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ABSTRACT

Due to energy shortage and environmental pollution, electric vehicles in the recent 20 years have
obtained rapid and great development. Power battery which is the key to battery cars would have a
great influence to the future of electric vehicles. And battery thermal management system is the most
essential for power battery technology, directly related to the safety and the lifetime of power battery
and the electric car.

This paper is in a 18650 manganese acid lithium power battery for the object based on
application background of urban electric vehicle, the thermal characteristics of the power battery
under the condition of typical city is on research, and the general law of temperature rise of power
battery is summarized. And in view of the temperature sensor's lag issues, combined with the battery
internal temperature estimation algorithm, the battery thermal management strategy is proposed based
on the inside temperature estimated. The battery thermal management system with the strategy which
combines the temperature characteristic of power battery and the characteristics of the operation
condition of the electric vehicle could be maximum keep power battery working in an ideal
temperature range by real-time monitoring and feedback battery voltage, current, temperature and
electric vehicle driving condition to improve the safety and service life of power battery and electric
vehicle. The main research work is as follows:

(1)The heat generating mechanism of the lithium battery is expounded and the influence factors
of power battery temperature rise are analyzed. The relationship between heat production of battery
and working condition of electric vehicle is clarified by the simulation based on software advisor
under typical urban condition, and the output performance of power battery is gained to provide
battery modeling and simulation with the data.

(2)The method and classification of battery modeling are analyzed and a three-dimensional
electrochemical-thermal model is established based on Comsol Multiphysics software. Under typical
urban conditions and different ambient temperature, some simulations about the battery module and
cell are respectively conducted, the temperature performance of power battery has been summed up to
provide theoretical basis for the thermal management strategy.

(3)The thermal management system at home and abroad is summarized, and a thermal
management strategy based on internal estimation temperature is put forward. Based on the battery

estimating equations of internal temperature, the estimation model of internal temperature has been
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built on Matlab/Simulink software to analysis of estimation error. The hardware and software
framework are designed to provide support for thermal management system construction.

(4)In order to verify the temperature performance of power battery, the experiment platform of
thermal characteristics is built and the related test data is handled to get the relationship curve of SOC
with open circuit voltage and internal resistance. Semi-physical test bench of the thermal management
system is set up to improve the hysteresis based on the strategy of cell surface measuring temperature
and verify the effectiveness based on the strategy of cell internal estimating temperature.

Key words: Electric vehicle, power battery, typical city working condition, temperature performance,

internal temperature estimation, thermal management strategy
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A4k . $E 2N AT AR R, m DA B R IR I — 4. 4l SRR %%
AR - PR | AL B2, JE RN CFD BB ANSYS. FLUENT. COMSOL
LR TFB, AMUBRR TRFFUSA, SRR E TR AR I, i T B e 3.
3.2 H IR UE-FAIEESRENEE

N TR FEEN S r A A P I R, VR ZE AN [R] AR P R A R R TR R s
) B L R S A TR SO B UL S A R SC R, AT I B Jy s, AN D
HE A SR RIS E, BT DAAS SCR I 1930 75 B i A2 S HOR IR T DA 2 71 s b i) 4544
4. ARSCRAE AT IZ A R A - AR A, ST RE RO AT, 52 A SL ) ) Hth
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FEo
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R R PR PR S, RRERIRSE, SRR BARER (R, 295 A A LR L
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=
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IEfR FRa: Ut
K3 1 AR AR E A

M ) — SR AL AR N 3.1 R, BUSSNAYESEH, b, 1B UERBCN SRS
G @M, IEASMEM B AR (LiIMNn,O,), FARA RN A A 5 (LikCs), HLMFHA 1000mol/m?
[¥] LiPFe %7 (L:1EC/DEC ¥71)D 01, Jcrfist, GFubliEAH LiCo PIEBMY Lith B AR R H, 7E
PR AT/ LA 1 [ YRR ST R A A 2 SR, FERE N B AR P, S8 I 28 - HOR BT RS A% 3 B
TERR AR FORL T, 7 [ERAR SR A A N, RN B IE AR AR O R, 1 T2 Ak
P LB EAT R A IE R o Forr,  FOA/ AR ST AT TR 1) LA 2% SRS 8 %6 B Butler- Volmer J7 2

2
LJ#m(rj—p(;ﬂﬂ (3-1)

X, o ARNHGVE L, B0 ARSI E L, o0 « oc AN BIR IR S M
BARE, F OISR R, ROVIBRIRMRE S, T ORI, g it ihs.
YRRV B VAR T e PR T S I T O R, AR TRV 1 T 4.

2Lee) 2o e o2, (3-2)
BRI, RIS TR R S AR AR S A S AR A
oc, oc,
x|~ ox L:0 (3-3)

A, ee NFRBAR BRI, co PR T FIHBUREE, D AR ES T4 8 B
R, IR TIER AL
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1A A 8 25 E [ A SRR VA RLBUR Hh O™ B R ), 3 0 2 R B,

o0, _D, 000 i
ot r? 8r[r 6r] (3-4)
BeRT, 5N
X g
or |,
oc . (3-5)
p, &
or|_. aF

oo FoR AR L TP A BUR L, Ds FoRBANEES 73 HOREG r wis iR Rk AR
AR S, Rs AVEPERMRUBURLEAT,  as 9 MR SR AR AT 2805 o THT AR
YRR L Fr 42 1 5 ROy

a eff a eﬁi -
ax( ¢j (k o Incj+jn—0 (3-6)
LEBT,  FARTE A R T 2 AR AR S TH 3 2R R
og. _0¢4| _
EM_ . X=L_o (3-7

