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1. Scope—This SAE Recommended Practice provides for common test and verification“methqds to determine
Electric Veh|cle battery module performance. The document creates the necessary ‘performapce standards to
determine () what the basic performance of EV battery modules is; and (b) Whether battefy modules meet
minimum pefformance specification established by vehicle manufacturers or-6ther purchasers| Specific values
for these mimimum performance specifications are not a part of this document.

1.1 Field of Application—Electric Vehicles.

1.2 Product Clgssification—Electrochemical Storage Devices.

1.3 Form—AnN Hlectric Vehicle propulsion battery will consistof a battery configuration of severd (typically 12 V)
modules intgrconnected in one or more series strings«\This document provides test methdds to determine
performancg of such modules, including but not limitedito modules built in accordance with SAE J1797. Use of
this document is intended for independently packaged modules operating at ambient temperature. Testing of a
fully configlired propulsion battery system,.or battery subsystems designed to opergte at elevated
temperaturep, is expected to require additionaktesting methods beyond those included in this focument.

2. References

2.1 Applicable Publications—The fallowing publications form a part of this specification to the|extent specified
herein. Unlgss otherwise indieated, the latest issue of SAE publications shall apply.

2.1.1 SAE PusL|cATIONS—Awailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096{0001.

SAE J1715—Electric Vehicle Terminology
SAE J1797—Recommended Practice for Packaging of Electric Vehicle Battery Modules
2.1.2 OTHER PUBtTCATIONS

United States Advanced Battery Consortium Electric Vehicle Battery Test Procedures Manual, Revision 2,

Pub

lished January 1996
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5.2

Related Publications—The following publications are provided for information purposes only and are not a
required part of this document.

SAE TSB 001—SAE Technical Standards Board Rules and Regulations

SAE TSB 002—SAE Preparation of SAE Technical Reports

SAE J1115—Guidelines for Developing and Revising SAE Nomenclature and Definitions
SAE Report—Format Guidelines for Electronic Capture of SAE Documents

SAE Committee Guidelines Manuals

Definitions—See SAE J1715 for most definitions. The following are not currently in SAE J1715 but may be
added to a later date:

C,/1—The gonstant current required to discharge modules in 1 h at 25 °C.
C,/2—The donstant current required to discharge modules in 2 h at 25 °C.
C3/3—The donstant current required to discharge modules in 3 h at 25 °C.
P1/1—The constant power required to discharge modulesin 1 h at 25 °C.
P»/2—The constant power required to discharge modules in 2 h at 25-°C.

P3/3—The constant power required to discharge modules in 3 h at 25 °C.

Battery Modlule Selection—If battery modules are constructed to SAE J1797 or other fequirements as
defined by Viehicle manufacturer, they should first be determined to comply with the physical|requirements of
SAE J1797 pr other vehicle specification, including dimensions, open circuit voltage, mass, gnd terminations.
If the measyred performance is to be used to establish or verify battery ratings, modules selected for testing

should be regpresentative of those to be manufactured and delivered to the market.

Test Conditjons

Test Samples—The number of test samples required to be subjected to each test conditior] for each test in
this documept will be determinedy: the vehicle manufacturer or other entity requesting tests.| A single battery
tested doeg not assure that-any production quantity of modules will meet the tested Jalues obtained.
.28 standard deviation values from a statistical sample size of 23 modules will g|ve assurance of
90% conformance, but itis\not the intention to propose that any or all variations of the tests in this document be
run on such fa large sample size.

Test Temperature>=Testing shall be performed at a controlled ambient temperature of 25 °C unless otherwise
specified within,this document. Measured module temperatures shall fall within this range at the start of
discharge € ift ; —This may require
cooling to be applied to reduce the time between the end of a charge or discharge and the beginning of the
next charge or discharge. If required, cooling shall be applied using the manufacturer's recommended
temperature control means, which shall specify the required coolant flow rates, heat transfer properties, etc.
All temperatures have a +2 °C tolerance. Designation of both the cooling method and soak time are to be
reported in Appendix A.
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Temperature Sensing Locations—A minimum of one ambient temperature measurement and one
temperature measurement per module, insulated from ambient environment, is recommended. Different
battery manufacturers may recommend specific locations for temperature sensing such as the center of the
case side wall, one of the terminals, or the center of the end wall. As a default, use the center of the side wall.
Placement in any of these locations should not affect the results as long as the device is not exposed to
external conditions that may skew the readings. The terminal location on a module may require precautions to
ensure there is no shock hazard. Designation of the temperature sense location should be reported in
Appendix A.

