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Research on parameters matching and optimization of powertrain system

for a pure electric vehicle

Zha Yunfei, Song Jinlong, Zhang Qingyong, Liu Guoqing, Guo Ronghui

(Key Laboratory of Automobile Electrics and Electric Drive, Fujian University of Technology, Fuzhou 350118, China)

Abstract; Based on the performance requirements of a pure electric vehicle, the parameters matc-

hing of key components was carried out, and its rationality was verified by the simulation of the
CRUISE model under NEDC condition. Based on the co-simulation of ISIGHT and CRUISE, NSGA-

Il algorithm was adopted for optimized analysis, with the endurance mileage as the optimization ob-

jective, and the final ratio and the parallel battery’ s number in power batteries as the optimization

variables. Results show that the pure electric vehicle’ s endurance mileage has been effectively im-

proved, and the power can meet the predefined requirements.

Keywords: electric vehicle; powertrain system; parameters matching; CRUISE simulation; optimi-

zation

LR R S S NP L, BA T RERR
PREGPIE AR, R A v B 9 4 2 ffe R 254 T I 1 1) FE
TR BRANIABE T e [ B fe 2 —, WAL,
R AN FL PR 20 L B4 1 3 KL, AT 2
IR SR R 1Y) R P T LA RN A
TEIRFF AN JE LA S e 4 I i 4 e d B R
WG g iy, R AT e B e £ 2 1 REEARIE,
i i ZHVC RS A T 3, AT AR 2l L 3K 4
TEIR A5 2 T 3RAG AP 1 3 T MR Z B

ek B, 2017-10-10

AR SC AL R Al L SR A S ] AR A A
REZLSR , X8l )1 R S HGHAT IR RC T3, I i
CRUISE {5 B {45 # % 25 R0  fifi H] ISIGHT 5
CRUISE BRGIHE X 8 1 RGE S8 T L.

1 BARZESHLEITE

TREUS % 2 R 1 B Al 4T &l 1600 kg,
MR 1.97 m*, 248245 0.301 m, KUFH R %L
0.28, 78 shFH 11 %7 0.01, £ 6.06,

HATH . WS QRS 1 H (2016]01204) ; A ¥HE T A 2RI H (JA13221)
BHIEE . B ©(1981-) B BRI T, B2 At R 7 ) A U s R Y SR sh R, i ks 5 24



S12 R TR B4l

R EM S I tn b s E KT
120 km/h e K€ FE KT 30% .0 ~ 100km/h 1Y
JER A RN T 15 s Z5F AR RN . 7E NEDC 7G5
THLT, 3 J7 it ) 4 L A 5 90% | TR TR
70% 5} Y2230 FLFR K T 80 km,
1.1 IRFNEBEHSETE

UK By HE B 40 L B VR A A ME— 3l IR, X 3K
S HLBLAY UG BE B3 8 T 88 400 3l ) M RN 42
Pk o PRI X IR 2 H AL A7 DG e e, 75 2 2% O 3
FHLAYR T TR Sl FE A AR

(1) SRS ML TR

TREAETABE I b, DUt G2l A T3, T 3R A5
XS E LAY A E YR, IR B AL T e IR SR
JiFnEs S By, BV i A2

v, CoAv,,,,
3600 [gf z1.15j (D)

K, o, NEE G B 120 km/h; 9, ATESNEL
0. 87 m MBI TR; €, A S
R8s g AE IR ARSI T R A A i
AR,

KA SBARARX (1), T E T F N
20 kW,

(2) BRSBf FEHL A AR T %

R4 L) 40 km/h 2] 3 €3 30% , HLAT K
AL T e IR S B ) E3 B AXUBH . H
BLIZR 0 6 2

v

P =
3 600,

(0 szj
21.15

(2)
o VAT LI 3K Y

(mgfcosa + mgsina +

K, o HICHEJE v by %k
HALIIZ R 60 kW,
HL SR AE T 0~ 100 km/h, Ho
SRS E] B R RN T 15 s, BRALE R B 2
P, =

v Smw t—0.1)"] CpA

3 60077[[’"‘%’[ 036[1 - ( ‘ j } 21.15j
(3)
A, & MEE S R B B 1.04; ¢ s A [E]
15 s; x NLE R EHL0.5, AR ok B H

BMLIIER 57 kW,

B v R A T3 BH T A1, 18 v AR LAt 1) D) 2655
SRFNT R 0, UK sl L ML (B D) K 255 ] A5

EBREC:
60.53 kW,
(2) BK Bl FEL ML e
FEL LA 15 L SR 4R TR 1 O R NG 2
v =0377"" (4)

)

K, r MER AR i, MEBE L ;0 A HEILFE
L IK S H LI B e A S il A
Vpar * Lo

= 5
" 0.377r (5)

