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Abstract

Lithium-ion battery (LIB) has a high energy density and low self-discharge rate, and it contains
less toxic metals than other types of batteries. Because of the advantages mentioned above, LIBs are
called environmental friendly batteries. With the fast development of alternative energy and electric
vehicle industry, LIB has become increasingly popular in the application of stored energy.

The charge-discharge property, heat generation property, as well as temperature fields of the LIB
under various thermal management systems were studied in this paper via experiments, theoretical
analysis and numerical simulation. The charge-discharge property of LIBs at different temperatures
and LIBs used in electric vehicles in typical months of Northern China were tested respectively.
Result shows that the LIB pack has the best charge-discharge property at 25°C than that at other
temperatures. The performance of LIB pack at low temperature is poor. Module temperature and
average monomer voltage changed stably in electric vehicles, but the performance declined in winter
and summer. A battery pack thermal conduction model was established to study the heat generation
and thermal property of the GBS-LFMP100Ah LIB. The result shows that, although theoretically heat
generated within the battery can be reduced by radiation, the temperature increased significantly when
worked at elevated temperatures. Thermal management numerical simulation was carried out using
Fluent under PCM radiator system, heat pipe system, and small heat pump system respectively.
Results of the simulation show that PCM radiator system can keep the temperature of the battery pack
within a range of 42~45°C; heat pipe system can keep the temperature of the battery pack within a
range of 35~37°C; and small heat pump system can maintain the battery pack within a temperature
range of 30~34°C at high temperatures and 20~22°C at cooler temperatures.

This study shows that LIB has a stable charge-discharge property and the performance is poor in
high and low temperature. The best working temperature range is 20~45°C and the battery life can be
extended and operation stability can be enhanced through proper thermal-management method.
Results of this study can provide theoretical and technical reference for the application of LIB in

power generation and energy storage as alternative energy and in electric vehicle industry.

Figure 40; Table 9; Reference 51
Keywords: LiFePO, batteries, charge-discharge property, temperature property, thermal management
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Tablel Parameters of lithium battery

Ll H FLAT g S5
HUE A5 Ah 400
BB L \% 120
7o LT3 / JEV/ WL ENES
7 FEL PR ) R \Y% 150
L GERZS IS \Y 114
PPN S 31 G2 A 200
B RIS T FE, FEL AL A 400
78 HL LA A 70-80
78 LA [ h 5-6
TARIRE C -20-60
AR E T 5-40
fifi A7 KB kPa 86-106
i A7 FE XA 5 / /NF 90%
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Fig.2 Connection diagram of lithium battery
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Fig.3 Connection diagram inside the lithium battery box
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Fig.4 Main interface of control system
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Fig.5 Main interface of battery management system
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Fig.6 Changes of battery total voltage at different temperatures during discharging
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Fig.7 Changes of battery monomer highest voltage at different temperatures during discharging
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Fig.8 Changes of battery monomer minimum voltage at different temperatures during discharging
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Fig.9 Changes of battery total voltage at different temperatures during charging
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Fig.10 Changes of battery monomer highest voltage at different temperatures during charging
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Fig.11 Changes of battery monomer minimum voltage at different temperatures during charging
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Fig.12 Contrast figure of battery pack monomer maximum voltage in different months during
charging
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Fig.13 Contrast figure of lithium battery monomer minimum voltage change in different months

during charging
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Fig.14 Highest temperature change contrast of lithium battery in different months during charging
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Fig.15 Highest temperature change contrast figure of lithium battery in different months during

discharging
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Fig.16 Lowest temperature change contrast figure of lithium battery in different months during

discharging
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Fig.17 Average monomer voltage change contrast figure of lithium battery in different months during
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Fig.18 Relationship between lithium battery discharging capacity and temperature
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Fig.19 Relationship between lithium battery charging capacity and temperature
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Fig.20 Changes of battery temperature in different ambient temperatures during discharging
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-29-



Bl S N T e A7

M 20 FRTRAE Y, FECRRE R, et 2E P P R B A T R T A R EEAT AN
Tk, A SBREGEEAEIREE, AR HRARE N 5°C, RN EE
NAC, AR, T E AL A AL 22 SRR AS W REAT DA S A58 D 3K A 52
FHCRM AR T

