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Apparent Viscosity Properties of Electro-Rheological Fluid
by Using Rotational Viscometer
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ABSTRACT : Electro-Rheological(ER) fluids change their apparent viscosity according to the
electric field strength. Therefore, there are many practical applications using the ER fluids. ER
effect on the dispersive system of polarizable fine powder/dielectric oil has been investigated. The
electrical and rheological properties of starch based ER fluid were reported. Yield stress of the
fluids were measured on the couette cell type rheometer as a function of electric fields, particle
concetrations, and temperatures. The electric field is applied by high voltage DC power supply.
The outer cup is connected to positive electrode(+) and the bob becomes ground(-). And the
temperatures the viscosity(or shear stress) versus shear rates were measured. In this experiment
shear rates were increased from O to 200s” in 2 minutes. This thesis presents Bingham properties
of ER fluids subjected to temperature variations. The temperature dependence of the viscosity was
determined for ER fluids consisting of 35 weight % starch particles in automatic transmission oil.

1. B (H—R2 g + Aoh.dA Z4A ERFAE
A7) ARG (EFMHE) 718Tl 23 GREN)

) ) . i S 7R nA wPAE BAAAZ dErdola, A7)
ER$ A (electrorheological fluid, ERFEE A& Ql7vete 1Al vjgaz) (+) A= (- )%_?#-4

Olt

P%‘—H°ﬂ7\1 AbEFZ(0]3} Clustergt 3HE A3l
i) BE7] HAE(apparent Vlsc031ty)7} &

© BEAIEAED DE AR a7
S9 499 Rheology 54 WeHe 841 ek
s FAlEEED A, o 11’1 e

N

: 44 22 EHE ERGACIR, $AA ER
g AZsE Q] WU HBRE T gy wsie wstelm, Hr1WYEHE WEh ER
H

!

= - N w1 1 34l 718t Newtond#olA Bingham+#
Ydis wE ERAS A ATE AR S A7 5 gp =ho) wsied. ww #2974 ERAAE
E A& (smart material) Ea]t ERvﬂﬂE A gz

l

A (AT &7k, 71Ee] A7 V|E LR A= A7) Awuke WsAA A 978

"1 shte) H=nke sk HlEl, ERFAE A7 5 greg mside 23y dagel S48 A
de) Zwol wet cjeisbA AEs WSstE HAR 4o uens HHE 4 Utk =3 Pusl) 27
Qs ofg] Ropollal 1 &840 dFHR Uk = A7AL =T ABE WS Yooz An A
ERS A dAENARFHER)S TLA ol & zra gtk SgtAlo] AlAdd) glol



©

Ao} 71719 AF o] WAE 2
7k AEWEY] 2Q(0)d WEY) 2
oz} ol ezt e FE WH S4o
dejAt dgdoz Bo] ATHAANY, WS
7] 997 WEE ERGAZ Azstd exwis
=x30] Wated BuE e obx gtk wetq 2
Ao NE Ux B4 ERFAE goz o
o} ERE#7} 298 ER§AS Az, ERHA
4999 AE 2 WEA I RALE w
£ ER&Fe 9%, d7% 2Eol WE ERH
Ao REHE NYHoz HEFAT.

AE A¥A LEWEYE -10T~50C7HA W
A A, B FAZASG H71F A7RAl ER
sAe WEws S43 W7 AsbA e
ge 2A5e] ftAlo]l Alado] ERS
A =4e 34
aA4 AT

i =
ox kl

s

17] 93 71 2A8E AA

[s}

2. ERwAY %38 54

2.1 ERRAY 7|2 §

U7 BAA ER$AE A7te Hrlge 2%
of wet Ruy] AE Wshel Wt WL $%
Hol ¥z W7 AEwor FA A
o7} Fhaie, A7) AE AASY LA 4
FHos HBaE W, 1A wPAY
o wet 4ol AstHE 54 Utk g
A7 ERSAS A% @8} ofm w7y
o|Folx & shol tie dFE ERF A
Az A% AFHDL Yoy AAAA
o2 YW oL EANA 9, o
c2w on Am WHA g ol
Fol BAE MPE W74 vl T
3¢ 9eA 7 YA #3347 473,
7)o AV} HEsE AIRL 4T
zgo oal Yol YAt

Fig. 1& AAEWA ERSA 2714 $7}
M4 ERGAE AL viehd Aeln A
% BA7A §142 R 2A vFAE (+)
AFH ()AFAN AFRo] REHIYT, 18]

2

iz

AT Jo mal XL ox nl o 2 o g

W e oE o Y (o
(AL do o

¢
4

Power source o Power source oN

) | 3 )

