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Electric Vehicle Acceleration, Gradeability, and
Deceleration Test Procedure
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s SAE Recommended Practice establishes uniform procedures for testing [electric battery-

hicles which are capable of being operated on public and private roads:
provide standard tests which will allow various performance characteristics of el

be cross-compared on a common basis in specifications, technical papers, and ‘engineering d
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SAE Pusl

h attributes of the total vehicle system rather than those of its sulisystems and con
ts such as batteries are the subject of separate procedures,

ts specified in this document are recommended for use Whenever possible particy

It is the intent of this

ctric vehicles to
scussions. The
hponents. Tests

larly to establish

ormance specifications. The dynamometer procedures are included primdrily to facilitate
L testing.
ovides definitions of terminology used in thiscdocument. Section 4 specifies tes

t conditions and

ion which are to be used for all the tests specified in this document while Sectiof 5 identifies the

ire to be recorded for all tests. The specific tests covered by this document are:

bleration Characteristics on a LevelRoad (Section 6)
Heability Limit (Section 7)

Heability at Speed (Section 8)

eleration (Section 9)

stdown Testing (Section 10)
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3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

4.1

4.1.1

4.1.2

4.1.3

CFR PusLIicaTION—AVvailable from the Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402.

40 CFR

Definitions

86. 129-80

Curb Vehicle Weight—The toal weight of the vehicle with all standard equipment and including batteries,
lubricants at nominal capacity, and the weight of optional equipment that is expected to be installed on more
than 33% of the vehicle line, but excluding the driver, passengers, and other payloads; incomplete light-duty
trucks shall have the curb weight specified by the manufacturer.

Driveline RaLtio—The motor shaft rpm divided by the rpm of the traction wheels of the vehiclg.

Gradeabilit
speed. The

State of Ch
expressed 4

gradeability limit is the grade upon which the vehicle can just move forward.

hrge (SOC)—The residual capacity in ampere-hours of a battery-after a discharg
s a percent of the battery ampere-hour capacity determined in 8.9. Initial State

SOC at the beginning of a test.

Projected H
plane normg

Tractive Fo

C/3 Rate—T|
ampere-hou

Depth of Di
battery amp

Battery Am

discharged at a C/3 current (see.3;%) such that a specified minimum cut-off voltage is reached|

Cut-Off Ter
which batter

rontal Area—The total frontal area of the vehicle obtained by projecting its ima
[ to its direction of travel.

rce—The force available from the driving wheels at the driving wheel/ground inter

he constant current at which the batterys¢an be discharged to 100% DOD (see
r capacity in 3 h.

scharge (DOD)—The ampere-hours removed from a battery expressed as a p
bre-hour capacity as determinedtin 3.9.

bere-Hour Capacity—The capacity of a battery in ampere-hours obtained

minal Voltage<The manufacturer-recommended minimum voltage as a functi
y damage could*occur.

—The maximum percent grade which the vehicle can traverse for a specified fime at specified

e (full or partial)
pf Charge is the

lge on a vertical

face.

B.8) from battery

brcentage of the

from a battery

bn of load after

Test Conditions ang:lnstrumentation Common to All Tests—The following conditions shall apply to all

tests defined

in this.document unless otherwise stated in specific test procedures.

Condition

N 1
I VETIICIT

Vehicles shall be stablized as determined by the manufacturer and shall have accumulated a minimum of
1600 km (1000 miles), or the battery has been conditioned as specified in 4.2.1, but no more than 9978 km
(6200 miles) on the Durability Driving Schedule as defined in 40 CFR Part 86, Appendix IV, Section (a) or an

equivalent

driving schedule.

Vehicle shall be tested in its normal configuration with normal appendages (mirrors, bumpers, hub caps,
etc.). Certain items (e.g., hub caps) may be removed where necessary for safety on the dynamometer.

