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Fatigue Life Prediction for Resistance Spot Weldment of Aluminum Alloy Sheet
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Abstract

The fatigue life is predicted on tensile-shear spot weldment made from Al-Mg alloy sheet with thickness of 0.8mm
using Mitchell's method and uniform material law by Bzumel and Seeger based on local strain approach. The fatigue
properties of critical HAZ region are estimated from the tensile property using simple hardness method. To predict the
fatigue life of spot weldment, the local stresses and strains at the potential critical region are estimated by Neuber's
rule. The predicted fatigue life based on uniform material law using HAZ's material properties provides good results
within a factor of 3, conservatively.
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Table 1 The chemical compositions and mechanical
properties of base metal

(a) Chemical compositions (wt. %)

Si Fe Cu Mg Cr 7n Ti Al

0.1110.12]0.18 | 456 | 0.04 ; 0.01 | 0.01 | bal.

(b) Mechanical properties

Tensile Bl . Young's Poisson’s
strength, 0y an(z%;l)on modulus, £ ratio, v
(MPa) ' (MPa) '
275.38 26 70,560 0.3

Table 2 The spot welding conditions and nugget

diameter
Welding |Electrode| Squeeze | Welding | Nugget
current force time time diameter
(kA) (kg) (cycle) | (cycle) (mm)
22 252 4 6 5.5
235
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Fig. 1 The schematic diagram and dimensions of
spot welded fatigue test specimen (L=100
mm, W=40mm, T=0.8mm, C=Nugget)
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Fig. 2 Distribution of Vicker's hardness for 0.8t Al
alloy sheet spot weldment
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Table 3 The cyclic stress-strain and fatigue properties
of Al alloy sheet spot weldment

Type

O'f’
(MPa)

’

&r

K’
(MPa)

Method

B.M|620.38|-0.1089| 0.4

-0.6

732.710.1816
8.05

HAZ{ 528.35(-0.1268| 0.4

-0.6

641.221 0.2113

Method

B.M]|459.88] -0.095

0.35

-0.69

531.41| 0.1377
8.05

HAZ| 306.29| -0.095

0.35

-0.69

353.93| 0.1377
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Fig. 3 3-dimensional finite element model
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Table 4 Local stresses and local strains of Al alloy
sheet spot weldment from method A
based on Neuber’s rule

(a) Using base metal material property

zAe] AAELE ol &sk= A7t o =A e
. o8& AL Table 52 method BE A&A17]
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Table 5 Local stresses and local strains of Al alloy
sheet spot weldment from method B based
on Neuber’s rule

(a) Using base metal material property

Local stress,

Max./Min.
o (MPa)

nominal
stress,
Sy (MPa) | Emax

45.9/4.59 | 0.00734
42.9/4.29 | 0.00662
39.8/3.98 | 0.00593
36.8/3.68 | 0.00527
33.7/3.37 | 0.00465
30.6/3.06 | 0.00407
27.6/2.76 | 0.00353
24.5/2.45 | 0.00303
21.4/2.14 | 0.00258
20.1/2.01 | 0.00239

Local strain, e

Ne/2 O max Om

0.00247
0.00228
0.00210
0.00193
0.00175
0.00159
0.00142
0.00126
0.00110
0.00103

263.80
255.16
245.75
235.53
224.20
211.60
197.56
181.62
163.60
154.92

105.00
105.37
105.42
104.98
103.83
101.69
98.27
93.18
86.12
82.32

Mr?o);h/ilr\ﬁ?. Local strain, e Lofja(lﬁlgf)ss’
stress,

Sy (MPa) | Emax | NE/Z | Omx | Om
45.9/4.59 | 0.00775| 0.00244 | 250.13 | 89.57
42.9/4.29 | 0.00693 | 0.00226 | 243.69 | 92.19
39.8/3.98 | 0.00615 | 0.00208 | 236.55 | 94.72
36.8/3.68 | 0.00543 | 0.00191 | 228.63 | 96.88
33.7/3.37 | 0.00475 | 0.00174 | 229.62 | 98.35
30.6/3.06 | 0.00412 | 0.00158 | 209.25 | 98.72
27.6/2.76 | 0.00354 | 0.00142 | 197.16 | 97.48
24.5/2.45 | 0.00302 | 0.00126 | 182.68 | 94.00
21.4/2.14 | 0.00255 | 0.00110 | 165.34 | 87.73
20.1/2.01 | 0.00236 | 0.00103 | 156.68 | 84.00

(b) Using HAZ material property

(b) Using HAZ material property

Mr?g;ﬁg{l' Local strain, & Lo;a(ll\zg:)ss. Mﬁ;}é 11\1/[;? Local strain, & Lo%a(llvitage)ss,

S MPa) | Emax | A2 | Owa | O v P | Ems | Ae/2 | Omw | om
45.9/4.59 | 0.00895 | 0.00278 | 216.58 | 75.36 45.9/4.59 { 0.01063 | 0.00289 | 182.20 | 46.26
42.9/4.29 | 0.00804 | 0.00254 | 209.92 | 75.06 42.9/4.29 | 0.00946 | 0.00261 | 178.48 | 47.21
39.8/3.98 | 0.00718 | 0.00230 | 202.78 | 74.77 39.8/3.98 | 0.00834 | 0.00234 | 174.45 | 48.44
36.8/3.68 | 0.00636 | 0.00208 | 195.19 | 74.44 36.8/3.68 | 0.00730 | 0.00209 | 170.09 | 49.99
33.7/3.37 | 0.00558 | 0.00187 | 186.93 | 74.02 33.7/3.37 | 0.00631 0.00186 | 165.27 51.94
30.6/3.06 | 0.00484 | 0.00167 | 177.93 | 73.41 30.6/3.06 | 0.00539 | 0.00165 | 159.90 | 54.26
27.6/2.76 | 0.00415 | 0.00148 | 168.09 | 72.45 27.6/2.76 | 0.00454 | 0.00146 | 153.85 | 56.86
24.5/2.45 | 0.00351 | 0.00130 | 157.05 | 70.90 24.5/2.45 ] 0.00376 | 0.00128 | 146.78 | 59.39
21.4/2.14 | 0.00292 1 0.00112 | 144.59 | 68.42 21.4/2.14 | 0.00305 | 0.00111 | 138.33 | 61.24
20.1/2.01 | 0.00267 | 0.00105 | 138.50 | 66.89 20.1/2.01 | 0.00276 | 0.00104 | 133.96 | 61.61

KEGEEEE B20% 23, 20027 4 239
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