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Abstract: In this study, variable stiffness elastic mechanism for the application to a vibration isolation system for pre-
cision motion mechanism was manufactured and its characteristics were evaluated. In order to understand the shear mod-
ulus and its variation as characteristics for vibration attenuation, magnetorheological elastomers based on a natural rubber
matrix were fabricated and tested. Four types of carbonyl iron particles with different manufacturing methods were used,
and the shear modulus and magnetorheological effects were measured by changing the volume fraction and applied mag-
netic field. A magnetorheological elastomer was manufactured by selecting carbonyl iron particles with high shear mod-
ulus and a large magnetorheological effect, and using this, a variable stiffness elastic mechanism with integrated
electromagnets was manufactured. Variable stiffness characteristics of 3.67-6.75% were verified by testing the resonance
frequency change according to the application of electromagnet current, and the thermal effect was experimentally
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observed.
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Table 1. Composition of Rubber Specimen

(unit : wt%)
Matrix of Natural ~ Organic  Carbon oil Metallic
natural rubber  matters black oxides
rubber 68.7 7.0 178 41 24
Table 2. Features of Iron Particles
R
Fe (%) 98.2 99.8 99.8 99.7
C (%) 0.7 0.007 0.006 0.03
Contents
N (%) 0.7 0.01 0.004 0.02
O (%) 0.4 0.19 0.19 0.25
Size  d50 (um) 1.3 4.8 7.5 4.0
Tap density (g/mL) 38 4.1 39 4.25

2ot 712 A EYshs A whe &322 Table 29} 72|
Azg2 e wet FJejet 27]7F & CIPE ARS8t
Shpere carbonyl iron particle(SCIP, BASF, 5% & 32| ¢
AZ2A] Qwel Wl (S), M), (L)E T3}, Water atomized
iron particle(WAIP, Hl2&#|o]o], $t=)> =58 T3l U=
8 oS A4 = R S4S Fo] A E &

A7) AEAPH O R A2 on FHPORE 40 um
YE=E ZH=T}. Figure 19 YeRA FAPAAFERZ 5000
HiE oulR|ofx] 7} ixpe] @t 715 ER1E At

AFHE BE 145 mm=39.0 mmx7.0 mm Z71E 71XA
o] e Edst] AlFeiiem 1 #4S Figure 20 1
ERATE. 8 AYAre] F3EE&0] 40 vol%Y 735 MRE
ol xR 7HA 3} 4Ap=7]9] Hlgo] o] 220 % oF 16%
of Efaltt? waba QdAte] IE FARS flE 23 £g=E
oAl NR#} 7HEZE(OCI, $H=1)& oF 4047 &3tst &,

Figure 1. Images of iron particles by a scanning electron micro-
scope.
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Figure 3. Images of the distributed iron particles inside MRE by a
scanning electron microscope.
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Figure 4. MRE test setup for measurement of shear stiffness: (a)
schematic diagram of the test setup; (b) the implemented test equip-
ment.
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Figure 5. Variable stiffness elastomer unit: (a) schematic design; (b)

fabricated components; (c) configuration of assembled elastomer
unit; (d) configuration of electronics for experiments.
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Figure 6. Stress-strain curve obtained from measurement data of the
MRE test equipment: (a) NR; (b) NR with SCIP(M).
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Figure 7. Repeatability data of stress-strain curve measurement.
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Figure 10. Change of natural frequency of variable stiffness elas-

tomer unit.

Table 3. Calculation of Stiffness Increase

Natural frequency (Hz) Frequency Stiffness
OFF ON increase (%)  increase (%)
1 52.7 53.8 2.09 4.22
2 42.1 435 3.33 6.76
3 33.0 33.6 1.82 3.67
4 27.6 28.3 2.54 5.14
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Figure 11. Temperature change of magnetorheological elastomer

with (a) electric current input generating field strength of 0.1 T; (b)

electric current input generating field strength 0.3 T.
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