The vehicl

e shall be tested at curb weight plus 300 Ib.
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4.1.4

4.1.5

4.1.6

4.2

421

4.2.2

4.2.3

4.2.4

425

4.3

43.1

4311

4.3.2

4321

4.3.2.2

Manufacturer’'s recommended tires shall be used. For dynamometer testing, tire pressures shall not exceed
levels normally used in dynamometer testing (SAE J1263 or SAE J2264) and necessary for safe operation.
Dynamometer tire pressure should be the same pressure as used to establish the dynamometer road load

power sett

ing.

Normal manufacturer’'s recommended lubricants shall be employed.

The vehicle shall be stored for a minimum 8-h soak at ambient temperature (4.3.1.1) before tests, which start
with a fully charged battery.

Condition o

f Battery

The batter]
aging may
Procedure
EV Battery
lead-acid
different b
subject to
test.

A minimu
and beforg

Full charg

For tests 1
state-of-ch
consumed
X% of the
dischargin|
partially d
discharge

For tests
conducted

Environmer

GENERAL

starting tests initiated with fully charged battery.
b is to be established using manufacturer’s reeemmended charging procedure an

equiring an X% discharged battery at thesstart (for example, gradeability tests), th
arge will be established as follows. The&'battery shall be drained at the C/3 rate ar
determined. To achieve X% discharge of a fully charged battery, the battery will b

end-point time either by driving-the vehicle at recommended maximum crui
O the battery through a load atyan equivalent constant power. Tests conducted
scharged at the start must be initiated no longer than 10 min after the desire
is reached.

in which the effects’ of battery initial state-of-charge are to be investigated,
with the propulsion batteries 0%, 40%, and 80% discharged.

tal Conditions

y shall have been aged with the vehicle as defined in 4.1.1, or equivalent conditiorling. The battery
be performed either with the vehicle or by using an equivalent bench_aging |procedure (Test
#2, Constant Current Discharge Test Series, in the United States Advanced Battery Consortium
Test Procedures Manual, Revision 2.) The number of charge/discharge-cycles for bench aging a
battery shall be equivalent to at least 1000 vehicle miles. Other. battery technglogies may use
httery aging periods, if supported by the manufacturer as being eguivalent. If bat{eries have been
extended storage, batteries shall be cycled per manufacturer’s- recommendatiof before starting

n 8-h soak period at ambient temperature (4.3.1.1) shall be allowed after complgtion of charging

] equipment.

e required initial
d the watt-hours
e discharged for
se speed or by
with the battery
i initial state-of-

tests should be

" [P el TR Ty Lo - 1 CI B T T AT £a
Temperatuw aurirg vernoie aintud gattely alfioietit SUARK JeETiuu stidall U WILHT e Targe vl 1

to 32 °C (60 to

90 °F). Ambient temperature during road testing shall be in the range of 5 to 32 °C (40 to 90 °F).

RoaAD TESTS

Road tests are to be performed on a road which is level to within £1% and having a hard, dry surface.

Tests shall be run in opposite directions when they are performed on a road test route. The direction of
travel need not be reversed when operating on a closed test track.

The recorded wind speed at the test site during test shall not exceed 16 km/h (10 mph).
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4.3.3 DYNAMOMETER TESTS

4.3.3.1 Dynamometer load must be programmable at various vehicle speeds to simulate vehicle road load versus
speed characteristics.

4.3.3.2 Dynamometer road load power settings shall be made based on SAE J1263 as modified in Section 10.
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—SAE J1263, in its current state, may not fully apply to electric dynamometers—revisions may
be needed.

4.3.3.3 Dynamgmeter flywheel shall be engaged with the nearest available dynamometer inertia weight which
equals dr exceeds the rated gross vehicle weight.

4.3.3.4 During dynamometer operation, a fixed speed cooling fan shall be positioned sa,as to dirgct cooling air to
the vehigle in a manner consistent with the accepted practices for simulating foad condlitions. The fan
capacity|in general shall not exceed 2.5 m3/s (5300 ft3min), but auxiliary fans may be employed if needed
to more [closely duplicate on-road conditions.

