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Fatigue Life Evaluation of Spot Weldments of SPC Sheet
Including Strain Rate Effect
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Abstract : A methodology is described for predicting the fatigue life of the resistance spot weldment including strain
rate effect. Because it is difficult to perform a physical failure test with high strain rate, an analytical method is
necessary to get the mechanical properties of various strain rate. To this end, quasi-static tensile-shear tests at several
strain rate were performed on spot weldments of SPC. These test provided the empirical data with the strain rate. With
these resuits, we formulated the function of fatigue life prediction using the lethargy coefficient which is the global
material property from tensile test. And, we predicted the fatigue life of spot weldment at dynamic strain rate. To
confirm this method for fatigue life prediction, analytical results were compared with the experimental fatigue data.

Key words : Lethargy coefficient(+-7] # 7| 5*), Spot weldments(3 8% %), Quasi-static tensile-shear test(F 4 <1
- A A E), SPC(L ¥y A7), Strain rate effect(H & &< = & 7)), Fatigue life(3 25~5)

Nomenclature k : boltzmann constant (k.J/mole-K')
I : gauge length (mm )
. . kJ mm )
Y t lethargy coefficient (——— —+—) I,  length of specimen (mm )
e : strain rate (sec” ') N - fatigue life (cycle )
. t, : life coefficient (sec)
€, : rupture strain

: experimental constant to rupture time

Q-

: stress rate (MPasec ') .
t iru time
o, : rupture stress (MPa ) v pture (sec)
- t,, : static rupture time (sec )
o : mean stress (MPa )
- . t : dynamic rupture time (sec
o : alternating stress (MPa ) srd y P (sec)
. . T : absolute temperature (&)
: dynamic rupture time constant (sec) X )
U, : bonding energy (kJ/mol
f : frequency (Hz ) 0 & gy (k//mole )
14 : cross head speed (mm/sec)
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Table 1 Chemical compositions of SPC
C Si Mn p S Ni Al Fe
43 19 424 79 7 26 47 Bal.
Table 2 Mechanical properties of SPC
Tensile stress Yield stress Elongation
(MPa) (MPa) (%)
3724 196 40
Table 3 Welding conditions of spot weldment
Welding | Electrode | Squeeze Welding | Holding
current force time time time
(kA) (V) (cycle ) (cycle) (eycle )
10 2450 30 15 10
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I, 100mm ¢, : Spot welding center
to: 1.0mm wg: 30mm Lz 30 mm

Fig. 1 Spot welded specimen
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Fig. 3 The deformed specimen under quasi static tensile-shear
loading
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Fig. 4 Quasi-static tensile-shear test with strain rate 10™3sec™?
for spot weldment
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Fig. 5 Rupture force to strain rate when quasi-static tensile-
shear test for spot weldment
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g. 6 Rupture time to strain rate when quasi-static tensile-
shear test for spot weldment
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Fig. 7 Fatigue test life and prediction life for spot weldment
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Table 4 Input data to obtain lethargy coefficient -y and NV
for spot weldment .

T 300 & Uy 8.384 < 10~ * kJ/mole
to 107 Psec k 418.4 kJ/mole- K
t, 209 sec o, 178.9 MPa
a 4.5 b 3.6

10 H=
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Fig. 8 Life cycles to strain rate for spot weldment
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