ME 21 T LUE Y, EFS A RE g N AR R R R KA AR
5C, m/MEAE N 2C,

AR B L AL R B AT, AE AN R AN FRIASTRE MR, r i RENE R B
S R R i, (ERBEEARSRE T MR, AR ER
e, e IE A R 2 IR P T

FEFRBRARE S, BEEASLRE T, A A AR s R A AR, B
R RE AT, AN EAIRE 2 AW &, LA R s AR
1A 18 A1 19 Ff 7p M 45 50 28 H it AR T T Tl 2218, A2 FAh IR R 2% AF
TR REE, a1 P A N BARSH LS — s i se OB R
oA, e B T 2 A A B R BV D 20~45°C

W T b O PERE SR B s UIAROG, DRIk, B EExt i it 44 It DR 5
NERMSH RS, RUER i AR E TAF.

3.4 ING

FEIZHE W 5 LA S G 1 )7, X GBS-LFMP100AH 2 = i iR 2k 1
LYt ZH (7 AW LR AR FE R AT e i 7. S5 SRR, B TAM AR AAAE, K
TR AN R IR IR BT FB A AR AR K, IR A S S PRI T S U B PR AR SR
BN, M, BihEE, BESHSZRm. Bl =R E R 2 e Rb A
PR S AT AR . AESEBRISATH, BT SRR AR B AR S s, i
IR AN SR P E R 2l TR, A it 2H ) B £ AR IR B2 X THI £ 20~45°C
PRI, 62500 B A AT RVE B, ORAIE B et 2L 1) S R TR e AN A i

-30 -



5 4 5 B EIVE B R G

£ 45 [EHMAEERGHR

ORI A B P AR AR D, (B E PR iR R SR Bon, L X E
FWER RS, FHAIR 25.5°C, && R 40°CULE, AR, KPR & 1R
sRE, SRR T REIAMRET . AT PHARE-TC, RIKVRIRTTIE-267TC,
R VB2 A 1 B AT A o DRLILE, X T K D 288 B 1 3 7 FEB ) TBC B AR 5
AR A, R AV R AR L

4.1 HHTHERER G REMR

PCM [FE PR 2 48 (1 A WRCSORT il A Lt IR, PR P i R AR P o e
PCM #EHESR 4% PCM IAHAZ I A LA S PCM AR IR o IX PN R D
5 WRMSORTi A7 PR (R 8 0 DA R A T 2R A it PRI A o R
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4.1.2 PCM BY%k#%

I FC AR B 1 30 ) v () e A AR IR BE X B] R 20~45°C, @500 T PRSR
AT 35°C, Fril, PCM FHARR FE I AE 35~45CIRya [ A ot R 3ok 498 F i B2 i
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D BARGEMEE R, 75 R AR PR /7 KRR

2) fEMARREREY, B RIFR At

3)  Fridk BRI AR AR IS A R ) 22 A F IR RE Y LA

4) HFFKR, FEKR, HHIEKX

5) TR MBI E , AT R AR AR /N

W WAHAL AR HE AR S H 3 207,

x2 BENETMRREE AR RATER

Table2 Specific heat capacity and phase change latent heat of the common PCM

kL2 TR FHAZ IR C g 1/ (g-K) FHAS TR /g
Zn(NO;), -6H,0 36.1 1.34 146.95
Na,$,0, -5H,0 48.5 1.46 208.8
Na,HPO, -12H,0 35 1.55 278.84
Na,SO, -10H,0 32.4 1.76 254
PEG1000 (5K & 1) 33-38 — —
el 40-44 1.77 195
HHEERR-W T 5ERR (66: 34) 342 — 166.8
HHER—FAR (69: 31) 35.2 — 166.3
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4.1.3 PCM %1

AWERE T2 AR N PCM, EMTH R BA IR Z 05, ARSI, A
FPEAREA LG, HF HAEE I FE h B IRIRI 2R T DR AT B H AR
EVERIF. MR, B A BZ . A A BRI, HEEHa 5%
HEME S, R FREACEES . A TR AENSRREIES, JHiakt
AR, TSR AR A S8 NS A

Lz KSR AT PCM 7E HL3YR 4 F B r vt R AP B EEAT T 8, S5 [ 9 A A
AR R T R AT T S 454, Hod Andrew Mills 58 A FLH PCM/ KR A
S G MBI REF R BURSS), A HE L R B HA B PR EE R, ik
i PCM FAAR IR JE FIAE 35~45°C . PCM/RIA B E SRR L3 3.

