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Design of high-power DC charging thermal management
system for electric vehicles
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Abstract: In order to improve the charging efficiency of power battery under the condition of high-
power DC charging, a battery thermal management system based on heat pump for charging stations
was proposed. Taking the power battery of an electric vehicle as an example, the temperature
characteristics and charging time of the thermal management system under the condition of high-power
DC charging at five different conditions of =20, —10, 0, 20 and 40 °C were analyzed. The two
system models were modeled using numerical simulation software for analysis, and the results show that

the proposed system has fast response, high efficiency, and can maintain the maximum temperature
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below 50 °C. Compared with the original system, the proposed system reduces the charging time of the

power battery by 10.6%, 17.9%, and 24.6% at 0, —10 and —20 °C operating conditions, respectively. It

also saves 1.4% and 6.0% of the charging time at 20 and 40°C operating conditions, respectively.

Comparing the charging time for the power battery at each stage, the proposed system mainly reduces

the charging time in the range of 0~20% of the battery state of charge compared to the original system.
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Fig.1 Schematic diagram of battery thermal management
system
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Fig.2 Curves of the batteries internal resistance
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Fig.3 The u-s relationship curve during the charging process
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Fig.4 The temperature variation curves measured at different
discharge rates
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Fig.8 Coupling design of electric heating model in the module

41 ThABBTEEMNBEASEERXR
411 IR TH

P9 Sy e st R AR T30 T 70 H B AR T 5 A%
AR ML, 75-20, —10, 0°C 3 PMAREMRE T.H
T, Gl SV B R G TS i, sh ik
T BE B0 T o RS B R G A X T 4 3kt
FURCR TG, Ad A5 2l 7 H it A AR R
AR THEPH A SRR (3.8C) ., WA
IR B R BEAG, WA ORI e, 7
—20, —10, 0 C T.OLF, TAE[a] 4 5 46 %6 T
45.75%, 40.14% F1 33.71% DLk 2)5E B (20 °C)
JFifE AR RRRE, ERELNEMGER
M, BT A AR KRG, BRI

T ARG SN R TR AR, IR
R4 0 e L B A e bR R 2 4. SR SE LS
1 77 FRL Tt P R AR B A R AE 24 30 °C
4.1.2 R AR T

10 A HL b AE I T 00T SR IR S5 4%
RRARML . EEEIRE 20 C THT, WIHIKHE
TSN M B A 3.8 C B PR A RS, H
I EE R A AAERSE, B RERNAEL
A —E . BEFE MR (R T, H A B
R GEK AR T B AR LA N = A B B, IR R
B HITE A X B I A TR AT . R B T AR G 2 i
¥ 3 7 E bR R R R R 7E 45 C LA

B 11 A H gt e R T8 T FE L R IR T S A%



% 6 1 M-oar, A5 R RIIR ER SR RVE RGBT 635

— AR - R

MR - FRAEER 14
40 =
30
& 20 §
Ul\_
7 0
-10
0 : s —
0 1000 2000 3000
FEHLETTR] /s
(a) FRHEIRFE —20°C
— FEARE - AR
WASURE  FAfiE 14
40p 3
30} liﬁ\\\\a3
2 20t s
e 2 Sz
= 10 =
= i
#2 0r
11
e (U e
) A— : : 0
1000 2000
FEHLETTE] /s
(b) HEELE ~10C
4
13
P =
izl 23O
= 2
= R
b
11
_20 1 1
0 1000 2000
FEHLH ] /s
(c) FREERE 0C

9 REIATHRBERBBASEEXR
Fig.9 The relationship between battery temperature and rate
under low-temperature conditions

XA, TR 40 C TH T, Ko &z ik
WHITER T BLL 3.8 C M mfi R A, (HARPRIE A B
R G e S = S S U o = B B = e S W
T SR M R A R 45 °C WM, MMTFERFE
LI N NS H AR, TR VS B R S
B fERMAME B RS T, s
R BEIRE] 46 C, MR K 49.5 C HAER
PO PR G RE N BT MR Bh i e &
45 CUF, MRl THRE 1.5 C R

