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Progress in Research and Analysis of Structural Design of Electric Vehicle Power Battery Pack
CHEN Nan, LI Bingbing
('School of Mechanical Engineering, Southeast University, Nanjing 211189, China)
Abstract: As one of the core modules of electric vehicle, power battery pack has strict requirements for safety and lightweight,
which must be realized through standardized structural analysis and optimization. By briefing the development status of power battery
pack, the key points of its assembly structure design and the structural design process are elaborated, and the progress of its
structural dynamic analysis and temperature field simulation are summrised. It is explicated clearly that establishing a refined finite
element model and conducting the dynamic performance analysis and structure optimization of battery pack including temperature

field simulation is an important direction to higher level research and developmentl of battery pack.

Keywords: power battery pack; structural design; dynamic analysis; temperature field simulation

0 5§

LBV AR I G HE SR 2 — 2 g it AT Y
— 285 g v R o AR S v Y LR 2 B A A
TR G080 b g, 7 FE 45907 T B ) % 1vd B L
P AT REAT R A5 S BOR A2 2R3 ) L I SR 3
TR TR , LAl RS R B Rl 4 A 57 T AR
P A A A GBI K | R R 57 T PEREEER
FCREART R AT B 028 () A AR N 700 1 1 2200 H e f
FFRETT A RER -, e PR 3t i/ 5 388 o0 25 3 A B3 A
FIRS AT e AL

LR, % Lt ) 25 R BT AW SCRROR R 34 P e He
WAL B 125 REE S T AR SR R
PEBETH T TR XSRS A H I L A AR T
AT RE AR SR IR T 2R TERE S Rt

TR AT T I 4 BT RE I A R I, 4= B
By At Al B A R R ELE 2021 4R, [ B 4
Bl b AR LISE B8 H e A AR R

=TT AR AU R AR ) s i 4l L Bh R NEDC 22 L
FEE it 600 22 HL, [E A LA | T a0 A R A —
KA, FE3h sy TV T BTk, = sh
CERIN R TR SR e = S0 oWy (BN == [ i B D R
FERE A BN e A AT AT B T2 (] s e DY 3R AR KRR i
AE T D BRLAE R G2 1 H b A AR S R VT A K sh
AR IVE B T, L, IR SR R R R v 4
AP AR BRI 7R IS 200 = RE I SRR
SRFER - IR b 8 A8 R A B AT AR AT B Ak, LA
FE R B S A FLRR O 1 2 A T A PR T 1 Y
R A4 3l 77 st A, R M AT A DD R .

ARG T B H SR B r i e 25 T, A
FLWRFT R | 76 A 28 20 7 F Tt A 1 FE AR 24 45 g 1) 3 il
b U A WL TR R, £ H A A Y 3h g 2%
SIATRRLEE 7 ELE IR T4 S R A 1 A BT O L
TS 4000 TSRS | IR 3 005 B Z ] 25 e L4544 7
SRR, BT RIIR A O H it A Rl 22 Ak S il 2R
TEAR SR

FE—EE RN BERE(1953—) 5 BB 382 i E S, W5 A B Tl KSR R ARk R % 6
T B YRR =458 1 T TR =458 2 T, B AMAIRAS P LA TR A% b EA T Tl B ik R e
T, LEE PN 2R & RIS 350 Ak, Horp SCT B 3C 50 £55 BT 630 80 £20 . ek 32 [ Y RIZ b 3 3,
BRALFN 10 T, SRS B R A FE RS AL 3 T E R FARRF 564 Ford T AUIERAI0H K FIH 7 5 FE5R 863 )
BRI SITIE ERTABOCH H I8 SR AL ST bR A VR S0 H 55 30 AR50,



GRERE .

