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Abstract: A measurement method was proposed for rotation axes of five-axis machine tool based on
machine vision. Firstly, the vision technology was adopted to obtain sign images by using CCD camera.
Then, the digital image processing techniques were used to analyze these images. At last, the positioning
errors of rotary axes were identified by calculating the relative rotary errors at different positions of rotation
axes of machine tool. Comparing to traditional method, the experimental results showed that the proposed

method with a simply, high efficiency and application value provided a computation basis for the error

compensation of a machine tool.
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Fig. 1 Flow chart of machine vision measurement
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Fig.2  Structure of five- axis machine tool
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Fig.3 Measurement system of machine vision
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Fig.4 Signs used for measurement
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Fig. 12 Results of image processing
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Hk2at/IMEN 4. 2" 3R 25 F M 4. 86", 51
ZRR AR T AR L, I TIAS SCHE HS 00 T 5 A i 22 4
R Salll)FELIEST Salllbu R s eIt alll &3 =i
RGN 5 28 KA 25 14 ) 2R AN

4 it

(1) FIFHALAR LBE A XL e % b A 0 14 Dt
R TR R ek, ST AT A R
SE B 85 1 2 T AG: I A4 ML DA e 2 b b, R FH AR BIL
X AN TR0 B AR R AR AR R AT 30 R B AT S B 4 s 00
T, AN S RS L Ge R 7 ik LU

(2) 5 TP BAC R L, T $RAG I 7 vk 1 56
SR R AL 35 43 BT, % T 3R B 15 0T 38 5 G

RGN, PR 5 v RGN 285 SR LN 8T 13 I

A S PR A A B AR Py - 2E A7 20 A A BRI AT AR AATL IR

H P 13 AT, RN TR AR U 25 SR e i, FRARRORENIDRZE  JORE AT N e R S A

2 % x #t

Hsu Y Y, Wang S S. A new compensation method for geometry errors of five-axis machine tools [ J]. International Journal of

Machine Tools & Manufacture, 2007, 47(2) :352 ~360.
P22 LRI T R LR 3 IR 22 S AMEEEOR [ 1] AL T AR 2241 ,1992,28(2) :65 ~68.

Liao Pinglan. The integrated error real-time compensation of machining process[ J]. Chinese Journal of Mechanical Engineering,

1992,28(2) :65 ~68. (in Chinese)
Lei W T, Paung I M, Chi Chen. Total ballbar dynamic tests for five-axis CNC machine tools[ J]. International Journal of Machine

Tools & Manufacture, 2009 ,49(6) :488 ~499.
Lei W T, Sung M P, Liu W L, et al. Double ballbar test for the rotary axes of five-axis CNC machine tools[ J ]. International

Journal of Machine Tools & Manufacture ,2007 ,47(2) :273 ~285.
ki, AR, I S B MUK e LR 220 i 5 25 ik [ 1] WL AR R ,2008,37(9) 16 ~ 19.

Zhang Wei, Wang Juan. A novel kind of geometric errors measurement and identification methods of 5-axis machine tool rotary axes

[J]. Mechanical & Electrical Engineering Technology, 2008 ,37(9) :16 ~19. (in Chinese)

JEL R W Mg b, A5 e P R AR Sl D 22 A DR I b SBR[ ] P 2S00 R, 2010,44(5) - 80 ~84.

Zhou Yuqing, Tao Tao, Mei Xuesong, et al. Rapid error measurement and trace of simultaneous rotary-translational axes
collaborative motion[ J]. Journal of Xian Jiaotong University, 2010,44(5) : 80 ~84. (in Chinese)

138, VRS, AR 4. OB e i JL AT i 2 0 i S5 e [ 9 ] LB 5 i 7, 2011 (2) 2157 ~ 159,

Fu Xuan, Tian Huaiwei, Zhu Shaowei. Geometric error measurement and modeling for five-axis CNC machine tool with rotary axes
[ J]. Machinery Design and Manufacture,2011(2) ; 157 ~159. (in Chinese)

TR, WL B TR B ALUR IR 22 MBS SEAMERTFE [ D], i, RSl R:, 2011,

Zhang Hongtao. Research on dynamic and real-time error compensation for two turntable five-axis NC machine tool[ D]. Shanghai;
Shanghai Jiaotong University, 2011. (in Chinese)

SRR RS, FAE 0 26 b B HL PR % 2l 58 22 50 2K 0 BRAF AR 7 36 [ 1] #p [ LA T 72,2008, 19 (22) ;2 737 ~

2741.



