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A Study on the Relationship between Residual Stress and Wear
Peroperty in Hypereutectic Al-S1 Alloys

Heon-Joo Kim and Chang-Gyu Kim

Abstract

The effects of modification processing on the refinement of primary Si and the wear behavior of hyper-eutectic Al-Si alloys
have been mainly investigated. Refining effects of primary Si in Al-17%Si alloy was more efficient than that of B.390 alloy.
Optimum condition of getting the finest primary Si microstructure was when AlCuP modifier is added into the melt at 750°C
and held it at 700°C for 30 minutes. Wear loss in the specimens of as-cast condition decreases as the size of primary Si
decreases, in the order of B.390 alloy, B.390 alloy with AICuP addition, Al-17%S$i alloy and Al-17%Si alloy with AICuP
addition. Wear loss in the aged condition of Al-17%Si alloy, B.390 alloy and B.390 alloy with AICuP addition decreased due
to the increase of compressive residual stress in the matrix by the aging treatment. While, wear loss increased in the aged spec-
imens of Al-17%Si alloy with AICuP addition and Hepworth addition in which compressive residual stress decreases by the
aging treatment. Therefore, it is assumed that higher compressive residual stress in the matrix can reduce the wear loss in

composite materials such as hyper-eutectic Al-Si alloys.
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Table 1. Chemical composition of alloys used (Wt%)
Si Cu Mg Zn Mn Fe Al

Al-Sialloy 17.0 - 0.5 Rem

B.39%alloy 168 43 06 05 01 07 Rem

Ingot charge

4
Fluxing

\ 4
Melting up to 850T

\ 4
Degassing
,.,

Addition of modification agent

\ 4

Melt holding at specific condition
$

Pouring

\ 4

Microstructure analysis

Fig 1. Flow chart of melting and modification procedure.
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Fig 2. Schematic drawing of wear tester used.

Table 3. Experimental condition of X-ray stress measurement
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Table 2. Experimental condition of primary Si modification in Al-17%Si alloy and B.390 alloy
s Additon amount Addition Temp Holding Temp Holding Time .
Modification agent (Wi%) 0) C) (min) Applied alloy
AlCuP 0.3 750 700 60 Al-17%Si, B.390
Hepworth 0.2 750 700 60 Al-17%8S4, B.390
AICuP + Sr 0.3+0.04 750 700 60 B.390
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Divergence slit : DS
Receiving slit :RS
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S8 2 mm

Fig 3. Principle of residual stress measurement.
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(b) AICuP addition
Addition temp. 750°C,Holding temp. 700°C
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(c) Hepworth addition
Addition temp. 750°C,Holding temp. 700°C
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Photo 1. Comparison of primary Si modification in Al-17%Si
alloys.
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Photo 2. Comparison of primary Si modification in B.390
alloys.
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Fig. 4. Comparison of primary Si size between Al-17%Si alloy
and B.390 alloy.
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(¢) AICuP + Sr addition

Photo 3. Morphological change of eutectic Si in B.390 alloys.
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Fig. 5. Variation of wear loss with sliding velocity in as-cast
alloys.
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Photo 4. Variation of wear surface with sliding velocity in as-
cast condition(sliding distance: 200m).
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Photo 5. Variation of wear surface with sliding distance at
0.036 m/s sliding velocity in as-cast Al-17%Si
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Fig. 6. Variation of wear loss with primary Si size at a
condition of 0.036 m/s sliding velocity and 200m
sliding distance in as-cast alloys.
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Fig. 7. Variation of wear loss with hardness for given alloys.
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Heat treatment
Alloy
As-cast T6 treatment
AF17%Si
AlICuP
B.390
Wear velocity : 0.036 m/s
Wear distance : 200m
(a)
Heat treatment
Alloy
As-cast T6 treatment
Al17%Si| 8
AlCu?P <
B.390

Wear velocity : 0.060 m/s
Wear distance : 200m

(b)

Photo 6. Variation of wear surface with heat treatment.
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Table 4. Experimental result of residual stress measurements
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Alloy Slope of 26-sin’y Residual compressive stress (kgf/mm?)
As-cast T6 treatment As-cast T6 treatment
Al-17%S1 1.08 1.82 9.9 16.6
Al-17%S1, AICuP 0.68 0.52 6.2 4.7
Al-17%S1, Hepworth 0.51 0.44 4.65 4.0
B.390 0.80 291 7.2 26.5
B.390, AlCuP 0.98 1.33 8.8 11.8
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