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Active Suspension System and EPS Integrated Control Based on Adaptive Fuzzy

PID

Zhao Baohua, Zhou Bing
(State key laboratory of advanced design and manufacture for vehicle body, Institute of Space Technology, Hunan University, Changsha city, China, 410082)

Abstract:  Many scholars have researched on active suspension system in order to improve the ride comfort of the vehicle. But
most of the researches were based on a quarter vehicle model or a half vehicle model and the vehicle was supposed to run along a
beeline. In fact, during most of the time, the vehicle is rotated in some degree, and the rotation usually has an important influence to
the state of the suspension. Nowadays with the gradual perfection of researches on the electronic control systems of the vehicle,
integrated control which takes the effects the systems impose on each other into account become more and more popular. This paper
puts forward a whole vehicle model with rotation states, and applies an adaptive fuzzy PID control on it. The result of the emulation
shows the ride comfort and handling stability can be evidently improved.

Keywords:  Active suspension, EPS, Integrated control

REESNERE HBIBY J7#E 1 R G SR Rz ]

R, FX
WIRT RSV I SR R A S %, MURBERBISUIT, Kb, 410082

WE: AR SAEGTIPRM, BRSIRE FH G ENBRAGHETT KEWHR, @AM KARTKAET 1/4 R 1/2

ERBER, FAAE AL AR, FELAEZFTATARREGEGRS, MitaF BRGEDREAFEZHY

. BRI AE SR TR AROHAR S AR, AT RHEEQEEME, FEENT A ARG LY, AT ERIE
B LRANRAE ARG E. AR B T LS ToPAE L5 R, FHRT AU PID 424) Bxf L AT R ARIE 4. 47

AR A, 8 1R RAEH) T 9 B9 BB F 358 BT A9 AT B PR An SR IAAS T

KA THAR, LA, EriEH

1 3|8

HLBI ) J1 e 1 REE(EPS) H 1990 4F £ H A Honda 2x RlI& s 4= NSX W DK AL FUR AL SR 51 T B34 ml 4
FIMCATS L, & BATRIDAE, 235, AT b S5 O g ROl 22 I 7 L %ﬁ%éﬁﬁﬁﬂu%ﬁ/z*%ﬁﬁfﬁ’ﬁ'ﬁiﬁ PAa
EMPEAT B EE (K R0 o A SRS T BAT BN T35 1) RGN AR AR, JFHEAT T 5 M BB R A RN T K05 EL AT . SRR,
I 3 24 PR 4 TR SRV 4 T ) 2 A R G AT B O B R M B A T P I

2 RGHERMEL

2.1 BB
TIE IR, RS T AR IR L AR BUS SDREA, AR 1P 3 .

262



The 6™ Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

i
5 é !
ZE4L JZZI
2 1 i N mo
}x 5,
S.
2 ! C. K, C /Q K
VI 5 24 _,'7; 24 21 fl 21
2N
/
w0
4
S5 3 M
B 1 REE s B2 fHmEshen
ZS
\ @

221 L_ kﬁ’*i i __, 222
- s

C21‘:E% %Km sztg% %Kgg

ZuL My —— M1z lez

o ¥

d d

3 Uiz pE

X RGRATIESN 2 o i, I LA N I8 B0y T Fe s

iz 5
Iyé =b(Fy; +F,,)—a(F,; +Fy,) (1)
MHBIZE 3
1.6 =mVvh(B+w)+mghp+d(F,,+F,,—F,, —F,)" @)
GO RIEIZE)
l,o, =a(F, +F,)—-b(F, +F,) (3)
Fenizzh
(8 +w)=F_+F, +F, +F, +msh¢ (1)

263



The 6™ Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

2 G 1 P

SR TE LI AL

Hop
F
F.
Fas
Fu

e M, M, My, 5550 846 it e A R TR,

myZg = I:21 + I:22 + F23 + F24

myz, = F, i=1234

_F2

=Ky (2y; = 25) +Cyy (24, — 2,y) —kaf (—— G2 — d —-¢)/2d + f,
=Ky (Z157255) +Cyp (2, — 2,,) + Kaf (- faz — d —-¢)/2d + f,
= Kyg(Zy3 — Z,53) +Cp5(2y5 — 2,5) + kaf (—— f1a = d -¢)/2d + f,

=Koy (204 — 234) +Cou (214 — 2,4) —kKaf (—— f1a = d —-¢)/2d + f,

F, =k (2, — 2)
F, =k,(20,—2,,)
Fio =K (2g3 —243)
Fro =K (2o, — 202)

Lyt Loy =2y — 1y

6=
2(a+Db)

Zyy+Zys =2y =1y,
4d

o=

3 bz,, +bz,, +az,, +az,,
2(a+Db)

(5)

(6)

Lo Uy, 1, 20002 S0 st Bzt ahistin, B b

FL A, o, WEEEAEE, O TR, 6, AR R RN ARG, a,b bR E L, d b

12 #86, Ky, Cy NI A

RRIBERBLE, K, Ky, b i R AR, 2, % ks

TG SRR, T, WA BT RSN, T, e T AR B R ).