W, % - AL A B A EHRT SRR

1 ERshAEzh Rt RIK

T, RS R K1 & A e R i 3R e,
By 7 Tt A ST RE 7 B S R G 28 VR T B S 4 T Tk
EMREZ—, T LG, =2 H 5 il /7= 5
BN FMESELE, SRS SR A =0t
G TR 7 7 e (W o RS oy W N O W W |
NEPFHFIR, BHT, — Wb 3hafe Fl 22 09 i R i 400
NH BB E LR Model 548527 35 600
OSBRI P I A A e o B AR R T i g 2R
T2 ] = TR R T Y v Tt T L)l 1 A 1 BRI
O 3 (E Ok A AR T B BRSEHE K, 37T
FIE 2 F R I LA F RS i 8 AR | R b B A A B T
DA R e A R GRS R A TR B TS

B ZRE R S ECR R G 5L mn Eckemisk,
RRTE SRR A i 8 e sl it B HLRIAE B R 45
HATH— R R 2 i 3R 30 42 K 2 R “ i o et i &
FAHLBZE IR, 0 R s 2 28 AR T B W it A
LT AT R A S A P AL R, XA RA RT3
FEL LA IS AR 2 B — IR R W SE R T B T TR E s
[FI I FHER ] BEAIR R0 0, B v 2R 40 s A T 30 9 A
PE 5 [ 20  f it A TG 28 rh S, iR kAR5 4 A R
PP AL R R A ok SR R BT o Wb TR AR R
KO BKER fE B, PP A JR R RR TR Model R 31 K H 7
“Leaf” R RASER A, HATIEAE T H

R R B 2209 30 07 H A R BR FHAR T 18650 15
FERL IR Brhd B3k 7 000 22795, 40 E ST 7 0 F b 4 B
RGBS PSS BETT, fRAIE T AT R A2 ek | 1k
BT Y B [ B 45 5 A KT, 33X 7E Y i R — AN R Y 4
o FEHTHL H AT SR IR R AR R R A i g
A FASA TG A, SR 21700 FELISAI BN T b B 2 0
P AT A MHEH T 3L T 46800 AR BN AG EE T L, BALPRER
B EE AR E 960 4, AR e B 2% A R
W AR IR T 3K 2 300 Whkg, HEALAES) J1
A A A A SR, EE il 2 AR T A R R A Y
“TI R e R R R R B, S
O B A IR A E AL 5 4 NS B — Rk B, X
TARI T FEICALA, B T o MBS 2 s 9 (5 A 4 3
PR MR R T R AL Y A B R L P AR A
FELIHL AR BL AN 1 s

2 HEMENERZREWILT

1)) AL AR R Bl A Y G B Y O R
PG AR B T T 4, FLBETT P 2 6 5 o il B A 3k
B HUARESFI SO AT B AR S8 (BMS) B3 R TR LR
Gt AE RGO A 1P B A
2.1 SR

PSS BT T 2R B, U R AR 2 HL Tt LA

I SCEEES A ETRAS T— %, F A2 i i Y A

..

x1 EMIELBEBEBERER

it £l [ BRI R FE it B
LR TEA Model %1
i A3 e—tron
WF B
piates C Max—Energi
FH Rl
A& PR St
=& e i3,i8,X5
Frith (350eL
P, KUY PHEV
LG i Velite5
Frith GLE 500e
A Lb 7 3 R T L L il
K Hriksh EV
TR A TWEEV
L& EU300 =R
o pARY: iEV7
[ = R
A Hi eQ

RIS UE L it AL AT TAEF R R RSB R ,
RREZ R G AL R P v R R R I 0 Aot A A BB i B
HE A 2 SR, I FLA A R 12 PR e A o S A A R
W, I BB M S R ST

BB B R ] — 3 SO A L AT T
BT, R T — o 1 B EEL TS B Y R SRR A R Ak
T LA ) AR 25 A, I A B BT UE S T R B
JAh T i R e R /N F AT B A, 5 R T Bl T 1Y
FE ZARiE, XIJGHR" 2 HI A T NCR18650 Hi ith B4 | 1%
T —3K 18 Jf 24 H A AL b AR 41 2544 , X HLHOHCR A
SRR R AT T 0 B SR A b, B 4 25 4
&1 ERR

TR B
N

WAl
R
Rl

(a) BEH L5 = 2K

(b) b
1 Mt EEALY



GRERE .

