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Powertrain system modeling and performance
simulation about parallel-series hybrid electric vehicle

LI Xian-min

(School of Automotive Engineering, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: In order to better evaluate the various performance of the electric vehicle, based on the
design of traditional vehicle driving system and transmission line and its power optimisation, the
motor component was selected and matched after the design, optimization and match of the driv-
ing system according to the vehicle structure, and then the drive system and control strategy of
the hybrid electric vehicle were modeled and simulated in Matlab/Simulink environment. The
performance of the power and emission was simulated and researched under the CYC_UDDS and
CYC_1015 cycle conditions. The results show that the premise of dynamic performance, oil sav-
ing rate can reach to 24 % and 30% respectively, and the emission performance has been greatly
improved in the original models. It provides some references for the study on the simulation of e-
lectric vehicle in our country. 6 tabs, 20 rigs, 11 refs.
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Fig. 1 Drive system structure diagram of hybrid electric vehicle
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Fig. 2 Simulink model of hybrid electric vehicle

3.2 EF Matlab/simulink g% h#l &5
KL AL GE NI, E R BEERN R FED
SR BT LR ST VAR A & sh HLE R, X LS R4 EORS

BE (KB = M F K, #5711 Simulink AR 40 R 51
Kl 3 Frs .

IR T 3 i 5 SRR 4 A B LA R il



4 KZXFFHRARAFR

2014

T P p 2 o LR AR 3 — Bl I L Ay B
T HpRR A & S HILIZ AT 1 B0 M S 2 10 K00 AR B & Bl
BLA I 285 iy 7 P o AR B e gl LR 5 A i il AR
8T AU R 2 00 o R R R A L 5 2

B R AR R S LB S ) M OSCPE s Bl )
ALK Fh LA Rt 2 A0 T A R e 2L = A
ADVISOR #1#) imageZmap ', th a] L5 2] % 3 #ll
R P R Bl

Ellavouas
IS M B8 T (al) B
— TN - m) Tt
146 i AT R 0 L wEmbS [z
8 40 ) 7 R /CN - m) l g EORLE(H &
KLz REN
AR —-@— REFH M AEORE T R4
?éﬁgﬁ‘%ﬁé Bk 5%
24l
I AT A
(N - m, rad/s)
e ——70

\—»<ﬁ$ skt | <ot i |

& 3 &Pl Simulink £ A

Fig. 3 Simulink model of engine
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Tab.1 Change of acceleration, deceleration and fuel consumption on CYC_UDDS circulation conditions

CERTLE IR =R T RS R PR/ BORMEEFE/ | FYmsEE/ | BoRWGERE/ | VX g/ KL il 2l g 2 1l
& SOC {8 SOC (km+h 1) (m s ?) (mes?) (m s ?) (m s ?) MFE/L e/ (kW « h=1)
0.7 0.498 32 7.78 2.67 —7.78 —3.06 0. 336 1.248
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Tab. 2 Vehicle emissions on CYC_UDDS circulation conditions
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Fig. 4 Control strategy model of car braking
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Fig. 5 Power battery SOC change and emissions curve

on CYC_UDDS circulation conditions
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Fig. 6 Engine fuel consumption of hybrid electric vehicle

on CYC_UDDS circulation conditions
K 8.1 9 4 CYC_UDDS T4 F AL TAE
SRR A iy . AU 8 BT %0 BB HLAE CYC_
UDDS T 4L F W1 4E f th 322 4E 78 20~100 N »
m Y5 Bl B RAHAE A 200 N oo m 2475 AR 9 w] %,
LB BLAE B AR A9 X3 7 >R B HLE AR T 159 N -

[ —
[ =

BER/(kW - h)

(=]

300 400 600 800 1000 1200 1400
i IR/
7 ARG 1R EAE CYC_UDDS JE¥F 8L T 19 i 30 6 & [0
Fig. 7 Braking energy recovery of hybrid electric vehicle

on CYC_UDDS circulation conditions

= SRR
& ORI A
* SLBRERAE AT

E
z
2
™ —100
—200
_300 1 A 1 i 1 )
0 1000 2000 3000 4000 5000 6000
#35/(r - min~")
E 8 CYC_UDDS i ¥F T.00 T HL LAY TAE £
Fig. 8 Working point figure of motor on
CYC_UDDS circulation conditions
~ 3
= 00
- 200
¥
=

