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1.0

2.0

3.0

4.0

Peak Power Test

PURPOSE

The purpose of this test is to determ ne the maxi mum
sust ai ned power capability of a battery for 30 second

di scharge pul ses at various depths of discharge (DOQ. The
value calculated at 80% DOD is particularly inportan )
because this is the point at which the USABC power goal is

defined, and the tec nolog¥ performance at this point is
conpared with this goal. hi s Procedure does not measure
t he actual peak power of the battery; rather it infers
(calculates? a predicted ﬁeak power ~ performance from

measurenents taken at hiE currents which are nonet hel ess

| oner than the rated peak power.
PREREQUI SI TES
2.1 A battery test plan or other test requirenents
docunent i s required for testlnP_u5|ng this
rocedure. The test plan specifies certain values to
e used for this test. These values include the
manuf acturer's rated peak power at 80% DOD, m ni mum

S
r
di scharge voltage, maximumrated current (If any),
rated Ash capacity, and test tenperature |limtations,
a|OnP_MAth safety precautions and any speci al

handl'i ng/testing instructions specified for the

battery by the manufacturer and/or the USABC

2.2 Prior to the performance of this_procedure, USABC
Test Procedures No. 1A, Battery Pre Test Preparation,
and No. 1B, Readi ness Review, should nornally have
been conpleted. These activities are not a part of
this procedure. This procedure nay be executed as a
st and- al one test apt|V|t¥_or as part of a sequence of
tests (e.g. periodic testing during a life-cycle test
regine) provided that the informatiron required by 2.1
above 1s avail abl e.

TEST EQUI PMENT

The equi pment required to performthe peak power test
consists of (a) a suitable charger for the battery; (b)
battery disc arge tester capable of achieving the curre
defined in 4.1.2 and 4.1.3; and (c) a data system capab
acquiring the data specified in Section 6.0 at interval
1 second or less. The maximum perm ssible transition t
between current steps is 1 second or |less. The transiti
times_are included In the overall Broflle length (i.e. a
High Test Current Step is always 30 seconds |ong.)

a
nts

| e of
s of
i me

on

DETERM NATI ON OF TEST CONDI Tl ONS

4.1 Cal culate the Test Currents for the test as foll ows.
(An exanple of these calculations is contained in the
box following.) Note: all current, power and anpere-
hour values In calculations for this procedure use
t he convention that current (and thus power) out of
the battery is negative.
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4.1.1 Rated Peak Current = Rated Peak Power (at 80%
DOD) divided by 2/3 of the en Crcuit Vol tage
(at” 80% DOD at " begi nning of life.)

4.1.2 High Test Current = the lesser [in _nmagnitude]
of (a% t he manufacturer's Maxi num Rated Current
Eﬁr t ? battery or (b) 80% of Rated Peak
rrent.

4.1.3 Base_Exschar%e Rate = that current which
conbined with a H gh Test Current 30 second
pul se every 10% , gives an average di scharge
current equivalent to the C 3 discharge rate.
This can be cal cul ated as foll ows:

Ibase discharge — (12 ° Crated - Hi gh Test Cl..lrrent) + 35.

Note: If the capacity of the battery is so
smal | that the Base Di scharge Current woul d be
zero or less (i.e. the pulse alone is 10% DCOD
or nore), the test cannot be perfornmed w thout
nodi fyi hg this procedure.

Rat ed Peak Power at 80% DOD = -16.0 kW
Open Circuit Voltage (OCV) at 80% DOD=120V
Th C 3 Rated Capacity = -120 Ah
en:

Rated Peak Current = -16.0 kW+ (2/3 of 120 V) = -200 A

Hi gh Test Current = the |esser (in magnitude) of

a. -250 A

b. 80% of -200 A

High Test Current = -160 A

Exanpl e: Suppose Maxi mum Rated Current Sfor 30 s) = -250 A
(

Base Di scharge Rate (12 * -120 - (-160)) =+ 35
Base Di scharge Rate -36.57 A

Since 10% DOD should require 3 hours + 10 = 1080
seconds, at an average current of 120 Ah + 3 hr = 40

A, this is 43,200 A-s per 10% DOD. Durlna_each 10%
DOD, there is one 30 second pul se at the H gh Test
Current of 160 A. This accounts for (30 * 160) = 4800
A- seconds, | eaving 38,400 A-seconds for the Base

Di scharge Rate over the remai ni ng 1050 seconds. 38, 400
A-s + 1050 s = 36.57 A

4.2 Establish the Discharge Voltage Limt for the battery
S

as the greater of (a) the manufacturer's mninmm
voltage limt, or (b) 2/3 OCV at 80% DOD at begi nni ng
of life. If this value is not supplied by the

manuf acturer, it can be neasured using a T3

di scharge term nated at 80% of rated capacity; the
battery voltage at 1 hour after it is placed on open
circuit at this condition will be considered the
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5.0 PROCEDURE STEPS

5.1
5.2

5.3

5.4

Charge the battery in accordance with the test plan.
Conduct the Di scharge

5.2.1 Discharge the battery at the Base D scharge
Rate for 30 seconds.

5.2.2 Discharge the battery at the H gh Test Current
for 30 seconds.

5.2.3 Continue to dlscharPe the battery at the Base
Di scharge Rate until a 10% i ncrenent of the
rated capacity (in A-h) has been renoved,

i ncluding the pulse in SteP 5.2.3 (i.e. the

capacity renoved in the pul se plus the

addi tional discharge at the Base D scharge Rate
shoul d be 10%)DOD.?

5.2.4 Repeat 5.2.2 and 5.2.3 for each 10% DOD
increment until 90% DOD is reached. Wen the
30 second discharge pulse is perforned at 90%
DOD, the Base Discharge Rate should continue
for the remaining capacity of the battery.

gﬁcharge the battery in accordance with the Test
an.

Cal cul ate the Peak Power capability of the battery at
each 10% DOD i ncrenent .

5.4.1 Using the voltage and current neasured (1) ne
the end of each ngh Test Current steP and (2
just prior to the beginning of that step,
calculate the battery resiStance as the
quotient of the volta?e change and the current

change between these Two points:

Resi st ance R =)V + )l

5.4.2 Calculate the battery IR free voltage (i.e.
open-circuit voltage at this depth-of-
dlscharge) fromthe voltage and current

n?asure near the end of the Hi gh Test Current
st ep:

Battery IR,.. Voltage: Vigree = V - IR
5.4.3 Calculate the Peak Power capability at this
dePth-pf-dlscharge as the m ni mum val ue of the
followi ng three equations:
(1) Peak Power Capability -(2/9) o (Mgmeed) + R
or
(2) Pe%k Power Capability

ar
)

- DVL « (VIRFree - DWL)

where DVL is the Discharge Voltage Limt
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or
(3) Peak Power Capability = I yax * (Mrree ¥+ R o | )

where | i s the Manufacturer's Maxi num Rat ed
Chrrentmflf defined, otherwi se ignore this
cal cul ation)

See the exanple which follows for nore information.

Exanpl e: (based on earlier exanple battery at 80% DOD)
Suppose Current near end of ngh Test Current step = -160 A
Vol t age near end of High Test Current step = 88 V

Current 30 seconds earlier gBase Chrrentg -35 A
Vol tage 30 seconds earlier (Base Current 113 V

Then R =)V + )l (88-113) + (-160-(-35)) = 0.2 ohns
Vigeree = 88 - (-160 * 0.2) = 120 Volts
Equation 1: Peak Power = -(2/9) * (120)2 =+ 0.2 = -16,000 W

NOTE: negative sign on discharge current is required
for correct result

Equation 2: DVL = 2/3 OCV at 80% DOD = 120 - 2/3 = 80V
Peak power = -80 « (120-80) + 0.2 = -16,000 W
Equati on 3: Peak Pomer g 250 A * (120 V + 0.2 S * -250 A

Thus
Peak Power Capability = -16,000 Watts

5.4.4 |f voltage or current limting (due to m ni num
vol tage or maximumcurrent limts) was
encountered during a ngh Test Current step,

t he Peak Power Capabili K is still calcul ated
as above. However, if the actual power at the
end of a 30 second’ ste (where vol tage or
current limting occurs )|s | ess than the val ue
cal cul ated, this _|ower actual power nust_be

reported as the Peak Power Capability. The

Hi gh Test Current for subsequent steps during
thi's di scharge may (dependi ng on equi pnent
capamlltles? be reduced to a value that wll
ermt the s eP to be done at constant current
? . a val ue hat does not result in further

voltage [imting.)

5.4.5 If the Base Di scharge Rate cannot be achi eved
at any point during the discharge w thout

J-6



Revi sed Novenber 22, 1995 USABC Procedure #3

dropﬁing bel ow the Di scharge Voltage Limt, the
di scharge is rm nat ed.

6.0 DATA ACQUI SI TI ON

7.

0

6.1 Current Step Data

Battery current and vol tage nmeasurenents nust be
taken at 1 second intervals for the period from 30
seconds before the start of each H gh Test Current
step to 30 seconds after the conpletion of each Hi gh
Test Current step. This is an interval of 90 seconds
during each 10% . These neasurenents shoul d be
preserved for subsequent analysis; and the 90 seconds
of data nearest 80% DOD shoul d be revi ewed
gr?pglcally to assure that the test results are

val I d.

6.2 Base Di scharge Data

During the remai nder of the discharge at the Base
D scharge Rate, all neasurenents (voltage, current,
tenperature, nodule voltages if any etc.) nust be
recorded at intervals not exceedlng 10 m nutes or
whenever anY paraneter (including % DOD) changes by
2% or nore fromthe previous recorded val ue.

6.3 Dat a Averagi ng for Cal cul ation

The two yoltaﬁe-current measurenent pairs used for
cal cul ating the peak power capability at each 10% DOD
are normal 'y obtained by (1) averaging three
successive current and voltage nmeaSurenents near  the
end of the H gh Test Current steP and (2) averaging

t hree successive current and voltage neasurenents
just prior to the start of the step.

