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Prediction and analysis of thermal drift in large-scale tooling reference

points under non-uniform temperature field
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Abstract: In the digital measurement of aircraft assembly, the accuracy of large—size measurement field construc-
tion is highly dependent on the stability of the reference points laid on the tooling. The position of the reference
points of large—sized tooling is very susceptible to thermal drift due to changes in ambient temperature, leading to a
reduction in the accuracy of the measurement field or even failure. Therefore, this paper takes a combined large—
scale tooling as an example to construct a numerical model for predicting the thermal drift of the reference points of
large—scale tooling under a non—uniform temperature field ; constructs a proxy model for the thermal drift of the tool-
ing based on a large amount of thermal drift data obtained from the simulation of the aforementioned model using
BP neural network; and formulates a program for improving the accuracy of the measurement field based on the
aforementioned proxy model. The temperature and coordinate measurement data collected in the field at the refer-
ence points of the tooling are used to verify the validity and correctness of the proxy model to improve the accuracy
of the measurement field construction, and the temperature-coordinate drift data at the reference points obtained
from the model are compared and analyzed. The results show that the average relative errors of the simulation re-
sults are below 18%, and the average relative errors of the BP neural network results are below 26 % , which can el
fectively improve the measurement field construction accuracy.

Key words: large—scale tooling; non—uniform temperature field; reference points thermal drift; finite element simu-
lation; BP neural network
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Fig.9 The BP neural network structure

Bl BIL 35 AR AS B3040 TP Y 24 4 B R i 20 41
YE RN R BRAE MR . 8 T 80
FB A ACE |, 7E B 2 Sigmoid sREL; N T
fiff o 26 452 80 T 25 5 I Gk RN A Ak, 7 )2 4l R £k
PE Pureline pREL™ .

Fd BPARZ R LTI 25 R BE VAN S5
Table 4 BP neural network prediction result

accuracy evaluation parameters

% R’ MAE RMSE MRE
X 0.9901 0.0381 0.0733 0.0741
Y 0. 9854 0.0491 0.1005 0.2579
7 0.9878 0.0472 0. 0832 0.0835
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Table 5 Average lift of BP neural network
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Day  AX/mm AY/mm AZ/mm AX/mm AY/mm AZ/mm

H )/ PETHT

4.22  0.088 0.084 0.120 0.022  0.021 0.031
5.19  0.204 0.225 0.350 0.052  0.056  0.088
9.7 0.101  0.125 0.163  0.026  0.031  0.040
9.28 0.083 0.081 0.114 0.021  0.020  0.029

10.8 0.194 0.186  0.322 0.048  0.047  0.083
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