K@ B g R %
B3 HEonk 1985$ 1143
Journal of the Korean
Welding Society
Vol. 3, No.2, Nov., 1985

Zo| ntE&Hoel nlxles EtATEO| FE
—5F7 st —

g4 Fx .z A mwk

Influence of Carbon Equivalents on Steel Friction Welds : Similar Steels
by
S. J. Na-S. D, Kim

Abstract

In this study, the influence of carbon equivalents on friction welds of similar steels was investigated,
Four types of steels with 15mm diameter were tested in the wide range of carbon epuivalents from 0.3
to 1.1

Main experimental results are summarized as follows :

(1) Under the constant burn-off length, the friction time becomes longer with the increasing carbon
equivalent, but the upset length shows no consistent tendencies.

(2) Due to the recrystallization in the contact area, the maximum hardness occurs some away from
the contact surface. And it increases almost linearly with the increasing carbon equivalent,

(3) Even a steel with 1.1 C.E. can be friction welded to make defect-free welds.

(4> With the increasing carbon equivalent, the bend angle and charpy impact value decrease ‘very
rapidly in the range from 0.3 C.E. to 0.6 C.E., but remain nearly unchanged for C.E. higher than
0.6.

(5) Heat treatment of the base metals before welding has very little influence on the mechanical
properties of welds. On the other hand, normalizing of the welds improves the bend angle and charpy
impact value, but its effect becomes almost negligible, when the carbon equivalents are higher than
0.6.
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Table 1. Chemical compositions of base metals

Chemical composition(wt %) carbon equivalent®™"

Material | c | st | mn Ni | o | Mo |CE® |C.E.@|CE ®
sM2C | 02 | 0 | 050 | 0.0 | o012 | o0.005 | 0303 | o0.287 | 0.285
sM4sC | 049 | 028 | 065 | o062 | o081 | 0.005 | 0.723 | o616 | 0.600
sPS3 | 077 | o3 | 072 | 008 | 009 | 0019 | 103 | 0913 | 0902
STC3® | 103 | 026 | 033 | 0050 | 00 | 000 | L | 1105 | Low7

Z 1) from The Welding Encyclopedia, pp.C-10

C.E.(D=C%+—— MZ 2.+ Sl4° for most carbon steels

7 ) 0/
C.E.(2)=C%+ Mgf" + c;% +MO%_ for hardenability
C.E.(3=C%+ Mxé% + Ni% + Cré + Cus Mo% V7 for hardness in the transformed

20 10 40 50 10
structure
& 2) spheroidized carbide structure
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Table 2. Mechanical properties of base metals
. | U.T.S.» Bend angle® Impact value® Hardness®

Material l (kg f/mm®) ) (kg f-m/cm®) (Hv)

SM 20C | 50.0 | > 100 | 15. 4 | 126

SM 45C | 71.2 | > 100 2.2 172

SPS 3 ‘ 103.0 ] > 100 0.3 222

STC 3 | 65.7 | > 100 | 0.3 ‘ 151

1) D=6.25mm, L=37mm

2) D=15mm, L=180mm, three-point bending

3) Charpy V-notch specimen, 20°C

4) Micro hardness (knoop hardness) with p=100g
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Fig.5. Typical microstructure of low carbon steel friction welds, C.E. =0.285; 15mm¢, n=30007pm,
Py =2.5 kgf/mm? Li=1mm, P,=14 kgf/mm? ty=4sec; 3% Nital, X200.
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Fig.6. Typical microstructure of high carbon
steel friction welds, C.E.=1.097; 15
mmp, n=30007pm, Pi=4.5 kgf/mm?
Li=1 mm, P,=14 kgf/mm? t3=4 sec;
3% Nital, x200
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