REPORTI NG

The cal cul at ed peak power capability at each 10% DOD

i nterval shoul d be rePorted and graphed agai nst the actual
(not non1nal% depth of discharge corresponding to the end of
the High Test Current step. A plot of current and voltage
during the step closest to 80% shoul d al so be provided.
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1.0

2.0

3.0

FUDS Cycl e Test

PURPCSE
For sinmulated driving cycle testing of USABC batteries, a
vari abl e power discharge cycle baséd on the Federal Urban
Driving Schedul e fFUDS may be aPplled to the battery. The
USABC FUDS is scaled to a percentage of the maxi numrated
power or USABC power goal tor a given technologg. I n
eneral the FUDS maxi mum power iS likely to be 80% of the
ABC peak Pomer goal for a technol ogy; however, the )
specific value to be used in this procedure is specified (in
watts or kilowatts) in the test plan.
Figure 5A-1 shows a ?raphlpal representation of the USABC
FUDS 1372 second test profile, ich_is apglled_rePetltlvely
over a conplete battery dlschargg. Table 5A-1 is the
tabular listing of the USABC FU power profile; this
listing may be obtained in conputer readable formfromthe
| daho tional Engineering Laboratory (208-526-1847).

Note: All references to the term'battery' in this procedure
refer to the unit to be tested, which may be a single cell,
a n?ltl-cell nmodul e, a battery pack, or a conplete battery
system

PREREQUI SI TES

2.1 A Battery Test Plan or other test requirenents
docunent "is required for testlnP_u5|nﬁ this
procedure. The test ﬁlan specifies the values to be
used for the FUDS. These val ues include battery Ash
ratings, peak dlscharge power to be_applled during
FUDS festing, charge/discharge termnation criterra,
charging procedure, test tenperature |[imtations,
safefly precautions, and anY speci al handllng/testlnﬁ
|nZEEyc i ons specified by the manufacturer and/or the

2.2 Prior to the performance of this_procedure, USABC
Test Procedures No. 1A, Battery Pre Test Preparation,
and No. 1B, Readi ness Review, should nornally have
been conpleted. These activities are not a part of
this procedure. This procedure nmay be executed as a
stand-al one test activity or as part of a sequence of
tests ge.g. a life-cycle test regine) provided that
the information required by 2.1 above is avail abl e.

TEST EQUI PMENT

The equi pnent required to performthe FUDS consists of (a) a
battery charge-di scharge tester capabl e of achieving the
scal ed” power-tine profile shown in Flgure 5A-1; and (b) a
data system capabl e of acquiring the data specified in )
Section 6.0 at intervals of 1 second or less. The steps in
this profile are only 1 second | ong, and the maxi mum

perm ssible transition tine between power steps is thus 1
second or less. The transition tines are included in the
overall profile length (i.e. a FUDS profile is always 1372

seconds | ong.)
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4.0

5.0

DETERM NATI ON OF TEST CONDI Tl ONS

4.1 Determ ne the power |evels to be applied for each
step of this FUDS procedure. The maxi nrum power | evel
(as specified in the test plan or other test )
requi renents docunent) is the 100% | evel shown in
Figure 5A-1, which occurs in Step 195 in Table 5A-1.
The power |evels of the remaining steps are then
cal cul at ed using the percentage values in Table 5A-1.

4.2 Determ ne (fromthe test plan) the anpere-hour
capacity to be used for this FUDS procedure. 1In
eneral "the FUDS is perforned to 100% of the
attery's rated capacity. However, sone |esser val ue
such as 80% of this caﬁa0|t¥ may be established for
life cycle testlng. The battery capacity to be used
for discharge is based on net capacity renoved (total
Ash | ess regeneration Ash).

4.3 Establish the battery limts to be observed during
the test. These should be specified in the test plan
and will normally consist of sone set of voltage
current, power and/or tenperature [inmits which should
not be exceeded for the batterY: ~The tester should
be programmed such that these Iimts are not
permtted to be exceeded during the test.

A FUDS di scharge will term nate whenever the

speci fied power cannot be achieved for_ a given step
W t hout exceedi ng one of the battery limits. (If
specifically required by the test plan, this
condition nay be violated by permtting, for exanple,
reduced regen power under sone conditions durlng_a

di scharge. = However, this wll affect the reporting
requi renents of Section 7.0.)

PROCEDURE STEPS

5.1 Charging - Fully charge the battery in accordance
wth 1nStructions given in the tesY pl an.

5.2 Qpen Circuit After Charge - Wth the battery on open

circurt, stabilize the battery tenperature or other
initial conditions as specified in the test plan.

5.3 D scharge

Di scharge the battery using the FUDS

power profile. Repeat the 1372 second FUDS segnents
end-to-end (i.e. wth no rest period between
profiles) until a termnation condition is reached.

5.4 Term nation - The di scharge should term nate when
either of the followng conditions is reached; (a)
t he power ach!eyabg on any step (w thout_ violating
S S

e
any atterY [imt Lo | ess than the specified val ue
e
t

for that s

Coor t he speci fied net anpere-hour
capacity of Phe’bat P i

i

) .

ery is renoved

5.5 Recharge - Recharge the battery in accordance with
the test plan. J y
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6.0 DATA ACQUI SI TI ON

6.1

6.2

Acqui sition Rates

Overall battery voltage, current and power are
required to be nmeasured at intervals not exceeding 1
second during the entire FUDS di scharge, and net
anpaC|t% (anpere-hoursL and net energy (watt-hours)
shoul d be accurnul at ed based on at |east this
frequency of data acquisition. O her neasurenents
required by the test plan (e.P. battery tenperatures,
the vol tages of nodules or cells within a nmulti-
cell/nodule battery etc.) nust be neasured at | east
once per mnute, including during the maxi num )
di scharge and maxi nrum regen steps, unless term nation
criteria are based on their values, in which case
they nust al so be neasured at 1 second intervals.

Data Retention
6.2.1 Performance Testing

For a FUDS test conducted as a battery
performance test, overall voltage, current,
ower, anpacit (anpere-hourL and ener
kil owatt-hour) val ues nust be recorded and
retained at 1 second intervals for the entire
di scharge. The value of all neasured
araneters nust be recorded and retained at
east once during the maxi mum di scharge and
maxi mum regen steps in each profile. (See Data
Acqui sition and Retention requirenents section
of the USABC procedures manual .)

6.2.2 Life Cycle Testing
If the FUDS is used as a regetitive life cycle

test, the data required by 2.1 nust be
retal ned between successive executions of the

Ref erence Performance Tests, until perm ssion
hs recglysd fromthe USABC Program Manager to
iscard it.
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7.0 REPORTI NG

In addition to the summary information required fromall USABC
tests, the follow ng specific informati on shall be reported for
any FUDS di scharge conducted as a performance test:

a. The peak power to which the test was scal ed

b. Measured capacity of the battery )

C. If any limtations were placed on the discharge by battery
limts in the test plan (e.g. regen current Ilimts), the
caPaC|ty achi eved both wth and without such limts in
effect shall be reported ) )

d. The current Pomer and vol t age dur|n8 the first 300 seconds
of the conplete profile nearést to 80% DOD shal | be graphed

For FUDS di scharges conducted as part of a life-cycle test

series, the capacities in (b) and (c) above shall  be ?ra hed as a

function of cycle nunber over the course of the life Test series

Periodic (i.e. nnnthly% proPress rePprtln? shal | include the

capacities at the start of life testing, the nunber of cycles

performed to date, and the present capacities.
USABC FUDS TEST CYCLE
(Baszecl on FUDSPE, clippped at 79 wWiikg)
G0%
Regen Power

4 0% 1
5 20% H
=
4 || |l
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Figure 5A-1
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Tabl e 5A-1
USABC FUDS POVNER PROF| LE
TI ME (seconds) vs POXER (Fraction of Peak)

Ti me Power 53 0. 183544 107 -0. 16456
0 0 54 0.103797 108 -0. 22532
1 0 55 -0. 04937 109 -0. 30886
2 0 56 -0.4443 110 -0. 31519
3 0 57 -0.54557 111 -0. 34684
4 0 58 -0.52152 112 -0.28861
5 0 59 -0.52658 113 -0. 20886
6 0 60 -0.38228 114 -0.0481
7 0 61 -0.21519 115 0. 035443
8 0 62 -0.18481 116 0. 535443
9 0 63 -0.13291 117 0. 489873