Md, ¥ - EHAFH e g SRR

bR R W A AR T, S B L it A R
T2 2R AR Gt ey L 2 25 L RSP i 2k, E i
SERREE A RS 4 B i — LS T, BLRY Bl b
AL BB A 6 AL R A (R R A S ) |
J AR AR T DX AR DX BRI A T X HE
JRERRE TS DX B e N BT R F 23 [ K
HUBRESHRAT < 17 A0 < L7 A0 el 2 s, ik Rhas
AT DA 42 B SEAG T 2 PR Rl — i P R M A i AL AR
PRAZ B s vty T ek A AR il 22 A A AR (HE BT
RESZ ALY 23 A A R AT B, AN T i o L B R R A 5
HUE e

FAF
(SRt 7 )

ST LR
FEHEA

(b) “L” Rpfy
B2 “t+7=x&8 “ | "ABEMEEH
2.2 HEBRSIEIT
T B R St B S5 A 56 R
B B 4 ML, SR R 9 R G
PSS LB A WAy T A H e B BB R T
WP 3 T PR P BT P S 3 £ R
110 5 2 A B B R L PSR G H T 2K BT DA FERILAR,
SERE RO B B S R A . AT B % e
SR IEAE I AL M2 P T A v FE 3% 800
VR R ARG, SO RGO 5 AL L)
TR0 R AR Hh e G T O T P TR AR

3 RitENRSIZITREY

2.3 MEBIGIT

PERBO R A RO HREERL S 2 —, EEAT
52 i L TRLBE PR AE 10 °C ~ 40 °C 938 F LA ) 4
) B T B S g R A SR AR PR i
2 HALSE T IBTE-30 C ~50 C N, Xtes Bt
A BRAR P B G IR AL AL AR IELE , SR A
e R, S ik

AT SCHRR R, PV LR G 2 247 s X8 v
FHASVR A, SN 4 iz o X8 O s AR B (R IR
SR A0 S 26 T X LA D96 AL R T AR AR ¥ 00 A 5
BRI A F AT K ; W% 7 N EEARCR4F , [7] i i)
DAAR A3t S BRRSCER AL AR 2 FRITA) 2 227 2

ERUEE

i

BRI

(a) BERUGHE R L fL

(b) S s 25
E4 FTELHEXE®RE

2.4 IP FhiPi&it

FL b S T R B P T N, VS R TR A R P
RGP L BEAT 1P B 40331, B2 ik 5 47
KB

FERE B4 T, 3 BB AR P L AR A AR
MR o VI PR AT F S 40 (o T 268 2% e e 4 4% i
K AEAHDCIE AU L AT i B AR DMRIE R 0%
B2 AR, ZEBT K BT 242 05 1, GB/T 31467.3.1"7 Hriil
F, M ) B 4 45 9 S TP67 , Bl It 7 i 7 T A2 9= T
1 m ¥ JKEZ10.3 kPa K1 0.5 h, B2 2 W4 1 Bl
PG FE A S SOT R IRALIR TR A B 4%,
P BB — R R % Bl it B i b A S
FE4E 10028 09 Fl Sl 3 AR A b BT Sk BT I R
73 BIVR] (4 Ak 1 70 A3 R A, BR AN 1AL TR ARIE S SR OT A
RS0 B, B O e OC R R, R LA BR 15 1
W AR & R BCR S, W S FiR, SEATR e 4
Tt & AR (I AR R AR o ) R, S HE A PR
—RAEARA 1 22 BT B R I



Md, ¥ - EHAFH e g SRR

B5 ®ERRAMET

2.5 HMERER

IRHURR S A AR S LS AR b B T
R LA AN SN 6 B . e A A 32 2K % 42
E 2R I RU s A D SN BN /N eI RULE TR 4]
MR A W TR R R E L s AT 2R
B AT BT AT RE R L etk B EA BT
MR R RE R BE AR . R IR T R A L
BB —FTRIER

Hilk

MSDt i
JLE R

AT
ol

AR T e
Ji9aE ]

6 ERBSXFRAEMESDRKEN

22 R A AR B SR R B S ik
XA ARSI Z BRI 8 o i3 A R A A PR 4l A, 5
BT R MIRTE R, IR R AT BROT A, 3
LRSS (AP = X e i W TN A e | P DA e s T
Xk F T A A A B, S B T ORMRR 1) A A Dk
AEE RS R AR AR R A b 2R A s UK,
R SRR LR AE OSSR BT SRR, H Y2
A A L L ) 8 2

3 HBEMEmEEIRITRE

AL A BT F AR T A R TT B I PR RE
FITHREER . AL A HLMRES B R R I 7 o, &
LT 400 SR E SRR BT 5 B A A
TIPSR T . SR E AT EA M RES RN E S
KUCECPERE S AT F b AR B A RES B 32 B4R
BAEVEREEDR, AT R AR SR ML T AR R4S 2R
B P RE STt BESR Pt A HRL 5 LA F AT DR I
PRUEAE 22 R G0 ] SR8 47 5 FL it B PR 6 7Y 32 BRI P RE S
B, WL D7 FERBIRE (A 3 b B A 25 by v 8 5 5 3 B4R
HL, I S HL T B A ORI

4.

