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A charging/discharging thermal circuit model for energy storage pouch lithium batteries
considering dynamic and non-uniform characteristics
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Abstract: Existing analytical and simulation models for lithium-ion battery thermal behavior encounter efficiency or
accuracy challenges in energy storage applications. This paper proposes a thermal analysis method for pouch lithium
batteries considering dynamic and non-uniform thermal characteristics, providing an online state evaluation tool for
energy storage systems. First, a thermal circuit model and analytical partial differential equations are created to capture
the dynamic and non-uniform thermal characteristics during charge and discharge. Second, an iteration mechanism is
formulated to determine the solving parameters, and a solution algorithm with balancing accuracy and efficiency is
proposed. The proposed model and algorithm are applied to the temperature evaluation of commercial energy storage
lithium batteries. Experimental results under various charging/discharging conditions show that the proposed method has
a millisecond computational cost and less than 3% temperature error. The parameter calibration and iteration mechanisms
enhance the engineering applicability. Thus, it demonstrates good application potential for the battery management system
of energy storage.
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Fig. 1 Laminated structure and non-uniform thermal

characteristics of pouch lithium cells
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Fig. 2 The proposed thermal circuit model
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Fig. 3 Three samples suspended in the chamber

during each experiment
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Table 1 Battery specifications and operating parameters

AR/ T AMBRSE HiE BWARE HEEEE  RKEE HAE XRSRE YRSRE ZRSRE BRAN
5 LwW,H M, 100%- Sy U™, U™ ™ Cea Ky Ky K, by,
CX A mm g Ah \Y% A I/(g'K) W/(mm'K) W/(mmK) W/(mmK) W/(mm>K)
Hfl 112,61,5 76.9 5.0 3.0,4.5 2C 1.05 0.015 0.015 0.0039 5%107°

TE: 1C 248 1 h IXT SOC 24 100% 1 4R b R AIE FRLAL, XTI rAE AR, 1C AN 6.25 A

BB RIS AR R AR - (1) B REA 5 T8 %
HiERE, THR T HEE SOC N 100%. (2) BiFEAT
B TRERRAAT, weHEENT) =25C, &
Folh, iCRIPEREE. 3) XREA 1C RS

10%SOC, #FF 1h, 10T H R R K.
4) EEAHAB), HE SOC N 0%. Kk s
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Table 2 Results of the calibration experiments
roC Soc /% 100 90 80 70 60 50 40 30 20 10 0
tls 0 360 720 1080 1440 1800 2160 2520 2880 3240 3600
25 v 4.55 4.43 433 424 4.11 4.02 3.95 3.92 3.86 3.81 3.74
50 4.40 430 4.19 4.10 3.97 3.86 3.78 3.77 3.70 3.64 3.57
c/V 61.2x10™* 53.6x10™* 552x10™* 552x107* 55.6x10* 62.4x10* 67.6x10™* 59.6x10™* 63.2x10™* 66.8x10~* 68.8x107*
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BT =50 C. FHE T, ()=T"+1120, T, (1)<
85 C. Wil L NI PRI T: (1) WK 4 Fr
TN, T FERE A2 THI 110 W0 557 7 B2 A1 B P A R
(%45 : MiniSens-Pt100-1/5-1EC), %% & 765
w&. Q) WERKLARENTY, §E 1h. 3) L
fHI 1C L ZE SOC N 0% 5 78 L ZE SOC N 100%.
4) FERR I AH IR 15 min, {8 W0 SRR T5
TE o HARPIFN TH0 AR P IR RIS FE A,
Fo L T 2% AL AL TR 3 4 60 s 7 2 i HH R L R
U SNSRI T, o 0 UFREG S5 Wk 3 i,
Herre o TS ARREIN S o« B HIRSE.
3.2 RESMERIELER

EF SRR, FUHRE B BT S 5k
WhEE: BVIFBRBRU, RS, BERE U,
X 1) ) — e S 5 7 R i 2 TR0 A T AE 3%
W SIPR T HE R AE — e BE R

Negative
tab A
W
. A L:-
Positive Point 5,
tab i 20|
20
Point o
W
Vi
\'4
< L >

4 BESER P HREE RS E

Fig. 4 Layout of temperature sensors in validation experiments
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Table 3 Results of the verification experiments

THL t/s 0 600 1200 1800 2400 3000

3600 4200 4800 5400 6000 6600 7200 7800

Uc/N 429 413 393 377 366  3.58
T T4/°C 250 441 446 446 446 451
TA/C 250 329 335 326 321 332

ref

3.50 3.74 3.89 3.98 4.14 4.37 4.48 4.48
443 42.6 39.2 37.4 37.6 38.3 38.8 32.8
345 339 323 32.1 33.1 333 32.7 32.8

Uc/V 4.36 4.20 3.99 3.84 3.73 3.64
7w Te/C 50.0 65.7 65.9 65.6 65.8 66.9

air

/)T 50.0 57.1 57.5 56.7 56.3 57.3

3.49 3.75 3.83 3.89 4.05 423 4.48 4.48
66.8 65.9 63.7 63.1 64.2 65.1 63.3 57.0
58.4 57.9 56.5 56.4 57.3 57.4 56.8 56.9

UV 431 412 397 382 371 3.66
T,()  T4C 250 461 507 548 598 658
TAC 250 357 4Ll 455 502 562

ref”

3.50 3.72 3.75 3.82 3.95 4.10 4.48 4.48
71.1 75.7 79.3 84.6 91.9 98.1 99.0 92.7
62.6 67.1 70.7 75.7 81.8 87.0 91.5 92.7

x4 FFRBEMEBRUNSHURIE

Table 4 Parametric expressions for the open circuit voltage and temperature-entropy coefficient

HEZH fiEtr ik

Soc(?) St < 3600) = 1-1/3600, S, (3600 < £ < 7200) = 1/3600 -1, S, (¢ > 7200) = 1
U, (Soc) 0.50S,.” +0.31S,. +3.76

¢ (Sec) —0.168,c° +0.5280" — 0.5850* +0.27S,> —0.0418,> —0.0031S,,. +0.071
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Table 5 Parametric expressions for the operating voltage under three conditions

T BAE R RIER
Y Uc(t) =1.64x1072£° =3.09x107%¢° +1.78x107¢* = 2.08x 107" = 2.05x10°¢* = 2.61x10™*¢ + 4.29
v Uq(t) =3.04x1072° —5.87x 1071 +3.92x107*¢* —9.99x 107" £ +1.08 x107£* —3.32x107*¢ + 4.36
T, (1) Uq(t) =4.52x107£° —8.90x107"* £ +6.38x107*#* —1.99x107°£ +2.97x107¢* — 4.44x10%¢ + 4.31
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Fig. 5 Iteration procedures under the three conditions
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