L R

Eﬁet:h’o(li_‘ i + Jl l

Dispersed .._._f”___\ ‘7“‘”7?(7-\ i

gram - {1 e ] N !\;{ |
r

Automalic
transmission |
oil

Fig. 1 Generation of clastic ER fluids

U AR A7k /FEAE IR 3A uEae
(H)AFH AN A7 4T Uag ¢

Ae Aol Agatn W7ol FARBe o
Azl A= Aol RgAT (+), ()
Aolol A fARZH A7 WAF wel 2

Foez dd) AMEERFY E2H(cluster) &
g, ode FH2EI AR F5E
Aajgesx ERRFAS 2u7] =7 Frhel
t Aeg AZdEg. o Wi Zd H7F W
dAz A7 4I5FAEE AX FE W
37t AAA "B, ol d YAEAA ERFAE
Aoi7i7l Sl &8t dA HEs7] AHsHA
B A7 o3 2AHE gugHe] an, A

N4E ArkerA e Wel WEoh w1, AgT)
S e We ERAAS o] A
278
2.2 ERRAY U8 54
FERANA AvgP e 4 (1) 2ot
Z’= 77‘.)/ ........................... (1)
A7, T HEEd, 7= AAve FEES

veble ' (= du/dy)e £=79olth. ER®
Ae FoAM 7t A7 ol FA A
E7F dEA g, YA} EA4A ERF-AANAE 24

HoR A9 2R = (apparent
viscosity) 7} ®iste Aolok. fAlg At

WE YREHo Wk A, 3 YEFAY 5

A& YEdE RoeZ g8 dJeoeg FdI,
r=r (E)+ 77

G714, 7,(E)= ERGAS #2eee e

o, 47139 A=(E)% e AFHez F
Ztgg. aetA 4 (2)8 AV deR oA
Edstd oga 2o

r=qEP 4 gy oo (3)

—197—



A7, AFe, BE ERAFAY AR FF,
UAFH, FALEH EARKY F=F ER
Ao 2Pz S L= ERFAY nh
Foltt. A7 Fe Frtd= Erdtn AT
3 Agsrwle BAV AoF TS 5
YT 71718 A G AdHe] HAades 3

+= ed, ERFAZ A7 489 oy 7(4
&xulo] Wgle) oMz ERRFAIY HdY
FEE 0] et A 3)H 2e T4
ZREH AV Frkek RoA A=
g zHlel Frte] mE fAe HEgHe
7t R gEZEH FUE Y F dod,
S o] &t S&AA “7%1*1 AA =

2|

3 A5E o7 AR olzANe & F 9l

I8 ox o

S C o2 jo o gl

. fgZa 9 13

Table 1& SV1 449 Altg Jehdzieln
g 9% (cup)e WAL 23.1mmolan ¢ZE ¢
F(bob)9) WAL 20.2mmelH, ERFAT 244
£ bob® cupd =& 1.45mm olt}. 1E]lxm ¢
Z %] ERFAY Hdle Zele 61.4mmeoltt
3 bob# cupE HFoZ AMEE H7Fe]
To} W& ERAMY JIg: HEY & URE A

Fsjolglth WEAsh PC7t @dde), WSy
(bobsl BA&E)Aste] we PH 3 Dwgel
Aoz 2Aso) 2AHES P Yot

Table 1. Specifications of SV1 Sesor

Fig. 2& @74 AZ8 ERGAS a5
2] 9Astel A8E H14 WEA (Haake
FLVT -5000¢] AE olcholRe $U& 54

49 e 249 4595 (cupelgt &) A
ate WHEAE (bobolg} gHAtole] zHe} ERA-A
£ Fdsta, A dUEEH EE Ad& 5y
g §g ]7% HEEES A7 9.%
EAg AF3d A5E FHse A=Al

[ velocity | )
Sensor [
- - 4

Torque I’ -

|
iL Transducer t
'P"‘V""S“I’I’]y‘ . Insulation | I j-
! V§ 500 ! | ' materinl | !

| —1_ Refn;,cnﬂf-dj ' o
J]‘ circulators , [

(Temperature 1

Sensor J

ER fhuid

|- Fixed cup(+)

O ro-
! Signal Oulput
|

|

bob(-)

i B

Plotter Personalcomputer

Temperature balh

Fig. 2 Experimental setup Bingham test

ER#Ao A7bH = 717 E= 0.0~2.0kV/mm7t
A 0.5kV/mm¥ gAHo R WAoo, Wds

wHE 28 Eotd 0.0~200s N7 Z7EEE
21& AASAY. ¢, 2xE -10~50T7HA
HIA AT W7 o] AVEE A ¥ AE oA ER
Ao dAfE FEFAYG 2] A A drh
Table 25 43 ] ALE3 W&l o9 B
HAE debd oo, AurERee o

Q)

=

(ATF SP2)& A}%s}am MEr ede &
o= ]

