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Fatigue Life Optimization of Dissimilar Light Metal Riveted Joints Considering Rivet

Position Uncertainty

NI Zhengshun, GAO Tong, WEN Changxing, LEIJie, WANG Liuping, MI Chengji, TANG Jiachang
( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China)

Abstract: For the effect of rivet position coordinates on the fatigue life of riveted joints, Single row replacement
method for life optimization of riveted joints. First, in this paper, monotonic tensile and fatigue tests are conducted on
aluminum alloy self-piercing riveted joints, thus obtaining S-N curves by fitting the test data. Then a finite element
model of the self-piercing riveted structure is established, with a mechanical analysis of the riveted joints under cyclic
loading to be carried out by Abaqus to study the effect of the riveting point position on the mechanical properties of
the riveted joints. Finally, taking coordinates of the riveting point as design variables and the fatigue life of the riveted
structures as optimization objective, the coordinates of the maximum fatigue life of riveting joints can be obtained by a
global optimization based on the single row replacement method, which provides a reference for technicians to carry out
the design of riveting joints.
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Table 1 Main chemical composition of heterogeneous light metals

%

AL Cu Mn Mg Cr Ti Si Fe
6061 0.15~0.4 0.15 0.8~1.2 0.04~0.35 0.15 0.4~0.8 0.7
5052 <0.10 <0.10 22~28 <0.10 0.15~0.35 - <025 <0.40
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Fig. 1 Geometric dimensions of the specimen
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Table 2 Riveted joint mechanical properties parameters

MoK WP/ (kgmm™)  BEPERCE /GPa  JARAEL
6061 454 2.75x107° 6.89 x 10 0.33
5052 454 2.68x107° 6.93 x 10 0.33

36MnB4 &4 7.87x107° 2.09 x 10° 0.28
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Fig. 3 Riveted joint stress-strain curve
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Table 3  Fatigue test results of riveted joints

IR /N AR RS /N Fi [ IR
33500 8352 22750 8352
33250 18 654 22 500 18 654
33000 27 548 22250 27 548
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Fig. 4 Riveted macroscopic failure mode
M50 T 45 54088 7E Origin hEATHLG, 155
BIEASA I 57 50 BE 5 5w H 2R AN 18T 5 i

210

W N
— WAz,

160+

150+

140

0 20000 40000 60000 80000 100000
NIK

B 5 SNz
Fig. 5 Specimen S-N curve

XFFIRPERIR, 9597 20T LIFRR R
n; R
ZD!'_ZN (1)

iJ

e DA n AN EEFRRL I T TR AL
N, AR SIS S-N 23 1 i3 (9% 55
FF Ao

MRS 1, PR A ST IR



5 434

MRIENT, &5 B VE AL B AN ) S R o S A S e 5 A LA 31

3 WhEESESE Fa T
31 MBS IRTTSE

1 I 5 S0 VT BRI 20 BT R B
LG L BIVET 2 S50 o DA TR 0T i e
BVETIERE . (R0 A SCRRA S0 VT MR A
RSO T 420 VR B 1 U5 2R S B B S A
BOCHOR, P 6 R (ROT2H0, AhRISA A 1
FR)

6 HlEESLHRTER
Fig. 6 Finite element model of riveted joints
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Table 4 Rivet position coordinates

X y X y
-5 10 1
-1.67 5.0 -8.33 1.67

8.33 8.33
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Table 5 Fatigue life of riveted structures

x y S/MPa NIK

-5 10 327.4 11 495
-1.67 5 126.8 103 074
8.33 8.33 322.4 11910

5 1 153.6 60 144
-8.33 1.67 130.5 95 925
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Table 6 Optimization results
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Fig. 9 Stress nephogram of the riveted structure after
optimization
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