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Accumulated Transmission and Evaluation Method of Assembly Coordination Error Considering
Process State Change for Aeronautical Thin-Walled Structures

ZHANG Shuo', JIA Zhixin', ZHANG Hui’, BAO Qiangwei', GUO Feiyan'
(1. University of Science and Technology Beijing, Beijing 100083, China;
2. Shenyang Aircraft Industrial (Group) Co., Ltd., Shenyang 110850, China)

[ABSTRACT] For the problems such as high uncertainty in assembly accuracy transmission and post-assembly forced
alignment by the current assembly coordination methods that are mainly based on geometric quantity control, this study
investigates the cumulative transmission mechanism and quantitative evaluation methods of assembly coordination
errors that incorporate the practical error state. Firstly, the deformation during the assembly process of aeronautical thin-
walled parts was analyzed, and an error transmission path model for flexible assemblies was constructed based on the
symbolic matrix of flexible mating surfaces. Secondly, based on the small displacement torsor theory and homogeneous
transformation theory, an initial deviation transmission calculation matrix was constructed. By obtaining the multi-physical
field coupling deviation in real-time, the deviation transmission factors were dynamically updated during the assembly
process and the transmission calculation matrix was corrected to accurately calculate the assembly error. Furthermore,
with the help of the stability entropy function, a comprehensive evaluation system was established with the assembly error

value as the leading indicator, and the local entropy value as the additional indicator, and the accurate evaluation of the
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cumulative error state on the thin-wall surface could be achieved. Finally, a wing-box structure was taken as an example for

verification, and the improvement of the assembly quality was achieved significantly.

Keywords: Aeronautical thin-walled parts; Error transmission path; Coordination error; Transfer calculation matrix;

Quantitative evaluation
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Table 1 Error torsor model and constraint inequality for typical geometric features
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Table 2 Error transmission properties and symbol representations of various flexible mating surfaces
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Fig.4 Mechanism for updating the deviation transmission
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calculation matrix of physical deformation under fusion assembly
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Fig.5 Evaluation process of surface shape error of actual flexible

components
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Fig.6 Position and vector of convex points on the skin surface
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Fig.7 Overall structure and assembly features of wing box
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Table 3 Outline dimensions, tolerance information, and material

properties of wing box components

LA 37

FiF LA %}g@{%

{5 B/mm
b FEEMRZERZ | 1500x 1200x 5 | TSOOE &K | +0.10
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R 1200 x 680 x 10 FRARG 4 +0.10
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Fig.8 Structure and adjustment function description of a wing box assembly tooling
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Fig.9 FFSS matrix of wing box assembly
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Table 4 Measuring equipment involved in wing box assembly

M E A WHSH
HFEZ 20 m;
BOEHRERL FEEE#) 0.02 mm;
JFHI £ /N T 80°
INHE LIRS 2 5000 N

F5HE 0.0254 mm;
T 5] BT ] 20.32 mm;
WMIHEEFr 2275 20.32 mm
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PHE i 22 1 1 R

2 R 22 15 12 DI TR (X C6)), K45 %
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Table 5 Comprehensive entropy evaluation results of four actual
surface states of the upper wall panel skin

SEpREE | BREE | KIR1ARE | XAk | IXIBBAONE | XIS
ERE | Hy His Hyg Hiyg H,g

PCF1 | 0.8712 | 0.8385 0.9386 0.8451 0.8604
PCF2 | 0.7303 | 0.6472 0.8426 0.7151 0.7264
PCF3 | 0.7421 | 0.7549 0.8141 0.7444 0.7786

PCF4 | 0.8181 0.7803 0.8634 0.7946 0.7852
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Fig.10 Comprehensive evaluation result curves of upper wall panel
skin under four assembly paths
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Table 6 Tolerance information of wing box components before and
after feature point adjustment mm
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Fig.11 Simulation analysis results of wing box upper panel assembly
deviation before and after single and comprehensive adjustment
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