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Abstract Machine tool errors can be divided into geometric error, thermal deformation error, and
machining error. In this study, the influence of each error on the total error and the relative size of each
error are quantitatively analyzed in 2D machining. The thermal deformation error and the machining error
caused a relatively large error compared to the geometric error, which is directly related to the machining
accuracy. In order to eliminate the error factors, the possibility of error compensation was examined by
analyzing the measured error profile shape. As a result, about 40 ~ 50% error compensation was achieved
for each error factor. Through this study, it is possible to construct a basic data base on machining, and
it is expected that it will be able to compensate the machining error from the viewpoint of users.
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[Fig. 3] Measuring method

<Table 1> Grouping of error sources

Error Definition of Error

Measuring error - Dimensional error

Geometric error ”
pf test workpiece

Thermal error Measuring error - Geometric error

Machining error Measuring error - Geometric error

<Table 2> Error components

0 Rotation error about
z Z axis

d, X axis position error
Jy Y axis position error
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<Table 3> Analysis result of Geometric error

Face 1 | Face 2 | Face 3 | Face 4 | Average
A
verage 41 3 64 53 65
Error(pem)
Maxirmum 10 132 | 18 | 7 193
Error(pum)
Angular
206 R7 15.2 1134 439
Error(arcsec)

[Unit : mm]

[Fig. 4] Geometric error profile
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<Table 4> Cutting Condition for measurement of thermal

error
Feed RPM Depth of cut Operation
Air-cuttin
230mm/min 8,000 0.5mm 9
(8nr, 8,000rpm)

<Table 5> Analysis result of thermal error

Face 1 | Face 2 | Face 3 | Face 4 | Average
Average 7 99 92 | 101 91
Error(pum)
Meod
eimum 152 23 19 1 173
Error(pem)
Angular
756 79.2 488 0 729
Error(arcsec)

[Unit : mm]
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[Fig. 5] Thermal error profile
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<Table 6> Cutting conditions for measurement of tool
deflection error

Feed RPM Deptih of cut Tool Length

230mmymin 1,800 2mm 45mm — 70mm

<Table 7> Analysis result of tool deflection error

Face 1 | Face 2 | Face 3 | Face 4 | Average
A
verage 102 | 148 | s 8 9525
Error(pum)
Meod
UM o1s | 205 | 122 | 176 | 22725
Error(pim)
ANQURN | oneos | 1648 | 4125 | 61884 | 98679
Error(arcsec)

[Unit : mm]
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[Fig. 7] Angular error comparison for each error source
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[Fig. 9] Compensated profile of thermal error

<Table 8> Compensation result of Geometric error

Average Maximum Angular
Error(um) | Error(um) | Error(arcsec)
Before 41 10 206
Face 1
After 1.5 6.7 44
Before 3 132 R7
Face 2
After 27 5.1 6.5
Before 6.4 1.8 15.2
Face 3
After 14 6.8 38
Before 53 7.1 1134
Face 4
After 19 43 76
Before 6.5 19.3 439
Average
After 43 75 54

<Table 9> Compensation result of thermal error

Average Maximum Angular
Error(pum) | Error(pm) | Error(arcsec)
Before 7 15.2 756
Face 1
After 41 65 75
Before 10 23 79.2
Face 2
After 19 6.1 72
Before 9 19 488
Face 3
After 56 6.8 8.1
Before 10.1 1 Q0
Face 4
After 3 6.3 105
Before 15 172 729
Average
After 36 6.4 8.3

Before
compensation

[Unit : mm] [Unit : mm]

<5 05

[Fig. 10] Compensated profile of machining error

<Table 10> Compensation result of tool deflection error

Average Maximum Angular
Error(pum) | Error(pm) | Error(arcsec)
Before 102 216 1236
Face 1
After 92 75 54
Before 17.8 395 164.8
Face 2
After 1.3 88 7.1
Before 9.1 172 412
Face 3
After 4.1 83 28
Before 8 10.6 61.8
Face 4
After 6.3 92 82
Before 11.2 27 9.6
Average
After 77 85 59
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[Fig. 11] Accuracy Compensation result for each error
source
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