®3 PCM/ABAZESMRIERANFMR

Table3 Thermodynamic property of PCM/carbob foam composite material

SRR U H B2 U I
(W/(m'K)) R GKIRe) (payy  REMRERZkgm?) ARECC)
16.6 185 1.98 789 42-45

414PCM HE5E B4

PCM HUHA 2 Gt B 2 1 20 g it L R AT AVE BRI AR IR B, 4 e b 4L 1
P BRI I i, V2T B VR PCM IR, MR RSB R AR AR, (1SR
BZ) 7 b A AR 2 T LD,

AERAE AR B2, R A W N L e RBEAREER, Fila,
AR, AR E R e mate, Bk AR AR 2R, Jf
HARHREA S, SBUCKAERLME, HELZ, Wi m b & L
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Fig.22 Temperature curves of all the year round in Tangshan
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PR -5~-8C, RIKARIEAIk-26C; CHAMMWARE®RS, B TFHME
25~36°C, fEniln/E N 40°C.
1D BZHFHHE S Time 71E 30C;  HPEBRARSIR Tima 7E 13°C.
2) ZAEH VBB E SR T R 10°C; HPFHRIESE Tmn £F T 10 JZ.

x4 EFHHSNE

Table4 Daily average temperature in summer

HERHRA FEAE HH ~NH tH
H # f v <l C 28 26 29 30
H B AR/ C 18 13 18 22
x5 ZFHHKE
Table5 Daily average temperature in winter
ABRARA FHE A +=Ji A
H By f i/ C 5 10 3 1
H B AR/ C -6 -1 -7 -10

KF PCM 5 RS S5E HVE TR R4, 43 e b ZH 7 e vt 48 oh i) A B S5 i tn 1] 23
o, ZRG0EH EAEIE R 24 s,

1 2 3 45 6 7
IO 2- AR 3-FMt A s 4-AHARADRL; 5-ARIE 6-F B ALIE IR
7-HB A A TE s 8-FRR

co

& 23 PCM AEBRAGZREE

Fig.23 Schematic diagram of PCM thermal management system
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Fig.24 Front and top view of lithium battery box
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Meen™ 1980(429-(;2())21 85000

i, Frds PCM BB E N 0.41kg.
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4.1.5 PCM RIS ENMERER R

PV ZE A PR R 48 A4 P AR F vt P SRR S B IR, UEE i e e i i A
IR, I il BT RIS T), ARGEAEIDLES R m] DA B G Ve B R g it

KM Gambit BAFBEAT R R B LI A RS, RSN Fluent B0 14H
Forfr, HTACER ) H 2R B AR A ALY — AN TR R U@ . T Fluent 12
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Fig.25 Grid model of PCM cooling system
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Table6 Physical parameters of battery pack

R ZF kg/m3 ELHA J/(kgK) SHAE W/(m-K)
L 2 1461.0 932.149 2.53
WE AR

1) BEFAF: M IAR SN e S AN S G R T, BET B E O A B
TFesh . BN FENR, PRERENT .
2) WIREIA S AR AR Rl A = AT AR F
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Fig.26 Results of PCM cooling simulation for lithium battery
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Fig.27 Working principle diagram of heat pipe
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Fig.28 Heat transfer process of heat pipe cooling system
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Table7 Common specific performance parameters of heat pipes

ES TAEA TAEREE/C EERRERUN VP
e ) -60-100 BBy AN, (RBRAN
A ES 113(F-113) -10-100 . BB AN, 4
Ot TR 0-100 R A A
— g, LB 10-130 i AEE. RN
H 2K 0-290 ANEW RN KA S
K 20-250 i, AN (R BEAR 2R AL D
* 147-350 R AN,
R T 150-395 M AL RN
K 250-650 B RAE AN
A 400-1000 AN
H 400-1100 N
R B 500-1200 NN, RIS G4
il 1000-1800 N I E N
B 1800-2300 i

HH T RIF 8 B Tt 1 L LT 1) A A B (TR L YU R AE 20~45°C, AT RAMH IRV
TR EATIRR, 4G CEMNE TR, Rk AETE S IVE TR . f£A4
[ i 0 T B R R E 2 B L3 8.

