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Comparison of the weld quality of friction welding
and laser welding for IN713LC and SCM440 steel

H.C. Hwang, J.T. Yeom, N.K. Park, J.W. Lee and J.H. Park

Abstract
The purpose of this work is to find an appropriate welding approach for rotor assembly of a marine
turbocharger. The friction welding and laser welding of dissimilar materials, IN713LC and SCM440 were
investigated. The quality of the welded joints obtained from two welding processes was evaluated by
microstructure observation, micro-hardness and tensile tests. The friction welded joint indicated a good
bonding structure in the weld interface. On the other hand, the laser welded joint showed the weld defects -

and non-welded area in the weld interface.
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Table 1 Chemical compositions of IN713LC and
SCM440

C |Cr|[Mo|Nb[AlI[Ti|Zr| Mn |Bal
IN713LC [0.05]12.2[4.41]2.15/5.93]0.73]0.12]<0.005] Ni
SCM440 (0.36]0.2 [0.16 - | - | - | - | 070 | Fe
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Fig. 1 Microsturctures of IN713LC with SEM
(a)}x3,600 (b)dendrite boundary (c) dendrite core
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Table 2 Friction welding and laser welding conditions

Friction welding
Dia.(mm) Ist friction | 2nd friction | Upsetting
IN713LC | SCM440| P(bar) |t(sec) | P(bar) | t(sec) | P(bar) |t(sec)
54 58 56 | 5 {65 | 8 | 136 [ 7
Laser welding
Wire speed|weld speed| Freq. | Power
(mm/min) | (mm/min) | (Hz) | (W)
58 58 200 100 30 500

IN713LC |SCM440
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Fig. 3 Cross section shape o wledmeals
(a) Friction welding (b) laser welding
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Fig. 4 Microstructures of friction welding with parts((D
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Fig. 5 Microstructures of laser welding at joints
(a) near to welding pool (b) center of joints

32 OIRBYED 20N BB SHEA
24248 9 HEEUE) AYUe @
AolA§HES SAHIEe] $H7D 2 7133 ¥ A
geelol dgeol BHYY 4HE Ythia s
% ggled, oA ZARAENL 4 SHEY
S0 vAE e ob 2] A HYRE, vlA
AE, 4354 ¢ 2,

WA, BHE WS 2337 daN Fyol

}O‘l
st
T
T
o]

notch® Fo} JAg& +P31rt Fig 62 whas-3
Eo gzt FaAES Y% § o AKE e
A Rolch HEPEL Aol LA k2 gy u
AEE azt 33, YARY ¥XEES b Y
/W x100(%)9] ez T8 Aolok vlALHY AgA
o] HEES N%o)de] 43 HEES vEpd W,
oA EHEF A% WF e nydPde] EAZ
o] 433 Do Aoz eyt

Fig. 6 Fractured Cross-section of friction welding
(bonding rate>90%, a-no defect dia., b-specimen dia.)
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Fig. 8 Hardness in laser welding

Table 3 Mechanical properties of applied specimen

. YS [ UTS | El | RA | Fracture
Material | (vipa) | (MPa) | (%) | 56) | location

friction

welding 55 | 799 | 78 | 30 | IN713LC
laser _ bonded

welding 492 | 498 | 30 joints
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