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Extrusion of Spur Gear Using High-Energy Ball Milled Al-78Zn Powder
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Abstract

This paper was designed to fabricate the miniature spur gear with pitch circle of 2.25mm using extrusion
process of a mechanically alloyed Al-78wt%Zn powder. The mechanical alloying of the powder particles
were performed for ball milled times of 4h, 8h, 16 and 32h by the planetary ball milling. The mechanical
properties of these alloyed powders, which were compacted and sintered-cylindrical preforms, were estimated

using compression test. The results showed that the alloyed powder with average particle size of 10 ym milled

for 32h has the highest compressive(fractured) strength(288MPa). Extrusions of the miniature spur gear using
the alloyed powder were carried out at different extrusion temperatures. Extrusion temperature of 300°C
provided the spur gear with the highest relative density and Vickers hardness and without any surface defects.
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Fig. 2 XRD analysis of Al-78wt%Zn alloyed powders
for the different ball milling times
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Fig. 3 SEM image of Al-78wt%Zn alloyed powder particles for the different ball milling times
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Fig. 4 Average particle size of alloyed powders for
different milling times
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Fig. 6 Deformation behaviors of the cylindrical sintered powder for 16h during compression test
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Fig. 7 True stress-true strain curves of the sintered
powders for different milling times
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Table 1 Conditions of extrusion test

Extrusion conditions Value
Material of billet Al-78wWt%Zn powder
Material of tools AISTH13

Punch speed 30 mm/min

Initial Temperature of tools | 260, 280, 300, 320 °C
About ¢ 4.8 x 8.5 mm
¢ 5.0 x20.0 mm
30mm/min

MTS (30ton)

Billet size

Container size

Extrusion speed
Extruder

"yepd S0,

Addendum circle : 3.0

Pitch circle : 2.25

Tooth thickness : 0.59

Dedendum circle : 1.5

Unit : mm

(a) Cross section of spur gear
Punch

Coil he:::r ] H/Container Unit: mm
6 @) Die bearing
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(b) Extrusion die

Fig. 8 Shapes and dimensions of the spur gear and
extrusion die used in this study
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Fig. 9 Change in temperature of the powdered billet
with time in the container heated to 350°C
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Fig. 10 Surfaces and cross sections of the spur gear
extruded under different temperatures
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Fig. 12 Dimensional accuracy and load-stroke curve of
the spur gear extruded at temperature of 300°C
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