THEAR SR B A LA = e N, KT 6 406 1/min,
25 L TIR ) E BUBE R 20 kW I D) R
70 kW 4 5E % 3 3 500 r/min W {55 3 9 000
r/min BUEHH 85 N+ m WEEAH 240 N - m /Y
2l IR L ALAE SRS AL, R e P B 10Kk
wEA R, KINB AT R PRI R TAEERE .
1.2 BhAEBMITE
TEHUHE BT HL L, B2 LR 320~420 V%
% 10 A - h, XE 7 EHITICECR, R 2% &
SRR HLAR . fE NEDC TO0F, 3Bt i 2o B AR
IKE] 80 km , A SCR AT AN A 5 =X, 0 L
2 BB
BN 1K 4 DL 60 km/h FY 38 3 A
km , BLEH G ZE A AR &
W,

n

173 80

! (6)

=P
( C[)sz) ;
mef * o1 1s 7

BE 600n N,
=2 (8)
K(6)H, P ﬁEﬁzjmiu 60 km/h 1) 5170
MR (7)) v, , HEPLECE  BUE 0.9;
n, AR A AR HUE 0.9, X (8) e
FTYREE] ;S A7 HLAR
AR & M RRE S WL W > W,
it 2 RE T AR
uce
W= 000 (9)
Kb, U A L 320 Vi C O R
MY & LA TR TR B BRUE 0.7,
BAHESEARAT(6) ~ (9), Al HTEH &
HhZH 7254 35 A - h, 7E CRUISE {ﬁﬁdyﬁw
VB ITBE MR 3 I, 225l LR 86.2 km;
JRERH M ZHEC 4 I 223 AR R 117.3 km, Y4
FEECHL O 3 I, B 2008 e S FLRR ER | Br



5 6 ]

LA M40 IR A A 3, A5 A 30 A - b
2 BEHREANEE

2.1 CRUISE A BB T

CRUISE J2&— 3%t 2240 50y 3 14 28 B 1 1F )
15 FLATHT R A, K 2500 1 5 0 A B LA
b, AL F5H . K] 1 A 3E T CRUISE # 57
() ZE RN | AR TR S A ) L S R
AL | R MLARE AR | b AR e R 45
BEAUAE WA A o 3 H i Oy SO TAE
T, i BEMLAR RN FL R0 000 2 7 4 N 1) AL ARG 22 F

R

s ; ?

Vehicle: Rear Left
b
[Rear Disc Brake]
Lmve Control S;s
¢ ‘ZQ&
Brake & mBrake

o-
ke

Kz

Li-lon Batterie 320V

& Fe

“ @
ASC
Cockpit ASC Online moni Constants

B1 EEFER
Fig.1 Vehicle model

Vehicle: Front Right

22 HESERSW

BT 9% 42 CRUISE #5036 B NEDC
PEIR T 000 3% 11 0 FC A2 A A7 3 T80, 5] 2
7 o EE HL L ) R TR BE R 70% , 1) i v £
4 90% ., NEDC 7§ T80 1Y 2 3 BL 7% 86. 179
km W R S BF PR EOK

f,’]
—

o

non oo/
SAVATIAVATTAVATTIVAY, . 1
200 400 600 800 1000

RE2RE

vi(km-h)

t/s

2 NEDC HI &% E
Fig.2 Road spectrum of NEDC

FR A5 B 21 R BhyR 2R B I B 45 2R an
B3, mEihZe & 4, B 3 AT, 3 AR
J€3s% FE N 36.15% , H1 &l 4 BI%1,0~ 100 km/h (191
Ry 8.33 s 7ER] 3 ik nl A, i sh 4

BTk, &, difi SR G RESEULE S AL 513
A e e 2 iR 3 T 188 km/h,
N,
30t N\
< N\
i 20t
= \
2 ~—r
10f _\\\_
~
, \ A T
0 50 100 150
v/(km-h!)

B3 REEHEER

Fig.3 Simulation results of climbing

150} ////
= 100t
£ /!
=7 {
= 50";'
I
/
0 .
0 20 40 60 80 100

t/s

B4 finiE 2k

Fig.4 Acceleration curve

ARG D5 HAE R R, FEVE B 3h 1 R BB AL
BRI B M ZE B R B R, HoAE
DT i HA LSRR B

3 BARFEHRN

F U AR R B T £ G Y AL G,
K/NKF B Bl P R B BRI, £
VT R K, R A 22, T RN I BE T B
T N, 2 R, e A (e
SRR REAE 2250 B g it A B R
HEAEATI0 AR, 3 77 b AR 2 i R
I (H X 4 T A A B S — G IR, Al
BB RE, A SO 1 R GRS
LACLZ RN YR (A
3.1 ISIGHT #ZIyE L

ISIGHT 1E R —# AL N LA s T
ZFRARSE i i 5 LA O BT R AT
i), CRUISE 1 ISIGHT (43¢ & 05 2 3 %258 i
Simcode HiHeJE Fl CRUISE #4755 i85, I it



