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Traction battery standards




1.1 sh7A iR E FEtraction battery standards

| GB/T 31486-2015 (£ {RMidk)

1 QC/T 741-2014 (B, &%)

| GB/T 31467.1-2015 ( Z 4/ BZh% )
i L GB/T 31467.2-2015 (RAE/BHE )

| GB/T 31485-2015 ( Bkt )
| GB/T 31467, 3-2015 (£ % ) +5 &2
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1.2 a8ttt EEIERS | IS Rthe use of some standards l'.'NI1\RI:

GB/T 31484~
o /T2°3115485_ GB/T 31467. 1- (FhFE.

Zubali:bii TS 2015 2015 6B/T 31467.3= | 0 o oo0 ooqq | SEEVEER | #hReRIRX

KRR 6B/T 31486 | GB/T 31467.2- 2015 SEREMEY | BHRIERUR

2015 Ll Fk BRI )
HBEREE J y
FEAe Al X 7 e v —_ (20174781 — e
ENEENE B>
TRES AR
REITRIEHET y D ¥ ¥ £ ,
RRERER
FA#f

REMNER
ATl 0 38 5 J J J J & _&
# (20154EHR)
gLl B3R
RELIER J v J N ol ¢

ME



1.351 7Rt EIRE EsEperformance of battery cell&module CANTARC
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1.4 EFR EEEperformance of battery pack8system CANTARC
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1.AThHBithRFRLsafety of battery pack&8system CATA\RC
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1.AThHBithRFRLsafety of battery pack&8system CANTARC
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1.5 BIIEFEZ AR FHspecial requirements for bus CANTN\RC

T{58P3=[2016]3775

(IS RAERR T H— LM mEEFS T NAR £ B E T IEAsEH)
H2017F181HE , BIEFERLERINEL SR , FRMAME~IHhEERS
T ER (BMEFEREEATN) NERNIT.

MR B ISt m
BNEERERAEN I
S TR ‘ o
B Eﬂﬂggmﬁ?“ RGO BT 12
|
| TRRMERsN TR DR R RS
| i R EENERAREHERRTRSR 1E

,  TREHEERGIM  BEssE RS SR E RS
fhe B S R R AT R 1B

— — LR EROUMARLAT EIEMIEIS00 mmLATFRIBZREEE

o et (e  EORERISHREERHESE0EES (FRORI) |

RO ~ - EERN S BN R T (25
BRI ) .




1.5 BIIEFEZ AR FHspecial requirements for bus CANTARC
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1.5 BIIEFEZ AR FHspecial requirements for bus CANTARC
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Testing&Evaluation technology research
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S DEHIEAFZR Evaluation system of traction battery
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Battery Pack Vibration Profile research



IAZSit=
xR E=Background
Y1
c
01 H I ——
2 Sina— —— 1
T b N —e 2T —— :
o 001 [ Ny a—-—a 3| ]| Vibration caused in the
e R a4 driving process :> ’ Randomness ‘ :> Rand(?m
Y= AN vibration
> SIS "_i' N
0.001 . ! Wi Generated by different
E \“ road inputs;
d - . frequency indefinite
_80‘0001 oows rough road vibration
1 10 100 1000
C . 15012405.3-2014 Electrically propelled road vehicles —Test z B.y Co'.leCtmg the Vlbr?tfn signal-of thke .Vehlc:e driving process, the
G specification for lithium-ion traction battery packs and vibration condition of the battery pack is analyzed
(o' systems — Part 3: Safety performance requirements

GB/T31467.3-2015 Lithium-ion traction battery pack and
system for Electric vehicles— Part 3: Safety requirement and
test method

+ SAE J2380 Vibration Testing of Electric Vehicle Batteries

« GB/T31467.3(Revision)-2017

« ECE R100 Uniform provisions concerning the approval of
vehicles with regard to specific requirements for the electric
power train

« EVS-GTR draft

Sine sweep vibration

1. Standard implementation process, part of the enterprise feedback
and test results reflect the current vibration standards are too harsh,
and the actual use of the battery pack is different, need to be based
on real vehicle vibration to be revised;