264

2, MR RS



The 6™ Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

2.2 RpHEALE EPS BH#L
0/ £ 10 2 1 A 56 B T TR R B ME S T, T TT #4000t 3

F.o=ka, i=1234
B
A=a2=6-f- 2w +E,¢
Vv
b
a3=ad=-p+—w, +E ¢
Vv
Sorh o, ot oS, B, | E, 4RO0 I, NI R
SR 5 46 1 4 2 L 0B J0 B 0 R S, R IR A IS Ly G, I RTR B A0 O MRS HE A O, A

5,=G5.
LU i BF GO % BISE 8 R :
3,8,=T,+T,-B,5, T, )

T. =k (6, =6,)

_(Fu+Fo)e

Tr
G

J AN R e, T s LB R, T S b A AR D7 1 B b (KB RE R, K o e ek L

RE, € OUTTRHGEE, O, M AL A,

2.3 BREAERY
SRR 1 77 A O B BB T
Z,(t) = JC [w(t)dt ®
C =47°G,(ny)n,"v"™ )

Ne &% 7 g%, i 0.1m™, G, (Ng) 922 728 IAVAR A 10 4 1T AR, R o B TRTAS T 3 3R 58, W) b B T 75, V%

i, Be15m/s.
2.4 KB T RAEN RS T EER
WA (1D 2 (1) PR 10 ML G5 5858 R 2 R LA B R RIG L R ARSI
X =AX +BU
(10)
Y =CX +DU
N NN =

N S . . . . . . . T
X - [5' ﬂ’ a)r ' le’ 212’ 213’ Z14’ 221’ Z22’ Z23' 224’ 5’ le' 212’ Z13’ 214’ Z21’ Z22’ 223’ Z24]

265



The 6™ Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

AR Ry
Y =[0,0,,251,229, 253, 2541 251, 23, 253, Z,,]
AR 5N

U :[Hme’ f11 fz’ fs’ f41201’zoz’2031204]T

3 HERIEHISKIBIT

ARICRH] - PID FEHIZ A0 A OGN PID 42 S50 4 1) I 4= EPIRASBEATF06), P ZE S P 2 € 24 PID
PR LLAS B g DU S SR R 2 e Ak ) T TN B DA 428 1R G A T4 ), AR 8 il R b O T PRI SR RS e MRS A B
TGN PID i ds, € LA S BT D BOMI P 8% AN, LT ) 5 /N A R e A7 IR 22 (AR DR 22 55, BRI 1 s 1A i b A 75
PID il 5% (K12 Hon] LR 22 S MU BUIRAS S HEAT o ISR Pl G ] 4 P

Ini |t o //G;Iq p

out i T
InZ 2 Scoped
adaptive PIl contral tomque /m ot 5}
hemoaony zaini fl & o
Fuzzy Logic
Controller frantwheel angle
with Fulewviewer
il p
=21 Seopel
>
pif? »
Constantt 27 e I Ot 1 [ dursdt dursdt ﬁ

h 4

Derivative Derivativel  Scoped

rall

¥
YYY¥Y 1Fﬂwﬂ' h 4
Py
(5}
¥

3 = AoekBu )
2 o P In1 Ot
| = kD v =24 =
-
State-Space = ScopeZ?
node
'z
e
Ot L
Frd .
read b Ll
P In1 Outd
23
g
FID control force
29
e
L
P 01 Ot 4>|§|

Scope

body_a

(SN LBHE S R )

4 HENGERESERS

RBEAAMLL 15m/s g B A5 (9) Pl it i) B 2k i HL45 05 1) ik LL 60 FEM Bk A . B i LS Hnk 1
PR

266



The 6" Int.

Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

R1 HAHESH

SRR ZHl ZHATR ZHl
s m/ Kg 1030 HT AL BLE R EL Coyp (N - S/ ) 1570
s mg [ Kg 810 JEAHHLIE R HL Cogpg [(N - S/ M) 1760
e B My 1 KQ 265 SR K y191314 /(N /M) 138000
T My 1 KQ 244 SN OGRIE Kyo 54 /(N /Tad) 17500
A 4RI Koy op /(N /) 20600 ik e/m 0.03
JFRAE Kygng I(N /M) 15200 s J ) I(Kg /m?) 0.085
pa R AT AN Ky o /(N -m/Tad) 6695 i e 75 B, (N-s-m/rad) 043

REIEARE

FEREINm)
— —

25 38
Bl

5 BRI

HEiEE

g

e
& S
I

25
s

K6 HikeiEm

267



The 6™ Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

. —— . e
IA\
[
‘J:”"L‘ 15
wl [V y e
P,f \
I
i 1
I |
uis | | <
il L
: |l g]ﬂ
wiH| il I%
; Ww: N
f
s v U\'I
] 15+ \
G’I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 05 1 5 25 35 : P 5 1 [ 1 5 25 35 ‘ [ 5
Hidig B
7 BEEEfE K8 ZESH i nid e

25
FEi)

K9 7L EUIE
5—F 9 ik BB, MREACRMIN %5 Pris 2K, SKERATR B R AL

5 &

(1) RS A8 LU ) SRR A 1] E T LA, B T B0 G R PID RN ML ) ) B 1 R GRS MR 2 4
G A8 AR L B 0307 Ve, — 7 TS 7 6 1 i 0y EL AL A 0 P8, 5% — 7 T4 6 B A RN R T 46
HEAR R ST, BN T B IR B

(2) T DA HH 2 9 A3 4 DU A6 I P A0 S0 T %, 001 T 2o 25 W A R .

(3) 25 W) RS, A A3 T TRAL AT AT

2 E BTN

[ Mo, G BET MBS R LR LQG FHIWFT[J]. W 5 sh 4, 2008,1:
[2] &&EERFEHEIRIM. 25 2 B bat: U Tk H R, 1990:104-115.
[8] M5F. VA AR A Bl e RGFA D]

268



