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Objective

Due to the advantages of high performance, low carbon emission, and low noise, electric vehicles have
become the development trend of automobiles, which will change people's mobile experience and car use
habits. The evolution of lithium batteries has enabled electric vehicles to be realized and more superior.
As the performance of electric vehicles is inextricably linked with lithium batteries, the battery quality has
a great impact on acceleration, endurance, charging time, warranty, and even safety. What are the
differences between the same lithium batteries in characteristics? What test methods can be used to
compare the characteristics differences? This article gives you a comprehensive understanding of the

basic performance of vehicle batteries through common vehicle battery test specifications.

Charge & Discharge OCV Table
2.1 Purpose
The capability to calculate the battery power is a must. Battery power capability is an important indicator

related to XEV power performance. The power capability is evaluated by open circuit voltage (OCV),
load voltage, and DC internal resistance, in which the OCV characteristic is often presented by a curve
showing voltage versus battery capacity state (SOC%). For instance, the American FreedomCAR has

standardized the test methods of the OCV table in their battery test manual.

2.2 Usage
In addition to the usage of power capability evaluation, open circuit voltage (OCV) is also commonly

used as a simple reference to battery state of capacity (SOC). For example, when the open-circuit
voltage is used to adjust the grouped battery cells to an approximate SOC; compared to measuring
the capacity state by charging and discharging, the OCV measurement is much simpler and faster by
looking up the table to estimate the current battery capacity. Moreover, the OCV/SOC curve gives
users an understanding of the trend of battery working voltage, which would be quite helpful for battery

selection during application.

2.3 Test Method
2.3.1 Discharge OCV table

Charges Discharge Discharge

Standarde Rest Rest R Rest
S0 3hr s%50C 3hr ¥ | susoc shr
100%-SOC
100%S0C 95%50C 0%50C
ocv ocv ocv

Charge standard current to reach 100% SOC in room temperature (RT).
Rest for 3 hours.

Adjust SOC: Discharge 5% SOC at 1/3C current.

Rest for 3 hours.

Repeat step @@ until SOC 0% or reach the lower limit voltage.

©@ @600 6

Record the voltage of each stage after rest for 3 hours, and draw the Discharge OCV
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table.

2.3.2 Charge OCV table:

25°C
Discharge+ .
Standard«' R;i'.'St Charge ng.‘ls‘t —-_——— C]l:l/aarge F;ESt
Current. r 5%50(: r 5%S0C hr
0%6-50C+ |
0%S0C 5%S50C 100%50C
ocv ocv ocv

@® Discharge standard current to reach 0% SOC in room temperature (RT).
® Restfor 3 hours.
® Adjust SOC: Charge 5% SOC at 1/3C current.
@ Rest for 3 hours.
® Repeat step 3,4 until SOC 100% or reach the maximum voltage.
® Record the voltage of each stage after rest for 3 hours, and draw the Charge OCV
table.
2.4 Test Guide
Tip. Use Chroma Battery Lab Expert to illustrate the editing of the OCV table test procedure.

Main Recipe  OCVtable_25C Descripti

Main Recipe  Protection

[ . [ ) Cut-of

o Subocbe ki V- V- Pma | (+)0ma | (JO-min C-ehg O-dehg  (HEma  (-)E-min E-ehg E-dthg Tirne(s)

Arrange-a-(SR)to-measure theinitial-capacity-

Discharge OCV table
3 Charge OCV fable

Sefting Cut-oft )
Step Mode W | V) | P | R@ | T0O) | Renge [am0| WA | vo) | Pw) | apm | Evm) | o) | TICO) [0 Timels) | Goto Moo Times)

» 1 | Chamber Control = - - — = - |4 = - - — - — - = 00:00:00:01.00
2 |cc Dschargs T3 | = | = | = [ & [ awm O] - [30m ]| - | | | | [ oooasoooee | | | cesenoooto |
3 | Common Rest - - - - | = | - |[O - - - | - | =] ] 0.V | | | 0.V, |
4 | CC.LV Charge 03C | 42000 - T | ame | O] wesc | - - [ [ [ " ooveoaoose | | | oecocosoio
5 | mest - [ = -1 =1 = [ - O] - |
& |ccosenarge o | - | - | - = [am O - [aom | - | . ) Set-asreference-capacity-
7 | Common Rest - -1 -1T-1T=1-"10 - |

Figure (1) Sub-recipe (SR) to Measure the Initial Capacity

OCV table_25C
Main Recpe  Protacion

Vemax (*) E-max i) E-min E<chg Timais)

1 Iniial Capachy besl_0.20 1
o : Measure-Dlscharge-OCV-(SR) i —

3 Charpe DOV tale

: Set-1/3C-currentdischarge-2%SOC capacity «
Sub-recipe  Discharge OCV lable [Descripti

Sefting Cut-off

et Moo WAY WIv) POAY Ri0) | TPC) | Range Of=0| KA} vl PW) | QAN EMm) | %) | TICC) {0} Tiene(s) mll;r, Tina(s) AHA) | AVDV) | AQ(ah) | AE(AM) L1 | Coued
¥ 1 Conmes Rest - - - - - - 3 - - - - - ov. =

