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Study on Friction Welding of Torsion Bar Material(1I)
—Effect of PWHT on Friction Weld Quality—
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Abstract

This paper deals with investigating experimentally the effects of PWHT on the weld qua-
lity such as strength, toughness, hardness and micro-structure of the welded joints in friction
welding of torsion bar material SUP9A bar to bar.

The results obtained are summarized as follows ;

1) It was certified that the condition»of the post-weld heat treatment(PWHT) for the fric-
tion welded joirts was very satisfactory because both strength and toughness of the joints
were improved as almost same as those of the base metal or better by the PWHT.

2) The peak of hardness distribution of the friction welded joints can be eliminated by
PWHT, resulting in being almost equalized at the weld interface, the HAZ(heat affected
zone) and the base metal.

3) The micro-structure of the base metal, HAZ and weld interface(WI) of friction welded
joints welded at the optimum welding condition consists of the same sorbite structure obtained
by PWHT and fined sorbite at WI, resulting in increasing toughness as well as strength, and

no micro structural defect has been found at the friction welded zone.
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Tabel 1 Chemical composition of material(wt. %)

Material | C | Si {Mn| P S | Cuj Cr
SUP9A |0.61}0.25|0.81]0.21|0.25|0.16 | 0.84
Table 2 Mechanical properties of material
Item Unit Value

Material SUP9A
Tensile strength kgf/mm? 125
Yield strength kgf/mm? 110
Elongation % 9
Reduction of area % 20
Hardness Hs 363~429
Heat treatment {Quenching T 830~860
temperature  |Tempering T 460~520
R speneth sfer [ yggimm | 107
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Fig. 1 Shapes and dimensions of test specimen
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Fig. 2 Post weld heat treatment(PWHT) diagram

Table 3 Friction welding condition
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Rotating | Heating | Upsetting | Heating | Upsetting Upset Upset Total
Material speed pressure | pressure time time during t; | during t, upset
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to 2,000 8 20 4 3 3.3 5.0 8.3
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Fig. 3 Effect of post weld heat treatment on stre-
ngth and toughness of friction welded joi-

nts(SUP9A)
Welding condition : n=2000rpm, P,=8kgf/
mm?, P,=20kgf/mm? t,=4 sec, t,= 3sec

PWHT condition - as in Fig. 3
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Fig. 4 Hardness distribution near the weld inter-
face of friction welded joints of SUP9A bar
to bar
Welding condition : n=2000rpm, P,=

8kgf/
mm?®, P,=20kgf/mm?, t,=4 sec, t,= 3sec

PWHT conditon © as in Fig. 3
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(b) Base metal after PWHT

Fig. 5 Micro structures of base metal(SUP9A) be-
fore and after post weld heat treatment
PWHT condition : as in Fig. 3

Fig. 6 Micro structure

of friction welded joints of
SUP9A bar to bar

Welding condition . n= 200(})’1‘»}1, P\ =8kgf.
mm®, P.=8kgf/mm, P.=20kgf mm®, t,—=4
sec, t,= 3sec
PWHT condition . as in Fig. 3
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