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The Simulation of Cutting Force Estimate Model at Micro-Stage

for Ultra Precision Cutting Machine of Nano Part

Jea-Yoel Kim*, Jea-Gi Sim', Lee-Ku Kwac™, Jea-Sin An"", Jea-Ho Han™", Ki-Woong Roh™™

] Abstract |

Recently, according to the development of mechatronics industry that was composed of NT, ST, IT, RT and etc, the
necessity of nano-parts was increased. Because of the necessity, this research was started for improving work precision
of the parts as fixing UPCU (Ultra Precision Cutting Unit) on lathe.

So, in this research, we executed the modeling of UPCU (Ultra Precision Cutting Unit) by the application of PZT, the
relationship between the displacement of tool in UPCU and the cutting force of it has been in take a triangular position
in the case of plane cutting. The modeling of system, that is containing the fine displacement, was performed. Also, we
would like to find the optimal cutting condition through the simulation of relationship between the displacement and the

cutting force.
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Fig.1 Schematic Diagram of Ultra Precision Cutting Unit
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Fig.3 Equivalent lumped mechanical model of

Ultra-precision Cutting Unit
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Fig.4 Cutting Force Model of straight Type Tool
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Fig.5 Block Diagram of Ultra-Precision Micro Cutting Apparatus
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Fig.6 Block Diagram of PID Controller in UPCU
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Table 1 Parameter of Polynomial Regression for
Z Table Motion

Parameter Value Error
A 6.99681E-4 4.60198E-8
B 7.06565E-10 1.06249E-10
B: -1.39284E-12 7.91961E-14
B; 5.04972E-16 2.67693E-17
B, -8.51452E-20 1E-20
Bs 7.9998E-24 1E-20
Bg -4.33042E-28 1E-20
B, 1.26199E-32 1E-20
Bs -1.52951E-37 1IE-20 |
— Data9_ C
—— Polynomial Fit of Data9_C
T ] e Upper 95% Prediction Limit
1 v | - Lower 95% Prediction Limit
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Fig.7 Z Table Motion Measured by Laser Interferometer

Table 2 Parameter of PID Controller

Parameter Value
P B 0.01
I 7 800
o 5x10”
D Ta 25%x10"
PZT Displacement
i - fw

Fig.8 PZT Displacement of UPCU
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Fig.9 Cutting Force of UPCU
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