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Design of Micro-Machining System for Micro/Meso Mechanical Component

JX Park*, JHKyung', SK.Ro’, B.SKim', J.H.Park’

ﬁ' Abstract ]I

This paper describes the design of micro machine tools system for mechanical machining of micro/meso scale mechanical
parts. The micro machining systems such as p-Late, p-milling/drilling machine and p-grinding machine are the basic elements
constructing [i-factory which gains more attention recently because of increasing needs of mico and nano-parts in various
industrial and medical area. A miniaturized 3-axis milling machine with VCM stage and air spindle and palm-top size
micro-late are designed, and air bearing stage and stepwise linear motion system with PZT are studied for motion system.
The micro cutting characteristics are investigated experimentally, and reconfigurable machine structures are also considered.

Key Wonds : Micro machine tool, Magnetic/Air bearing, Shape memory alloy clamping system,
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Fig. 1. Schematic diagram of first prototype of micro milling
machine.
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Fig. 2 2-axis air bearing stage with liner motor drives
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Fig. 3. the 3-axis micro machine tool with air beanng stages
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Table 1. Vertical stiffness of XY table

Air Stiffness [N/mm ]
pressure Down force Up force
60 psi 9.3 9.6
80 psi 8.1 9.4
95 psi 7.2 7.6

Table 2. Natural frequencies of XY table from vertical impact

Air First natural frequency [Hz]

(psi) Z motion ey motion 0, motion
60 281 198 379
80 256 181 355
95 242 169 339

Table 3 Natural frequencies of XY table from horizontal impact

Natural frequencies from X impacts Natural frequencies from Y impacts

First natural frequency [Hz]

Air - Air
pressure fi pressure
(psi) é’ x (psi)

First natural frequency [Hz)|

X motion 9, motion
60 198 110 60
80 183 119 80
95 169 126 95
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Fig. 4 Cutting force coefficients at low feed condition

3. RE3| 7578l =8y vl

FA Ve 249 7hs2 7R ofed le) 2§ ZHOE ofFe]
A glom o] BESS| A= 2P0l el 743 Be T
7249 7 Qi F2 73 A W 9E B opRE
tiste] ERCRMS'E AMgAb7L ke 7F87Ps8 71 A48
7F 2" Reconfigurable Manufacturing System)-g- 725}
gor, 92e FTddeME 2 A ARE 2EES
Directed path ¥BHE o]83le] A74E 27 AIE ek
B GrlAe B 7S 71 RS X381 T Fele
RMT 27} A9 & 38-S Btk 71Ee] 728 A8
< R BE7e) A SAE FarRIey £ ddkke
BE710] ZARrPest dal AgPs 12isle] Bo okt 12
el A58 & e AEE HEE AR

=
x-slide -
spindle

y-

I
N

i
\\
N,
\

H

column-l  column-2

Fig.5 Modules for reconfiguration
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Fig. 6 Generated configurations from spindle and slide modules
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Fig.7 Some of RMT structure generated by this paper
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Fig. 9 Micro Lathes
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