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Abstract — This paper investigates the stick-slip characteristic of magnetorheological elastomer (MRE) between
an aluminum plate and the surface of the MRE. MRE is a smart material and it can change its mechanical behav-
ior with the interior iron particles under the influence of an applied magnetic field. Stick-slip is a movement of
two surfaces relative to each other that proceeds as a series of jerks caused by alternate sticking from friction
and sliding when the friction is overcome by an applied force. This special tribology phenomenon can lead to
unnecessary wear, vibration, noise, and reduced service life of work piece. The stick-slip phenomenon is avoided
as far as possible in the field of mechanical engineering. As this phenomenon is a function of material property,
applied load, and velocity, it can be controlled using the characteristics of MRE. MRE as a soft smart material,
whose mechanical properties such as modulus and stiffness can be changed via the strength of an external mag-
netic field, has been widely studied as a prospective replacement for general rubber in the mechanical domain.
In this study, friction force is measured under different loads, speed, and magnetic field strength. From the test
results, it is confirmed that the stick-slip phenomenon can be minimized under optimum conditions and can be

applied in various mechanical components.
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Fig. 1. Dimension of MR elastomer.
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Fig. 2. Schematic diagram of stick-slip tester.

Table 1. Conditions of stick-slip test

Test No. \(/renl;cjlg Ia(ogaf‘)l Ma(gsl;l)eti; Tf;leld
a 20 1.0 OFF
b 20 1.0 ON
¢ 10 1.0 OFF
d 10 1.0 ON
€ 1 1.0 OFF
f 1 1.0 ON
g 1 1.2 OFF
h 1 1.2 ON
! 1 1.5 OFF
i 1 1.5 ON
k 1 2.0 OFF
! 1 2.0 ON
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Table 2. Hardness change of MR elastomer under
magnetic field
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Fig. 3. Results of friction force each tests under the condition of load 1.0 kgf and velocity 20, 10, 1 mm/s, respectively.
(a)/(c)/(e) - without a magnetic field, (b)/(d)/(f) - with a magnetic field.
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Fig. 4. Results of friction force each tests under the condition of velocity 1 mm/s and load 1.2, 1.5, 2.0 kgf,
respectively. (g)/(i)/(k) — without a magnetic field, (h)/(j)/(1) — with a magnetic field.
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Table 3. Average friction force and SD of test (a)-(l)
with Fig. 3 and 4

Test No. Avegrgcee f(r[i\lc)tion 52/?;?2?1
a 8.82 1.1789
b 9.58 1.2880
¢ 9.65 1.1552
d 9.93 0.9420
e 10.13 0.4389
f 11.01 0.2263
g 11.82 0.5615
h 13.64 0.1731
i 14.22 0.4457
f 14.86 0.3251
K 14.85 0.2192
1 18.11 0.1579
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Fig. 5. Results of friction force each tests. (a)-(b), velocity 1 mm/s, load 1.0 and 1.3 kgf, respectively. (¢)-(d), velocity 5

mm/s, load 1.0 and 1.3 kgf, respectively.

AL selslda, A7)1F Alol2 B3 2p7)e
=9 Ao Aoj7t 71s3kA

< Fstd AFeh. 43 A= Fig. 5(a)-(d)
o JebdTh Fig. 5(a), (b= 1 mm/se] £%=%74 3t
o4 1.0 kgfot 13 kefe] ka2 71e o] A9 2

H=
=

olh 4l A of 302 A A AL
ek ke 23] A Asfeln] oF 803 ¥

He A4S et =4 she] 49 ZAxjolth Flg~
5 (), (= 5 m/s & £ stelA 1.0 ket
1.3 kef®] 3l 7H wje] A3 A¥felth. Fig. S(a),
(b} ol A71FE Q7IsHAl & AdEldA 71E A
A72)e) AR5 sye dde AL, A1EE 9
7¥et 2dejollA Uz AES st 1 mm/se

- -

Sz e AIFE VRIE 9A 28 &9 d
o] wu]aly] wiiEel] whEe wsl Fort A4 WA
A S A AT S AT AIES A
G5 W 5 mm/ise] £ ZANME 1 mmise] S
X704 B} w2 ws) Fukprh 34 JERE
Sl & AUk

Table 4. Average friction force and SD of test (a)-(1)
with Fig. 5

Average friction force (N)  Standard deviation

Test
No.

Magnetic
field OFF

10.08
12.00
10.14
11.87

Magnetic
field ON

847
10.19
7.85
10.06

Magnetic Magnetic
field OFF field ON

0.1310  0.1922
0.1786  0.1701
0.4087  0.1855
1.0249  0.7914
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