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A study on the force control of a servo actuator with
built-in MR Valve
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Abstract: A servo actuator with a valve using MR (Magneto-Rheological) fluid is proposed for fluid control

systems. The MR fluid is well known as a functional fluid whose apparent viscosity is controlled by the

applied magnetic field strength. The pressure in the MR cylinder can be controlled by the applied magnetic

field strength. Good points of the MR cylinder are more simple, compact and reliable structure than a

conventional oil hydraulic cylinder. The experimental results show that the MR cylinder could be used as a

servo actuator.
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Table 1 Design data for MR cylinder

Notation Design data
D(mm) 385
1o (Hm ™) 4x1077
s 2
k(kPa/T) 41
B,(T) 01
By, By, (T) 0.55
h(mm) 0.7

o 2
d{mm) 0.23
I, . (A) 2

o 0.7

N 150
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Fig. 8 Step response of MR cylinder
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Fig. 9 Sinusoidal response of MR cylinder
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Fig. 10 Experimental result of force control with
respect to step reference
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Fig. 11 Experimental result of force control with
respect to sinusoidal reference

oheh, Adnte] s Fo] Ex X9 2oz} A

e olfe

AZE 5, o=

_5_

AFA7 @ A7\Es GEoletn
A7 molel A4 2 WS By



MR 8 s A8 dFofolee] F Aojell #F AT

MR #FHE ©]&3 MEZE ME AFooE2A
MR AAEE AT 47, A%E st 1 5
HE A¥HeE HESNG 54 49 2% =
doll ARE 15AZIA] A7HeHAS wf 0.46MPa]
1ol 320N9] 3ol HAYEAT MR 24U 9] 2Fl
SR A AH, e WL Ls, 3G ARk
0.1s{th 2Ela AR A B3 EAE A28
218, PID #1718 2AF A, HE g5 olE2A
o) 7Fs43 ¢ AESAYT TS PID Aol)E o4
Fozy FEEE] AA AL sHEHUL, 5F
AFoolE2M 9 ol§ 15 AYHoE A3
Atk

7l

ob

B d7e AR AgE 29471
AR g ettdgy 7IARE 2 2A454B7HA

FAE e Ao o3 AP,

]

51

Ho

a

1) Ahn, Y. K., Morishita, S., "Rheological Property
of Smart Fluid and Application Technique”, The
Korean Fluid Power Systems Society, Vol. 1,
No. 1, pp. 40~49, 2004.

2) Choi, S. B. and Hong, S. R.,, "MR-4¢ EAx
AFRok] BH 8 AT A L AT B,
Journal of the Korean Society for Noise and
Vibration Engineering, Vol. 15, No. 1, pp. 9~19,
2005.

3) Yokota, S., Yoshida, K and Kondoh, Y., "A
Pressure Control Valve Using MR Fluid”, Proc.
Fourth JHPS-ISFP Tokyo'99 vol. 11, pp. 377~
380, 1999.

4) Kim, J. H,, "Design, Fabrication and Modeling
of Maneto-Rheological Fluid Based Semi-active
Mount”, Master Thesis, KAIST, 1996.

5) Janocha, H., "Application potential of magnetic
field driven new actuators”, Sensors and
Actuators A 91, pp. 126-132, 2001.

6) Lee, B. H.,, "Design of the Current Feedback
Electromagnetic Actuator for Engine Vibration
Control”, Master Thesis, KAIST, 2003.

7) Kwon, S. W., "MR Rotary Brake Development
with a Permanent Magnet”, Master Thesis,
KAIST, 1997.

8) Yoshida, K. Takahashi, H., Yokota, S,
Kawachi, M. and Edamura, K., "A Bellows—
Driven Motion Control System Using a
Magneto-Rheological Fluid”, Proc. 5th JFPS
Int. Symp. on Fluid Power, Nara2002, Nara,
Japan, pp. 403~408, 2002.

9) Yoshida, K., Park, J. H, Yokota, S., Kawachi,
M. and Edamura, K., ”A Bellows—Driven
Manipulator Using a New Magneto—- Rheological
Fluid” Proc. 4th Int. Symp. on Fluid Power
Transmission and Control (ISFP2003), Wuhan,
P. R. China, pp. 542~547, 2003.

10) Yoshida, K., Soga, T., Yokota, S., Kawachi, M.
and Edamura, K., “An MR Cylinder-Driven
Manipulator Using Magneto— Rheological Fluid”,
8th International Conference on Mechatronics
Technology, Nov 8-12, ppl89~194, 2004.



