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Organization of Circular Motion Accuracy Measuring System
of NC Lathe using Linear Scales

-

Young Seuk Kim*, Jae Yeol Kim", Jong Kwan Kim"™, Ji Hee Han'", Jung Pyo Jung

IF Abstract’ j[

Measurements of circular motion accuracy of NC lathe have achieved with ball bar systems proposed by Bryan, but
the ball bar systems have influenced on the measuring data by way of the accuracy of the balls and the contacts of balls
and bar seats. Therefore in this study, error data during of circular motion of ATC(Automatic Tool Changer) of NC lathe
will be acquired by reading zx plane coordinates using two optical linear scales. Two optical linear scales of measuring
unit are fixed on z-x plane of NC lathe, and the moving part is fixed to ATC and then is made to receive data of coordinates
of the ATC at constant time intervals using tick pulses comming out from computer. And then, error data files of radial
direction of circular motion are calculated with the data read, and the aspect of circular motion are modeled to plots,
and are analysed by means of statistical treatments of circularity, means, standard deviations etc.
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Fig. 1 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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Fig. 3 Setting of linear scales on NC lathe

Table 1 Specification of linear scale
(Model: LF 183, Heidenhain co., Germany)

Items Specifications
Measuring standard DIADUR phase
grating on steel
Grating period: 8um
Thermal expansion
coefficient: @ porm = 10 PPM| K
Output signals/ Sine wave 1 Vpp/
Signal periods 4ym
Accuracy grades £2;m(0.00008 in.)
Recommended |
Measuring steps m to 0.1ym
SVES%/<150 mA
Power supply (with terminating resistor
Zy=120Q)
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Table 2 Specifications of PC counter card
(Model: IK 121V, Heidenhain co., Germany)

Item Specifications
Signal inputs
Signal subdivision
(Signal period : meas. step)

2 sine wave 1 Vpp

Up to 1024 fold

Max. input frequency 400 itz
Counter(per channel) 32 bits
Driver software Turbo Pascal

Table 12 ¥ 5T &4 A28 4 A¢H 2
Yoj AAde Algeg, fyo] 2AYY Eels(Measu-
ring steps)2 0.1lumo| 1, FYUE FHF(Accuracy grades)
2 9109 Im %% Alo] A% 93} +2,m(+0.00008 in.)
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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 test
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File: &cf31-1.d, Feed: 100 mm/min
Ciraular Radius: 20 mm

Date; 12:48 Sep 08, 2002

MNC Lathe: MECCA-3 (Namsun . )

Ciradarity ervor: 3768  pom o
Max. error {position): 20,35 #m (113 )
Min. error{position): -17.33 &M (240 )
Mean of error: 0,00

Variance: 69.18

Average deviation: 6.88

Standard deviation: 832
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(a) Circular radius 30mm

File: wfSi-1.d, Feed: 100 mmfmin
Ciradar Radus: 90 mm

Date: 11:22 Sep 03, 200

NC Lathe: MECCA-3 (Mamsun o0.)

Ciradarity error: 4096 zom o
Max. error (posiion): 18.82 &2m (116 )
Min. error(position): -22.14 2mM (270 )
Mean of error; -0.00

Mariance: 57.66

Average deviation: 6.32

Standard deviation: 7.59
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(b) Circular radius 50mm
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File: tcf71-1.d, Feed: 100 mmfmin
Ciraular Radus: 70 mm

Date: 10:17 Sep 3, 2002

NC Lathe: MECCA-3 (Namsun ao.)
Ciradarity error: 3483 um

Max. errar (position), 18.34 m (98
Min. error(position): -16.48 g2m (259°)
Mean of ervor: 0.00

Variance: 5851

Average deviation: 6.55

Standard deviation: 7.65
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+x 90°
Spem fdivisiors

(c) Circular radius 70mm

Fig. 6 Analysis of circular motion accuracy test of NC lathe
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