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Investigation of Cutting Characteristics in the Sharp Edge for the Case of Cutting of a
Low Carbon Steel Sheet using High-power CW Nd:YAG Laser
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Abstract

The objective of present research works is to investigate the effects of process parameters, including the
power of laser, cutting speed, material thickness, and the edge angle, on the melted area in the sharp edge
of the cut material for the case of cutting of a low carbon steel sheet using high-power CW Nd:YAG
laser. In order to investigate the influence of edge angle and size of loop on the melted area in the sharp
edge, angular cutting tests and loop cutting tests have been carried out. From the results of angular cutting
tests, the relationship between the edge angle and the melted area has been obtained. The results of the
experiments have been shown that the melted area is rapidly reduced from 120° of the edge angle and the
melted area is nearly zero at 150° of the edge angle. Through the results of loop cutting experiments, the
relationship between the cutting angle on the melted area in the edge according to the size of loop have
been obtained. In addition, it has been shown that a proper size of loop is nearly 3 mm as the corner
angle is greater than 90° and 5 mm as the corner angle is less than 90°. The results of above experiments
will be reflected on the knowledge base to generate optimal cutting path of the laser.
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Fig. 1 Experimental set—up

g 6T 2E Fo)A AP 2HE o] 8313t

B A A" A& Nd:YAG #elAE o3
ZAl Az 1 AR)7F 2o golA RN A
Ago. gdolAde L 1.06 ym °HW, 2F 37
0.6 mm °olct. #HolA WMo FUNREE TEMy &=
2 AHET) dolAl 24 A€ Karatas 510 9
ATZIHE ZAZ 3jof o] 4Pz %€ A9 9
golxyl Ho] FAigH e A =EH A|HA| Az
2 AFsAY. B A7l AL8 HolA 2FAee
A AE A FH5dE A =F €93 ARl A
2] 1.0 mm 2 A3}

E A7) AReE Agd yazse] Asgdedie
71AA 4L 247} Table 1 € 29} 2t}

£ A3 AHE 3gRge oA 29 (P), #Hol
A AEET (Vy), ARFA (T) ¥ Ay 2A2Z
(Edge angle : ©) °|t}.

Addde gy ZAxsdg A4y 2xdd A¥S
F3act. A dxdd ddoMe Fig. 2(a) <
2ol Holxe wuAlE FAsA AP F, As
glolA olsZzd HAY AE ddZE FAAh
o] Y A8 Azt A FdeTA ke HY
W 2A2z sdsitt,

Table 1 Chemical compositions of low carbon steel
sheets (wt %)

C Mn p S Ti Al
003 | 007 | 001 | 0.01 | 0.05 | 0.03

Table 2 Mechanical properties of low carbon steel

sheets
Yield Tensile Max Young's
Strength Strength 3 traiﬁ Modulus
(MPa) (MPa) (GPa)
144 302 0.4 176
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Fig. 2 Concept of angular cutting and loop cutting
tests
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Table 3 Experimental conditions of angular cutting

tests
T P Vir P, 6 ©
(mm) (KW) (m/min) (MPa)
0.5 1.2-1.8 | 6.0-8.0
1.0 1.2-1.8 | 5.0-7.0 01 30. 60, 90,
1.6 1.2-1.8 | 3.0-5.0 ’ 120, 150
2.0 1.2-1.8 3.0-5.0

Table 4 Experimental conditions of loop cutting tests

T P Ve P, 5 0
(mm) | (kW) (m/min) | (MPa) | (mm)
0.5 1.2-1.8 8.0
1.0 1.2 6.0
’ 1.4-1.8 7.0 01 0 3 5 30, 60,
1.6 1.2-1.8 5.0 ’ t 90, 120
1.2-14 4.0
2.0 1.6-1. 5.0
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Fig. 3 Measuring methodology of the melted area
in the edge
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Fig. 4 Formation of the melted area in the edge
according to the cutting angle(T = 1.0mm,
= 1.6 kW, Vi = 6.0 m/min)
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Fig. 5 Influence of cutting angle and the power of
laser on the melted area in the sharp edge
at the optimum cutting speed
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