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A Study on Micro Manufacturing Technology for 3-Dimensional
Micro Parts

J. T. Je, D. S. Choi, E. S. Lee, K. H. Whang, B. S. Shin, J. C. Lee
(Received November 16, 2006)

Abstract
Demands for micro parts have increased with recent advances in 1T and machinery industries. However, the present
technology leaves much to be desired to effectively produce parts with the volume of Imm?® and less by mechanical
method in large quantities. This paper provides a method for efficient quantity production of complete micro 3D structure
using micro end-milling cutting process. The possibility has proven via manufacturing experiment of a multistage micro
complex gear structure of 500pum in length, 500pum in maximum external diameter and a volume of 1mm? and less.
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Fig. 1 Micro gear structure with steps
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[ Micro Machining of Bottom Side ]
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Qparation Work piece from JD

Elimination of Fixing Material by Melting

@caﬁon of Micro Parts with 3D Sh@

Fig. 2 Fabrication process for micro gear shaft structure
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Fig. 3 Manufacturing of workpiece and fixture jig for

micro machining
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(c) center gear machining
Fig. 4 Machining process of upper side for micro

gear structure
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Table 1 Examples of low melting materials-wax

Kinds of Wax Melting Range(°C)
Mineral Paraffin Wax etc. 40771
Natural =
Wax Vegetable Carnauba etc. 40771
Insect/Animal| Bee Wax etc. 63770
Synthetic Chemical Polyethylene Wax 100~ 150
Wax etc.

Table 2 Examples of low melting materials-nonferrous

metal
Melting Tensile Elongation(®) Wetting
Range( C) |Strength(MPa) Angle(®)
Sn-37Pb 183 19(20C) - -
Bi-42Sn 139 41 20(20°C) |43%8(195C)
Sn-20In-2.8A¢g| 179-189 46.9 47 44£8(220C)
Sn-9Zn 199 64.8 45 37£7(215C)
Sn-5Sb | 232-240] 31(20C) | 25(207C) 37(-)
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Fig. 7 Complete finish machining of bottom side for
micro gear structure
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Fig. 8 Schematic of experimental set-up

Table 3 Specification of the micro machining system

Item Unit Specification
Moving Stroke | mm 200x200
XY Axis F-eeding Speed | mm/s 0.005-22
Stage | Min-Incremental | < 0 06000cts/mm)
Move
Repeatability [ 0.05-0.25
Moving Stroke | mm | 100 (LS1mm/rev)
Z Axis | Feeding Speed | mm/s 0.005-22
Slide | Min. Incremental | nm_ | 40 (25000cts/mm)
Repeatability (m 0.3-0.5
Table Size mm 220 %220
Allowable Weight| N 890
X X Axis om H<0.5, V<0.6
STAEht- Y A s m_| H<0.5, V<06
Z Axis (m H,V :0.0025
Repeated Precision (X/Y/Z) | m <0.1
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(a) @2004m flat end-mill (b) @40zm flat end-mill
Fig. 9 Cutting tools

Table 4 Mechanical properties and chemical composi-
tion of Brass

Tensile
Composition Elongation
Symbol Strength
(%) (%)
(kg/m)
CU 62-66
Impurity
Zn 30-34
BsC3 Fe, Ni, 18 over 18over
Pb2.5,
Mn, Al
Snl.0
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(a) machining of upper side (b) wax filling

Fig.10 View of machining surface

Table 5 Machining conditions for fabrication of micro
gear structure

Rough Finish
Contents . o
machining machining
?200¢m B40um
Cutting tool g . . .
Flat end-mill Flat end-mill
Tool revolution 50,000rpm
Feed rate 60 mm/min 20 mm/min
Depth of cut 104m 10m
Workpiece Brass
Cutting oil Spindle oil
Filling material Wax

Fig.11 Complicated structure of micro pole and gear

Table 6 Specification of fabricated micro gear structure

Shaft 1 50pm >} L951m
Small gear D300m X t50.m, tooth 8, module 3.7
Large gear D5004m > t504m, tooth 9, module 5.5
Shaft 2 D50.m X L80um
FTFOlAE 60mm/min, Q40um &TE AL A2t

FEAXE 20m/ming AL HA Zole
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