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Superplastic Microextrusion for Microgears
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Il Abstract ]|

Fine grained superplastic Zn-22%Al alloy was extruded using a laser machined micro-die to produce a micro-gear
shaft. Extrusion process was conducted under a constant pressure at constant temperatures ranging from 503 to 563K.
Laser machining was capable to machine a micro-die with close tolerances and adequate surface quality. The extrusion
rate increased with extrusion load under constant extrusion temperature. The rate reached a steady state and became
constant after a certain period. There was a small instantaneous stroke on application of the load and then a very
brief primary stage which preceded steady-state flow. The micro-extrusion process was proven to produce a micro-gear
shaft successfully using a fine grained superplastic Zn-22%Al alloy.
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Fig. 1 Micro-extrusion system

Table 1 Specifications of the micro-extrusion system

Components of the . .
micro-extrusion system Specification

S/W for controlling extrusion LabVIEW

Load cell capacity 1960N
Max. torque of stepping motor 16N-m

Punch diameter 2mm

Container diameter 2.1lmm

Extrusion die outside diameter 2.0mm

Stepping motor

Load cell
Punch
Guide ---

Supporter - . H
Electple furnace

7K Base panel

Fig. 2 Micro-extrusion system built for extruding a
micro-gear shaft
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Table 2 Tooth proportions for the micro spur gear

item Value
Z (number of teeth) 8
Phi (pressure angle) 14.5°
M (module) 0.1
A (addendum) 0.09mm
B (dedendum) 0.22mm
F (face width) 2mm
Da (addendum circle diameter) 2 0.96mm
Dd (dedendum circle diameter) 5059mm
Dp (pitch circle diameter) & 0.80mm
Db (base circle diameter) 7 0.62mm
Die diameter 2mm
Die height 2mm

Fig. 3 Dimensions of the involute-toothed spur gear to
be laser machined

Fig. 4 Laser machined extrusion micro-die with pitch
circle diameter of 800um
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Fig. 5 Punch stroke against time for the micro-gear die
at 563K
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Fig. 6 Punch load against steady state punch velocity
for the micro-gear die
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Fig. 7 Threshold punch load against extrusion tem-
perature for the micro-gear die
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Fig. 10 Load-stroke curves of micro-extrusion under
Fig. 9 FEM model for the micro-extrusion the punching speed of 0.00006mm/s at 563K
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Fig. 12 SEM micrograph of an extruded micro-gear shaft
with a length of about 3.2mm

Fig. 13 Micro-structures of central area of the gear
(X800)
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