2. Provide technical support and data support for EVS-GTR battery

vibration project;
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REMEScheme

Uniform road conditions

Uniform vibration test point

\

[ The same data analysis and accelerated

aging method

Bench vibration test conditions

\

[ The number and type of test vehicles are

representative




2R EW(SE Vehicles information
Passenger cars-EV, HEV PHEV; Mlnlcarsmcluded
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Commercial vehicles —Cargo vans, busses;




Procedure 1-data acquisition in various rough roads CATARC

step Test Condition
Vehicle
data acquisition length | speed [ Test
(@) q Seq. Rough roads m) (km/h) | times
- drive condition 1 Twisting road B 85 10
- Measuring position
2 Belgian road C 300 40
@Data analysis
3 Belgian road B 1189 50
- Data extraction
- Frequency analysis 4 Belgian road B 1189 50
. . le-
[ ®Data is normalized ] 5 @obblg Séone road 335 50 3
. Set travel time 6 Gravel road 2113 40
- Acceleration factor setting
- Normalize 7 | Washboard Road C 300 50
- PSD-21h(m/s?), ¢
I 8 Belgian road C 300 50
@develop vibration
Zonditions 9 Long wave road 90 50
- Test PSD

Data collection at the test site

Type of road

6 Sand
stone road

Washboard
road C

1 Distortion
road B

ot

=

H:130mm

5 Cobb'---
stone road B

8 Belgian
road C

2 Belgian
road C

3—4
Belgian road B

9 Long
wave road




Measurement Points I:l\'l1\Rl'.'

Vehicle Sensor

N.O. Position 4 “cion  direction Channels  Photos
X X Al-0
2601 Right rear Y Z Al-1
VA ¥ Al-2
X X Al-3
2602 Left rear Y Z Al-4
Z Y Al-5
; X X Al-6
2603 fOFfr'V%Q: g Y Y Al-7
Z Z Al-8
X X Al-9
2604 Left forward Y Y Al-10
Z z Al-11

« Sensor layout principle: focus on the installation of fixed parts fixed position
« The number of sensors is determined by the number of fixed points
unless specifically requested by the enterprise



Procedure 2-data extraction and analysis CATARC

step / Eff?ctive pavement

T rera——
: " “‘M U e

. _

Menstring position @ For data from several sensors in

each rough road, the one which has
B _L_ B maximum RMS are selected. And alll
_ T, 7 ! J TR the data of each rough road were
:Eraetcuauifcr;?rﬁ?ysis E -'{E{ :”:' -'[E{ LHH H L{JE 3 J L{EJ collected to be the data of one loop.
)éehicle ® For the data of each loop, the
average value of them are
selected.

1.E+02
1.E+01

[ (Ddata acquisition ]

[ ®Data is normalized ]

- Set travel time

+ Acceleration factor setting
- Normalize

— 01 Distortion road B

02 Belgian road C

+ PSD-21h(m/s?) s 0.000 01:28. 706 02:37. 413 04:26. 119 11EE+CO: S — 03 Belgian road Bl

I o \\'-\,-\ ~— 04 Belgian road B2
@develop vibration @® Analytical conditions \E03 LS N 05 Cobble stone road B
conditiorf)s * Frequency resolution 1Hz 1E04 7 gg iljndhzmﬂzr;ﬂddc

* Window function Hanning 1E-05 asTIboard ko

- Test PSD A . Ar ithmet i 1.E-06 08 Belgian road C

verage processing rithmetic mean o — 09 Long wave road

* Frequency Range 5-200Hz 10 1000

100
freqency /Hz



CNTARC

Procedure 3-data normalized

Take Tong Xian test ground car
product stereotypes reliability

step . o i
driving test specification (2000)

One loop (passenger car)

(Ddata acquisition

Extended to
required distance

o o i
1000

- drive condition

- Measuring position > . X value is
Vehicle Driving time )
lengt h different for
: Seq speed (h) _
®@Data analysis Rough roads h (km/h) different
(m [I{EGIHENER life time vehicles:
- Data extraction L Twisteddod b - 10 0.008500 Passenger
- Frequency analysis wisted roa 2 °
60690 6.069 = .
2 BelgianroadC 800 40 0.020000 | 60630 car X=714;
571200 1428 + Minicar

