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machining process.

dimensional variables and structural stiffness in terms of static, dynamic, thermal aspects.
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ABSTRACT

This paper presents the results of miniaturized micro milling machine tool development for micro precision

has been performed to optimize the design variables of micro machine tool to minimize the volume, weight and
deformation of machine tool structure and to maximize the stiffness in terms of static, dynamic, and thermal
characteristics. This study presents the assessment of the technology incentive for the minimization of machine
tool in the quantitative context of static, dynamic stiffness, thermal resistance and thus the accuracy implications.

This study can also be provided a basic knowledge for further research of micro factory development.
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Table 1 Dimension of initial design variables

Design variables Dimensions
A; Overhang [mm] 101.6 ~ 152.4
B; Column height [mm] 203.2 ~ 304.8
C; Column width [mm] 19.05 ~ 22.5
D; Column reinforced 19.05 ~ 225

rid width (D) [mm]

2 7ol heiM FATA 7relA
g3t 2wt mE

= Gugel 9% A=
WY Sa4stes g Fa3 Ao, olg EA
AAS S8 A SAFAF] &= Aol = 3
o B AFNME Invard6S vlo]laAE2 UHPHA =
dd 2AZ A3t o™, Table 29} Table 39 7]
AR 4R B8 24 27 Jead
Table 2 Comparison of mechanical properties
Material properties Invar 1020steel
Modulus of elasticity
141 2
(GPa) 05
Density (Kg/m®) 8050 7870
Yield Strength (MPa) 276 350
Poisson Ratio 0.3 0.3
Thermal Expansion
Coefficient(x10°%C) 06 12
Thermal Conductivity
10.15 51.9
(W/m-K)

Table 3 Chemical properties for invar material(wt%o)

Material C Si Mn Ni Fe etc

0.2 B. Cu

0, + E g
N'3I6/0 <0.04 <025 ~ 3065 Bal Cr, Al
i Invar 04 . P. 0. N
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o

off 2
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Type 1 101.60 20320 A4 yped  afRlEs A HIaL(Fig9) ol A

overhang © column *¥°] H|&o] EF 058 o|F
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23 A = 2 trdle2 pex
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Table 5 Constraint ranges for design optimization

Design variables  Lower limit Upper limit
A [mm] 114.3 139.7
B [mm] 228.6 279.4
C [mm] 17.05 21.05
D [mm] 17.05 21.05

vtolmZ Wy WA Z7|A7Itd e HHIE
|2 8 HZFXE Table 69

Table 6 Design change after optimization of micro

milling machine tool

Initial . al .
Design variables nitial design Optimal design

value value

A [mm] 127.00 120.50

B [mm] 254.00 228.80

C [mm] 19.05 20.57

D [mm] 19.05 20.81
Surface area [mz] 0.205 0.197
Volume [m’] 0.002 0.002
Weight [kg] 13.816 13.672

2
_0|L
2
R A 4
ar o rr 8
i+
o
L
)
P
N
il
L
-0,

Table 7 Comparison of performance characteristics

(static,

dynamic, thermal) through design

optimization of micro machine tool

Perfo e Stage Deformation Stiffness Frlia::sri
Characteristics [N/mm?]  roduency
[Hz]
Initial 2.00e-3 4.64e+6 -
Static
Optimal 1.12¢-3 7.80e+6 -
Initial  2.66e+1 1.91e+4 425.20
Dynamic
Optimal ~ 2.72e+1  7.41e+3 600.12
Initial 2.00e-3 2.62e+4 -
Thermal

Optimal ~ 1.85e-3 2.64e+4 -
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