OCTED ) 0% [ oo | - e o - . Stand-for-3hr-measure-OCV

1 hest - N _ _ _ - N - [

{  CCDachape | e - - - am | [ - - 2

5 - [u] - - -

Rest - - - -

0030000 201

50-cyclestoreach0%-0SC «

Figure (2) Discharge OCV Sub-recipe (SR)
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Catall

(™ v P . Fowas =) G ] Gt g +Ewa B £ g b

[eesee % $Measure-Charge-OCV-(SR)+ -
DT
pr—— — Set-1/3C-current-charge2%50C-capacity+ _
. Taling ol - Firpling
Uy L LY e LE= LA g =3 WA VW) T, -t v W WGl Tereii] ol ) Tewiinl L) [ [ 10 L1 Gounl
T F v
= e - T I stand-for3hr-measure-OCw

50-cyclestoreach 100%-OSCH—

Figure (3) Measure Charge OCV Sub-recipe (SR)

Charge & Discharge OCV table at 25°C

Figure (4) Example of Charge & Discharge OCV Table

2.5 Discharge OCV table _ at 25°C/ -25°C
Lithium-ion batteries are often affected by temperature due to material characteristics, and the battery’s
capacity and open circuit voltage are also varied with ambient temperature. Therefore, in addition to
the OCV/SOC table at room temperature, the characteristic of temperature is also marked, and the

commonly labeled temperature range is -25°C~45°C.

2.5.1 Test Method

25°C -25°C 25°C -25°C 25°C -25°C
- \ - 5 . ~ N
Adjust: adjust
Charge- + Temp., Discharge Discharge Temp,
ol B RS I R S || S || s
saomsac, P 3%S0C 5%S0C plig
VAN
100%50C 95%S0C 0%50C
ocv ocv ocv

@ Charge standard current to reach 100% SOC in room temperature (RT) and rest for 3

hours.

@ Adjust temperature: Change temperature (25°C-> test temperature), adjust and average
temperature for 5 hours, rest for 1 hour.

® Return to room temperature: Change temperature (test temperature->25°C), adjust and
average temperature for 2 hours.

@ Adjust SOC: Discharge 5% SOC at 1/3C current, rest for 3 hours.
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® Repeatstep @~@ until SOC 0% or reach the lower limit voltage.
® Repeatstep @~® to perform different temperature tests (-25°C,-10°C,25°C,40°C)

2.5.2 Test Guide
Tip. Use Chroma Battery Lab Expert to edit the diagram of OCV table test program for the specific

temperature.
Chamber Control *
Step Value Sefting
| C) TRale("Cimin)  Humidity(%RH) H-Rale(%RHImin) Cut-off Mode
| 25 2 Time v
Temperature
Temperature&Humidity I
ot Setting Cut-off
e|
2 Mode HA) V(v) PW) R(Q) T("C)  Range Q=0 1A viv) P(W) Qan)  E(WR) Q%) | TICC) | {0} Time(s) Goto
1| Chamber Control |l -1 -1 -1 -1=s1]1 -1 W - | - - —- - ~ .
2 |cccv charge | w3c | a2 - - 2 ate | [ | o0sc - - [ [ [ o] [
3 |Rest -1 = - - | s | - 10O - - - [ - 1T =1 00:03:00:00.00
4 | Chamber Control - - - - =25 - (| - - - - -
5 [Rest -1 - - — R - - — - -~ |

Choose-Time-Cut-off mode-andthe set-up-

Figure (5) Time Cut-off Setting used by Chamber Control

Man (OCV table_Temp Desc
MainRecips  Protecion
Cut-olt Loog
[ Susedpe
Emax ma Nmin Pmax | (+)0-mat | ()Gmin Chg Qdthg | (fEmax  ()Emin Echg Ehg Tima(s) Gato Count Timeds)

B 1| Dcharpe OOV mble 5% _25C 1

e 8 Discharge-OCV{SR)at different Temp. - :

4 | Cmcharge OOV bl £%_10C 1

OCV table 5% .2 Desc
Cutoft
Moce A V) P RIQ  TCC)  Range Q0| (A} Wi PW) | O¢ah)  EMAR)  OCK)  TICC) (O} Time(s) Goto

- - - - - "4 - - - - - - - 042000000

asana0n0 |

i
HIEI HY JE]
oo

- - - - - 042000000 020000100
[ we (O] - - s | | 020900018
Rest . - - - = - [u] - - - - - 2003000000 050000100

20-cyclestoreach-0%-SOC

Figure (6) Discharge OCV Sub-recipes (SR) of Different Temperature form Master-recipe

3. Rated Capacity
3.1 Purpose

It improves the battery life of electric vehicles and displays the power status. For electric vehicles, the
battery capacity is just as important as the gas volume of the fossil fuel vehicle, which affects the
driving distance. The current situation of the unpopularity of the charging station often makes the
electric vehicle driver feel anxious about the mileage. Selecting high-capacity batteries is the major

means to improve the battery life of electric vehicles.