*8 TRENTREHIESH

Table8 Physical parameters of the acetone under different pressure

W A B e ; IR
#FJE MPa kg/m KI/(kg-K) kg/m? AR KIkg KR MPas  JRC
Ik 761.18 2.244 2.1489 513.12 0.25 56.1
-0.02 765.05 2.232 1.7540 518.99 0.26 49.7
-0.04 769.79 2218 1.3485 526.03 0.27 41.85
-0.06 775.92 2.201 0.9294 534092 0.28 31.5
x99 ZIWAEBWRSHRIESH
Table9 Characterization parameters of porous foam metal liquid core
iz . ARUFHAH
R =
B ;Efﬁ WE wmeme wam SR ¥
" ° & ((W/(m-K))

ZAWAKLE >20000  40~98  1.30E-11~1.37e-9  100~10000  445~4450 0.59~29.57
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Fig.29 Arrangement schematic diagram of heat pipes
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Fig.30 Grid model of battery pack
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Fig.31 Results of heat pipe cooling simulation
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Fig.32 Heat pump working principle diagram
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Fig.33 Theoretical cycle diagram of heat pump system in refrigeration process
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Fig.34 Working principle of heat pump units in summer
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Fig.35 Working principle of heat pump units in winter
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Fig.36 Grid model of heat pump cooling system
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Fig.39 Battery temperature field distribution of heat pump heating system

-50 -



54 5 A IE PR GTT

FEATERA THT, WERERMIKEREEIET 26°C, BHlA R GH " HEMR
/N, B AENGIR RO VERE TR, TS BRIE AT B4 Lt A ) AR IR B A R DA
F, Bk, FEARTTRERIIX, UHRAZE, A 0B BT I RN
IR RGN B LB A I A R RE 23 A B B 39 B, HR b ZE RS FE 3 4 A
K] 40 Fros

HE 39 FTLAEH, ELXFERSRERMCAEL T, Bl AR RS NG
Tt 2H PN R R FEAE 25°C,  HEIBAH IR B 2 R R AR AR, R IE AR
(R 43 2 SR BEAE S°C A A, AT LAY X P XU A (0350 23 iR BE T =, RE S ERAIE
HAR A FO R TAE

9.24e+00
. 8.78e+00
8.31e+00

7.85e+00
7.39e+00

6.936+00 ’
6476+00 erti—
6.00e+00
5 546+00
5.086+00 -
4.62e+00 (»
- 4.16e+00
3.69e+00
3.236+00

2.77e+00 e —
2.31e+00

1.85e+00
1.39e+00
9.24e-01
4.62e-01
0.00e+00

Contours of Velocity Magnitude (m/s) Nov 26, 2014
ANSYS FLUENT 14.0 (2d, pbns, ske)

E 40 ARARGIRENEMEAREIHDH
Fig.40 Battery speed field distribution of heat pump heating system

= =
H N
| ! |

N AR BN R GUAE L IR R I v I BE SR rE I A AT A, ARSI
MRERs B AH AT RIS, (HR/DNERE R E 2%, &M T 2 i 2 Y
Mo ARG T BB AM R RS AER, MKOCEAMEE RGRRER, B
T RGP AR

KOG EANE B R GEE e AT IR TR A /N AR 28 Gt S 78 8 R T A ) HEL v 7R
FEAEd], AZRAIRIAERS, EFRAGIARIEHE, X Bib A AT IRIR AT, k%)
B AR AR 20~45°C et TARVE . B4 3 T it FE 78 i A 4 it
MIAVE AR 1 A SR B I 2 BV SR G B R, AR RIR A s IR
N FE R R R /N R AR 2R Goxt A e i A R AT IV B

