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The Nonlinear Analysis and Modeling of the ER Fluid Damper
Using Higher Order Spectrum
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ABSTRACT

The nonlinear damping force model is made to identify the properties of the ER (electro-rheological) fluid suspension

damper. The instrumentation is carried out to measure the damping force of the ER damper. The higher order spectral

analysis method is used to investigate the nonlinear frequency coupling phenomena with the damping force signal

according to the sinusoidal excitation of the damper. The distinctive higher order nonlinear characteristics are observed.

The nonlinear damping force model, which has the higher order velocity terms, is proposed with the result of higher order

spectrum analysis. The higher order terms coefficients, which vary according to the strength of the electric field, are

calculated using the least square method.

Key Words

Higher order spectrum (Y}2F F3b<¢

Semi-active suspension unit (855 @7H3

1.ME

A71EY KA, ER H-(Electro-rheological), & A
7138 7H8kA e W vAEA S A
AEAd A7 AFEA 53R, A73s

N
-

oo T
mlo

B AR gREel hasel 2713
Poz thsel ARxFol Ao f4
Folh o)A AL Avd] vdtol
Yol WY yehdvh ER FAE

:{o

X, 1o o 0 i
o2

ook
ok
rlr

A4d: 2005 79 8Y; AAEAY: 2005 1€ 10

i e

S T LT

s FRUSE AAZFE vhetel

# 0 mAAR ZAYR Aol A= T

E-mail:jsjoh@sarim.changwon.ac.kr Tel:(055) 279-7555

105

A A

‘l)

o) £ 7)., Electro-theological fluid(*d 71 ¥4 f-A)),
Damper( #), Nonlinear system( 8|43 A]~E])

29
1

fo
e

=

S~
>
)
5

T2 o

.
qlwﬁﬂ—m@dﬂ
B E0] /\gkl;]

o] °17}5] =



Hed - 4™y -

32 #2374 A&

(shear strain)©] WA43}e] 253 & (damping force)] L
ARk, EF @ H L AstRe] 7)o w2

4 98z ke Age 2718 24se B

g8 AojstA €. adug F3Hor Y
ER @39 %2 2= (dynamic mode) S Ao} &z

42 T s e #y AAd 1183,
olf g ERFAY FHAEAES "AIH #AHANA
AERg, AgYe Avld o8 FE A
(pre-yleld) e (yield) 2 & ?:(post-yleld)«] 7
4 WESIe Ay Y RA ¢ = U E
2H)EHA "t olwie] FA %}1}4 H%% gad
o Aol M= HAA ©Al (visco-elastic) 54 S, 3
Eo] dojube &M E HA a4 g
(visco-clastic Plastic)& ¥&o] Mg Foj=

A
22
(plastic) &5 & A Evt & = o, ofud

ol
=

et Y

dAete dPye dege) a719 AZo e
£ v Y S4¢ 20 " ER $A9) 54
S4& At A7) NZo upe} F v)A
g 54¢ ze Wgdol 248 T, ER B B
gy dye AE WY £% olriyg= Adek
Sol g vuY Aoz WsAT olelE B3
9 BlAE e EZAAFo mx} ZulE(higher

order moment)2} F&H ZzZ|o] W3 (multiple fourier
transform) & 2 7 ©] 5= 1A} F344 28 E & (higher
order spectrumye ©] &3] WWHEHo 3 wiAY
gio) Fur AFENE %”‘g"]?]t g
A= 3| e] 7HEsint. T aF
vRyg e dge2 24 °]"}-4 T—'Jr‘r
M2 AFH Y Fa5d ""°]5}
o] FFAHE Ao g, iz} Fu
FoaF ARG vNE 549 ¥R A
g AEAS] #AE dEEH.
15}%—4 A7l wet bstE E
AQk3lrt. ER HH o 435 751
“?H Ee] Ae 2¥sta,
Astge] A7) wet Al
BY? Nuj $& FEv3
=7} BAgEES
R

L
o

o (g l'-\‘:‘

0 ox AL ox M

|
o rlo —l>
N M Mz O o ok

il g

nQ

Tae r,u_q ooh;},]
ER #H 4 A7 = %
f‘}‘/f‘gl gol Wstde
g, AT 2 FAHEZES 18T

EE3 ER ¥ FHEEE AetsRn

Edo] ofgh Qxt s ZFAZ ER FA ?_]7]'5]
Qs I71eg i 7 Fude £A4
of mME HgHe] EAo] uj¢ thaA W
T AMEE #2890’ Ganmota® YA W}
ol QI7kEE ER ¥HE F3 989y A7) Ws)

ol

L

.