3.2 Usage

The rated capacity indicates the battery capacity under different current rates (C-rate) and
temperature (T). Batteries have different DC internal resistance and temperature characteristics due
to the variety of material traits, and the working current will show different voltage and capacity. These

characteristics can be clearly displayed through the Rated Capacity curve, which can be used as a
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basis for BMS to adjust voltage and capacity, selecting battery type or finding the best operating
parameters.

3.3 Test Method
B Rated Capacity

-25°C Discharge Rate Capacity test

E 0.1C-rate E i 0.3C-rate E i 0.5C-rate E E nC-rate i
| (- NN N T A
E Rest Rest Rest Discharge E— +E Cf. E— +i Cf. E el E Cf. i
Pl 2hr 3hr 2hr ety ' E i E
| TR P B |
' discharge E : : E ' ' E
-10°C Discharge Rate Capacity test
0°C Discharge Rate Capacity test
25°C Discharge Rate Capacity test
40°C Discharge Rate Capacity test
@® Adjust temperature to room temperature, rest for 2 hours.
@ Charge standard current to reach SOC 100%.
® Restfor 3 hours.
@  Adjust temperature to test temperature (e.g.-25°C), rest for 2 hours.
® Discharge test: Discharge at 0.1C until 0% SOC or until the cut-off voltage is met, record

the data during process.

©

Repeat step D~®), perform discharge tests with different current rates (e.g. 0.1C, 0.3C,
0.5C, 1C, 2C, 3C). It must include the maximum discharge current rate.

@ Repeat ® under different ambient temperatures (40°C /25°C /0°C /-10°C /-25°C).
Under negative temperature conditions, the test rate can be appropriately reduced

according to the specifications of the DUT, but the test conditions need to be recorded.

3.4 Test Guide

Tip. Use Chroma Battery Lab Expert to illustrate the editing of the Rated Capacity test procedure.
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Rated Capacity test_Te
Main Recipe  Proection

Cut-aff
1] Sub-redpe -
Hmiax V-max V-min P-max (*) Q-max ) Q-min Q-chg Q-dehg (*) E-max () E-miin E-chy
b 1 | Oischarge Rated Capscity_-25C . .

2 | Dicharge fated Copacy_10C T *Dmcharge-RaleCapacdy‘(S Ry-at-25°C+

3 Discharge Rated Coppsay 00 | 1 T

4

5

" Setling Cul-off
v Mode L WiV P R} T"C) | Range Oi=0 | &) Viv) POW)  Qian) | EMVR) 4%} TI0C) {00 Tima(s}
[+ Jowwomw [ = | = | - | - [ ® [ - @[ - -[-[-T-]-T-[7] - ]|
2 | Reat - = [u] - - - - - 00.02 20.00.00
3 | CCov Charge | e | azooo | - - % | A | [J | wosc | - | - | [t |
T |mest = | = | = - = | - | O — | = | = | = - | oovaeecono |
§ (ohameercers | - | - | - S T A = N AN = =S NS BN A B = S
§ | Mast - - - - -Z5 - [w] - - - - - D002 000,00
7| CC Dscharge | I I 3 ey | [ — [ameeo | |
8 | Common Reat = = = = 21 ~ O . - . ~| Copy+Paste+ 0.V
§ | Chameer Control - - - - Fo) - 7] . - - . ~ - - -
10| Rest = [ = [ =1 = | -0 - | = [ = [ =1 =1 [ | woozoeesee |
11 | CC-LV Change R0 42000 = - - Autn L1 | s - -
o L. = = =5 e =4 1 1 | T TR
13 | Chamber Control I - - - = | -0 - | = - - - - - [ - l
1" jmt - — - - = | - [m] - - - | - - | | D002 0000, 00
15 | CCDmcharge |IEES 25 a - 30000 -
16 | Common Rest = — — = F] 11 Ir - - - - -
:: ::;‘*"’ Cotrol | - | - - - : | = -1 Set-the-dischargecurrenl-throEh-c—rate-at-a-sgeciﬁed 1emg_¢|
19| GOV Chargs [“mc | szom | - - ) ae | [ O | 0sc - -~
2 |feat I N = | -lo] - | =T =-1T-1T-1 | mmeeonn |
| Chamesr Control - | - - - ] - [w] - - - - - - - -
22 |fest ~ - | = | = = | - 1lDO - - - - - 0002 60:00.00 |
73| CCDscharge | EES - - 25 | guaed [ O -~ | 3mee0 | - | | | | ]
24 | Common Aest - - - - 25 - 0 - - - - - 0.V
25 | Chamesr Control = = = — = | - [T - - — — — — — | — |
6 | Rest - = - |0 - - - - - 0002 80.00.00
2T | CCLV Charge A | 42000 — - = ado || 0| amse | - | - | | ol |
B | Rest = - |0 - | = | - - - [ onoacecens |
29 | Chameer Control - - — - = | - |lo - | = | = - - - - | - |
30 | Reat - - - - = | - |0 - | = [ = [ =1 =1 | oozeaceno |
31| €CDmcharge [c . . = = |gual O - [ameme | - | | | | =
32| Common Rest - - - - = | - [0 - - - - - 0.V, |