3 Belgian road B 1189 40 0.029725 PP 51 22365 X=476
- Set travel time 4 Belgian road B 1189 40 0.029725 ; e (Cargo Van
- Acceleration factor setting CRGERLY 21.22365 4 &
- Normalize 5 Cobble-stone road 335 50 S06m0 X=1274
* PSD-21h(m/s?) s B ’ 239190 47838 « Bus X=882

I 6 Gravel road 2113 40 0.052825
@develop vibration 1508682 ErAtAS 300 000
conditions 7  WashboardRoadC 300 50 0.006000 214200 4.284 7
. km for
- Test PSD 8 Belgian road C 800 40 0.020000 571200 14.28
ST whole
ong wave road 90 50 0.001800 64260 1.2852
Vehicle




Procedure 3-data normalized CANTN\RC

step
(Ddata acquisition 25
I 22
- drive condition The most harsh
- Measuring position 20 coefficient is 5
@Data analysis
15 14
3 i g 12
Data extraction 12
- Frequency analysis i) 11 10
= 10
10 3 3 9
6 6
5

5
- Set travel time
+ Acceleration factor setting
- Normalize
- PSD-21h(m/s?), 1 0

I Copper Aluminum Solder Resin
alloy alloy

@develop vibration
conditions

. Test PSD > Refer to ISO DIS 19453-3

> Key component composition materials, using the lowest value (the most stringent)




Procedure 3-data normalized CANTN\RC

after hccelerated calculationt® |

before Accelerated calculation @
step 2000z |

) K s D I Rl W 5 o022
isiti 1 Did before dccelerated calculation O | after hccelerated calculation(®
(Ddata acquisition ; 1]3 6 0.71665
5 —B o before hccelerated caleulation @ after fccelerated calculation®
; ; ; — ; — 7
. drive condition n By 10 Bad road Vibration .Llfe MAX—Vibration NE_W Life 0.82560
. IR 5 Cobb energyig) time(h) energy (g) time(h)
- Measuring position 2 i D : 8
G T = istortion road E 0. 32835805 A.117 0. 7943R445 0. 07T3R20642 1 01077
7 Va 4 2 Eelgian read C 0. BEORETYG 5. 397 0. 79436445 2. 6EEERR3GE
. ) Belgian road B 0. 68195701 14, 234 0. 79456445 6. BETEZ2864]1
] B . .
@Data analysis 5 & Belzian road B | 0.62569751 | 1¢. 234 0.79436445 | ¢ 318702337 E .
7 4l Cobble-stene road BE| 0. 16753753 4. 318 0. 79436445 0. 001804A49
. Data extraction = 4] Sand stone road 0. 28278621 14. 68 0. 7943R445 0. D47¥RTROEG 198 00016
. Frequency analysis 5 7 Washboard Read C 0.1347A31 4. 318 0. 7T943R445 0. 002939155
o] Eelgian read C 0. To456445 4. 318 0. 79436445 4. 318
9 Long wave road 0.25247094 | 1,295 0. 79436445 0, 004193792 199 0.0017
Total 68, o1 @ 0. 79436445 18. 06753161
[@Regnarization 0. 770824548 21 200 0.0016
M I
- Set travel time e miner’ law (®O—@. @—®) / l
« Acceleration factor setting T n
- Normalize t JE i 01
- PSD-21h(m/s?) s = |=1— n
I ! Tf‘ O¢
~ 0.01 N\
@develop vibration . . z \
N Y  The relationship between RMS S \
. . [a] =
Test PSD and PSD is as follow: 2 162 RYAN
(Prms = VE(PSD x AHz)
164 ——

10
Frequency ( Hz)



PSD (g2/Hz)

Procedure 4- develop vibration conditions CATA\RC
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GB/T31467.3-2015
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Procedure 4- develop vibration conditions l:l\'l'l\ﬂl:
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Procedure 4- develop vibration conditions

