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Evaluation of inner thermal properties for prismatic Li-ion battery based
on the heat store and release method

Hou Dexin,Duo Yixian, Ye Shuliang

(Institute of Industry and Trade Measurement Technology, China Jiliang University, Hangzhou 310018, China)

Abstract : The prismatic Li-ion battery is a heterogeneous structure consisted of jelly-roll and aluminum shell. The thermal conductivity of
the jelly-roll and the heat transfer coefficient between the jelly-roll and the shell are key parameters affecting heat dissipation. At
present, there is no direct test method. It is proposed to use battery heat storage to construct a heat source, trigger unsteady heat transfer
through the temperature change of the cooling surface. The thermal imaging is used to record the spatial distribution of the shell
temperature along the heat transfer direction and its time evolution, and substitute it into the three-dimensional unsteady heat transfer
inversion model. Meanwhile, core facing, longitudinal thermal conductivity, core and shell bottom, and maximum surface heat transfer
coefficient are calculated. Experiment platform is constructed, tests carried out for two battery cells and three standard specimens. The
relative standard deviation of the thermal conductivity test results of the two batteries cells is between 5% ~10%. The relative deviation of
the results for three standard specimens are all below 5%. The method provides a new tool for experimental evaluation of thermal
parameters for various non-uniform structures, for example the cylindrical battery cells.
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Fig. 1 Basic structure and heterogeneous equivalent structure of prismatic lithium battery
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Fig. 2 Testing principle of two state method for prismatic

lithium battery
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Fig.3 Basic structure of the test system

LA SEIRREG T, M T, AELMINEIRE Y
A ] 7 AL E (v, y,2) K,

A O TR ST A H22 o T B 4

aT,,. 0T

" or =7 Fgen ar
s r R 6 A4 fl T A ¥ 2k T 1) B K RE (4 1) A
#0) TR r WIS R AR T ] 4 S AR B (k) SO
HIEREL(h,) o

FL b ER S B RS 3B =2 A 5 A 3 T RN PR BT 4 R
EERESUR S SIS B0

OT g
= kg ar =hpe * (T = Ty) (4)

s Ty SRR TAR AR 3P R B 5 b, 9 PRI SR T 8 2o
AT IINER/SON R SIS e 2 Ve SLE Y i

HL RS ER AR ST TS 1 L AR A

T = T (T) (5)
Ao T, () Sy S0 18 P U S TR IR 32 3 3 f, b SO0 0 T
R A AR R AR AR

=h, + (T, = Tou) (3)

HL AT IR S
Tyu =T, =Ty, Hr=0 (6)

o I R] 7 1Y% R ISR RS MR SR ER I 21

(1) ~ (6) 2 T M TE 1) 8, BO(E K A 53 T
A3 2R eI S A M AR
1.5 #ABHRE

DR B AR Y 1 ()R] ff AL Rm TR

T (i, 1) = (%X ) (7)
s T, S TS A A v Tt R T k3 T S, S
i, K i, 535 R RAE B [a) R A, 5 PR ASOUL
BF 20 RIS, B —— X s, R ARR R TEUAR o A A TN T
[ R ) R ZR K, A S A2 IS I e b R B, 2 A b
Fei KRR REEE 4B 8 x,,, W RIB R AL E JH

YIrESH, A SRR R T, (1) S5 AR AL %
B, LR R SR A PRI RO SRS
BB 2R G R O B R

X g B BIS BT RN T 7 L5

1) SMULRSI (8 RO b R k| A1 52 5 B2 1h
IRt Bt ROT O AR S 2558 IR

2) A5 R T T AR RS AR E R AR AR5
At LU Al B AP 2 B AR AL fe P e B
LS A B8 R N 4 PR I

3) ShTEM B S T ) A BRI, dhe it A il
P B T R AL BEIN R [T LT R

4) RINREL b, AT REARE AR BUE

5) O 0 a5 B T R K b, PSR BE BN
(B, 25 80R o 1) D T A7 45 4 R PTR80S /)
{8, XIS HEE AR

ISR AT A EAE SRS A R, 346 B
TR R S S D L xSt AR kT
2 ARSI B8 1181 22 R R (BB Ry 2R BEJEE PR KO

e(x,) = | T, Giui) = T Gioyi) |l (8)
2 Pl Ak Sy B R A B
x,, =arg minfe(x,,) | (9)

A AL R S RE DA T R A, G BRI R A
BRI AR A SCRITIIRR OGS 46 FH 2 b5 TR
O] A N PR IR BN A5 2R | DO 32 ZE A W S
JE AR T A R, IR B AN R

2 LI REGER
2.1 MiKEE

e B R & 4 pros . EAUE FH FLIR A315,
DRRES SR A 1 Ha A0 S B i, 03 19 23 (8] 43 3 1 2



36 % & L F ¥

43

0. 63 mm, 5 AR 8 00 5 HE KA L, DMK ot B 5
A W+20°C ~30°C , FL R I v M e 2R 4 A i
KAR  ARBEATIR A R ARV AR,

(a) AR H S0

(a) Appearance

TR N 3~4 h, SR 5 SCHT AU 29 1 b, {dF i Fi e
AR FE 73 PV 5 SR 5 IR 2l i IS ARV AROR B PR A, ¢
LA 5~15 min,