*IOO

1 000 1 200 1 400
HTIEﬂ/s

9 CYC_UDDS 1 ¥ 1.0 T Ha 2l Bl i 41 %5 i th
Fig. 9 Torque output figure of motor on

CYC_UDDS circulation conditions
HL S HL AT DLIE A » [, s sh L 3L 2266 77
%ﬁ%mmmﬁﬁimmﬁﬁmﬁkm
MR TUE 1018 11 8] A1, & sh LT AR i 4 AR
iy B R AE 45~85 N« m Z A, W {1 4 45 5
F 100 N« m, il £ 3T 2R 1) &k sh ALY $5c KT R
AMETF 50 kW, r e CYC_UDDS 6% T F . &
FPLEERE EH TAE I B TAERCR K
TR 12 Fis b 7 CYC_UDDS L4 T
SRSV 1 Sl S TV N A O o
SRR T B e R 0 B, (i EAh AR WY A Y S
AR FEAEPFTE 0.9 Ef M FEL TR
AR B JGH T SR 2 HLT ) FE R AR R R .
b5 R 2 R A L Bl AL HE A F R L LA R A E R
Tt i 8y R



6 KZXFFHRARAFR

2014

4.2 CYC_1015 fEIR TR TR EMEEFE

150
CYC_1015 18 BEA% A L4002 H A3l 7 8 2% 776 26
100 P {5 ELAE R a0 UKl 13~ &1 15 s, Atz .
G IR B2 MM AR A2 Ak a4k 3 s .
Z sof TR 16,18 17 fiRs 5 CYC_1015 8 3R L
= R BB T A 5 T L O 4K R
op i%%%ﬁ%%m& CYC_1015 Iﬁ?»%ﬁ]*ﬂﬂ@ﬁﬁﬁ*ﬂ%ﬁig%‘qj’ﬁ:o
: @f{%ﬁ‘ it ~100 N » m, BE{EHFEFE 100 N + m Eﬁlﬁﬁﬁﬂﬁ
B T T T vy v a—rr—r BB Sh L TAREE B8 R 47 Hgh 1 15 bR e 48 1
HM(r - min”) S AR T3 e R
B 10 CYC_UDDS {5 T80 F & L9 T 1% U 18, B 19 Bron R S BLAE CYC_1015
Fig. 10 Working point figure of engine on T B AR s R s . AT L Z5 R F . K
CYC_UDDS circulation conditions WL A BT 0~65 N » m 2 i), 3
5 200 ARG B b, S Sl AL AR i R P, oA
é moLWMVWMWMWMWMMWM KU RENLEEE IEH TAE.
g 0 T 20 Frs CYC_1015 T8 F & bl
I W0 G0 800 1000 1300 T400 Fhf B 5 A SRR, K R HL A s LR
i /s HEHIE0~15 N e m Z[E,CYC_1015 T T &
Bl 11 CYC_UDDS & 5f T80 F & 8 HLA% 1L i P Vel ok s kR AR AL R BN, B LI, K H
Fig.11 Torque output figure of engine on LT [ i 2 2 R it e
CYC_UDDS circulation conditions
£ 3 CYC_1015 RH TR TEHMINEE OREERBEETH
Tab.3 Change of acceleration, deceleration and fuel consumption on CYC_1015 circulation conditions
MG | I EEEA | P/ | EBORIGERE/ | CFNEE /| BB | F YRR/ T il ) R 1
SOC SOC (km + h™1) (m+s?) (m+s?) (m+s™?) (m+s™?) e/ L 8] 4 / (kW « h)
0.7 0.565 53.5 4.2 3 —4.4 —3.4 0. 285 0.07
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Tab. 4 Vehicle emissions on CYC_UDDS circulation conditions
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Tab.5 Energy consumption of hybrid electric vehicle

U PiHE CERTE ] A T 2 L FE/ . ) HghRE R E/ | FEREAR BFEEAR
T T80 . . e/ L i ;
& /km i SOC o SOC (kW « h) (kW « h) THFE/L THFE/L
CYC_UDDS| 12.0 0.7 0.498 8.62 0. 336 1. 248 5.9 7.8
CYC_1015 9.8 0.7 0.575 11. 50 0. 285 0.070 5.4 7.8
k6 EBEINRENESHM
Tab. 6 Automobile exhaust pollution of hybrid electric vehicle
T B HC HEjilc i/ =45 HC HEji% CO e/ E 45 CO HEik NOz HEi i/ 45 NOx ik
(g+km 1) /(g km 1) (g+km 1) /(g km 1) (g+km 1) /(g km™ 1)
CYC_UDDS 0.062 0.13 0. 085 1. 81 0.028 0.1
CYC_1015 0.073 0.13 0.098 1.81 0.032 0.1
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Fig. 20 Torque output figure of generator on CYC_1015 circulation conditions
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