2 1/ i PR 2% A

TFREFIRE
SRR X Y Z
5 0.005 0.002 0.012
10 / 0004 /
15 / /  0.012
20 / 0004 [/
30 0.005 / /
65 / /  0.0009
100 / /  0.0009
200 0.00002 0.00012 0.00006
RMS [ 0.45g | 0.40g |058g
A8 21 21 21
ESMEE 1g  1g 158

HemBE

B X Y y4

5 0.0005 0.001 0.002
10 0.015 0.022 0.035
15 0.015 0.022 0.035
40 / /  0.00045
60 / 0.001 /
100 / 0.001 0.00045
200  0.00001 0.00001 0.00001
RMS  047g 0528 0.65g
A& 21 21 21

12/)~ B IR 2% A

e F E YR E

PES X Y Z
5 0.006 0.002 0.015
10 / 0.005 /
15 / / 0.015
20 / 0.005 /
30 0.006 / /
65 / / 0.001
100 / / 0.001
200 0.00003 0.00015  0.0001
RMs  [10.5g " [10.45g | 0648
it (] 12h 12

LIS
5

10
15
40
60
100
200

RMS
fif 1]

HeErMT

X

0.018
0.018
/

/

/

12

Y

0.0008 0.002

0.025
0.025
/
0.00015
0.0015

12

Z
0.002
0.045
0.045
0.0005

/
0.0005

0.00001 0.00001 0.00001
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Thermal propagation research



RS =background
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Initiation Cell

e D
N | Allthreeinitiations
Thermal runaway? no thermal runaway?
\ J

1Y

-~
Thermal runaway
Propagation?

ly

External fire
or explosion?

by

<X,min after

warning signal?
_ g g J

N
Y
]—>Pass
1N
’ »Pass
Hard to judge through
visual observation
N
. »Pass
Easy to judge through
visual observation
N >X,min
% - »Pass
Easy to judge through

visual observation

1y

Fail



R Sbackground CANTN\RC

1. Research on test method

1.1 additional energy introduced by
different method

1.2 test parameters verifying in different

The differences of three methods to
battery systems

trigger methods v Nail
1.3 comparison of test results with . . v Over charge
different trigger methods ' > Cell thermal pack thermal WAL
2. Repeatability of test results & runaway propagation
2.1 Repeatability of test results for the = trigger evaluation
same method method method
2.2 Verification test between different
laboratories

Further rationalization
of the condition of
thermal runaway
judgment

1. Voltage drop
2. Highest Temperature
3. Temperature rise rate



A5 =Verification test scheme

Nail

Material: High temperature resistant, stainless steel
Diameter: 5mm

Angle: 60°

Surface requirements: Smooth, no rust, oxide and oil
Nail speed: 25mm/s

Over
charge

& # e {@Temperature sensor

The trigger method is over charge, the current will be three different
rate:1C/2C/3C, over charge the battery until it goes into runaway

Heating

prismatic and pouch cells: (_)
Place the heating devices on the largest plane, and occupy Y2 ~4/5 surface (-’
area (“;
cylindrical cells: e {® Temperature sensor
Heating wire winding the cells, and place the thermal sensors at the negative /
s
Heating

wire



tH5s 5 2= Verification test scheme

CNTARC

Trigger method | MNail | Overcharge | Heat |

voltage

Parameters temperature

Weight before and
after test

video

photos

data sampling rate of
100Hz

Requirement

voltage

current

test time
energy introduced

temperature

Weight before and after
test

video

photos

data sampling rate of
100Hz

voltage
power
test time
energy introduced

temperature

Weight before and after
test

video

photos

data sampling rate of
100Hz



A5t = Verification test scheme CANTN\RC

thermal sensors position m Il lustration

valve (1#)

positive (2#)

negative (3#)

Both sides of nail position (4#, 5#)

Prismatic As for over charge and heat, the central of YES
the big plane

AN =

5. Positive side (6#)
6. Negative side (7#)
7. Middle of bottom (8#)

positive (1#)
negative (2#)
nail position; (3#. 4#, 5#. 6#)

