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Riveting force and riveting strength for aluminum alloy semi-hollow rivets
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(1. School of Mechanical and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. Institute of Robotics, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: For @2 mmx 10 mm semi-hollow rivets, the riveting force values were analyzed, and the automated riveting was achieved.
Then, the geometric parameters of the riveting process and the threshold formula for the riveting force of semi-hollow rivets were derived by
the theory of axisymmetric rotating thin shells and the plasticity theory, and the stress and shape changes of rivets during the riveting
process were analyzed by finite element method (FEM). Furthermore, the riveting process was divided into five stages, and the riveting
force simulation values for rivets with the diameters of @2, @4 and @6 mm were obtained. Finally, the experiments were conducted by the
robotic riveting system to measure the riveting forces of rivets with different specifications, the results were compared with the simulation and
theoretical calculation results. And it is found that the errors are all less than 5%. The tensile strength of the connected components were an-
alyzed by finite element software after riveting, and the results show that the tensile-shear forces for rivets with the diameters of @2, @4 and
@6 mm are 40, 100 and 150 N, respectively, indicating the high strength of the connected components and the good quality of riveting.
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Fig. 1 Rotating thin shell element
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Fig. 3  Effect of flanging radius on bending force (a) and membrane force (b)
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Fig. 13 Simulation results of tensile-shear force for semi-hollow rivets with different specifications
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Fig. 14 Tensile simulation results of riveted parts

(b) After tensile

geik [J]. MishldEAR, 2023, 66 (Z1): 26-37.

Cao Z Q, Zhang M H, Tan X C, et al. Overview of riveting tech-
nology for aviation composite structure [ J]. Aeronautical Manu-
facturing Technology, 2023, 66 (Z1): 26-37.

BT, 2 )2 M P R e 0 3 5 K 0 BT R A B A PR
[J]. SBEHA, 2022, 47 (4): 21-36.

Zhao X Z. Investigation on multi-layer plates by high performance

self-piercing riveting and rationality of rivet profile [J]. Forging &

A M

7

VR eE (T 4 (=07 2] B Ll 0 H B 1 YT [ 24 Y M1 B o FRL



H H o AU e S L L Rk TE i A R 2 =) 7 Bl Tl e

et

FFF AR

86

B & o R

5549 %

Stamping Technology, 2022, 47 (4): 21-36.

G, AR R P T ZHEAR [A] (RS 0E)
G, ORISR —— A B A A 2 AR B S0 S
(k) [c]. dbmt, 2017.

Cheng X X. A brief discussion on the process technology of riveting
[A]. Editorial Board of Technology and Business. Proceedings of
the Decision Forum-Academic Seminar on Innovation in Enterprise
Management Models ( Volume I) [C]. Beijing, 2017.

TIg¥, iy, BEM, . REREEE XY O e L
ST [J]. W%k T R, 2019, 26 (3): 104 -
112.

Wang Q L, Zhan M, Li H W, et al. Research on forming mech-
anism and process of double flaring tubes with large diameter and
thin wall [J]. Journal of Plasticity Engineering, 2019, 26 (3):
104-112.

Qiu XM, YuXH, Li YL, et al. The deformation mechanism
analysis of a circular tube under free inversion [ J]. Thin-Walled
Structures, 2016, 107 49-56.

Yu X H. Theoretical model of a metal tube under inversion over
circular dies [ J]. International Journal of Mechanical Sciences,
2016, 108-109. 23-28.

Bk BEIEHLE R B OB RS [D]. ®iL.
e RHE K%, 2007.

Luo Y H. Research on Deformation Mechanism and Forming Lim-
its of Tube Inversion [ D]. Wuhan: Huazhong University of Sci-
ence and Technology, 2007.

R, L, THEE, . 304 REWETL a0 EREg
FTRREVEREE MM [0, MM TRE224R, 2020, 27 (3): 65-
71.

Yang C, NiuY, Wang R J, etal. Analysis of riveting defects of
304 stainless steel flat head semi-hollow thick-walled rivets [J].
Journal of Plasticity Engineering, 2020, 27 (3). 65-71.
KpHe, E, W, % CFRP/AL & &40 BT FE4)
EB S E AT [J]. VEAL Tl K% %4, 2012, 30
(4): 558-564.