Figure (7) Use C-rate Method to quickly Set Current Parameters (SR)

Main Recipe  Protection

Mo Sub-recipe
lmiax V=max W=min P-miax {+) Q-max {=) Q-min (

Discharge Rated Capacity_-25C |
||pischarge Rated capacty_-10c 1 |
Discharge Rated Capacity_0C -—1 (SR)fine-tuning- test-temp. compose-(MR)+
Discharge Raled Capacity_25C
Discharge Rated Capacity_40C
Charge Rated Capacty_-25C | |
Charge Rated Capacty_-10C
Charge Rated Capacty_0C
Charge Rated Capacty_25C
Charge Rated Capacty_40C

-
R - BT St

-
=

A Mode I(A) viv) | PW) | R(@ | T(C) Range  Qi=0| I{a) Vi) | PO
» 1 | Chamber Control - | = - - 2 = W = = =
2 |Rest — - - - 5 = [m - -
3 | CC Discharge Tae | = - - s A | O - 3.0000 -
4 | Rest = | - . - | = | - O - -
5 | Chamber Control - - - - 25 - [m] - — _
8 |Rest = [ = . - | = | - | O - -
7 | cC-tv Cnargs [ aac | e2000 - - | 2 ame | O 08 B -
& | Common Rest | = i - 2 O = -

Figure (8) Fine Tune SR by Fast Editing Discharge Rate under Each Temperature for Testing (MR)
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Discharge rate capacity according to C rate at 25°C

Voltage, V

Capacity, Ah

Figure (9) Discharge Rate Capacity Example

Charge rated capacity according to C rate at 25°C

Capacity, Ah

Figure (10) Charge Rate Capacity Example

4. Power and DCIR

4.1 Purpose
The acceleration and fast charging performance of electric vehicles depends on the power capability
and internal resistance of the battery system. Different road conditions, temperatures, and power
states may affect the driving of an electric vehicle. These variables should be taken into
consideration when designing electric vehicles. The BMS system needs to refer to the power
capability curve to effectively manage the output power of the battery pack, and the same goes for

charging energy back during brake, or fast charging on the charging pile.

4.2 Usage
It indicates the dynamic power capability and internal resistance within the product applicable voltage

range. Dynamic power capability can be used to design battery packs and develop energy systems
of different sizes. Internal resistance can be used to assess battery aging and develop battery
performance models for vehicle system analysis. It is common to use the power-to-SOC curve to
represent the power capability under different SOC states; the resistance-to-SOC curve to show the
characteristics of DC internal resistance under different SOC states, which is generally evaluated

using a hybrid pulse power test (HPPC test).
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4.3 Test Method
4.3.1 Hybrid Pulse Power Test (HPPC)

-25°C Pulse Power & DCIR test

! 100% SOC : : 90% SOC
, © Pulse || ._ Pulse " Puse )i
! | Discharge Charge Charge ! ! | Discharge Discharge Charge | |
e Standard 75% max | | H TS R“r:"r‘ max iﬁ.‘;‘ 75% max | |
Cutoff v Currest current | ! il 10%s0c | |1 current current
e L 105 )i : 55 108
SOC adpustment Pulse Current test : 1 SOC adjustment Pulse Current test
80% SOC 70% SOC 1 10% SOC 0% SOC
> > | s I >

-10°C Discharge Rate Capacity test
0°C Discharge Rate Capacity test
25°C Discharge Rate Capacity test
40°C Discharge Rate Capacity test

Adjust temperature to room temperature (RT), add the average temperature time to a total
of 2 hours.

Discharge standard current to reach 0% SOC.

Use standard charge to fully charge the battery (100%SOC).
Rest for 1 hour.
Adjust temperature to -25°C, add the average temperature time to a total of 2 hours.

Pulse discharge: Discharge 5S/30S at maximum current (refer to the time recommendations
of various international norms).

Rest for 40 seconds.
Pulse charge: Charge 10S at maximum current.

Adjust temperature to room temperature (RT), add the average temperature time to a total
of 2 hours.

Discharge in standard mode until the cumulative discharge capacity reaches 10% of the
reference capacity (must include the pulse test capacity)

Rest for 1hour.

Pulse discharge: Discharge 5S/30S at maximum current (refer to the time recommendations
of various international norms).

Rest for 40 seconds.
Pulse charge: Charge 10S at maximum current.
Repeat step 9~14 for 10 time (complete 90%~0%SOC pulse test).

Repeat stepl5 under different ambient temperatures (40°C /25°C /0°C /-10°C /-25°C).
Under negative temperature conditions, the test rate can be appropriately reduced
according to the specifications of the DUT, but the test conditions need to be recorded.