10 0 64 0.018987 118 0. 459494
11 0 65 -0.0557 119 0. 389873
12 0 66 -0.14937 120 0. 311392
13 0 67 -0.13165 121 0.229114
14 0 68 -0. 05696 122 0
15 0 69 -0.0557 123 0
16 0 70 -0.09367 124 0
17 0 71 -0. 25443 125 0
18 0 72 -0. 25949 126 0
19 0 73 -0.13797 127 0
20 0 74 0.006329 128 0
21 -0. 24051 75 0.032911 129 0
22 -0.23671 76 -0.13291 130 0
23 -0. 38354 77 -0.22405 131 0
24 -0. 46835 78 -0.3 132 0
25 -0.52911 79 -0.10253 133 0
26 -0.58481 80 0. 005063 134 0
27 -0.15949 81 -0.23165 135 0
28 -0.23291 82 -0.29241 136 0
29 -0.6962 83 -0.3557 137 0
30 -0.32911 84 -0.46709 138 0
31 -0.26582 85 -0.3481 139 0
32 -0.11519 86 -0.29747 140 0
33 0.021519 87 -0.22532 141 0
34 0.044304 88 -0.22785 142 0
35 0. 044304 89 -0.23165 143 0
36 0.031646 90 -0.12785 144 0
37 0.041772 91 -0.04051 145 0
38 0.287342 92 -0.08228 146 0
39 0.179747 93 -0.08228 147 0
40 -0. 04557 94 -0.16835 148 0
41 -0. 11519 95 -0.27089 149 0
42 -0.11772 96 0.018987 150 0
43 -0.1519 97 0.035443 151 0
44 -0.30127 98 0.018987 152 0
45 -0.5038 99 -0.22152 153 0
46 -0.55823 100 -0.3038 154 0
47 -0.51392 101 -0. 26962 155 0
48 -0. 13544 102 -0. 19367 156 0
49 -0.01392 103 -0.17342 157 0
50 -0.0481 104 -0.08608 158 0
51 0.144304 105 0. 035443 159 0
52 0.268354 106 0. 053165 160 0
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161 0 219 -0.51899 277 -0.67975
162 0 220 -0.58734 278 -1
163 0 221 -0.65823 279 -0.71266
164 -0. 26329 222 -0.5481 280 -0.51519
165 -0. 36203 223 -0.61772 281 -0.66076
166 -0.45949 224 -0. 75443 282 -0.39367
167 -0.57089 225 -1 283 -0.27342
168 -0. 71646 226 -0.98987 284 0. 002532
169 -0.83671 227 -0.69367 285 0. 043038
170 -0. 73165 228 -0.57089 286 0.118987
171 -0.70633 229 -0.43924 287 0.198734
172 -0.55949 230 -0.31013 288 0. 165823
173 -0. 30506 231 -0.18734 289 -0.32152
174 0. 068354 232 -0.36835 290 -0. 32152
175 0. 046835 233 -0.49873 291 -0.08101
176 0.018987 234 -0.57595 292 0. 168354
177 -0.18608 235 -0.64937 293 -0. 25696
178 -0.15443 236 -0.51772 294 -0. 35823
179 -0. 1557 237 -0.66329 295 -0. 25696
180 -0.22785 238 -0.52911 296 -0.06456
181 -0.53797 239 -0.60886 297 -0.24937
182 0. 06962 240 -0.47215 298 -0.29114
183 0. 351899 241 -0.40633 299 -0.29114
184 0. 153165 242 -0. 28608 300 -0.05949
185 0. 403797 243 -0.40253 301 0. 003797
186 0. 174684 244 -0.40253 302 0. 005063
187 0. 026582 245 -0.40253 303 0.13038
188 -0. 2557 246 -0.40253 304 0.201266
189 -0.16962 247 -0.40253 305 0.2
190 -0.39241 248 -0. 33544 306 0.229114
191 -0. 66962 249 -0.21013 307 0.226582
192 -0.77215 250 -0. 20633 308 0.196203
193 -1 251 0. 039241 309 0.221519
194 -1 252 -0.05443 310 0. 381013
195 -1 253 -0.11646 311 0. 292405
196 -1 254 -0. 2443 312 0. 355696
197 -0.63291 255 -0.17468 313 0. 250633
198 -1 256 -0.28987 314 0.21519
199 -0. 75443 257 -0. 55063 315 0. 140506
200 -1 258 -0.42152 316 0.117722
201 -0.95823 259 -0.42278 317 -0.08354
202 -1 260 -0.35949 318 0. 035443
203 -0. 73038 261 -0.17595 319 0.132911
204 -0.68734 262 -0. 10506 320 0. 225316
205 -0.6481 263 -0.1038 321 0. 394937
206 -0.26329 264 -0.09873 322 0. 446835
207 -0.16076 265 -0.02658 323 0. 149367
208 -0.21899 266 -0.51899 324 0. 094937
209 -0. 15696 267 -0.09114 325 0. 040506
210 -0. 25696 268 -0.26709 326 0.131646
211 -0. 25696 269 -0.21772 327 0.120253
212 -0. 25696 270 -0.21392 328 0.213924
213 -0. 25696 271 -0. 38354 329 0. 096203
214 -0.37089 272 -0.27848 330 0
215 -0.37342 273 -1 331 0
216 -0. 54557 274 0. 053165 332 0
217 -0.61266 275 -1 333 0
218 -0.62532 276 -0.34937 334 0
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335 0 393 0. 155696 451 -0.57089
336 0 394 0 452 -0. 71646
337 0 395 0 453 -0.83671
338 0 396 0 454 -1
339 0 397 0 455 -1
340 0 398 0 456 -0.5519
341 0 399 0 457 -0. 54557
342 0 400 0 458 -1
343 0 401 0 459 -0.71139
344 0 402 0 460 -0. 36203
345 0 403 -0. 20886 461 -0. 62152
346 0 404 -0. 26709 462 -0. 27215
347 -0.08354 405 -0. 42658 463 -0. 36456
348 -0.26582 406 -0.58101 464 -0.37215
349 -0.41772 407 -0.68481 465 -0.11646
350 -0.50633 408 -0.80633 466 -0.19494
351 -0.61519 409 -1 467 -0.1962
352 -0.70633 410 -0.89114 468 -0. 06835
353 -0.6962 411 -0. 29494 469 -0.01772
354 -0.76962 412 -0.71013 470 -0.28228
355 -0.42278 413 -0.61392 471 -0. 16456
356 -0.5443 414 -0.46709 472 0. 013924
357 -0.52532 415 -0.16582 473 -0.11266
358 -0.59241 416 -0.07975 474 -0.11139
359 -0.78734 417 0. 002532 475 -0.06329
360 -0.40633 418 0. 018987 476 -0.15823
361 -0.42025 419 0. 035443 477 -0.15823
362 -0.32785 420 0. 093671 478 -0.15823
363 -0.4 421 0. 443038 479 -0.15823
364 -0.44051 422 0. 453165 480 -0.15823
365 -0.4962 423 0. 383544 481 -0. 06203
366 -0.19873 424 0. 305063 482 -0.2038
367 -0.26962 425 0. 224051 483 -0. 20506
368 -0.10759 426 0 484 -0. 27722
369 -0.01266 427 0 485 -0.01519
370 -0.22532 428 0 486 -0.06203
371 -0.47342 429 0 487 -0. 1557
372 -0.37089 430 0 488 -0. 1557
373 -0.16456 431 0 489 -0.06076
374 -0.16456 432 0 490 -0.05949
375 -0.16456 433 0 491 -0. 10506
376 -0.16456 434 0 492 0. 150633
377 -0.16456 435 0 493 0. 255696
378 -0.19494 436 0 494 0. 329114
379 -0.28734 437 0 495 0. 346835
380 -0.19873 438 0 496 0.372152
381 -0.12025 439 0 497 0.4
382 0. 012658 440 0 498 0. 332911
383 0.13038 441 0 499 0. 332911
384 0.151899 442 0 500 0. 268354
385 0. 056962 443 0 501 0.170886
386 0.382278 444 0 502 0
387 0.416456 445 0 503 0
388 0.503797 446 0 504 0
389 0. 368354 447 0 505 0
390 0. 340506 448 -0. 26329 506 0
391 0. 307595 449 -0. 36203 507 0
392 0. 265823 450 -0.45949 508 0
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509 0 567 0 625 0
510 0 568 0 626 0
511 -0.1 569 -0.26329 627 0
512 -0.18861 570 -0.36203 628 0
513 -0.16709 571 -0.45949 629 0
514 -0.09114 572 -0.56456 630 0
515 -0. 28608 573 -0.33291 631 0
516 -0.17848 574 -0.32658 632 0
517 -0.16582 575 -0. 27595 633 0
518 -0.25823 576 -0.05443 634 0
519 -0.39747 577 -0.05443 635 0
520 -0.43671 578 -0.15823 636 0
521 -0.40886 579 -0.1038 637 0
522 -0.34937 580 -0.05443 638 0
523 -0.33797 581 -0.0038 639 0
524 -0.30127 582 0. 026582 640 0
525 -0.33418 583 -0.02911 641 0
526 -0.36203 584 0. 007595 642 0
527 -0.31519 585 -0. 15696 643 0
528 -0.29494 586 -0.08101 644 0
529 -0.21772 587 -0.02911 645 0
530 -0.13291 588 0. 016456 646 -0. 16203
531 -0.0962 589 -0.02785 647 -0.20506
532 -0.0962 590 -0.0519 648 -0.42911
533 -0.0962 591 -0.07722 649 -0.3481
534 -0.0962 592 -0. 15696 650 -0.41139
535 -0.0962 593 -0.18228 651 -0.30127
536 -0.29494 594 -0.26203 652 -0.29241
537 -0.15949 595 -0. 22405 653 -0.50127
538 -0.16076 596 -0.31392 654 -0.54051
539 0. 018987 597 -0. 27468 655 -0.41392
540 0. 018987 598 -0.09873 656 -0.39367
541 -0.02025 599 -0.1 657 -0.38734
542 -0.0962 600 -0. 19367 658 -0.43924
543 -0.0962 601 -0.18861 659 -0.33797
544 0. 04557 602 -0.19241 660 -0.19114
545 0. 155696 603 -0.11519 661 -0.23038
546 0. 412658 604 -0.08101 662 -0.14177
547 0. 332911 605 -0.08101 663 -0. 14304
548 0. 268354 606 -0.13418 664 -0.1038