Sensor System SV1 Tsle wWE MrEAA, sy A,
Sensor No. 5 aa dAgel $4n HE@At Hou
Inner Cylinder Aol digh Agggdo] & SAE 1A A7)
(Rotor) o ERF M2 H@aith W57 2de o
Radius R; (m) 101 MEA, R B4, AN Sol FEs
61.4

Hight L (mm) . )
Outer Cylunder Table 2. Basic properties of ER fluid lubricant
(Cup) 1155 Automatic transmission oil
Radius R, (mm) ) Specific weight 0.8613
Radii Ratio R,/ R, 1.14 Viscosity (cSt) 38.01 (at 40 C)
Gap Width (mm) | 1.45 1scosity i 756 (at 100 C)
Sample Volume V(er)| ~12.0 Permitivity (50Hz) 5.70
Temperature (C) -30~100 . .
Svst Factors Pour point -425 T

ystem 2530
f 890 Flashing point 204 C
M

—198—



&)
i)
(%)
rlo
(o}
.
2
x
N
o
%
ok,
R
=
2]
gt
)
i
>
>
olo
o

of A% dAel FAEE 0.00wt(%)d AL
M7l edvte AmwgeE FAste el A
olth. xF& HdLmw, yHe ddgHs v
W, 716717 &7 ede HxE dehdd
WL 5 (bobe] FHAEE)7E S7Hgel met A
GEHE e, %%%iﬂsﬂ S4& Jdedn
Ads H¥S T & & Aok aA2AN 2=
7t s 7]%717} %—7}0}‘?1, A&7t F7hst
A% ¢ F7h Qld V3(@~d)E BAE
dPEHY 71&717F 2xge] mE w4
2de HEE JEdg. xSt me do
o] ddHErle A AFHOR wsee
TERARZ ATTS & 7 Ak £} 257}

-10~25C9 MM AxWgr}t vudy a3,
o ole] 2nyfoMe ¥yt ERge
B Atk 7 AadoAMs HE7] 2de 2
EHYE 758 40~60CTE FAHES 4A3
7] WEo] W47 2d ARIANAE o] &%
HARA A FE=dlsrt Hdg IAEE w4y @
dg Hz37] o] Yehies Yoz Pzigc

Fig. 45 €% 40ToNA AEYAle] FAEE
o] 35.0wt% ERSAl diste], H7AE
E=0.0~2.0kV/mmZ ®W3}A|# A¥g Ao},
A (3)N A, ERFAe FEZHE {7 dHEe
dogiy] N&ste &7t Adggdoz A o
T e Ao v R B BFEH
How Agstyl diiod FEsA AZse A
& o]#r} o] AL Fig. 4 A 958 F=A
ol A bob cup HAFl Hrige] AsbEHA, 7+
= 145mme] & ’B‘ﬁé(fﬁﬁkﬁ/) F7F Well A YFER

50— 71—

[ |® Automatic transmission oil+T=-10°C|
O Automatic transmission oil+T= 0C
125 | % Automatic transmission oil+T=10"C

Automatic transmission oil+T= 25°C
‘ Amomatlc transmission oil+T=40'C
Q@ ission oil+T= 50°C

Shear stress [Pa]
o
3 8

T T

3
T

25—

Crf $EHLIR
; AN St A

Shear rate [1/s]

Fig. 3 Automatic transmission oil with

temperature variation

FAE AAY Aol 2zt G489,
bobol WstelE #ztelE bob% AE cup
Atolol BAHE Fezest @nHoR w3 B
W2 Ea37t gesith =9 3AY e
&7 U AR 4AE 279 AHEA7)E
4% E3 ¥ bob 7154 & AAFol BB
she vlag tgEdEaY Qg BPHom

28317 WF o Ugu:s dANoz Az
Fig. 52 2713 Wsgld w2 gEsde A7)
Uebd Zojtt, e ZEv AASFE 8
400 e L B A e
@ Automatic oil+Starch 35Wt%+E=2.0kV
350 (O Automatic oil+Starch 35W%+E=1.5kV -
O Automatic oil+Starch 35Wwt%+E=1.0kV
4 Automatic oil+Starch 35wW%+E=0.5kV
300~ (@ A oil+Starch 35wt¥+£=0.0kV —
250
200

Shear stress [Pa]

0 40 80 120 160 200
Shear rate [1/s]

Fig. 4 Relationship between shear stress
and shear rate

200 - @ Auto oil+Starch 35wWt%+E=0~2kV
B Auto oif+Starch 35W%+E=0~2kV

Auto oil+Starch 15W%+E=0~2kV
Auto oil+Starch SWt%-+E=0~2kV

Yield stress [Pa]
58 &
T T

8

" 1 " i 1
1.0 15 20 25
Electric field [kV/mm)