® OO OO O ©

®e®E ®6
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4.3.2 Resistance and Power Calculation for Hybrid Pulse Power Test

t1
mn
=
o
£
45 Discharge
E 0
Charge
3
}*____5_5____..|‘ 40s ple 105 ]
{1s~18s) | | !

Time

B Calculate the resistance of each discharge level
AVdischarge _ Ve — Vio Vit = Vo

Discharge Resistance =

AIalischarge - _(Itl - Ito) B (Ito - Itl)
AVregen Vt3 - VtZ Vt3 - Vt2
Regen Resistance = = =
AIregen _(It3 - Itz) (Itz - It3)

B Calculate the pulse power capability
Pulse power capability is defined and plotted based on voltage and resistance
characteristics, showing Vwmin discharge capability and Vumax regeneration capability of each
DOD state.
Discharge Pulse Power Capability = Vy;y X (0CVqi5s — Viin) + Raischarge

Regen Pulse Power Capability = Vijqx X (Vyax — OCVregen) + Ryegaen

4.4 Test Guide
Tip. Use Chroma Battery Lab Expert to illustrate the editing of the Power & DC-IR test procedure
b HPPC st 55 M08
Uan Fecpe Proipcion
Cdl Lisg
= e mm ma ey Prm "Grmm  jOrn Qg O-acfy {iE-mm Hi-=m (2] (2] T Codo Cownt Tierssin}
" [ _ :
1 | ulsetest-(SR) at-differenttemp.+
A | 1
%‘: Temp.-contralling & averagetemp-set-forzhr, fived-interval time+
- Teleg
Ll (L} Ll L] L] TGl Miage o) | 64 L] IV GOW EPWRD O0W TG Terwbin] L] ﬂI'I!I_ - o VT GGENN)  GEORR] LY Cows
T [ | =10 s T N '
Ly e o ok B s L1 - - Hﬁ#?-l
4 - - » - - L ] Lill L]
[] :::::h x : £ W w8 9= 0000 | — 1 metehien -rrnmrn:
T 0 1= e Discharge10%- SOC-with Total Q-8 variable-cut-offfunction.
| G Ryl - K]
::‘ ;.:::::. i : i ] CHETT]
T - - B - - - - ]
1§ | hwsier ksl - - ] - = = = = = BEREN
WO ki x a il W 200 =
T = - - : —
" et = - = ‘ESdlschargepulse.. l

n

Figure (11) 100%S0OC~0%SOC Pulse Test Sub-recipe (SR)
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Step . Misc .
Made KAl W) | P RO} TCC) | Raege G0 WAy | WV POA) | Qi) EOAD) O TICC) [ #0)  Timels) | Golo Timeis) w4
1| Chamber Comtsl - - - Y - ] - - - - - - — 20620000 04 0000029350
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5 |ecev e e | amme - - = A | O 000080010
s P - = - o . S6E10000 98 MmN
5 | Crampes Conent = = = - 2 - O - = — | Wz | | roomeanse |
e = = = - = F T EEI] 00088810
T Rest - - 25 - - | - | - | - - | L0000 43 08 | WWOGW“D_
B | et crange 3 - - - = e | O T - 5000001808 000 08:80.10
PR [ —— - - 2 - (] . - - - o o
1| Cnamber Contrst - - - = = - |4a " = | = | = - = WAz 00308 | LS |
T 1*© - - = = an | O - | asem - 01000008 = LR
12 |Fem B A
11| Chamber Contest - || Meere ks = I 00080280 |
4 CC Dmcharge b (- 3--0 R R
- | setvaniabie EnaCenamon o —
18| ct Charge 15 || awi total oy I | enchosoein |
17| Comeen mant -1 Measuind data Operalos _ Condion | || | oY
. 1 ] ||um=| w2 [Lovwang | I vOoLT LOOF1 J | LOORE | I
0O ana  Timedzsec) i CURR T E Il
Thestep-capacity-after- o) s |[s s .
Qt=0willbeaccumulated. [+ 5 E IERIERIEnlE
v T — T I e
untilitreaches-10%: of the- VAR ] . P
referencecapacity- [ own n N |
(includingthepulsetest
) _ueae |
capacify)+
Hmhm o Time
End Conaiion 1 Ctutal = CVARD | Nt
k| :I d|
CC Distharge Funchon
End Conanon i Giotal »=
OVARAD Wit
Sat
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Figure (12) Setting for Discharging 10% SOC via Cumulative Capacity (Total Q) and Variable Cut-off

Function
Main HPPC test 55 305 Desc
Main Recipe  Profection
Cut-off
Ho. Sub-recipe
I-max N-rmiax N-min P-max (+)Q-max | (-} Q-min a-chg Q-dehg (+)E-max (- E-min E-thg

