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Effects of Shaping Silicon Particles on Friction and Wear Properties of Al-Si
Alloy Plated Cylinder Liner

LI Cheng-di, XU Jia-zi, SHEN Yan, JIN Mei, XU Jiu-jun
(Key Lab of Ship-Machinery Maintenance & Manufacture, Dalian Maritime University, Dalian 116026, Liaoning)

Abstract: A new surface treatment technology about Al-Si alloy cylinder liner was studied. By grinding the surface with
rubber ring and diamond particles, the silicon particles protruded above the surface and the edges were rounded. When shaping
the silicon particles for 2 min, the protrusion height was 1.2 pm with rounded edges. Results of wear test show that compared
with the unshaping samples, the friction coefficient of shaping samples can be reduced from about 0.14 to 0.12 (a decline of
14%), and the weight loss decreases from about 0.7 mg to 0.2 mg (a decline of 71%). Some unshaping silicon particles are
covered by the aluminum layer, and some as high as the surface. When the cylinder liner wears against the piston ring,
aluminum as soft metal is easy to generate plastic deformation. Then, aluminum covers above the silicon particles with
adhesive wear during friction. This leads to a higher friction coefficient and weight loss. The shaping silicon particles are
exposed above the surface to bear load, which strengthens the surface bearing force. The formation of the aluminum matrix can
be filled with oil to increase lubrication. The rounded edges can avoid stress concentration. Therefore, shaping silicon particles
can effectively reduce the friction coefficient and weight loss to improve the wear behavior.
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Table 1 Main chemical composition of high aluminum-silicon

alloy cylinder liner (Wl%)
Element Al Si Fe Cu Mg Zn
Content 71 20.1 0.9 5 0.6 1.0

(a) Honing surface

(b) Polished surface

1 A SEUE R R ITES(LSM)
Fig.1 Surface morphologies of Al-Si alloy cylinder liner (LSM)
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Fig.2 Structure diagram of the test machine for shaping the silicon
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(b) Narrow field
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Fig.4 Unworn surface morphologies of shaping Al-Si alloy cylinder liner (LSM)

(a) 3D morphology of unshaping surface
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(c) Protrusion height of unshaping silicon particle (d) Protrusion height of shaping silicon particle

5 RIMTERBREIE BT B S L (LSM)
Fig.5 Protrusion height of silicon particle before and after shaping (LSM)

(b) Unshaping, Al (c) Unshaping, Si
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(d) Shaping, cross section (e) Shaping, Al (f) Shaping, Si

Ko ki ailE=ilnBHEL KAL SR

Fig.6 Cross section morphologies of Al-Si alloy cylinder liner and Al, Si element distribution
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Fig.7 Worn surface morphologies of Al-Si alloy cylinder liner (LSM)
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(c) 3 min »

(d) 4 min
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Fig.9 Surface morphologies of Al-Si alloy cylinder liner in different shaping time (LSM)
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(¢) Unworn surface of shaping
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Fig.10 Schematic diagrams of the triction process of Al-Si alloy cylinder liner
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