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The Characteristics of Butt Welding Nd:YAG Laser with a Continuous Wave of
Nickel Coated S45C Steel

Yang-Woo Mo*, Young-Tae Yoo', Ho-Jun Shin™, Byung-Heon Shin™

jr Abstract ‘|L

S45C steel has been widely used in industrial applications, such as crank shafts, gears, main spindles of machine
tools, connecting rods, etc., because of its distinguished mechanical property. In the convention arc welding of S45C
plates without heat treatments, it is possible for welding defects to take place, such as a void or a hot-crack, due
to a high carbon composition of S45C. Laser welding process is widely used in the industrial field due to its numerous
advantages: a small heat affected zone(HAZ), decp penetration, high welding speed, single-pass thick section capability,
and small distortion after welding. The objective of this research works is to investigate the influence of the process
parameters, such as power of laser and welding speed, on the characteristics of laser welding for the case of nickel
coated and nickel uncoated S45C steel. As the result of the experiment, in case of butt welding, nickel coated S45C
steel has a uniform formation of welding zone and it was judged that the welding nature was better as inner defects

and the quantity of spatter were formed relatively fewer than nickel uncoated S45C steel.

Key Words : CW Nd:YAG laser welding( A £:314 Nd:YAG @o]A-&7), Nickel coated S45C Steel( A ETH FEHAT),
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Table 1 Chemical compositions of specimens(wt%)

C| Si |[Mn | P S |Cr|Ni|Cu
S45C (0.450.194|0.702{0.02 | 0.01 } 0.02 | 0.01 10.008

Fig. 1 Experimental set-up
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Table 2 Physical properties of the material

specific gravity(g/cm3) tensile strength(MPa) melting point(C) emissivity
S45C 7.84 =646.8 1450 15%
thermal conductivity(cal/cm sec C) expansion coefficient(*10®) | specific resistance(-cm)
0.106 11.3 20
Table 3 Parameter of laser welding
Bead-On-Plate(BOP) Butt welding
Laser power 1800W, 1900W, 2000W 1800W,1900W
Travel speed(Vi) 0.65~3.0m/min 0.9~ 1.5m/min
Focal position(z) O(focal length=200mmy) Omm(focal length=200mm)
Shielding gas Argon : 1.5bar : 3l/min Argon : 1.5bar : 3l/min
17 F & a . . . ; r y r
77} Table 1, 29} Zf. HIEZE Aol ATl AL A 28 Nicke! uncoated S45C —:— S00W, — — 600W, —a— T00W
He| 7| 150x80x4.5mmo|t}t. HEL2Z ol LT 24| Nickelcoated S45C  —m—500W, ~8—600W, —A— 700W
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Fig. 3 Effect of welding speed on the weld penetration
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Fig. 4 Effect of welding speed on welding width
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Fig. 5 Influence of welding speed on the aspect ratio
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Fig. 6 Varations for heat input capacity according to
welding speed and laser beam
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Fig. 8 Shape of the cross-section according to welding speeds
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Fig. 11 The relationship between tensile stress and longitudinal strain according to welding speeds
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