4.4 Test Instrumentation—This section provides a list of instruments¢which are required to perform the tests
specified in fhis document. The overall error in recording or indicafing instruments shall not exceed +2% of the
maximum value of the variable to be measured (not including, réading errors). Periodic caljbration shall be
performed ahd documented to insure compliance with this requirement.

4.4.1 GENERAL INSTRUMENTATION—The following classes of.instruments are required for the purpose of tests
outlined inf this procedure.

DC watt-hour meter or watt-time recorder
Veh|cle speed versus time recorder
Distance versus time recorder
Tire|pressure gauge

Ambient temperature versus‘time indicator
DC yatt meter

AC kilowatt-hour meter

@ oapoTp

4.4.2 ROAD TESTS

a. Wing speed-and direction measurement versus time
b. Megns fordetermining grades of test route segments
c. Fifth wheel for measuring vehicle speed and distance

5. Data to be Recorded for All Tests

5.1 General

5.1.1 Vehicle identification

5.1.2 Overall maximum dimensions (including projected frontal area).

5.1.3 Gross vehicle weight and test weight to within £2%.
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5.1.4

515

5.1.6

51.7

5.1.8

5.1.9

5.1.10

51.11

5.1.12

5.1.13

5.1.14

5.2

521

5.3

531

5.3.2

5.3.3

Battery

a. Manufacturer

=

Type and normal rating at specified discharge rate.

c. Previous history of the battery including chronological age, number and nature of charge/discharge
cycles, description of the last discharge and recharge processes, and a brief description of known
adverse usage conditions.

d. State of initial charge using the definition of percent charge presented in 4.2.3 and 4.2.4. Where
meaningful, other parameters such as open circuit voltage, electrolyte specific gravity, etc., shall also
be stated.

Motor typ

and rating

Overall dr
transmissi

Tire manu
Power cor
Environmg
Ran
Ran

Ran
Med

apow

Running s

Descriptio
of SAE J6

Date and {

List of all i
date.

Any devia
Road Tests

Data shall

Ve train ratio(s) available, and those used during test, plus vehicle speeds at, shift
on.

facturer, design, size, and pressure at the start of the test.

sumption of individual accessories, and times when each accessory was on durir
ntal Conditions

ge of ambient temperature during test

pe of wind velocities during test

pe of wind direction during test
n test site altitude relative to sea level

urface (road surface or dynamometer wheel).

points if manual

g the test.

n of test route or dynamometer loadyprogram-road class, road surface type and condition (Table 9

B8), and lengths and grades oftestroute.
tarting and ending times of test.

nstrumentation used-in'test (manufacturer, model number, serial number) and the

ion from test)procedure and reason for deviation.

berecorded and averaged for tests in opposite directions when tests are run on §

r last calibration

road test route.

The date reported shall be the average of at least two test runs in each direction. The range of test results
and the number of test runs also shall be reported.

Dynamometer Tests

Description of dynamometer used (including drum or roll diameter and number of tire contact points).

Road load

Dynamom

power set points.

eter inertia weight.

5.3.4 Vehicle speed from dynamometer roll.
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6.1

6.2

6.3

6.3.1

6.3.2

6.3.3

6.4

6.5

6.5.1

7.1

7.2

7.2.1

7.2.2

7.2.3

Acceleration Characteristics on a Level Road

Purpose of Test—The purpose of this test is to determine the maximum acceleration the vehicle can achieve
on a level road with the propulsion battery at various initial states-of-charge.

Test Procedure—The road and dynamometer tests defined in this section are to be conducted to the test
conditions, instrumentation, and data recording requirements of Sections 4 and 5. Repetitive tests are to be
conducted without recharging the battery.

Road Test Procedure

A suitable
speeds ndar its peak speed.

