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On-machine measurement and fuzzy RBF neural network modeling
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Abstract; As geometric errors of rotary axes of a five-axis machine impact on its machining accuracy,
the on-machine measurement of rotary axes and their error modeling were investigated. Firstly, the
measurement method for comprehensive errors of rotary axes was presented based on a standard ball
and an on-machine measurement system. The measurement angular positions of the rotation axes were
planned by the random Hammersely sequence and the initial position of the standard ball was deter-
mined with a free installation strategy. Then, a Radial Basis Function (RBF) neural network model

for predicting comprehensive errors of the rotary axes was built based on subtractive clustering and
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Fuzzy C-means(FCM) cluster. Finally, mathematical analysis was carried out to provide a new way to
model accurately for geometric errors of rotary axes. A cambered measuring example was used to veri-
fy the proposed on-machine measurement method and modeling method. The experimental results indi-
cate that the average deviation between the predicted points from the mathematics model and measured
points is 9. 6 pm and the maximum deviation is not more than 15 pm. After the measuring results are
corrected by the mathematic model with a 3D coordinate measuring machine established by this paper,
the average value is reduced to 13. 6 pm {rom 33.5 pm and the maximum value is reduced to 18. 6 pm
from 62.3 pm. It concludes that the measurement method is simple to operate and has high automa-
tion. The neural network’s training is not only fast speed, adaptable and good robust, but also can
meet highly linear and strongly coupling of modeling of the geometric errors of rotary axes.

Key words: five-axis machine tool; geometric error of rotary axis; error modeling; error detection; on-

machine measurement;fuzzy radial basis function
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Fig. 3 Measurement of rotary axes errors on site
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Fig. 4 Planning for rotation position of two rotary axes
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Fig. 5 Structure of RBF neural network
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Fig. 6 Training results of RBF neural network in X direction
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Tab. 2 Comparison of workpiece’ precision of on-machine measurement results without and with error
compensation and on CMM measurement results (mm)
___ AEALIN AT 7Y 7 50 B __ ST HS CMM 3 B SE 76|\»1§}E”'~ﬁ CMM

P AP T AT W 5 7Y
X y < X y < X y < Eﬁgﬁﬁé
1 3.597 2 14.046 4 24.527 9  3.609 2 14.0351 24.533 8 3.604 3 14.028 1 24.538 2 0.009 6
2 14.8814 35,1093 30.278 5 14.868 7 35.1208 30.2665 14.8543 35.1219 30.264 1 0.014 6
3 28.6417 28.1053 30.1998 28.6083 28.0973 30.2159 28.604 3 28.090 6 30.215 3 0.007 8
4 44,8454 32.798 3 42.024 1 44.8496 32.7886 41.996 1 44.854 3 32.778 1 42.005 1 0.014 6
5 57.3234 58.5632 36.4347 57.352 58.564 2 36.421 5 57.354 3 58.5594 36.4277 0.008 1
6 27.3785 65.6123 18.3412 27.3586 65.6043 18.3439 27.3543 65.5906 18.349 14 0.015 4
7 67.3543 56.2156 34.8097 67.3402 56.1937 34.8247 67.3321 56.1856 34.821 6 0.011 9
8§ 22.3543 49.184 4 26.8256 22.341 2 49.2014 26.814 6 22.346 3 49.196 8 26.816 5 0.007 1
9 31.1043 9.3406 20.2421 31.1264 9.3455 20.2307 31.1254 9.3427 20.243 2 0.012 9
10 71.104 3 74.9656 24.564 7 71.0916 74.9398 24.554 7 71.0869 74.942 6 24.548 7 0.008 1

HP A BICHUER R X L, 42 T T 0 285 114 2 o] R EE AR

5 4 #® JIT ARG BE . & VL BE T 58 . [ XT RBF A

22 [ 2% AL HEAT i T o A S T TR 2 5 R Y i

AP T — PR R 25 5 R 22 A PEI B T RaR X D e e il 5% 2 1) RS R A AT A AR R

5 R T I AT RO A Tk BIL R e e il e 22
F 0 g S M AT, B T R EE A M ER A AL IR A
TERLIN i R GE . BETE T e 5% b £ 5 1% 22 14 1 S 0
BTV R BE AR T 00 o 5 0 . X ke e
iR 220 BE AR AR ) T 2T RBF M 48 R 4%
1 1R 22 ATy 1k L TR TR U 27 o B Be 51 AR s 7%
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