549 0 607 -0.37468 665 -0. 16456
550 0 608 -0.51266 666 -0.1443
551 0 609 -0.38228 667 -0.10506
552 0 610 -0.27089 668 0.032911
553 0 611 -0.26203 669 0.032911
554 0 612 0.1 670 0.25443
555 0 613 0.443038 671 0.281013
556 0 614 0.406329 672 0.335443
557 0 615 0. 327848 673 0.197468
558 0 616 0.244304 674 0.156962
559 0 617 0 675 0.192405
560 0 618 0 676 0
561 0 619 0 677 0
562 0 620 0 678 0
563 0 621 0 679 0
564 0 622 0 680 0
565 0 623 0 681 0
566 0 624 0 682 0
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683 0 741 -0.42405 799 -0. 14557
684 0 742 -0.29747 800 -0.23924
685 0 743 -0.26962 801 -0.28101
686 0 744 -0.20253 802 -0.63797
687 0 745 -0.24177 803 -0.48481
688 0 746 -0.21013 804 -0.49494
689 0 747 -0.11266 805 -0.51392
690 0 748 0. 003797 806 -0. 14557
691 0 749 -0.06962 807 -0.36203
692 0 750 -0.02911 808 -0.30127
693 0 751 0. 035443 809 -0.26329
694 -0.11519 752 0. 065823 810 -0.1038
695 -0. 15696 753 0.16962 811 -0.0557
696 -0.09747 754 0.26962 812 -0.1481
697 -0.17468 755 0. 253165 813 -0.10127
698 -0. 35063 756 0.293671 814 -0.00886
699 -0.34177 757 0. 246835 815 0. 035443
700 -0.4 758 0.131646 816 -0.1
701 -0. 2557 759 0.168354 817 0. 035443
702 -0.40759 760 0 818 0. 035443
703 -0.12785 761 0 819 -0.09241
704 -0.00253 762 0 820 -0.00127
705 -0.0519 763 0 821 -0.08987
706 -0.42152 764 -0.01266 822 0.117722
707 -0.29747 765 0 823 0. 053165
708 -0.28734 766 0 824 -0.07975
709 -0.42405 767 -0.24051 825 -0.12152
710 -0. 35316 768 -0.26709 826 -0.12152
711 -0.08101 769 -0.44557 827 -0.12152
712 0.021519 770 -0.6 828 0. 002532
713 -0. 2557 771 -0.60506 829 -0.07722
714 -0.26329 772 -0.4038 830 -0.11899
715 -0. 14051 773 -0.26076 831 -0.03418
716 0.102532 774 -0. 32658 832 0. 018987
717 0.091139 775 -0. 35696 833 0. 068354
718 0.113924 776 -0.3962 834 0. 035443
719 0. 278481 777 -0.41392 835 0. 067089
720 0. 274684 778 -0.63291 836 0.201266
721 0. 205063 779 -0.57595 837 0. 240506
722 0 780 -0.42152 838 0.220253
723 0 781 -0.27468 839 0. 165823
724 0 782 -0.20633 840 0. 131646
725 0 783 -0.30759 841 -0.06076
726 0 784 -0.11519 842 -0.28734
727 0 785 -0.11519 843 -0.27342
728 -0.01139 786 -0.07342 844 -0.19873
729 -0.21772 787 0.003797 845 -0.22532
730 -0.26709 788 -0.03038 846 -0. 25443
731 -0.41646 789 -0.11013 847 -0.26203
732 -0.51013 790 -0.11013 848 -0.31899
733 -0.30127 791 -0.06962 849 -0.39747
734 -0.43671 792 0.051899 850 -0.41519
735 -0.47342 793 -0.06709 851 -0.29114
736 -0.43165 794 -0. 10506 852 -0.1
737 -0.5443 795 -0. 10506 853 -0.15823
738 -0.52405 796 -0. 10506 854 -0. 15949
739 -0.5 797 -0.10506 855 -0.16203
740 -0.40633 798 -0. 10506 856 -0.29241
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857 -0. 20506 915 0. 120253 973 -0.47975
858 -0.34051 916 0. 149367 974 -0.2962
859 -0.1557 917 0. 044304 975 -0.20759
860 -0. 15696 918 -0.07215 976 -0.1519
861 -0. 15696 919 -0.09873 977 -0.11266
862 -0.07468 920 -0.32658 978 -0.11266
863 0.111392 921 -0.31013 979 0. 092405
864 0. 051899 922 -0.27342 980 -0.02785
865 0. 035443 923 -0. 14557 981 0. 005063
866 0.15443 924 -0. 14684 982 0. 020253
867 0.082278 925 -0.2519 983 0. 005063
868 0. 032911 926 -0.15316 984 0. 032911
869 -0.18354 927 -0.13418 985 0. 005063
870 -0.18734 928 -0.13544 986 0. 032911
871 -0.22532 929 -0. 15696 987 0. 14557
872 -0.15823 930 0. 006329 988 0. 265823
873 -0.26709 931 -0.02025 989 0. 032911
874 -0.31392 932 -0.0962 990 -0.07089
875 -0.28861 933 -0.0962 991 -0.15823
876 -0.20127 934 0. 006329 992 -0.26835
877 -0.3 935 -0.01899 993 -0.22911
878 -0.30886 936 -0.01899 994 -0.01392
879 -0.17848 937 -0.09114 995 -0.08228
880 -0.07468 938 -0.1481 996 -0.13671
881 -0.07468 939 -0. 25316 997 0. 007595
882 -0.07342 940 -0.0962 998 -0.08228
883 0. 020253 941 0. 018987 999 -0.08228
884 0. 020253 942 -0. 09367 1000 -0.31139
885 -0.06962 943 0. 032911 1001 -0. 24051
886 -0.10886 944 -0.21392 1002 -0.28101
887 0. 020253 945 -0. 28734 1003 -0. 15063
888 0. 020253 946 -0. 25949 1004 -0.18734
889 0. 050633 947 0. 032911 1005 -0.22532
890 -0.22785 948 0. 122785 1006 -0. 13797
891 -0.26835 949 0. 265823 1007 -0. 06076
892 -0.20127 950 0. 224051 1008 0. 032911
893 -0.16835 951 0.33038 1009 0. 093671
894 -0.02911 952 0. 263291 1010 0. 018987
895 -0.16835 953 0. 183544 1011 0. 031646
896 -0.10886 954 0 1012 0. 007595
897 -0.10886 955 0 1013 0. 018987
898 0. 003797 956 0 1014 0. 034177
899 0. 005063 957 0 1015 0. 020253
900 0. 035443 958 0 1016 0. 113924
901 0. 005063 959 0 1017 0. 33038
902 -0.06582 960 -0.16203 1018 0. 287342
903 -0. 10506 961 -0.24304 1019 0. 207595
904 -0.10506 962 -0.51392 1020 0
905 -0.02532 963 -0. 55316 1021 0
906 -0.06329 964 -0.65823 1022 0
907 -0.1038 965 -0.52152 1023 0
908 0. 005063 966 -0.31139 1024 0
909 0. 005063 967 -0.39241 1025 0
910 -0.09873 968 -0.33924 1026 0
911 -0.19494 969 -0.30633 1027 0
912 -0.06203 970 -0.36203 1028 0
913 0. 006329 971 -0.52785 1029 0
914 0. 096203 972 -0.66835 1030 0
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1205 0. 012658 1263 -0. 28861 1321 0
1206 -0.08354 1264 -0. 10506 1322 0
1207 -0.09873 1265 0 1323 0
1208 -0.03924 1266 0 1324 0
1209 -0. 20633 1267 0 1325 0
1210 -0. 33544 1268 -0. 16582 1326 0
1211 -0. 36835 1269 -0. 34684 1327 0
1212 -0. 40886 1270 -0.5519 1328 0
1213 -0. 33038 1271 -0.67215 1329 0
1214 -0. 38861 1272 -0. 63165 1330 0
1215 -0.2 1273 -0.43924 1331 0
1216 -0. 15823 1274 -0.27722 1332 0
1217 -0. 06962 1275 -0. 18987 1333 0
1218 0. 007595 1276 -0.3038 1334 0
1219 0. 007595 1277 -0. 26709 1335 0
1220 -0.16203 1278 -0. 24177 1336 0
1221 -0. 15823 1279 -0.21392 1337 0
1222 -0.12911 1280 -0.09241 1338 -0.12278
1223 -0. 04051 1281 0. 032911 1339 -0.26582
1224 -0.01013 1282 0. 031646 1340 -0. 44557
1225 -0.01013 1283 -0.08734 1341 -0.46709
1226 -0.07089 1284 -0.08734 1342 -0.41392
1227 -0. 04051 1285 -0. 08734 1343 -0. 37595
1228 0. 136709 1286 -0.08734 1344 -0. 23924
1229 0. 041772 1287 -0.08734 1345 -0.65316
1230 0. 008861 1288 -0. 24051 1346 -0.17722
1231 -0.17342 1289 -0.12658 1347 -0. 35316
1232 -0.11899 1290 -0.21392 1348 -0. 27848
1233 -0.12025 1291 -0. 14937 1349 -0.07089
1234 0. 03038 1292 -0. 18608 1350 -0.51899
1235 0. 208861 1293 -0. 22405 1351 0. 031646
1236 0.177215 1294 -0. 15696 1352 0. 021519
1237 0. 182278 1295 -0. 13797 1353 0. 020253
1238 0 1296 -0.19494 1354 0. 031646
1239 0 1297 -0. 16203 1355 0. 043038
1240 0 1298 -0.3481 1356 0. 031646
1241 0 1299 -0. 71266 1357 0. 018987
1242 0 1300 0. 224051 1358 0. 103797
1243 0 1301 -0.68354 1359 0. 087342
1244 0 1302 -0. 15696 1360 0. 078481
1245 0 1303 -0.07468 1361 0. 073418
1246 0 1304 0. 129114 1362 0. 108861
1247 0 1305 0. 478481 1363 0. 188608
1248 0 1306 0. 444304 1364 0
1249 0 1307 0. 378481 1365 0
1250 0 1308 0.3 1366 0
1251 0 1309 0.217722 1367 0
1252 -0. 08354 1310 0 1368 0
1253 -0. 01266 1311 0 1369 0
1254 -0. 01266 1312 0 1370 0
1255 -0. 01266 1313 0 1371 0
1256 -0.01266 1314 0 1372 0
1257 -0. 05696 1315 0

