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Experimental of Geometric Error Measurement and Backlash
Compensation of CNC Milling Machine
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Abstract Generally, the geometric error of CNC milling machine has a great effect on the synthetical precision of a machine tool. In
this paper, the measuring and compensating technologies of the geometric error of CNC milling machine were investigated. The
measurement, model and compensation of the plane error field in the working space of high—speed CNC milling machine were discussed
systematically. The basic feature of the geometric error was verified by using the high accuracy linear grating along the single axial
direction experimentally. Following, the backlash compensation algorithm of the synthetical geometric error of interpolation movement and
the evaluation system of position accuracy were proposed for the backlash during CNC milling machine processing. The result indicates
that the basic feature of error is established and provides a basis for putting forward the new error measurement method under the
essential measuring condition. The backlash could be well compensated.
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Fig. 1 VC600 CNC milling machine
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Fig. 2 Schematic diagram of VM203 measuring system
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Fig. 3 Testing paths of geometric error measurement
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Fig. 4 Grating measuring device at x axis direction
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1 xHAFEOBEER1MBE2HVELER (E4M.mm)
Table 1 Measurement results of No. 1 and No. 2 paths at x
axis direction (unit: mm)

Bz 1 HA% 2
T REL %(0)—(400) || I L 1(0)—x(250) x(250)—x(400)
1 399.9894 1 249.9944 149.9945
2 399.9896 2 249.9947 149.9943
3 399.9895 3 249.9946 149.9942
4 399.9894 4 249.9944 149.9945
5 399.9897 5 249.9944 149.9944
M 399.9895 || FIgMH 249.9945 149.9944

x2 xHAFEBER7HNELER (BA.mm)
Table 2 Measurement results of No. 7 path at x axis
direction (unit: mm)

©(480)—>  x(500)—

WL B 2(0)—(480) 1500 +560) ©(560)—x(400)
1 479.9875  19.9996  59.9989  -159.9974
2 479.9874  19.9995  59.9990  -159.9972
3 479.9874  19.9995  59.9990  -159.9972
4 479.9875  19.9994  59.9989  -159.9973
5 479.9875  19.9994  59.9990  -159.9973
T 479.9875  19.9995  59.9990  -159.9973

x BT )b AR 3R AT 6 1Y S B ) B 4 SR R ME e AR
Pa LA I S | 4 R A5 22 A6 R AT S Ak BB AR 1—
AR 7 W 5 WA HES) L3R 3,

®3 xHAROBEEI-—BETINEERENTEYE
Table 3 Measurement results of No. 1—No. 7 paths at x
axis direction

I g A W35 45258 /mm
399.9895
399.9889
399.9883
399.9881
399.9884
399.9885
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(4) y(0)—y(340)—y(240).

(5) y(0)—y(290),y(290)—y(240)

(6) y(0)—y(260),y(260)—y(350),y(350)—y(240) .

(7) ¥ (0)—y(280) ,y (280)—y(320),y (320)—y (370),
y(370)—y(240),
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Fig. 5 Grating measuring device at y axis directions

x4 yHAFEOBEAMBES MNELER (E4M.mm)
Table 4 Measurement results of No. 4 and No. 5 paths at y
axis direction (unit: mm)

At 4 iz s
wayose JOTCO N gy 2O @0
—y(240) ¥(290) ¥(240)

1 239.9938 1 339.9900 -99.9958

2 239.9934 2 339.9898 -99.9954

3 239.9936 3 339.9898 -99.9955

4 239.9935 4 339.9896 -99.9954

5 239.9936 5 339.9897 -99.9954

S {E 239.9936 S 339.9898 -99.9955

x5 yHMAEEEZO6MVELER (LA .mm)
Table 5 Measurement results of No. 6 path at y axis
direction (unit: mm)

WHEREC  y(0)—y(260)  ¥(260)—y(350)  ¥(350)—(240)
1 259.9928 89.9964 -109.9966
2 259.9926 89.9964 -109.9964
3 259.9926 89.9962 -109.9964
4 259.9928 89.9963 -109.9967
5 259.9926 19.9994 -109.9966
-2 259.9927 89.9963 -109.9965
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Table 6 Measurement results of No. 1 to No. 7
paths at y axis direction

IR A2 I 425 2R /mm

239.9932
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239.9936
239.9943
239.9925
239.9934
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Fig. 6 Backlash error and compensation
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Fig. 7 Measurement and compensation procedures of

the backlash error

B8 zHMAREMREMNELE
Fig. 8 Device for measuring the position errors at

z axis direction
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Fig. 9 Position errors at x, y, z axes directions
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Fig. 11 Position errors at x, y, z axes directions after compensation of backlash
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