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Controller Design for Active Suspension
Using Fuzzy Logic

bPark, Sungtae + Kim, Hunsuk’
Dept. of Automotive Eng

<Abstract>

A vehicle generates the rolling motion of sprung mass relative to unsprung mass
during cornering or lane changing. The rolling motion tends to decrease handling
performance and ride comfort.
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In this paper, a digital controller using fuzzy algorithm is designed to improve
handling performance and ride comfort by controlling roll angle during cornering or
lane changing. A vehicle model consists of three degree of freedom ie., sideslip,
vawing and rolling motion, and is simulated for vehicles with characters of
steady-state handling of oversteer and understeer.

As the result of computer simulation, the controller using fuzzy algorithm prevails
over handling performance because of the decreasing of rolling angle, rapid response
to vaw velocity and lateral acceleration, and good steady-state gain, when cornering,
compared with passive system and Fred's system[7]. And it also shows that the
response gets to steady-state with small roll change for lane changing and
acceleration of cornering time.

71% dd
a Distance from center mass to front axle
b Distance from center mass to rear axle
C¢ Roll damping coefficient
C Lateral force coefficient
C\ Camber thrust coefficient
e " Roll steer coefficient
g The ratio of tires scrub to roll angle
I, Mass moment of inertia of the vehicle about the X axis
I, Mass moment of inertia of the vehicle about the Z axis
ks Stiffness of suspension spring
ku Equivalent spring stiffness of tire
k¢ Roll coefficient
L Wheel base
M Vehicle mass
4 Roll velocity
v Yaw velocity
q Wheel camber with roll
B Wheel track
Vi  Forward velocity of center mass
Vy Lateral velocity of center mass
T Aligning moment coefficient
y' Tire scrub
U Actuator force
& Roll angle
B Sideslip
a Slip angle
0 Steering angle
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ay = &+ e¢p — Vs (2.12)
@ = exp — —VY——_%—% (2.13)
=22 Fig 230 FoJ7 Alxsq)

Lagrange WA 48 z&3ld LEulzma
< FEdtd og3 o] IHAT

m( vy + V) = (Fn. + Fyr)cosd +
(Fxu + Fxaglsind + Fyy + Fyop
(2.14)
L7 = al (Fn, + Fuucoss + (F vir. + Fyplsiné}

= KF vy + Fyy) + ?[ (Fxy — Fyw)cosd

“AF . — Fpg)sind ] + TB<F\’2I = Forl
(2.15)
Lp= =Cop = bt~ 5 Uy = U + Uy = Uoe)
(2.16)
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Fyr = Fyg, Fyp = Fip,
Fyipn Py = Fye 7F "0}
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Li= aFy - bFy (2.18)

Lb= —Cop— k-~ £

(U = Upg + Uy — Uy

(2.19)
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(2.26)
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MD+Y, MVy+Y, YD+,
Ny 1D+ N, N,D+ N,
Ly L, W+ LD+,
Vy 0 Ys
L4 + 1] = Na &
¢ Ly Ly
(2.27)
o] ¥} of7]A,
Y, = —&Vix& (2.28)
Y, = ic—*%{#‘f'i (2.29)
Y, = &6 + 56 (2.30)

Vx

Yy= —(Cie, + Coe, + ¢, C, + 2 Cy)

(2.31)
Ny = aCy —~ oG, ‘;rY N+ T, (2.33)
N = PO +HC +al, -0 T
- Vy
(2.34)
N = aC\g, — bCogy + g, Ty + £ Tz
) Ve
(2.35)
Ny = —(aeiC) ~ be;,C, + ey Ty + e, Ty
+aa € — bgy Cy)
(2.36)
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Ny = aC, + T, (2.37)

L, = ————g‘cll}: £ (2.38)
_ ag,C, — bgyC,y

L, = cs + ﬁﬁ:l—gg—Cz (2.40)

L, = ky — (g.Cie, — £:Coe0 + 214y

C, + g4, C)

- AEA
X = %
x.z = (Ll.x:; + L,X4 + L,,xz -+
Ly, + L+ Ly /1,
x3 = (Yxy + (Y, = MVy)x, +

(2.44)
Yix, + Yoo, + V®) [ M

x; = (Ngxy + Ny, + Ny +

Ngxy + Ns&) [ 1,

A7 x = ¢, 0= H=p), 1 = Vy,

(2.41) x, = rolth.
Ly = &€ (2.42) AFE ABeloldol AlgH® HelulH
L/ — _g(UlL . UIR _ U2[, + UJR) TL—: Table 2.10“ ‘;15012}9\11:}’. ‘E‘ "\:E“E_'o’] é
}E vy FA%7] Asle Fredel(7] =
(2.43) oA Fold dHolHe TII FAE
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Table 2.1 Parameter values used in the handling model[7]
M 1000 kg ! Ic 300 kg.m”
I, | 1610 kg.m* 25 m
a 12 m B 151 m
g1 -0.4 m/rad g2 i ~0.1 m/rad
el 0 rad/rad e 0 rad/rad
ai 0.8 rad/rad az ' 0 rad/rad
k¢1 6000 Nm/ rad | k¢1 10250 Nm/rad
—_ ] - — *7 . — e e}
Ca i 800Nmsec/rad Cy 900Nmsce/rad
C 32000 N/rad Co 28000 N/rad
T, -640 Nm/rad T, -560 Nm/rad
G 4000 N/rad G, 4000 N/rad