O , — g4
: AR TR BE
ast ~ - FEER
R 3
gm- 9
i ¥
Eﬁ 242
5 B
'EJ 30 F %ﬂ
11
250/
20 / 1 1
0 600 1200 1800

FEALHT[E]/s
10 ERTATHREZEBASERXER
Fig.10 The relationship between battery temperature and
rate under normal temperature conditions

50 - — i - 4
- @Mﬁﬁﬁ
540- ================ o
1 X
=3 28
2 =
B3 T "

_ {1
56T
20 : y

0 1000 2000
FEHLE ] /s

11 SREIATEBMEBEASEERXR
Fig.11 The relationship between battery temperature and
rate under high-temperature conditions

PR PR B R 2.3 Co M4 #HAE R T4
e 7 5012, 2 g v it I B A A K B ) 1 e TR
A, FRAEMARETER 15 CR4HF A2 m
MBEREAL . e, FfE ST AERSE, Wb e R
i, mHEARENEAT RS, B DU R
B e, E30 T b LA R e | AR G AN
fe B RIS, TR 9% 2048 B8 3R G A 3l ) Ha Tl iR
B, HRELE 33 C AL MLV EN . SR
T, AERE RGN RO, S id
b 8 30 R S A N
42 ZhhHEiFBEEKITEE
421 IR TH

& 12 S AR T 0 s 3 g b 78 PR A S 3 R
ST Fu H o AR R A R T A R N ] A AR Ak i
Yo T HARSAT O HAR LR PRI 40 C Ry mIHUK ,
AT 42 48 X B A T A e 7 bR R PSR B
Po#h. Bsh i E B A E R RS T 5
M, HEA SR RS BT 4L, wT



636 FoW T Ok % R 2024 1F 2B 46 &
100r 4 mt so0 4 oo 14
HAEE soC
80 |- THBATE 80
. oL {3 B 15
g sof 2 ﬁ% é) 60 | 2 E
?Eiﬂ 40 + E j};g 40 + %
20t 1! 20t 1!
A 1 OIOO 2 OIOO 3 OIOO 0 0 60IO 1 ZIOO 1 800
FEHL A /s 70 HL I [ /s
(&) ~20CTHITRT B13 HERTR ARG S
100 4858 SOC 14 Fig.13 Comparison curves of charging duration under
20 k- %%%%OC normal temperature conditions
o I RSN, R LI R 5E
S b oL 020 THEERIET , PIRAERL T
5 w0l 2 BT K 22 R AR K, (A2 0.4 min,
= |, V0 14 Sy 0 U6 T 0 3 7 L S e
00 0 S Sy %@%%ﬁﬁ%ﬁkﬁﬁﬁ 75 =516 40 °C T
""""" 0 . B R TE AR JE I T N R T SRR R T,
’ O suntirs 2% ﬁm@ﬁm%%ﬁﬁﬂﬁ%@ﬂFLﬁiﬂ
(b) ~10°CFEHLI KA e ﬁ%%%@ﬂfﬁé@ R A1 72 LA SR O PR I
100 ¢ 4 HIRE it e 6 LAY Tmﬁiﬁ? B 1 HL b i S
ol HLAE RAFAE B BR B AT O o 32 R A 78 HL A5 36
. *i%@%s % Bt T R B A AR R . 24 R T 3R e
St S %gfé 2 WF, RO e G, PV R G A BRI FE AR
= 2 DABG R LR B e 4. MR, HIRE FRRIE A
o ® EEEN, FERARS BT i TR AR
ol S S 1! T, P DL A5 A B R L T e ]
rrrrrrrrrr F AN H R B ) B, PR o A e A
0 7000 000 ARG T AN 3 F7 b 2 2.1 min (19 78 HL A
FEHLI /s K, BIMIXTRTE 4 T 6.0% FI TSRS
(c) 0°C I HL IR L

B 12 REIRT R L Lk
Fig.12 Comparison curves of charging duration under low-
temperature conditions

