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Semiactive MR Fluid Suspension System
Using Frequency Shaped LQ Control
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Abstract

An MR(Magneto-Rheological) fluid damper is designed and applied to the semi-active suspension system
of a 1/4 car model. The damping constant of the MR damper changes according to input current and the time
delay of the damper is included in the system dynamics. The passive method, LQ control and Frequency
shaped LQ control are compared in experiments. The advantage of the proposed frequency shaped LQ control
is that the ride comfort improves in frequency range from 4 to 8Hz where human body is most sensitive and
the driving safety improves around the resonance frequency of unsprung mass, 11Hz. The experiments using a

1/4 car model show the effectiveness of the algorithm.

1. M2

HZ Sk A1 @47 FYA] AFY ¢
ARAE G178 A 2 239 EA7
FH3 glen of& HAsr] fAE 77 1Y
Ha Ak 58] AFS AN A AFE
A7pER e A7t ol APHI U=d® AF
Aolg 3t WHEAE $5IH HeEd It
A2 E£FEY 5FF APAAE A IF
£ 979 iz FFdd LU FE FAEI
g o] &3ty Aoz A B Y
o] gley FA7t mrtelnz H&3td EAIZL 9l
. ¥ ¥bey AP AVIRES AR
ZAE718 ZEE gd FHY A HHE AR
A& 7 HHE o] &3 AN FF5F MY

* AzoiEt sk 7143 o
34, ABsta 7143 %3
E-mail : dyjeon@ccs.sogang.ac.kr
TEL : (02)705-8634 FAX : (02)712-0799

Aok FAE AeS vEhlY W2 bl 83 A
£ 7Hg.®

1990 ddl £ e EHolge AVIFEL
A R AFHARAE o] & d% /M HHE
A2 Aojste wheEd A A397t A
P31 Aok A7IHE £ AAREFAE A%
T 27 e wEt FAo] FHEY 2 E(msec) ¢t
d Wgdes EAZA A% 7MY 29 E Jhest
A EhY oo weEy dAFAE FH
AFe AF Aole A% A ABAEE A8
B2 Ao dxueFeol ALHAT On/off,>? 27t
o] E(sky-hook) "3} Arth(relative) o] =] Z&
AR FEL B3 ¥ AAME AHESE F
ol govt A FAzH FYPAALE FA
o ¥ + g L AT Aok W F
A Aol o]&9) TAHF LQ(Linear quadratic) Ao
T A JtEE, @AY AUt Eloof
HYEFS FA nste Hs AFE AAF
22X A% FPA[AAE FAAED F O

LQ AoJelA A% A /e A2 13
Hol sxtza FatFgd IEe 24ES



Fos 44

gHoz Aodspy] oldth FAYS FAUAH
4 HANEE RE Foeeld FUaA 7]
WHEA® 5 Gl FAHNE BF Fusol
A AEAE BRE Ao Basth EF T
oA Ao Yde FAT WHE Qs 7
NFLAEY HEE BAAIE GFol vhents]
G nFAFAN Aol Yol Wakg Hast
she Wehe whaalof g,

2 ATANE 14 AF 2GR A71HE
A 088 A% b3 BNB 2= W5FY 4
ARAE FARD Fohsel we 4% Aee 7
FAA WeE A5 4Y LQ ANE o) 83t
o B4 Fahrold A% $APR FYIA
2 PAE o2 AP TETh

2. X7|wHHEH

B drdA A" AV HEEHE Fig 1 3%
Ze e AQde AP Hgarlde HFA
2ov} Fig. 8 3 & 49 14 2F 5dgo
2 AZHAY. @59 X EL 40mm o[ ZHelst
170mm ©}® 35mm & AEZI3E 7}Ath JAE
= <ol F7hol Qo 3 /e HAPAe] Eofrt
L HAE T FAole AV|HERAA A7
& JlEE AR 229 Y &N 4
Ao iR 73 gyt dojuA Hed oled
Rodiste o ¢tg &A& Fol7] st A™Y
o dFols fdd thololxPe] gtk ol
A7\ EHE E8 Ui eeisa Atojd 7t
21 2P BEE ARZE AR E ANAA L
Y2 225 A/HEFAY FE ADG3HE
B A ArFEdne AAEs 248 F 9
=3

