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An Analysis and Test Results of Damping Characteristics

of ER Dampers with Two Different Valve Types

“Bo Young Chang”, Jong Min Lee”,

Chang Ho Kim", Young Pil Park™

ABSTRACT

Damping characteristics of ER dampers and flow rates inside ER valve with two

different valve types were analyzed and compared with test results.

Fluid flow inside

ER valves was modeled by Bingham plastic model and Hagen-Poiseulli flow, while the
equations of motion of total ER damper system were modeled by flow and hydraulic

force balance.

A general straight valve case was compared with a bended valve case
which is newly tested for a possible improvement of ER damping force.

As expected,

the bended ER valve generates higher damping force and lower flow rates than the
conventional straight ER valve due to additional flow restriction at the bended section.

Analytical models of ER valve and ER damper generally predict reasonable performance

characteristics of tested results.

Therefore,

developed analysis can be used for

designing new ER dampers and simulation of ER semi-active suspension system as

well.
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Fig.3 ER damper of bended electrodes
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Fig.4 Flow rate characteristics of ER damper

at 2kV/mm  (Unit : X 10 ® m%/sec)
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Table 1 Characteristics of ER Fluid

Parameter Symbol Value
Density o 1020 Kg/m'
Bulk modulus B | 350 x10° N/m'
Viscosity 7 0.035 Nsec/m'
Shear stress(2.5kV/mm)| = 528 Pa
Bingham plastic a0 O.I_IOPa ,
model coefficients ‘;1 1.05x 102 Pann'/V

Table 2 Specifications of ER Damper

Parameter Symbol Value
Vi 028x10* m
Initial control volume Va2 214%x107¢ m
Ve 10382x10° m
Area of piston Ap 0.79%10°* m'
Area of piston rod Ar 0.20%x10°* m
Area of gas piston Ag 079%10* m
Area of orifices A 0.02x10* m'
Initial pressure P, P; P, 10 bar
Gap size h 1 mm
Maximum stroke Xrmax 200 mm
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Fig.5 Damping test rig
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Table 3 Part list of damping test system

Part Model Specification
Cylinder KHFA4B140 300mm, 140kg/cr
Servo Valve| Bosch 0811404038 315bar
Hydraulic S U 15HP, 250bar,
Power unemhn 20 ¢ /min
LVDT HBM WSF029614 | 100mn, 9.86mV/V
Load Cell | Bongsin200DSCK 2ton
DSP Board | DSpace DS1102 TMS320C31
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Fig.6 Test and simulation results of damping
characteristics at OV/mm and 3kV/mm
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