-51 -



Bl S N T e A7

4.4 INES

HVE B R G R MR A BE A, DA ORAE B el i AR G 0 s PR R Y
FE 2. K PCM. AVEFNRCR RGE N T b AVE B, W R R AVE B R ¢
BEATBEUE, I H BRI A AN F A RCR AT BB R 7T, WETUERRM], K
P =R A8 B R Srxt L AL BEAT BCAEIA B 1 RIFRIRCR, /N IGR R SR
BLAti_E b REWE X FR AL HEAT ORI o B3 i B T X = A AV L R 8 A L S A R RIS
RHEAT 724, DU BUE iR 4 3 77 it ik e SR B8 S04

-5



én 12

HLBIR R A% LA B I 90 =2 B AT SR 3 e, RS 1 et i M e AR
FHRE T HRBNREMN A A ATH RS W 5L 2 SL IR & A i 4 RN IS T AR
BB Tt 1) TR R R, BT SR8 = GBS-LFMP100AH 245 4 i yth 41 7= #4411
B[R, R R BRI HEAT SERR AT T . B AR S I A R =M IVE B R G
N TR HI A, JF Hiz B FLUENT B 9T 7 RE B RSB CR . Aifs
FELERIT

D) g7 A B AR BORYERE M AR B, SEIR S HII A AE 25°C R
BORVERE R AR, AR AT, b AMEREE S A AR N, TERIR &1
R TR, ERBA—EMERL . EE FW PR it s R R, B
IR LR T, BARISITIRGL R, (HRERKTT IR T 5 & =77
H@Ebuﬁ%*

2) X GBS-LFMP100AH 715 (148 Fi it 25 7 FAA L R R 1 S 30 AT 72
RIS 5 H I 4 BRI ) P B K AGE D 25W, TR ) SR 1F T 5 PR 85 58 46 1 4
BN 101.9W, A FHmAmHE, BHig Eaibdaeka gRE LS. f
TR BAFE S AN PR R s, IR LR R, R R, AR
FERIFE @, IR AR S AR &, Uk BB T E0R B, 21 et ZE Y
W&Iﬁmﬁmlfzmﬁc,%Eﬁ%m@ﬁﬁ%%ﬁuiﬁ%%%ﬁ%%

3) PCM. #EM/NUHGRMEH RS0, i PCM H R 4t b 4R 5 =
DR FFAE AR AR IR S BT (@4MN,L.?.EH%&$E%@@mr% PEH
R GHE RIS SR it A I AR R 35°C, HmmiRfE R A 37C, BEN
2°C, FTUAS AT R A b AE R NUIRIE KRG FLSE R st 2
B R, AR AR I 38°C, RARIRSE 32°C, REER 6C; fRiEIE
Hr, WERE TR AR 25°C, EARAIRERNER, ZRFEAMUAT LME R T
Xof FL L ZH O L RE B AR IR IR IR B AT VBT IR, (B TEMER, 6
T [E E A

BE— BT TR IAVE B R G0 A b 4 (X B SE BRI 7T, DA RO [ AV B
RGEE TS TS

-53-



Bl S N T e A7

1]

2]

3]

[4]
[5]

[6]

(7]
8]

9]

[10]

[11]

[12]

[13]

[14]

B2 3Hk

BHE, A, FER, . A EE S GURE RERE S HEBCY L A (0], B RURE,
2014(1):20-23.

CHIOKE B. HARRIS, MICHAEL E. WEBBER. An empirically-validated methodology to
simulate electricity demand for electric vehicle charging[J]. Applied Energy, 2014, 126:172-
181.

L.H. SAW, K. SOMASUNDARAM, Y. YE, et al. Electro-thermal analysis of Lithium Iron
Phosphate battery for electric vehicles[J]. Journal of Power Sources, 2014, 249:231-238.
XIFEW. AR b A SR EE ). IEEIAR, 2011, 35(1):12-14.

e, SRR, TOEAR, 5. BEE T E L BORBT I A I AR v 73 A (1], F i T,
2011, 16(3):189-192.

Wk, 2EFE EhYR A A A e A I BT R BRI FE[D]. KM K K5, 2012.

