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Effect of Residual Stress on Fatigue Strength in Resistance Spot Weldment

Young-Soo Yang, Kwang-Jae Son, Sung-Kyu Cho, Seok-Gil Hong,
Sun-Kyun Kim and Kyung-Hwan Mo
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Abstract

Estimation of fatigue strength on the spot welded joint is very important for strength design of spot welded
steel sheet structures. In this paper, the effect of residual stresses on the fatigue life of resistance spot
weldment was studied. Residual stress fields of weldment were calculated by using thermo elastic plastic
finite element analysis and equivalent fatigue stress considering residual stress effect was obtained. And then
we predicted fatigue life, which included the effect of the residual stresses and the actual loading stresses. The
calculation and experimental results were in good agreement. Therefore, the proposed calculation model can
be considered to be sufficiently powerful for the prediction of fatigue life.
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Table 1 Welding conditions and nugget, HAZ size of

specimens
: : 3-layer weldin
Weld Jlaye Yy g
~Jvelding | Tlayer welding | (o 50 G pras.
Condition (SHCP40-SHCP40) SHCP40)
Current(A) 8,000 11,500
Time(cycle) 14 7 14
!
Foree(kgy) 350 350
Nugget(mm) 5.2 : 6.1
=
HAZ(mm) 6.6 7.1
1

Table 2 Fatiguc test conditions

Specimen | Tensile-Shear Cross-Tension
Control 2-layer welding | 3-layer welding

Control method Load control Load control

Load ratio 0(0/tension) 0(0/tension)
Frequency 30Hz 15Hz
Wave form Sine curve Sine curve

Fatigue limit 1.0x10%ycle 1.0x10%cycle
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Table 3 Equivalent uniaxial fatigue stress and fatigue life of tensile-shear test
R Equivalent uniaxial fatigue
Applied Number of cycles stress(kfymm?)
load
(key) Calculated Calculated Calculated Calculated
Experiment | with residual | without residual | with residual | without residual
stress effect stress effect stress effect stress effect
170 4.17x10° 1.34x10° T 2.89x10° 23.73 12.35
2.45%10°
200 e 7.41%10° 4.64x10’ 24.96 1443
3.33x10°
437x10°
250 S— R 2.64x10° 3.69x10° 27.24 17.90
6.17x101
300 1.45x10* 1.05%x10* 5.82x10° 29.48 20.94
350 7.04x10° 4.47x10° 1.25x10° 31.69 23.87
400 - 1.85x10° 2.70x10* 34.16 27.20
450 - 1.00x10° 6.60x10" 36.00 30.66
500 - 2.80x10° 1.03x10° 40.11 35.92
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Table 4 Equivalent uniaxial fatigue stress and fatigue life of cross-tension test

Equivalent uniaxial fatigue
Applied Number of cycles stress(kfymm?)
load
(kgy) Calculated Calculated Calculated W Calculated
Experiment | with residual | without residual | with residual | without residual
stress effect stress effect stress effect stress effect
50 1.12x10° 4.05%x10° 2.18x10° 17.75 10.40
70 5.29x10° 1.71x10° 1.5%10° 19.11 13.06
100 1.57x10° 1.35x10° 1.77x10° 23.72 19.05
150 7.08x10° 2.79x10* 1.90x10° 27.12 23.03
200 - 7.90x10° 6.07x10° 30.19 30.88
250 4.91x10° 9.53x10° 7.95%10° 36.12 36.71
600

Load(kgp)
(9%}
(=)
<

200
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Fig. 8 Experimental and calculated fatigue life for tensile-shear specimen
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Fig. 9 Experimental and calculated fatigue life for cross-tension specimen
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