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Stability Analysis According to Hinge Type Alteration
on Micro Stage for Micro Cutting Machine
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ABSTRACT

Ultra precision processing technology is the field which is seriously protected its technology by advanced nations.
Because of this -eason, this technology is very difficult to supply for domestic companies, also domestic companies are
revealed the limit of technology development by itself. And then, those are depend on the technology development of
advanced nations, domestic companies are not conquer application step with already developed parts. Of course, some cases
of its research are succeed, those are included element technology, system technology and so on, for development of ultra
precision processing system. To conquer technology holding ultra precision processing accuracy of nm level, active research
are needed.

In this paper, stability of ultra precision cutting unit is analyzed, this unit is the kernel unit in ultra precision processing
machine. According to alteration of shape and material about hinge, stability investigation is performed.

Through this stability investigation, trial and error is reduced in design and manufacture, at the same time, we are
accumulated foundation data for unit control..

Key Words: Nano Technology(“+=7]4), Cutting force (4} #), Finite Element Method (FEM ;- ¢t 2 A 841), Ultra
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Fig.1 FEM Modeling of Ultra Precision Cutting Unit
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Unit(Material) E(kg/mr®) | v | p(mm/kg)
Stage(Aluminum) 7,000 | 0.32 2.70e-6
PZT(AE0Q505D16) 4,400 1 0.34 2.50e-6
Tool Holder zig(Mild steel) 21,000 | 0.26 7.80e-6
Tool Holder(Tungsten) 68,730 | 0.22 1.48e-6

ByeTipiamond) | 114550 020 | 35066
Table 2 Boundary conditions
PZT right-side | Fixed
Stage outside 1 Fixed
PZT/Stage contact area Treated by
Contact problem
Loading at Right-center PZT Free
Loading at Top PZT Free
Loading 25/100/-140K gf
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Fig. 2 Cutting Force of Micro Cutting Machine
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Table 3 FEM Data According to Hinge Type Alteration
on Micro Stage

_HingeType | Rectangular |  Round(Circle)
PZT/Stage Applied contact problems
PZT load 0 i 85Kg 0 85Kg
Tt o Stage 4408 ke/mi4.455 ke/mi2.212 ke/mi2.844 ke/mi
Crack !
(Safety Factor) Nc (2.35)  No (2.36) J No (3.57) | No (3.69)

Right-center [ X | +2. 4273& -6.14675] +1.749790{ -4.708660
PZT Y | +18.39650 +20.260300 +6.274620] +6.041340
disp.(m) |Z @ -14.19080 -15.57820( -3.085020] -3.066800
Lefttop [ X -32.14010 -31.827500 -6.43469(] -6.095680
PZT Y | +11.852600 +3.34388 +9.58757(] +3.034800
disp.(zm) | +5.16686 +5.17251 +0.366429 +0.406138

Y4
Right-top | X 0.00000 0.00000 0.000000] 0.000000

PZT Y 0.00000 -8.87839 0.000000 -8.878390
disp.(m) | Z 0.00000  0.00000, 0.000000, 0.000000

Hinge BAF® Rectangular type 9 2% PZT
center WH7F A 32m AEQ WA Round type

9] 7% 9.6 umE rectangular type 2] 28% FFo| T}
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(b) Deformation
Fig.3 FEM Data of Rectangular Type
(No PZT Loading)

(b) ~ Von-Mises Stress Distribution

(b) Deformation

Fig. 4 FEM Data of Round Type(No PZT Loading)
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(b) Deformation

Fig. 5 FEM Data of Rectangular Type(PZT Loading)

(b) Deformation ‘

Fig. 6 FEM Dataof Round Type(PZT Loading)
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Fig. 9 Deformation of Round Type(Spring Steel)
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Table 4 FEM Data According to Cutting Force

Stage hinge Type | Rectangular Round
Byte loading | Radial(25), Axial(100), Main(-140Kg)
Stage material . . .
Aluminum | Aluminum |Spring Steel
type
Right- [X-disp(sa +56.8241  +6.43605| +2.4450000
Center[Y-disp(um)__ +89.4994  +1.44530| +0.0566193
PZT |Z-disp(tm) +19.9862] +3.09150 +1.2157700

Left- X-disp(tm) +187.1000 +29.945601+11.6798000
Top [Y-disp(uam) +276.14800 +35.893401+13.9607000
PZT |Z-disp(tm)| -102.4940 -13.19030 -5.0916500
Right- X-disp(/m) +186.7900 +29.47760+11.4329000
Top [Y-disp(um) +163.37000 +13.53080 +5.2457000
PZT |Z-disp(im) -39.21760  -3.94369 -1.5727420
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Table 5 FEM Data According to material Alteration on
Micro Stage

Hinge Type Round(Circle)
PZT load 85Keg
Byte load Radial(0Kg), Axial(0Kg), Main(0Kg)
PZT |AE0S05D16 4,400 kg/mn} 0.34  2.5e-6 kg/mr
Material =1

. |Byte ZigMild steel 21,000 kg/mn] 0.26]  7.8e-6 kg/mw

Properties
(v, p) Holder [Tungsten 68,730 ke/nr] 0.22f 1.48e-6 kg/nw
o Byte Tip Diamond 114,550 kg/mn]0.20] 3.50e-6 kg/mr

T Type | Aluminum Cooper Spring steel
PZ

. E 7,000 kg/mi} 9,800 kg/mm] 19,000 kg/m

Material
. v 0.32 0.30) 0.26

propeties
p 2.7e-6 kg/mm| 8.6e-6 kg/mm] 7.8e-6 ke/mut
X(m) |-11.23770(100%)]-15.529800(73 1%} -8.31574000(39.2%)

Disp. of
. Y(tam) [-41.95670(100%) -30.625200(73.0%) -16.33900000(38 9%)

Byte tip

Z(pm) [+0.163368(100%}+0.0785229(48.1%) -0.00316555(1.94%)
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Fig. 10 Response of Displacement(aluminum)
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Fig. 11 Response of Displacement(Copper)
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Fig. 12 Response of Displacement {Spring Steel)
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