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A Trajectory Error Prediction Method Considering Geometric Errors and
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Abstract: The cause of the trajectory error of the five-axis CNC machine tool is complex and
often unpredictable before processing, and it is difficult to determine in advance whether the
selected machine tool can meet the requirements of the contour error of the parts. As a result,
more conservative processing parameters have to be set to meet the processing accuracy
requirements during on-site processing, which greatly sacrifices the processing efficiency of the
parts. In this regard, this article proposes a five-axis trajectory error prediction method that
considers geometric errors and tracking errors. It predicts the trajectory error of a certain
trajectory on a selected machine tool before or during processing, and judges in advance whether
the selected machine tool can meet the requirements of part contour error, which is of great
significance to ensure the machining accuracy of the part and improve the machining efficiency. In

the proposed method, 30 position-dependent geometric errors dependent to position (PDGES) are

WA H#: 2021-02-24,  fEHEFEA . BEAIT8—) B WA LA SN & T EGEGEE B, B8 LA R,
WETH. EBRARBIELERIH (51775421,
% £ BRI T] . 2021-06-01 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20210601, 1554, 006. html



5010 1

FUIE 45 25 TR OL AR 5 25 R W15 22 14 0 4 196 ) 910520 15 2 0y vk

39

characterized as functions, and 11 position-independent geometric errors independent to position
(PIGES) are characterized as constants. The setpoint position sequence of each axis and the
raster detection position sequence are read, and the tool axis vector trajectory including the
tracking errors and 41 geometric errors are synthesized to realize the prediction of the five-axis
tool center position trajectory error and the tool axis posture trajectory error. And an AC double-
turntable vertical five-axis machine tool is used to process S-shaped specimens to verify the
proposed five-axis trajectory error prediction method. The results show that both the setpoint
trajectory and the predicted trajectory present an S shape, and the predicted trajectory has a
certain deviation relative to the setpoint trajectory, which presents the influence of geometric
errors and following errors; the measured trajectory and the predicted trajectory have the same
variation trend, and both curves reflect some of the peak characteristics, which shows the
correctness of the prediction algorithm.

Keywords: five-axis machine tool; geometric error; tracking error; trajectory error; S-shaped

test piece; error prediction
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Fig. 1 Position-dependent geometric errors of Y-axis
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Fig. 2 Position-dependent geometric errors of C-axis
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Table 2 Position-dependent geometric errors data of Y-axis

Y WpE o O o . e
/mm /mm /mm /mm /(D /()
220 0.0001 0.006 2 0.0003 —0.4 0
200 0.000 1 0.0029 0.001 5 0.4 —0.4
180 0.0009 0.0018 —0.0007 0.4 —0.1
160 0.001 6 0.0020 0.000 9 0.1 —0.3
140 0.0023 —0.0019 —0.0002 0.8 —0.8
120 0.0031 —0.0024 —0.0011 0.1 —0.5
100 0.004 4 —0.004 3 —0.0014 0 —0.9
80 0.0053 —0.0043 0.0018 —0.5 —1.2
60 0.006 2 —0.0065 0.0015 —0.1 —1.4
40 0.006 7 —0.006 1 0.000 8 —0.3 —2.1
20 0.007 1 —0.0055 —0.000 6 0 —0.9
0 0.007 3 —0.007 0 —0.0024 0.5 —1.4
—20 0.0077 —0.0053 —0.0041 0.5 —1.3
—40 0.0079 —0.004 5 —0.0042 0.6 —0.6
—60 0.0084 —0.0038 —0.0039 0.3 —0.7
—80 0.0090 —0.0017 —0.0015 0.5 —0.4
—100 0.0095 0.0004 —0.0011 0.4 0.2
—120 0.0099 0.003 3 0. 000 9 0.4 0.2
—140 0.0106 0.0050 0. 000 6 0.2 0.2
—160 0.0113 0.0060 0.001 4 0.1 0.8
—180 0.0116 0.0050 0.001 3 0 0.9
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Table 3 Position-dependent geometric errors data of C-axis

CHIAE o Oy O € €y €a
/() /pm  /pm  /pm /D /O /D
0 —4.7 11 5.5 0.6 0.1 0.3
30 —6.8 8 9.8 0.7 0.2 0.3

60 —6.8 12 9.4 0.7 0. 4 0
90 —95.3 —1 —7.3 0.8 0.3 0.3
120 —4.9 6.6 —27 0.9 0.4 0.4
150 —17 22 —46 1.1 0.6 0.2
180 —28 28 —61 1.0 0.9 0.2
210 —26 25 —63 0.7 1.1 0.4
240 —23 5.7 —47 0 0.9 0.3
270 —12 6.7 —32 0.2 0.5 0.2
300 —5.9 2.1 —14 0.1 0.2 0.3
330 —1.7 —1.8 —9.7 0.1 0 0.2
360 —6.4 1.9 —4.2 0.3 0.1 0.3

http: // zkxb. xjtu. edu. cn




55 10 3]

B 5 2 L AT % 22 I I 5% 2 1Y 10 F 06 3 L3 15 22 U Oy vk 45

ST A5 WA A DG JUAAT R 25 Rk L BLA R R
BT
8. =2.1X10 %" —0.000 6¢*—0. 045 4¢—3.05
O =—2.1X 107%¢* +0. 000 2¢*+0.042 5¢+7.6
S =4.7X10 %¢*—0. 000 7¢*—0.362¢+17. 6
€. =1.4X10"7¢*—0.000 1c2+0.012¢40. 46
e, = —6.6X10 8¢ 40.000 1¢*+0. 004¢+0. 03
€ =—8.2X1077¢*—0. 000 05¢*+0. 000 5¢+40. 3
(13)
SEEG AT A 11 T4 G 56 LA 5 22 A dn 3k
45 PR
A4 3AAEKIE 3T E R E TR £

Table 4 3 Position-independent geometric errors data of

three linear axes

R2E A W®EE
S,, /rad —4.8X107°
S,./rad —8.5X107°
S,./rad 3.3X10°!
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Table 5 8 Position-independent geometric errors data of two

rotation axes

REHR REM
ary /() 0. 21
Bar /(D —0.1
Yar/ (D —0.1
Suay /pm —9.8
Syay /pm 17.0
By /pm 8.1
Bea /(D 0.3
Syea /pm 1.7
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Fig. 17 Setpoints tool contact position/tool axis attitude

trajectory and predicted tool contact position/tool

axis attitude trajectory
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Fig. 19 A comparison of predicted trajectory error and

measured trajectory error (Z=22. 33 mm section)
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