Data Recording—Data recording should include time, temperature, voltage, current, visual observations, and
profiles of any data generated by vibration or shock. Data should include a record of any maintenance
performed o i

Sampling Frequency—All parameters should be measured and stored at a sample rate adequate to ensure
that all relevant changes in the parameters are recorded for later data analysis. Additionally, fpr tests involving
short-term tpjansient conditions (e.g., peak power measurement) both the sampling™frequencly (typically once
per second)(and the time skew between corresponding current and voltage méasurements (fypically 0.1 s or
less) are important during the critical test periods.

Measuremegnt Accuracy—The equipment should be able to meet the requirements in Table 1:

TABLE 1—MEASUREMENT ACCURACY

Parameter AgCuracy
Voltage <1% of Reading
Current <1% of Reading

Temperature +1.0 °C

Additionally,|the combination of accuracy>and sampling rate should be adequate to assure that important
derived pargmeters, including accumulatedampere-hours and kilowatt-hours, can be determifed within +3%.

NOTE— Voltage sense leads‘should be located as close to the terminals as possible to avoid any
ambiguous readings\due to resistance, noise, or other sources for error.

Module Inspection—All modules should be visually inspected to ensure that no damage hag occurred to test
modules dufing shipping-er other handling. The individual weight and volume of each mpdule should be
measured and recorded prior to testing for a baseline. These measurements may be used to| calculate power
levels or othpr critéria in test procedures defined later in this document.

Module Cornditioning—Module(s) should be conditioned in_accordance with manufacturen's specifications
prior to performing the following tests. However, this is not intended to cycle the module a significant portion of
its life so a maximum of 10 cycles is recommended. Peak values for a given test may require a significant
number of cycles to be run prior to running a given test. This is to be done per the battery manufacturer’s
recommendations and is to be recorded in Appendix A as PEAK performance.

Data Reporting—Appendix A is a report template of the expected output from the tests performed. This is to
be used as a guide from which vehicle manufacturers may choose specific tests and derive information.
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6.

6.1

6.1.1

6.1.2

6.1.2.1

6.1.2.2

6.1.2.3

6.1.2.4

6.1.2.5

6.1.2.6

6.1.2.7

6.1.2.8

Module Performance

Static Capacity Test (Constant Current Method)

PurPOSE—The purpose of this test is to establish the ampere hour and energy capacity provided at various
discharge rates and temperatures as appropriate to establish vehicle application usage. This may be used
as an application screening test to establish a need for sizing thermal management systems and energy

performance.

discharge

The capacity and energy at C3/3 at 25 °C are the recommended values for ratlngs of battery types.
industry, tern

values de
TEST SEQU
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These tests may also verify performance as stated by the manufacturer,
is run to a voltage cutoff for these tests not just to rated capacity.

ived. These tests correspond to the USABC test procedures (see 2.1.2 for refere
ENCE
ery manufacturer is to define the C4/1, C,/2, and C3/3 rates at 25 °>C. Since

tive, the discharge rates are not changed for other discharge tefperatures. For
d at 70 A at 25 °C then this rate is to be run at any temperature.

5) should be discharged at the C3/3 rate until a voltage, temperature, or othe
s reached as specified by module manufacturer. The\beginning of discharge md

ibed later in this procedure.

e discharge portion of this test may be run at.temperatures other than 25 °C, plag
) in a controlled temperature of 25 °C and allow module(s) temperature to stab
consecutive 1 h readings. For test temperatures at 25°C, the 3 h wait is not necq

odule(s) temperature has stabilized’in accordance with 6.1.2.3, module(s) shall bg
hce with manufacturer’s specification requirements.

rcuit time periods between charge and discharge will be determined by mod
turers. This time may-be dictated by the designation that the beginning of disch3
d for these tests-\At 25 °C, the open circuit time may be short while at other
h soak of 16 h is recommended.

fest sequence (6.1.2.2 through 6.1.2.5) for a minimum number of cycles deterr

Repeat ]est Sequence (6.1.2.2 through 6.1.2.6), using discharge rates of C4/1 and C,/2.

therefore 100%
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e to validate the
nce).

these tests are
example, if C;/1
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st be at the test
may be changed
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p fully charged in

ule and vehicle
rge temperature
temperatures a

nined by vehicle

turer, or-until the measured capacity is repeatable to within 2% for three consecutjve cycles.