(5R) fine-tuning- test-tempe..compose (MR)+

Mode A} | VVI | POW) | RIM) | TCH | Range O8=0| WA) | VOV) | POA) | O(AR) | EQNW) | Q%) | TACC) | {0} Time(s)
1 Chamger Control - - - - % - W — - - - - - - 00:02:00:00.00
7 | CC Ciachargs I - - - % ae | O - | 3g000 | - | [ [ (| |
3 CCLV Charge wac | az000 - - 2% Autp | ] | o0sc | - | =
& Asat - - - - % o - | =1 = 1 = 1 = | T ooovoomonn
&  Chamber Control = = | — | = 25 - | m} — | — | = = - | = | = | oa-02:00-00.00
v 8 | CCDicharge T2 | = | = | = | = Ao | WA - | 30000 | - | [ [ || omonoosooe
T | Rest =1 = | = | - 25 - |0 - | | - - - | - | | | 00:00:00:40.00
&  CCCharge [ [ - | - | - 15 Ao | O - | 4m00 | - | | | | | ooon001000
9 Common Aest = = | = 25 - |0 — | I~ = - | | | o.v.

Figﬁre (13) 5S and 30S Pulse Test Main Recipé (MR) for -25°C~100°C Ambient Tef’nperétufe
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e— 5sec Charge Power e— 5sec Discharge Power

5sec pulse power characterization at 25°C

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
SOC, %

Figure (14) Example of 5 sec. Pulse Power at 25°C

5sec pulse resistance characterization at 25°C

e— 5sec Charge DCIR e— 5sec Discharge DCIR

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
SOC, %

Figure (15) Example of 5 sec. Pulse Resistance at 25°C

5. Cycle Life

5.1 Purpose
It extends the guaranteed mileage of EV batteries. The battery cycle life determines the miles an EV

can drive before the battery needs to be changed. For EV, there are system maintenance costs and
warranty risks as replacing batteries is the largest maintenance cost. For consumers, prolonging the
battery life can increase their purchase willingness. For the car manufacturer, it can reduce the cost
of replacing the battery within the guaranteed mileage.

5.2 Usage

It indicates the battery life under charge and discharge. The life is presented by the number of cycles
to estimate when the battery needs to be replaced. The battery life data is basically affected by the
ambient temperature, SOC application range (state of charge & depth of discharge), and operating

current. The life data report is usually accompanied by the test conditions used. For example, the
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car manufacturer usually defines the usage scenarios that match the model for charging and

discharging to simulate and verify the battery life of the vehicle.

5.3 Test Method
Cycle life refers to the number of conventional cycles (full charge-discharge cycles) or operating
cycles the battery has before the life ends. The test methods are varied with different standards. The

example below is a common test method.

5.3.1 Conventional Cycle Life Test (full charge-discharge cycle)

Cycle life_1C/1C at 45°C
Initial Full Charge & Discharge Cycle

Batery- ce-cv
SELCER] Charge Discharge
|-I(SI'I' 1C
iyl MaxV | | Cutoffv
#EEEES
RPT check
: 25°C
- cc-cv cc
i |Rest| | Charge Dischar
i| 2hr o e
| Max V Cut off v
b PEEN e (GEer o Syer
H RPT check i
L End of Life :
Capacity < 80%

@® Adjust temperature to room temperature (RT), charge and discharge the battery several
times to activate it (capacity difference <2%).

@ Fully charge the battery with an experimental current in CC-CV mode.

® Use an experimental current in CC mode to discharge the battery to cut-off voltage (Cut
off V) as the reference capacity.

@ Conduct reference performance test (RPT), such as direct current internal resistance
(DCIR) test, power test, etc., to determine the condition and rate of performance
degradation on the battery under test.

® Adjust temperature to test temperature (e.g. 45°C), add the average temperature time to
a total of 2 hours.

® Start the standard charge-discharge cycle, fully charge the battery with an experimental

current in CC-CV mode, and then discharge the battery to cut-off voltage using an
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experimental current in CC mode.

@ Cycle step ® until the specified cycle number is met (e.g. 50 times).

Adjust temperature to room temperature (RT) and rest to average temperature, and then
perform capacity and reference performance tests.

@ Repeat step @@ for cycle test and performance check until the measured capacity is
lower than 80% of the reference capacity.

Perform cycle life experiments under different temperatures and current rates.

5.3.2 Operating Cycle Life Test (e.g. FreedomCar specification)

50%S0C Cyt:le life_at 45°C
Initial Cycle test

-~ \
Battery- cc-cv (ol® )
activation- Charge Discharges RET L2z Rest TestProfile | _ 4 Spacify:
i ic 1C 1c Specthy-pawar- et
discharge- 1hr magnification magnification
cycle., Max vV Cut off V'
\ A J e

___________________________________________________________________ Cycle30000 __,

e :

< | RPT check End-of-test |

P! ition I

| cendten |

" [

g [

' i

-h: Dis:hirge Achieving-target :
1 . 3

: 1c RPT cycle-life,/+ ]

i Cut offy Unable-to-meet-

i target-powers !

i L

i ]

]

@ Adjust temperature to room temperature (30°C) and rest to average temperature for 1 hour.
Cycle charge and discharge several times to activate the battery (capacity difference <2%).