298 P 1 R A= 4 20134

10

11

12

13

14

15

16

17

19

20

21

22

Zhang Dawei, Shang Peng, Tian Yanling, et al. A DBB-based alignment error measurement method for rotary axis of 5-axis CNC

machine tool[ J]. China Mechanical Engineering,2008,19(22); 2737 ~2741. (in Chinese)
XU T LR [ A IR A E AR BT[] U TR 5 A 31k,2009(4) 1133 ~135.
Liu Fei. Error calculation for rotation axes of five-axis machine tool[ J]. Mechanical Engineering and Automation, 2009(4) ;133 ~
135. (in Chinese)
I XIARIN 24k A5 SETHOE TR A/C MXGEMABE L E AR 2ZEA I S HER[ ] MLAR S 5 3, 2011 (12) .
212 ~214.
Gao Xiufeng, Liu Chunshi, Li Yan, et al. Positioning errors detection and identification for A/C axes bi-rotary milling head based
on laser interferometer[ J |. Machinery Design and Manufacture,2011(12) ;212 ~214. (in Chinese)
HET G, RS A GRS RO RE T RS 1) HHR SRR 2012,39(2) 11 ~2.
Cui Yong, Xu Yan. Research of angular displacement accuracy measuring method for precise turntable [ J]. Metrology &
Measurement Technique, 2012,39(2) :1 ~2. (in Chinese)
LTFR, B, T R HLas B ASI REEWT 5T 50T & [ 1] HUK S UK ,2010,38(17) :86 ~ 8.
Wu Jigang, Bin Hongzan. Research and development of dimensional inspection system for thin sheet part based on machine vision
[J]. Machine tool and Hydraulics,2010,38(17) ;86 ~88. (in Chinese)
T g, KA BRI , 45, KT AU R B L 2 00 = ks BE I 735 [T ] v AL T ,2009,20(1) =5 ~ 10.
He Boxia, Zhang Zhisheng, Xu Sunhao, et al. Research on high-precision machine vision measurement method for large scale
parts[ J|. China Mechanical Engineering,2009,20(1) :5 ~10. (in Chinese)
BUHESE , 223k, LT AL L8 9 F A RO B AT SE [ 1], B8 B, 2010,31(6) 1102 ~ 104.
He Yaqin, Li Lin. Research for part size inspection base on machine vision[ J]. Coal Mine Machinery, 2010,31(6) ;102 ~104.
(in Chinese)
AR, TR 25, XN, 2. ST AL D58 A S SRR R RAFAE AR ] AL LR 7412, 2009 ,40(8) : 161 ~ 167,
Si Yongsheng, Qiao Jun, Liu Gang, et al. Recognition and shape features extraction of apples based on machine vision[J].
Transactions of the Chinese Society for Agricultural Machinery,2009,40(8): 161 ~167. (in Chinese)
WRIRHE, AMBZR B0, 25 S THLAT 8 KRR R HEBOR [T ] AWML ,2010,41(7) : 168 ~ 174.
Chen Bingqi, Sun Xudong, Han Xu, et al. Rice seeds selection based on machine vision[ J]. Transactions of the Chinese Society
for Agricultural Machinery,2010,41(7) :168 ~174. (in Chinese)
T WA 5%, A BE T ML g AL A S A 1) LAY IR BTN [T ] AR HUR 4R ,2012,43(3) 1163 ~ 168.
Wang Haiqing, Ji Changying, Gu Baoxing, et al. In-greenhouse cucumber recognition based on machine vision and least squares
support vector machine [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43 (3).:163 ~ 168. (in
Chinese )
Li Daoliang, Yang Wenzhu, Wang Sile. Classification of foreign fibers in cotton lint using machine vision and multi-class support
vector machine[ J]. Computers and Electronics in Agriculture, 2010,74(2) ; 274 ~279.
PO AR, — PRSI A IS R B AR IA [T ] AT FL TR 5 RE,2009,31(9) 53 ~55.
Huang Jianling, Zou Hui. An exact method for adaptive image edge detection[J]. Computer Engineering & Science, 2009,
31(9) :53 ~55. (in Chinese)
Gander W, Golub G H, Strebel R, et al. Least-squares fitting of circles and ellipses[ J]. BIT Numerical Mathematics, 1994,
34(4) .558 ~578.
Rosin P L. Ellipse fitting by accumulating five-point fits[ J]. Pattern Recognition Letters, 1993,14(8) :661 ~669.