1258 -0.11899 1316 0

1259 -0.08987 1317 0

1260 -0.08987 1318 0

1261 -0.11392 1319 0

1262 -0. 23797 1320 0
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1.0

2.0

3.0

Dynam ¢ Stress Test (DST)

PURPOSE

For simulated driving cycle testinP of USABC batteries, a
vari abl e power discharge cycle called the Dynam c Stress
Test (DST) will be applied to the_battery. The DST is
scaled to a percentage of the maxi numrated power or USABC
power goal for a Plven t echnol ogy and requires higher
regeneration | evel's than previous simlar test cycles such
as the Sinplified Federal Urban[llv!n? Schedul e” ( SFUDS)

I n general the DST maxi mum power is intended to be 80% of

t he USABC peak Pomer goal for a technol ogy; however, the
specific value to be used by this procedure is specified (in
watts or kilowatts) as an input to this procedure.

Figure 5B-1 shows a graphical representation of the DST 360
second test profile, which is aBPlled repetitively over a
conplete battery discharge. Table 5B-1 is the tabul ar
[isting of the T power profile.

Note: All references to the term'battery' in this procedure
refer to the unit to be tested, which may be a single cell,
a multi-cell nodule, a battery pack, or a conplete battery
system

PREREQUI SI TES

2.1 A Battery Test Plan or other test requirenents
docunent i s required for testlnP_u5|n% this
procedure. The test plan specifies the values to be
used for the DST. These values include battery Aeh
ratings, peak discharge ﬁomer to be aPplled during
DST testing, charge/discharge termnation criteria,
chargi ng procedure, test tenperature limtations,
safety precautions, and anY speci al handllng/testlnﬁ
bgz%&yc i ons specified by the manufacturer and/or the

2.2 Prior to the performance of this procedure, USABC
Test Procedures No. 1A, Battery Pre Test Preparation,
and No. 1B, Readiness Review, Sshould normally have
been conpleted. These activities are not a Part of
this procedure. This procedure nay be executed as a
stand-al one test activity or as part of a sequence of
tests ge.g. a life-cycle test reginme) provided that
the information required by 2.1 above iIs avail abl e.

TEST EQUI PMENT

The equi pnent required to performthe DST consists of %a) a
battery charge-di scharge tester capable of achieving the
scal ed” power-tinme profile shown in Figure 5B-1; and (b) a
data system capabl e of acquiring the data specified in
Section 6.0 at intervals of 1 second or |ess. The maxi num
perm ssible transition tinme between power steps in this
profile is 1 second, and these transition tinmes are included
in the overall profile length (i.e. a DST profile is always
360 seconds | ong.)
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4.0 DETERM NATI ON OF TEST CONDI Tl ONS

5.0

4.1

4.2

4.3

Determ ne the power |evels to be applied for each
step of this DST profile. The maxi num power |evel (as
specified in the test plan or other test requirenents
docunent) is the 100% | evel shown in Figure 5B-1,

whi ch occurs in Step 15 in Table 5B-1. "The power

| evel s of the remaining steps are then cal cul ated

usi ng the percentage values in Table 5B-1.

Determne (fromthe test plan) the anpere-hour
capacity to be used for this T procedure. In
general the DST is perforned to 100% of the battery's
rated caﬁa0|ty. However, sonme |esser value such as
80% of this capacity nay be established for life
cycle testing. The battery capacity to be used for
di scharge i s based on net capacity renoved (total Ash
| ess regeneration Ash).

Establish the battery limts to be observed during
the test. These should be specified in the test plan
and will normally consist of sone set of voltage
current, power and/or tenperature [inits which should
not be exceeded for the batterY: ~The tester should
be programed such that these limts are not
Pern1tted to be exceeded during the test. In the

est plan does not include a nanufacturer-sPeC|f|ed

m ni mum di schar ge volta?e, t he Di scharge Vol tage
Limt shall be set to 2/3 of the open circuit voltage
at 80% DOD Egt begi nning of battery life.) Voltage
durlng any T di scharge steP shall not be allowed to
fall Dbelow the D scharge Voltage Limt.

A DST discharge will term nate whenever the specified
power cannot Dbe achieved for a given step w thout
exceeding one of the battery limts. )
specifically required by the test plan, this
condition nmay be viol ated b% permtting, for exanple,
reduced re%en power at the eglnnlng_o a di scharge.
However, this wll affect the reporting requirenents
of Section 7.0.)

PROCEDURE STEPS

5.1

5.2

5.3

5.4

Charging - Fully charge the battery in accordance
wth instructions given in the test plan.

Qpen Circuit After Charge - Wth the battery on open
circuit, stabilize the battery tenperature or other
initial conditions as specified in the test plan.

D scharge - Discharge the battery using the DST power
profilTe. Repeat the 360 second T segnents end-to-

end (i.e. with no rest period between profiles) until
a termnation condition is reached.

Term nation - The discharge should term nate when
either of the followng conditions is reached: (a)
t he Bomer achi evabl e on any_ste (wi thout violating
any battery limting condi |onsE Is |less than the
speci fied val ue for that steP' or (b) the specified
net anpere-hour capacity of the battery is renoved.
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5.5 Recharge - Charge the battery in accordance with the
t est pian. g y

6.0 DATA ACQUI SI TI ON

6.1 Acqui sition Rates

Overall battery voltage, current and power are
required to be nmeasured at intervals not exceeding 1
second during the entire DST di scharge, and net

anpaci t (anpere-hoursL and net energy (watt-hours)
shoul d be accunul ated based on at |east this
requency of data acquisition. Oher neasurenents
equi red by the test plan (e.P. battery tenperatures,
he vol tages of nodules or cells within a nmulti-

el I /nmodul’e battery etc.) nust be neasured at | east
wi ce per DST profile during the maxi nmum di scharge
and maxi mum regen steps (Steps 15 and 19 in Tabl e 5B-
1), unless termnation criteria are based on their
val ues, in which case they nust al so be neasured at 1
second intervals.

6.2 Data Retention
6.2.1 Performance Testing

f
r
t
c
t

For a DST conducted as a battery perfornance.
test, overall voltage, current, power, anpacity
(anPere-hour) and energY (ki l owatt-hour) val ues
nmust be recorded and retained for at |east

poi nts per step in each DST profile for the
entire di scharge, once near the begi nning and
once near the end of each steB. The val ue of
all nmeasured paraneters nust be recorded and
retained at | east once during the maxi num

di scharge and maxi num regen steps in _each
profile. (See Data Acquisition and Retention
requi renents section of the USABC procedures
manual . )

6.2.2 Life Cycle Testing

If the DST is used as a repetitive life cycle

test, the data required by 6.2.1 nust be
retai ned between successive execution of the
Ref erence Performance Tests, until Rgrn155|on

hs recglysd fromthe USABC Program Manager to
iscard it.

7.0 REPORTI NG

In addition to the sunmary informati
tests, the follow ng specific info

on required fromall USABC
mati on should be reported for

r
any DST di scharge conducted as a performance test or a Reference
Performance Test during life cycling:

a.
b.
C.

The peak power to which the test was scal ed
Measured capacity of the battery )

|f any limtations were placed on the discharge by tte
[imts in the test plan (e.g. regen current IIrmts), the
capacity achieved both with and without such limts in
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ef fect should be reported ) )
d. The current, power and voltage during the conplete profile
nearest to 80% DOD shoul d be graphed.

For DST di scharges conducted as part of a life-cycle test series,
the capacities In (b) and (c) above should be graphed as a ]
function of cycle nunber over the course of the I[ife test series.
Periodic (i.e. nnnthly% proPress rePprtln? shoul d i ncl ude the
capacities at the start of life testing, the nunber of cycles

performed to date, and the present capacities.
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TABLE 5B-1
DST PONER PROFTLE TABULAR LI STI NG
Step Dur ati on Di schar ge St ep Dur ati on
Di schar ge
No. (Seconds) Power (% No. ( Seconds)
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 -12.5
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

Not e: Negative val ues represent discharge; positive values are regen.

DYNAMIC STRESS TEST (DST) CYCLE

Regen Power

rge Power
%
X

)
N

N
o
N

50% | e . L e

3
$

________________________________________________________________

ercent of Peak Discha

P
3

Discharge Power

-125% - - . . ; ; .
(4] 60 120 180 240 300 360
Time (seconds)

Fi gure 5B-1. DST Profile in Relative Power Units
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1.0

2.0

3.0

4.0

Partial D scharge Test

PURPOSE

The purpose of this test is to nmeasure the res
battery to a series of partial discharges, ide
capacity loss, and verity proper charging with
di scharge (DCD) operation.

onse of the _
tify any resulting
parti al " dept h- of -

p
n

This test may be used either to determne the rate of capacity
| oss froma period of partial discharge operation or to verify
that the loss is within acceptable USABC [imts.

PREREQUI SI TES

2.1 A battery test plan or other test requirenments docunent is
required for testing u5|n? this procedure. The test plan
specifies certain values to be used for this test. These
val ues may incl ude the nunber and_tyPe of parti al
di scharges and the discharge term nation conditions, along
W th safety precautions and any sPeC|aI handl i ng/ testing
instructions specified for the battery by the manufacturer
and/ or the USABC.

2.2 Prior to the performance of this procedure, USABC Test
Procedures No. 1A, Battery Pre Test Preparation, and No.
1B, Readi ness Review, should nornallx_have been conpl et ed.
These activities are not a part of this procedure. This
procedure may be executed as a stand-alone test activity
or as part of a sequence of tests provided that the
information required by 2.1 above 1s avail abl e.

TEST EQUI PMENT

The only equi pment required for this procedure consists of a
charge/ di scharge tester and data system capabl e of_Perforn1n% a

Eon§ aPt-current (or other) discharge test as specitied by the
est plan.

DETERM NATI ON OF TEST CONDI Tl ONS

4.1 Unl ess ot herw se sPecified bY the test plan, this test is
performed at normal anbient tenperature (~23°C + 2°C).

4.2 Di scharge term nation conditions are generally the sane as
those for normal discharge tests. However, this test may
be perfornmed in two fundanentally different ways depending
on the test plan objective.

