are to be separated by
15 s at zero speed with the key switch "On” and the brake pedal depressed. A 10-min soak will follow the two
HWFET cycles. The key switch is placed in the "off" position, the hood closed and the test cell fan(s) off during
soak periods, and the brake pedal shall not be depressed. This test sequence will be repeated until the test
termination criteria are met. Then the vehicle shall be decelerated rapidly to a stop.
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7.3 Test Termination Criterla— The UDS and HWFET were developed for and are used in the emissions and fuel
economy testing of internal combustion engine (ICE) powered vehicles. They are defined as best-effort tests;

.e., speeds lower than those prescribed are acceptable provided the vehicle is operated at maximum available
power during such occurrences. Electric vehicles, in general, display decreasing acceleration and top speed
capabilities as the traction batteries become increasingly discharged. Using the UDS or HWFET cycles for a
driving range test with a best-effort performance criterion would enable the vehicle to continue the test until

it could no longer move at all, as long as it was still being driven at maximum available output power. Since

a driving range obtained from such a test would have little value, some performance-based test termination
criterion is needed. The test termination criterion is defined as the vehicle's inabllity to accelerate fast enough

1o meet the speciﬁed speed proﬁle within 2 $ of the speclﬁed tlme except under the following high-speed
ng-at the mark of the ast she cle cannot attain a

minimum gpeed of 72 km/h (45 mph) withln 30s after the 187-s matk and then hold that speed until the 305-s
mark. For|the HWFET cycle, the test shall be terminated if the vehicle cannot maintain a, minifnum speed of
72 km/h ( of performance
in the attempt to follow the standard velocny/time proﬁle. The test shall then be continued until the vehicie fails

the range fest might result in damage to the battery, the vehicle manufacturer may relate the end of driving
ome characteristic of the battery, such as terminal voltage under load. For those vehicles which are
od to be operated above 72 km/h (45 mph) the maximum Cruise speed shall be determined or
ended by the manufacturer. The test termination criterion-for these vehicles is reached when the
vehicle falls below 95% of the initially determined maximum cruise speed. If alternative criteria|are employed
e vehicle is unable to meet above 72 km/h (45 mph) or 30-s criteria at initiation gf the test, the
substitute ¢riteria shall be recorded.

7.4 Special Data Recording —In addition to recording the'data specified in Section 4, the following special data
shall be reported.

7.4.1 The rangLachleved and the number of test cycles successfully completed and fractions of test cycles shall
be recorded.

7.4.2 The critefia used to define test termination in 7.3 shall be identified and reported.

7.4.3 As an option, following the range test, the vehicle battery shall be recharged to full capacity agcording to the
manufactuer's recommended procedure. If the vehicle must be moved to a separate battery charging location
at the end [of the test, it shall-be pushed or towed, not driven. Recharge energy and time shall be recorded.
The total AC and DC rechiarge energy values shall be divided by the total distance traveled between the start-of-
test and the end-of-tesi1o provide, respectively, the system average AC and DC energy consymption values
of the vehicle for the range test.

8. Coastdown Testing

8.1 Purpose of Test—The purpose of this procedure is to determine the road load force on a vehicle as a function
of vehicle velocity so that accurate simulation of the road load force on a chassis dynamometer can be
accomplished.

8.2 Test Procedure—Vehicle road power and energy consumption at various steady speeds are to be determined
from coastdown tests which shall be performed according to SAE J1263 with the following modifications.

8.2.1 Vehicle regenerative braking shall be disabled during coastdown testing, minimizing any changes to the
mechanical system.
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8.2.2 Presently no procedure exists for vehicles that cannot obtain the vehicle speeds required in SAE J1263. When
determining the road load power setting for these vehicles, good engineering practice should be used to modify
these procedures for the lower speeds to determine the road load power setting. As an alternative, road load

power settings may be determined by the frontal area method found in Appendix B.

8.3 Data to be Recorded —Data recording requirements shall be the same as those specified in SAE J1263.

8.4 Data Reduction

8.4.1 The vehicle speed versus time data obtained dunng the coastdown tests shall be processed as specified in

age coastdown characteristic curve (vehicle speed versus time) shall be plotted’as sho

S )
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FIGURE 3—VEHICLE SPEED VERSUS TIME DURING COASTDOWN TESTING

dynamometer

whn in Figure 3.

PREPARED BY THE SAE LIGHT-DUTY VEHICLE PERFORMANCE
AND ECONOMY MEASUREMENTS COMMITTEE
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