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Abstract

The friction welding has more techanical and economic advantages than the other welding
processes. As this welding process has the characteristics such as curtailment of production
time, materials, cost reduction, etc., it has been widely used in production of various mecha-
nical components which have complex shapes.

So, this paper deals with optimizing the friction welding conditions and analyzing various
mechanical properties of the friction welded joints of torsion bar material SUP9A bar to bar.

The results obtained are summarized as follows 3

1) The quantitative relation between heating time(t,, sec) and total upset(U, mm) can be

obtained. The empirical formula obtained is s

U=329t,+16
2) The tensile strength(o, kgf”mm?®) of friction welding joints as post weld heat treated
(PWHT) depends upon heating time(t,, sec) quantitatively and the empirical formula ob-
tained is 5
o= —5.1t{+44.90t,+452
3) It is certain that the optimum condition for friction welded joints of SUP9A steel bars
of diameter 14.5mm is, considering on various properties such as tensile strength, tor-
sional strength, impact energy and strain of the joints after PWTH ;
n=2000rpm, P,=8kgf/mm?, P,=20kgf/mm’, t,=4sec, t,=3sec
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4) The tensile strength, torsional strength and hardness were increased with the increa-

sing carbon equivalent, but toughness was decreased.
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Table 1 Chemical compostion of material(wt. %)

Material | C | Si |[Mn| P S | Cu! 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?® 10 |
Elongation % 9
Reduction of area % 20
Hardness Hs 363~429
Heat treatment | Quenching o 830~860
temperature | Tempering C 460—520
Tensile strength after heat treatment | kgf/ mm? 137
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(d) Impact test specimen

Fig. 1 Shapes and dimensions of test specimen
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Fig. 2 Post weld heat treatment(PWHT) diagram
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Table 3 Friction welding condition ,
Roating } Heating Upsetting Hea?ing Upsett'iﬁg‘r Upset Upset Total
Material ' speed pressure pressure time time during t; | during t, upset
n(rpm)  Pilkgf/mm®) | Polkgf/mm?|  ti(sec) tisec) . Usomm) | Usnm) | Ulmm)
' 05 29 17 46
1 35 19 54
2 59 23 8.2
17 : 29 3 4 89 25 114
| 4 117 28 145
: 5 132 32 16.4
| 1 24 13 37
‘ ! 2 48 14 6.2
| Y 23 3 4 9.0 15 105
SUP9A 4 114 17 131
to 2000 5 138 19 15.7
SUPYA 1 1.0 2.0 30
2 15 2.8 43
3 2.6 39 6.5
8 20 4 3 3.3 5.0 8.3
5 4.1 55 9.6
| - L6 46 6.1 10.7
b 0.2 2.5 2.7
| | 2 | 04 3.3 3.7
; 3 ! .09 4.2 5.1
o 20 4 S a3 45 58
5 .23 51 74 |
6| 26 56 82 |

5EAE FHEY 5EAEEYE Toyo Bawld-
win UTM-25TEA4, 5153 E 2mm/ min 22 1T
slaich
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Welding condition : as in Table 3
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Welding condition : as in Table 3
OTZ : Optimum heating time zone
OUZ : Optimum upset zone

Fig. 5 Upset U, and U, diagram vs. heating time
t
Welding condition : as in Table 3
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Fig. 6 Effect of frictional heating time on tensile
strength and torsional strength of friction
welded joints(SUP94A, ¢14.5mm) post-weld
heat-treated
Welding condition : as in Table 3
PWHT condition : as in Fig. 3
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Fig. 8 Effect of frictional heating time on tensile
and impact absorb energy of friction wel-
ded joints(SUP9A, ¢14.5mm) post-weld
heat-treated
Welding condition : as in Table 3
PWHT condition . as in Fig. 3
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Fig. 9 Effect of frictional heating time on tensile
strength, torsional strength, reduction of
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energy of friction welded joints(SUP9A, ¢
14.5mm) post-weld heat-treated
Welding condition : n=2000rpm, P,= 8kgf/
mm?®, P,=20kgf/mm?®, t,=3sec
PWHT condition : as in Fig. 3
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Table 4 Carbon equivalent and mechanical properties of base metals

. 4 Tensile ’I‘oﬂiue Impact Hardness
Carbon equivalent®
strength
Metals |—— ; i
CEQ) | CE@ | CE® o | T value

- o | (kgf/mm®) | (kgf - m) |(Gkgf ~mm/mm®) Hy
SUP6 1.01 091 103 103 0.30 332
sup7 | 129 0.72 ] 0 72 72 10.0 0.32 286
| supoA 088 | 091 |2 ] 17 | o3 316

#) Quoted from The Welding Encyclopedla pp. C—10.

Mn Si

CED)=C%+

T%+ -T% for most carbon steels

CE()=C%+ MGE %+ % %+ T % for hardenability
CE@B)=C%+ MGQ %+ 00 %+Q %+ % Mo %—ll0 % for hardness transformed structure
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