WA ZEADIZ T SRUGTESHT

! o ! s
ARSI | Etasssmesh | K )
| | m | e
Dossommien | | mkslSt || mewein E
| ‘ | L7
U bl B

B7 Bt EREITiRE

SRR IR VO AR BT (B A i ) A
LA eyt s AL AT 648 T 2 0 AR 5 0
L SRS T B AR TR O FOL AR b AT
St B bR PRI SC SR 5 48 B RS A 2
B W BT A T AL R A R A R G RE | AT A
P RS OK

4 HBEHNERNZEHEST

FRL B B 2580 ) 2 7 R R RO A5 X i it L
FRA R 5iR 2 A AT FEVEHEA T B0 AT, S TR LR BLSE W)
RS AL, SEILSE PR T AL AL, S EA RN A
FRICA> T , o] AR R A 080 i T A I )19 48 T A JRAR
S LAt A A7 BROT AT 2 2 N FL i A T A AL 3045

F T A 5 R 0 L0 B 9 Al 2 N7 5 A R T T
SARARY | Ol it G0 55 P N S B T B AT TR AL
AR SRR A s A R AR A R TED G A il 50T ik A
BRI AT S A PRI E 18] A% 18 07 1k D i 4
A ROy EAR A B A & YRS R B B R RERE , FLRT, W
JH v AL 28 ) Bl ) 2 ) LT R AL E RS e i )
NN EE IV Ty i

4.1 BEEDH

FEL L S5 3 AT 2 LA S 2 B B 19 g
AR FIW R, o7 LA Bk b R BB B0 R e
IR, DA G A R AW AR )

RS R AR AT R AR AT — A R ) A ik
SHEJATFRR N A E i BEAR S R G, A LA R
B ER GRS L — ARSI RS A3 AT O R i R
(1), — BT M AT BJE AL

(K-AM)X=0 (1)
ﬁ:i—f i=1,2,--,N (2)

M OSSR BT R R K R M EEARL R A R i,
TESEAEME LR MK (2) FiR, REBFFEE, 7T L
5B XT B BRI ) 22, N — A NV 4EZe RS A Y — 4 0E
AL, W] LAGE AT 2 1E 38 B A et B 3R A BR TR
RERLEH 0 Z BIRENALTE .

FH LT AL A3 BT 5 B A A 00 3R R R Y f5 R A 2
SIS & i SR R R Y R TR i R T T
JAARER TR A AR L R R AT B
K HHHEALIT

12361 (3)
Ao o SEBTOR  JB250 HBHRPREEK




GRERE .

W, % - AL A B A EHRT SRR

St m s oA &, — BT 1.0~6.3, Mg 0.74~
5.6, WA M 0.32~ 6.3, RHISE IS 0.77~2.5,

4.2 EBhZEHH

HL T A 7 ) 2 3 T R T S R T R A Y
FERRE . BRI T (E T SRR A S T 4 4
Froims 3 s g7 A R TOLT s B T 5 e R iR
(EAE R S AT I T 454 b R B KON T o3 Aii
WA A RR R DT 0 KA, Al £ 2 3 PR R T 00,
by e 68 2 Ly O I B R S LA B 2 B T B LR A
B o N[ T 000 R s AN TR S B B ) AN [
S VEAR 73 Hr A5 B 45 F LA BR T 00 B8 P w1 2 75
A ST R T , A RER A2 P B A9 P9 B ABE 2 A L
TR 7 19 L 5 B SR LAGRAIE A B 2 e H TSR]
SCHRAE SCA A8 AR BR T DL g BE A7 AE— R 22 5, AR
AT A [ P9 b i B 2R, IS4 DA A R o
PR 925 T 00 RO BRI JEE BNk 2 R

F2 BIRBIMRMNEE

IR 5% PR i iz B
S5 (v 7)) 5g
B2HE (y Jr1a)) 3g
I B (2 J5' 1)) 3g

43 HAhESH

FL AL B4 B0 ) 2 20 BT R S KA % 55 A0 BT, T
ST PR R T2 (A 45 A B A AT T R Tt 0 R
BT EARBURAL , 32 G40 38 A8 B [ AR X R 38 A8 4
o 38 JBE 37 376 A 35 B 1 2E A PR 0 T B T, (H B
Wt FR A RRSE , it A P SR R A AL TT R 2 T S
BRGLI 7 A 0 7 IR

