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Fusion Measurement Inversion

LI Xuanhui', SHI Wenxiong’, GUO Wenjuan’, HU Wenlong', LUO Bin"*, LIANG Biao"’
(1. Northwestern Polytechnical University, Xi’an 710072, China;
2. AVIC Xi’an Aircraft Industry Group Company Ltd., Xi’an 710089, China;
3. Key Laboratory of Aircraft High Performance Assembly, Ministry of Industry and Information Technology,
Xi’an 710072, China)

[ABSTRACT] Due to the influence of external loads such as gravity, the structure of aircraft assembly positioning tool
is inevitably deformed, which directly affects the assembly accuracy of aircraft structure. However, due to the occlusion of
product shape, the traditional vision-based structural deformation measurement method can’t directly obtain the structural
deformation of tooling. In this paper, an accurate and fast prediction method of terminal deformation of positioning
structure based on laser data inversion is proposed. The positioning structure is scanned and measured by laser scanner,
and the measured numerical model is obtained. Based on the digital simulation model of the positioning structure, the
simulation data set is obtained automatically, and the mapping model between the deformation of the terminal and the
deformation of the visible region is established by using the multi-layer perceptron network. On this basis, the inverse
differential optimization method of the terminal deformation of the tool structure is constructed, and the inverse solution of
the terminal deformation of the positioning tool structure is realized. The results show that the maximum error between the
predicted value and the measured value is 8.25%, which verifies the validity of the proposed method.
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Fig.2 Scanning model of positioning tooling and parts
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Table 3 Spatial coordinates of loading end and measured
displacement value under different working conditions

mm

ég %ﬁ X Y 74 AX AY AZ
1 01 28.84 | 1938 | 687.22 | 0.23 | —-0.04 | —0.17
2 01 28.84 | 1938 | 687.22 | 031 | -0.08 | —-0.29
3 02 | —694 | 2148 | 67781 | 0.18 | —-0.42 | —0.05
4 02 | —694 | 2148 | 67781 | 049 | -090 | -0.17
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Table 4 Finite element simulation value and measured displacement
value of loading end under different working conditions

T T HWEGEGUmm | SRAEEmm | mg
5 | i AX AY AZ AX AY AZ e
1 01 0.20 | —0.05 | -0.22 | 0.23 | —0.04 | —0.17 | 4.41
2 01 0.30 | —0.07 | —0.33 | 0.31 | —0.08 | —0.29 | 5.21
3 02 0.20 | —0.45  0.06 | 0.18 | —0.42 @ 0.05 5.69
4 02 0.40 | —-0.89 | 0.12 | 0.49 | -0.90 | 0.17 5.36
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Table 5 Spatial coordinates and predicted displacement values of

loading end under different working conditions mm
J]}?‘g %ﬁ X Y Z AX AY AZ
1 01 28.84 | 19.38 | 687.22 | 0.23 | —0.05 | —0.20
2 01 28.84 | 19.38 | 687.22 | 0.34 | —0.08 | —0.31
3 02 —6.94 | 2148 67781 020 | —045  0.04
4 02 —6.94 | 2148 67781 | 046 | —0.86 | 0.20

®6 BIATMERENBRESTINAEERE
Table 6 Comparison of measured displacement value and predicted
displacement value at the loading end under different working
conditions

T | T SEE/mm Tt {E/mm s
F5 45 AX AY AZ AX AY AZ &
1 01 0.23 | -0.04  -0.17 | 0.23 | —0.05 | —=0.20 | 6.58
2 01 0.31 | —-0.08 | —0.29 | 0.34 | —0.08 | —0.31 | 6.84
3 02 | 0.18 | —0.42  0.05 | 0.20  —0.45 | 0.04 7.62

4 02 | 049 | -090 | 0.17 | 046 | -0.86 | 0.20 | 8.25
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