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 This research centers on experimental laser machining of acrylic sheet using CO2 laser. 
The laser machine is equipped with 3-axis motion controllers having resolution of 1μm 

in each axis. The main objective is to find out the optimize laser cutting parameters 

using Variable Weight Grey-Taguchi Method. The considered control factors are stand-
off distance, cutting speed and laser power. This study also considers surrounding 

temperature as noise factor. Simulation and physical experimental were conducted 

using the existing and improved methods.  The superior of these methods is merely 
depending on the response factors which are Surface Roughness (SR), Kerf Taper 

Angle (TAP), Heat Affected Zone (HAZ) and Kerf Width (KW). Results from 

computer simulation and physical experiment shows both methods had improved the 
response factors. Results also shows that the improved method is more efficient 

compared to the existing method. 
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INTRODUCTION 

 

 Despite laser beam capability to perform precise cutting, there are some other cutting parameters that need 

to be finely tuned and controlled in order to get high quality cutting process.Currently, machine operators use 

“trial and error” approach to set-up laser cutting parameters in order to achieve the desired surface roughness. 

The setting up of laser cutting parameters is repetitive due to trial and error process. Obviously, this method is 

not efficient because it is very time and cost consuming. In addition, the method is also not systematic and 

depends on the experience of the machine operators. Furthermore, machining parameters are different between 

different workpiece materials and the type of laser beam used. Some companies have a system to record those 

machine conditions and parameters for each material and types of laser beam. But, since there are other 

parameters such as the cutting speed, laser power and stand-off distance, those recorded parameters are not 

adequate. 

 According to Zhang et al. (2007), there is no analytical method (theoretical) to determine the best and 

optimal machine parameters and conditions for laser cutting process. Researchers (Pan et al., 2007, Zhang et al., 

2007, and Singh et al., 2004) used experimental approach to determine the parameters that influence the quality 

of the cutting parts.Practically, optimization approach is a better approach in determining optimum machine 

parameters and conditions for laser cutting process compared to “trial and error” approach. Recently, Pan et al. 

(2007) used Grey-Taguchi method to design the experiment and calculating the optimum machine parameters 

for laser cutting process. However, the Grey-Taguchi method can still be improved especially in its weight 

assignment in order to obtain optimum machine parameters. 

 Thus, this study focuses on applying an improved version which is called Variable Weight Grey-Taguchi 

Method. The algorithm for this method implements two simple criteria in assigning weight: sum of the weight 

and equal weight. Therefore, this research studies on the effect of weight assignment in order to produce 

optimum control and noise factors. The considered control factors are cutting speed, laser power and stand-off 

distance. While for noise factor, surrounding temperature is considered. The selected workpiece material for 

experimentation works is acrylic sheet with 3mm thickness. 
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Experimentation: 

 There are two steps in designing the experiments – selecting the control and noise factors and selecting a 

suitable Orthogonal Array (OA). First, control and noise factors are determined Each factor is divided into three 

levels; level 1 for low level, 2 for medium and 3 for high level as shown in Table 1 below. 

 
Table 1:  Machining parameters and their respective levels. 

Machining parameter Symbol Level 1 Level 2 Level 3 

Noise factors     

Temperature (°C) A 22 24 26 

Control factors     

Stand-off distance (mm) B 9.3 9.5 9.7 

Cutting speed (mm/sec) C 13 14 15 

Laser power (W) D 25.5 27 28.5 

 

 The range of parameters is limited by the capability of the Carbon Dioxide (CO2) laser cutting machine. 

The control and noise factors are the independent variables. The selected control factors are the basic controlled 

parameters used in laser cutting operation.The considered noise factors are variables that often uncontrollable in 

machine shop, which may affect the finishing of machined surface. Since laser beam cutting involving heat in 

the process, surrounding temperature may have an effect to the finishing quality. Thus, temperature of room is 

selected as the noise factor. It is because this factor is difficult to control. 

 The second step is determining a suitable OA. By using Equation 3.1 discussed in the previous chapter, the 

Degree of Freedom (DOF) for this study is equal to two. Then, a suitable OA is selected which is L9. However, 

L27 was selected to get a higher resolution. The L27 OA has 13 columns and 27 rows. Since the selected OA 

contains 13 columns, the nine right-handed columns of the array have been left empty as shown in Table 2 

below. 

 
Table 2: Standard L27 orthogonal array used for this study. 