The test
acceleration rate until either the vehicle’s peak speed is reached or until a safe limit speed i

At least two successive runs shall be made in opposite directions over(the test course
vehicle’s maximum acceleration characteristics at each of the three battery states-of-chg
4.2.5 as afhieved by the procedure 4.2.4. The time interval from the end’ of the acceleratiqg
run to the

5 min.

Dynamome
for these tegts from measurements of the dynamometer drum or roller speed.

Special Datp Recording—In addition to recording the data specified in Section 5, the follow
shall be repg

The vehicle’s acceleration characteristics shall be plotted as speed versus time for each of
of-charge
results of
whether they are based upon road test or dynamometer test results.

Gradeabilit

Purpose of
just move fofward.

Test Proceq
Therefore,

the“gradeability limit is to be calculated from the manufacturer's recommended gros
and the me i i i ;

froiabt oo odl UIEP-UNT 3 bhall kL ] tad o albials tly wakbial - £
ST AT, Pave U e ST ToUtT ST DT STTCCTC U OpPUTT VWi TT e Ve TTIOTE T CAT T~ ST

ehicle is to be accelerated from a standing start at its maximum attainable,

beginning of the next successive acceleration run at eactbattery state-of-charge

er Tests—Dynamometer test conditions are defined in 4.3.3. Vehicle speed shg

rted.

as illustrated in Figure 1. For each state-of-charge, the data to be plotted shall
At least two runs for that initial state-of-charge. When reporting these data, it s

Limit

Test—The purpose of this test is to determine the maximum grade on which the

ure—Direct measurement of gradeability limit on steep test grades generall

y accelerated to
or permissible,
5 attained.

to establish the
rge specified in

n portion of one
shall not exceed

Il be determined

ing special data

he initial states-
be the average
nall be specified

test vehicle can

y is impractical.
s vehicle weight

The tractive force shall be measured on a suitable horizontal surface and is the maximum force which can be
maintained by the vehicle propulsion system for a period of 20 s while moving the vehicle at a minimum
speed of 1.5 km/h (1 mph).

The tractive force shall be determined for various battery states-of-charge as specified in 4.2.5.

Because the high-rate discharge capability of batteries is time dependent, two tractive force tests are to be
made for each battery state-of-charge. The lower of the two tractive force measurements shall be used to
determine the gradeability limit.
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7.3

7.4

8.1

100% 80C

80% 80C

40%-806
e

ommue mMro—JTm<

TIME, SECONDS

FIGURE 1—ACCELERATION CHARACTERISTICS

Calculation|of Gradeability Limit—The percent gradeability limit is to be determined usipg the following

relationship:

e Lo . -1Pg
Percent Gradeability Limit = 100tang%m Wo

where:

P = Megsured traction force, N.(Ib)
W = Manufacturer’s rated, gross vehicle weight, kg (Ib)

Special Datp Requirements—The procedures in Section 7 establish the gradeability limit of
as a functiop of the battery state-of-charge. If the traction force is limited by slippage betwe
drive wheelq and thexoad surface this fact should be recorded.

Gradeability at.Speed

(Eq. 1)

the test vehicle
en the vehicle’s

Purpose of Test—The purpose of this test is to determine the maximum grade which can be maintained at
different vehicle speeds. The effect of battery state-of-charge on this vehicle capability is identified in these
tests. Two alternate procedures are described. An analytical method using data collected in Section 6 is

described along with a direct dynamometer procedure.
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8.2 Analytical Method

8.2.1 Using the speed-time data from the road tests of Section 6, the vehicle’s acceleration characteristics shall be
plotted as in Figure 2 for each state-of-charge. Data for successive time intervals then are to be used to
determine the vehicle’s average acceleration during the nth time interval.

