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Abstract—An MR(Magneto-Rheological) fluids damper is designed and applied to vibration suppression of a 1/4 car model.
The damping constant of MR damper changes according to input current which is controlled in a semi-active way. Several
control algorithms are compared in simulations and experiments, The advantage of the proposed Frequency shaped LQ
control is that passenger comfort is emphasized in the range of 4~8 Hz and driving safety is emphasized around the resonance

frequency of unsprung mass.
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Fig. 1. The property of Bingham fluids.
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Fig. 2. The behavior of MR fluids : (a) No magnetic fields applied,
(b) Magnetic fields applied.

|]}—

The Korean Journal of Rheoloy, Vol. 11, No. 2, 1999



114 2714
gulz TS A Yom sl B2l glo]
Tl Aol ot eelsag Fo Sl A7
HRA A719S Tl SISE 2Ee) $XY] s
A Ade v #3) 88t delubl B olgd ¥

Sasjel] 1% U4 £UL Fol7] sle] AUY 3ol
£ Rl tolokzge] gtk ole A7l fudE U
Rl oejsis Alolo] 771 ;o] E2E AR 2]
A AHNAN oTNAE B A)guadle) B8
ABSAL WANA A fadnle] e 29Y 5

I_L_TE‘—:,IE

9 AAE Fig 494 0 9% A
AP SE2 Y5HIEA Yslo] LAY
= 2edo] sy slsie Pol S,

X2

Magnetic coil

Piston

Electro—magnet

Fig. 4. The property of the MR damper.

A1 dA 23, 1999

fuig,

. Ol

- Axg

—1‘7}‘ tt] o}'—’ 2]

A\ pEde AR Wl mel WEa

E SAS velise A7 A7 oAmp 4 | Ht
£wo] ZFZE WA Wre} vse =4S Ve
o 2ev "R A7 STrebEA fAle] e
AR WG] 71e71E FUve A |RHRA7H
¥ #A2 S4E HE S BoE
3. 1/4x} Bis88 VAR o|F M3
e LQ Mo
3.1. 1/4x} YHsE8 UK ndl
Fig. 55 1143} 958 Q7MAE Yehlie 222 ¢

34 mde e po

mZ_+(Cs+C)(2,—2 ) +K(2,-2,) =0

@

1Tl'liu_ (CS + Cv)(zs_ Zu) _ks(zs _Zu) + kt(Zu_W) =0
142} Wrssd AP Bde digh 5S4
g Aoz Bl st tes) 7o) A WSE

Ao,
T N . 1T
X =[X; Xy X3 X4 = [2,~-2, 2 2, —W 2]

o714, zt A8 dge 29 Qrle o 2t
7] “doh 9 (relative displacement of suspe-
nsion)
A1) HH 4% (absolute velocity of sprung mass)
x3: Efo]o} W& (tire deflection)
x4 XF22] At £ (absolute velocity of unsprung mass)
2l (5 Aeolw e HEE ZF Fuo] A g e
2 F¥3pE v 2t

©))

Xy

X3!

Fig. 5. The quarter car semi-active suspension model.
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Fig. 7. The rate of change of sprung mass acceleration and tire
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Table 3. Constants of a quarter car in simulation
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modeling constant

sprung mass 270 kg
unsprung mass 36 kg
spring stiffness of suspension 16000 N/m
spring stiffness of tire 160000 N/m

damping coefficient 500~4000 Ns/m
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Table 4. Experimental model constants

model constants

sprung mass 27 kg
unsprung mass 6.3 kg
spring stiffness of suspension 9000 N/m
spring stiffhess of tire 24700 N/m

damping coefficient 110~720 Ns/m
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Fig. 10. Comparison of experiments and simulation.
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T tyield stress
¥ : shear rate
i : viscosity
g : sprung mass
Zg : sprung mass displacement
: spring stiffness of suspension
c, : fixed damping coefficient
C, : variable damping coefficient
m, > unsprung mass
zZ, :unsprung mass displacement
k : spring stiffness of tire
w :road disturbance
X : relative displacement of suspension
X2 : absolute velocity of sprung mass
X3 : tire deflection
X4 : absolute velocity of unsprung mass
pi : weighting factor
Q : weighting function
wi(t) : frequency reshaping function
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