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Geometric Error Measurement for CNC Lathe Based on Profile
of Machined Workpiece

Teruyuki ASAO, Yoshio MIZUGAKI and Masafumi SAKAMOTO

This study proposes a measurement and improvement system for the consistency of machined
diameter by a CNC lathe with referring the external shape of a machined workpiece. Under the
assumption that the external shape of the workpiece is axial symmetrical, the axis of symmetry
equivalent to the axial line between the spindle nose and the tailstock can be regarded as the
compensatory reference for the straight line motion in turning. This axis in ZX plane can be
represented as the successive change of center position of the both external profiles with use of a laser
scan sensor traversing in the lathe. For the compensatory machining, the CL data is modified and
applied by taking account of the magnitude of machining error from the compensatory reference. As
the results of the compensatory machining, the accuracy of finishing has been highly improved as

precise as the positioning accuracy of the lathe.
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Work:835C
Tool:Cermet
Cutting speed:250m/min
Rate of feed:0.0tmm/rev
Depth of cut:0.5mm =

40 Nose radius:0.8mm
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Fig.1 Machining error and predictive function
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Fig.2 Straightness of a lathe
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Fig.3 A measuring method of straightness
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Fig.4 Concept of a external shape measurement
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Table 1 Cutting conditions

Workpiece 835C

Tool Cermet, (-6,-5,6,5,15,93,0.8)
200m/min

0.2mm,0.5mm

" |Cutting speed

Depth of cut
Rate of feed

0.2mm/rev

Engine Lathe (made in 1969)
Max dia:350mm
Max length:750mm

Engine Lathe (made in 1978)
Machine tool B |Max dia:400mm
Max length:850mm

CNC Lathe (made in 1985)
Max dia:350mm
Max:length 370mm

>

Q
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Profile of
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150 100 50 0
Tool position from starting point of cutting mm

(a) Indicator R
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Fig.5 Profile of machined surface
(in the case of Lathe A)
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Fig.6 Profile of machined surface
(in the case of Lathe B)
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Table 2 Experimental results

6(sec) Straightness(pm)
Depth of cut 1st -12.2 2.5
=0.2mm 2nd -16.3 2.7
Depth of cut 1st -10.7 4.0
=0.5mm
2nd -15.7 3.5
8
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Fig.7 Profile of machined surface
(in the case of Lathe B)
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Fig.8 Measurement of machined workpiece by use of
laser range sensor
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Table 3 Cutting conditions

Workpiece S35C

Tool Cermet, (-6,-5,6,5,15,93,0.4)

Cutting speed [200m/min

] Rate of feed

0.1mm/rev

Depth of cut

0.3mm

Rate of feed

0.1mm/rev

Depth of cut

0.5mm

Experiment No.
Rate of feed

0.2mm/rev

Depth of cut

0.1mm

Rate of feed

0.2mm/rev

Depth of cut

0.5mm

59.755
59.750 F
59.745
59.740

Workplece i835C Rate of teed 0. 1mm/rey -+
Tool :Cermet Depth of cut  :0.3mm

Cutling speed :200m/min  Nose radius  :0.4mm

X axis mm

59.735 Rl
59.730 i

150 i 100 50
Tool position from starting point of cutting mm

(a) The coordinates of the Edge2

32.640 poreen
32.635
32.630
32.625
32.620

32.615 —_
150 100 50 o
Tool position from starting point of cutting mm

X axis mm

(b) The coordinates of the center of machined workpiece

5.540
5.535
5.530
5.525 foeeo] ):— Before

5.520 fr-meid After

5.515 A
150 100
Tool position from starting point of cutting mm

X axis mm

(¢) The coordinates of the Edgel

Fig.9 Measured geometric error of CNC lathe by use
of laser scan measurement machine
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Table 4 Experimental results

o(sec) Straightness(um)
Exp.1 -3.6 1.84
Exp.2 -4.9 2.44
Exp.3 -3.2 2.00
Exp.4 -1.9 1.50
0.010 .
— Exp.1 ——Exp.3
E 0,005 [ eb L Exp.2 =~==-Exp.4
k) » _ R
E 0.000 Mm&:
-0.005
150 100 50 0

Tool position from starting point of cutting mm

Fig. 10 Geometric error of CNC lathe
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