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Determination of heat generation rate for a large-size vehicle pouch
lithium-ion battery under high and low temperature rise conditions
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Abstract ; The paper proposes a heat generation rate measurement method for large-size pouch lithium-ion batteries used in electric
vehicles (EV) , namely, the thermal compensation method. The curve relationship between the battery heat generation rate and
operating current, temperature was studied, the effectiveness of the thermal compensation method was verified with the conventional
method using heat flow meter. Finally, combining these two methods, the heat generation characteristics of the battery under high
and low temperature rise conditions were studied. The study results show that the average calculated deviation of battery heat
generation rate based on thermal compensation method is less than 5. 6% . The battery heat generation rate increases with the
increase of operating current, and the relationship between the two shows quadratic nonlinear relationship. The heat generation rate
of the battery under high temperature rise condition first decreases and then rises with the depth of discharge as a U-shaped curve.
The average heat generation rate of the battery under low temperature rise condition is about 13. 7% higher than that under high
temperature rise condition. The thermal compensation method proposed in this paper has the advantages of high accuracy, low
cost, simplicity and flexibility. The research results can provide a guidance for the establishment of thermal model and thermal
management system design of large-size pouch lithium-ion batteries.

Keywords : large-size pouch lithium-ion battery; heat generation rate; high and low temperature rise conditions; thermal compensation

method ; experiment test

sk H 31 .2021-01-09 Received Date; 2021-01-09



38 U #H £ ¥ W

F42 8k

0 35

i

U, AR LR T P A S i , HZ i RE
TEB AL TY | v L2 114 B 12 8 TR 280 M 1 K, 3 fef il A2
ZNOUN S N7 S B Y & i R o B S IR S T <5
F L RS R 3 R A T AR R b = A P B i 22 30
o el b A IR B L R, ELIR MR 2, WEgE R
WY, A e 1) A T R R ™ i e 8 R Y Y AR PR
AR At B, 3843 4 A % Pl 8 7 4 Pl il 4
TR AR BRI, SOR P AR R IR 25 °C R L
VRIS (I FEFE RIAE 32°C AN (B KIRFAA R T 7°C) . H
HATF 22 9 T Ha i AR A3 00 I3 o 8 e il T T
(high temperature-rise, HTR) & 7 f&, SR TR==511
AT 4 A NN G TR e e R e = B A
IR T} (low temperature-rise, LTR ) T./%¢ B A $HOR A 43
PrHAEZ o0 T ARt RA SR

HAIT , N A2 28 X0 B 1 v Tt A PARE PR 1 BF 5 T
KREUAZE Ry PIA J5 1H] « H—380 3b 37 H b A A AT AR
SRIG B LA S50 43 B v 3t A FROR B 5 5 — TSR T & FHAY A
S3 BT LA A BRI o TE T A A TR L B AT 43y
3 2 — 2 I AILER 2 A7 A 9t A RV . Bernardi 45
A b T A a2 B O 7= LB 1 A, B T A A
B AT AR TR G RORIAH AR BRI H it PRI
AT B AR ORI T FIR EAL 2 — Kim
SEDVRIA AT 2 IE T Bernardi H LR AL R A S T
R 9 A B3 IR 48 6 SO R LIS T R YL IR B 3 1)
G3Ai , BET Bernardi H Az BB TR f) R 3 A BRI
T e LS FL T 1% PN BEL R 7 2R A S
5 R e S I 3 fRT SR YR TH AR AL, Drake 451
BETF Al R R ST B T R A A AR SR A
AR R H#UR 3 (heat flux-meter, HFM ) W50 T 5, i #4
i, 48 Tt i AR AR AR 32 R R RN T A O R R AR
Sheng %% J&F BE T 1H 8 AR T 2% AR 11 H b 2
PORALBAARD 5@ S SY T )5 LikePO, HBAEAR
() P53 1 B R4 P A5 30 T 1 A AR | i S v v ) A AR
R A UL ) B AT RO R AT SR i 1 RN 4% K, Zhang
AT S 7 R R B 5E A (Fourier’s Law )
7R Rt Y A S B AR TR S e S 0 3 P el ) A A
MR ETE 10% LA 3 55 =22 X T g i 21y
WFFE, D TR Al -G 5 AR | r -G 5 A
Wang %5117 3 b 7 F5 F FL Tt 1) P2 - RO B AR
BT H SR H B N R 5 O T ) I B R P I 0 A 4
05 ER Iy A L, T B E i g 1 349 1 o R R S ) B
KU ZEBAR . BB EGE F T/ RT3t 9 4 1 LB
GE o A T A R SR Y - S AR 4)