At KBRS, g MBI, ko™ L T L B .
A P 35 AR 4 i T 74

O( w @ )_ .
&[G &¢sj_ Jn (3'8)
eI, 5K
g Oh __wob| 1
- 6X x=0 ax x=L A%
on| ow B (3-9)
oX x=L, Ox x=Lp+L

Ko, o RN EMGE YR M R R, g AR RS, | O TR, Ao N HLbR T
o

F Yt fuf HIR 25 (State of Charge , SOC)#ox FUAR TR A &5 58 & Rl B\ LUAE, AR5
BRYSTITT %11, SOC TEAOMARES , T B oM [ AR 5 T4 B8 IR o surt -5 AR B9 T 3 IR Csma
ZWER, WEAXN:

soc= CS t (3-10)

3.2.2 MAEAY
FRAR ST RO s Py 3 1 e B s E s FR R

o,
pC, = AVT =g (3-11)

b p AP E L CONTEIAE,; A PR, AT b WINRIEZ 2; q NE
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A, T YL N AR
FSCEROTRT ek R AR A A g P AL, LS AT g RIAR A o FRAL
AR I AT I T S R

L.
_J, a4, — 4 —OCV)dx (3-12)
' L
L eff a¢s 2 eff % 2 eff aInce %
qzz-[oo- (K tk (ax ko ( ox )(ax)dx (3-13)
L

1, OCV (Open Circuit \bltage) T Hi [
AR A=A 2 s 408, R b SR (R T AR A
—AVT =h (Ta = Tin) + Do Tt = Toms) (3-14)
X, hiny hou 78 HLIB N AMERRREL,  Tom AFBERFE, Tsur 9 IR TR
HENL L ) = 4 LA TR, R B s B S R, AR S I S Dy T
T AR R IGIREN,  — 5 T A R AUE VL, i SCEREPTRT S, I AE A7 T B S R
B, PR R R I LA 0 B

L
A—ZZL /*/1 (3-15)
L
p=% (3-16)
L C
c, _ZZ—'— (3-17)

X, LRFHBEIBASRIERL, LGRS BIBA SR SIE, p RN R EE, Cpml
N2

3.23 BILE-H@eEE

TRIEFEAAME I T, G55 it P B R Al o SO N AR P 3 A el o AL e 28, BRR T
SR b BRSSP R, SR SIN B A AR A T b, AR D AR A SO R S Ui R 2%
i, TR,y A 2R AR T B4 B B~ 38 A TSR 2 SN S A5 3 ) g s v B v, A Dy RS
PR3, B R RE S B AL, e S Bl B AL 2 B AR A B0, fn & 3.2 s
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CERR A it Y
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RS, T Arrhenius 24 3R s R s L S5 080 o DR TR S8 T S 252
691, Lk 25

= ex _—act ¢ & _
VTV p|: ( » ) (3-18)

L,y BB HIACIERE, FEGRE Ead RESH v BHIRERERLE, wo RRSHIREN
298.15K (25°C) I} w HIBUHE.

AR FEN B ONIR et 5e 3 18650 BIK: L ARMRH SN 1 Hit, JEF RIRHCHFEISEIA, 7F
Comsol Z HE37 (j B AF-F & &, I FH it S5 400kk Ayt A B ry 8 Pl 2 1 2 Pl AL A AR, R
JEI A ARSI ] e Rz TV HE R TSR, W A RO SRR BE VR AR & BB, B Bh Fg dt  v
o PER R A, IR EESHILE 3.1, HASHEDES N Comsol Fh iz,

R 3.1 HE I AL - Y SR

(Rt 2 EM% e fs Fitk IEARERRIR AR ERRAR
ce 0.400 0.370 0.444
€s 0.43 - 0.384
L«/(um) 55 30 30 10 7
Rs/(um) 2 - 2
ce/(mol/m?) - 1200
Cs max/(Mol/m?) 31370 - 22860
I (W/m*K ) 1.58 0.344 1.04 170 398
pil(kg/m®) 2328.5 1008.98 1347.33 2770 8933
Coxl( IIkg*K) 1269.21 1978.16 1437.4 875 385
Trer IK - 298.15

3.2.4 1RBIEE
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Comsol ZHFL 7 1) FLAK A th 3 LA FF &, BRI 2 B F S AU R = 0 0/ TR
S, EEARIAALE T RENE RS HAAAURL N TR SIS I 5 A B R, AR I S A o AN
(¥ 2 3 B & ST R 2 WA 1 m RS R AUE 7 . Comsol 22 B 1 1) TS RUE A -
2V E R T R, ST, AR R W BB B e SO A b ik oy 5 AR
BHATERA S, sLABYS Sl 2 VA 1 B A 00T R 58 2 TR i P 3 e AE R 5t
T PR R ST TR B AR o R RERE R AT MO (K45 ] R ACR S 5, MRS
B oA UMM SR S H ] A KRB SR HAE ), H&ZM AL T 64
PACERRIFAT I AE Sy JEALFRTh R AR £ 5, HrT DUARIRAE A AT iR 22, AT S il 2%
B s K 2l i A 34T

UEAER, LA FAE Comsol BAFFrfE H T st SR B E, 24 A R A d kA
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Pl 3. 14 BRI T LV JECHR IR 8] PR 52 0
FERWGETH T, B 2C RHAEET, HANVIELEHISIREE EINCR e, HEbrF Rt
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