0.0 0.5

Fig. 5 Electric field dependent Bingham
characteristics



Hel go] Frhathe e @47 At WINR
5 Qtem z7] FHeel LA WP
qe Uehdt olie S4 4%Y WEA
2 gl SolE ERFAS 9aE Azkd W7
NGl wotRel wek B BY FTasHE
@4eA Hm, o %Y FelaHs WA

7] 98] 7o) g& AdE
olth, AE Uate] TAEZo Frstn A/
57t Z7hste] W gEgEE FEE ¢ T
7} 9tk Q7tHE A7 Fd dstd uEvE ER
SA9 grLHS A} go] AP i FF
suAz TEE, AR Az FARE] Bowtk
o)1 A71% E=2kV/mm ¢ A$ 1929%6E" o2
vebd 7 Ak

Fig. 6& 2571 40CT2 AT Aeeld A
1% 72AE 2 AR gz FAEE wHstd w
Ax Wi 54<¢ Jed Aotk Fig 6&
257} 40C2 YA AN #ANF A= R
AE Qzte FARE W wE A= W3

Qe veld golth FAREETH WA
=7 Z7bgel wet WES FHEE ¥
A dAe) TAREo BuF He
4714 = A weste] FREHA
Z7tskA, FAREC 250wt(%)0]del
W73 2Ed o AEN 4TS
olth, TN (A~@FAZE AZNF 2
To e Fxwss FAdc AE 4AY
DR g 350wt(%)elxn, ANFY BE
E=20kV/mm% #$ FAEE&o] 50wt(%)%
s B dEs7 o 10MAE ST RAe

o) Padr] 4

rlm

mor

)
i‘..oh’._h’ﬁ
W 2 M o 30 o)

J\

Sr e Xorr &
jat

947t Ut ERE#FE 233 e AREE
18 d T T T T
® Autonmtic oit+Starch 35WtY+E=0~2
B Autormatic oil+Starch 25wt%+E=0~2
15| | # Autommatic oil+Starch 15w %+E=0~2. 4
Autoratic oi+Starch  5wt%+E=0~2.
— 12 J
')
&
e,
2 09 4
[}
[+
Q
2
> 08 .
03 ]
0‘0 1 I i 1 1
0.0 05 10 15 20 26
Electric field [kV/mm]

Fig. 6 Relationship between viscosico and

electric field

Current density [mA/cm~2]

0.009—— I § s ) R
0.00 0.50 1.00 1.50 2

Electrc field [kVimm]

Fig. 7 Current density of ER fluid

7149 ZE 9
' AL v
Fig. 72 SV1 A& o]l &% ERFA =%
A A7) e wael wE AF AVIE
A g Aoy A7NAY A= FAEFH
5 Z7tste A¥BAYE "a} F Adok 2
A 2 7HE A71FL BAUW ARE e R

B2 2uAe] Fe AL ¢ F 3

ERUA ) Flo] F a3}

r_>fl, JIN‘ ox

&

lor

1SN

-

2 AFdAE AEMA ERFAE Ao
2 s EREWZ SUE ERAAY AZ, ER
7 2As HE 2 AR A FALE
o g ERETe 3%, A7 2Rl WE
ER%AS 71854¢ 4980z AEse o
g3 ge AES 2k

(1) ER# A2 I&ES
Aol FAEES &
Aol QAZtHY, WS

2ol HPFA H%T—H‘E go) gk

(2) €% 40Ceola, A71%e 7% E=2.0kV/mm
o] ERYAIY ZAEEo] Hwtd 35 FAE
go] 00 wt%el W&7] 2 o) ERFAY 2R
7] A%t 20003 % F7HEch



&#uE8

Fibration
Vol.20,

1. W. M. VWinslow, "Induced
Suspensions”, J. Applied Physics,
pp.1137-1140, 1949

2. A. J. Simmonds, "Electro-Rheological Valves in
a Hydraulic Circuit", IEE Proceeding-D, Vol.
138, No. 4, pp.400-404, 1991.

3. D. A. Brooks, "Design and Development of
Flow Based Electro-Rheological Devices",
Journal of Modern Physics, Vol. 6,
pp-2705-2730, 1992

4. M. Nakano and T. Yonekawa, "Pressure

Response of ER Fluid in a PistonCylinder-ER

Valve System”, Proc. of the 4th Int. Conf.
on Electrorheological Fluid, pp.477-489, 1994
5. S. Yokota and Y. Kondoh, "A Control
Valve by Making Use of an
Electro-Rheological Fluid", B AREEWRE &%
£, pp.93-100, 1996.9

6. F44, “ERFTAE o] &3 FaAojgE
of A" ZYduisn qArsh =&, 2000
7. A=H, FAE, "BYPPD B F
F-gE g3 54", dxTAVNAGE F
stedd =E3, pp 399-404, 1999

8. A=d, FAH, A&, "ERFA ] /%
EAdd B 484 A7, @3 3A7IAG
3] £A%ed 3 =&, pp 216-221, 1999

—201—



