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Measuring of Circular Motion Accuracy
of NC Lathe using Linear Scales

Young Suk Kim, Jae Yeol Kim’, Ji Hee Han™ ", Jung Pyo Jung”", Won Ju Yun'", In Suk Song”™""

ABSTRACT

It is very important to measure circular motion accuracy of NC lathes it affects accuracy, performance, interchange
ability and quality of machine parts machined by the NC lathes in industries.

So, in this study, measuring units system to measure circular motion accuracy two axes circular motion accuracy of
NC lathes was composed of two optical linear scales installed on the z and xaxes of work coordinate system on NC
lathe and a computer inserted with PC counter card enables to obtain measuring data. Here, ATC(Automatic Tool
Changer) and moving part of linear scales are fixed with magnet bases in order to measure circular motion accuracy of
the ATC of NC lathe.

And next, computer software was developed in order to measure the circular motion accuracy of NC lathe under
resolution of 0.1 tm using two linear scales, and also computer softwares were developed so that measuring data could
be modeled on plots and be analyzed numerically.

Key Words : NC lathe(NC A 31), Circular motion accuracy($ ¥ % % %), Circular motion errors( <% 23},
Error motion(.2.2F%), Linear scale(2] o] 27 Y)
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Fig. | Measuring principle of circular motion error
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Fig. 2 Measuring principle of displacement by the
linear scale with one single-field scanning
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Table 1. Specification of linear scale
( Model: LF 183, Heidenhain co., Germany)

Items Specifications
Measuring standard DIADUR phase
grating on steel
Grating period: 8 m

Thermal expansion

coeflicient: e = 10 ppm | K
Output signals/ ~1 Vpp/
Signal periods 4 (m
Accuracy grades *2 m(+0.00008 in.)
Recomm'd
1 to 0.1 ¢m
meas. steps

ML340 mm(13.4 in.)
ML540 mm(21.3 in.)
5V+£5%/<150 mA
(with terminating resistor

Z~=120?)

Measuring lengths

Power supply

Table 2. Specifications of PC counter card
(Model: IK 121V, Heidenhain co., Germany)
Item Specifications

Signal inputs 2x~1 Vpp

Signal subdivision

) ) Up to 1024-fold
(Signal period : meas. step)

Max. input frequency 400 kb
Counter (per channel) 32 bits
Driver software Turbo Pascal
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oA AtgE guol =AY PC Ft=9] Aot}
A7lelM B, o] 2Ade £3E2 0.1pm
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Q1 3ksine wave)E 1 Vpp = Y& 3to] 1024-81(1024-

A ~plare (0] (i T phace 10D

Fig. 4 Paths of ATC on circular motion accuracy test
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Fig. 5 Flow chart for data acquisition of circular
motion accuracy
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(a) Counter clock-wise path of ATC (CW)
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(b) Counter clock-wise path of ATC(CCW)

Fig. 6 Results and analysis of circular motion
accuracy test (feed : 200 mm/min)
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Table 3. Comparison of results of analysis between

the CW and the CCW
(Feed : 200 mm/min)

Measuring Direction CwW CCW
Circularity (ym) 31.80 44.10
Max. Error (uam) 18.50 20.30
Min. Error (um) -13.30 23.80

Center off Z 2.34 2.74
Center off X -0.01 -12.07
Mean of Error 0.00 0.01
Variance 0.04 0.19
Average Deviation 0.19 0.38
Standard Deviaition 0.21 0.43
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