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ABSTRACT

The objective of the current research is to examine the effects of a laser beam on a specimen
made from composite material. The materials investigated are CFRP, GFRP, PMMA, and
structural steel. The CAD model of a specimen is produced in Creo design software & transient
thermal analysis is undertaken to utilize ANSYS FEA software.

The kerf width and HAZ are obtained for all the specimens i.e., CFRP, GFRP, PMMA, and
structural steel. The HAZ is highest for steel material and is minimum for PMMA and GFRP.
The HAZ for PMMA and GFRP is limited to kerf width. For CFRP material, the maximum
temperature obtained at 1 mm distance from laser beam incident is 5412.7K and maximum
temperature at 2mm distance from laser beam incident is 3408.1K

Laser cutting is used in manufacturing industries and is used for various materials . The incident
laser beam increases the temperature and also affects the nearby regions. This heat-affected
region is different for ductile materials and other composite materials. It is essential to
investigate the heataffected zone which incurs a change in elastic-plastic behavior. The
objective of the current research is to examine the effects of a laser beam on a specimen made
from composite material. The materials investigated are CFRP, GFRP, PMMA, and structural
steel. The CAD model of a specimen is produced in Creo design software & transient thermal
analysis is undertaken to utilize ANSYS FEA software.

Keywords: Laser cutting, FEA, Thermal Analysis

VOLUME 23 : ISSUE 10 (Oct) - 2024 Page No:1051



YMER || ISSN : 0044-0477 http://ymerdigital.com

Lasers: Fundamentals, Types, and Operations

The acronym LASER, constructed from Light Amplification by Stimulated Emission of
Radiation, has become so common and popular in every day life that it is now referred to as
laser. Fundamental theories of lasers, their historical development from milliwatts to petawatts
in terms of power, operation principles, beam characteristics, and applications of laser have
been the subject of several books [1 — 5]. Introduction of lasers, types of laser systems and their
operating principles, methods of generating extreme ultraviolet/vacuum ultraviolet
(EUV/IVUV) laser lights, properties of laser radiation, and modification in basic structure of
lasers are the main sections of this chapter.

Modification in Basic Laser Structure

Addition of some electronic, optical, or electro-optical systems between the active media and
mirror to modify the pulse width, pulse shape, and energy/pulse and generation of integral
multiple of laser frequency is important for advanced technological applications. Mode locking
or phase locking, Q-switching, pulse shaping, pulse compression and expansion, frequency
multiplication, and so on, are some commonly used methods in advanced laser technology.

Basic Principle of Mode Locking

Mode locking is a technique in optics by which a laser can be made to produce light pulses of
extremely short duration of the order of picoseconds (107!? s) or femtosec-onds (107'° s). The
basis of this technique is to induce constant phase relationship between the modes of laser
cavity. Simply, same phase of ¢ can be chosen for all laser modes. Such a laser is called mode-
locked or phase-locked laser, which produces a train of extremely narrow laser pulses separated
by equal time intervals. Let N modes are oscillating simultaneously in the laser cavity with
(Ao)n, wn, and on being the ampli-tude, angular frequency, and phase of the nth mode. All these
parameters vary with time, therefore modes are incoherent. The output of such laser is a linear
combi-

N

nation of n different modes and is given by A(t) = n=0 (Ao)ne'( "+ expression.

For simplicity, frequency of the nth mode can be written as wn = @ — n, where wn is the mode
with highest frequency and = c¢a/L is the angular frequency separation between two modes. If

all the modes have same amplitude and we force the various modes to maintain same relative
phase J to one another, that where ¢ = 7 ct/L.

that o )
is, we mode lock the laser
such N n= , then the expression for resultant
amplitude will be A(t) = Age'l
t+) n=0 g7 Nl = Agell ®sin(Np/2)/sin(¢/2),

The irradiance of the laser output is given by I(t) = A(H)A()* =
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Ao%sin?(No/2)Isin?(p/2), which is the periodic function of the period= 27 in the time interval t =
2L/c (time of round-trip inside the cavity). The maximum value of

irradiance is N2A¢? at ¢ = 0 or 2px (p is integer). Irradiance has zero value for No/2 = pr , where
p is an integer with values neither zero nor a multiple of N. This makes ¢

= 2pn/N = & ct/L or t = (1/N) (2L/c)p. Therefore, separation between two consecutive
minima, that is, pulse width of a single laser pulse is t=(1/N)(2L/c). Hence, the output of a
mode-locked laser has sequence of short pulses of pulse duration (1/N)(2L/c) separated in time
by 2L/c. The ratio of pulse separation to the pulse width is equal to the number of modes N,
which shows that there should be a large number of modes in the cavity in order to get high-
power short duration (picoseconds and femtoseconds) laser pulses.
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Figure: (a) Basic optical geometries for laser pulse shaping, (b) positive chirped and (c)
negative chirped pulse shaping.

Laser Cutting Process

Laser cutting is used in manufacturing industries and is used for various materials. The
materials absorb laser light and it comprises of cutting gas, cutting head, by-table as shown in
figure 1.1 below. The laser light is transmitted from the optical fiber to the head (cutting head),
the beam is then focussed on a single spot of the workpiece. The energy of the laser results in
the melting of the material. The gas used pushes the material from the cut zone. The location
of the workpiece is nearly 2mm from the cutting head.