4.2.1 The normal test nethod determ nes the actual
capacity loss (if anK) resulting frompartial
di scharges. Using this nmethod, the capacity nust be
measured to a predeterm ned condition e.P. cut of f
vol tage) both before and after the partial discharge
test Series. In this case, the test plan should
specify that testing is to be done to 100% of act ual
deliverable (not rated) capacity.
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4.2.2 The alternate test nethod uses reference constant
current discharges to 100% of the rated capacity of

the battery, i.e. discharge term nates when the
rated capacity has been renoved even if no other
di scharge limting condition has been reached. |If

this is done, no atterY capacity loss will be ]
observed unl ess the battery capacity drops below its
rated value after the partial discharge tests. This
method is used only to determ ne that an
unaccePtabIe capacity | oss does not result from

partial discharges.
This procedure is based on the use of C/ 3 constant current
di scharges for both the full and partial discharge )
portions of this test series., Use of another test profile
such as the DST for the partial discharge cycles is
permssible if specified in the test plan.

PROCEDURE STEPS

5.

5.

5.

5.

1

2

5

6

T

Ful l'y charge the battery in accordance with manufacturer's
recommendations or as specified in the test plan.

Di scharge the battery fully using a C/ 3 constant current
di scharge as defined in USABC Procedure 2, using the
specified termnation conditions as defined in 4.2 above.

Fully charge the battery as in 5.1 above.

Repeat 5.1 through 5.3 twice (i.e. total of 3 ful
constant current discharge cycles.)

Perform a predeterm ned nunber of partial discharge
cycles, normally 10 unl ess otherw se specified in't
pl an.

5.5.1 Discharge the battery for a gredeternined_fract!on
of its capacity (normally 50% or as specified in
the test plan) using a 3 constant current

di schar ge.

5.5.2 Recharge the battery fully using the nmanufacturer's
recommended procedure or as specified in the test
plan. Battery current and voltage data acquired
during recharge should be exam ned to determ ne that
proper end-of-charge conditions are bei ng achieved.

5.5.3 Allow a stand interval of approximtely one hour
after each di scharge and charge cycle.

Repeat the reference discharge test sequence 5.2 through
5.4 above to determ ne whether a capacity | oss has
occurr ed.

|f a capacity |oss Sl:e. capacity in 5.2 mnus capacity in
5.6) greater than 1%is observed, discharge the battery
for additional cycles as necessary to achieve a stable
capacity.
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0

0

DATA ACQUI SI TI ON

There are no specific data acquisition requirenents beyond those
for normal constant current discharge tests. However, data
acquisition rates during recharge should be adequate to all ow
anal ysis of the charge procedure with partial discharge

operati on.

REPORTI NG

7.1 In addition to the normal data reported for constant-
current discharge tests, the imedi ate neasured | oss of
capacity shall be reported. Because of the variability

inherent in repeated discharge tests of the sane type, a
capacity |l oss (averaged over 3 c cles% of less than 1% may
be reported as "less than 1% rather than attenpting to
attach any significance to very | ow val ues.

7.2 Any permanent or long-termloss in capacity %I.e.
persisting beyond the three cycles in 5.6) should al so be
noted. In this event the full-discharge capacity vs cycle
shoFIdtbg reported so that the capacity recovery can be
eval uat ed.

7.3 End- of - charge and end- of - di schar
shoul d be reported graphically f
enconpassed by this procedure.

ge voltages vs cycle
or the entire test series
7.4 Reported results should specify whe

) ther the test was
performed based on rated or deliverable ca

capacity.
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1.0

2.0

3.0

4.0

Stand Test
PURPOSE
The purpose of this test is to nmeasure battery capacity | oss when
the battery is not used for an extended period of time, anal ogous
to the situation that occurs when a vehicle is not driven for
such a period and the battery is not Plaped on charge. This
loss, ifT it occurs, may be due to self-discharge, ichis
normal Iy tenporary, or to other mechani sns that coul d produce
per manent or sem -permanent | oss of caPaC|ty. | f significant
stand loss is neasured, additional testing my be required to
determ ne the cause of this behavior.

This test may be used either to determ ne the rate of caPacity
| oss on stand or to verify that the loss is within acceptable
USABC | imts.

PREREQUI SI TES

2.1 A battery test plan or other test requirenments docunent is
required for testing u5|n? this procedure. The test plan
specifies certain values to be used for this test. These
values may include the Iength of the stand ﬁerlod and the
di scharge term nation conditions, along with safety
precaut rons and ang speci al handling/teésting instructions

attery by the manufacturer and/or the

specified for the
UgABC.

2.2 Prior to the performance of this procedure, USABC Test
Procedures No. 1A, Battery Pre Test Preparation, and No.
1B, Readi ness Review, should nornallx_have been conpl et ed.
These activities are not a part of this procedure. This
procedure may be executed as a stand-alone test activity
or as part of a sequence of tests provided that the
information required by 2.1 above 1s avail abl e.

TEST EQUI PMENT

The only equi pment required for this procedure consists of a
charge/di scharge tester and data system capabl e of Egrforn1ng a
constant-current discharge test in accordance with ABC
Procedure 2.

DETERM NATI ON OF TEST CONDI TI ONS

his test is
+ 2°0).

he sane as
S.

4.1 Unl ess ot herw se sPecified bY the test plan,
performed at nornmal anbient tenperature (~23°

t

C

4.2 Di scharge term nation conditions are generally

t hose for normal constant current discharge tes

However, this test may be perfornmed in two fundanental |y
different ways depending on the test plan objective.

~— —+

4.2.1 The normal test nmethod determ nes the actual
capacity loss rate on stand. Using this nethod, the
battery nust be discharged to a predeterm ned
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5.0

6.0

condition (e.g. cutoff voltage) both before and
after the stand time. In this case, the test plan
shoul d specify that testing is to be_done to 100% of
actual deliverable (not rated) capacity.

e

4.2.2 The alternate test nethod uses constant current
di scharges to 100% of the rated capacity of the
battery, i.e. discharge term nates when the rated
capacity has been renpved even if no other discharge
[imting condition has been reached. |If this is
done, no battery capaC|tK |l oss will be observed
unl ess the | oss causes the battery capacity to drop
below its rated value. This nethod is used only to
determ ne that the stand | oss does not result ihn
unaccept abl e capacity |loss during the stand peri od.

PROCEDURE STEPS

5.1 Ful l'y char?e the battery in ac

n accordance with manufacturer's
recommendations or as specified int

e
he test plan.
ns

5.2 Di scharge the battery using a C 3 constant current
di scharge as defined in USABC Procedure 2, using the
specified termnation conditions as defined in 4.2 above.

Fully charge the battery as in 5.1 above.

Allow the battery to stand at anbient tenperature (or as
specified in the test plan) for a period of 48 hours for
m dterm battery technol ogi es or 30 days for long term
technol ogi es, or as specified in the test plan. Any
external sources of parasitic energY | osses during the
stand period nust be elimnated to the extent possible,
i ncl udi ng di sconnection of neasurenent circuitry i
| eakage enerPy could be significant conpared to th
expected. It battery control systems or other ext
hardware nmust be powered during the stand peri od,
ower shoul d be provided from sources external to
attery; the enerPy consuned by such hardware over
stand period should be neasured and reported separa

SSeSs

—Q

D
o~ <
(pR=y

D

5.5 At the end of the stand period, inmmediately dischar
battery using a C 3 constant current discharge unde
sanme conditions as 5.2 above.

Recharge the battery as in 5.1 above.

|f a capacity |oss Si:e. capacity in 5.2 mnus capacity in
5.5) greater than 2% is observed, discharge the battery
for two additional cycles or as necessary to achieve a
stabl e capacity.

DATA ACQUI SI TI ON

Data acquisition requirenments are the sane as those for norma
constant current discharge tests, except that nonitoring of

ParaS|t|c energy |osses during the stand Perlod may be required
or external hardware such as battery controllers or thermal

managenent systens.

J-29



Revi sed Novenber 22, 1995 USABC Procedure #7

7.0 REPORTI NG

7.

7.

7.

7.

1

2

3

4

In addition to the normal data reported for constant-
current discharge tests, the imedi ate neasured | oss of
capacity shall be reported. Because of the variability

i nherent in repeated dlscharge tests of the sane type, a
capacity loss of |less than 2% may be reported as "l ess
than 2% rather than attenpting to attach any significance
to very | ow val ues.

Any permanent or long-termloss in capacity (i.e.
persisting beyond three cycles after the stand peri od)
shoul d al so be noted. In this event the full-discharge
capacity vs cgcle shoul d be reported so that the capacity

recovery can be eval uat ed.

Parasitic energy | osses (if any) neasured during the stand
period shoul d be report ed.

Reported results shoul d specify whether the test was
performed based on rated or deliverable capacity.
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1.0

2.0

3.0

4.0

Thernal Perfornmance Test

PURPCOSE
The purpose of this test procedure is to characterize the effects
of anbient tenperature variation on battery performance. It can

al so be used to determ ne the need for thernmal nmanagenent or the
al | owabl e operatln? t enperat ure ran?e for a battery that may
| ater incorporate thermal managenent.

Thi s procedure is_apperriate for determ ning anbi ent tenperature
effects on batteries w thout thermal nanagenent systens. )
Addi tional information may be required for systens-|evel testing.

