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Abstract —In this work, durability characteristics of electrorheological (ER) fluid for damper application are
experimentally investigated. ER fluid is prepared by using phosphorated starch particles and silicone oil. The
field-dependent Bingham characteristics and response time for the proposed ER fluids are experimentally
obtained. Experimental apparatus of durability test for ER fluid is established with cylindrical ER cylinder for
mid-sized passenger vehicle. In order to evaluate the durability characteristics of ER fluid as a function of time,
damping force and temperature variations are measured until one million cycles. After durability test, Bingham
characteristics and response time of ER fluid are measured and compared to the initial properties. Microscopic
pictures of ER fluid are taken to validate the changes of properties. The results indicate that the ER fluid can
be commercially utilized in vehicle damper system with its durability performance. Moreover, the understanding
of durability characteristics is essential to predict the service life of ER fluid as well as to design its applications.
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Table 1. Material properties of silicone oil

Name KF-96-30CS
Kinematic viscosity 30
25°C(mm’/s)
Specific gravity 25°C 0.955
Volatile matter content
150°C/24 h% under 1.5
Refractive index 25°C 1.401
Ignition Point (°C) over 260
CH, CH, CH,

| | I
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! I I
CH, \CH, “ CH,
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Fig. 1. Photomicrograph of an ER chain structure: (a)
without electric field, (b) with electric field.
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Fig. 2. Field dependent yield stress of starch-based ER
fluid.
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Fig. 3. Schematic configuration of the proposed ER
damper.

&4 Qikst AEER FA9 A
1.13519] k& 7Hict

= 29061, f=

3. Electrorheological (ER) R

2 =RAE ER FA7F 7R Y sE-eHe
o] &3t HYUHY ER YHAE Alctely RdH s

U% TZE Fig. 39 =AM EHTH6).

R ¥l Z2A USAddne) |34, 7k 4
Hi(gas chamber) 2 ¥-53] 2~E(floating piston)2. 2
TE2 5 ok Y- gSHdY Alelols ER FA7)
FEIEE AH O YE(ductyt TAIEe] gon Wa
Adddle o] dAET &AAUEE (FY
o] ¥dZ=e] ER Al ANAE kst F A=
Hogn 253l "k St e oS ddre}
A o] AUy E TAge] E= AL W

g}, ARG FAOE 9Zg AR Y| olfFE

287

& s A= g, o] 7 el ER A7}
7V A9AA Bk k@l 9t Rle=E 3 AEe)
J8l 52 3 =, old wlg}t ER FA= -9 &
Ay Alole] HE(duct) AF|E 33 Q7=
Ade] ik ER E9E Yeld F AEF Holrh
Aoje] sHels HEHAES o838 712 A7t 3l
or, 712 e | WRe] F4% JEsE &
F3hal, B AEe] ol mE FAEREY HuHs)
Hsggol & ER Ao Fowst 58 4837 9
3 2%7](accumulator)2 ZHEEH . E¥IE F
g W Aol xgto] VW YE Aol
7)ol FAHM, HE Aolg fEdtd e

o2 FEUA Feolr Wil §502 HgksiA
o} olm) A7tEE 7ol ATl uet 9F
Aol f53dk= ER A9 B3RS x
o]Z 3l A FEAYE Wshr €t o]
2 Ao e e ‘E"‘ii’r 1719,
o gzge A ol A Hop e

Hs}sict, Qajrxté ER %3«4

oko = 4Ax ] Zﬂ

B = H>
oot N e

H R

Al

rE
[0
-
=2
o i

-

D
S

3
o f
e
o

Olt
T

F_u
OEi
o
, o2
Ol
o
(<0
o9

T

o rLIIO ok rlr
Jr Lm
ro,
e
o
2

s 4
B
ir
m

[

it

n
oy do o X

N

Y o
ol
18
tlo
mu‘.
o£
i
_\1
_a
%
m
=

> = m,;