Al Pl 5 e A A 0] R PR B JBE 2 e 4 R R
B 17 0G0 2 MR BE R AR PR XE R, Cui
SR T TS T L Y 3 Bl AR S B
B A3 BT T IR P 2 5 e A 3 A B 0 S i AR 1) A
i) SRS B0, SR % RIS I i 7 I, Lin 5 0°OR
FH 0 28 $ #Y (accelerating rate calorimeter, ARC) ff
GE T KRBT IE B PP i 1t 9 2 BRR I, 48 ) At Y
A R Z IR fof IR ZS (state of charge, SOC) Al T
YRR RS, I 388 3ok 5 (8 07 L2317 1 D0 3 8 L 4 v
Bk, WM, IRA V2 LR AR R ARC 4
TR Y (isothermal battery calorimetry, IBC) e N NE
IF5 P L 8 A ARR I TR IR R 0 AR wfE LA
il

L5 LA UIESC TR 7 i i A PR R BF S 2
ER T/, HZ R AT ARC IBC 54 5 i 17
Sy, A L E AR AR P AR TR R . SR B L
RO BASE I, B 2 A0 DR 0 e 5 /) i e LA
JERRGT H b Ay A AR i, HLBTIN HTR T A L it A= 4
FRBOE 2 BT A X I PR B R TR, e, AR
FER T — P fa] e i) v v 2 BRI 37—
FEAE B AR H R BRI B0 UE SRR A R
BT, B AR R R, ST SE T e HTR
Y HL Y A AR5 T AR H 3 AL L IR T ((depth of
discharge ,DOD ) 2 [&] ) Hhek e & md g SR os 7
HLMPE LTR T (R T XUBLYS 400 H 3t 2R FH P30 11 1 v
W THT PRI BE ) B AR AVRRE . AR SCHE A PR
FAR | 5 R 06 AU & P B2 AR S L 3
TE L SV 30 g it R G IS T S A0 T T B B
PR S T B SR TR FH A

1 EgHh

1.1 #iMEE

P T AR Sl R v AR A A S A A
— BB AT (o) Bl HL I AS S WS, R Y IR T DS
— AR g, (o) PR TR T AR

1) BT Rt~ E &, it 3 SRt ¢, (1) -
dT, (1)

& (1)
Hfie, HHEMAIILIA I/ (kg-K) 5 m N HIBAY TR,
kg T, (¢) M H R, Ko A s,

2) FE T AR A A, Y 1) ] A 5 O A A i
q,(1):

¢:(t) =hA[T, (1) - T,] (2)
Kb O H R T S PR BT R R R B, W/ (m® - K) 5
T, NASEREE K A HH AR, m*,

q,(t) =c,m



%83

FIbR A5 A TR i A e i Y A e AR T 00 T 2R SRl s 89

For b TS R S S

demp( t)
s de
"G - 7] )
R T, (1) AR A TR IE K.
AL 20 P
ar,(1)
a(D) =hALT,(1) = T.] +e,m (4)

de
Hfoq, (0) AHRMAERFE W,

A (4) AT, HOBN 2R o b TR el R Y TR TR
AT, (1) /de FIAF PRI EL b, BRI G2 i o ) A AR |
1.2 EMARKITE

H b TR A A A 0 A i DR B T A 1 B
T ECT R BB AT, e LR TR AR B ¢ (1), %5
HOAT A 3 R AR A A

q;(1) =q(1)A (5)
o (o) a5 A ST 7 Az 9 1T BV IAE 25 13 (R
?ﬁ) ,W/m2O

FL b [ S 1 A e T el (1) R O e b Y
RFEIR A

dTl;(t)

g, (1) =q(1)A +c,m (6)

it (6), H OB AR BCH T 1 o A b 5 IR R
AT, (1) /de FRTEHGREE () RIATSRIBCE I 9 A T3
ASEBRRT A /e HTR \LTR K A8 HIDA
UK ME A 5 LA SO FE BN T 000 T B4 b

2 SEIERK

2.1 WK
SCU X G o 7 P 1R LL R 0 AR A R R, IR A
A R A (i (Nig 5Co, ,Mn, ) O,) , T il A1 KL k41
= S EINER 1 PR,
*1 RE=TEBFRBANESH

Table 1 Specifications of pouch ternary lithium-ion battery
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thermocouple and heat flow meter measurement points
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