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Abstract

The specimens of two base metals and material friction-welded with hetrogeneous steels of SM40C
and STS304 have been prepared and the characteristics of rupture and crack propagation of them have
been examined.

In the friction-welded material, the width of HAZ is 3.0mm for STS304 and 34mm for SM40C. The
hardness distribution in HAZ of SM40C is decreased gradually as being getting off interface, but that
in HAZ of STS304 is decreased remarkedly and the value of hardness becomes a little lower than that
of the base metal in region of Imm from interface and becomes a little higher than that of the base
metal.

The tensile strength of the friction-welded material appeared a little lower than that of the base metal
and rupture by tensile load is developed in HAZ of STS304 and the position of rupture is at region
of low hardness(lmm from interface).

The crack propagation rates(da/dN) in both HAZ of the friction-welded material are a little higher
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than those in both base metals, but the differences are less except for the case of SM45C in low AK

value.

It has been ascertained that the crack in the interface propagates selectively along the HAZ of SM40C
and consequently the crack propagation rate is almost similar to that in the HAZ of SM40C.
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Fig. 1 Dimension and configuration of friction welding specimen
Table 1 Chemical compositions(wt. %)
C Mn Si P Ni Cr Mo Al
STS304 0.14 14 0.64 0.027 85 18.15 - -
SM40C 0.38 063 0.05 0017 0.05 0.33 0.02 0.028
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Fig.2 Dimension and configuration of fatigue test

specimens for crack propagation rate
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Table 2 Mechanical properties(KS 43)

oz grig d9Y(SM40

tensile strength(MPa) elongation( % ) reduction of area(%) Hv
STS304 698.7 418 592 196
SM40C 7246 248 46.5 205
Weld 6713 304 50.3 -

Table 3 Friction welding condition

welding materials

rotating speed
(rpm)

heating pressure

(kgf/mm?)

upsetting pressure

(kgf/mm®)

heating time

(sec)

upsetting time

(sec)

upsetting length
(mm)

SM40C to STS304

3000

6

12

6

3

6
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Fig.3 Hardness distribution near the weld interface of
friction welding of SM40C and STS304 steels
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(e) Base meta (f) Base metal

Photo.l Microstructure in friction weld of SM40C and STS304 steels
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Photo.2 Microstructure of STS304 in friction weld of

SM40C and STS304 SM40C
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Table 4 Results of tension rest for fraction welded material

spec. No. c"(MPa) elongation( % ) reduetion of area( %) broken place
1 7004 29.7 49.1 STS W.Z
2 624.5 274 40.7 INT
3 6482 324 56.3 STS W.Z
4 694.7 30.6 522 STS W.Z
5 685.2 318 53.2 STS W.Z.
Average 671 304 50.3 STS WZ
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(a) section shape before tensile rupture

Fatigue crack
Tensile rupture region region

T
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Loading direction

STS304
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(b) final rupture after fatigue crack

(¢) initial rupture after interface fracture

Photo.3 Photographs of fracture to examine fracture characteristics
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Photo.4 Photographs of crack propagation path and final fracture
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