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Fig. 1 Structure of electric power steering system
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Fig.2 Steering column-assisted electric power steering system
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Fig.3 Torque sensor of the steering system
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Fig. 4 EPS dynamic model
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Tab.1 Vehicle model simulation parameters
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Tab.2 Simulation parameters of the steering system
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Tab.3 Simulation parameters of the suspension system
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Tab. 4 Tire system parameters
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Fig. 6 Response curves at 20 km/h condition
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Tab.5 Total steering resistance torque under 0. 4g lateral
acceleration
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Tab. 6 Ideal steering wheel torque under 0. 4g lateral acceleration

U/ (km/h) 20 40 60 80 100
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Tab.7 Slopes of assist characteristic curves under different vehicle
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Fig. 8 Fitting curve of the assist slope coefficient
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Fig. 9 Simulated assist characteristic curves




108 HL Ui

5k

P

2026 4F

3 FEBNEN N A R G is fl SR R

3.1 E=HFEERRREEMAME

FIRT, 134 EPS 248 22k ] PID f il a4 S B4
FLFERO PID # e  PID #5550 A L XhR 7
TUA L 4E PID £, A 4 BRI 2C L B K SE 1A i )
PID L% 595 , S HIHE P 10 s o

L] B A

vV
e A }—“-{ AL }i
|L. ]

BE10 R RS IE R
Fig. 10 Block diagram of the current control strategy

3.1.1 By A iEH)
S Bl Jy Pl i, AS K4 2 e ) i S HIL R i B
TV T W FRIK AN

_0,0<I<2A (10)
“10.051-0.1, 2A<I<35A
3.1.2 [LRIEH

M A AL i 1) 2R B2 TG B 1 Ya R B2
FEHBZ A 11 Fis

iyl

icinl | bl }1
|

LB A

i
IR HI H LBt 2 8 }J

E11 PREEFIEE
Fig. 11 Damping control logic

3.1.3 WiEHEH
24 [ oy H, S LA AR B ) 0072 5% e B R R S
s, IRl IE 2 SR an A 12 Fr s o

Ty
BhFa4E

BN A L
1

AR A H IEAE

st }——{ EhHL }—T»
|

E12 EEEHIEE
Fig. 12 Steering return control logic
3.2 CARSIM/Simulink Bt & {5 E iR
F| F Matlab/Simulink $ {4 EEAR , 55 75if SC ATk 1 5%
Tia) By 1 4tk ity 28 50 1 AN =X B ik 5 91 il 7 PID H
4 1) S s [) I 0 FH AE e s AL eyl o B ke 4%
AR, 15 278 B T s Bl B 00 e 1) R e Ik
AU EABRL, N 13 PR . a6 B bR, A
EPS 1% 1w Bh 71 554 , SE30 PID A1 3R

L H it
1
PID e 1
_ den(s) |
AT, I, theta 1 F, P TR
PWM
AT, [, theta2 F,
R .
7 7 H bRl A ,K\ i 1] I AL
o - HUEIHLA
g L
Wy 2
B_ T, ¥ -
I ) SN EPS dthetam/dt
(REESHN ) . —
L _m i m m
(J [l AL il ARSI
I SR U

E 13 CARSIM/Simulink BX & {5 E &5
Fig. 13 CARSIM/Simulink co-simulation model

3.3 HELERSW

X A G () M = B8 Ik B 98 ) A PID R I 4 o
TR B ASE AL T R A 15 B, RS A R 42 1 i 50 B4l
HEAT X A B o 2 i 0 3k /e 4 1A I ) i B A7 A S
B, AR 20 km/h (Y 25 3 46, A3 U0 56 24 104 n
20 km/h, BT 2 5 100 km/h 4 1F . AS R 42 38 1 1F 5280
(ELAE M A K O 205 ATt %) 4 1 P R 2R £ T
P il 14 B, £ 350 S Bt b 42 80 i e 25
FEAWY A, 33X 158 B A R A AL s B ) i R 5 52
PR, [7) B g 17 8 R R 0l R, A X e % B R o 1Y)

PID Hi Jiit 45 il R R BLAR

FEHIR IR /A
(=1

5 IIO 1‘5 26
B[] /s
(a) &l i JE-Aof ] i £ X0 LR & (20 km/h)



ot

5 48 B 4 1Y) He, 2 PR 1) R G0 BRIV e SR A S 109

oo FLrp o o SRR PR R I 4T 1) 3, PRI 22
TERG I AE | 5 V-BOX Rl A7 GPS ARt (U R i 22
IIREFEIRN , B A B B I AR i DI RE 5 HL 2255 ol
TESFCOAEE b, XYZ J7 1045 MR AR AT D7 1) A B, R
FRUCE N 50 ms, PR GELEFATE M 15 s

FE I /A

I 8] /s
(b) F5t) 7 -k ) oty 26 % I (40 km/h)

O e i,

35+

15 MAH¥EAES V-BOXME RS
Fig. 15 Force measuring steering wheel and V-BOX measurement

system

FE R /A
(=1

4.1 HE@BEHLRE
F3 42 [ Z bR UE GB/T 6323—20141 #1525 4
WG WA LR B AR AT, B 3 22340 10 km/h, 3BT A 3¢

0 5 10 15 20

B ] /s RN 5 i 42 P [ R (PR R E R A 25 2R
(c) 47 v, OB iy 2 6 EE S (60 km/h) PR AN [R) A% s Y B A e Ta) 2[R 28 1