TR 4 3 TR RN A 451, 5 43y
b B — A, R b B Bl g A i g R 5 o i AL PR 35
2, DA I RS BE ML R n 28 07 Ok AT,
A T 7R SZ 14 3R B AILAIR 20 B Sl , — T BER AR L
A, 57 P A A ) g R B T R AR bR B, T e G2 v
A0 A A I 2 28 R B8 (SRS AR A ) o H i
e w0 A I R B 0 S X oh SR 0 T R K
(PSD) ., FIRE Ty 32335 2 R B3B3 o A R Tt A 2 i 100
Sl R A9 57 5 i 0 AT Sk AR s AR R 07 4 BT 4 S X e
GB/T 31567.3"" RV AJ fff 5 FiL M A0 2 75 096 2 42 Bk, H
B 32 0 19 BRI o3 I 3R A A 2 0 1 95 57 7 i 43 BT ASS
B, G I B RV RT AR A5 SR | (P2 AT 1 R R A ke
HL b AL Sl S (A B KA, TR R VO 2 R A A 1 OC
R L PRI B TR0, S8 A At TR

FL Tt A0 P R 2 R G A 52 2 , A PR T S5 AL AR 7 Ak Ak
B RE A, H AR 22 HOR F LT i 5 35 76 T e b A AR
TR TR 6 R AC 3 A A, 25 S SEAR W] T A9ty
B2 S — S A A R b A AT T RS R T 2R b, &
PR RTERE K BRAGT T y 5 M B S A T AR fa s X 3, 41
ot I R A6 O ) FE SR AT T Ak, A5 3 T Rtk 45 A T
o XUTCHR " X OB — 3R 3 e A A kA T
TR AT, FE T PO A 40T 254 1 A 1F T, 5 3

T H PSR RS 2 A5 20 2 30 BR BYRT 5
BRSSO T AR | A R AT AT R, 2
2 Xt I PR RS R i A A T T Bl T 2 A ) 20 B4y
M, FARIE D A 64T T 4540440, 328 T2 = 1b 13K
W Y X 3h S A A T A BR T AR S RS 4
Mr IR T 3 R Ay 52, BRSCEL T 4 M4 a1k S figk o
TR, HARTMANN M 251 %of oy s A8 AR TR 47
LR AR (B SN E 2 3 2 S+ T Al 1 [ A S
DO s 2| 13 el S W A e o et = | 2 R T

®3 RitEBEHESRIRE

B8 $51%&/Hz RN EBAL
1 58.125 Falk b
2 63.858 FERIEHT
3 64.681 LN
4 74.420 Falk L
5 97.598 Falk b

Db B i e A 43 By vk LB L (AR ) fL
JE H AR, 220 T PR IS L A3 43 4T 1 25 1 5 i), %ot 3
A FEL L AL S5 4G B0 7 2 0 AR E IR AN TS 4. R
TIEAT BORS B2 DL R S5 ST S 3 o2 ey TR ER
ALBERY RRN AR A3 S 28 7 r A G A R R i A A
R VHRET PRSI () 2 SRS Sk e LA R AT T R B S
5, R SIORE At A8 (1 o] A 400 2% O 4 0 S e {E, B T N
TRBORE B A6 B B AR ST T R AL RE AR
ACABETRY | 30 AR A S B0 B E TR R (A A, AT T R
W ELTE RS BEDLIR o R0 B A w5 T B 235 44 361405 R0 e 325 ik
ATEEME , A BN [R] fl o 7R TR — 00T A9 O2 0 R s 3 22 B
B, A A D BRI T A M EN S %, XK
APV R T A RIS, @S TAS AR I %t e gk
17T RERE B 9% ol FI9R3h 59 5 T2 hT , AR 4 43
Mra a4 T T HMEAL AT RS AL , SE3 T Ha vt A ) 4% i
b, ATHEMEAS B T8, KUKREJA J %2053 T —Ffg
Tt 0 AT 2 0 4 TR A ) e o 45 4 - S A A AR R 4
B FR Tk R T A S0 A