Trial no. Factor A Factor B Factor C Factor D 

1 1 1 1 1 

2 1 1 1 1 

3 1 1 1 1 

4 1 2 2 2 

5 1 2 2 2 

6 1 2 2 2 

7 1 3 3 3 

8 1 3 3 3 

9 1 3 3 3 

10 2 1 2 3 

11 2 1 2 3 

12 2 1 2 3 

13 2 2 3 1 

14 2 2 3 1 

15 2 2 3 1 

16 2 3 1 2 

17 2 3 1 2 

18 2 3 1 2 

19 3 1 3 2 

20 3 1 3 2 

21 3 1 3 2 

22 3 2 1 3 

23 3 2 1 3 

24 3 2 1 3 

25 3 3 2 1 

26 3 3 2 1 

27 3 3 2 1 

 

 Performing an experiment more than once can often reduce the effects of high variability on experimental 

results. So, it was decided to run the experiments three times for each row and the average for each row is taken 

as raw data. The experiments are conducted in random sequence to reduce the effect of experimental setup on 

the results. 

 A 50mm x 20mm rectangular shape with groove in the middle was cut as a sample. Then, this sample is 

analyzed to get the response factors value.Four response factors are considered in this study – surface 

roughness, heat affected zone, kerf width and kerf taper angle. For each response factor, measurements were 

made on three fixed spots on the edge of the sample surface, one in the middle and the other two on the edge as 

shown in Figure 1below. 
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Fig. 1: Measurements spots on the sample. 

 

RESULT AND DISCUSSION 
 

 From the result analysis, the highest Grey Relational Grade is 0.67410, which is from trial number 22. 

Table 3 on the next page shows the machining parameters for trial number 22 and the obtained machining 

performance characteristics.From the results of physical experiments, the surface roughness for trial number 22 

is 0.256. It is the lowest value of surface roughness among all 27 trials. For the kerf taper angle, trials number 22 

gives 1.0º which is the second lowest angle. 0.9676 for heat affected zone is the ninth lowest. While for kerf 

width, 0.3411 is the fourteenth lowest value.  

 
Table 3: Machining parameters and performance characteristics from trial number 22. 

Machining Parameters Value 

Temperature (°C) 26 

Stand-off distance (mm) 9.3 

Speed (mm/sec) 3000 

Power (Watt) 25.5 

Performance Characteristics Value 

SR (µm) 0.256 

TAP (°) 1.0 

HAZ (mm) 0.9676 

KW (mm) 0.3411 

GRG 0.67410 

 

 The next step is to calculate the average values of GRG for each machining parameters and their respective 

levels. Table 4 below shows the calculated average GRGs. 

 
Table 4: The value of average GRGs of machining parameters and their respective levels. 

 

Level 
Temperature (°C) 

Stand-off distance 

(mm) 

Cutting speed 

(mm/sec) 
Laser power (W) 

1 0.4549 0.3752 0.4990 0.6194 

2 0.4731 0.5555 0.4188 0.5538 

3 0.4824 0.47968 0.5946 0.4536 

 

 Then, these average values of GRG are being plotted to identify the optimum set of control factors. Figure 2 

below shows the graph of average GRG. 

 

 
 

Fig. 2: Graph of value of average GRG by Grey-Taguchi algorithm. 
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 From the graph, the optimum set of machining parameters is determined by the highest value of average 

GRG for every factor. The optimum control and noise factors are 26°C for surrounding temperature; 9.5 mm for 

stand-off distance; 15 mm/min cutting speed and 25.5 W for laser power. Then, these set of factors are being 

used to operate another experiment. Then, sample from this experiment is analysed to get the performance 

characteristics. Table 5 below shows the obtained performance characteristics. 

 
Table 5: Performance characteristics from optimum parameters using Grey-Taguchi algorithm. 

Performance characteristic Weight Value 

Surface Roughness 0.25 0.245 µm 

Taper 0.25 1.0° 

Heat Affected Zone 0.25 0.6831 mm 

Kerf Width 0.25 0.3230 mm 

Analysis Using the Variable Weight Grey-Taguchi Algorithm 

 

 The next step is analysing the raw data using second Matlab program which is implementing Variable 

Weight Grey-Taguchi algorithm. The following Table 6 shows the machining parameters by Variable Weight 

Grey-Taguchi method from the trial with highest value of Grey Relational Grade (GRG). 

