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Stress Analysis of Bonding Interface in the Dissimilar Friction Welded Joints
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Ha-Sig Kim™, Choong-Hwan Kim"""™

% Abstract i

Friction welding has many merits such as energy efficiency, simple processing, etc. but it is difficult to obtain good
welding at the welded interfaces and heat affected zone. It is discovered that stress singularity exists at the interfaces and
heat affected zone. The computer program based on boundary element method is utilized in this study. A mathematical
model is implemented based on results from several experiments performed at and around the welded interfaces and heat
affected zone of disimilar metals under static and dynamic loadings. This study is to investigate the characteristics of the
deformation and fracture behavior around interfaces for friction welded materials under static tensile load. Also, the stress
distribution at the tip of crack is analyzed by using BEM based on Kelvin's solution of 2-dimensional binding zone.

The results of BEM are identical with those in case of considering interfaces of both heat affected zone. Also, stress
singularity at the tip of interfaces appears when the elastic modulus ratio is 1.07.
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Table 1 Chemical compositions of base metal

(Wt. %)
Material | C Si | Mn P S Ni | Cr
STS304 | 0.08 | 1.17 | 2.28 | 0.045 | 0.30 | 8.19 | 24.39
SI15C | 016 021 | 052 | 0.02 | 035 0.18 | 0.16
Table 2 Mechanical properties of base metal
Yield Tensile . .
Mt | Somgh | S| P I
(MPa) | (MPa)

STS304 | 604.00 | 731.63 29.09 7720 257
S15C | 680.62 | 701.81 7.03 4744 224
Table 3 Mechanical properties of tensile test
Yield Strength(MPa) Tensile Strength(MPa)
460.48 607.34
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Photo. 1 Friction welded specimen by dissimilar materials
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Fig. 1 Tensile test specimen
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Fig. 2 Schematic illustration and conditions of friction
welding process
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Table 4 Properties for numerical analysis

\ Properties Young's Modulus | Poisson’s Ratio
Materials (GPa) (v)
S15C 208
HAZ of S15C 147 03
HAZ of STS304 158
STS304 198
4, 21 % ¥
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Fig. 3 Stress near the crack tip in dissimilar material
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Photo. 2 Micro structure in friction weld
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Fig. 7 Stress( o,,/ 0, ) distribution for various HAZ thickness
(STS304 vs HAZ of STS304 for h;=h; : Plane Stress)
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