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o ATolxs Al AsAkE Al el A8Es Wi 9 A3l SPCC, SPCE, SPHES o= 7]s}e)
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+8s 1S A4S U3l o HuFgEoR DEAeE AErkete] el =47 (fatigue design criterion)
< A Hetarzt skl

Abstract: Cold and hot-rolled carbon steel sheets are commonly used in railroad cars or commercial vehicles such as the
automobile. The sheets used in these applications are muainly fabricated by spot welding, which is a type of electric resistance
welding. However, the fatigue strength of a spot-welded joint is lower than that of the base metal because of high stress
concentration at the nugget edge of the spot-welded part. In particular, the fatigue strength of the joint is influenced by not only
geometrical and mechanical factors but also the welding conditions for the spot-welded joint. Therefore, there is a need for
establishing a reasonable criterion for a long-life design for spot-welded structures. In this thesis, AP-N; relation curves have been
used to determine a long-life fatigue-design criterion for thin-sheet structures. However, as these curves vary under the influence of
welding conditions, mechanical conditions, geometrical factors, etc. It is very difficult to systematically determine a fatigue-design
criterion on the basis of these curves. Therefore, in order to eliminate such problens, the welding residual stresses generated during
welding and the stress distributions around the weld generated by external forces were numerically and experimentally analyzed on
the basis of the results, reassessed fatigue strength of gas welded joints.
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Fig. 1 Simulated model of various spot welded lap
joints
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Table 1 Specimen types and geometrical factors for stress
analysis and fatigue strength assessment

Joint Material (plate thickness) Nugget Plate Lapped
Type Diameter | width Length
Name Upper + Lower (mm) W (mm) | 2L{mumn)
1-1-TS | SPCC(0.81+3PCC(0.8) Qs 40 30
1-2-TS | SPCC(0.81+SPCC(1.2) a5 40 30
1-3-TS | SPCC(1.04+SPCC(1.0) a5 40 30
1-4-TS | SPCC(1.4SPCC(14) Q7 30 30
. ST & - 204050,
TS | 1.5-TS | SPCC(LGHSPCC(LE) | © 30 Oﬁégoo
1-6-TS | SPCC(L.6)/+SPCC(1.6} a7 50 30
1-7-TS | SPCC(L.6}+SPCC(1.6) a7 60 30
2-1-TS | SPCE(0.8)+SPCE(0.8) 5 50 30
2-2-TS | SPCE(0.8)+SPCE(1.6) Q5 40 30
2-3-TS | SPCE(1.2)+SPCC(1.2) o5 40 30
3-1-CT | SPCC(0.8+SPCC(0.8) as 50
3-2-CT | SPCE(1.4)+SPCE(1.4) a5 50
| 3-3-CT | SPCE(1.6)tSPCE(1.6) 05 50
T 3-4-CT | SPHE(2.6)+SPHE(2.6) as 50
3-5-CT | SPCE(1.0)+SPCE(1.0) 05 50

- TS . Tensile Shear type - CT .Cross Tension type

Table 2 Chemical composition of materials (wt %)

Material ] S1 Mn P S Al
SPCC 0.043 | 0.002 03 0.004 | 0.008 -
SPCE 0.04 - 021 | 0.017 | 0.021 | 0.05
SPHE 0.05 - 0.17 0.01 | 0021 | 0.03

Table 3 Mechanical properties of materials

Material Y.S. (MPa) | T.S. (MPa) EL (%)
SpPCC 165 341 48
SPCE 183 320 45
SPHE 233 347 36
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(b) CT type [SPCE(1.4)+SPCE(1.4), &5]

Fig. 2 Stress distribution around the nugget of various
spot welded lap joint types
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Fig. 3 Relationship between maximum principal stress
and lapped length of TS type
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Fig. 4 Relationship between maximum principal stress
and plate thickness for TS-type and CT-type
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Fig. 5 The change of lattice plane by stress and
relation between input angle and output
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