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Development of Error Compensation System and On the Machine Measurement System
for Ultra-Precision Machine
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M.G. Kim, K.J. Yim, T.H. Kim(DHID)

ABSTRACT

This paper present an error compensation system and On-Machine Measurement(OMM) system for improving the
machining accuracy of ultra-precision lathe. The [ast-Tool-Servo(FTS) driven by a piezoelectric actuator is applied for
errcr compensation system. The controlier is implemented on the 32bit DSP for feedback control of piezoelectric
actuator. The control system is designed to compensates three kinds of machining errors such as the straightness error
of X-axis slide, the thermal growth error of the spindle, and the squareness between spindle and X-axis slide. OMM
is proposed to measure the finished profile of workpiece on the machine-tool using capacitive sensor with highly
accurate ruby tip probe guided by air bearing. The data acquisition system is linked to the CNC controller to get the
position of each axis in real-time. Through the experiments, it is founded that the thermal growth of spindle and the
squareness error between spindle and X-axis slide influenced to machining error more than straightness error of
X-axis slide in small travel length. ‘These errors were simulated as a sinusoidal signal which has very low frequency
and the I'TS could compensate the signal less than 30 nm. The implemented OMM system has been tested by
measuring flat surface of 50 mm diameter and shows measurement etror less than 400 nm
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Fig. 2.1 Block diagram of error compensation system
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Fig. 2.2 The straightness error of x-axis slide
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Fig. 2.3 The thermal growth error of Spindle
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Fig. 2.4 Flow chart of control algorithm
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Fig. 2.5 The tracking error of I'TS
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Fig. 3.3 Repeatability of the OMM system

4. 22

Bow Rz 240 A44EE o887
o4 JEdE AEests Fad9d ojsel d
AzeAel Fe 9wy eAHEE HEF 54
ol ulaolE FrUZ dou AAFOEH 3

2ARPAALE TN AL ALLE 470
o) 9 AR & 30nme| FFAE UM R
WSS glstelut o Al &y AVt
FollA BER dz HEAREE wdshed EA
7t g Rer dady

@ FH7 Al vhgel kit ¥, g7
AEA Zzdg wAste] 7hEES 2R 5471
BoHTIA @a 348 54T 5 v E5EE
SR R A

FE AL HES AAGRT Adedv) 918
CNCAR g AdHAA AR E A AR
A gAe] EER A s 400nme] v
RAUEL S AdEdd



o2l Systems Technology, Vol. 4, No. 3, pp.209-216,
May, 1996.

1. Jung, S.B. and Kim, S.W., "lmprovement of 3. 5405, Ao Fakd, A2, gl FEE
Scanning Accuracy of PZT Piezoelectric Actuators ol &3 vl Ha Fyole FugA) Aol g A
by Feed-Forward Model Reference control,” Precision ksl A, A144E, AL, pp. 50-57, 1997.
Cngineering, Vol. 16, No. 1, pp. 49-55, 1994. 4. WA, AE5E, VEASE T8 HTYEY FA

2. P. Ge, M. Jouaneh, "Iracking Control of A2l g arsr ) 4] A 187 68, ppS-i8,

Piezoceramic Actuator," IEEE ‘I'rans. Control 2001.

603



