34k Hs5H HL T 5 AR 2 4R Vol.34 No.5
2020 4F 5 A JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION - 43 -

DOI:; 10. 13382/j. jemi. B1902690

= IR EN S E N BT R HTIRE S G

&
S

#RFRE Blunl

(ZBTA R BS5FEETRE¥E Dl 243032)

W OE AR AL S R A Sh AR 25 £ Tl B3 I R i 4 =7, S I, 4 — A = A b I L v T e R s A
TRZEAME T IR LGS B . OO (T BA ORI M 03 | LATiT 3 L BN Tz I iR shafe =0 = A Anill &AL R 4 42
Wit EE ST IR 2B G A T IR DL I R S A R B E T REAE SR AE I O RE B AR 22 A DU TS AL, B R K iR 2
(MPE) JRAENMIRZE (RPE) e KiE TR 2 (MAE) FRAREITIRZE (RAE) . RAIEASERITIEAN T IR ES BN ILEZ
Wi B (R N TR (S T B T B ) X S A S A R R B, R = A AR I LI A R A B SRR AR A
WIRAEA , 43 55 N A A 0 e AR X 00 2 LI 2 o P Sh A IR 22 A T AR RN A M . 25 SR 3R A SR i 2 I R A B M S
SRR 2E AR /N T 88. 8% .80. 2% 90. 8% \71. 3% , LW T FEA] 4441 245 ) 45 455 50 BB A5 75 S0CHRE v I R AL A sl 2 RS 2
KIA  —AARI AL ; BRSO % IR 2 M

FE 45 3ES . TH721;TNO6 XERFRINAG (A E RiRAEFRS LR 510.80

Dynamic error analysis and compensation of CMM high speed measurement

Wei Shunhao Zhang Jiayan Feng Xugang

(School of Electrical and Information Engineering, Anhui University of Technology, Maanshan 243032, China)

Abstract: The dynamic error of CMM measurement process restricts the improvement of measurement efficiency in industrial field. For
this purpose, a dynamic error compensation method for high-speed measurement process of CMM is proposed to improve measurement
accuracy and efficiency. In order to make the research typical and representative, the mobile bridge CMM widely used in the market is
taken as the research object. By establishing an error separation platform to analyze the dynamic characteristics of the high-speed
measurement process of the measuring machine, four parameters that can characterize the dynamic errors of the measurement process are
determined, namely maximum positioning error ( MPE) , residual positioning error (RPE), maximum approximation error ( MAE) ,
residual approximation error ( RAE). Orthogonal experiment method was used to analyze the influence degree of common influence
factors ( positioning speed, positioning distance, approaching speed, approaching distance) on dynamic parameters. Training samples
and test samples were obtained by measuring standard spheres with coordinate measuring machine. The training samples and test samples
are used to model and compensate the dynamic errors of the measuring machine. The results show that the dynamic process errors are
reduced by 88. 8%, 80.2%, 90. 8% and 71.3% respectively after compensated by the fuzzy neural network model. It proves that the
fuzzy neural network model can effectively improve the dynamic measurement accuracy of the measuring machine.

Keywords : coordinate measuring machines; dynamic error; fuzzy neural network; error compensation
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Fig. 1 CMM measurement process state diagram
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Fig.2 Relationship between dynamic error and velocity and
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Table 1 Dynamic parameter repeatability verification table

KEL MPE/pm RPE/pm MAE/ wm RAE/pum
1 13.318 5.817 7.749 4.011
2 15. 206 6.177 7.269 3.983
3 11.683 6.462 7.121 3.818
4 13. 505 5.482 7.058 4.334
5 14. 397 5.367 8.527 3. 499
/MY 11. 683 5.367 7.058 3. 499
R 15. 206 6. 462 8.527 4.334
SFHME 13. 622 5.861 7.545 3.919
FRifE 2= 1.321 0. 461 0.612 0.304
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Table 2 Maximum error of dynamic parameters at
different positions of the beam

SRR 0 mm 250 mm 500 mm
MPE/ pm 11.957 13. 622 22.619
RPE/pm 5.137 5.861 10. 291
MAE/pm 7.473 7.544 12. 196
RAE/pm 4.272 3.928 7.543
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Table 3 4 factor 3 level experiment table

PV/(mm-s") PD/(mm-s™') AV/(mm-s') AD/(mm-s™")

1 40 40 8 5
2 70 60 12 10
3 100 - 16 15
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Table 4 Multivariate analysis of variance

MPE RPE MAE RAE
A F K56 AE F g A F K56 A F K56
PD 0.28% 0.54 13. 6% 27.85 0.49% 0.42 0.80% 1.05
PV 91. 6% 88.3 79.1% 80. 86 2.32% 0.98 0.70% 0. 46
AD 1.15% 1.11 0.01% 0.010 3.25% 1.38 29.1% 19.2
AV 1.77% 1.71 2.4% 2.5 82. 1% 34.7 61.8% 40. 4
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T-S dynamic error network model
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Table 5 Error compensation of T-S fuzzy

neural network model

Wik MRS M NEE AMEE
HI{E/mm {H/mm /% 75 2/ mm
MPE 20. 748 2.315 88.8 1.572
MAE 8.839 1. 750 80.2 1.239
RPE 8.211 0.758 90. 8 1.453
RAE 5.333 1.533 71.3 0. 986
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