Song D L, Li Y, Luo B, et al. An effective mathe-matical mod-

(L3% 76 )

[16]

[17]

[19]

Da F P, Song W Z. Fuzzy neural networks for direct adaptive control
[J]. IEEE Transactions on Industrial Electronics, 2003, 50 (3):
507-513.

TRTFEY. P W KA S 1 T N A R K KA B AR
RGN ()], HLAR AR 24, 2001, 37 (9):
83-87.

Zhang X L. Neural network model reference adaptive control and its
application in the strip shape control system [J]. Chinese Journal
of Mechanical Engineering, 2001, 37 (9). 83-87.

MEIR , THESE, kM, %. ST Matlab W RGHT 5%0H—
KM ZR g [M]. 4%, P92 7RH AT A, 2001

Lou ST, Hu C H, Zhang W, et al. System Analysis and Design
Based on Matlab—Fuzzy System [ M].
Press, 2001.

WaAh, WIEUH, BRI, BT E IS NSO A 2 ) 2% 4 ) g ) 1

Xi'an: Xidian University

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[20]

[21]

[22]

eling for and simulation analysis of flush rivet pressing force of
CFRP/AI components [J]. Journal of Northwestern Polytechnical
University, 2012, 30 (4): 558-564.

R, D24, XA, % GFRP 58 & 68 REH0
FEMT LS55 (1], FAME T Z, 2020, 50 (3):
23-217.

Zhu Y R, Ma X H, LiuD P, et al. Low damage riveting process
parameters of multi-layer consisting of GFRP composite and alumi-
num alloy [ J]. Aerospace Materials & Technology, 2020, 50
(3): 23-27.

AR, RE, ETHR R FREN T RS Tk
TR S50 (], BURALS), 2004 (5): 59-61.

Liang Z G, Wu CY, Wang N X. Stress analysis of rotating thin
shell parts under axisym-metric load [J]. Journal of Mechanical
Transmission, 2004 (5): 59-61.

Jiang H, Gao S, Li G Y, et al. Structural design of half hollow
rivet for electromagnetic self-piercing riveting process of dissimilar
Materials & Design, 2019, 183 108141.

Chen C, Wu J L, Li HJ. Optimization design of cylindrical rivet
in flat bottom riveting [ J]. Thin-Walled Structures, 2021, 168
(21): 108292.

Yang Z, Jiang RS, Zuo Y J. Riveting damage behavior and me-

materials [J].

chanical performance assessments of CFRP/CFRP single-lap gas-
ket-riveted joints [ J]. Engineering Failure Analysis, 2023,
149. 1-17.

KRB, FEWTE, 2N, S5 AL AR E SR
T AR NI RIS [J]. BOREOR S ey, 2022
(11) . 75-81.

Song QF, DuY ], LiZ G, et al. Research on riveting quality de-
tection method of box-like metal work-pieces based on machine vision
[J]. Instrument Technique and Sensor, 2022 (11). 75-81.

g, W, BOEEL, 4 MLI0 SENET s RES Rk 2
REBTSE [J]. MBMETARAH, 2021, 28 (3): 92-97.

Hu X, Tan Y A, Duan C Q, et al. Study on mechanical properties
of electromagnetic riveted joints with ML10 steel rivets [J]. Journal of
Plasticity Engineering, 2021, 28 (3): 92-97.

GEHARL [J].
93, 208.

HEHL TS, 2015, 51 (18): 90—

Meng J, Hu Y Z, Chen X. Network control system based on adap-
tive fuzzy neural network controller [ J]. Computer Engineering
and Applications, 2015, 51 (18):. 90-93, 208.

WRIEDS, Rk, Do, T R0MI o 25 190 2% i IR BE 42 ) 3R 452
e [J]. LS EFE TR, 2010, 38 (7): 54-57.

Chen B F, Yin P L, Ma L. Research on fuzzy neural networks for
temperature control system [J]. Computer & Digital Engineering,
2010, 38 (7). 54-57.

WEYL, %, EIH, % Ak (M]3 b
2 ERRAEIMAL, 2017

Xiu G K, Zhang T, Wang J, et al. Principles of Automatic Control
[M]. Third Edition. Beijing: Tsinghua University Press, 2017.
HB 5936—2011, EHMHRC [S].

HB 5936—2011, Marking of parts and assemble [S].