For the understeer case;

C1 =28000N/rad

C2 =32000N/rad
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Fig 2.3 The force on tires(side force, drag)
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Table 3.1 Quantized level of E in first region
Range l NB | NM ' NS | NZ | ZE | PZ | PS | PM | PB
. R : - - M. S S A
; E<-05 10 0 0 0l o0 0| o0 |
7 -05<E<-01 0 1 0 0 0 0 0 | 0 0 1
-01<E<-006 L0 0 1 0 0 0 0 0 |
. —— — — [E— e —— - - e {
I
0.06<E<- -0.02 0 0 0 1 0 0 0 0 0
~0.02<E<0.02 0 0 0 0 1 0 0 0 0
0.02<E<0.06 0 0 0 0 0 1 0 0 0 |
I - - 1
g 0.06<E <0.1 0 0 0 0 0 0 1 0 0 4
0.1<E<05 0 0 o Lol oo | o1 0
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Table 3.2 Quantized level of AE in first region

Range ' NB | NM | NS | Nz | zE | Pz | PS | PM | PB
AE<-01 1 0o oo lolo o ol o
01 AE<-001 o 1 010 0ol 0o o010 ! o
-001= AE<-0.001 o o | 110 ] ool o o0 o0
 0001=ABE<0006 | 0 | 0 ' 0o Lt 0l ool 0] o0
~0.0005<AE<00006 | 0 | 0 L0 | 0O | L | 0 0 | 0| 0
00006<~E<0001 0 | 0 | 0,0 o | 1] 00! o
0001<AE<001 ol oo 0o 0o o] 110/ o0
 00I<AE=0.1 o] o olofololol 1o
0.1<AE ol oo 0ol o oo

Table 3.3 Quantized level of AU in first region
TTAU [ NBINM NS [Nz Nsz[ze TPsz | Pz  PS | PM | PB
90 |1 L 0 ol o0 0 1ol 0 07010 o0
a0 o 1 ol o[ o To oo 00T
30 0] 0] 1 0ol o 0o 0o o 0o o0
50 L0 | 010 10 "ol o ToTlT oo o
~90 0] 0 o lol 1 oo To 1o 0 o
0 ol ofJolol ot 0olololoTlo
90 00010 0o o ol 1 1To ololo
150 0, 0 0o 0o |0 o 1 01 0 | o0
30 100 010 0 0o 00 1|00
8 0] 0 0o 0] 0o ol o Tlol o110
________ %0 | 0 0 0,0 0 0] 0 o]0 o1
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Table 3.4 Lookup table in first region
N |
E NB | NM | NS NZ ZE PZ PS PM 0 PB
NB PB PB PM PM PS PS PZ PSZ | ZE
NM PB PM PM PS PS Pz pPSZ ZE | NSZ
NS PM PM PS PS PZ pPSZ ZE NSZ NSZ
NZ PM PS PS Pz pPSZ ZE NSZ NSE NZ
e | s ez | psz | sz ZE | NSZ | NSZ | NZ | NS
PZ PZ PSZ pPSZ ZE NSZ NZ NS NS NM
. PS PSZ | pPSZ ZE I;TSZA NZ NS NS NM NM
Er PiVI | PSZ I ZE N&Z NZ | NS NS NM NM NB
t PB ZE NSZ NZ NS NS NM NM NB NB
Table 3.5 Quantized level of E in second region
E Range | NB | NM | NS | NZ l PZ | PS | PM | PB
E<-16 1 0 0 0 0 0 0 0
-1.6<E<-1.2 | 0 1 0 0 0 0 0 1 0
_ -12<E<-08 i 0 0 1 0 0 0 0 OW 1
~0.8<E<-0.7 | 0 O -0 1 0 0 | 0 L 0 |
kiO.7<ESO.éWMMA | 0 0 WO 0 1 } () Oi 7 77(7)7”7
08<E=1.2 0 0 0 0 0 1 1 O' - OM
1.2<E<16 0 "0 0 O H d 0 | 1 0 )
1.6<E 0 0 0 0 0 0 $ 0 1
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Table 3.6 Quantized level of AE in second region

mm clololoolooclol ~
W clolololoclolol~o
Llolcoloclolo~lolo
Nlo|lololelol~lojo|o
Hlolojojlo~ojo o o
m clolol~locolclolol o
5
m clol~locolocolcioloclo
W o~ ocolo|lolo oclolo
nNm“ —~lolcololoocoloc olo
Te) o]
=18188/8
21818 28 8 ~
o o @ o OO m
— T T 7 |
TR R=ERVERVERY % VvV e
7 Mm@ mixRim g
M V 4 % S < g g4V
¢ 23] /_ A N —
o Vil VvV 1
< Vi Vi Vi Wi | =] = D
zlzg 8888
1381883 °
] mu 0_ (]

