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A Study on the Mechanical Properties of the Friction Welding with
Solid Shaft of SM45C
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Abstract

In the presented study, SM45C carbon steel parts were joined by friction welding. The welding process was carried out
under optimized conditions using statistical approach. The study of SM45C is conducted with various combinations of
process parameters. Parameter optimization, microstructure and mechanical property correlation are the major contribution
of the study. The welded joints were produced by varying spindle revolution speed, friction pressure, upset pressure and
burn-off length. Tension tests were applied to welded parts to obtain the strength of the joints. Fracturs properties were
additionally obtained experimentally under fluctuated tensile loads. Microstructures using microphotographs were examined
in the weld interface and weld region and heat affected zone and base metal and flash zone of welded parts. Finally, Hardness
variations in welding zone and base metal were also obtained. Through these tests, the optimum conditions of parameters
for @20 SM45C in friction welding were obtained when the friction spindle revolution was 1,950 rpm, the friction pressures

was 30 MPs, upset pressures was 50 MPs.

Key Words : Friction welding(2F2H8-73), SM45C(7) Al L3-8 A7), Friction pressure(U}2Hd=), Upset pressure(TH$2)), Burn-off
length(QGA1 Zo]), Microstructure( & 1] 7 222]), Weld interface(-8-%%5), Heat Affected Zone(-8-7 E H k), Base metal
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Fig. 1 process parameters of the friction welding

friction pressure

weld finish

= —p

preparation material contact

= —p

heat transfer

forge pressure
(upset pressure)

Fig. 2 Process of friction welding

933

7P(SM45C)E A}

[e] o
npEee, T (Up-set o
B350 A
iy

Aay3to]

%8 EA7kel SMASCE A
RRL 71 A& A4S Table 13} Table 29}
1318 PALS Fig. 33 201 A= A AL

Ay (¢}

15DF(+- 48 =2 F)(Nominal
forge pressure ISOKN)O]F_, O1A7 . A)BL Btk glal-g-atA|

3oL A(KTR) (Test Standard : KSB 0802: 2003-Etc), 74 =
A%]2 KTR (Test Standard : KSB 0811: 2003, &} 1Kgf),
F&2 A A2 KTR(ASTM E407-07, 3338+ 1) 7:Olympus
BX51M), FAHMH L. Nitall ~5mL HNO;+100mL ethanol)
AHga9T

2,1.3 2=
WHHOR S ARE F5 uAEH A HIIUS 7 &
Table 1 Chemical composition(wt.%o)

C Si Mn P S Cr Fe
0.45 0.19 0.70 0.016 | 0.021 | 0.008 Bal
Table 2 Mechanical properties
Tensile strength Bending strength Elongation
(MPa) (MPa) (%)

645 1780 17
| 100 . 100 P8
A>3

Fig. 3 Friction welding workpiece



Table 3 Friction welding conditions

Spindle Friction Upset Net of upset|  Up-set
revolution | pressure pressure pressure length
(N, tpm) | (P1, MPa) | (P, MPa) | (P;, MPa) (mm)

2,200 48 7.6

2,150 47 7.6

2,100 46 74

2,050 45 7.4

2,000 44 7.4

1,950 27 50 43 7.5
1,900 42 7.4
1,850 41 7.1
1,800 43 7.4
1,750 41 7.3
1,700 41 7.3

Table 4 Friction welding conditions

Net of
Spindle Friction .et AO Upset  |Net of Upset
. Friction
revolution | pressure pressure pressure
(N, tpm) | (P, MPa) | P 1 p. Mpa) | (P,,MPa)
> 1P ’ (P, MPa) | © ’

50 49 48

45 43 47

40 36 46

1,950 35 31 50 45

30 26 44

25 21 43

20 18 46

15 13 46
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Fig. 6 Friction welded specimens of SM45C
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Fig. 7 Tensile test specimen of the friction welding
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Fig. 8 Relationship between tensile strength vs. spindle revolutions
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Fig. 9 Relationship between tensile strength vs. friction pressures
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Fig. 11 Upset length profile vs. upset pressures
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