NOTE— The discharge limits specified by the manufacturer may be different for different discharge rates.

This section may be required at the discretion of the vehicle manufacturer since the temperatures chosen
may not be appropriate for a given module chemistry or vehicle system that is managed thermally. Repeat
test sequence (6.1.2.2 through 6.1.2.7) using the test discharge temperatures of 45 °C, 0 °C and —20 °C.
To ensure the module is at temperature, the module should be soaked at the test temperature at least 16 h
prior to discharge.
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6.3

6.3.1

Static Capacity Test (Constant Power Method)

PurPOSE—The purpose of this test is to establish the ampere hour and energy capacity provided at various
discharge rates and temperatures as appropriate to establish vehicle application usage. This may be used
as an application screening test to establish a need for sizing thermal management systems and energy
performance. These tests may also verify performance as stated by the manufacturer, therefore 100%
discharge is run to a voltage cutoff for these tests not just to rated capacity. These tests correspond to the
USABC test procedures (see 2.1.2 for reference).

TEST SEQUENCE

The baiew—maw#ae%ﬁﬁe—deﬁw—%%%nd—%m&%%ﬁee
comparative, the discharge rates are not changed for other discharge temperatures. -For

is defindd at 800 W at 25 °C then this rate is to be run at any temperature.
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Repeat fest sequence (6.12.2 through 6.1.2.6), using discharge rates of P4/1 and P,/2.

NOTE—

This sed
may not

5) should be discharged at the P3/3 rate until a voltage, temperature; or othe
s reached as specified by module manufacturer. The beginning of discharge md

ibed later in this procedure.

e discharge portion of this test may be run at temperaturés other than 25 °C, plag
) in a controlled temperature of 25 °C and allow module(s) temperature to stab
consecutive 1-h readings. For test temperatures.at 25 °C, the 3 h wait is not neg
in accordance with manufacturer’s specification requirements.

rcuit time periods between charge and discharge will be determined by mod
turers. This time may be dictated by the designation that the beginning of disch3
d for these tests. At 25 °C, the open circuit time may be short while at other

h soak of 16 h is recommended;

fest sequence (6.1.2.2 through 6.1.2.5) for a minimum number of cycles deterr

The discharge limits specified by the manufacturer may be different for different @

tion.may be required at the discretion of the vehicle manufacturer since the temp
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st be at the test
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lize to this value
essary.

5) shall be fully

ule and vehicle
rge temperature
temperatures a

nined by vehicle

turer, or until the measuired capacity is repeatable to within 2% for three consecutjve cycles.

ischarge rates.

eratures chosen

b€&-appropriate for a given module chemistry or vehicle system that is managed th

PN W W WY o A

ermally. Repeat

test seq

O

°C, and -20 °C.

To ensure the module is at temperature, the module should be soaked at the test temperature at least 16 h

prior to discharge.

Charge Retention

PUrRPOSE—The purpose of this test is to establish storage characteristics of a module(s) after recharge, i.e.,
stand loss, for the specific module technology and design. The tests may be run in parallel by using multiple
modules with different stand times or temperatures. The test is not considered catastrophic, therefore
modules may be repetitively used for different portions of this procedure. This procedure is expected to be
run at both 25 °C and 45 °C for baseline charge retention. These tests correspond to the USABC test
procedures for stand test (see 2.1.2 for reference) with recommended temperatures different than suggested
in the USABC document.
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ion (cutoff) limit is reached as specified by the manufacturer.

Discharge the module(s) at the C5/3 at 25 °C. Discharge each module until temperature, voltage, or other

Charge the modules at 25 °C in accordance with manufacturer’'s recommended procedures.

Allow module(s) to stand in an open-circuit condition at 25 °C. The module(s) will be removed and

discharged at the C3/3 rate after 2 days, 14 days, and 30 days of storage. Discharge each module until
temperature, voltage, or other termination (cutoff) limit is reached as specified by the manufacturer.

| +al o

a-chaul ha apn-to-aa aackramant-d nata
carc oot ot ot T o ToSS

X nhal ool
POttt taT—SUY

loads are disconnected during the stand period.
bach module at 25 °C in accordance with the manufacturer's recommendations.

test sequence (6.3.2.1 through 6.3.2.4), using a storage temperature of 45 °

6.3.2 TEST SEQUENCE
6.3.2.1

terminat
6.3.2.2
6.3.2.3

NOTE—Ear
6.3.2.4 Charge
6.3.2.5 Repeat

discharg

minimun
6.4 Charge Acgo
6.4.1 PURPOSE-
various te
acceptanc
and therm
required f
methods d
temperatu
document

