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Study on the Semi-Active Control System Using Electrorheological
Damper
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Abstract

This article is about the study on the
semi- active control of vibration system using
serial multielectrode electrorheological
(SMER) damper. In the vibration damping
study, a SMER damper was designed and
manufactured, vibration system of two-
degree-of-freedom was installed, then the
vibration system was driven by a hydraulic
servodynamic tester, vibration was input in the
form of sine wave, and finally the vibration
system was dampened by semi- active control.
The results show that, the passive control
enabled by a SMER damper produces a good
vibration damping effect, whereas the semi-
active control that involves wusing a
proportional controller swiftly stabilizes the
vibration system at different frequencies and
amplitudes.

Keywords : Electrorheological Fluid, Damper,
Semi-Active Control, Vibration

= BHEER

Ji(Electro -Rheological Fluids)
/)IL% ’ 'IZJBE Fj? % *ﬁ4bﬁ')’(#‘
%ﬁ# &‘ﬁ%ﬁiﬁﬁfri’? RAE M

I

ar
S
,:ﬂ'

5k 8
%

55 i v 50 3 of
R - B %mm
3 - el gt
PRRAGT

- _m\m_
ST
k
%w
X

TR R

2 Ho
g |

b o
;‘&
%;r
PR
F &
piuL
& F
o

. PR R R

‘i\f?ﬂrﬁ?@%*
R e

0 5 33 o
I RV

&
;w%N»
\.‘.

Y
it

= o 3
SE N EY
B ¥

e |~
3;;:%‘1 o
w

2
N
BE
£
=

2,

o

S @

=]
m
=
m— 7

Qi ok

Sy
Xy E
e S
—\\ﬁk'

.

w8 3
X o
BEED .

2 o

o < B> 38
WENEESIR S
0 i O oy
B R B o
(0 v 38 3 S\ H

o LR
DR FE DS

o

RBIT SRR BEBADE

FERZIRIT WS

HIPE - Fmek
o A 3 @@ g
M BT

e 8 e
&

. %\’
2 s @
S

"]
Q

WS R RS - B
A - 4RRT e

R oie o
|
R
8
3
‘ai_x:
B

% e
3\\,
ﬁa
T i
o

2
&
W 2
“§
=
I\
K3

Fa: o Fd
+£§ﬁi"~'% fﬁ]&n Wong
X I AR B ALY
FAE 25 B Ik S RETHE
JEAFE M % 3% - Weyenberg % (1996)
[ﬂﬁ%&&$+£§”%%%,&m%£i
449 % (Modified Sky-hook Algorlthm)ér‘u"r
FHR o Uk B RABRASARKE
55 L2 RA 26 LT Ak (Heave) ~ A7
?é’:ﬁiiii(Pitch) A A RERolD) ey 8812
% KRB THRAESFEMRETHRENS
JEF)’TB)'(—%— o Suh 2(1999) [5] & A X 493E %)
s+ 8 (Skyhook Control Algorithm)Z #%#!
o ERGTERAAS B TEARR
EZHRFBAN 0 QIELABEEN RZ
H RO E'II‘RIE,%%FEIEJ’J%'J\ AR
BRBEST > T & T AEGEFEME -
ULHRFREABHXEHELELR
& LA e KitE xR eI — 1/4
ﬁ%#ﬁ”%?ﬁ%ﬁﬂ%%ﬁ&ﬁ?%
gﬂg b LA B4 BRI ¥ X B IE ] 69
5 8

ety

S
2 b

x%_‘f}

=

=T
=% .

e

|35

L

W;‘R:‘_Q

#(199 3

—
nnd

/

&

<
B®
2

XA

}

\



= - BB e SRR

)
ER
& o

p=1d
Fa
g W
W e 8
BEEH

HE @G

P T2 3 o B
TEAFERIE
BB B 3N 3 b

-

R o
NS
o
T Rge
~EAZS

n
5

-

i B 1o M M
MR N g

2
3
=

VT
R

WRIBE
jgzz :
=
o>
S
&

1
R
+
g
a
" ]N
K
Q
+
|
A ]

b

B

Bl g

SRS &<

e
™
R R
B
. e
il
EmF:vr

2
B o
s
¥

| g
N
3
&
g
2t
e
¥

5
oy
*
[

P
=)
&
o 2
s
T R
o
L
&

R 35 B8 8 of TR
R OgBORYE -

1l

o
K
+
S

= B im B o 2 B
PN A PR 3

3B\ (5 o e =

-

JE. R Ad ST A2 56 fo
T35 i‘*"fml‘ﬂfé)’v "ﬁﬁfﬁﬁiﬁu"@*ﬁ’
&m%ﬁ&d ﬁﬁ@%%a#’ﬁﬁ%ﬁ
R OB —HHER ZREHETRERMR
/E;%ﬁr’@ 1-
EHRSRMEMEEY
MABRMEEN-REBRET A
&%ﬁ&ﬂﬁﬁﬁﬁﬂﬁi
g;ﬁ' EreBH AR N1-i18