 
Table 6: Machining parameters from trial with highest GRG. 

Machining Parameters Value Level 

Temperature (°C) 22 1 

Gap (mm) 9.5 2 

Speed (mm/sec) 14 2 

Power (Watt) 27 2 

 

 The next step is to investigate the sample from the experiment which has the highest GRG. Table 7 below 

shows the obtained performance characteristics. 

 
Table 7: Performance characteristics from trial with highest GRG 

Performance Characteristics Weight Value 

SR (µm) 0.01 0.370 

TAP (°) 0.27 1.6 

HAZ (mm) 0.37 0.8372 

KW (mm) 0.35 0.3214 

GRG  0.70561 

 

 Then, the calculated GRGs were used for further calculation. The average values of GRG for each 

machining parameters and their respective levels are calculated. Table 8on the following page shows the 

calculated average GRGs. 

 
Table 8: The value of average GRGs of machining parameters and their respective levels. 

 
 

Level 

Temperature 

(°C) 

Stand-off distance 

(mm) 
Cutting speed (mm/sec) Laser power (W) 

1 0.4088 0.3121 0.4532 0.4184 

2 0.4273 0.5055 0.3717 0.4275 

3 0.4261 0.4445 0.4373 0.4163 

 

 Then, these average values of GRGs are being plotted to identify the optimum set of control factors. Figure 

3 below shows the graph of average GRG. 

 

 
 

Fig. 3: Graph of value of average GRG by Variable Weight Grey-Taguchi algorithm. 
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 From the graph, the optimum set of machining parameters is determined by the highest value of average 

GRG for every factor. The following Table 9 lists the optimum machining parameters from Variable Weight 

Grey-Taguchi algorithm. 

 
Table 9: Machining parameters at optimum level 

Machining Parameters Value Level 

Temperature (°C) 24 2 

Gap (mm) 9.5 2 

Speed (mm/sec) 13 1 

Power (Watt) 27 2 

 

 Then, the sample from the experiment is investigated to collect the value of performance characteristics. 

Table 10 below shows the performance characteristics from the experiment. 

 
Table 10: Performance characteristics from optimum parameters using Variable Weight Grey-Taguchi lgorithm. 

Performance characteristics Weight Value 

Surface Roughness (µm) 0.01 0.170 

Taper (°) 0.27 0.48 

Heat Affected Zone (mm) 0.37 0.6382 

Kerf Width (mm) 0.35 0.1740 

 

 This study proposes variable weight assignment approach. By using this approach, all possible sets of 

weight are calculated and considered in the calculation. From the physical experiments, the Variable Weight 

Grey-Taguchi algorithm gives more accurate results. 

 

Conclusion: 

 The purpose of this research is to find the most optimum set of parameters of CO2 laser beam cutting (LBC) 

to cut an acrylic sheet. Parameters to be optimized are gap distance, cutting speed, laser power and temperature 

of the surrounding. Finding the most optimum set of parameters is a crucial problem in laser beam cutting. 

 

ACKNOWLEDGEMENT 

 

 The authors are grateful to Ministry of Higher Education Malaysia, which supported this research via 

RAGS grant RDU 101111. 

REFERENCES 

 

Pan, L.K., et al., 2007. Optimizing multiple quality characteristics via Taguchi method-based Grey 

analysis.Journal of Materials Processing Technology, 182: 107-116. 

Pan, L.K., C.C. Wang, Y.C. Hsiao and K.C. Ho, 2004. Optimization of Nd:YAG laser welding onto 

magnesium alloy via Taguchi analysis. Journal of Optics and Technology, 37: 33-42. 

Yilbas, B.S., 2004. Laser cutting quality assessment and thermal efficiency analysis. Journal of Materials 

Processing Technology, 155-156:  2106-2115. 

Yilbas, B.S., 2008. Laser cutting of thick sheet metals: Effects of cutting parameters  on kerf size variations. 

Journal of Materials Processing Technology, 201: 285-290. 

Zhang, J.Z., J.C. Chen and E.K. Kirby, 2007. Surface roughness optimization in an end-milling operation 

using the Taguchi design method. Journal of Materials Processing Technology, 184: 223-239. 

Zheng, G., Y. Jing, H. Huang And Y. Gao, 2009. Application of improved grey relational projection 

method to evaluate sustainable building envelope performance.Applied Energy, 87: 710-720. 

 


