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ABSTRACT 

Laser has been employed for producing the complex specimens very efficiently and magnificently. The 

use of acrylic components is becoming prevalent day by day. Hence it is required to study the various 

machining techniques for engraving or cutting of acrylic material. The one of the non-traditional 

machining processes which can be employed efficiently for machining of acrylic is CO2 laser machining. 

The parametric study of acrylic materials by using CO2 laser machining is discussed in this paper. The 

scanning speed and the laser power were considered as process parameters and the influence of these 

parameters is studied on the depth as response measure. The engraving depth is observed to be 

increasing with increase in power and noted to be decreasing with increase in the scanning speed. 
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1 Introduction 

The use of non-conventional machining processes is continuously increasing day by day due to growing 

demand for machining accuracy, quality and efficiency. CO2 laser machining can be effectively used for 

engraving the different shapes on metals, acrylic and woods. There are other techniques also available like 

CNC engraving, milling, etc. The conventional methodology like hand graving using knife or some other 

tools is time consuming method and also less accurate for producing intricate parts or shapes. 

For a cutting metal and non-metallic Material, CO2 laser is acting as an appropriate tool which is frequently 

employed in industry. It's application in the non-metals extends in acrylic cutting and engraving, wood 

material cutting and engraving, etc. The advantage of CO2 laser cutting is its capability to produce complex 

shapes easily with at micrometer scale [1-6]. Various researchers have reported the similar type of study 

using different non-conventional machining processes like photochemical machining, laser engraving, laser 

cutting for the fabrication of different components like microchannels, microchannel heat sinks, micro 

components, etc. [7-20]. CO2 laser machining is efficient not only in speed but also in accuracy. So, CO2 

laser machining is useful for fabrication micro channel. The parameters reported in CO2 laser machining 

were laser power, scanning speed, etc. In this paper, the square shaped geometry is manufactured with the 

help of CO2 laser machining with six different parametric combinations.  

2 Materials and Methods 

The methodology is explained in Figure 1. 
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Figure 1: Methodology 

⮚ Material:  In this research, the material used was acrylic having thickness of 2 mm. It's Chemical 

formula is (C5O2H8)n. The properties of acrylic material are mentioned below: 

o Acrylic material having good impact resistance.  

o Acrylic Material is light weight. 

o It also UV radiant. 

⮚ Design on CAD Software: At first, the design of the required configuration is prepared with the help 

of two-dimensional drawing in AutoCAD software. The designed diagram is acting as an input for a 

CO2 laser machining. The CO2 laser cut machining takes input as 2D CAD drawing in dxf format and 

it analyses the path of channel which is given in CAD drawing.  

⮚ Experimentation: The CO2 laser machining setup is as depicted in figure 2. The CO2 laser is a multi-

gas laser cutting machine. It mainly uses carbon dioxide, nitrogen, hydrogen and helium gas. This gas 

combines to form a laser beam. It can work on wood, plastic, metals. When power is supplied to the 

machine light is formed in it and the same light passes through the tube containing gas. There are 

mirrors on both sides of the tube. With the help of this mirror, they pass through the resonator that 

generates light energy in the beam and this beam comes to the nozzle with high intensity and collides 

on the acrylic sheet. As soon as the input is given, the machine starts working with the help of laser 

and the output is observed as the somewhat small cut on acrylic, The CO2 laser cutting is performed 

selecting the values of power and scanning speed parameters.  

 
Figure 2: CO2 Laser Machining Set-up 
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 Design on CAD software.   

 

 
Experimentation on CO2 laser Machine by varying speeds and laser 

power 
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The specifications of CO2 Laser machine is as given below: 

1. Model- TIL6090  

2. Laser Type Sealed Hermetic CO2 Laser Tube 

3. Laser Power 60W/80W/100W  

4. Engraving Area 600 x 900 mm 

5. Accuracy± 0.025 mm 

6. Power Supply220 V±10%/50HZ. 

7. Gross Power1800 watt. Approximate  

8. Cutting Speed 500 mm/s (Max) 

9. Engraving Speed 500 mm/s (Max) 

 

Experimental Data Analysis: By using digital micrometer, the depth of cut is measured and the readings 

at different laser power and laser scanning speeds are recorded and further analysed. 

3 Results and Discussion 

CO2 laser machining is performed on acrylic sheet varying the laser cutting machining parameters like power 

and scanning speed. The sample specimens after CO2 laser machining are depicted in Figure 3 

 

 
Figure 3: Sample specimens 

The experimentation details with the recorded depth for various speed and power combinations are 

presented in Table 1. 

Table 1: Recorded depth for Speed and power combinations 

Expt. No.  1 2 3 4 5 6 

Speed 

(mm/sec) 
100 100 100 150 150 150 

Power 

(Watt) 
30  60 90 30 60 90 

Depth 

(mm) 
0.254 0.368 0.527 0.195 0.274 0.416 
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It is observed from the table 1 that as power increases the depth also increases. Further, the depth is noted 

to be decreasing with increase in the scanning speed. 

4 Conclusions 

The parametric influence study for CO2 laser machining on acrylic material is carried out and based on the 

experimentations, the following conclusions are drawn: 

▪ Higher the intensity of power then greater the engraving in acrylic and increases depth of cut.  

▪ As the scanning speeds increase, engraving on acrylic decreases and also depth of cut decreases. 
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