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Cutting of nonmetallic materials using
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This study deals with Nd:YAG laser cutting nonmetallic materials, which is one of the most important and popular

industrial applications of laser. The main theme is to evaluate the effects of Nd:YAG laser beam power besides work

piece scanning speed. For approximate cutting depth, a theoretical study is conducted in terms of material property and

cutting speed. Results show a nonlinear relation between the cutting depth and input energy. There is no significant

effect of speed on cutting depth with the speed being larger than 30 mm/s. An extra energy is utilized in the deep

cutting. It is inferred that as the laser power increases, cutting depth increases. The experimental outcomes are in good

agreement with theoretical results. This analysis will provide a guideline for laser-based industry to select a suitable

laser for cutting, scribing, trimming, engraving, and marking nonmetallic materials.
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1. Introduction

Lasers may be used to cut or shape a wide vari-
ety of nonmetallic materials. CO5 and Nd:YAG lasers
have been involved in most cutting operations,!!—4
because they are capable of producing high values of
continuous power. The cutting of nonmetallic mate-
rials such as paper, plastic, wood, cloth, glass, and
rubber can proceed easily in many cases. Because of
the higher reflectivity and higher thermal conductiv-
ity, cutting of metals generally requires more power.!!]
Using a 500-W Nd:YAG laser to cut nylon material
seat belts at a cutting speed of 20 mm/s were re-
ported in Refs. [5]-[7]. No burning traces and almost
no flaring on the edges were observed during cutting
and sealing of nylon. No burring effect was observed
when a rubber foam with a thickness of 114 mm was
cut by a 275-W Nd:YAG laser, along with a coaxial
gas jet and a lens of 254-mm focal length at a speed
of 16.6 mm/s. Peters!® inspected the performance of
a low power (1 kW) COg-laser in wood cutting, and
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pointed out that the water content affected apprecia-
bly the cutting speed of wood. Nussl¥ exercised a
low power (1 kW) Nd:YAG laser in cutting parts of
a toughened plastics mould and compared the results
with those from other important techniques which are
regularly used in cutting. From this comparison it
follows that no technique can match a laser cutting
method in the sense of cutting speed, cleanliness, and
time utilization on post operation work. Zhou et al.l%!
and John!"! studied some hard ceramics material cut-
tings. In order to cut the ceramic materials with thick-
nesses ranging from 0.6 mm to 4 mm at a cutting speed
of up to 20 mm/s, a 1500-W laser was used. In addi-
tion, Todd!*?! mentioned that Nd:YAG laser beam of
560-W power is sufficient to cut ceramic materials at
a speed of 5.3 mm/s. Also some other researchers re-
ported on nonmetallic material cutting in which high
power lasers are used to cut plastic sheets with small
thicknesses in a range of even 5 mm-25 mm. From
this, a question arises why the low-power lasers are
not utilized. A few reports are also found in the liter-
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ature related to the applications of low power lasers, in
which the nonmetallic material cutting by low power
CO, laser was analysed.[’] However, to the best of the
authors’ knowledge, studies about the Nd:YAG laser
can provide an opportunity to find out the speed and
laser beam intensity for presetting marking depths for
different materials and have been hardly reported.

The purpose of this study is to investigate the ap-
plications of low power Nd:YAG lasers. In this work
we also report on theoretical experimental investiga-
tions of the dependence of approximate cutting depth
on cutting speed and laser power for different materi-
als.

2. Theoretical modeling

(13-15] have been de-

Various theoretical models
veloped for laser machining. The lasers employed for
cutting purposes in industry are usually in “trans-
verse electromagnetic mode” (TEMO00). The TEMO00
is a painstaking mode for cutting because of minimum
diffraction effects, focused spot size in small area, etc.
In this mode, most of the energy is focused in an area
of small radius, and laser beam intensity is described
by a “Gaussian energy distribution”. The equation
used for cutting depth (D) for TEMO0O as mentioned
in detail in Refs. [5] and [16] is

_aPRym a P
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where P is the output power of the laser beam hav-

(1)

ing energy absorptivity a, V is the uniform workpiece
moving speed when the laser beam falls on it, R is the
laser beam radius, Q(J/g) is the specific heat energy
of the material, and p is the density of the material.
Equation (1) shows that the cut depth is linear to
the power of laser and nonlinear to the cutting speed.
Because of high absorptive power of nonmetallic ma-
terials for Nd:YAG laser at 1064-nm wavelength, it is
assumed that the material can absorb all of the laser
energy and the energy is converted into heat that ulti-
mately vaporizes the material. Energy lost to the sur-
roundings is ignored using the energy balance method.
The depth of cut D (along the y axis) versus the laser
speed V (along the x axis) are plotted in Fig. 1. In
the cutting case we used the Acrylic plastic material
whose density and specific heat are 1.18 x 1072 g/mm?
and 2 kJ /g respectively. The value of material absorp-
tion coefficient, a, is assumed to be 1, i.e. a = 1. The

“focused laser beam” has radius 7 = 0.25 mm and
output powers of 20, 40, and 80 W separately.
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Fig. 1. Theoretical variations of laser depth of cut with
the laser speed for different laser powers.

