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ABSTRACT

In the present work, to achieve high braking performance with restricted size, characteristics of

magneto-rheological (MR) fluid brake is numerically investigated considering different magnetic core
shapes. As a first step, structural configuration of the MR brakes are proposed with four different
magnetic core shapes, such as single flat, single inclined, dual flat and dual inclined. To estimate
braking performance of the proposed MR brakes, electromagnetic analysis is carried out and the re-

sults of magnetic field intensity distribution are observed. Based on the electromagnetic analysis re-

sults, braking torque of the MR brake is estimated according to magnitude of current input and re-
sults are discussed. It is observed that enhanced braking torque can be achieved by adopting the
modified magnetic core shape under limited small size of the MR brake.

1.4 E

A7Vsk= o Aol A7)0l
A5 §AZ A2 QA3 2
TEl(Newtonian) -7 <]
b

e}

shele A iAo

o do N

I
tlo 0% ki

Corresponding Author; Member, Department of Mechanical Design
Engineering, Kumoh National Institute of Technology

E-mail: jwsohn@kumoh.ac.kr

Member, Graduate Student, Department of Mechanical Design
Engineering, Kumoh National Institute of Technology

Member, Department of Mechanical Engineering, Inha University

Trans. Korean Soc. Noise Vib. Eng., 27(2) : 175~181, 2017

N
|~

fU A

Al 71A

°

e Bt
Z ®oE R

Lk,

r o
of
S
N

w do

==

T
e
TAN

=
J T
1N ij ﬁﬂ; e
° 2
-l
O
o2
ol
o
X

oz 2
o]
N
>
N
uy)
_?lt

ol

ol

N o

e ol
=

S
2
4
~

i Recommended by Editor Gi-Woo Kim

(©) The Korean Society for Noise and Vibration Engineering

175



Jiong Min Park et al.; Performance Estimation of Magneto-rheological Brake with Different Magnetic Core Shapes

Foll= FE AFolHEZ MR Hio]AE o

A= 9} Kim &

ol
ol
~
Ao
rob
re
-
N
N
=)

o

3
& 2RO, o ATNNE AARE 9
A

=

T gul

o soluge FE71e 4 Ao} WY
1, 498 B4 4% 994 #8900,

=

2 @ 5 YET AADY. Noh 5 4§ &

& Azd dWA 5 £32 WAL 9

HA skl g ALsean®. U /e

e EE o]83 MR Huo|ze AAe A%
A7 g ATt A gk

o] Aol At FA7|AA FS Heola
Aes A7) A8, e iR 2] 3o FaE
Aetstar o] wE MR Holm9 A W3S
aEGT WA o 7 g2 JEe] A7) ZoE
AAE A A7) M-S Faste] A7) Fo] 3
of M A7) 54 ®IE Rlgt dzr] s

A Avtg wgo 4¥ AR A7ld we B
ola EAZ AAeta, 27| F:o] A wE E
I A71¢] WskE gelste], ARk MR H#o]A

o 442 Fe,

176 | Trans. Korean Soc. Noise Vib. Eng., 27(2) : 175~181, 2017

2. AM|2HI =H

o] Ao A e MR HolaE A&t}
= e wpaE gx9 Fx LS Fig 19
et o] #E wixH ZAE SPoH 2%
9] o=o]HE|(end effector)E Ao3}7] 3 Ao
2 E5 3ARE AN ayH 1AfE +F
o] 7ksdt Feloln 4719 FE dZFoo|Er} 7t
FHFo ARREHEE AU 2GR A FE
Fs Gagos AYsy| flste] whaE A9
A, A AAZE Zogd, fE Aoy
w3 2ol AFFor A wojol it} o]d
o] Ao 7]oje} T2 HIFAQ J1A A7}
42 {la, Ao AZFo] 71sE MR BolaE
Ag-skaz} il

Fig. 1 Structural configuration of haptic master device
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Fig. 2 Exploded view of the proposed MR brake
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Table 1 Material properties of MR brake

Part Material Density
Shaft
Upper cap Aluminum 3887 kg/m’
Lower cap
Rotor
Stator SM45C 7850 kg/m’
Magnetic core
Coil Copper alloy 8300 kg/m’

Table 2 Material properties of MR fluid"*

Name MRF-132DG
Appearance Dark gray liquid
Viscosity 0.112 Pa-s @40 °C
Density 2.95~3.15 g/cm3
temperatie 40~ +130°C

7 mm . 7 mm
E|E €|E
E|E € |E
< | < [
N |1 N |1

- 20mm "1 mm + 20mm "1 mm

35 mm 35 mm

(a) Single flat core (b) Single inclined core

I |
: 7 mm . 7 mm

12 mm 14 mm 12 mm
54 mm

12 mm 14 mm 12 mm
54 mm

- 20mm 1 mm

35 mm 35 mm

(c) Dual flat cores (d) Dual inclined cores

Fig. 3 Sectional view and geometric dimensions of
the proposed MR brakes

d d

(a) single flat core (b) single inclined core

Fig. 4 Schematic diagram of the magnetic structure
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Fig. 5 Magnetic field intensity at input current of 3A
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Table 3 Magnetic flux density (unit: T)

Current Single Single Dual Dual
input flat inclined flat inclined
0.5 A 0.34 0.33 0.23 0.21
1.0 A 0.57 0.49 0.40 0.37
1.5 A 0.74 0.58 0.53 0.49
20 A 0.85 0.63 0.65 0.59
25 A 0.94 0.65 0.74 0.66
30 A 1.01 0.66 0.81 0.72
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Fig. 6 Estimated controllable braking torque accord-
ing to current input

(a) 2.5 A (b) 3.0A

Fig. 7 Magnetic flux density distribution with single
inclined core according to current input
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Fig. 8 Magnetic flux density distribution with dual
inclined core according to current input
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