6.4.2 PROCEDUR

6.4.2.1

6.4.2.2 Place th
module

charge 1

e sequence will remain at 25 °C and Ca/3, therefore, the module(s) must soa
n of 16 h prior to testing. This 16-h period is in addition to thestand time at a give

eptance Tests

-The purpose of this test sequence is to establish how readily the module will 3
mperatures. This is not a transient test to detefmine initial acceptance but a

e test. This allows the vehicle manufacturer tgestimate requirements for vehicle
al management requirements. The vehicle‘manufacturer will determine the nur
pr each time interval and temperature. _{t.is understood that there are a wide

res and must be specified by the “module manufacturer and recorded as
htion.

E

Discharge modules at the Cz/8-rate at 25 °C in accordance with manufacturer’s recommery

e module(s) inyatemperature-controlled environment set at the test temperatu
temperature~t@* stabilize for three consecutive 1-h temperature recordings. T
hust be at'the test temperature, for initial testing the test temperature is 25 °C.

6.4.2.3 Charge

he madule(s) at the manufacturer's recommended rate until module(s) reach speqg

establislI\ed Py module and vehicle manufacturers.

rces of parasitic

I~
.

Charge and
K at 25 °C for a
n temperature.

ccept charge at
omplete charge
Charger systems
nber of modules
ariety of charge

efined by different module manufacturers. This procedure does not dictate the charge at different

part of the test

ded procedures.

e and allow the
he beginning of

ified cutoff value

6.4.2.4

until module(s) temperature stabilizes at 25 °C.

6.4.2.5

When charge is completed, remove modules from temperature and allow to stand open circuit at 25 °C

Module(s) should be discharged at the C3/3 rate, based on manufacturer’s rated capacity, until a voltage,

temperature, or other discharge limit (cutoff) is reached as specified by module manufacturer.

6.4.2.6

6.4.2.7

Charge at 25 °C per manufacturer recommended procedures.

the manufacturer’'s recommended procedures at these temperatures.

Repeat test sequence (6.4.2.1 through 6.4.2.6), using test temperatures of 45 °C, 0 °C, and —20 °C using
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6.5 Peak Power Capability Test

6.5.1 PuUrRPOSE—The purpose of this test is to determine the ability of a battery module to deliver sustained power
for 30 s over its useable discharge capacity. In contrast to 6.6, this test does not actually load the module to
its peak power capability. Instead, is uses a series of 30-s high current steps at 10% depth-of-discharge
intervals within the normal operating range of the module. Test results are then extrapolated to the peak
power capability based on module resistance characteristics under load. It is understood that most expected
peak power usage is transient but to sustain an acceleration on an uphill grade may require significant time
intervals (30 s or more) therefore this procedure uses the 30-s voltage. These tests correspond to the
USABC test procedures for peak power (see 2.1.2 for reference) with modifications made to accommodate
the relaxation time required for modules to recover from the high current pulses before proceeding with the

t ctaonc

low curre

NOTE—

6.5.2 TEST SEQU

6.5.2.1 Charge
until the

6.5.2.2 Determi

a. The
b. 809

6.5.2.3 Determi
High Te
This carl

where:

The

EXAMP

CStCPST

The test is designed to give information indicative to that expected while/runnir
cycle, therefore, for this test, the rated capacity is the expected DCT capacity
Static Capacity (see 6.1) C3 capacity.

ENCE

he module in accordance with the manufacturer’'s recommendations, and allow tH
test temperature is reached. It is expected that open cirCuit on this step to be les

ne the High Test Current for the module as the lessorof:

maximum rated current for the battery or
of the module’s rated peak power divided By, 2/3 open circuit voltage at 80% dep

ne the Base Discharge Current for thezmodule as: that current which, when co
5t Current, gives an average discharge current corresponding to an average 3-h
be calculated as follows in Equation 1:

L (12* A h Capacity - High Test Current)
2*(17.5 —rest time)

Base Discharge Curren

rest time is described in 6.5.2.5. The rest time units are in minutes.

| E—If the module is rated at 60 A h and the High Test Current is to be 300 A
Discharge Current will be 12 A.