R, 7577, MEH. BEFs I RIERGM]. bt e Tl e, 2011.
WU, T, . R )R R AT L AR FEBLIR[T]. kAR, 2013(12):66-67.
s, KEOG, B, & HESY R, N &HTRI]. BIEECR, 2014,
38(1):168-169, 188

TEWRE, BRI, FdEr, S5 B KOG K B RE RGP R 20 B 0], BIRECR,
2011, 35(5):602-604.

SRS, F200, B, FRHSTEB ARG REEAR SR RELE 5 TS
%, 2012, 3(2):87-104.

SIDDIQUE A. KHATEEB, MOHAMMED M. FARID, J.ROBERT SELMAN, et al. Design
and simulation of a lithium-ion battery with a phase change material thermal management
system for an electric scooter[J]. Journal of Power Sources, 2004, 128(2):292-307.

RAMI SABBAH, R. KIZILEL, J.R. SELMAN, et al. Active (air-cooled) vs. passive (phase
change material) thermal management of high power lithium-ion packs: Limitation of
temperature rise and uniformity of temperature distribution[J]. Journal of Power Sources, 2008,
182(2):630-638.

X. DUAN, G.F. NATERER. Heat transfer in phase change materials for thermal management
of electric vehicle battery modules[J]. International Journal of Heat and Mass Transfer, 2010,

53(23-24):5176-5182.

-54-



S 3R

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]
[29]

sRAZTC. AR S AR B REBOR[M]. JE5T: BRA AR, 2009.
EEL, Kk, sl &5 HASHRHES) ) il HVE B i N RTBIE FERERE(D]. ThRERS
B, 2013, 44(22):3213-3218.
B, JTRL, FEXUR, 2. FHASAPRL T 1 F T IVE B R IR Sk R (D). iR
R HHR, 2013, 2(5):451-459.
SR R, TRiFHE. AAD G BEATRIZE B it PV BB 5 b () S AT T R (D). MPRFSR, 2006,
20(8):9-12.
HEE JUNG PARK, JI YOUNG PARK. A promising high-performance lanthanum ferrite-
based composite cathode for intermediate temperature solid oxide fuel cells[J]. Solid State
Ionics, 2013, 244:30-34.
RIZA KIZILEL, RAMI SABBAH, J. ROBERT SELMAN, et al. An alternative cooling
system to enhance the safety of Li-ion battery packs[J]. Journal of Power Sources, 2009,
194(2):1105-1112.
CHEN Yu Tang, KANG Shung Wen, HUNG Yu Hsun, et al. Feasibility study of an aluminum
vapor chamber with radial grooved and sintered powders wick structures[J]. Applied Thermal
Engineering, 2013, 51(1-2):864-870.
M. AMELI, B. AGNEW, P.S. LEUNG, et al. A novel method for manufacturing sintered
aluminium heat pipes (SAHP)[J]. Applied Thermal Engineering, 2013, 52(2):498-504.
WU M. S., LIU K. H., WANG Y. Y., et al. Heat dissipation design for lithium-ion batteries[J].
Journal of Power Sources, 2002, 109(1):160-166.
RAO Zhong Hao, WANG Shuang Feng, WU Mao Chun, et al. Experimental investigation on
thermal management of electric vehicle battery with heat pipe[J]. Energy Conversion and
Management, 2013, 65:92-97.
THANH-HA TRAN, SOUAD HARMAND, BERNARD SAHUT. Experimental investigation
on heat pipe cooling for hybrid electric vehicle and electric vehicle lithium-ion battery[J].
Journal of Power Sources, 2014, 265:262-272.
sk, MEHEARERMAM]. 65t FUCT AL B Rk, 2008: 279-289.
ek, o, BER, & WEEEARN AR K R[], BB TR (A A
BE£R), 2012, 37(5):54-59.

RRFHZR. 2 shy A 2 5 i A B VE BER G0 U (D] )M R BT R 7, 2013,
MASOUD MASIH-TEHRANI, MOHAMMAD-REZA HA'IRI-YAZDI, VAHID ESFAHA.

Optimum sizing and optimum energy management of a hybrid energy storage system for

-55-



Bl S N T e A7

[30]
[31]

[32]
[33]
[34]

[35]

[36]
[37]

[38]

[39]

[40]
[41]
[42]
[43]
[44]

[45]

[46]

[47]
[48]
[49]
[50]
[51]

lithium battery life improvement[J]. Journal of Power Sources, 2013, 244:2-10.