PREREQUI SI TES

2.1 A battery test plan or other test requirements docunent is
required for testing u5|n? this procedure. The test plan
specifies certain values to be used for this test. These
val ues may include the specific charge and di scharge
tests/procedures to be used, the tenperature(s) at which
char?!ng and di scharging are to be Perforned, and_ any
[imting test conditions for the ba tery, along with
safety Precautlons and any special hand |ng/test|n9
bgz%&yc ions specified by the manufacturer and/or the

2.2 Prior to the performance of this procedure, USABC Test
Procedures No. 1A, Battery Pre Test Preparation, and No.
1B, Readi ness Review, should nornallx_have been conpl et ed.
These activities are not a part of this procedure. This
procedure may be executed as a stand-alone test activity
or as part of a sequence of tests provided that the
information required by 2.1 above 1s avail abl e.

TEST EQUI PMENT

Equi prent required for the performance of this testing includes
the toll ow ng:

3.1 A battery pharge-dischar?e tester capable of performng
t he specified discharge tests )

3.2 A? aPPgoprlate battery charger (which may be the tester
itse

3.3 An envi ronnment al chanber capabl e of heating and/or cooling
the battery to the tenPeratures specified I'n the test plan

3.4 A data acquisition system capabl e of acquiring the data
required for the specific discharge tests at the
appropriate rate. (See the correspondi ng USABC procedure
for these discharge tests for nore information.)

DETERM NATI ON OF TEST CONDI TI ONS
4.1 Ref er ences
4.1.1 USABC Test Procedure 2
4.1.2 USABC Test Procedure 3
4.1.3 USABC Test Procedure 5

4.2 Di scharge Conditions

, Constant Current Tests
, Peak Power Test
B, Dynam c Stress Test
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4.

4.

3

2

This procedure is witten to characteri ze batter¥
erformance based on the DST and the Peak Power Test;
owever, other discharge cycles nay be used in addition to

or in plape of these two. "I n such cases the test plan
must specify the discharge reP!nE(s) to be used. he
ic type(s) of discharge to

USABC Procedure for the speci
be pertorned (e.g. FUDS, T, constant current, constant
power etc.) is used to determ ne the discharge conditions
and limts (other than tenperature) to be observed during
this testing. Unless otherw se specified, the sane

term nation conditions will be used at all tenperatures.

Charge Conditions

The manufacturer's recommended charge nethod is to be used
in conjunction with this procedure whenever possible. |If
the test plan requires charging to be done at high or |ow
tenperatures, rather than anbient tenﬁerature as specified
in this procedure, the manufacturer should be consulted
regarding nodifications to the normal charge al gorithm

Tenper at ure Conditions

The val ues specified in this procedure are sel ected based
on the USABC performance requirenents. |If other val ues
are to be used based on the devel opnent status of a
techno!ogY, t hey must be specified directly in the test

pl an, including the tenperatures to be used for charging
and di schargi ng, and the sequence of charge/di scharge
cycles to be perforned at each tenperature.

If the battery to be tested includes control or thermnal
managenent hardware, the test Plan shoul d speci fy whet her
this equipnent is to be sub%ec ed to the sane tenperature

reginme as the battery itsel

5.0 PROCEDURE STEPS

5.

5.

5.

5.

1

2

5

6

At the nom nal anbient tenperature of ~23°C, performa
sequence of Reference Performance Test discharges to a
predeterm ned term nation condition, using a 3 _const ant
current discharge (Reference 4.1.1), 100% DOD DST

di scharge (Reference 4.1.2) and peak power test (Reference
4.1.3) 1n that order.

Repeat 5.1 at the | owest specified tenperature (normally -
30°C.) Each discharge should be perforned at the
specified tenperature, and the battery should then be
returned to anmbient tenperature to be recharged (unless

ot herw se specified in the test plan.)

Repeat 5.1 at 0°C

ggggaf 5.1 at the highest specified tenperature (normally
RePeat 5.1 at anbient tenperature to determ ne whet her

of r-normal tenperature testing resulted in any change in
battery performance at normal anbient tenperature.

If a change of nore than 5% in battery capacity or peak
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power capability is observed in between the results of 5.1
and 5.5, the Reterence Performance Tests shoul d be
repeated two additional tinmes (3 total) at anbient
tenperature or as necessary to re-establish a stable
capacity.

6.0 DATA ACQUI SI TI ON

I n general the data acquisition requirenents for this testing are
the sane as those for the sane discharge tests conducted at
anbi ent tenperature.

6.1 Battery tenperature sensors should be insulated from
anbient air so that they will indicate the tenperature of
the battery conponent onh which they are nounted.

6.2 Addi tional tenperature neasurenents (beyond those used for
anbi ent tenperature testing) may be specified in the test
pl an, especially if a thernmal nmanagenent systemis used.

6.3 If an active thermal managnent systemis used, its power
consunption nust be nonitored under charge, discharge and
stand conditions at all test tenperatures.

7.0 REPORTI NG

7.1 The normal data for the type of discharge(s) perforned
shal | be provided.

7.2 Battery tenperature shall be reported graphically as a
function of time during dlschaage (and charge, it chargin
is done at other than normal anbient tenperature) for eac

set of tenperature conditions.

7.3 Any thermal managenent power consunption data acquired
under 6.3 shall be reported as a function of tenperature.

7.4 Any phanges fromthe tenperatures or discharge tests
specified in this procedure should be specifically noted.
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0

0

Battery Vibration Test
PURPOSE

This test is intended to characterize the effect of |long-term
road-i nduced vi bration and shock on the perfornmance and service
life of candidate batteries. Depending on the maturity of the
battery, the intent of the procedure is either (a) to qualify the

vibration durability of the battery or (b% to identify desigh
deficiencies that nust be corrected. Either swept sine wave

vi bration or random vi bration can be used for the performance of
this procedure, and separate sections are included for these

al ternatives

For testln? efficiency, a tlne-conﬁressed vibration regine is
sPeC|f|ed o allow conpletion of the test in just over 24 hours
of exposure per test article for swept sine wave excitation. For
random excitation, the test reginme requires a mnimumof 13.6
hours and a maxi num of 92.6 hours of testing, depending on the
type of shaker table available and the choice of accel eration

| evel s. The procedure has been synthesized fromrough-road
nmeasurenents at | ocations appropriate for nounting of traction
batteries in EVs. The data were analyzed to determ ne an
appropriate cunmul ati ve nunbfr of occurrences of shock pul ses at

any given G level over the life of the vehicle. The envel opes
shown in Figure 10-1 of the USABC Manual summary of this
procedure (page 25, not repeated here) correspond to ]

approxi mately 100,000 mles of usage at the 90th percentile. The
vi bration spectra contained in this procedure have been desi gned
to approximate this cunul ati ve exposure envel ope.

Thi s procedure describes the perfornmance testing of a single test
unit (battery, nodul e or ceIIF. For statistica ﬁurposes,

mul tiple sanpies woul d normally be subjected to this testing.
Addltlonally sone test units nay be subjected to life cycle
testlnP (either after or durln? Vi bration testlnP) to determ ne
the effects of vibration on battery life. Such l'ife testing is

not described in this procedure.
PREREQUI SI TES

2.1 A battery test plan or other test requirenments docunent is
required for testing using this procedure The test plan
specifies the appropriate test conditions for the
Ref erence Performance Tests and certain vibration
frequencies to be used, along with safety precautions and
any special handling/testing instructions specified for
the battery by the manufacturer and/or the ABC.

2.2 Prior to the performance of this procedure, USABC Test
Procedures No. 1A, Battery Pre Test Preparation, and No.
1B, Readi ness Review, should nornallx_have been conplete
These activities are not a part of this procedure. This
procedure may be executed as a stand-alone test activity
or as part of a sequence of tests provided that the
information required by 2.1 above 1s avail abl e.

d.

2.3 Performance of the Reference Performance Tests specified
in USABC Procedure 14C is required before and after the
conduct of vibration testing. For conpleteness these are
itemzed within the procedure steps in Sections 5 and 6.
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2.4 Unl ess ot herw se specified, the test unit shall be tested
early inits life (i.e. prior to the performance of any
life cycle testing.)

3.0 TEST EQUI PMENT

3.1 A. Performance of the swept sine wave version of this
procedure requires a single-axis shaker table capable of
Produ0|ng a peak acceleration of 5Gwithin the range of 10

0 30 Hz, as well as G loadings at the values and within

t he frequency ranges shown in Tables 1 and 2 follow ng.
(Note: if the unit to be tested can only be vibrated while
In a particular physical orientation due to | eakage or
other constraints, a nulti-axis table will be required.)

B. Performance of the random vibration version of the
procedure requires a one- to three-axis table capable of
produ0|n8 accelerations up to 1.9G over the vibration
spectra detailed in Figure 2, extendlng from10 to
approximately 200 Hz. If the unit to be tested can only
be vibrated while in a particular physical orientation, a
multi-axis table wl

3.2 Test fixtures are requ
unit to the shaker tab
fixtures depends on th
itself, and any restri
the test unit.

i | be required. A@ditipnally, the tine
required to performthe test can be significantly reduced
if the longitudinal and lateral axis vibration (or al
t hree axes) can be perfornmed concurrently.

q

ired to properly secure the test

Il e. The exact nature of these

e type of table used, the test unit
ctions on physical orientation of

3.3 Speci al instrunentation hookups capable of w thstanding
the vibration are required so that inportant battery
gondltlons can be nonitored during testing. (See Section

4.0 DETERM NATI ON OF TEST CONDI TI ONS AND TEST TERM NATI ON

4.1 El ectrical test conditions are deternm ned according to
Procedure 14C, Reference Performance Tests.

4.2 The states-of-charge to be used for each vibration test
reginmes in Section 5 should be reviewed and adjusted for
each specific battery technol ogy (if necessary& to assure
that a worst-case state-of-charge is used for” each

vi bration regine.

4.3 The specific vibration frequencies for maxi num vi bration
steps 5.3.2 and 5.5.2 should be specified in the test
Plan: | f these are not specified, the vertical and
ongi tudinal testing of 5.3.2 and 5.5.2 will be done at 15
and 12 Hz respectively. Oher vibration test conditions
are specified in the procedure steps in Sections 5 and 6.