AU S

L% e

N N
9,

by % Sic

FE 98l ER fAlE W9EA &
Az 7PdsIRE, HH 7k v (gas chamber)E
ool fekael Aol @ H7o] Auw o
Agh AR FAISHAT mWebA, ER Ao 75
S T Hy Alele) §Eo2 e SAAHR)Y 7}
& Jule] FEAbE ] o] g HETfeld A
Coe 24 Bt gol 78 + itk

mm

2>(compliance,

R.= __B_ (2)
an’
-
Cs Pox

A71A, pe A7 £ 538k A ER fA1S] F4A
F, L2 WS A5 4o, pe WS d=9 v ¥
Y, = AT =S L}E}ﬂ‘:}. w3 ¥, P 2]
2 oA 712 o] Fajol e veplY, ke
H] G (specific heat ratio)® A2 ¥]D=) At v|¥
HE uvepdo) ER A9 4888 sl ua

Vol. 25, No. 5, 2009



288

W el 4 ke ted 2ol

Fd

@9 % g
Pon= %Lry(E) - %aE/’ 3)

ce frAlel St FAIE AlFold, Yukxoez 2
oM 3rtele] gro] AMgETh EFH ER HH Y FH

Al AL ot ZFo] 9 4 Utk

F=kx,+Cx,+ Fer,
— Arz — 2
k.===F, C,.=(4,—-4,)R. “)
Ce
FER = (Ap"Ar)PERSgn(JE:p)

- (Ap—A,)L;}’éaEBsgn()ép) (5)

A7A, x, x, E F2EY] 71 WS} JH G2
& UehlZ, 4,, 42 F2ER 92E 2To] WAL
vepdth 2 AFo)A Atd 2dS ZAZ ER |
HE AFslRen, 2 A Table 20 YeRiATH
AAE ER 939 7H2 0.88 mm, A3 Zol:
292.4 mmo|®, W@ i) Fzhsly] golskA a4
A8 iRA=e dUdyg ez At

4 4 ¥

AAE EREH] Ul H%L Brks) st 4
At FAbg 74 A9 dE ZHES st
Fig. 40l|lx¢} z¥o] 7o ZatE H7|=E]7} ERWT ]
H2E 2ug Aol ol: xR W MY ¢
BeTo HgsA Bk

Table 2. Design parameters of the ER dampers

Parameter Value
Electrode Gap (k) 0.88 mm
Electrode Length (L) 253 mm
Piston Head Area (4,) 1335.76 mm’
Piston Rod Area (4,) 380.13 mm’
Maximum Stroke 164 mm
Electrode Width 148.03 mm
Initial Volume of Gas Chamber (V) 73.14¢*m’

Journal of the KSTLE

Fig. 4. Experimental apparatus for durability test.

Table 3. Experimental conditions of durability tests
Starch Phosphate

Silicone Oil

Particle

Base Carrier

Damper Type
Number of Test
Applied Voltage

Front Suspension, Mid-sized Vehicle

1.4 Hz, one Million cycles
0~2.5 K/mm, Step: 0.5 kV/mm

Pressure Ambient air
Temperature Room temperature (23°C)
Relative Humidity 46%
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Fig. 5. Field-dependent damping force of the ER damper.
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Fig. 6. Temperature variation of the ER damper.

(b)
Fig. 7. Photograph of starch-based ER fluid: (a) before,

(b) after.

2 HALYGS-E U 4 Q) ols AR AEA]
Zrol Z71E wet HAEH il FEo f4 2

Ut FRAR A st E2 U walo]
A% Aoz Hlth ERAAY 3E $3 o wHal=

¢

1

Vol. 25, No. 5, 2009



290
12
B Measured Before
= —— Fitted Curve Before b
o 09F e Measured After -7
=3 - - ~ Fitted Curve After Pid
)] Pl
%2} g
g 0.6} f 2
n -7
el -7
m rd
— 03 L . g
> “ .
00 o 1 1
0 1 2 3
Electric Field (kV/mm)

Fig. 8. Change of Bingham characteristics.

(b)

Fig. 9. Microphotograph of the starch-based ER fluid:
(a) before, (b) after.
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