- Vo=V, _
an = -t_n_t_n_g' (Eq 2)
n~*n-1

when the vehicle has reached the average speed,

N+ \L
n n—1

V=TT (Eq. 3)

X % SOC

ommoUyw mMr-o—ILMN<
<

TIME, SECONDS

FIGURE 2—VEHICLE SPEED VERSUS TIME DURING ACCELERATION

The data derived from these calculations shall be plotted as average acceleration versus vehicle speed and
a smooth curve shall be drawn through the calculated points for each state-of-charge, as shown in Figure 3.
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If the test vehicle is equipped with a recording accelerometer as well as speedometer during the test of
Section 6, the information of Figure 3 is obtained directly. The percent grade the vehicle is able to traverse at
any selected speed is now to be calculated using the following relationship:

Percent Gradeability at Speed = 100tan (sin_10.0283a) (Eq. 4)
where:

a = Vehicle acceleration at the selected speed, km/h-s

The constant 0.0283 in this equation becomes 0.0455 when acceleration is determined in English units of
mph/s.

8.3 Dynamomefer Tests—A chassis dynamometer can also be used to determine gradeability-at| speed providing
that the total road power loss of the vehicle has been established for various vehicle speeds using the
procedure of Section 10.

8.3.1 DvYyNAMOMETER TEST PROCEDURE—Dynamometer tests of vehicle gradeability-at speed are fo be made for a

number of different initial battery states-of-charge. Vehicle and dynamometer test conditions are those
presented|in Section 4.

X % SOC

Z0O0 A>T mMmrmoo> mMmro—Im<

VEHICLE SPEED

FIGURE 3—VEHICLE MAXIMUM ACCELERATION VERSUS VEHICLE SPEED
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8.3.1.

8.3.1.2

8.3.2

8.4

8.4.1

8.4.2

9.1

10.

10.1

10.2

1 With a preselected dynamometer load, the vehicle shall be accelerated to a stabilized balance speed
which must be maintained for a minimum period of 20 s. Speed variation during the 20-s test interval
should not exceed 5%.

gradeability at speed.

The dynamometer power consumption shall be determined at various speeds and used to calculate

DyYNAMOMETER DATA PROCESSING—The percent gradeability at speed for the test vehicle shall be calculated
from the dynamometer test data and the road load data of Section 9 using the following relationship:

where:

Po =R
v =V
W =M

p = P}Wer delivered to the dynamometer at test speed, kW (hp)

The constant in Equation 5 is 375 when English units are used.

Special Datp Recording

The calcu

1,367.2(p—P )5
Percent Gradeability at Speed = 100tan|_sin 1?\6’3____(_p__p_(20-|

(Eq. 5)

T € W Ca

ad load power consumed by the vehicle at test speed, kW (hp)
hicle test speed, km/h (mph)
hnufacturer’s rated gross vehicle weight, kg (Ib)

ated percent gradeability of the vehicle shall be.recorded for each test speed gnd for the three
battery inifial states-of-charge specified in 4.2.5.

When repprting these gradeability data, it shall_be* specified whether they are based ugon road test or

dynamometer test results.

Deceleration

The vehicle
practices sh

Coastdown|Testing

Purpose of

of vehicle vglocity sa that accurate simulation of the road load force on a chassis dynar
accomplished.

Test Proce
determined
modification

shall be subjected to the same braking tests as other road vehicles, and existin
All apply including SAE.J843d and J992b, as applicable.

[Test—The purpose of this procedure is to determine the road load force on a veh

Hure—Vehicle road load power and energy consumption at various steady sj

g SAE standard

cle as a function
hometer can be

eeds are to be

from coastdown tests which shall be periormed according to SAE J1Z26s wi
S.

h the following

10.2.1 Vehicle regenerative braking shall be disabled during coastdown testing; minimizing any changes to the
mechanical system (see SAE J1634).

10.2.2

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 A.

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

-10-
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10.4 Data Reduction

10.4.1 The vehicle speed versus time data obtained during the coastdown tests shall be processed as specified in
SAE J1263 to calculate the 88 to 72 km/h (55 to 45 mph) coastdown time for use in chassis dynamometer
simulation of vehicle road load.

PREPARED BY THE SAE MOTOR VEHICLE COUNCIL

-11-
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