Table 3.7 Quantized level of AU in second region

PS | PM | PB

PZ |

0

NB | NM | Ns [ Nz [ Nsz | zg | psz

0

0

0

AU

-1400

=700

700
1400
2100

3500
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Table 3.8 Lookup table in second region
]\‘\AE [ )
N | NB | NM | NS NZ 7E PZ PS PM | PB
NB PB PB PM PM PS PS Pz PSZ ZE
| NM PB PM PM PS PS Pz PSZ ZE 1 NSZ
— - v |
- NS PM PM PS PS Pz PSZ ZE NSZ NSZ
i . o B D
NZ PM PS PS PZ PSZ A NSZ ‘ N&Z NZ ,‘
| o ) | , . I
Pz Pz PSSz PSZ ZE NSZ NZ NS NS ] NM
PS | PSZ PSZ ZE NSZ NZ NS NS NM | NM
PM PSZ ZE NSZ l NZ NS NS NM } NM NB ;
i' r - N : T \‘M ° T ;W T - T e - T o : 71‘
| PB E | NSZ l NZ l NS | NS NM ‘ NM NB NB
[ ~ } L o o e
kB ko B*
A7, ky = —5—, ks = —5—(4.2)
A4 FAFH AlEdHlH AF ’ 2 5 2
o A AA &y, ke D WEo AL
(wheel rate)o]ln], AA#MM A S(stiffness)
4.1 Frede] #oi7] [7] koF EFOlO] Alg= k0] Fw THEL

2 =89 AEHoA
e g XA Fredel
ki s

HEHA A 5FY
stk Z1EAHQ] Ade
A gss 22y A ;‘ak—/]

3t olFol &¥ ANF

Follil BE ko) F7HE vEbdth ol A
2+-& #gaAd v ohdst 897
HdAE JFE uAA Ak

€ B3 (kYA ST

E&TA 4L nA=AE g5

=
7 &
o524
o g A
At

ky = ky + kg,

o
-

(4.1)

A A5 A vhed wol Ed
A}

k, ky - kul__

kgt ky
L I A B U =4
ky—o 4w k,7} ©oh olAL
b Ege stF olEel ¥&d dvt
of ojs AdsA dFPol #A7
o] TASA g o)A
a2 by = kg & 2 AAsEe 3%
AEe FAe #4719 2go] E7H53t
A He d Aok 2Rz AGE LS
ka9l THlM HAHAE H3le Ro=
sttt

Frede %% d7Pgx9 AM2#A4
AF4(effective suspension stiffness)& o

g3 2o BAZ Aodstn gk

=
L

ol
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(ksl)A — 1
k“ - 1 . A% (4.4)

A71A a%e ¥FY @7t ZAd o
8 F8ol JY A W EHF ol A
S (percentage)® 208l Fredte 90%9
32 olF L AANEE AANAUC.EFH
2 A AR TFY A2YE o
o},

42 AT =Ho|, FRE2E,
AU ES 2L

e AANE B4 gab Aol
A ago], FREAHN Xe QHAE
olelzte] wet thzA 71EslE ©l oE
& tgd 714d WARY THE o
Y W) Yool TYH Ara
kool S8 AW

WA RY 2HE WY de zYHe
2 (212)¢ (213e8 BE s ol
Zdd.

§ = ‘L“T]’t—b)‘t +a| - Q@ (45)
_ oM Vi _ oaM Xi
0471)~1Y1—L R Yz—L R
(24Ydg 3)
LS
a, = 2C1’
)¢ -
a; = ’2‘527, (¥
r = II/{ ojc},

of BANES YUY 2Pzl
A%

2
& = J-Q-}:{..@.*. a)_v.!.

Me (__b_
20+ b QG C; ' gR

- fath) Vi
R T Kegp

(4.6)
2 BHHA, o714,

K - é‘;) 4.n

= (L
= e+ BT
2 A3 olAE ddzEle] A4
Ligs3

(46)4 & A#ke] A4 e AFol o
& Au WA AMoln, HAH(static) A
A BEA Mge HAEZxz FHo oy
28 A £ F donz M3IA| =gz
2 % dlo]x(wheel base), % X, A
W &%, Elojo] 3y Aol BATE
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