PR, — R R S A LS A B 5 ¥t [D]. P2 7542 B TR R, 2012,
MICHEL GAUTHIER. GHGT-9 Phosphate Materials for Lithium Batteries and Energy
Storage[J]. Procedia Engineering, 2012, 46:234-254.

WKLz, FE T HAZBER I 3 ) B A PEEORBITFE[D]. )M AR Tl k%, 2013,
T, ZEpRm, By AN BT[], HYREIAR, 2010, 34(3):288-291.

R, W EE, WS, S5 M i AL BT STIUIR[D]. R EOR, 2014,
38(2):378-381.

)y, AERENV A T B ) Bt A AR 0 B S BT AU [D). AR AR, 2012.
Prtths, MSCEe. A M. dbnt mSE U AL, 2006.

WR¥S. eIt < J F AR S oK s BT SE[D). Bl 5 ECR2E, 2006.

N. TERADA, T. YANAGI, S. ARAI et al. Development of lithium batteries for energy
storage and EV applications[J]. Journal of Power Sources, 2001, 100(1-2):80-92.

TODD M. BANDHAUER, SRINIVAS GARIMELLA, THOMAS F. FULLER. A critical
review of thermal issues in lithium-ion batteries[J]. Journal of the Electrochemical Society,
2011, 158(3):1-25.

3. B 7 A A FARRPERIE 7E[D]. R REERAE, 2007.

FERIT. WELEEXT LiFePO4 #1ES 13 /7 b (K FEMA[T]. i, 2011, 41(2):88-91.

PRI, EFUREA MR E RERCR I THSENURA[D]. B EEL TR, 2007.

A, SRAE. AHARGEREATRHE N R FT IR [T]. AELSR, 2005, 19(22):265-268.
Wk, R, £ Baii 85 75 bt AVE BRSO RRHK R AT 7T ).
EHERZE, 2011(11):3-6.

ANDREW MILLS, MOHAMMED FARID, J.R. SELMAN, et al. Thermal conductivity
enhancement of phase change materials using a graphite matrix[J]. Applied Thermal
Engineering, 2006, 26(14-15):1652-1661.

SRER, e, RN, & KRR 213 ) i i A R BERE D], kR,
2009, 28(1):23-27.

SRAL, MR, IR AVETTRERIR[M]. dbnt: bt Tk AL, 2009.

R, B3 Ewrr REESRP RN D] BRIEAE, 2004, 34(4):26-29, 46.

KRN, EEW, FHE. RERRCG R AR D]. RR S5#F, 2011, 39(4):43-47.
HEIR. B il IV AR O EUE AR A HT (D], #iiL: Wi oK%, 2012.

TLHEIE, R, ERP. TREAZCEE=OM]. dEat: mEE R, 2001.

-56-



o

B

B, SCH RS, ARHRIAI PR R SO A AT RR AR . e AR, Rl
AERIA SR T BHSEATREEHRAG BOV RNE P R E RS . AT A A S
KR 2 i, AR ATRREZ R, FrA RO, FHEEdRmZIm. N, [
5 PR RO S B SR I AR

BE, WERURN IR %, AU AR, 2SI AAE E
#Wea T 7 RARRBFE I 5. 150 b, BRI ST R EIHIE 78 77 S I 5E LA
LA e s, I BRSO HE S, ERIA RIS R, &
IR 2 B BT 2 ST BB AN i, AR B e TR AW b, IR %)
FROLBEIER, KECKEFLRERSR, HRZEEER, FEM™ERRES
FERIRP SET A A E AR RS M A Ja i AF A, R 22 MR &
B RN B R IR

HR, BB R R E ORI I0 L B R 2 i x 8 SR e S 3
B, ZIIEOL R TARS R A, AR T, L RA=ZIMf1&R
RN

e, BEREERAIFE SR AAT: KPS X e . iRl . B
o BTSSR ATRI SR AR B GE B S R TEPTEERE A H
A, FHREY . RS FAG SO Bl BRI S AR F A S, 20l 2R
IR KITEITES . EanTak. TRAGIMER. B % He M 26 ARA SR B 26