6.5.2.4 Dischar;*e thenodule for 30 s at the Base Discharge Current, and then perform 30-s disc

High R

g a power drive
see 6.6) not the

e module to rest
5 than 24 h.

h-of-discharge

mbined with the
discharge rate.

(Eq. 1)

, then the Base

harge step at the

e Current.

6.5.2.5 Since the voltage limit at High Rate Current is expected to be lower than the voltage limit at the base
discharge current, rest the module for a period not to exceed 5 min for the voltage to recover. One minute
is recommended.

6.5.2.6 Continue to discharge the module to 90% depth-of-discharge (based on rated capacity) at the Base
Discharge Current, interrupting the discharge at 10% intervals to perform a 30-s discharge step at the High
Test Current. To determine the peak power, no rest is acceptable during this part of the test, only after the
high rate as stated in 6.5.2.5.
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6.5.2.7

6.5.2.8

NOTE— The same Base Discharge and High Test Current values are normally used throughout the
discharge. However, if the module is unable to sustain the High Test Current at any point in the
discharge without dropping below the manufacturer's minimum voltage limit, the High Test Current
must be reduced as necessary to sustain this minimum voltage. If the test equipment used is
incapable of making this current adjustment dynamically, the test may have to be repeated with a
lower High Test Current.

Terminate the discharge when any of the following conditions occur:

a. Discharge to 100% of the rated capacity is completed.
b. The Base Discharge Current cannot be sustained without dropping below the minimum voltage limit.

At each |depth-of-discharge for which peak power capability is to be determined, calculat¢ it based on the
measurgd currents and voltages immediately before (i.e., 11, V1) and near the end (i.e.) I, V,) of the 30-s
current $tep as shown in Figure 1.

PEAK POWER TEST PROFILE

v A
v2
OPEN CIRCUIT
BASE CURRENA BASE CURRENT
3 "
[}
!: 12
'5 HIGH.TEST
hr CURRENT
®
0 30 60 90 120 150

RELATIVE TIME (SECONDS)
ARROWS ARE MEASUREMENT POINTS FOR VOLTAGE / CURRENT

FIGURE 1 —PEAK POWER TEST PROFILE

NOTE— Note that current and power out of the battery must be considered to have a negative sign in
Equations 2 through 5.

Effective Resistance:
R =DV, Dl =(V;-V,), (I,-1) (Eq. 2)

Effective Open Circuit Voltage:

Voo = Vo=(l5- R) (Eq. 3)

ocv

lheak At 2/3V

pea ocy DY Ohms law = polarization (-1 =8V,.,). R (Eq. 4)
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Peak Power Capability =2 =8V, - |eak (Eg. 5)
substiting | P ~(259) Voo, . R

ocv >

If this calculated peak power capability exceeds that which is physically possible at the manufacturer’s
maximum rated current, i.e., if it is larger than | ax * (Voey + R * Imax): then this lower value must be used
instead. Values at other voltages or time intervals may be determined from the data gathered but are not a
part of this procedure.

6.6 Dynamic Capacity Test

6.6.1 PURPOSE-Fhis—testis—intenrded—to—+reasure—the—capacity-of-abattery—medute—unrder—eaymamic discharge
conditions|similar to those which are imposed on electric vehicles in urban driving conditions. This dynamic
cycle is sdaled to a percentage of the rated or specified maximum power for the module’tq be tested. The
scaled poyver level to be used by this procedure must be specified (in watts or kilowatts) as an input to this
procedure| (see 6.6.4). This test incorporates significant levels of instantaneous charging power (i.e.,
regeneratipn) during the test profile.

6.6.2 TeST PROHILEs—Figure 2 shows a graphical representation of the 360-s test profile, which is applied
repetitively over a complete module discharge. Table 2 is the tabular listing of the discharge] power profile.

DYNAMIC CAPACITY TEST-PROFILE
60%

g 40% (REGEN.ROWER) :
E 20% =
w ° - - .
S | | - | .
= i | 1 |
S -20% = = =
W 40%
L -60%
E 80% DISCHARGE POWER
2 - (]

-100%

0 60 120 180 240 300 36p
TIME (SECONDS)

FIGURE 2—POWER PROFILE TABULAR LISTING
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6.6.3

6.6.4

6.6.5

TABLE 2—POWER PROFILE TABULAR LISTING

Step Duration Discharge Step Duration Discharge
No. (s) Power (%) No. (s) Power (%)
1 16 0.0 11 12 -25.0
2 28 -12.5 12 8 +12.5
3 12 -25.0 13 16 0.0
4 8 +12.5 14 36 -125
5 16 0.0 15 8 -100.0
6 24 -12.5 16 24 -62.5
7 12 -25.0 17 8 +25.0
8 8 +12.5 18 32 -25:0
9 16 0.0 19 8 #50.0
10 24 -12.5 20 44 0.0
This procedure uses the time and power levels of the USABC Dynamic),Stress Test

chemistrie
15 as with
DST proc
testing.

