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Power Transmission Mechanism of Electrorheological Clutch
Part III: Experimental considerations on performance of ER clutch

Kyoo-Han Lee, Hyun-Hae Shim*, Chang-Ho Kim* and Yoon-Chul Rhim**

Department of Mechanical Engineering Graduate School, Yonsei University
*Tribology Research Center, Korea Institute of Science and Technology
**Department of Mechanical Engineering, Yonsei University

Abstract—ER clutch is a device using ER fluid, so called "intelligent material” and is a power
transmission system controlled with electric field strength. In this paper(Part III), the behavior of ER
clutch under proper conditions was investigated experimentally and compared to theoretical analyses
developed from Part I, II. Considering the optimum design concept proposed from Part I, the con-
centric cylinder type of ER clutch was designed and the experimental apparatus for the performance
test was constructed. The comparisons made indicated that the power transmission model of ER
clutch and the temperature rise model of ER fluid developed from Part I, II were acceptable tor en-

gineering design calculations.

Key words—ER fluid, ER clutch, power transmission model, temperature rise model, comparisons

between theoretical analyses and experimental results.
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Table 1. Properties of selected ER fluid
Temperature ("C) 0 10 20 40 60
Zero field viscosity (mPas) 98 80 73 55 27
Threshold field strength £, (V/mm) 1651 1597 1382 999 804
Elcctrorheological effect S (Pa- mm/kV) 436 706 981 1106 889
Shear stress at 3 kV/mm (Pa) 588 991 1587 2213 1952
Current density at 3 kV/mm (uA/cm’) 0.6 33 213 85.8
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Fig. 1. Temperature dependancy of ER fluid property.
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Fig. 2. Designed ER clutch Model 1.

1. drive shaft 2. output shaft 3. outer cylinder 4. left
flange 5. insulated right flange 6. inner cylinder 7. plastic
rod 8. bearng housing 9. stopper 10. o-ring 11. lip seal 12.
radial ball bearing 13. snap ring.

e

Fig. 3. Designed ER clutch Model 2.

1-A. motor A, 1-B. motor B, 2-A. ER clutch A, 2-B. ER
clutch B, 3. flywheel, 4-A. rotary torque sensor and en-
corder A, 4-B. rotary torque sensor and encorder B, 5-A.
insulated flexible coupling (Motor), 5-B. insulated flexible
coupling (torque sensor), 6. slip ring, 7. base.
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Fig. 5. Measurement and control system for performance
test of ER clutch.
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Table 2. Specifications of rotary torque sensor and signal conditioner

-Capacity

-Output at full scale
-Non-lincarity
-Hysteresis

-Zero balance

-Temp. effect on Zero

Rotary torque sensor

-Bridge resistance
-Excitation voltage,
-Maximum shaft speed

Up to 200 in.lb: 2.0 mV/V nominal

0.10% of full scale
0.10% of full scale
1.00% of full scale
0.002% of full scale/oF
1000 Q

20 Vdce

3000 rpm

-Accuracy
. . -Exitation
Signal conditioner -Analog output

-Linearity

+ 0.01% of range +1 count
10 Vor24 Vdc

0-10 Vv

+0.05%

3-2-1. nEQ SEJ|(High Voltage Amplifier)
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Table 3. Specifications of angular velocity measurement
system

Gap sensor

Notched disk

-Excitation voltage: -18 V

-Resolution: 12 pulses/rev

-Frequency range: 0~2000 Hz
-RPM range: 0~10000 rpm
-Output voltage: 0~10 V

FV converter

vh zhE e Al S Al 8] 1) 42 Table 33} b}
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Table 4. Specifications of afrared lay camera system

Afrared lay camera
Temperature controller

-Temperature range: 0~1000°C
-Analog output: 0~1-V

Table 5. Specifications of A/D-D/A board
-Sampling frequency: 100 kHz
-Resolution: 12 bit A/D-D/A

A/D-D/A board -Analog Input Channels: 16 single ended
or 8 differential
-Analog Output Channels: 2
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Table 6. Power transmission test conditions

Model 1

Model 2

active diameter=30 mm

active diameter=25 mm, 3(, mm

Geometrical . e o
electrode gap=1 mm electrode gap=1 mm, | mm
parameters active length=55 mm electrode length=55 mm, 55 mm
angular velocity of input rotor=100~1500 rpm
resistive torque=0.05 Nm
Kinetic mass moment of inertia of output rotor part
parameters (flywheel : Plastic, Aluminium, Steel material)
=5.86x10"~24.39% 10™ kg m” (Model 1)
=5.60x 10%~24.12x 10™ kg m" (Model 2)
ER fluid plastic viscosily=75 mPas at 20°C
properties yield shear stress: T,=AE" Pa (A=0.000521 n=1.8614)

(square wave) §] H Al 37} g2+ 7| (function genera-
toryoll A A= 51, 7 -AYSEE719F A/D board7} A3
¥ #rElel sl =k

(2) ZAYGFF7= 3o dHANEE 500 v/vVel
ol 5-& 7HR| 3 wAY e FEA7, Wakd 1:1
H| L3 27} 0~5000 V2] ZEA13 Z o)) o) $A]7
° 2 0~10Ve] BlA 55 YA A[F1c) o] Alsi= A/
D board & 3| 7%elof 3} Hch

3) (DI Ao 245 A3 E &, 73
st qlHAlae} wlses) 2o FHAIE, Alole] X|7hA]
AA(time delay)E AARo. ZA1 £E719] A AF(time
constantys =& 4= g)r}
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(3) 5 Vel Alefgdzzgke 7Af ZF7]AdlA 2500
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Al % += signal conditioner®} FV converterol] A 5% 2
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FHAE ool dE ER frA 9] 5
by ofelj o} Pt
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el7}alar wEUSE f-4 AFERE(Mode DelA= al
7132 =

—|—’

s

W+ B3}

A (fixed)A) 7 32,

Table 7. Performance test conditions according to tem-
perature rise of ER fluid

active area of ouput rotor
Geometrical -active diameter=30 mm
parameters -electrode gap=1 mm
(Model 1) -active length=55 mm
outer radius of outer cylinder=35 mm

angular velocity of input rotor=500~1500 rpm
mass moment of inertia of flywheel=

9.45x 10" kg-m’

(Model 1 ER clutch and aluminium flywheel)

Kinetic
parameters

conductivitics

Ll w
Thermal -ER fluid: k=0.16 [_m“CJ
properties )

-outer cylinder: k,=170 (—W]
mo(
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Fig. 13. Outer surface temperature of outer cylinder
according to shearing time with shearing angular velo-
city; Bingham plastic (2.5 kV/mm electric field, at-
mosphere temperature (23~25°C).
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Fig. 14. Comparison between theoretical and experimen-
tal results; Newtonian fluid.
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