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Deformation Analysis and Numerical Simulation of Riveting Process for
Aircraft Thin-Walled Parts
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(School of Mechanical Engineering, Northwestern Polytechnical University, Xi” an 710072, China)

[ABSTRACT] Riveting is the most common method of assembling aircraft thin-walled parts. It is important to efficiently
analyze and estimate the deformation of the riveting joint for the performance, fatigue durability and damage of the rivet-
ing structure in the aircraft. This paper researches riveting deformation using theory analysis and numerical simulation, and
the distribution of stress and strain on the joint surface. Firstly, the finite element model is established and validated by the
relationship between riveting force and formed head dimension. Secondly, the riveting process is divided into six stages ac-
cording to deformation characteristics and plastic flow of materials. Finally, the effect of squeeze force on rivet hole expan-
sion and the distribution of stress and strain on the joint surface have been studied. The results indicate rivet hole deforma-
tion increases with force and uneven deformation occurs along the thickness direction of joint parts, and the scope of joint
surface under the compressive stress state is extended, which enhances the fatigue performance of riveting structure, but the
range is limited.
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Fig.1 Schematic diagram of riveting model
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Fig.2 Stress—strain curves of material
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Fig.3 Mesh generation, boundary conditions and contact settings
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Fig.4 Change of formed head dimension before and after riveting
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Fig.5 Relation between riveting force and formed head diameter

by
=}

40 -

—u— PR
—e— FE 54

35 F

30 -

3k EE fmm

&7

25 r

4

20

151

6 é 1IO 1I2 1I4 1I6 1I8 iO 2IZ I24
B3 kN
E6 #MEHSHLBREXR
Fig.6 Relationship between riveting force and formed head height
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Fig.7 Force analysis of every stage in riveting process
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Fig.8 Radial deformation of rivet hole along axial direction
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Fig.9 Radial deformation of the riveting joint section
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Fig.10 Hoop residual stress distribution at the mating surface

12 14 16 18 20 22

FRAY ) IMPa
|
2

|
(3]
S
(=]
T

-250 1 1 1 1 1 1 1 1 1 |
2 4 6 8§ 10 12 14 16 18 20 22
L E /mm

E11 HEEERERENNE
Fig.11 Radial residual stress distribution at the mating surface
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Fig.12 Hoop strain distribution at the mating surface
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Fig.13 Radial strain distribution at the mating surface
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