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Abstract : In this paper, an evaluation method of fracture toughness on interface cracks was investigated in friction
welded dissimilar materials with interfacial edge cracks. To establish a reasonable strength evaluation method and
fracture criterion, it is necessary to analyze stress intensity factor under the load and residual stress condition on friction
welded interface between dissimilar materials. The friction welded specimens with an edged crack were prepared for
analysis of stress intensity by using the boundary element method (BEM) and the fracture toughness. A quantitative
fracture criterion for friction welded STS 304/ SM 45C with interface crack is suggested by using stress intensity factor,
F and the results of fracture toughness experiment.

Key words : Friction welding(w}2H2-), Fracture toughness(3}-3] 214d), Residual stress(Z+7-5-%), Boundary
element method(7 A| 2.4 ), Interface crack(A]" =), Stress intensity factor(-2-2 4] 7] #|<=), Dissimilar materials
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Fig. 3 Interfacial crack-tip stress field in the bonded dissi-
milar materials
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Table 2 BEM analysis results of nondimensional stress intensity factors for an edge crack

Nondimensional stress intensity factor (F; = Ki/a,-«/ﬁ)
Only load Only residual stress Superposition
Jw | A F F F R, F F F, F
0.21 1.485 0.003 1.485 0.0045 -0.329 0.329 1.489 -0.326 1.524
0.32 1.532 0.030 1.532 0.0019 -0.276 0.276 1.534 -0.246 1.554
0.43 1.746 0.055 1.747 0.0017 -0.215 0.215 1.747 -0.166 1.748
0.64 2.422 0.163 2427 0.0004 -0.129 0.129 2422 0.034 2422
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Fig. 4 Relation of stress intensity factors for an edge crack
under only residual stress
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Fig. 5 Comparison of stress intensity factors for an edge
crack under only load and superposition
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Fig. 6 Load-displacement diagram by fracture toughness
experiment
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Table 3 Experimental fracture strength on interface of friction welded STS 304/SM 45C-

An Evaluation Method of Fracture Toughness on Interface Crack in Friction Welded Dissimilar Materials

Specimen Crack length Specimen width | Specimen thickness Fracture load Fracture stress
No. (a: mm) (W: mm) (t : mm) (PN (0 : MPa)
1 45 14 2 13127 468.8
2 6 14 2 11074 395.5
3 9 14 2 7121 2543
Table 4 Fracture toughness on interface of friction welded STS 304/SM 45C
Only load
Spe;(‘)me“ o/ W F, F, F K, (MPav/m) | K, (MPavm) | K(MPavm)
1 0.32 1.532 0.030 1.532 85.47 1.67 85.49
2 0.43 1.746 0.055 1.747 94.60 2.98 94.65
3 0.64 2.422 0.163 2.427 103.47 6.96 103.7
Superposition
Spe;(‘)me“ o/ W F F, F K (MPavm) | K (MPaym) | K(MPav/m)
1 0.32 1.534 -0.246 1.554 85.58 13.72 86.67
2 0.43 1.747 -0.166 1.748 94.66 8.99 95.09
3 0.64 2422 0.034 2.422 103.47 1.45 103.48
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Table 5 Experimental fracture strength on edge crack of homogeneous materials

. . SM 45C STS 304
Specimen E ;zt Sp;?(l;:;len fﬁﬁ(ﬁ: Fracture Fracture Fracture Fracture
No. (@: mm) (W2 mm) (t : mm) load stress foad stress
(F: N (o7 MPa) (Fr: v (o :MPa)
1 45 14 2 8134 290.5 9849 351.8
2 6 14 2 3053 109.04 8253 294.8
3 9 14 2 1539 59.96 5576 199.1
Table 6 Fracture toughness on edge crack of homogeneous materials
Only load
Specimen SM 45C STS 304
No. o/ W F K(MPav/m) F K(MPa/m)
1 0.32 1.504 51.95 1.503 62.87
2 0.43 1.771 26.51 1.77 71.65
3 0.64 2.436 2251 2.441 81.59
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Fig. 7 Shape of specimen and BEM analysis models on edge
crack of homogeneous materials

120
—_
£
£
© 90
g’ ®
g el @
~ ©

@
]

30
£ © ©
o
3 o
- .
Py Symbols Materials
S 4 © STS 304/SM 45C
Q . STS 304
s ° SM 45C

-60

T T ¥ H T T
03 04 05 06 07 08
a/w

Fig. 8 Comparison of fracture toughness on edge crack for
homogeneous materials and dissimilar materials
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