=] s=aM7tZEE X, M 193 M 65,2010
Tfansacz‘/ons of Materials Processing, Vol.19, No.6, 2010
DOI : 10.5228/KSTP.2010.19.6.352

LIGA 232 o|88t =48 AHI|| 28 A=t
| _ (o]

Fabrication of a Micro Die by LIGA Process and Hybrid Powder
Extrusion Process of Micro-spur Gear
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Abstract

This paper was designed to fabricate the micro-spur gear by the LIGA and hybrid powder extrusion process. It is
important to manufacture a micro-die with a high aspect ratio and determine appropriate extrusion conditions for a micro-
forming. Ni has been used to fabricate micro-dies. LIGA process was capable to produce micro-extrusion dies with close
tolerance, longer bearing length and adequate surface quality. Superplastic Al-78Zn powders have the great advantage in
achieving deformation under low stresses and exhibiting good micro-formability with average strain rate raging from 107
to 102 s™ and constant temperature ranging from 503 to 563K. Al-78Zn powders were compacted into a cylindrical shape
(®3 x h10mm) under compressive force of 10kN and, subsequently, the compacted powders were extruded by the hybrid
powder extrusion process controlling of the temperature holing time for a improvement on formability of Al-22Zn powder.
Micro-extrusion has succeeded in forming micro-gear shafts.
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(b) fabrication of PMMA substrate
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Fig. 1 Introduction of LIGA process (a) photomask
design (b) fabrication of PMMA substrate, (c)
X-ray exposure and development
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(a) Micro die

Micro Die Unit: mm

Addendum circle: 0.8

(b) Cross section of spur gear
Fig. 2 SEM images of a micro die fabricated by LIGA
process and dimension of the spur gear

Fig. 3 SEM image of gas atomized Al-78Zn powders
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Table 1 Conditions of extrusion process
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Extrusion conditions Value
Material of billet Al-78Zn powder
Billet size About ¢ 3 x 10 mm
Material of container AISI H13
Material of micro-die Ni
Extrusion temperature 250°C
Strain rate 103
Temperature holding time 15 min
Extruder MTS(10ton)
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Fig. 5 Shape and dimensions of extrusion equipment
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Fig. 6 SEM images of extruded micro gear shafts of
Al-78Zn: M=0.072, Z=10, Do=800m, P=4.2kN,
Tw=250C. M: module, Z: number of teeth,
Da: Addendum circle diameter, P: extruding
load, Ty: working temperature
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Fig. 7 Load-stroke curve of the micro-spur gear
extruded at temperature of 250°C and strain
rate of 107
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