5k S E M AE 0, —10, —20 CHJE FI5 4
4.0, 82, 13.4 min B3 I, B4 %0 10.6%,
17.9%, 24.6% HFTHETK
422 HIRMEETH

113 i i 00 30 ) Ha it 5 L i) L A 5T
P A7 S5 Bl Ao [ 4 AR PR 4R ] 7 B IR 20 °C T
BUF, BT DL EA 3.8 C R
R, FSLH i F TG . FE b NS A
A A IR R T R DA R H R I T AR BRI, s

100 - 14
801! — %#3t soC |3
© ‘ TS SOC
D 60 L e emm———ap - FEEE@?F Q
3 ; FLHLAG AR 3
% ‘ e 2 i
31.?:“ 40 | ‘ =
= |/ T "
- 11
20+ /0 e
0 1000 2 000

FEHLIA]/s
14 BERIATHRBEEILMLE

Fig.14 Comparison curves of charging duration under high-
temperature conditions



2 6 1 nt

S, AF: RENRAE R AR T AVE R gkt 637

4.2.3 K BB HEH X LT

I AR B 7 H A EAS [R] T T 18 78 H R A
XFEC oM, L E PR AVE B R i 7E-20, —10, 0,
20 F1 40 C5 MAFE THF, XF3h Jy i RIPR E
T 7T H I A 6 LR a3 2 IR o

F2 AEARBAREERFETIHNBEBFEMKITLL
Tab.2 Comparison of charging duration under two types of
thermal management systems

5 ANFISOCH 7t H Fif ] /min 4
T
0~20% 20%~80% 80%~100% 0~100% (%)
FE 284 11.8 14.2 54.4
-20 C ) 24.6
B 157 11.2 14.1 41.0
#0201 11.7 14.1 459
-10 C 17.9
X 124 11.2 14.1 37.7
B 123 11.4 14.1 37.8
0C ] 10.6
M 87 11.0 14.1 33.8
X 32 12.2 14.0 29.4
20 C ‘ 1.4
B 3.2 11.8 14.0 29.0
F#H 40 17.1 14.0 35.1
40 °C ) 6.0
st 3.8 15.0 14.2 33.0

t2e 2 Al 2, IR 0 °C TALlF, 3 M bre
EHAPEHRARS PRl T2 37.8 min, 1M LA
AN TF B 33.8 min, AH X T4 0] 45 i 70 L B
£ 10.6%; BEARBTREMN TR, AR iR
Xt sl g e FE B B A A B, AR IR
JE-10 °C F1-20 C WK T, B ARG
P28 40 0] 43 ) Ry L4 0 17.9% F1 24.6% 14 78 F B
Koo MPEEHIRE 20 °C TR, sh/dib i
BT WG, PSR IS B R G T SR L
KT —3UA 1.4% B 220 . 76 &R 40 °C T.40
TR, DR AR IV R g AT R R )
RO, WO T 42U mT b 6% M sE LA .

Bl 7 H 45 By BEFE H I AT T, R A
IR G T 48X 46 0 2h 7 r it 1) FE F A ]
FHAE PR 0~20% B, 2 R R R
PR RG, )J) H i iR A KR S T H
M g [ ER DR TT EG 0 AR kv N RCR 7 T 42 3K
AT RGE, BT A8 B J F i e F AR AR B B
ik e i

5 &Hig

AR SC T 1 i B0 7 R AR DR D) AR LI TS LR L

TR FRESCE, Wt T —FEb SRR R
IR S, @I BTz I R KT
2RI 70 FEL AT 90 AR R A B ) A an
TS

a. TERIR TO0T , 2077 F i 5o i B 19 o5 s Ui
JEHRAE 40 °C LAT o BARAN T g A a3 R
GEPAKCRI N, HAABEIR B AL, WX gh
79 FEL Y 1) TR AR BB B, ] 4 ) Sk Bl e A
0, —10 F1-20 °C {465 10.6%, 17.9% Fi124.6%
T

b. 7EH I T 00T B0E A it s, R A
R G RENE 35 77 H it R R TR B AE 45 ¢ LA
To EAEAIE BRG] sl Sy e 20 °C IR E
T2 1.4% B FEHL I E]

c. TEERTALT, MRS HE RS 0] LK)
J7E it = TR A 46 °C LR, R gk ik
BT 495 C, HWHEAE RGN R PR K
e, IR B, v k3 ) F b 7E 40 °C
TR T 465 6% B FTH AT

d. 3l X E 2l T A B B SR L, FLE
KMEHARAGEHE T HEEME RS, Hksh
77 Ha it 1 7 HEL B[R] AR R L 0~20% BB .