Fully charge the battery with an experiment current in CC-CV mode.

© ®

Use an experimental current in CC mode to discharge the battery to cut-off voltage (Cut off
V) as the reference capacity.

Conduct reference performance test (RPT), e.g. HPPC test.

Adjust the battery to a specified SOC stat (e.g. 50% SOC).

Adjust temperature to test temperature (e.g. 45°C), rest for 1 hour.

SECHCHNC

Perform cycle test for 30,000 cycles according to the cycle life test profile defined by

FreedomCar.

©)

Adjust temperature to room temperature (30°C), rest to average temperature for 1 hour and
then measure the open circuit voltage (OCV).

©® Measure the residual capacity with an experimental current to verify the depth of discharge
cycle.

Conduct reference performance tests to determine the degradation degree of capacity or
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power capability.
1) Repeat stepB~@for cycle test and performance check until test end conditions are met
(the cycle life of the target is reached or unable to satisfy the target power).

1 Perform cycle life experiments under different SOC, different temperatures, and different

power.
Minimum Fower-Assist (25 Wh) Cycle Life Test profiles.
L . Pulse Characteristics . .
Application Test Profile ENG.OFF | LAUNCH | CRUISE | REGEN Profile Characteristics
Power(k W) 3.00 15.00 -1.15 | -12.00 | Discharge Energy(Wh) =25.00
Durationiz) 20 2.00 6600 2.00 Round-rip Efficiency=20.0%
Baseline Energy(Wh) 1667 8.33 2100 | 667 Avg. Heating Rate (W)=111
Stress Factors Weighting Factor =80%
Power(%) 100 60.00 60.00 Throughput (MWh) =6.00
Energy(%) 56 12.00 12.00 Test Cycles =240 000
ENG-OFF | LAUNCH | CRUISE | REGEM
Power(k W) 300 20.00 -1.07 | -16.00 | Discharge Energy(Wh) =25.00
Duraticn () 10 2.00 75.00 200 Roundrip Efficiency =50.0%
.| 95 Percentile | Enersy(Wh) 5.33 16,67 2229 | BE9 Avp, Heating Rate (W)=247
25k W Power Assist .
Stress Factors Weighting Factor =15%
Power(%) 100 80.00 80.00 Throughput (MWh) =1.13
Energy(%) 2.8 24.00 1600 Test Cycles =45,000
ENG-OFF [ LAUNCH | CRUISE | REGEN
Power (kW) 3.00 24.00 1.1 | 1900 | Discharse Energy(Wh) =25.00
Durationz) 5] 2.00 79,00 2.00 Round-irip Efficiency=71.6%
99 Percentile | Energy(Wh) 5 20.00 -24.38 | -10.56 Avg. Heating Rate (W)=397
Stress Factors Weighting Factor =5%
Power(%) 100 96.00 95.00 Throughpat (MWhy =038
Enereyv(%) 1.7 29.00 19.00 Test Cycles =15,000

Figure (16) Cycle Life Test Profile (FreedomCAR) for Reference

5.4 Test Guide
Tip. Use Chroma Battery Lab Expert to illustrate the editing of the Conventional Cycle Life test
procedure.

Pre-cycling keeps-battery-capacitystable «
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Figure (17) Conventional Cycle Life Test Structure (SR) for 1C Charge/1C Discharge
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Figure (19) Use Variable to Determine if Capacity Change is <2% and End Pre-cycle
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Figure (20) Edit Initial Performance for DCIR Test
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Figure (21) Edit Conventional Charge-Discharge Cycles, Stage Check Performance Tests, and Cycle Life

Test Cut-off Conditions

Tip. Use Chroma Battery Lab Expert to illustrate the editing of the Operating Cycle Life test

procedure.

The main difference from the conventional cycle life test is that it is cycled under operating
conditions and the measurement items of the reference performance test (RPT) are different.
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Figure (22) Operating Cycle Life Test Structure (SR)
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Figure (23) Use Qtotal to Perform Accurate 10% SOC Adjustment
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Figure (24) Use Waveform Power to Perform Operating Test and Cut Off after Cycled 30,000
Times

6. Calendar Life
6.1 Purpose

It extends the warranty period of electric vehicle batteries. The battery calendar life is the time
elapsed until replacing a new battery after purchase. For consumers, the prolongation of battery life
will positively increase their purchase intention.

6.2 Usage

It indicates the battery life in the state of standby or use by calendar days. The tests of cycle life and
calendar life are used to evaluate the battery life, but the latter focuses more on aging over time after
installation, and the usage behavior of these two tests is different. The data of battery calendar life
is basically affected by the ambient temperature and the daily SOC state. The life data report is

usually accompanied by the test conditions used.