5 HittBERERTESHT

FEAT RS R F vt A A A L B A A R
B USRS Bt AT R, A2 T B MR R T
UL 27 A KO S AMERIR PR L T, L 2R Tt
AT IE R AR A v ARt P R e 2 f P & AR
ORI, HM R A A EOR T IR T
PV T AR SRR AN TR T H T A S 1 25 R AR A
T EE IR A R LR A R DA I e i N
A AT B B A n] sk,

M R ARG F Yl B Y 57 A RE A ST H i B
PR B g v 2 5 R SRR Gl CFD i 4ET
ST AR B B IR A HEA T 00 B A, TR Sk
P AR AT IR SR L S A A it DA R 3 A b
AL EE P PR T (R R IR e A R
B SCHEE S ) LLBONS 5, 8 50 52 B R T 8l ) 24 Wil ) 52

.5,



GRERE .

W, % - AL A B A EHRT SRR

M, B4 0 155 P R 1 i 55 T P A W BRI LAl 2% 1
TEGHR, 2 SBAEPE R R TR SRR
ORI TR, X7 T HATE BIRAZ

P BT T AnE 81 BT A L i B A A, O X
BUCAEE R BCTiT A N AR IELEE S BEAT 1T CFD 44U, ek 45
PP ol JF PAY PR R X B8 ) e v s B AT i R AT, 6
TR EE R, TR XA R
HWALHEST T CFD i B30T, X A AE F ARV 2 )2
VAR LA B SUZ W B2 50T i BE S AT, O e B
XUZ MV BUBASCR B, 5208 504 PO R iR, )
N A SRR T i S AL T T — T Bk T
T BV EN G, I 98 TR . HELIUS SR Y H A 2 AU
B 3@ 1 A kB, R I e £ 0 ORI iy T A
W S e 3 R M 2 R IR P A0 A B T — Rl T Y
2 SR IE ] T T RO OSSR A R, X
AT T, AR GRS ¥ HUSCR S AR K

BHRA

HL it A

BRI R

B8 BAEEHM

e —

[=3.6 mm

IR 6.8,10,12,14

9 RUNBERFERESEN

4=0.3 mm d=1.9 mm

O gEn

FERS 5T, ZERKSE D SN T Lt B0 A AL, ST
T KB 7 AL Y = G ST AR AR N AR R T T 0 T
HR XU ERL Tt L3R B 43 A RS R, R IEAT T S5 R Ak HOHR
ORI i, MAHAMUD RPY 2535 4b Hh ik it 1 —Fh i
IR R G, 7 72 B AR X B o) KA T BRI

6 Z5iE

ASCRES T HETH M R A BT IR AR )27 i
FEG 0 B TEBUIR . A AL 32 3 T BL A 2%, T >4 AT B
LK 757 53 AT S R S 05 L 3 A A L S, S
ARV A0 7 SORAE A1 Ry, 0 3 g Bl g 2 MERE R
MR, AL, F TR 2450 it 0 F0R B s AR v
MWL LRI 20, 220 T A/ N B4 3 273
I, f b AL A ZE R DAL BT AR R SR 5 5 IR EE
I3 3% , S ST SRS 40 B A R OTASE A KR ) 2 47 ELAD

.6 -

TREE 7 05 L, A RE SN £ i v (5 AR SO0, S 5l 0 it

IR S s T 2L,

B2

(1] Escfl, FEmile, 22 THE, 4. B4 d b A 45 i LR 3
ST I]. REE L4 ,2016,6(1) :10-14.

[2] ffig, X4 B2, 45, BT FEM (4 3l iR A Hedde B b A
BT S OAE1]. HlE . A3ifk,2012,34(24) :104-107.

[3] ZHU J E, WIERZBICKI T, LI W. A review of safety —focused
mechanical modeling of commercial lithium —ion batteries [ J ].
Journal of Power Sources,2018,378:153-168.

(4] BT, TR PF, 55 & — 3Ral v 3l 3fe JH 4 v vl A 1R f 3t
L] RIS 2015(8) (42-44.

[5] ZHAO R, GU J J, LIU J. Optimization of a phase change material
based internal cooling system for cylindrical Li—ion battery pack and
a hybrid cooling design[ J]. Energy,2017,135.811-822.

