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Temperature-Viscosity Characteristics of Hydrous and Anhydrous
Electro-Rheological Fluids
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Abstract
This paper describes the properties of

Temperature-Viscosity characteristics of hydrous and
anhydrous ER fluids containing starch and titanium
particle in silicone oil. ER effects arise from
electrostatic forces between the starch particles and
titanium particles dispersed in the electrically
insulating silicone oil induced when electric ﬁeld.is
applied. ER fluids under electric field have been
found to provide resonable estimates of ER fluid
viscosity variation characteristics. Yield shear stress
of the ER fluids were measured on the couette cell
type rheometer as a function of electric fields. The
outer cup is connected to positive electrode(+) and
bob becomes ground(-). The electric field is applied
by high wvoltage DC power supply. In this
experiment shear rates were increased from 0 to

200 s in 2 minutes.
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(b) Polarization of anhydrous ER fluids

Fig. 1 Polarization of hydrous and anhydrous
ER fluids

Table 1 Designation of hydrous and anhydrous

ER fluids
ER fluids Base liquids and ER particle
ERF 1 Silicone oil + Starch(35wt%)
ERF 2 Silicone oil + Titanium(35wt%)
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(b) ERF 2 (0T)
Fig. 3 Shear stress vs. shear rate with temperature (0C)
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(b) ERF 2 (50T)
Fig. 4 Shear stress vs. shear rate with temperature (50T)
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(b) ERF 2 (100T)
Fig. 5 Shear stress vs. shear rate with temperature (100C)
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Fig. 6 Viscosity vs. shear rate with temperature (100C)
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| | ® Sii oil 50cst, 5wt%, E=2.0kV/mm
< Silicone oil 80cst, Starch3aswt%, E=1.0kV/mm
120 M Silicone oil 50cst, Starch35wt%, E=0.0kV/mm

Yield shear stress [Pa]
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Temperature ['C]

(a) ERF 1 (0T ~100T)
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@ Silicone oil 50cst, Tlunlumaswt‘/- E=1kV/mm
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Yield shear stress [Pa]
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Temperature [‘'C}

(b) ERF 2 (0T ~100T)
Fig. 7 Yield shear stress vs. temperature (0°C~100T)

Table 2 Yield shear stress of ER fluid with temperature

ER fluids| Temp. Electric field | Yield Shear Stress

0.0 kV/mm 1.2 E% [pa]
0T 1.0 kV/mm | 38 E%" {Pa]
2.0 kV/mm 76 E'? [Pal

0.0 kV/mm 9 E%® [pa]
ERF 1 | 50 C 1.0 kV/mm | 31 E®" [Pa]
20kV/mm | 66 EM? [Pal

0.0 kV/mm 6 E%" (pa]
100C | 10kV/mm | 42 E®3 [pa]
20 kV/mm | 107 E'* [Pal
00 kV/mm | 1.5 E"? [Pa]
0C 10 kV/mm | 15 E®® [pa)
20 kV/mm | 30 E%® [Pa)

00 kV/mm | .84 E%? (pa]
ERF 2- 50 C 1.0 kKV/mm 11 E%  [pa]

20 kV/mm | 18 E%7 (pa]

00 kV/mm | (.44 E%? [Pal
100C | 10kV/mm | 4.8 E*® [pa)
20 kV/mm | 6.6 E*® [pa]
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