As for over charge and heat, the positions ic
are middle of front and back, and the point
farthest from the center (3#. 4#. 5#. 6#)
1. positive (1#)
S negative (2#)
Cylindrical
e nail position (3#) NO
As for overcharge, the middle of side (3#) SfE




Introduction of test CATARC

Statistics energy density of batteries:

> 85% samples’ energy densities are 100~200Wh/kg Witia mﬁ?f?
Ui
I e A, —— gizE | BERE  RaRA | &5 | O il
: Q 1 iy il 1
200 ey = — — — — — — — = »200 <
: : Y T |
: : <, & i 3
g 150 |10 L L i A I e o o e e | | 150 200 =T iE i
s L i E
2 0o - -y ) i 6
5 2| v f 1
-Ss 50 I o il §
5 3 e | BE |
= % | 0
O T —
20 40 60 80 100 o Sy )ii/ 1
M TrE w0
@0 72 il 13

> 0~50 Whikg (3%)
> 50~100 Wh/kg (11%)
> 100~150 Wh/kg (35%)
> 150~200 Whikg (42%)
> 200+ Whi/kg (9%)



SIABEEDtradditional energy

3 3
¢ S
25 cpe EREE 127 25 Ji[1E2"
FAEREER
2 2
15 — 15 BEEREAEE
=7C
BRI ’ =7
oo |10 il
0 N T 0 Tl
SINBEELLRITER - SIANBEELLFRITEEE -
- 8BS (1F) : 211~270 - |BE(1F) @ 253

o SKBSSE (13X) :235~231
- THEREREE (3F%) :0.23~0.66
« =5E(6Z) : 0.26~1.41

> HEEGEGHEHERREDRS I NRREEES—EL

§XEREE (13%) : 1.99~2.49

. )
- BEESEKSE (3FX) :0.83~1.28

=5 (67K ) : 0.22~1.04

> IHASIBEERERES INBEEAR T IS | IIFEXT=TT5INBEERTINGY



SIABEEDtradditional energy

3.0 d T T T T T T T 3.0 T T T T T T
1 1 1 1 1 | 1 1
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2.5 %E&%E 1 1 s 1 254 J | | 1 1 m 1
e T BN ECE ] . | & amE R
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I 1a PAEREKER, 4 A I I . I J
i I &=jg | = I ] ] I o I
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0.04 006 008 010 012 014 016 018 020 022 0.04 006 008 010 012 014 016 018 020 022
B Here =
> BEEREAE—CTREARNER  TICHMRHARE , il FIid I ied |, SIABIBHEEE

{EHERSEER |, it -
s450Wh/kg <BEBRE <100Wh/kg , 3INBEBESHAE200%~275% 2]
4100Wh/kg < BEBZERE <150Wh/kg , BINAEBESHIE25%~150% /8]



Thermal runaway analysis-overcharge

>IN EmREE. BE. BIEREE S, ZREERAK

iﬁﬁlﬁ ﬁ.,-—‘Q—r‘r N=] =t

0 BERT A | RHER EB/E
g7EL 113 2 0
782 125 4 2.5
71 90 2.5 2.5
9781 79 2 0
19752 75 1.5 1.5
71 80 1.8 32 ( MAX)
3 7e2 85 1.9 32 ( MAX)
71 75 1.9 1
g7 105 2 30
3 7e2 90 1.7 30 ( MAX)
71 95 4.1 0
3752 100 2 MAX

Voltage

Voltage

|

ajes dway

ojed dwa )

a
£ 200
2

8jes dwe ]

Temp

sjel dws |




Thermal runaway analysis-nail CATNRC

> BT R RFIE S BRI A — 2 (B 2R A st o fih R #R3%)

i InE imIt1C/s | EFA2C/s | iEFrAC/s . .
BAEREREE 25 | &7l 28 30 48 b\
PERREREE-25 | &tRI2 29 30 35 J "
=J026.5 BRI 25 30 32 . 4 4 M e
=75-26.5 112 28 29 30 @
RS PR 22 Gandl)! 28 31 34 \ o
BRERSKIE 02 | B2 28 28 31 A
EREREE 30 BRI mETTEW o}