SE k-

(1] JA15. oo R b e R e IRV 4 Byt SR (0], deae
TP B A EBE 71, 2020, 19(4): 4-9.

(2] SR A I, 5L F9 . 45 FH = oo P - S5 IR R A H T X L
Mr [0 IS FHER, 2019, (23): 28-29,65.

31 XA, SRS, I, 4. —Fh 24040 2% Fe B vl Yt P S i o
AN 70 L B (9 22 BRI TS L T % (0] AL RO AR,
2017, 32(9): 112—120.

[4]KHAN A B, CHOI W. Optimal charge pattern for the high-
performance multistage constant current charge method for
the li-ion batteries[J]. IEEE Transactions on Energy
Conversion, 2018, 33(3): 1132—-1140.

(SIS, THM, Bar. ia 4 A b g e R
WF5E [J]. BSAES, 2018, 48(6): 93—96.

[6]JLIYJ,LIKN, XIE Y, et al. Optimized charging of lithium-
ion battery for electric vehicles: adaptive multistage constant
current—constant voltage charging strategy[J]. Renewable
Energy, 2020, 146: 2688—2699.

[77WANG Y J, ZHOU C J, CHEN Z H. Optimization of
battery charging strategy based on nonlinear model
predictive control[J]. Energy, 2022, 241: 122877.

(R 658 B1)


https://doi.org/10.3969/j.issn.1671-6558.2020.04.002
https://doi.org/10.3969/j.issn.1671-6558.2020.04.002
https://doi.org/10.1109/TEC.2018.2801381
https://doi.org/10.1109/TEC.2018.2801381
https://doi.org/10.1016/j.renene.2019.08.077
https://doi.org/10.1016/j.renene.2019.08.077
https://doi.org/10.1016/j.energy.2021.122877

658

g TR %

¥

2024 4 5 46 &

Measurement Science and Technology, 2019, 30(12):
125905.
[13] 2R3CHE, BAREE, Mide, 5. JE T 30GH YOLOVS 19 O #I%
P B G 7 ik [J]. BB T2, 2022, 44(5):
440-448.
HUANG Z H, XIAO H, ZHANG R Y, et al. Multi-scale
based R-CNN method for defect

detection[C]//2019 International Conference on Internet of

[17]

[14] (18]

feature  pair

Things (iThings) and IEEE Green Computing and
Communications (GreenCom) and IEEE Cyber, Physical
and Social Computing (CPSCom) and IEEE Smart Data
(SmartData). Atlanta: IEEE, 2019: 46-51.

DING R W, DAI L H, LI G P, et al. TDD-net: A tiny

defect detection network for printed circuit boards[J].

[19]

[15]
CAAI Transactions on Intelligence Technology, 2019,  [20]

42): 110-116.

WOO S, PARK J, LEE J Y, et al. CBAM: convolutional

of the 15th

European Conference on Computer Vision. Munich:

[16]
block attention module[C]//Proceedings

Springer, 2018: 3—19.
DAI J F, QI H Z, XIONG Y W, et al. Deformable
networks[C]//2017 IEEE
Conference on Computer Vision (ICCV). Venice: IEEE,
2017: 764-773.

HE Y, SONG K C, MENG Q G, et al. An end-to-end steel
surface defect detection approach via fusing multiple
IEEE

convolutional International

Transactions
2020,

hierarchical  features[J]. on

Instrumentation  and 69(4):
1493-1504.

GE Z, LIU S T, WANG F, et al. YOLOx: exceeding
YOLO 2021[DB/OL].  [2022-04-05].
http://arxiv.org/abs/2107.08430.

DENG C F, WANG M M, LIU L, et al. Extended feature

IEEE

Measurement,

series in

pyramid network for small object detection[J].
Transactions on Multimedia, 2022, 24: 1968—1979.

