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Wear properties of Al-Pb alloys
produced by a forced stirring method

Hwa-Yong Lim*, Moo-Young Huh*, Dae-Soon Lim**

*Dept. of Metallurgical Engineering, Kovea University
**Dept. of Material Science, Korea University

Abstract—Al-Pb-Si bearing alloys were produced by a forced stirring method and a rapid solidifica-
tion process to study wear properties of bearing alloys. A homogeneous distribution of Ph particles
in Al matrix could be obtained by means of the forced stirring and the rapid cooling during
the casting. The wear properties of bearing alloys were tested by a pin-on-disc wear tester. The
change in microstructure according to the alloy manufacturing variables was observed by the backs-
cattered electron images. Al-Pb and Al-Si binary alloys showed a transition from mild to severe
wear. The transition was not found in Al-Pb-Si ternary alloys. It could be concluded that the
lubricatioin effect of Pb and the strengthening effect of Si in the ternary alloys enhanced the
bearing properties. A Al-25%Pb-13%Si alloy showed the lowest coefficient of friction in this exper-
iment. It indicated that the optimum concentration of alloy was 25% Pb and 13% Si when the
forced stirring of melt and water-cooled-copper-mold solidification were adopted.
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Fig. 1. Schematic diagram of the forced stirring appa-
ratus

1) variable speed motor, 2) carbon impeller, 3) stopper
rod, 4) N; gas, 5) thermocouple, 6) crucible, 7) furnace,
8) sprue, 9) water cooled Cu-mold, 10) cooling water,
11) refractory, 12) thermocouple, 13) digital multimeter,
14) personal computer, 15) furnace controlling unit.
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Fig. 2. Schematic diagram of the pin-on-disk type wear
machine

1) balance weight, 2) load cell, 3) specimen holder arm,
4) specimen holder, 5) specimen, 6) steel disk, 7) time
belt, 8) variable speed motor, 9) rotary encoder, 10)
digital tachometer, 11) digital multimeter, 12) personal
computer, 13) power supply.

H7hEEs Pbe ol @e FE HYaHor mlmge
ZHa bl o) Pbo} 25 wt% <) ol 4] B-2Ajsbe] s}
a3 v BAATE JPY Gty HaEgioh ey 2
ATl ol2idt FHL F72 13wi% Siz} 25 wt%
PbE E¥sh= AlPb-Si 3AYES HF2H 0T 3o
Pbe} Sio] k& W3t A 249 ”}EE’“% Zt= Al-Pb-
Si 34T Azstuxt dgsidch

2-3. ofRaEerd 9l AEEX

Z4A) wuby 2 gl ol ,]3}0:] AzE AMEL oF
12cme] Zol® Huldlt ¥ vl Agd He #800 o
opAel o)sted HEaA odulstgdch Aldialel SCM4
43 disk® A% A FAg dviHel) oate] odujsia
oh shEAlE Mol vlEAlgy Aile] WS weer
2 AAHY F 37 FodA Azsgich Fig2s B
Aol 4 A4 plmAg7)e] Aekro)c),

3. dydn o o3
3-1. ioja B2 RES} MEWHol mE 0|4z
SERTE

Fig. 32 Al-Pb-Si 32 Atz =lojs wul %
FUEE BFYN 2 o B2y sz

Vol 8 No. 1, 1992



72 3y &}ed - 3

Al-15%Pb—-13%Si

800
700
800
500

0)

400
300
200

temperature(

100

T T
30

T T
40 50

time(sec)

T
60

T
70

T

20 90

Al-25%Pb~-20%Si
800

700
800
500
400
300
200
100

temperature( °C)

/]

T 7 ¥ T~ T T T 15177717

8 9 1011121314151617181920
time(sec)

01234567
Fig. 3. Cooling curves of Al-Pb-Si alloy in a water coo-
led cooper mold with diameter of (a) 15mm, (b) 8
mm

Fig. 4. Back scattered electron image (BEI) of the Al-
25Pb Alloy
(stirring speed; 2500 rpm, mold diameter 8 mm)
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Fig. 5. Back scattered electron images (BEI) of
%Pb-13%Si alloy at various stirring speeds
(2) 500 rpm, (b) 1500 rpm, (c) 2500 rpm
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Fig. 6. Variation of hardness with the change in alloy-
ing elements
(stirring speed; 2500 rpm, mold diameter 8 mm)
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Fig. 7. Effect of load on wear rate in various bearing
alloys
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Fig. 8. Effect of load on a coefficient of friction in
various bearing alloys
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Fig. 9. Scanning electron micrographs of the wear surfaces

sliding direction

(Al-25%Phb alloy, stirring speed; 2500 rpm, mold diameter 8 mm)
applied load of (a) 9.8N, (b) 19.6N, (c) 294N, (d) 39.2N, (e} 49.9N
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Fig. 10. Scanning electron micrographs of the wear surfaces

sliding direction

(Al-25%Pb-13%Si alloy, stirring speed; 2500 rpm, mold diameter 8 mm)
applied load of (a) 9.8N, (b) 19.6N, (c) 294N, (d) 39.2N, (e) 499N
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