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Abstract

With the continuous development of precision machining technology, the application of silicon-alu-
minum alloy has become increasingly widespread in fields such as aerospace and automotive man-
ufacturing. Based on ABAQUS finite element analysis software, this paper uses the ABAQUS/Explicit
module to perform simulation analysis of the grinding and polishing process of silicon-aluminum
alloy, focusing on the influence of different friction coefficients on the surface morphology, material
removal rate, and residual stress of silicon-aluminum alloy. By establishing finite element models
of the silicon-aluminum alloy component, elastic matrix, and abrasive particles, the grinding and
polishing process under different friction coefficients was simulated. The results show that the fric-
tion coefficient has a significant impact on the degree of deformation and maximum residual stress
of the silicon-aluminum alloy; increasing the friction coefficient intensifies the plastic deformation
of the material and gradually increases the maximum residual stress. Additionally, the effect of the
friction coefficient on the surface morphology tends to saturate at higher friction coefficients, indi-
cating that the influence of the friction coefficient on surface quality gradually diminishes. The anal-
ysis of equivalent plastic strain shows that an increase in the friction coefficient enhances the con-
tact force between the abrasive particles and the workpiece, thereby increasing the material re-
moval rate. However, as the friction coefficient continues to increase, its effect on material removal
gradually weakens. This study provides a theoretical basis for optimizing the process parameters
in the grinding and polishing of silicon-aluminum alloy, contributing to improvements in machining
efficiency and surface quality.
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Figure 1. Component models of silicon-aluminum alloy, elastic matrix, and abrasive particles

1 HRASE. WA K ERE IR

3.2, ixFEMHBEM

TERERL AT R, FRATIER: T AR Q)RMR RS S IR EEER MR Ny AR B [6]-
[8].

Ee " .
o= O_y{a—yJ |f EGSO'y (1)

Ee if Ee > o,

L o AMRHEIRIL T, n AMRI RS TEE, E MRS S, « AR RN AR

ASCHFT RS SRS H TR 1, BRESHRNANX(D), BT EEEEE S SN -
NARAT LR, ZMRTEIE 2 b 2. BRI AR K THE$E Mooney-RivIin B2 Sk fif 1A 55 1 B 5L Ak 11 8 o
PERAE, HrP 2% C10=0.2897. C01=0.0599. D1=0[9]. fEHATHESHTN, Kidna SR ME
MRS HL, T R LU RESR A R B i, AR B BT RO BB R E WA, B AR, TR R

DOI: 10.12677/m0s.2025.145469 1203 5 1 A


https://doi.org/10.12677/mos.2025.145469

Table 1. Relevant parameters of silicon-aluminum alloy materials
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Figure 2. Stress-strain curve of silicon-aluminum alloy
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Figure 3. Schematic diagram of multi-abrasive particles polishing assembly
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Figure 4. Polishing load and boundary conditions in abrasive machining
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Figure 5. Mesh division schematic diagram
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Figure 6. Polishing load and boundary conditions: (a) u=10.2; (b)) u=0.4; (c)u=0.6; (d)u=0.8
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Figure 7. Maximum residual stress of silicon-aluminum alloy at different friction coefficients
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Figure 8. Surface morphology of planed silicon-aluminum alloy at different friction coefficients
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Figure 9. Equivalent plastic strain distribution along the X-axis direction of silicon-aluminum
alloy cross-section at different friction coefficients
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