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ABSTRCT

A tool holder system has been designed to
measure cutting forces in diamond turning. This
system includes a 3-component piezo-electric tranducer.
In this research, tool holder system is modeled by
considering the element dividing, material properties,
and boundary conditions using MSC/PATRAN. Mode
and frequency analysis of structure is simulated by
MSC/NASTRAN, for the purpose of developing the
effective design. In addition, tool holder system is
verified by vibration test using accelerometer. This
system will aid to the development of Fast Tool
Servo (FTS)
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2. Tool Holder Design

2.1 Sensor Calibration

¥ AFor e tjojolEZE EYAl LysHe A
A S 233l7] & Kistler 9251AE Ar&-3}
A}, Kistler 9251A tranducere z-% /el
1000N/me] 2 threshold& 0.01N°]t},

FFAXND AdA B @A AX BAY
A YAk A BAL FEHFATFL
A AZE 1g-100g7tA 8] 5 & ol &3t 4F
st A¥EE Fig. 1944 JYeEldo. Fig.
2€ z% AM EFXE vepd 2dol,
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2.2 Tool Holder Design
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2.3 Dynamic Analysis
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Fig. 5 Tool holder modeling for analysis
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‘Finite Element
Node 1D : 1083
Element ID : 4224
Element Topology : Tet 4
‘Load/BCs
Displacement Fixed (Fig. 4(a))
0.5N9 sh5 = AdA (Fig.4(b))
- 20~1000Hz TH& 20Hz 3 713 @120
Damping Ratio : 3%
‘Material Property : Steel Alloy
Elastic Modulus : 200000 N/mm*
Poisson Ratio : 0.32
Density : 7.84e-6 kg/mm’
‘Solution Type
Normal Modes Analysis
-Number of Disired Roots :
Frequency Response Analysis
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Table.1 Load/BCs for mode & frequency
analysis
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REAL EIGENVALUES

MODE  EIGENVALUE
NO.

1 1.555030E + 06
2.692047E +06
3.662946E +06
5.476056E +06

RADIANS CYCLES GENERALIZED
MASS
1.000000E +00
1.000000E +00
1.000000E + 00

1.000000E + 00

GENERALIZED
STIFFNESS
1.555030E + 06
2.69204TE+06
3.662946E +06
5.476056E +06

1.247008E +03
1.640746E+03
1.913882E +03
2.340097E +03

1.984675E +02
2.611328E +02
3.046038E + 02
3.7243B0E + 02

> AW

8.258837E+06 2.873819E+03  4.573825E+02  1.000000E+00  8.258837E+06
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1th mode: 198Hz

2th mode : 260Hz
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Fig. 6 1th-4th Modeshape of Tool Holder
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(b) Frequency analysis

(a) 1th mode analysis
Fig. 7 Simulation result of 1th mode
of z-axisand frequency analysis at z-axis

2.4 Dynamic Characterization
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Fig. 8 Frequency spectrum for tool holder
on DTM in the z-direction

3. Force Measurement in Diamond
Turning

3.1 Experiment Set-up
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3.2 Experiment result
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Material @ Silicon Tool Radius : 0.8mm

Spindle speed : 1500RPM Feedrate : 8mm/min

Radius of workpiece

Cutting Depth : 10m : 39mn

Table.2 Basic set of cutting conditions
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Fig. 10 Result of cutting process using
tool holder system
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