6.3 Test Method

It uses time to evaluate the battery degradation with multiple batteries performed at the same time.
A high temperature environment can facilitate aging to shorten the test time, thus, it can select
several high temperatures for testing. The life test can be stopped if the test process does not meet
the target performance, or terminated early when the performed test is enough to estimate the linear

trend.
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50%S0C Calendar Life Test_ at 45°C

———————————————————————————————————————————————————————————————————————————

Initial i Calendar test :
[ == N

D‘nsdl:@a- Calendar |! Calendar Calendar EL i
RPT -1 Life Test i Rest Li‘feTest ......... > Life Test )
speciy e | 1hr Erofile 24hr Profila 2ahr

e RPTcheck il Calendartest: i End-of-test |
e ' condition

! The<alendarfifecannat:
X C be~completed-within-the
o > woltage range.-The TP,
' + IRPT-cannot-shaw: further -
'

CC
Rest| | Calendar Discharge
{| 1hr | | Life Test ic
H Profile Cut off V'

H HE : ! calendarlife-canfie-
ey :i ' ! ohkained.

100%S0OC Calendar Life Test_ at 45°C
75%S0C Calendar Life Test_at 45°C
25%5S0C Calendar Life Test_ at 45°C
0%S0C Calendar Life Test_at 45°C

@ Conduct reference performance test (RPT) such as static capacity measurement, HPPC
test.
Adjust the battery to a specified SOC (e.g. 50% SOC).

®© ®

Perform a calendar life test curve defined by FreedomCar with an experimental current
(Calendar Life Test Profile).

Adjust temperature to the test temperature (e.g. 45°C), rest for 1 hour.

Perform a calendar life test curve with an experimental current (Calendar Life Test Profile).
Rest for 24 hours.

Repeat step 6, 7 for 25 days (about 600 hours).

®@ QO ®

Adjust temperature to room temperature (30°C), rest to average temperature for 1 hour and
measure the open circuit voltage (OCV).

Perform a calendar life test curve with an experimental current (Calendar Life Test Profile).

® ©

Discharge 1C current to measure the residual capacity and verify the capacity retention
rate.

1) Conduct Reference Performance Testing (RPT) to determine the degradation degree of

capacity or power capability.

12 Adjust to the experimental SOC.

13 Repeat step (5)~13 for calendar test and performance check until any of the test end
conditions is met (the Calendar Life TP cannot be completed within the voltage range / RPT
cannot show further degradation / the calculated available energy is less than target /

sufficient data has been obtained to estimate the calendar life).
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Perform calendar life experiments under different SOCs, different temperatures, and

different powers.

Calendar Life Test profile
Step Time (s) | Cumulative Time (s) Relative Current (s) Relative Net Charge (s)
9 9 1 9
60 69 0 9
2 71 -1 7
2 73 0 7
47 120 -0.149 0

Figure (25) FreedomCar Calendar Life Test profile

6.4 Test Guide

Tip. Use Chroma Battery Lab Expert to illustrate the editing of the Calendar Life test procedure.

= Remag 7T = pre=rery [rerTe T
Mo L W PO A Lt Marge O W Ll Ll e il s TG Tenain | . Tman | Ak AT AGMNI  BDRRRS LY Cewnd Turain| (&
B - - - " - = Y vy T - .
3 [ . = e smm ; .
1 foecvinn v | = e - . Pre-cycling keeps-battenycapacity stables -
e - e B M J yelingkeeps rycapacity
oy — = - ey
on E Brr .
o5 oacnaren = - W e @ - e - weeew | |nitialperformancetest-(HPPC)+
. e - - - - - - - Ll L L)
v [ e = e == ez
o e = - . =1 av
[ Cwrarge - - el L1 - - L
i [ = v
T |os asnang x = nate | amem [T
nt - - - - - - - 0
O Caag 3 - s - ] L L)
b e ax
v — — s
e Ll = - - - = - - Ll L L)
w [oeomme PR -
i [ = av
H e = = — v
= - - - -
'l = = == - -
B == ——1= Calendar-Life Test-Profileat-room-temp...
= foc oo e - = s - A
o [ -
o . a - . : .
[ - Ca— - 45°C- Calendar-Life Test-Profile+ 24hr-Rest-(25day) . -
= [eeer - =
o = . 1L
3 [ - B = | = — [—
L L3 - A L =
1 [ e = T
o ; = .
W | - W - - | Stage-performancetest (HPPC) at-room-temp.+
FRET— P v 1
ar fae =
L e o - - - a 0 T 00 9
|0 pmenangm - aur smoen - Cor
o [ocvomn v e = e e e
P ; e - rtspas
ar o e ] - - sty (T ELTET
P = P i
ai o camar = = et | W amem CLTE ] o
| - - - - - - - A
L - - - im - i o i v
e = 5 e
P = ] e || e | e
ot o - - - - - - - .
P PE. = = e | e prepe sy
[ = . g
= |0 e 3 = - e~ N e - Ty LT
B - - - aw aw
T frtm = = = I I I I A ] -

Repeat-theloopuntilthetestterminationcond itiDMsmetc-’r

Figure (26) Calendar Life Test Structure (SR)
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Figure (27) Simple Steps and Cycles Editing for Calendar Life Test Profile
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