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Abstract :

Recently, application of friction welded SUH35/SUH3 is increasing in the manufacturing process of

automotive engine valves . For securing its reliability and a reasonable strength evaluation method, it is necessary to
assess stress singularity under the residual stress condition on the friction welded interface between dissimilar materials.
In this paper, strength evaluation method of friction welded materials was investigated by boundary element method
and static tensile testing. An advanced method of quantitative strength evaluation for SUH35/SUH3 friction welded
material is to be suggested by establishing fracture criterion by using stress singularity factors.
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Fig. 1 Model of BEM analysis on friction welded dissimilar

materials
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Table 1 Mechanical properties of materials

Mechanical | young s | Poisson,s Coefficient
roperties ’ .1 of Thermal .
prop modulus | ratio Expansion Weld pair
———\ E(GPa)| Vv pans
Materials (m/m.°K)
SUH3 196 0.3 17.5%10°° SUH3S/SUH3
SUH35 215 0.3 16.7x10°
5
STS304 193 0.3 7.5%10 STS304/A1
Al alloy 70.3 0.345 16x10°
SM45C 206 03 12x10° | SM45C/Al

2.2 SUH35/SUH3 XA A|Mo| XF2H
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Fig. 2 Normal stress distribution at an interface edge.on
friction welded SUH35/SUH3
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Fig. 3 Shear stress distribution at an interface on friction
welded SUH35/SUH3
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Fig. 4 Normal stress distribution at an interface on friction
welded SUH35/SUH3 (P=100N)
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Fig. 5 Normal stress distribution at an interface on friction
welded SUH35/SUH3 (AT=700°C, P=100N)
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Fig. 6 Shear stress distribution at an interface on friction
welded SUH35/SUH3 (AT=700°C)
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Fig. 7 Calculation of stress singularity index at an edge on
friction welded SUH35/SUH3
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Fig. 8 Extrapolation of stress singularity factor at an edge on
friction welded SUH35/SUH3
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Table 2 Stress singularity index and factor for friction welded
weld pairs

Weld Load | Temp. Stress singularity parameter

pait )R IR O R I,V . VR N AT I DO I Y r
300 [ 00266 | 0.009 | 0.0021 | 0.018 | 0.0282 | 0.018
0 500 | 0.0261 | 0.0097 | 0.0036 | 0.029 | 0.0278 | 0.03
700 [ 0.0259 | 0.009 | 0.005 | 0.042 | 0.0276 | 0.042
SUH35 300 0.00015 | 0.0431 |100.101 | 0.887 | 0.0431 |100.105
/SUH3 100 | 500 (0000153 0.0431 [100.101; 0.885 | 0.0431 [100.105
700 10.00017 [0.04311{100.048 | 0.865 |0.04311100.052
500 {0.00014 004316 | 200.24 | 1.778 |0.04316|200.253

200
700 0.000147]0.04316| 20025 | 1.768 1 0.0432 200257
STS304/ 10 500 | 0.0655 | 0.011 | 9656 | 0.02 |0.0664 | 9656
Al 700 | 0.066 |0.0136 | 9641 | 0.02 |0.0674 | 9641
SM45C/ 100 500 10,0709 | 00192 | 96.09 | 0.02 | 0.0735 | 96.09
Al 700 10,0732 [0.01924| 95.465 | 0.02 | 0.076 | 95.465
0.008
Temp(°C)
= 300
s 500
0.006 4 L 700
‘<A
£ s
£
Eo.om-
E -
=
0.002 - Ll
0.0258 0.0261 00264 0.0267

Re 34
Fig. 9 Relationship between A and I at an edge on friction
welded SUH35/SUH3
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