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Mechanical Properties of Dissimilar Friction Welded Steel Bars in
Relation to Post Weld Heat Treatment

Yu-Sik Kong and Seon-Jin Kim
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BFH), Post Weld Heat Treatment(PWHT; &8 33 2]), Weld Interface(W.I;-8 7 A 3)

Abstract

Dissimilar friction welding were produced using 15(mm) diameter solid bar in chrome molybedenum
steel(KS SCM440) to carbon steel(KS S45C) to investigate their mechanical properties. The main
friction welding parameters were selected to endure good quality welds on the basis of visual
examination, tensile tests, Vickers hardness surveys of the bond of area and H.A.Z and microstructure
investigations. The specimens were tested as-welded and post-weld heat treated(PWHT). The tensile
strength of the friction welded steel bars was increased up to 100% of the S45C base metal under the
condition of all heating time. Optimal welding conditions were £r=2,000(rpm), P;=60(MPa),
P,=100(MPa), 1,=4(s), ©,=5(s) when the total upset length is 5.4 and 5.7(mm), respectively. The peak of
hardness distribution of the friction welded joints can be eliminated by PWHT. Two different kinds of
materials are strongly mixed to show a well-combined structure of macro-particles without any molten
material and particle growth or any defects.
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Table 1 Chemical composition of materials (wt.%)
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Table 2 Mechanical properties of materials

Materials| C | Si {Mn| P S | Cr {Mo| Ni | Cu

SCM440 | 0.3910.21 (0.78|0.012]0.012|10.3| 0.18| 0.06 | 0.17

S45C  10.45|0.18|0.67(0.015|0.016{0.15|0.19| 0.08 { 0.19
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10n O
Materials strength | strength gation| ness
area
ot(MPa) |oy(MPa) e(%) | Hv
w(%)

SCM440; 837 471 587 134 | 229

PWHT -
S45C 668 429 53.8 27 183

As- |SCM440{ 1029 799 326 | 136 | 270
welded| s45¢C | 749 672 427 16 | 238

Post weld heat treatment:
furnace cool

annealing(780 C x4h)—

%20

i
=H= E—

70 2" |20 70

Fig. 1 Shape and dimension of specimens (unit:mm)
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Table 3 Various condition of dissimilar friction

welding
. . : . i{Heat- |Upset-
Rotating | Heating |Upsetting| . i Total
in in
case! speed |pressure| pressure " e . € upset
me | time
n(rpm) | Py(MPa)| P(MPa) | Ur(mm)
ti(s) | taols)
40 80 2 3 25
60 100 4 5 55
1 2000
40 80 4 5 46
60 100 4 5 5.7
2 2000 60 100 1~7 5 19~10
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Fig. 2 Relationship between tensile strength and
pressure in FRW of SCM440 to S45C
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Fig. 3 Relationship between upset length and
heating time in as-welded
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Fig. 4 Relationship between strength and heating
time in as-welded and PWHT
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Fig. 5 Relationship between strength and total upset
in as-welded and PWHT
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Fig. 6 Rclationship between ductility and heating
time in as-welded and PWHT
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Fig. 7 Hardness distribution near the weld interface
of as-welded and PWHT, Welding condition
:n=2000(rpm),  P,=60(MPa), P,=100(MPa),
H=4(s), t=5(s)
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Iﬁg 8 Macrostructures and hardness distribution near the weld mterface of PWHT
n=2000(rpm), P;=60(MPa), P,=100(MPa), #=4(s), #:=5(s)
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