106

of weh wAsE ER $A9 g0l wAYH W

38 Uelge FA53ch! Shuman & ER B
HE AEF 1IAFE 20F BL2 ANFAR As)

2 7)o g Wy ER #3 U9 dA AE
W3 E nAH o B ol2Hor AU 1
AFE 84 md EAY APHoz #Fd A
A9 4 EAL vmadn’
2 =&94E ER 99 43 FAE TS
= F3b<r(single frequency)?t ¥ H(random) 713
Az 2 Ao HE TAANA FFHE FAFA
. g Fa gl oJste] S " wEE A
k=" _—,1_'} T AHEFH A F &3t v A
¥ Ho] ZAT EAgn, Wy wdo 9y &
T I TEES AL AAR &
288 (Least Square)oﬂ oJsled AR}
A3 ’é’é’d 2] ¢}

4

0.

1-

-

goz

-

|

z b

=202 i ]’A
g A, 49 FAZEH 53T
H| 3 3o ’c}%% 289 7532}3%

o

o g n:°
4t
£

)
do, R wo ofy

2. MY ZF| 34

B =FoA A3t ER HH | TRE Fig 19

EAE upe} o] 9] d-Ti(outer cylinder), WF 2™
Ti(inner cylinder) 18] ) 2E(piston) 2. & —?’\*lﬂ‘},ﬂ\
o R 2 98 A Alolel= ER #A7t
SIEE AT o] A Ho] o, HAES %
A7) AAEA R e AAT Y ER FA
f5o] BT AL o] T Alo]&E o] F Al
do. olg zhFel ArEHE HIFoz A
ER F4 927t A2 212203t dd 2EH
Qo] wAste] FPH AT, ER FA= 4
tet 47171 22 dFHUek, Fig 28 AA
AzZtE ER A9 A& ehlla, olefol] AA]
 Table 1> A|go] AH8€ ER ¥ F2 47
X4E vEd®, Table 25 AMHEE ER #AQ
BayerAt9] TPAT 35669 54 Eo|c},



AEE - B - 254 #I3AUEE A A ANz

Foy Table 2 Characteristics of ER fluids
Temperature oC | 25 | 60 | 90 | 120

inner cylinder  A¢ B Zerofield viscosity *mPass| S0 | 27 | 23 { 17
‘ 3 Shear stress at 3kV/mm Pa 602 |139811782|1553

oy Current density at 3kVimm | Alen? | 0.6 | 9.6 |48.8|117.3
E: * mPass: milli-Poise * s (1Poise=1g/cm)
outer cylinder 2o —- dwe] By L =3y 95 A FA=
| AR E (Moog J072-001)8F X AFE wHAYFX Q)
....... " Ay A7 LvDTYE F Q ARAAEL

$ad #
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Fig. 1 Schematic diagram of the ER damper S AMgEgon, A EHYE £ 150 mmo)
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Fig. 2 Photograph of the proposed ER damper
I |
Table 1 Mechanical specifications of ER damper Signal T
Conditioner [ -
Design parameter Value Unit Load Cell
Rod diameter 0.013 m .
. ) 3 . 1.
Rod cross sectional area 1.32710 m High ER Damper
Cylinder length 0.443 m Voltage
- - - Amplifier
Outer diameter of inner cylinder 0.030 m | Guide Rail
Inner diameter of inner cylinder 0.035 m
Inner diameter of outer cylinder 0.037 m B LT
Cylinder cross sectional area 7.06810" m’ Sell'vo > -
valve
Electrode gap 0.001 m - | Hydraulic
Electrode length 0.232 m f ) Cylinder
Gas chamber volume 107.510° m’ Hydraulic
Gas chamber pressure 3010° N/m’ Power Pack I l

Fig. 3 Schematic diagram of the experimental setup
for measuring the damping force
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Fig. 4 Higher Order Spectrum of Damping force
signal at E = 4kV/mm, input frequency: 2Hz
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