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Assessment of Fatigue Life on Curved Self-Piercing Rivet Joint Specimen

Min-gun Kim*, Seok-Swoo Cho’, Dong-youl Kim"™

i Abstract |

One of methods that accomplish fuel-efficient vehicle is to reduce the overall vehicle weight by using aluminum
structure typically for cross members, rails and panels in body and chassis. For aluminum structures, the use of Self
Piercing Rivet(SPR) is a relatively new joining technique in automotive manufacture. To predict SPR fatigue life,
fatigue behavior of SPR connections needs to be investigated experimentally and numerically. Tests and simulations
on lap-shear specimen with various material combinations are performed to obtain the joining strength and the fatigue
life of SPR connections. A Finite element model of the SPR specimen is developed by using a FEMFAT SPR
pre-processor. The fatigue lives of SPR specimens with the curvature are predicted vsing a FEMFAT 4.4e based on

the liner finite element analysis.
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Fig. 1 Geometry of lap-shear specimen

Table 1 Mechanical properties of materials

Material properties
Material Oys Trs E S
(MPa) (MPa) (GPa) (%)
5132 130 264 74 33
SPC 160 340 210 40
SPCC 143 394 210 38
SAPH 284 480 206 33

oyg ¢ Yield Strength
og : Ultimate Strength

E : Young’s modulus
6 : Elongation

Table 2 Combinations of specimens

Material Sheet
Series thickness(mm) | Remark
Punch | Die | Punch | Die

A 5J32 5132 1.0 1.0 Same
B 5132 SPC 1.0 1.0 Different
C 5J32 | SPCC 1.0 0.8 Different
D SPCC | 5132 0.8 1.0 Different
E 5132 | SAPH | 1.0 23 Different
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Table 3 Load conditions of fatigue test

Series Meam Load | Amplitude | Fatigue Life
(N) N) (Cycle)
1 539 441 842,346
A 2 647 529 270,286
1 598 490 1,123,417
B |2 676 549 326,868
3 755 617 206,932
1 645 529 173,117
c 2 755 617 72,083
D 676 549 739,703
E 1078 882 72,545
Punch side Die side

Series A

Series B

Series C

Series D

Fig. 2 Tested lap-joint specimens indicating the mode
of failed rivet(fatigue test)
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Fig. 3 Plot of load vs. failure cycle for fatigue test
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(a) Singular deformation behavior of regular DC specimen
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(b) Stress results in the joint area before preprocessing for different FE-mesh size and quality

Fig. 4 Influence of one-dimensional beam or rigid elements
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Table 4 Young’s modulus of SPR lap-shear specimens

T

) Material Young’s Modulus [MPa]

Series Punch-side Die-side Punch-side Die-side MAT 1 MAT 2 Beam MAT
A 5132 5132 74000 74000 2960000 444000 6108.92
B 5J32 SPC 74000 210000 2960000 444000 7520.17
C 5132 SPCC 74000 210000 2960000 444000 5975.73
D SPCC 5132 210000 74000 8400000 1260000 5975.73
E 5J32 SAPH 74000 206000 2960000 444000 23293.20
F SPC SAPH 210000 206000 8400000 1260000 22057.3
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Fig. 7 Von-Mises stress contour of SPR specimen
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Table 5 Load conditions of fatigue analysis

Amplitude(N) [Mean Load(N)| Stress Ratio
450 550
594 726
Series A 765 935 0.1
990 1,210
1,350 1,650
450 550
495 605
Serics B 585 715 0.1
675 825
765 935
360 440
Series C 40 530 0.1
540 660
585 715
450 550
495 605
Series D 540 660 0.1
585 715
675 825
450 550
Series E 675 825 0.1
900 1,100
1,350 1,650
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