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Abstract

The fatigue crack initiation life is studied on automotive tensile-shear spot weldment made from cold
rolled carbon steel(SPC) sheet by using DCPDM and local strain approach. It can be found that the
fatigue crack initiation behavior in spot weldment can be definitely detected by DCPDM system. To
predict the fatigue life of spot weldment, the local stresses and strains at the potential critical region
are estimated by approximate method based on Neuber's rule and elastic-plastic FEM analysis. A
satisfactory correlation between the predicted life obtained from Local strain approach based on
Neuber's rule and experimental life can be found in spot weldment within a factor of 2.
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Table 1 The chemical compositions and mecha-
nical properties of base metal
(a) Chemical compositions (Fe bal.)

C Si Mn P S Ni Al
0.043 | 0.019 | 0.424 | 0.079 | 0.007 | 0.026 | 0.047

(b) Mechanical properties

Tensile . Young's . )
Strength Elo?éa)tlon modulus Ir’aotxiis((\),n ?
(MPa) ° (GPa)

296.84 56 194 0.3

Table 2 The spot welding conditions

Welding | o 4o | Squeeze | Welding | (o ding
current fOI‘CC(k ) time time time
(kA) 81 (cycle) | (cycle)
8 250 30 15 10
—
L
T I B
‘
) [ l 1
T L g
T t |
L L L
L : 100mm C : Spot welding center
T : LOmm (Thickness)
W : 30mm

Fig. 1 The schematic diagram and dimensions of
spot welded fatigue test specimen
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Fig. 2 Schematic diagram of fatigue test and
DCPDM system
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Fig. 3 DC potential drop curves with applied
loads in spot weldment
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Fig. 4 Fatigue crack initiation behaviors in
spot weldment
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Fig. 5 The relationship between AP and number of
cycles to failure

Table 3 The cyclic stress-strain and fatigue
properties of SPC steel sheet

O'f’ , K'
b 5 c n' | K
(MPa) / (MPa) '

CaseA| 607 -0.09910.125} -0.4 | 476 | 0.12|7.76
CaseB|641.8|-0.11] 0.52 | -0.6 | 720.4) 0.18 | 7.76

Type
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Table 4 Local stresses and local strains obtained

by using Neuber's rule

(a) Case A
Nsot?;isl:il Local strain, ¢ L%C?MSIE;%SS’
Sy (MPa) | g | Ae /2 | Omax Om
25.1 0.001124| 0.000503| 173.96 | 76.74
32.7 0.001679| 0.000661| 197.68 | 72.24
49.0 0.003280| 0.001086| 227.24 | 55.73
65.3 0.005377| 0.001675] 246.17 | 48.62
980 |0.010940] 0.003280] 272.37 | 45.13
(b) Case B
Nominal | Local strain, € Lacal stress,
Stress, ’ 0 _(MPa)
Sv (MPa) | e | Ae 2| Opax Om
25.1 0.001167) 0.000509} 167.58 | 71.52
32.7 0.001704| 0.0006801 194.82 | 72.87
49.0 0.003176| 0.001129| 234.66 | 69.62
65.3 0.005038| 0.001700} 262.73 | 68.07
98.0 0.009814) 0.003176| 303.75 | 69.10

Table 5 Local stresses and local strains obtained
by using elastic-plastic FEM analysis

Ns(:lrzisg?l Local strain, ¢ L%C%VISIE;%SS’
Sy (MPa) | e | Ae 2| Opma Oy
25.1 0.000948| 0.000502| 145.99 | 48.58
32.7 0.001391| 0.000654| 172.69 | 45.79
49.0 0.002744; 0.000914| 221.83 | 77.90
65.3 0.005265| 0.001389| 257.51 | 84.99
98.0 0.0232301 0.002744 | 334.13 { 112.3
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(a) Finite element model

(b) Deformed shape & equivalent stress contour

(¢) Equivalent plastic strain contour in sectioned
nugget region

Fig. 6 The finite element model, deformed shape
and contour
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