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A Simulation Research on 1/2 Vehicle Semi-Active Suspension Based on
the Fuzzy-PID Controller
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2. Engineering Research Center in Fujian Province University for Modern Mechanical Design and Manufacturing
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Abstract: A mathematical model of 1/2 vehicle semi-active suspension has been built by abstraction and
simplification, followed by the establishment of a simulation model in MATLAB software. The final results of the
sprung mass, speed and change rate of passive suspension, which are to be taken as the output of active suspension
control, has been worked out. The fuzzy PID compound controller has been adopted by the semi-active suspension,
for the purpose of the adjustment of the PID controller online in the given parameter range. The results show that the
semi-active suspension with the fuzzy PID controller has an evident effect on the improvement of the overall vehicle
performance at different speed stages, with the body vertical acceleration, body pitch angle acceleration, as well as the
front and rear suspension moving stroke obviously improved, thus helping to improve the ride comfort and handling
stability of the vehicle in different speed ranges.
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Fig.1  Illustration of the semi-vehicle mode
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16 B U 48505 LA 20, 40, 60 km/h (1935 J3
BHEATH, R E . BRI SIEEEE  RIAA
TR RSB STRE. RiE R RS TR 7E 60
knv/h PO ELRA TR, R B B AL
Kt EgE R & E 7~12 Fis . Hp i EA K
90.005 s, D5 EIFE A 10 s, 45~ B B 40
RESHUEIRINGE 5 FR .



58 WMo Lok ok % % i 2017 4F

0.8 2.0
e — = BBh R
~ 8 o, M — Eagm
% Fop Mo ~
- \ A P
: L
= g
E 3
% o=
& &
# =
08— 33 5% 7 8 9 10 20, 2 4 6 8 10
I [a]/s A [aj/s
7 ESFLEEMEETL ML 11 EIERRENITIE L th 4k
Fig. 7 Body mass center vertical acceleration curves Fig. 11  Front tire movement stroke curves
03 20
N — = AR, s . __%ﬁ%jj%gé,
T 0.2 — EHER i ! . f 7 — EHER
- ! E 10 i
< - -
Z ol ‘ i1 : . = " v b 1 !
= L A0 0068 E - 05 i ) 1 '] T
il - YN ] & ]
'li-,ﬂ of | Y y 4. I I’E 0 i A
= o il X L} "
& d ‘ ' g 05 i b ;
£ o ' £ 10 N )
YL I th L = "‘
# 0 LI 15 i :
T 5 4 5 6 7 8 9 10 20T 2 3 4 3 6 7 8 9 10
I [a] /s i} 1) /s
B 8  FE& B iniE BTk 4 B 12 FERBRIITET %
Fig. 8 Body mass center pitch angle acceleration curves Fig. 12 Rear tire movement stroke curves
oo — #s5 BMEEROBRUESHNFIRE
0.100F iEl _ Jr_zjjég,g Table 5 RMS values of suspension performance
i parameters for speed sections
£ 0.005F,
ﬁ% T/ PO Bezh F3 et/
g or¥ (km-h™) = B B %
ﬁgj o005k MRS / (ms?)  423e-1 1.97e-1 534
= WHMAA IS / (rad's?)  1.60e-1  1.30e-1 187
-0.010F 20 HE A TR / m 6.30e-3  3.90e-3  38.1
RAA T /m 6.30e-3 3.30e-3 476
0015 ————5—45— 56 7 8 9 10 AR TRE /m 7.62e-4 7.45e-4 22
s EHMEIF R /m 1003 7.88e-4 212
I:l;ﬁt >
B9 RrRmaTiRE A TEMERE /(ms?)  6.00e-1 3.1le-1 482
Fig. 9 Front suspension dynamic travel curves WHDFI IR / (rad-s™)  2.26e-1  1.78e-1  21.2
HEEZE8h TR / m 9.00e-3 5.60e-3  37.8
0.015 40 o
ZRENFTRE /m 8.90e-3 4.80e-3  46.1
0.010f 5 — = BERAR, BUEIRAN TR /m 1.10e-3 1.10e-3 0
,'!I , — EaRR SRR TR /m 140e-3 1.10e-3 214
&\E 0.005¢ 'r FEAAELE / (ms™) 7.0le-1 39le-1 442
% 0 i PHRSA I / (rad's?)  2.23e-1  1.65e-1  26.0
2 " HREAAR /m Ll4e-2 6.80e-3 404
%*0-005* JE R TRE /m 1.07e-3  5.90e-4  44.9
0.010 Rk T /m 1.30e-3 1.30e-3 0
o JRFEHABNATRE fm 1.70e-3  1.30e-3  23.5
B N B B N W S WP 7~12 FIZ 5 926 AT LI ty, o EaR
10 EEZHTETy e ZAXS T o B AR R FAEARERA e T 7E& A

Fig. 10 Rear suspension dynamic travel curves [ B, RS BN, AR . e



5 6 1]

