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Research on assembly accuracy prediction of complex products
considering rough surfaces
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Abstract: Given that the impact of rough surfaces on assembly accuracy had been insufficiently considered in the
existing assembly accuracy prediction for complex products, leading to inaccurate precision prediction and limited
practical assembly applicability, an assembly-accuracy prediction method considering rough surfaces was proposed.
Firstly, an assembly-accuracy information model was constructed to express mating feature, geometric tolerance, and
roughness information. Based on the model, an assembly-precision knowledge graph was constructed. Secondly, a
geometric-tolerance representation model was established based on the Small-Displacement Torsor (SDT) theory; a
simulation method for rough surfaces of plane and cylindrical parts as well as a determination method of SDT
expressions were studied. Thirdly, the error-propagation path of the assembly was determined according to the assembly

sequence, and a pose-relationship graph for the assembly was constructed. Then, the assembly-precision prediction was
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achieved using a Jacobian-torsor model. Finally, the feasibility of the method was verified using the crank-connecting-rod

mechanism of a specific construction-machine model as an example. The simulation results demonstrated that the method

could achieve accurate assembly-precision prediction and provided valuable guidance for practical assembly operations.

Keywords: assembly accuracy prediction; rough surface; knowledge graph; small displacement torsor; Jacobian matrix
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Table 1 SDT Expression for geometric tolerances
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Fig. 16 s1P3 rough surface simulation
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Table 3 SDT expression of rough contact surface

P T A [t SDT iz

sIP1-s1P2 FEHRC & [-0.1157 —-0.2483 0 -0.0461 -0.0232 0]  x10~°
s2P1-s1P3 PR & [0 0 0.1302 0.0316 -0.1455 0]" x107
s2P3-s1P2 MR & [<0.1206 —0.2357 0 —0.0391 —0.0209 0]" x107?
s3P3-s1P4 FEHRC & [-0.156 -0.2195 0 -0.0396 -0.0301 0] x10~°
s1P4-s1P5 FET R A [-1.498 —0.653 0 -0.0511 —0.0326 0] x107
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