=44 iRl 25 26 27

=Jt-44 R2 25 25 25

BE-6 4RI 1 28 29 35

RS 6 £1R12 29 30 50
PARREATE-1.6] Rl 30 32 49
PEFREREE 1.6  Stml2 REBEERS A
=520 13RI 1 28 29 31 )
=320 £iR12 30 30 33

=T33 St 1 25 28 34 | :

=733 £iR12 30 30 37
SRR 35 £ 27 29 35
SZRRER-35 £1iR12 28 30 33
=532.5 E1if 1 25 25 30
=7T2.5 47512 25 25 25

=726 E1if1 29 29 30

=326 4712 29 29 30




Thermal runaway analysis-heat

CATN\RC

> B0 R B A RE S A e P A FEML R R IE (BB R AR B B R thik 31]300°C
RREA FRIZRIRFE L)

Fe it 2 7Y AL ah LRV TN TS B C BIHEE Cls i E/V HA s %6 /%
IR 4 -25Ah 3.4 1019 111 0.5 0.1 97.06
IR H-22Ah 3.35 1778 299.4 1.3 0 100.00

RFR4E-30AN 2.63 RRYE
—J5-44Ah 4.17 501 87. 4 1.1 2.7 35.25

$5-6Ah 1.37 N
R4k 4 -1.6Ah-1 3.38 937 218 1 0 100.00
R 24 -1.6Ah-2 3.38 1224 224.1 0.9 0 100.00
~75-2.0Ah-1 4.17 495.5 242.2 1.8 0 100.00
~75-2.0Ah-2 4.17 719 202.1 1.3 0 100.00
~5--33Ah-1 4.14 1321.6 181.8 13.2 0.1(1321.5s 1.36 67.15
~5--33Ah-2 4.14 1246 91.5 1.5 1.7 58.94
FhR 4 -35Ah-1 4.15 1243 83.4 6.4 1.4(1242s) 0.5 87.95
kR -35AN-2 4.15 1473.5 109.6 1.8 0 100.00
~J5--2.5Ah-1 4.1 816.7 155.3 0.8 0 100.00
~70-2.5Ah-2 4.1 790.5 192.2 3.2 1.6(790s) 0 100.00
~J5--25Ah-1 4.12 1421.7 161.2 1 0 100.00
~ J0--25Ah-2 4.12 1249 161 1 0 100.00




Temp.

Voltage

» =JtNCM/C

700

800

500

400 4

300 4

200

100 o

0

L B R B B B RN RN UL L LI BELA LA B B
480 482 484 486 488 490 492 494 496 498 500 502 504 506 508 510

:

T T T T T T
I}
O N ]

tis

I B e e e S LA e e e e e e
480 482 484 486 488 490 492 494 496 498 500 502 504 506 508 S10

-4

a1el dwa |

Thermal runaway analysis-heat

40

tis

FB[E/V

mE/ C

A1)/ s

A1)/ s

FB[E/V

TR/
C/s

60

21.6

4. 165

100

44

4. 165

150

159. 4

4.162

200

363. 1

0.495

IEFHEER/
C/s

Ad(8)/ s

mE/ C




Temp.

Thermal runaway analysis-heat

»>LM

O/C

[ ]

300 .

2

2

1

1

Voltage

50 H

00 4

50 4
00
50 4
R o
1230 1232 1234 1236 1242 1244
t/s
1243s TR
5 T 0
b F-2
-
. :

- T T T T T T T
1230 1232 1234 1236

t/s

T T T
1242 1244

ajes dwa ]

ajel dwis |

dT/dt’

100

80 4

60

40 4

20

o

-20 4

-40

1230

T T
1232

T
1234

T T
1236

T T
1238

t/s

T T
1240

T T
1242

1
1244

HLE/V

NGRS

NGRS

HL IRV

BT EF]
Cls

i
Cls

60 823. 1 4. 15 0.1
100 1247 0.5 6. 4
150 1247.5 0.22 70. 8
200 1247.6 0.21 119.7