3. Materials and method

Nd:YAG laser has undoubtedly been considered
to be the most important technical development since
the Ruby laser was discovered in 1961. Nd:YAG lasers
of less than 100-W power output are most frequently
used. The Nd:YAG laser wavelength is 1064 nm and
falls in a range of infrared radiation which is also re-
ferred to as thermal radiation. Different power lev-
els of Nd:YAG laser and workpiece cutting speeds are
used for cutting various materials in our work. In
the experimental laser cutting process, the laser head
is fixed whereas the workpiece moves underneath the
laser beam positioned on a table as shown in Fig. 2.
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Fig. 2. Configuration of laser cutting system with single
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To control work-table movement along the x di-
rection and the y direction, a personal computer (PC)
is used. Since the processing cabinet forms a closed
system, when the laser is working, the operation of
the laser can be recorded by a camera installed in-
side the system and then displayed on a monitor. The
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laser head has a high stability and a robust mono-
lithic structure and it is mounted on the top of the
processing chamber. A diode laser is used to align the
infrared laser beam. An optic lens set is used to deliver
a focused laser beam of wavelength = 1.064 pm, laser
power = 100 W, and beam diameter = 7 mm on the
surface of the workpiece. A mirror in the set reflects
the laser beam in the z-axis (downward) direction per-
pendicular to the workpiece x—y plane focusing a beam
of radius ‘R’ by a lens with a focal length of 70 mm.
At the centre of this focused radius ‘R’, the maximum
depth of cut is obtained. This indicates that the max-
imum depth of cut appearing at the centre is due to
the central line of beam falling on the workpiece sur-
face. For this reason only energy distributed along the
central line of beam is taken into account. The laser
intensity and the cutting speed used in this experi-
ment range from 10 W to 80 W and from 0.2 mm/s
to 300 mm/s respectively.

4. Results and discussion

The most important factor in the field of laser
processing is laser cutting quality. Therefore the cur-
rent work mainly focuses on cutting parameters (like
cutting speed, laser power, workpiece thickness, and
assisting gas pressure) to understand the relationships
between above said parameters and resulting cutting
quality. In this work, the cutting of plastic board,
pinewood, rubber, and glass materials is performed
Most of
the above mentioned materials show nearly the same

using the laser at different power levels.

trends in the laser cutting.

A focused beam of Nd:YAG laser with radius
0.25 mm is used to cut plastic material having a den-
sity of 1.18 g/cm? and specific heat energy of 5 kJ/g.
Variation in cut depth is investigated by using the
laser at different powers and cutting speeds. The out-
comes of this study are plotted in Fig. 3.
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Fig. 3. Variations of laser depth of cut with the laser

speed for different laser powers.

Experimental results in Fig. 3 reveal that there is
no significant effect of speed change observed on cut-
ting depth after 30 mm/s and the change in depth
is not linear with speed either. A linear relation is
found between laser power and cutting depth. During
laser cutting, melting and evaporation of the mate-
rial take place, this must slightly reduce the width
of cut, therefore the laser intensity will go on decreas-
ing, owing to the blocking effect of evaporated/melted
materials because the role of this effect becomes more
evident within a deep cut. Additionally the blocking
effect is also influenced by material properties. When
the cut depth is very deep and workpiece speed is low,
this effect reduces the effectiveness that the cut depth
increases with laser power increasing.

Beside this, further experiments are performed for
other nonmetallic materials such as pinewood, parti-
cleboard, rubber, etc. in the same way as in the case
of plastic. For other nonmetallic materials, variation
in cut depth with laser speed approximately exhibits a
similar trend to that in the case of plastic. Experimen-
tal laser cutting results for these materials produced
at 80-W powers are shown in Fig. 4.
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Fig. 4. (colour online) Experimental cutting results for
pinewood, particle board, and rubber at 80-W laser power.

As for wood, it is noticed that laser cutting re-
sults are badly affected by water content inside wood.
To minimize the water effect, dry samples of pine are
used in our experiment. It is observed that variation
in depth of cut occurs before the workpiece moving
speed is less than 100 mm/s but when workpiece mov-
ing speed reaches 110 m/s, its effect almost becomes
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negligible and cutting depth does not change. Figure
4 illustrates clearly that the cutting depth of rubber
is lower than those of other materials at a speed less
than 30 mm/s because during rubber cutting smoke
production is more in comparison with that during
cutting other materials. The produced smoke absorbs
a part of laser energy, which ultimately reduces the in-
tensity of laser beam. It should be further noted par-
ticularly in the case of plastic that when cutting depth
is more than 40 mm, a more powerful laser beam is
required.

Theoretical analysis has given great confidence to
our understanding of the process mechanism, thereby
making laser processing more acceptable as an estab-
lished and reliable processing method. Theoretical
predictions as mentioned above are shown in Fig. 1
and matched with the experimental results that are
plotted in Figs. 3 and 4. At low laser speed, a sig-
nificant discrepancy in cutting depth is noted. This
discrepancy may be attributed mainly to the fact that
some blocking factors of material and other material
property such as heat conduction are not included in
theoretical analysis. The laser power is also overesti-
mated for depth of cut from Eq. (1).

In this study we established the low power
Nd:YAG laser cutting for nonmetallic materials. This
laser is appropriate specifically in plastic cutting be-
cause of much higher “absorptivity” for Nd:YAG laser.
Besides an excellent tool of cutting, some toxic gases
are produced in this process. The cutting speed should
be kept low otherwise kerfs can char, in particular, in
the cutting of particleboard and wood. For rubber
cutting Nd:YAG laser quality is also good if there is
any arrangement to disperse vaporized material.

5. Conclusion

Based on the theoretical predictions and experi-
mental results it is concluded that the cutting of non-
metallic materials can be performed by a low power

Nd:YAG laser. It is observed that for all materials,
cutting depth does not increase linearly with the in-
crease of laser input power. For deep cutting a laser
of an extra power is required.
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