Laser cutting is widely utilized in industry to produce complicated forms with tight tolerances.
Laser cutting provides many benefits over traditional cutting, including a smaller heat impacted
zone, more accuracy, the ability to process without physical touch, as well as a shorter
processing time.

http://ymerdigital.com

Page No0:1053



YMER || ISSN : 0044-0477 http://ymerdigital.com

Laser cutting is being used by manufacturers to improve both the quality & the production of
their products. Choice of suitable laser cutting factors like laser power, laser beam diameter, &
cutting speed has a significant effect on productivity and quality. Matter & laser cutting
parameters interact thermally and mechanically throughout the laser cutting process. HAZ is a
term used to describe the area of the base material where heat created during laser cutting has
altered the microstructure & mechanical characteristics, but the material itself has not yet
melted. This shift in the area surrounding the cut surface is caused by heat created by the laser
cutting process and then cooled. Fatigue resistance, surface cracking, & deformation may all
occur in HAZ. To reduce heat impacted zones, it is important to pick the correct laser cutting
settings[3].
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Figure 2: Experimental Setup for Laser Cutting Process

Advantages of Laser Cutting

Using lasers to cut materials has clear advantages:
(1 The ability to cut quickly
[ High performance
) Wide variety of machining

(1 The cut is smooth while milling because a light beam substitutes the typical tool or flame. There
is no need for further processing.

(] The impacted region of reducing heat is modest.
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(1 Deformation of a little sheet

(1 A thin cutting seam

(1 The incision is free of mechanical tension.
(1 There is no burr.

(1 High machining precision

[1 Repetitiveness is good

(1 Avoid scratching the plate's surface.

1 CNC programming

(1 There is no need to remove the mold

(1 Time & money-saving

CAD Modelling

http://ymerdigital.com

The specimen model is generated in Creo design software. This software is parametric and is
specially meant for 3D cad modeling. The model is developed and converted into an integrated
graphics file format (.iges). This file is imported intothe ANSYS design modeler and checked
for surface patches and other geometric errors as shown in figure 3 below. The dimensions of
the specimen are 50mm * 25mm. The laser beam passes through colored slices in mid-portion.
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Figure 3: CAD model of the specime
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Figure 4: Temperature plot at 3 secs

Figure 4 above shows the temperature plot at 3 secs after laser cutting operation. The maximum
temperature is 7431.9 °C and the minimum temperature is 1094.7°C. The temperature reduces
as we move away from the cutting zone depicted by red color to light blue color.
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Figure 5: Temperature plot at 4 secs

Figure 5 above shows the temperature plot at 4 secs after laser cutting operation.

The maximum temperature is 7454.8°C and the minimum temperature is 1117.4°C.
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Figure 6: Temperature plot at 5 secs
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Figure 6 above shows the temperature plot at 5 secs after laser cutting operation.

The maximum temperature is 7470.6°C and the minimum temperature is 1159.4°C.
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Figure 7: Temperature plot at 6 secs

Figure 7 above shows the temperature plot at 6 secs after laser cutting operation. The maximum
temperature is 7519.3°C and the minimum temperature is 1226.5°C. The temperature reduces
as we move away from the cutting zone depicted by red color to light blue color.
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Figure 8: Temperature plot at 7 secs
Figure 8 above shows the temperature plot at 7 secs after laser cutting operation. The maximum
temperature is 7601.7 °C and the minimum temperature is 1315.4°C. The temperature reduces
as we move away from the cutting zone depicted by red color to light blue color.
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Figure 9: Temperature plot at 8 secs
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Figure 9 above shows the temperature plot at 8 secs after laser cutting operation. The maximum
temperature is 7768.5°C and the minimum temperature is 1423.5°C. The temperature reduces

as we move away from the cutting zone depicted by red color to light blue color.
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Figure 10: Temperature plot at 9 secs
Figure 10 above shows the temperature plot at 9 secs after laser cutting operation. The
maximum temperature is 8806°C and the minimum temperature is 1633.7°C. The temperature

reduces as we move away from the cutting zone depicted by red color to light blue color.
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Figure 11: Temperature plot at 10 secs

Figure 11 above shows the temperature plot at 10 secs after laser cutting operation. The
maximum temperature is 3073.7°C and the minimum temperature is 1080.4°C. The temperature
reduces as we move away from the cutting zone depicted by red color to light blue color.
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Figure 12: Temperature plot at 1mm distance
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Figure 12 shows the temperature-time curve at a point Lmm away from the cutting zone which

shows an increase in temperature up to 3977.3K and reduces to 1257.6K.
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Figure 13: Temperature plot at 2mm distance

Figure 13 shows the temperature-time curve at a point 2mm away from the cutting zone which
shows an increase in temperature up to 3184.3°C and reduces to 1400°C.

Conclusion
The FEA is a viable tool in determining the thermal characteristics of the composite material

specimen on which laser beam is incident. The use of computer simulation can significantly
reduce time and cost as against experimental techniques. The transient thermal analysis is
conducted on a thin specimen made of composite materials i.e. CFRP, GFRP, PMMA, and
structural steel. The temperature plot along with thermal stresses are determined. The detailed

results areas:
The temperature distribution at the location of laser beam incidence is obtained.

2. The kerf width and HAZ are obtained for all the specimens i.e. CFRP, GFRP, PMMA, and

structural steel.
3. The HAZ is highest for steel material and is minimum for PMMA and GFRP. The HAZ for

PMMA and GFRP is limited to kerf width.
4. For CFRP material, the maximum temperature obtained at 1mm distance from laser beam
incident is 5412.7K, and the maximum temperature at 2mm distance from laser beam incident

in 3408.1K.
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