Had BERp I B XA FRERER K SCHF AR A, A 2 FOR 22 IR 5 )5
J&, ERIMIE N LR FERIRTEZ bR, IRV AEAE, AT FRICALR %2 5 TP 2 3K
AWTETEERZ 77

JECUILE T 22 AR R SCHEAT PP B A2 N 5 (10 25 A K Hd%

-57 -



Bl S N i e A7

FmE T

FFIE (1971-) = &, PO, WAREEL A WL, B, LRSS
Jiie BARRALER G K2R & S a2 b e TR R AT FEHFTT o seiE I
KREFMA. T TREER . @EHTREHASE .

HEH =

1994 4 7 BNV TR TR, ket Bolk, SR LA

1997 4F 3 B F2RAER S, W in TRk, im0

2006 4 6 H LT REERY:, MR TRELI, RG220,

FHIF R -

AT P AR AE B N A AZ O IR T R B A Ab 2l BR RS 23 . Hr 12
El. ISTP k& .. RAFMALEBAR K H =54 2 W1, B RHEE PR 2 I (Eh
W ATt NS EE S 5 NG T 2 BUE SR IR H . 8 W48 R R
Y. 9IRS, | b ELEREESTH. BaifisiAHE 2 Tig. HE
KEWEIH ; SRABRAEZR KH LR 2 0, 2009 FNEMILE === A4 T
=R

-58 -



e s

& ®IT

PUAKEN, 2o, 1988 &8 AA, Wk, WALEAFETHIEE N.
2008.09-2012.06 eV Fi[dbEe & KRG 4 SaeIRE B NG 538 11 TR £,
Byl I = = A IV

2012.09-% Tl ALBEE K2 0 AR S B A RE AR T b s fil - 224

A FAR R R RSO EAE

[1]

LI Hai Ying, JIA Yong Li, ZHANG Dan, et al. Application of Electric Vehicle
Battery Intelligent Monitoring and Management System[C], IEEE
Transportation Electrification Conference &Expo. Beijing, 2014.

LI Hai Ying, ZHANG Dan, JIA Yong Li, et al. Research of Electric Vehicle
Security Assurance and Monitoring System[C], IEEE Transportation
Electrification Conference &Expo. Beijing, 2014.

FHETe, UKW, 5K5F, &5 SO BERR B B it AVRRE T IT[)]. RIEEOR,
Cha .

VKN, ZigsE, kFh, & sy B AE iR AR N (0], T RE,
2014, 33(12):4-7.

FiFYE, K, BUKEN, S, F=O0 KOG I AN KRR E R R[] W RE,
2014, 33(11):63-66.

BHT R AN Jh -

[1]
eI

TR HIRE B ZIRNE RS (5. 131302115a), E NG, I\

[2] B B A o i SR B R 78 (9w 5. 13120203a), [E A, 26 )\5E

DUN
[3]

EIESR R NE = AP RS PSP S € R

13130213A), E A4S, Z\FEBRA

[4]

A REIR AR A L R GUT K SR (S5 11130201A-5),  [F P40

%, TR

-59.-



Bl S N i e A7

HAE 5 F) :

KWHER]: JAbBEE K2R, BB T H i /N GRSV FE R 58, 201420626569.4.

SERET R LR ACERA KA. BEES T HMb /N T IR AV L R g I LN H
201410583760.X.

- 60 -



https://www.reguanli.com

E DA @A EITES
FAL RS
IR, FACEMERE; IREERRE; HVEH PR A R TM912.9
480.40 HBLH2015-127 NI
TALER S K2 i+
B A RS MR S SR B B R AT 7T ED'e

g ok D1 [EMG GO T [ (O 1 [EH ) 1 [k )]

#EFFEX  application/msword; application/pdf

BRI RN SN 10081
HBE T2 HRBIEIT R 2.5 4
2014.11.30
2y 65 AL K%
JE LT Hr R TR IE 46 5 063009
201541 H 13 H
WALERG K JE L
T+ 2015 4
61 A4

e 37 L HorPARE] (ATIE) WA ANE, AIEEE 24 T

000000 wwyy.reguanli.comn



https://www.reguanli.com

