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Influence of Process Parameters on the Surface Roughness and the Striation
Formation of the Cut Section for the Case of Cutting of CSP 1N Sheet using
High Power CW Nd:YAG Laser

Dong-Gyu Ahn*, Min-Su Kim”, Hyung-Jun Park™ and Young-Tae Yoo™ "
g-Uy

ABSTRACT

Laser cutting technology is one of flexible rapid manufacturing technologies with various advantageous including a
high cutting speed, manufacturing of parts with a complex shape and others. The quality of the cut part and the optimum
cutting conditions are highly dependent on the combination of the process parameters. The objective of this research
works is to investigate the influence of process parameters, such as power of laser, cutting speed of laser and material
thickness, on the surface roughness and the striation formation of the cut section for the case of cutting of CSP IN sheet
using high power Nd:YAG Laser with a continuous wave (CW). In order to find the relationship between process
parameters and the surface roughness and the striation formation of the cut section, several experiments are carried out.
Through the investigation of the empirical results, it has been shown that the surface roughness is highly related to the
striation formation, including the frequency and angle of the striation, of the cut section. From the results of experiments,
an optimum cutting speed for each cutting condition has been obtained to improve both the quality of the cut surface and
the cutting efficiency.

Key Words : CW Nd:YAG laser (1% 33 Nd:YAG | ©]A), CSP IN sheet (CSP IN 473, Surface roughness
(EHZI), Striation formation (2 @H EWZ T 34J), Optimum cutting condition (& HE=xY)

71549 T = thickness of material
R, = average absolute value of the profile
P = power of laser excursions from the mean line
V., = cutting speed of laser L = length of measurement
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Rmax =
F = striation frequency per millimeter

maximum roughness

m = number of striation in the measurement area

S = length of the striation measurement

@; = striation angle in the measurement area

¥, = average striation angle

n = number of measurement point for the striation
formation

Vg = cutting speed of laser with a minimum surface
roughness

Vsn = cutting speed of laser with the maximum

average striation frequency per millimeter

Vsa = cutting speed of laser with the maximum
average striation angle

Vop = optimum cutting speed
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Fig. 1 Experimental set-up

Table 1 Chemical cbmposition of CSP IN (wt %)
C Mn P S Ti Al

0.03 0.07 0.01 0.01 0.05 0.03
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Table 2 Experimental conditions
T (mm) P (Watt) V,; (mm/min)
0.5 1,200-1,800 4,000~10,000
Lo 1,200 4,000-7,000
1,400-1,800 4,000-8,000
16 1,200-1,400 2,000-5,000
1,600-1,800 3,000-6,000
20 1,200 3,000-4,000
1,400-1,800 3,000-5,000
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Fig. 3 (a) Influence of cutting speed and power of laser on
the average absolute value of the profile
excursions from the mean line
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Fig. 3(b) Influence of cutting speed and thickness of
workpiece on the maximum roughness

Table 3 Range of the surface roughness for each thickness

T R, (pm) R gy (HmM)
(mm) Min Max Min Max
0.5 0.30 0.80 1.80 4,00
1.0 0.45 1.00 2.70 5.35
1.6 0.65 1.90 4.15 10.60
2.0 0.90 1.45 4.90 6.00
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Fig. 4(a) Influence of the cutting speed on the profile of
the cut section (P = 1,800 Watt, T= 1.0 mm, V,,
= 4,000 mm/min)
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Fig. 4(b) Influence of the cutting speed on the profile of
the cut section (P = 1,800 Watt, T=1.0 mm, V,,
= 6,000 mm/min)
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Fig. 5 Influence of cutting speed and power of laser on the
average striation frequency per millimeter
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Fig. 6(a) Striation formation in the bottom area of the cut
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Fig. 6(b) Striation formation in the bottom area of the cut
section (T=1.0 mm, P = 1,400 W, V,.= 6,000
mm/min)
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Fig. 7(a) Influence of cutting speed and power of laser on
the averaged striation angle at the center line of
the cut section
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Fig. 7(b) Influence of cutting speed and thickness of
workpiece on the averaged striation angle at
the center line of the cut section
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Table 4 Critical cutting speed and an optimum cutting for
each cutting condition
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T P Vg Vsn Vsa Vor
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Fig. 8 Average absolute value of the profile excursions
from the mean line and maximum roughness in
each optimum cutting condition
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