AF AP7IE ol&std B PF &=
g E24d 548 #¢ A= Fig 29 2ok
AF A7 AHE F3 AT =2 453
HA 25 Addd FEe] de 2=l 9
A ZHsAE Yol SR AV|HEHHAE A
Fol Wt wet Pt At sle 54E
Yehed A5 AZI7E 0Amp A W P &=
o agzE AvtAQ Ase vz 53 Je
Aok 2y AR AIZIZE FrhEEA fAY
A Yol F7iste W P (Bingham) FA 9] 54
& BAE®

3. ¥{I7IEA 223 LQ Mo

Fig. 3 147 558 A13AE dehys

LQ A7 & o] &¥ Wy F4 AVFHARA E7F Al2E

2275
Magnetic coil
Piston
Electro—magnet
l—Cylinder
MR Fluid
/Diaphragm
Fig. 1 The structure of the MR damper
The Property of the MR Damper
b T T T
E 0
Velocity(emvsec)
Fig. 2 The property of the MR damper
Ao F%d nde bgw 2ok
m:£:+(cs+cvxz.s—z.u)+ks(zs_zu)=0 (1)

mu'z.u —(C.Y +CVXZ'S _Z.M)_k (Z _zll)+kl(z _w)=0

s\%s

AN gt A AR, o & AA W, =
gAY 2y 4, ' 2AE BIAE, o,
£ Y99S, . 5 AR AY, 5= A4S
WS, 4 & Bolo] 2Xy 445 aelm wi E2
EEBE

x=[xl xZ x3 X4]T:[ZS—Z" Z.s Zu"W 2“17(2)

A7NA x B @A AdEd, x, ' A
HYEE, x, & Eolo] 8% 223 x, & AF
o dd&Eo|.

A (Mg A AH A-E ZE Heo A



2276 #7149

PANoz EASY thew gor

x=Ax+Bu+Lw , u=(T"x), 3)
7] A
0 1 0 -1 0
ka4 o -1
— mS mS mJ ? — mJ ’
=0 o o 1 B=\y
k, C, vk_l & 1
m m m m m

U u u

B
B

T"=(0 1 0 -1) oI I'=(0 0 -1 0) °Ith

LQ Aot E29 +AWF Sxo HFet
wg 022 R 7MELAE SARE 9
AA MEEe} £59 %, 7 x, &, FYAAA
A8 Eolo] WHBA AF $xA x, % x,
@7PEA Y A E fd B/MEA AEd
x < a3z Aol dge Hass A u
gatn )& ndE 4% AFE A @)% 2o

to Q% rfr

i

s

1

Uy o,

J=[[B+mi+pi+pleplepdld @

AN pi, s Py Per = T THERAY L
Ao sfFet.
4 @9 45A%E A4 WsE ol8d ¥F

2 et 953 g

J= f[xTQx+2xTSTu+uTRu] dt (5)
o714
[ &2 k,c, ke, |
2 +p m? 0 - e
ksc.r Cf Cf
0= m? m? +tp, 0 e
0 0 P 0
kscs csz C_‘2
\_ - mf _;;;:— 0 mf +P4-
ks Cs C: 0]1 1 O]E}-
S:——-m-f _mf 0 mf] R:(;f—+p5)
7y Hve 99 dAV} gleng 9
A% o' BAZAL 2 HE22 g He
2 €940
¢ = SAT[- (r"x)'R(B"P+ S)xJ ©

Fig. 3 The quarter car semi-active suspension model
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Table 2 Constants of experimental model

Model constants

Sprung mass 27kg
Unsprung mass 6.3kg
Spring stiffness of suspension 9000N/m
Spring stiffness of tire 24700N/m

Damping coefficient 110 ~ 720Ns/m
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