9~ PRE)RAAIRZ R AP B

R A MO RIRIER RTINS
ﬁ$%%ﬁ%ﬁm%£’ﬁﬁﬂ%%’%%
/;vL%&f{iFﬂ}E %ﬁmﬁniﬂé’]%iﬁ ’ Bi Fﬂ-}éﬁ‘
0 LLE R K ) 89 4R B AR LRIk 69 mvzk 3
PR Bk 8 XA Bl bl IR EH 004514 mﬁé

T HE I UAPRE FT -
T AR B
B2 AEER

fs“{(F-V)'fi fiE

Compress Rebound
)

- - Electrode
! ,J Rebound chasber

Serial
Multielectrode |{°
ER ralve N

Check valve — _|{}

Piston ——+

H
{1 Compress chamber

Orifice -1 — Electrode

i (1)
Air chamber {172 _
Bl 1 ZREmeMETRERMEL B
F-V Diagram (3 Layers)
1500 - - oo o -
an
o
1000 -+
z )
< !
p ;
o i
= i
8 s00 —- -
89 |
£ 1
= .
]
g -
8 o K ORVIimm
© 1kV/mm
=] 2 kWmm
o 3 kV/mm
‘ L A 4kVimm
500 - oo B S S

03 02 0.1 [ 0.1 0.2 03
Velocity (im/sec)

B2 ZREXLEHERAELREBLES
MfeRXE (3Hz F-V B )

%&ﬁﬁkﬁﬁ%w BB B AR AUEE 0 2%
Eed IS $k%§?%ﬁ%MME%ﬁ 1%
&i&%ﬁﬁﬁ%%T » M ae iRk kIR T 4R
BIHkAE o B ARIRE AR MM
FANR 4% A Simulink #4358 % 4 E R B E Y
HRERBRHE-

AAEER _BhENKS A S0 E

ﬁ#”%mTz#&%ﬁ CERY ]
&#%%ﬁﬁﬁ%%&ﬁ%ﬁ& Bt —
FEH] S 0 DUE E SR R BATRIRIE S &)

Es B L2G%EEHERERRRAGHR -

UE 3 A GEBELHEH
FoHR G A _ABENKRB AL L
W AETFTHYGERMBE £RELAKX
—EkEH N HEHHEKX
2



[ 7
2 !

X 2
T A
. v
oo CCE)
k T /%T
‘f: ) " ?X 1
[ = rTlT"Lw v ;
Teoo
B3 &E 4 4E
Signal
Generator - Step result
DOUODD
P 1vi] ! E
M N s -
Graph
olis _ damping ceeft, l
Clock g I
" H i | ¥ K
ML= N

B 4 k#4469 Simulink E# B
m,jc',=k (Xz_Xx)""C(E)(Xz_x)*'F ) (3)

mzizz_k (xz_xl)_C(E)(kz_.X.h) (4)

B (3) & (4) X4 A Simulink
RIEBRFTIRLE B 4-ZRERS
BERERMEZZMRIGH LTS
E=0kV/mm 8 » C=28347N*s/m > iE
B35 E=4kV/mm, C=4898.5N*s/m -
#i 288 i T 1 m=10000 kg °

=156kg * k= 7OMV/n1 AEma# -
%z&&ﬂﬂ& %,&ﬁﬁé‘y%ﬁh o fE
=3P I *5@/]0’%iﬁE 0kV/mm 8 > m,
ZRBEILE > B S5 75@/10%'#17
kKV/mm 8 > n B 6 # m,Z 3k 13
%F%%ﬁﬁd%°&%n&m
LN % 4’5&