T
Cls

1]/ s

BEC

HL RV




Thermal runaway analysis-heat

> BEERER L FP/C

Voltage

e

Hoeav

al/at

ajel dwa |

Q
0

{7

\/?u"ﬂ

-0

1

—t 777 T T T T T T T T
1000 1010 1020 1030 1040 1050 1080 1070 1080 1030 1100

tls
Smoke [[ 1019s TR
300 ; ; —=k -
P Ls
250 - H
n o
200 : :
. B g
[=-% n ' H
£ 156 ot é
Al b 3
i) - 28
100 ;
A\ Sor
50 H
R A il Lo
0 T T T T T , T T T T T T
960 980 1000 1020 1040 1060 1080 1100

t/s

—r —
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
t's

BBE/V

mE/ C

A8/ s

AE)/ s

mE/ C

BB/

ErhE/
C/s

EFhE/
C/s

60

499.9

3.403

0.2

100

933.5

3.378

0.2

150

1056.1

0.017

1.1

200

1074.6

0.011

o5

B/
C/s

AE)/ s

FBIE/V




Thermal runaway analysis-heat

» 2 5 7 9 10 11 12 13 14 15
i ATE) | IR | B1E) | FUME | BOE) | UM | BHED | KRR | BHE) | FUMT | ASTE) | RUMT | BTE) | FUMT | B1A) | RUBR | ATE) | RUR | A1E) | RIMR | BOE) | RN | BED | KR | BHED | M | AE)
AiERTE 1019 1778 501 937 1224 495.5 719 1321.6 1246 1243 1473.5 816.7 790.5 1421.7
0% x x x x x x x x x x x x x
25% v X v X x X X X X x x x x
BE 50% N x N x x x x x x x x x x
75% N X N x x x x X N x x x x
100% v v v x x v v v v N N X X
60 | 499.9 X 95 x 191 x 38.5 x 177.8 X 21.6 X 111.2 x 264.3 X 566.7 X 823.1 x 937.9 x 153.4 x 39.3 x 339.4 x 2544 | x
- 100 [ 9335 | x |[387.7| x |5022| Vv [2059| x |[4023( x 44 x | 2865 x |8016| x [12465| 1247 Vo |14642| x | 407.6| x [2975| x |6532| x |5823| x
a= 150 |1056.1| 781.5 x 504 N 598 x 823.6 X 159.4 x 589.7 x |1237.4| x 12475 ~ (12475 Vv (14744 <V 808.8 x 658.6 x 13428 x 1199 | x
200 |10746| ~ |12428( x 505 N 897.5 x (11938 x 363.1 x 717.3 x |1321.7| ~ |1247.7|  |12476 Y 14248 < |1250.6| v
0.5 X x x x x X X
1 v X X X X v X
2 N N 493 v N N N
T
3 N v v N v J
4 v N v v J v
5 N N v N v v
HIE | 25% 100% 25% 100% 5% 5% 50% 75% 100% 100% 100% 100%
FB/EGRE] N v v N v v v v N N v N
BE | 150 >200 100 >200 >200 >200 200 100 150 200 200 200 200
BE
FREGET N v N v v N N N N v J J v v N
LSS “‘“gg 1 2 2 2 2 2 2 1 2 2 2 2 2 1 2
BE
’E}%{gﬁ SEFHE N N N N N N N N N N v N v N N
=




T B 5 Ftest scheme for thermal propagation CANTN\RC

The focuses of thermal propagation are
> the state of the +trigger target cell
» the thermal propagation way.

Trigger
“

voltage voltage voltage
5 current power
Trigger [ISNSENI — test time test time
target S energy introduced energy introduced
temperature temperature temperature
video video video

data sampling rate data sampling rate data sampling rate
of 100Hz of 10Hz of 10Hz

1) cell voltages and temperature in the same module

2) 2 series cells’ voltages, temperature, and the module voltage in the adjacent modules
3) other modules’ voltage

4) at least 4 temperatures which is farthest from the trigger target

requirement




Ay 8t Thermal propagation research CANTN\RC

RIZIEH

FrAEE SR EIA BIZEE Frgataw
0 min 10 min 15 min 36.5 min



RS 8K Thermal propagation research CANTA\RC
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To Pe Continued. . ....

wangfang20ll@catarc.ac.cn