S14 Fg TR

F Bk

158

Simcode TSR, WNE 5 AL HY ISIGHT
PR AR g ST A A AT 45 € Optimizationl | X} 5
Bk Ak, il Simeode #EH Y Cruise #4715
BAcH,

" AL

Simcode

E 5 Isight #8
Fig.5 Isight model

32 fHigE

VEHL NSCGA-1 VE ML, wIda A BE 12,
EACIRELH 240,

TR 2 TePEL AL B AR A 7E NEDC 3R T4
TSR R NEDC B3 E an &l 2, v F Son i
BRSPS i B LAk B bRk & 7E NEDC
THCT, s AA) s ) RE T AR R AR, H bR R
Btk an =L,

minf(x) = > W, + Y, W, (10)
L, f(x) WAL BAR; W, 5] sl i BE 5 T
FE5 W, Sy i ) B RS RE

L j,a 11
W = t
23 6007, (b

A, Py g LRSI BRI D P, L
TE B P i 1 DR

p=_" G (12)
j_3amm’“d+2Lw
C,Av,
2 | mgf + + 6ma
21.15
P = vdv  (13)
3 600 7,

A, o FIMEEE, v, F1 o, 535K 0858 5 IS
R

E=n-E, (14)
Krf, E R I H b ) BEe i E, RS

4|

et ; n AIFERR A R,

FEL Vb 21 6L RE 1 1Y 70% BV A 354~ 22 0 B R (1Y)
REHTHFE,

PEAAS 54 51 7 e it B0 F il 20 50 = Dokt
A1) SR DR EL, 3l s M BRUEE L o [ 2, 5T,
VR LU U M [5.3,7.6]

AL B 29 R 25 A B e R T 120
km/h F5 KIEHEE KT 30% .0~ 100 km/h F4 il
BHELNT 15 s,

33 MRUERS

El 6 APk s & 2 ] LA B br r S8

D&,

4
3 »
&
o
=
Ry
2 —
1
0 40 80 120 160 200 240 280
AR KR
a. IR A L
8.3

"0 40 80 120 160 200 240 280
BRI EL/ IR
b. WL

6 FLHE

Fig.6 Optimization process



5 6 ]

K, e ARG S RES IR S AL PR 315

FrBp M A A AL SR 3, FE I L Y e
42K 5,308, DLALHT S H b ok BOM 29 HC ) Xt
ANk 1 s,

&1 RLETEXLEE

Tab.1 Comparison of optimization results

i H HAkEr ks
2230 P/ km 86.179 88.912
B RCHE B/ % 36.15 31.18
R/ (km - h™") 188 204
0~ 100 km - h™" IR [7)/s 8.33 10.52

I 1 ], 28 U M 4 s R 2 e LR 184 T
3.2% , e RICHEFERFAR T 13.4% ,0~100 km/h [#)
TnssE s[RI HE I T 26.29% |, 5 e - SN T 8.5%
T 3 R PR Ay 2 Uk LU R AT 3 B, 3 VR L

S

JIN B A R SRR B PR R (E A
Y RETI 2%, BRI RC I EE R sge i REA e
REAR (EE BT R AR 2R BB B N . Al WA ik
J BER AP REAE T AL BT DR AT R P AR R T

4 i

HRAE I 4l L SR AR R SR A T 5
B 1 2R AR SRO G  HL AL R AT T S8
DLFC , i it #5 # % 42 CRUISE # %1 7E NEDC T
OUR AT T8 I R BE O B 10Uk T S 40t
WCH& BEPE, R ISIGHT FI CRUISE BEA17 B,
X SH R 0 L B0V A 1 = D LR K P v 2 K
117 DAk, 26 CRAIE 3 22 Jon sk oo [ R RE 3% 1 B vy 1
U, ZEAm 0 S0 BRI e AR O 1R B T AL
Pt Sk R A SR TR X Al B AR PR BOR
L,

[1] BEMZE T Cruise RGN T NF S EMF [ D] VI% . KL KF,2014.
(2] SRALNE, 2505, skl 4. s SR AL S R G I UC i Ak [ 1] Blep iR 5 TR, 2010, 10(16) :3892-3896.

[3] MR GREHIE[ M ] Abat ALtk it 2016.

[5

]
]
[4] Zsat, B 72 K. CRUISE Zhf sh 230 Sy Mk se {5 B AL T] HUB 5 L F,2010(4) :61-65.
] W, E R B IRZE A S AR S 1 RE S TR B ga i ox [ )] A0l e 4 5 2240 TR ,2017,55(7) .68-71.
]

(6] XUSthn, ERibk, sk it I, 4. R ghiR 4 it LRSI 3 R GEMBE S SB[ )] 2B TR R4, 2013,28( 1) :23-26.

(RERE: KE)