E

=

U

I
S
=

-
o
Hm
Jﬁ‘-

}—m B
("
S)k

%ﬁﬁ&ﬂm%%
i
&
3
m

R

o0 (35

™ o

&
RS

;—‘\E&—:}nt’r
RE - B

o R
FE%
=y (0

N

° By
e
B
g

wn
=

o =<4
%5 .
N
R

R

G

@l
m 4

N
I:
L P
o (B o
¥

- I
e
0
o<

=
&}
¥a
my B H

p
FEof o Jriu IR

IR TR T
=i

=
<
~
¢
i
L

ﬁ o
0 (70 hefo 32 | T 18 O o 30 -

el O
Sy <y
P o

- ;%;NII

o

(@)

=

o
S

& B

S
NE Eﬁm}‘

2 8

Amplitude (m)

SR R U S

-0.02

-0.04

1.5 2 25 3
Time (sec)

B 5 &% E=0kV/mm - m & m, Z 4

Amplitude (m)

-0.02

-0.04

13 p)

Time (sec)

B 6 €3 E=4kV/mm > m & m, Z K4

X - EHMERIKRE % *}iﬁ?ﬁx*ﬂéﬁ%&
é”]ﬁklﬂ;’b(li& ‘f’g/ﬂl )y 4&

i"'%l BEAE &GRSR
B 6 I A M uéﬂi
Q‘J

g%
Hﬂ\*

#kﬁbo
é%&iﬁi&#’*%
éﬁ&ﬁu*ﬂ
’*%M&
k,=0
74
)
4

E>

'7
i

i
A

ey

{i
)
Tk

BAR O H R IR I

r@:&m@ﬁ

il

L

E(kV/mm)

: #

!
I _
0

03

01 02
V (m/s)

B 7 4l d 4

0.4



; ; el
'TTT_ Hydrauic . Fower ity
1

rr* -

I e

Bl 8 k& A 4 ey F X HITHIE

0 — m=156 kg 3Lays

uuuuuuuuuuu
ccccccccc

Time(sec)

B 9538 % 3Hz > Ikig+ 12mm AT H A &

P m, k18 60 1R B
40 7 m=156 kg 3Lays

Displacermont (mmy

nnnnnnnnnnnn
aaaaaaaaaa

Time(see)

B 10 5e$r3a % 4Hz - #k 8+ 23mm 3= 4] &
835 om, IR 08 6t BB

Tl

Rtk
Ba s

1.

(2]

[3]

(3]

(7]

khem
AX1EA %ﬁﬁ$w%m%ﬁmé
Sty F EERIRIES > B EE
#X ﬁﬁ-LA'F“**“Z

_ : y TR rMEEZEFEL
] W 693 s o TR F XTSI
) % 2 #i%%$°
ZREBRREBXETAYRMERE
RAPIRE 4 SRty IRIEH > BT H BT
&Rk R -
ﬁﬁﬁﬁi&ﬁma&%k%%+z
BIEH B ERBREAKALT » TiEF
HRiRfE T IR HR -

£ %
T
% iR
R,
X

» BE

Block,H. and Kelly,J.P.,1988,“Electro-
rheology”,J.Phys.D:Appl.Phys.21,pp166
1-1677.

Weiss,K.D., Carlson,J.D. and Coulter,
J.P.,1993,“Material Aspects of Electro-
rheological Systems”, J. of Int. Material
Systems and Structures Vol.4,pp13-34.
Wong.,J.Y. , WuXM. , Sturk, M. and
Bortolotto,C., 1993, “On the Applica-
tion of ER Fluid to the Development
ofSemi-active Suspension Systems for
Ground Vehicles”, Transactions of the
CSME, Vol.17,No.4B,pp789-800.
Weyenberg, T.R.,Pialet,J.W. and Petek,
N.K.,1996, “The Development of ER
Fluids for an Automotive Semi-active
Suspension System”, International J. of
Modern Physics B, Vol.10, Nos.23 &
24,pp3201-3209.

Suh,M.S. and YeoM.S. , 1999,
“Development of Semi-active
Suspension Systems Using ER Fluids for
the Wheeled Vehicle”, J. of Intelli- gent
Material Systems and
Structures,Vol.10,pp743-747.
Wolff-Jesse,C., and Fees,G., 1998,
“Examination of Flow Behaviour of ERF
in the Flow Mode”, Proc. Instn. Mech.
Engrs. Vol.212, Part [,1998,
pp159-173.(IFAS Aachen ,Germany)
Cheng,Y.N.,Wu,T.N.,Guo,J . H.,Kuo,W.H
.,2001, “Study on the Shock Absorber
Using Multielectrode Electro-
rheological Valve”,Chinese Journal of
Chemical Physics,Vol.14, No.5,
pp633-636,(in Chinese).



