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Research on Assembly Accuracy Analysis Integrating Surface Profile Errors
of Part and Force-Induced Deformations

YANG Yitao, ZHAO Qianggiang, HU Xiaokun, YU Dewen, LI Xiaohu, HONG Jun
(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

[ABSTRACT] Assembly accuracy is crucial to the working performance of precision machinery, which is affected by the
surface profile errors of parts in the manufacturing process and deformation under the action of assembly force. Hence, this study
proposes an assembly accuracy analysis method that integrates the surface profile error of parts and deformation under force.
Firstly, a small-displacement torsor model is used to model the pose error and a shape error model is constructed by combining the
basis function superposition method, and a comprehensive surface error model is established by introducing a Gaussian function
to generate random noise. Subsequently, a finite element method is used to analyze deformation of parts under force conditions
and its influence on assembly pose, and non-uniform rational B-splines (NURBS) are used to fuse and reconstruct the surface
shape and part deformation, generating a surface model of the part that simultaneously considers the surface profile error and force
deformation. Finally, based on this model, the fit state between surfaces is evaluated by combining the nearest projected point
method, and the assembly accuracy is then calculated by an optimization algorithm. The results of 1000 simulation experiments
on planar bolted joints and interference fits of column surface show that different assembly forces or overloads affect the final
assembly accuracy; the proposed method is able to carry out effective evaluation and provide guidance for actual assembly.
Keywords: Assembly accuracy; Error model; Non-uniform rational B-splines (NURBS); Part deformation;

Surface profile (4% dhm)

(EEF 113 W)

Assembly Error Analysis and Control of Thin-Walled Cylindrical Parts in
Flight Section of Aircraft

JIN Herong', SUN Zhongrui', HAN Xueyan®, CAO Zichen’, Y1 Yali’

(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China;
2. Engineering Training Center, Yanshan University, Qinhuangdao 066004, China)

[ABSTRACT] The assembly accuracy of thin-walled cylindrical parts in flight section of the aircraft is affected by multi-
dimensional factors. As the initial source of assembly deviations, geometric errors directly influence the error transmission and
accumulation characteristics of the assembly chain, serving as the foundation for systematic error modeling and regulation.
This paper proposes an assembly error analysis method for thin-walled cylindrical parts based on small-displacement torsor
theory. By mathematically modeling the geometric tolerances of key features of thin-walled cylindrical parts using small-
displacement torsor theory and characterizing assembly deviations with homogeneous transformation theory, an assembly
error propagation model for thin-walled cylindrical parts is established. The Monte Carlo method is employed to calculate
and verify the qualification rate of assembly gradients through a combination of numerical computation and simulation
analysis. The results show that the qualification rate obtained from simulation analysis differs by merely 1.25% from the
theoretical calculation, validating effectiveness of the proposed model. By adjusting the tolerances of key assembly features,
the qualification rate of thin-walled cylindrical parts assembly is improved from 90.90% to 99.90%. The theoretical method
proposed in this study provides a reliable theoretical basis and practical reference for engineers in tolerance design.
Keywords: Tolerance modeling; Homogeneous transformation; Thin-walled cylindrical parts; Monte Carlo;

Assembly gradient (£t% fnm)
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