Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2012.13.7.2878
cooperation Society
Vol. 13, No. 7 pp. 2878-2885, 2012

32| AF-L-FZ5 7| H-E317] Hsk
23 MR A Bﬂlolioﬂ 23 AF

Study on the Compact MR fluid Brake for the Training and
Sporting Equipment for Leg Rehabilitation

Woo-Cheul Park", Hyun-Chang Lee' and II-Gyoum Kim®

'Dept. of Vehicle Eng. Kangwon National University
2ChomDan Mechanical Co. Ltd., R&D Center

0]

O Aol MRGAE BHOE she s AREE VTS AL ATeE 717 485 Slat
A9 MR G Bolag 4, ARSI Pog WA MRAA Selols) AT Sge MRGA Pare
A71ake) wstel ofs) Alejgich B2k Algte mejstel A4 Alsh wHiE MAMSE fatas Zzagel
ANSYS Workbench AH§-5to] 2/ Eizm S 4 =S Agstdch Aok MRAA| HdlolaE AL,
Aol e Eoie] WEE Audon BNt ARE FHNE MR 44 Hejolae] Eodl Zvlsgle
u, 3 uhg-e olg whes ekddth Fashs A5e] AVIZH S7Kte) et MR 9] Heojae] Eeal MRAA|
o W St A F7bstel ek

Abstract In this study, the training and sporting equipment for leg rehabilitation featuring the MR fluids is
proposed. The compact MR fluid brake is designed and manufactured to apply to the rehabilitation training and
sporting mechanism. The resistance characteristic of the MR fluid brake is controllable by varying the magnetic
field around the fluid. Under consideration of spatial limitation, design parameters which are related with the
magnetic strength are determined to maximize to a torque using finite element method. The FE analysis is
performed using a commercial code, ANSYS Workbench. The proposed brake device is manufactured, and its
field-dependant torque is experimentally evaluated. When the electric current is supplied, the torque of the MR
fluid brake is increased and the response is very fast. Depending on the strength of the current supply, torques
of the MR fluid brake also increase similar to Bingham property of MR fluid.
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[Fig. 1] The schematic diagram of the rehabilitation
training and sporting equipment for leg rehabilitation
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[Fig. 2] Yield Stress vs. Magnetic strength
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[Table 1] Typical Properties of MR fluid (MRF-132-LD)

Viscosity, Pa-s @ 40°C 0.092
Density, g/em’ 2.98~3.18
Solids Content by Weight, % 80.98

Flash Point, °C >150
Operating Temperature, °C -40 to +130
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[Fig. 3] The schematic configuration of the MR fluid brake.
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[Fig. 4] Geometric parameters of the MR fluid brake.
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[Fig. 5] The schematic diagram of the magnetic structure
of the MR fluid brake.
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[Table 2] Magnetic properties of the MR fluid brake used
in FE analysis.

Relative Saturation
component Material ermeabilit Flux
P y Density
ferro- structure 10,000 1.5Tesla
magnetic steel
coil copper 1 -
air - 1 -
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[Fig. 6] The magnetic field intensity by ANSYS
Workbench.
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[Table 3] Parameters of the magnetic structure of the MR

fluid brake.
Parameter value
length of armature (/L)) 32 mm
diameter of core()) 62 mm
length of pole(Lp) 10 mm
diameter of shaft(d,) 30 mm
gap(g) 1 mm
width of armature(w,) 3 mm
length of solenoid(l) 8 mm
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[Fig. 7] Photo of the manufactured MR fluid brake.
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[Fig. 8] Photo of the experimental apparatus for torque
measurement.
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[Fig. 9] Time history of torque of the case which supplies
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