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Abstract: As conventional rigid abrasive tools struggle to balance machining efficiency, surface
quality and integrity when used to deal with hard and brittle materials with complex surface fea-
tures, a novel abrasive machining method, which used abrasive particle-reinforced magnetorheo-
logical elastomer ( A-MRE), was proposed in this study. Firstly, a preparation process of
A-MRE was designed, considering the chain network assembly behavior of magnetic particles and
abrasive grains in the silicone rubber matrix. Then, a representative volume element (RVE)
model was established through the observation of microscopic structure. The effect of a magnetic

field on the holding behavior of softness consolidation abrasive grains was investigated through
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theoretical analysis and fem simulation. Finally, an experimental SiC material abrasive machining
was carried out using A-MRE tools, and the surface quality and material removal rate were ana-
lyzed under different magnetic field conditions. The research results show that the maximum ab-
rasive grain holding stress occurs when the magnetic field direction and the chain direction of the
magnetic particles form a 0° angle, and the stress increases with higher magnetic field intensities.
When applying a compressive strain of 1.5 pm to the A-MRE tool, the maximum holding stress
reaches 396. 63 kPa. Comparing the A-MRE tool’s machining performance to the case without a
magnetic field, it is observed that employing a magnetic field intensity of 0. 35 T leads to an
80. 3 % reduction in SiC material’s surface roughness, a 28. 6% increase in material removal, and
a 56.1% reduction in tool wear. These findings confirm the feasibility of A-MRE as the material
of elastic abrasive tools.
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Fig. 1 Fabrication process of A-MRE material

% 1 A-MRE #4415 Bk
Table 1 Composition of A-MRE material
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Fig. 4 Magnetic field-induced contraction and force holding

of the abrasive grain in A-MRE matrix
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Fig. 11 The illustration diagram of grinding and polishing

process with A-MRE abrasive tool
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Fig. 13 Magnetic field intensity distribution of stack-magnets

setup at different installation spacing
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