(4f: & 1H)

BABAIAIADA DA DA DA DA DA DA DA DE DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA D E DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA D CIA DA DA DEDADADADADA

( 355 637 1) [13]

(8] 25 %, Vi JEME, i . 4l SR R P S T e th A
HZEAR [J]. BIRHIAR, 2012, 36(9): 1410-1413.

[9] HUO Y T, RAO Z H, LIU X J, et al. Investigation of

power battery thermal management by using mini-channel

[14]

cold plate[J]. Energy Conversion and Management, 2015,
89: 387-395.
TANG A K, LI J M, LOU L S, et al. Optimization design

and numerical study on water cooling structure for power

[15]
[10]

lithium battery pack[J].
2019, 159: 113760.
SHANG Z Z, QI H Z, LIU X T, et al. Structural

optimization of lithium-ion battery for improving thermal

Applied Thermal Engineering,

[16]
[11]

performance based on a liquid cooling system[J]. [17]
International Journal of Heat and Mass Transfer, 2019,
130: 33—41.

NIETO N, DIAZ L, GASTELURRUTIA J, et al. Novel

thermal management system design methodology for

[12] [18]

power lithium-ion battery[J]. Journal of Power Sources,
2014, 272: 291-302.

WA AT, BAT, XIS, A5, 4 0PI Eg 1 Ha v S i m A
FIBIESE (7). 9545 T RE, 2016, 38(7): 901-908.

SHENG L, SU L, ZHANG H Y, et al. An improved
calorimetric method for characterizations of the specific
heat and the heat generation rate in a prismatic lithium ion
battery cell[J]. Energy Conversion and Management, 2019,
180: 724-732.

SAW L H, SOMASUNDARAM K, YE Y, et al. Electro-
thermal analysis of lithium iron phosphate battery for
electric vehicles[J]. Journal of Power Sources, 2014, 249:
231-238.

BERNARDI D, PAWLIKOWSKI E, NEWMAN J. A
general energy balance for battery systems[J]. Journal of
the Electrochemical Society, 1985, 132(1): 5—-12.

CHEN S C, WAN C C, WANG Y Y. Thermal analysis of
lithium-ion batteries[J]. Journal of Power Sources, 2005,
140(1): 111-124.

. ST TS 1 R TS B B T (D). 7
B BB, 2020.

(%if: ¥ 1)


https://doi.org/10.1088/1361-6501/ab1467
https://doi.org/10.1049/trit.2019.0019
https://doi.org/10.1109/TIM.2019.2915404
https://doi.org/10.1109/TIM.2019.2915404
https://doi.org/10.1109/TMM.2021.3074273
https://doi.org/10.1109/TMM.2021.3074273
https://doi.org/10.3969/j.issn.1002-087X.2012.09.047
https://doi.org/10.1016/j.enconman.2014.10.015
https://doi.org/10.1016/j.applthermaleng.2019.113760
https://doi.org/10.1016/j.ijheatmasstransfer.2018.10.074
https://doi.org/10.1016/j.jpowsour.2014.07.169
https://doi.org/10.3969/j.issn.1000-680X.2016.07.018
https://doi.org/10.1016/j.enconman.2018.11.030
https://doi.org/10.1016/j.jpowsour.2013.10.052
https://doi.org/10.1149/1.2113792
https://doi.org/10.1149/1.2113792
https://doi.org/10.1016/j.jpowsour.2004.05.064

	1 电池热管理系统设计
	2 动力电池模型
	2.1 锂电池热特性分析
	2.2 锂电池热物性参数
	2.3 模型验证

	3 电池热管理系统仿真模型
	3.1 整车电池包物理参数
	3.2 整车电池包热管理
	3.3 充电策略
	3.4 仿真模型的建立

	4 热管理系统仿真及结果分析
	4.1 动力电池充电时温升与倍率关系
	4.1.1 低温工况
	4.1.2 常温及高温工况

	4.2 动力电池充电时长对比
	4.2.1 低温工况
	4.2.2 常温及高温工况
	4.2.3 各阶段充电时长对比


	5 结论
	参考文献