X R T I RIS HE S, e 2510 20 4 e T DE
FHEBUIHE-5% f i 2, TS 4R edy B 7 P 9 3
AL BRI 16 P o IR EEE R (R 8) Ak
B RS PRI, e ) S KA I 5. 83 Nem,
Sein A 5. 60 N-mo B LATER AP 5mg T, A5
M 0 R 2 1) B P

6.0

3.0+

P IR /A
(=1

A (a] /s
(d) il b Jag- ek 1] i 2 67 L 1] (80 km/h) 2
L iR i <
6.0
0 X E"é + T 1
ﬁ W 300 600
30 F E
< b 4
s i1ty il M AL
3 0 X
=
;Igj
3.0 -6 J
B ()

El16 Fmid @it sk

00 0 5 1'0 1'5 2'0 Fig. 16 Steering portability test curves
fit 1] /s ®8 HEBREWHREHIE
(e) 4350 FhL -1 2 ) H L (100 km/h) Tab. 8 Steering portability test data
14 RE % Tl Fa - ] 40 L 28 Sfh AT
Fig. 14 Comparison of control current-time curves at different A X=0° X=0°
. BT BT 0 sy
vehicle speeds EAR Y=2.03 N'm Y=2.78 N-m
N % X=451° X=352°
4 BEHRRFIXESHT e N T
HesE ¥=5.60 N-m 7=5.83N'm
W UE BT PR WS Y L PRAOR AR TR 4.2 HEdECBRAEEERE
SR BORE A BT R o) A A X R v [ o 8 4R AR, AR A T AT R AR A 1) B AL ]

SE VRIS, I 5 R AL 58 PID £ 958 i R B BEAT X (3 EL/N A BB 1] I A 4R AR 7% R 40T



110 L Ui

G i 2026 4F

JREB o 58 v )7 R AR P, WA L I 3
o MU B E B SR A V10 - BEHEAE TR K
T EEPREE R e R R AT AR IR S, SR
J5 LA 80 ken/h AR Y A= 4, A6 1] ot i 2 2531 S 0 Al
0. 1g FTEOLT , FEAT T IE SR T A AT 3, A7
SEJAIBEE N 60 5. BIORAC F A AL I 1 Kl A N ]
IR B PR HC 1) SR -0 1 i il £, I
S A TR R TP A S R A B I 17 B

61

AR /(N-m)
I

—6
1) s B /(m/s?)

E17 FmEaERARE SR Lk
Fig. 17 On-center handling stability test curves
S RCTE VA R IRV SR W8 & T
(9), Mlyay fnsde Bk 0 1), RIFERE ] 853504 PR 450
I3 B A BN FH I e 1) S5 REURR B2 e A i e 1)
R GONIR FE S B R S dh 42740 13. 80 Nm/
(9.8 m/s?) , AN 4RI K 17. 32 N-m/(9. 8 m/s?>) , $& T}
W2 25. 5% , RIVAS 420 o P S8 A 0 i) ot
JEE 9 0.1 I, £ 5% 1] £5 35047 DR 42400 i oz 3l 7= A i o
PR 7N 1 B2 AR 58 40 02 5 1) 0 i 4 2
SRRSO, SE R AR 11, 13 N-m/(9. 8 m/s?)
AFARIN 15, 30 N-m/(9. 8 m/s?) BT HIREE R 37. 47%,
BIVAR 34 B RE PR AL B R A 5% 1) S AR ek 7, 25 B B g
A ok ) 25k B b 5 o ) R G 1) e R R A 3 2
AL LR I, 18 FEAS AN 5 MR (PR 2 fin) A el P 4 15
DU, e N AT W) s
F9 HEdEAERMREEKEEE
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Research on simulation and intelligent control strategy of a automobile’s
steering system

LI Cheng'”> HONG Cheng'*’ GUO Shun'® CAI Zhijun'’

(1. College of Automobile and Rail, Anhui Technical College of Mechanical and Electrical Engineering, Wuhu 241002, China)
(2. Collaborative Innovation Center for Intelligent Vehicle Technology, Anhui Technical College of Mechanical and Electrical
Engineering, Wuhu 241002, China)

(3. Wuhu Engineering Technology Research and Development Center for the Wire-controlled Chassis of Intelligent and
Connected Vehicles, Wuhu 241002, China)

Abstract: [Objective] This study focuses on the steering performance of automotive electric power steering system under
various operating conditions. Taking a certain domestic vehicle model as the research subject, it aims to optimize its assist
characteristics and control strategy to enhance steering ease and road feel. [Methods] Firstly, a co-simulation platform was
established using CARSIM and Matlab/Simulink software to develop an accurate dynamic model of the steering system. A
linear assist characteristic curve was selected to provide a basis for subsequent control strategy research. Secondly, the steering
resistance torque and ideal steering wheel torque at different vehicle speeds were analyzed to determine the variation law of
assist gain coefficients with respect to speed. Thirdly, a proportional-integral-derivative (PID) current control strategy based on
bridge circuit pulse-width modulation (PWM) was designed to improve current response speed and control accuracy. Finally,
the effectiveness of the control strategy was validated through vehicle tests on steering ease and intermediate position steering
performance. [Results] Simulation and test results indicate that with the proposed control strategy, the maximum applied torque
on the steering wheel during low-speed maneuvers was 5.83 N+m, comparable to 5.60 N+m of competitive models using
traditional PID control, thereby maintaining good steering ease. In high-speed intermediate position steering tests, the gradient
of steering wheel torque at zero lateral acceleration increased by 25.5% (reaching 17.32 N-m/g), while at 0.1g lateral
acceleration, it increased by 37.47% (reaching 15.30 N-m/g), significantly improving road feel during high-speed driving.
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