FEBFR RSB

| WEAE
(b) B E Lty

(b) Internal structure

K4 v It s

Fig. 4 v test device

2 AR 5 8 F MATLAB 405, 3 540 45 B0 1 ik
PO [ REECE SR R AR R T A5 R R A
oAb Z ot Bl T AT IS 7R L 18 AL g
i9-10980XE HY T-AEsk Lz 47, Bk 52 56 0 S i 1T 5 FE B
252~4 h,

2.2 SRISHEM

H ai st = J7 T2 21 et 24 2 550 3t 09 BUR T B, ]
I TE L A O b 0 G 2 R A SO A L Sl
PEAT 22 UK S DK 25 o 52 P [R) o VA 40L T A
b 285 A8 1 A 25 SRR o R S AR 56 A v R R R
o B3, A HE 2 FhOR [E ST AS , i S (a) BTR,

U4 A

S3 G R 1T R R 27 AR EARE LR 304
AN AN He ok % HDPE BB 4 U B8 A, K45
B 5(b) fiR, LS ME 5(c) Fim, 304 RFEWS
PR FCS A A O T ] T R R B I, HDPE W) 5
FL YL 2 1] 5 A 2R BB T 5 4 M R L 1 T 45 R 5
FAM R 5 30 R 802 % (8 EL X, m] 4G 56 ) 3k o o
T2 R BE XE L ) 4 B v A i, (ERT DLGE 3 i T 208
BAHR 22 5 0 ARG BRE SR U A8 R B ISR R B
PRI T2, — B NG AN R B 8 A DLIR A3 R
T, O — 3 T AH N AT 2 )5 TR AR DLAR S A
P, R IEARSH IR 1 iR,

MBS A1
TR BE48 2

; EHDPE 4
(a) HLHRE G AP (b) FRAERE R S5 1Y (c) FRUERE S S
(a) Battery samples (b) Standard sample structure (¢) Standard samples
5 MR

Fig.5 Test samples
x1 WAHEREXSHY

Table 1 Basic parameters of test samples

g FikE i B B Bt LA HPEIRRE Hh5E

/mm /mm /mm /(kg-m™) /(Jkg KT /mm I
ALt 1 299 124 38.5 2210 1145 0.5 AI3003
AL b 2 219 103 33.1 2374 931 0.5 AI3003
ANENREFR R 1 155 106 41.0 7 800 500 0.5 A16061
NEBRHES R 2 155 106 41.0 7 800 500 0.5 A16061
HDPE R340 R 155 103 43.2 961 2 050 0.5 Al6061
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Table 2 Battery 1 repeat experimental results Table 3 Battery 2 repeat experimental results
. kin/(W+  ker/(We+ hBot/(W+ hz/(W+ RMSE kin/ (W< ker/(W+ hBot/(W- hz/(W+ RMSE
St -1, -l -1, -l -2 -l -2 -l B
m K" m™K') m?-K') m?-K') /€ m K" m K m?KT) m?KT') /T
1 21.91 0.78 412 1134 0.09 1 22.86 0.96 302 416 0.06
2 22.86 0.90 675 1026 0.09 2 2. 51 0.96 208 535 0.07
3 23.49 0.86 513 2046 0.1 3 22.91 112 270 406 0.10
4 25.16 0.77 511 3 150 0.16 4 22. 68 0.99 337 320 0.06
M 2359 0.85 >13 Lot o1t B 23.12 1.01 271 417 0.09
XS bR ofE 22 5.5% 8. 1% 19. 1% 45. 5% - ST v 22 1. 8% 6. 6% 18. 7% 18. 4% _
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Table 4 Standard sample test results

) kin/(W+  ker/(We+  hBot/(W+ hz/(W+ RMSE/
LRGED -1 -1 -1 -1 2 -1 2 -l
m ‘K') m +K') m“K') m~:K") C
HDPE-Al 0.85 0.46 89 41 200 0. 06
ARG 4
15. 08 13.52 2 907 2 758 0. 06
B
ki 14.55 14. 13 120 1919 0. 05
BUE2(84E) ' '
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Table 5 Inversion results with different values of parameters

W5 hSide/(W-m™2-K™')  hy/(Wem™-K") kin/(Wem™ - K™") kar/(Wem™ -K™") hBot/(W-m2-K™') hz/(W-m2-K"') RMSE/C
1 5 50 22.07 0. 85 98 718 0. 06
2 10 50 22.27 0.94 150 635 0. 10
3 15 50 23.53 0. 96 212 544 0. 07
4 20 50 24.21 1.02 278 478 0.08
5 25 50 24.72 111 350 376 0. 10
5 15 10 23.97 1.00 212 491 0.07
6 15 20 23.32 1.00 220 499 0. 07
7 15 40 23.41 1.03 215 458 0. 08
8 15 80 23.91 0.92 213 487 0. 09
9 15 160 23.57 0.91 205 558 0.07
10 15 320 23.79 0.99 212 444 0. 07
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Fig.9 Basic structure of surface heat transfer coefficient calibration experimental system
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