[6] MAO LI, LIU Y, WANG X, et al. Modeling and optimization of an
enhanced battery thermal management system in electric vehicles| J ].
Forontiers of Mechanical Engineering, 2019,14( 1) ;:65-75.

[7] LIANG J L, GAN Y H, LI Y. Investigation on the thermal
performance of a battery thermal management system using heat
pipe under different ambient temperatures| J]. Energy Conversion
and Management,2018,155.1-9.

[8] CHEN K, WANG S F, SONG M X, et al. Configuration
optimization of battery pack in parallel air—cooled battery thermal
management system using an optimization strategy [ J |. Applied
Thermal Engineering,2017,123.177-186.

[9] WANG Q, JIANG B, LI B, et al. A critical review of thermal
management models and solutions of lithium—ion batteries for the
development of pure electric vehicles [ J ]. Renewable and
Sustainable Energy Reviews,2016,64:106-128.

[10] ALRASHDAN A, MAYYAS A T, AL-HALLAJ S. Thermo—
mechanical behaviors of the expanded graphite — phase change
material matrix used for thermal management of Li—ion battery
packs[ J]. Journal of Materials Processing Technology, 2010,
210(1) :174-179.

[11] MEHRALI M, LATIBARI S T, MEHRALI M, et al. Shape—
stabilized phase change materials with high thermal conductivity
based on paraffin/graphene oxide composite [ J ]. Energy
Conversion and Management,2013,67:275-282.

[12] SRIFIE. BT sh S Rtk i B sl v e e o 48 4 i s A7 45 4
ALEFFE[ D). Kb Wi K,2013.

[13] ZHOU M, PAGALDIPTI N, THOMAS H L, et al. An
integrated topology,  sizing, and shape
optimization[ J ]. Structural and Multidisciplinary Optimization,
2004,26(5) :308-317.

[14] ZEARIE. /NBUAL L ZRZE S D AR AR BT[] R TR,
2012(5) :23-24.

[15] &85 b GBI S5 BT 5 00 (D). JZIT. 2T
T 27 B¢ ,2020.

[16] XITTiR. S Z7R 4 b @Bk Rrr e (D). ™
A ARHRE,2016.

[ 177 e N RN ) 5 5 M A 0 A2 SRy , b ) ) S v
LB HIZ 7123, GB/T 31467.3—2015 WA T3 )
B HRSE 5 3 75 MR STk [S]. 4t
AU PERRE L A, 2015,

approach  to

(T#E 107,)



- HUHIE -

TORMS S . AR AR Cr/DLC R A S F AL e Hh

350
1300
L 20¢ 1250 £
Y <
15t 12008
B i S
10} 1150 &
st 1100
¢
0 ‘ ‘ ‘ ‘ ‘ 50
5 0 -50 -100 -150 -200 —250
SRRV
5 E&REX DLC HIEERZ
S AR S B N i 2%

TP TR AN R R A MR AR T

20
167
Z
iE
=12
5¢
g
8L
L]
4 | L L L L
0 =50 -100 -150 =200
BN iNAY
B 6 EABEX DLC HEIGRER
AR

3 iR

1) B HE A O 049 R, DLC 5 36 T e B i />, 45
P ENNECE 00 V- R TDHURE L A

2) AR T, DLC WA A S e b, FH S &
B OB U R B T 1 R S TR AR

3) Raman JGIE UG 45 5 R W1, Bifi 25 5L 0400 F 9 318
DLC R 1,/ T (RS W, G W m (R E0 M8 3h, I i
Fifl, sp” 2 LB R ZURREER N, AR sp S B T,

4) DLC 5 FE2 0 3 P Ak 359 B A i 1 99 7
HOTC RO ARG SR 28 Ay, 5 T T A (E Y B A ORIy
=200V i, E RS R 15 R S A i e o e AN A
THEIELE S TERER T
SE K
(1] ™H. 8484k A 4 UNS N06600 1} e #4 & J&5 b Jit K] 43

Brla]. MBS A 21k, 2019,48(6) :78-81.

[2] ROBERTSON J. Diamond-like amorphous carbon[ J]. Materials
Science and Engineering: R: Reports, 2002, 37 (4/5/6) : 129-
281.

[3] NIE C Y, ZHENG D Z, GU L, et al. Comparison of interface
mechanics characteristics of DLC coating deposited on bearing
steel and ceramics[ J]. Applied Surface Science,2014,317.188-
197.