EHEME, 5 AETRLN PID FEHIERAY 1/2 $E 40 S A LY 59

REEATRE, RIRSIRETEREII A e, Hoh AR
I IR B B SO S 5 B A AN ] A i [ Py el
FPEVERHRATENERS 2 TR T

5 ZEig

LN 172 B F SR FARRY, TR
HI G B2 B G A W R S AR VE G TR
AEBHJE T A SR P g R TR PID &5 4%
HIAE A TR, IR AT 458

1) RS TR AN EE . IR AR R . Hi
AT RESCE I, 2T T ARG R i e AL AT IS
TESEPFEE;

2) HifE IR RS TR RESE /N, BEAE ZEE Y
Hahn, RIS OREEANE , AR IR M T 2 (A] 4
iy R el A7 B

3) RAIBW] PID & &ty Foh B, H
BARCE G TERRIUER, SRR, AT SCEl A N
SET TR

S 3k

(11 LR . TR A HAR M W Eah B H RS ML

BT D). HUH : WITL R, 2003.
YANG Likang. The Theoretleal and Experimental
Investigation on Semi-Active Vehicle Suspension
Employing Magneto-Rheological Technology[D].
Hangzhou: Zhejiang University, 2003.

2] JEEN . 02— EWER RGNS O AT (1],
AR SRIE, 2015(1): 5-8, 56.

TANG Zhiqiao. Dynamics Simulation of Half Vehicle
Suspension System[J]. Highways & Automotive
Applications, 2015(1): 5-8, 56.

[3] HUANG C, CHENL, JIANGH B, et al. Fuzzy Chaos
Control for Vehicle Lateral Dynamics Based on Active
Suspension System[J]. Chinese Journal of Mechanical
Engineering, 2014, 27(4): 793-801.

[4] YOSHIMURA T, TERAMURA I. Active Suspension
Control of a One-Wheel Car Model Using Single Input
Rule Modules Fuzzy Reasoning and a Disturbance
Observer[J]. Journal of Zhejiang University: Science A,
2005, 6(4): 251-256.

[5] DONG X, YU M T. Genetic Algorithm Based Fuzzy
Logic Control for a Magneto-Rheological Suspension[J].

Journal of Vibration and Control, 2014, 20(20): 1343-
1355.

[61 XU . 4 RHIBEHIE A 172 240 3 sl B 28 05 B 5T 3],
AHESTRIE, 2015(3): 15-20, 80.

LIU Jing. The Skyhook Active Suspension Simulation
Research of the Half Vehicle[J]. Highways & Automotive
Applications, 2015(3): 15-20, 80.

(7] sk R, I3, X3cte, 4 LT Car Sim-Simulink
BRE D7 FURY RS 428 2 sl B AR P O FLOPOE (0] B
B TR A4l ( AARBEERR ) L 2015, 40(1): 39-
44.

ZHANG Kun, XI Wenhui, DENG Wenhua, et
al. Fuzzy Control Simulation of Full Vehicle Semi-
Active Suspension Based on Car Sim-Simulink Co-
Simulation[J]. Journal of Kunming University of Science
and Technology ( Natural Science Edition) , 2015,
40(1): 39-44.

(8] KWy, AR . BT IR PID 1% ) WEDM-LS

PE JHUE 22 75 R G R BT[], VL VH BT R S 24
2013, 34(5): 41-47.
SONG Mengmeng, XIAO Shungen. The Constant Speed
Wire-Moving System Design of LS-WEDM Based on
Fuzzy PID Algorithm[J]. Journal of Jiangxi University of
Science and Technology, 2013, 34(5): 41-47.

[97 SUN T, HUANG Z Y, CHEN D Y, et al. Signal
Frequency Based Self-Tuning Fuzzy Controller for
Semi-Active Suspension System[J]. Journal of Zhejiang
University: Science A, 2003, 4(4): 426-432.

[10] YUY, WEI X X, ZHANG Y F, et al. Analyses and
Simulation of Fuzzy Logic Control for Suspension
System of a Track Vehicle[J]. Journal of Beijing Institute
of Technology, 2008, 17(2): 164-167.

[11] XU X, ZHOU K K, ZOU N N, et al. Hierarchical
Control of Ride Height System for Electronically
Controlled Air Suspension Based on Variable Structure
and Fuzzy Control Theory[J]. Chinese Journal of
Mechanical Engineering, 2015, 28(5): 945-953.

[12] NGUYEN S D, CHOI S B. A Novel Minimum-Maximum
Data-Clustering Algorithm for Vibration Control of a
Semi-Active Vehicle Suspension System[J]. Journal of
Automobile Engineering, 2013, 227(9): 1242-1254.

[13] SU X J, YANG X Z, SHI P, et al. Fuzzy Control
of Nonlinear Electromagnetic Suspension Systems[J].
Mechatronics, 2014, 24(4): 328-335.

(FTAEZ . %)



