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The Key Technology of Error Compensation for CNC Equipment

PAN Fangyu, BAI Yuewei, NIE Li, WANG Xiaogang, LIU Kai, WU Xiaoyan
(School of Intelligent Manufacturing and Control Engineering, Shanghai Polytechnic University,
Shanghai 201209, China)

Abstract: The virtual factory model of manufacturing industry can reduce cost and increase efficiency, optimize service quality, so it
is good choice to cope with the fierce global competition. In order to continuously improve product quality in the mode, the accuracy
enhancement of CNC equipment related to the production process was mainly focused on, which were the key techniques of error
compensation, including error source analysis, error modeling, error measurement and error data processing. Therefore, the five-axis
machine tool was taken as the representative of CNC equipment, and 45 geometric errors which affected its accuracy were found out;
through error modeling, the relationship between these 45 errors and the total system error of the five-axis machine tool was established;
then, according to the error characteristics of the five-axis machine tool, the measuring system was constructed and its effectiveness
was verified; finally, data handling was carried out for the measurement data, which provided non-measurement node data and greatly
reduced the amount of data information, so it laid a data foundation for rapid and effective error compensation.
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Fig. 1 Product development, production and sales based on
virtual factory
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Fig. 4 Coordinate system geometrical error of rotary axis
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Fig. 12 The laser interferometer for Y -axis
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Tab. 3 The result of Y -axis positioning error

Y/mm WEum G5 1 RERE) RE/um (B 2 REFE) Y/mm W um (55 1 RIEIFE) R ZE/um (55 2 R[EIFE)
0 0 -0.9 —1000 -8 -9.3
—50 0.2 -1 —950 —7.7 -8.8
—100 —0.4 -1.5 —900 -7 -8.1
—150 0 -1.3 —850 —6.2 —7.7
—200 —0.7 —2.2 —800 —5.4 —6.9
—250 —1.7 -3.3 —750 —4.8 —5.8
—300 -1.2 —2.6 —700 —4.5 -5
—350 -1.6 -3 —650 —4.4 —4.7
—400 —2.4 —3.6 —600 —2.2 —2.7
—450 -3.1 —4.3 —550 -3 —3.5
—500 -2.8 —4.1 —500 —2.6 —3.2
—550 —3.2 —4.5 —450 —2.9 —4
—600 —2.4 —3.7 —400 —2.4 —34
—650 —4.2 —5.6 —350 -1.9 —2.9
—700 —4.3 —5.7 —300 -1.3 —24
—750 5.1 —6.2 —250 -1.8 —2.7
—800 —6.3 —7.1 —200 —0.8 -1.6
—850 -7.1 —8.1 —150 —0.5 -1.2
—900 -8 -9 —100 —-1.5 —2.2
—950 -89 —10 —50 —0.7 -1.5
—1000 -9.2 —10.6 0 -0.3 -1.2

(2) JiE b B0 T UART % 22 o e i ) B T LA 332
ZH C MR E AR Z NI RIT RN 4. TEATE
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Tab. 4 The result of C'-axis positioning error

C Hi PR % arcsec CHIE  RZ/arcsec
A=V (F78) A=V (11F%)
—360 0 360 0.003 4
—340 0.001 6 340 0.006 6
—320 0.007 0 320 0.013 4
—300 0.014 8 300 0.016 6
—280 0.0175 280 0.018 3
—260 0.0118 260 0.0179
—240 0.009 5 240 0.012 3
—220 0.006 3 220 0.009 5
—200 0.005 5 200 0.005 3
—180 0.006 8 180 0.007 0
—160 0.007 9 160 0.006 9
—140 0.008 9 140 0.007 3
—120 0.013 8 120 0.0106
—100 0.0173 100 0.014 5
—80 0.017 6 80 0.019 4
—60 0.016 1 60 0.016 6
—40 0.012 8 40 0.009 3
—20 0.007 7 20 0.003 0
0 0.002 9 0 0.004 6
20 0.002 2 —20 0.008 9
40 0.0102 —40 0.0150
60 0.0159 —60 0.0170
80 0.0199 —80 0.018 1
100 0.0137 —100 0.016 9
120 0.0117 —120 0.010 4
140 0.008 5 —140 0.007 0
160 0.008 2 —160 0.003 9
180 0.009 6 —180 0.005 4
200 0.007 9 —200 0.005 2
220 0.0125 —220 0.005 8
240 0.017 2 —240 0.009 2
260 0.021 6 —260 0.0111
280 0.022 0 —280 0.0170
300 0.020 4 —300 0.0157
320 0.0163 —320 0.005 7
340 0.0105 —340 —0.000 1
360 0.008 3 —360 0.001 2
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Fig. 13 The laser interferometer for C-axis
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Tab. 5 The simplification result of Y -axis positioning error

Y/mm RE/mm Y/mm RE/m Y/mm PR Y/mm R/
B 1 IkER) (B 1 RIEITE) B 2 IRE78) (38 2 kInlFE)
0 0 —1000 -8.0 0 —-0.9 —1000 -9.3
—150 0 —750 —4.8 —150 —-1.3 —650 —4.7
—250 —-1.7 —650 —4.4 —250 -3.3 —600 —2.7
—300 —-1.2 —600 —2.2 —300 —2.6 —450 —4.0
—450 -3.1 —550 -3.0 —450 —4.3 —300 —24
—550 —-3.2 —450 —2.9 —550 —4.5 —250 —2.7
—600 —2.4 —300 —-1.3 —600 —-3.7 —150 —-1.2
—650 —4.2 —250 —1.8 —650 —5.6 —100 —2.2
—700 —4.3 —200 -0.8 —750 —6.2 0 —-1.2
—950 —8.9 —150 -0.5 —1000 —10.6
—1000 —-9.2 —100 —-1.5
0 -0.3

S Tl R B R 22, T LLE S AR
HLRAT, W 16 Fos, Hrar o A3k 84 AN
A, ELL (LB Al BN IR LA S, B
e B BARRM G BT A AWEH AT DR B
W, s 74 AL ER 5 A AR e 1 AR A
Pa i@, I KRR 7 E, RRTEERE, N
PO A R AME B e T B A
o s

g

=

g =

\5 EAN R 11 i

{\}Q —gt CN R O B QIR

& fn: O 2 IR

>~ _1s 1 1 ﬁlﬁ: %?ﬁ(@&
—-10 —08 —06 —04 —02 0

Y Bl B /m

K16 FfLaT)E Y e friR 2z K
Fig. 16 Comparison diagram before and after simplification of
Y -axis positioning error
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