4.4 Vi bration testing shall be suspended or termnated if any
observed conponent degradation threatens safe oggratlpn of
t he batterY as specified by the manufacturer. ndi tions
to be nonitored are defined in Section 7.

5.0 PROCEDURE STEPS FOR SVEPT SI NE WAVE VI BRATI ON TESTI NG
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5.

5.

5.

5.

5.

1

2

3

4

5

Per f orm USABC Ref erence Performance Tests using Procedure
14C. This sequence includes a C 3 Constant Current

di scharge, a DST discharge to 100% of rated capacity, and
a Peak Power discharge.

Charge the battery fully using the manufacturer's
recommended char ge net hod.

Vertical Axis Vibration (First Half at Full Charge)
5.3.1 Mount the test unit so that it will be subjected to

vibration in the vertical axis, based on the
manuf acturer's recommended physical orientation.

5.3.2 Subject the test unit to 2000 sinusoidal cycles at 5
G peak accel erati on, apPlled_at_a frequency to be
Egeflfégdk&n the test plan within the range from 10

o] :

5.3.3 Sub{ect the test unit to 60 sine sweeps from 10 Hz
up to 190 Hz and back to 10 Hz, to be conducted at a
sweep rate of 1 Hz/s for a total testing duration of
6 hours. The followng profile of Glevels shall be
used:

Table 1. Freguency and G Values for Vertical Axis
Frequency Range (Hz) Peak Accel eration (Q
10- 20 3.0
20- 40 2.0
40- 90 1.5
90- 140 1.0
140- 190 0.75

Di scharge the battery to approximately a 40% dept h- of -
di scharge at the C 3 rate.

Longi tudinal Axis Vibration (at 40% DOD)
5.5.1 Mount the battery so that it will|l be subjected to

vibration in the | ongitudinal axis, based on the
manuf acturer's reconmended physical orientation.

5.5.2 Subject the test unit to 4000 sinusoidal cycles at
3.5 G peak acceleration, applied at a frequency to
be specified in the test plan wthin the range from
10 Hz to 30 Hz.

5.5.3 Sub{ect the test unit to 6
up to 190 Hz and back to 1
sweep rate of 1 Hz/s for a
houas. The foll ow ng profi
used:

e sweeps from 10 Hz
Hz, to be conducted at a
| test duration of 6
f Glevels shall be

(e]e]
(%)
- —
oL~ S
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Table 2. Frequency and G Values for Longitudinal Axis
Frequency Range (Hz) Peak Accel eration (Q
10- 15 2.5
15- 30 1.75
30- 60 1.25
60- 110 1.0
110- 190 0.75

5.6 Lateral Axis Vibration (at 40% DOD)

5.6.1 Mount the battery so that it will be subjected to
vibration in the lateral axis (assuned to be
orthogonal to the longitudinal axis), based on the
manuf acturer's recommended physical orientation.

5.6.2 Repeat 5.5.2 and 5.5.3 with the test unit nmounted in
this configuration.

5.7 Di scharge the battery to approxi mately an 80% dept h- of -
di scharge at the C 3 rate.

5.8 Vertical Axis Vibration (Second Half at 80% DOD)

5.8.1 Repeat 5.3.1 through 5.3.3 with the test unit at
this reduced state of charge.

5.9 Repeat the USABC Reference Perfornmance Tests usin?
Procedure 14C. This sequence includes a C/ 3 Constant
Current discharge, a DST discharge to 100% of rated

capacity, and a Peak Power discharge.
6.0 PROCEDURE STEPS FOR RANDOM VI BRATI ON TESTI NG

6.1 Per f orm USABC Ref erence Performance Tests using Procedure
14C. This sequence includes a C 3 Constant Current
di scharge, a DST discharge to 100% of rated capacity, and
a Peak Power discharge.

6.2 Charge the battery fully using the manufacturer's
recommended char ge net hod.

6.3 For each of the vertical, longitudinal and | ateral axes of
the battery, select either the normal or alternative G
| evel s from Table 3 and program the shaker table ]
appropriately. This choice will determ ne the vibration
tinme required for each axis, also in accordance with Tabl e
3. (The vibration spectra, shown in Figure 1 foll ow ng,
are expressed in G/Hz, so they can be scaled for either
set of Glevels.)
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Table 3. Vibration Schedul e for Random Vi brati on Test

TEST CONDI TI ONS NORMAL TEST " ALTERNATI VE TEST

VI BRATT ON SOC || Accel Trme | Cunul |[Accel Trme Cunul

SPECTRUM % | (o | (n |Time, [ (g | (h) | Time,

rng) h rng)
Vertical Axis Vi bration:
Vertical 1 100 1.9 0. 15 0. 15 1.9 0. 15 0. 15
spectrum
Vertical 1 100 0. 75 5.25 5.4 0. 95 3.9 3. 65
spectrum
Vertical 2 100 1.9 0. 15 5.5b 1.9 0. 15 3.8
spectrum
Vertical 2 100 0.75 5.25 1 10.8 0. 95 3.9 {.3
spectrum
Vertical 3 20 1.9 0. 15| 10. 95 1.9 0.15 (.45
spectrum
Vertical 3 20 0. 75 5.25 ] 16.2 0. 95 3.9 10. 95
spectrum
Longi tudi nal Axis Vibration:
Longl t udi nal 60 1.5 0.09 ] 16. 29 1.5 0. 09 11. 04
spectrum
Longl t udi nal 60 0.4 19.0 35. 29 0. 75 ./ 1/7. 74
spectrum
Longl t udi nal 60 1.5 0.09 [ 35. 38 1.5 0. 09 1/.383
spectrum
Longl t udi nal 60 0.4 19.0 54. 38 0. 75 6./ 24. 53
spectrum
Lateral Axis Vi bration:

Longl t udi nal 60 1.5 0.09 | 54,47 1.5 0.09 [ 24. 62
spectrum
Longl t udi nal 60 0.4 19.0 (3,41 0. 75 o. /7 31. 324
spectrum
Longl t udi nal 60 1.5 0.09 173,50 1.5 0.091] 31.41*
spectrum
Longl t udi nal 60 0.4 19.0 92,50 0. 75 6./ 38. 11*
spectrum
Note 1: These cunulative tines apply only if all three axes are done separately.

I
e
I
r
e
h

S,

be subjected to

based on the

6.4 Mount the test unit so that it wl
vi bration al ong the appropriate ax
manuf acturer's recomended physica
procedure permts the required vib
In one, two or all three axial dir
depending on the capabilities of t
(but see 6.4 for other considerations.)
6.5

orientation.
ation to be
ctions sinul
e shaker table used

Thi s

erfornmed
aneously

Performthe programred vibration for the required timeisI

while battery depth-of-discharge is varied fromO0% (fu

ge) over the course of the
Two approaches are

charge) to 80% (m ni mal char
vi bration testing )
permtted to acconplish this:
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7.0

8.0

6.6

6.7

(a) if a one- or two-axis vibration table is used

approxi mately half of the vertical axis testing should be

done at full charge, foll owed by the |ongitudinal and

| ateral vibration at 40% DOD, and then the remaining

vertical axis vibration at 80% DOD.

(b) If athree-axis table is used to performall vibration

regi mes sinmultaneously, the total testing period can be

divided into three intervals of roughlx equal length. The

first interval should be performed with the batterg fully

charged, the second interval with the battery at 40% DOD

and the third interval at 80% DCD

Bet ween each pair of the three intervals of vibration

gy30|f|eg in 6.5, the battery should be discharged at a
cons

ant current rate for 40% of the rated capacitY of
the battery. Following the third vibration interval, the
battery should be fully recharged.

Repeat the USABC Reference Performance Tests usi
Procedure 14C. This sequence includes a C/ 3 Con
Current discharge, a DST discharge to 100% of ra
capacity, and a Peak Power discharge.

stant
ted

SAFETY CONSI DERATI ONS FOR TESTI NG
During the aPpIication of the vibration regines, the test unit

shal |

be ins

rumented to determ ne the presence of any of the

foll ow ng conditions:

7.1

7.2

7.3

7.4

Loss of electrical isolation between the battery positive
connection and the battery case and/or test equi pnent
ground. The degree of isolation shall be verified
regu!arly, e.g. daily, during any period of vibration
testing to bewthin the USABC trial criterion of 0.5 M5
or greater isolation (1.0 mA or |ess |eakage at 500V DC)

Abnor mal batterY voltages i ndi cating the presence of open-
or short-circuit conditions.

Unexpected resonance conditions within the battery,
indicating failure of nmechanical tie-down conponents.

Abnormal tenperature conditions indicating possible danage
to battery cells or thermal managenent system conponents.

Det ecti on of any_of the conditions listed in 7.1 through 7.4
i

shal |

cause tes

ng to be suspended until the condition has been

eval uated and a determ nati on has been made that either it is
safe to proceed or the testing should be term nated.

DATA ACQUI SI TI ON AND REPORTI NG

8.1

8.2

Data to be acquired durlng t he Reference Performance Tests
of Sections 5 or 6 shall be as required for the nornma
conduct of those tests. Data fromthese neasurenents
(other than summary results) need not be retained if no
anomal ous behavi or i s observed during testing.

The general reporting requirenents for USABC testing are
given in Section 4 of Appendi x B, Reporting and Data
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8.3

Acqui sition Qutline, of this manual.

A report shall be prepared detailing the actual vibration
reglnes applied, a conpilation and Interpretation of all
data acquired, any results of detail ed conponent failure
anal yses, and any recommendations for inprovenents in
batterY design, installation procedures, or test nethods.
Al so, the pre- and post-vibration electrical performance
data that confirns the adequacy of the battery design to
w thstand the vibration environnents shall be summari zed
as required by 8.1.

Autospectral Density (q2/He)

Figure 1. Vibration Spectra for Random Vi bration Test
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