[4] AL, BIGAE , W AR TR, 55, 28 4 WA A J b A S v 14
BESEES BT ABIFE )], RIHA ,2019,48(10) :172-179.

[5] X2, 20, T/00 55, (i JEXT DLC {45 iy B B 42
PEREMFEIR [ ], RIHHK ,2020,49(3) :141-147,161.

[6] CATJ B, WANG X L, BAI W Q, et al. Bias—graded deposition
and tribological properties of Ti — contained a — C gradient
composite film on Ti6A14V alloy[ J]. Applied Surface Science,
2013,279.450-457.

[7] FBete XN, MIEr, %, BEYE IR ST WS,/ W/DLC/W £ 2K
MO EE 1 S BE S 2 PERE [T ] . W 4 IR B RS T 72, 2020,
49(4) :1295-1300.

(8] Ao, FNRR N , VE 22 38, 4. 55 Sl 3 Ik b i s W S o) 95 e ik
WS U T]. AR ,2019,48(9) :53-63.

(9] Wi =, L, IRt 25 SR NI IEOF T ke[ J]. Bt
T#2,2017,45(3) :119-128.

s HHA:2020 -12-10

J\VAVAVIVIVAVAVIVAVAVIVAVAVAVIVIVIVAVAVAVIVAVAVIVIVIVIVAVAVAVIVIVAVAVAVIVIVAVAVIVIVAVAVAVAVIVIVAVAVAVIVIVIVAVAVAIVIVIVAVAVIVIVIVAVAVAVIVIVAVAVAIVIVIVAVAV VIV IVAVAVAVIVIV AV VAV IV IV IV Y

(EEF o)

[18] 22RE: BT, A=A, 5. BRI L kL) Iy st A A 4 S50
FLT]. FMRR2E2EIL (T2 ,2020,50(4) 1 1227-1234.

[19] ZEalehf AT7%: AT, 25, Sl 3R 4 B A IR S5 F 40 Hr
Siem it [J]. 2R Tk, 2020,48(8) :91-95.

[20] W WFWF, X B0, 7 BROTAIZS /0 Hr B S R FH (T, AL T
5 A3k ,2007(1) :73-74.

[21] LHRRZAEER. Bt 25 BBk [ Z]. L. i
R ,2017.

[22] FMEHA. 2l SR G 4 A S5 M R Ak T [ 0], Wi
A ,2020,44(6) :891-895.

[23] Zmba. HEaid SR A a4 Bt i ik D], &K
IR K2, 2016.

[24] ZEg% X7 7, k8, 5. BRI AS &
SERALL T]. BT AHLAK,2020,38(3) :83-86,91.

[25] HARTMANN M, ROSCHITZ M, KHALIL Z.Enhanced battery
pack for electric vehicle: noise reduction and increased
stiffness[ J ].Materials Science Forum,2013,765:818-822.

[26] BRET,BRET, 5T, 45, 25 ORG B f it B o (A sh ) 24 R Y H
RGN b ARSI AT ()], WS SRS, 2018,
38(HEFI 1) :19-23.

- 10 -

[27] BiHEEE, =G R, BEDLIRSD S i 56 R e s b
LERNAE T[T ). 9525 TR, 2017,39(9) : 1087-1093,1099.

[28] XUZKGL. FHRe I A b A FROC /AT S Ak D]. B
L7 Tl K2%,2018.

[29] KUKREJA J, NGUYEN T, SIEGMUND T, et al. Crash analysis
of a conceptual electric vehicle with a damage tolerant battery
pack[ J]. Extreme Mechanics Letters,2016,9.371-378.

[30] Pt T CFD #riri sl it mas kst [ D], K
b I R, 2020.

[31] TRAR AR R, . B8 130 i i iR e Heh sy
PrEAel)]. BURSHIE,2021,49(4) :160-163.

[32] BI/NEE, R, R, 55 R TRUINETE T I 4 00 [ FE
MR [ T]. WL R %23 (T 22 i)) L 2019,
53(3) :463-469.

[33] Z=BkI%. M3 Bes 05 50 [ D]. M B
HT RK2%,2016.

[34] MAHAMUD R, PARK C. Reciprocating air flow for Li-ion battery
thermal management to improve temperature uniformity[ J ].Journal
of Power Sources, 2011,196(13) :5685-5696.

I fs B EA.2021 - 11 -29