TEST EQuI
achieving
steps of 1
is always

TEST ScAL
the battery
test samp
depth-of-d
(W/kg) tha

S but is in fact a different test. Particularly, this test does not terminate the disch
DST. The reduced power point is necessary for some manufacturers and was
pdure.  Since this procedure uses the DST timing it does_not correspond dire

PMENT REQUIREMENTS—The charge-discharge tester used for this test must
the scaled power-time profile shown in Figure 2\with a maximum transition time
s or less. These transition times are includeddn the overall power profile length (
B60 s long).

NG—The maximum power level for this\test should be set to a value specified by T

module technology type to be tested. If the value specified cannot be achieve
e, the maximum power value should be set to 80% of the rated peak power of thé
scharge. Reporting of the Dynamic Capacity Test results must specify the peak
t was used.

TABLE 3—MAXIMUM POWER LEVEL LISTING

DST) for some
arge during step
originally in the
tly with SFUDS

be capable of
between power
.e., a test profile

pble 3, based on
d by a particular
e module at 80%
power level

Battery Maximum
Technology Power
Type (W/kg)
Lead-Acid Modules 80 or 120
Nickel-Cadmium and Other Alkaline 120
Ambient-Temperature Modules
Flow Modules, Limited-Power Modules 60
Advanced Modules 120

There has been much discussion as to the proper power levels for different chemistries. Use of different
levels for lead acid and limited power batteries is favorable to these chemistries, while on an energy basis the
peak powers are comparable between chemistries (e.g., a 20-kWh nickel cadmium battery pack will have to
deliver 1.5 the W/kg of the same 20 kWh lead-acid battery pack in an application).

TeEST POWER DETERMINATION—The maximum power level specified in Table 3 is the 100% level shown in
Figure 2, which occurs in Step 15 of Table 2. The power levels for the remaining steps are then calculated
using the percentage values shown in Table 2.
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6.6.6

6.6.7

6.6.8

6.6.8.1

6.6.8.2

6.6.8.3

6.6.8.4

6.6.8.5

REDUCED POWER LIMIT—The reduced power limit for Step 15 of the test profile is 5/8 of the maximum power
(i.e., 0.625 times the nominal value determined for this step).

MobuULE LimiTs—Module limits to be observed during the test will normally consist of some set of capacity,
voltage, current, power, and/or temperature limits which should not be exceeded for the modules.

PROCEDURE

Open Circuit After Charge—With the module on open circuit, stabilize the module temperature and other
initial conditions as required. The start of discharge is to be at the test temperature; unless otherwise
specified this temperature is 25 °C.

Dischartl;e—Discharge the module using the test power profile. Repeat the 360-s segn
(i.e., wit
step (St
power fq

Discharge Termination—The discharge terminates when any of the following conditions is
a.
b.

c.
d.

Charge

Repeat
manufag
the purpose of this test is to determine capacity and not cycling, the maximum nt
recomm

PREPAH

The
5/8

The
that
Whe
Whe

N no rest period between profiles) until a termination condition is reached. Af the
bp 15) cannot be performed without exceeding the module voltage limit or Gther |
r this step to stay within the module limits.

power achievable (within the module limits) on Step 15 is less than the reduced p
bf the specified power for Step 15, or

power achievable on any other step (within the modulelimits) is less than the sy
step, or

n the module falls below the minimum voltage recemmended by the manufacture
n 100% of rated capacity has been removed from the module

he module(s) at 25 °C in accordance with\manufacturer's recommended procedu

fest sequence (6.6.8.1 through 6.6.84) for a minimum number of cycles deterr
turer, or until the measured capaeity is repeatable to within 2% for three consecuti

ended is 10.

ents end-to-end
maximum power
mits, reduce the
reached:

pwer limit, i.e.,

ecified value for

, or

[esS.

hined by vehicle
Ve cycles. Since
mber of cycles

RED BY THE SAF FIFCTRIC VEHICI F BATTERY SYSTEM STANDARDS COMMITTEE
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