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Abstract

Dynamic error is an important factor affecting the machining accuracy of five-axis CNC machine tools,
especially in high-speed and high-precision machining. An accurate model shall be established for
dynamic error compensation research, and the existing contour error calculation model is difficult
to apply to different types of machine tools. Aiming at the above shortcomings, this paper puts for-
ward the research on dynamic error modeling of a five-axis CNC machine tool based on G code.
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Taking the G code of the S-type test piece as an example, firstly, the data of the CNC machine tool is
collected, the ideal position and the actual position are collected, and the G code is sampled accord-
ing to the ideal position to make the two numbers the same. The G code sampling value and the
actual position acquired, the ideal position acquired, and the actual position acquired are respec-
tively calculated for contour error, which is compared with the actual simulation. The results show
that the contour error calculation method based on G code sampling has good accuracy, the simula-
tion error value is very close to the actual error value, the tool point error is within 0.02 mm, the
tool axis error is within 0.001 rad, the results verify the effectiveness of the contour error estima-
tion method proposed in this paper, and provide reference value for the follow-up control of dy-
namic error of five-axis CNC machine tool based on G code.
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Figure 1. Multi-body topology structure of five-axis linkage numerical control
machine tool with double rotary table
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Figure 2. Coordinates of double-turret five-axis linkage CNC machine tool
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Figure 6. Comparison of actual predicted machining points on x-axis
6. x B SEFRFIUA AN T =t L

DOI: 10.12677/mo0s.2025.145411 523 5 1 A


https://doi.org/10.12677/mos.2025.145411

T, Mot

— SEZBR
— =
-140
-160
£
g
-180
-200

0 200 400 600 800
A
Figure 7. Comparison of actual predicted machining points on y-axis
[ 7.y S SERRIUN AN T = %fEE
=~ =
— SEPR
-95 X
— =
-100
£
1
-105
-110 T T T T 1
0 200 400 600 800
ay

/SN

Figure 8. Comparison of actual predicted machining points on z-axis
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Figure 9. Comparison of actual predicted machining points of a-axis
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Figure 10. Comparison of actual predicted machining points on c-axis
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Figure 11. Comparison error between predicted actual machining point and acquired actual ma-
chining point on x-axis
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Figure 12. Comparison error between predicted actual machining point and acquired actual ma-
chining point on y-axis
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Figure 13. Comparison error between predicted actual machining point and acquired actual machining point on z-axis
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Figure 14. Comparison error between predicted actual machining point and acquired actual machining point on a-axis
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Figure 15. Comparison error between predicted actual machining point and acquired actual machining point on c-axis
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Figure 16. Actual versus predicted tip profile error
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Figure 17. Predicted and actual error of tool point profile
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Figure 18. Actual and predicted cutter shaft profile error
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Figure 19. Predicted and actual errors of cutter shaft profile error
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Figure 20. Tool point contour error at F = 1080 mm/min
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Figure 21. Tool point profile error at F = 1800 mm/min
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Figure 23. Predicted and actual error values at F = 1080 mm/min
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Figure 24. Predicted and actual error values at F = 1800 mm/min
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Figure 25. Predicted and actual error values at F = 2700 mm/min
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Figure 26. Tool shaft profile error at F = 1080 mm/min
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Figure 27. Tool shaft profile error at F = 1800 mm/min
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Figure 28. Tool shaft profile error at F = 2700 mm/min
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Figure 29. Predicted and actual error values at F=1080 mm/min
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Figure 30. Predicted and actual error values at F = 1800 mm/min
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Figure 31. Predicted and actual error values at F = 2700 mm/min
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