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ABSTRACT 

The current research work focuses on laser beam machining (LBM) of AISI 4118 

alloy steel. Laser beam machining is highly efficient advance machining process used to 

machine difficult to machine materials. AISI 4118 alloy steel is used in pipelines, auto parts, 

transformers, power generators and electric motors. It has excellent corrosion resistant 

properties, strength and durability due to varying proportions of alloying elements (such as 

manganese,tungsten,nickel,copper etc.).  Diode pumped Nd:YAG laser of 20W is used for 

experimentation. The process parameters considered are current, pulse frequency and scan 

speed. The responses are optimized by Taguchi and grey relational analysis (GRA) is 

material removal rate (MRR) and mark width (M.W). Hence, a single objective optimization 

is done using Taguchi method and grey relational analysis (GRA) is done for multi objective 

optimization. It is found that the responses are influenced by the process parameters. For 

both MRR and M.W current is found to be the most influencing factor. Optimal settings of 

parameters are found to achieve high MRR and low M.W.  Grey relational analysis reveals 

that current and pulse frequency is significant factors while scan speed is not a significant 

factor with p-value less than 0.05.  

Keywords- AISI 4118 alloy steel, Grey relational analysis, Material removal rate, Mark 

width, Taguchi method. 

 

1. Introduction 

Laser machining is one of the most promising technologies to be used in rapid 

prototyping to produce tool and mould operations. Compared to traditional machining, this 
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method has some advantages like: greater flexibility of use, no mechanical contact with the 

surface, a reduction in industrial effluents (as no acid, solvent or dielectric oil is used) and a 

fine accuracy of machining. The advantages of laser beam over the other heat sources are its 

controllable spot size and high power density, which lead to local and rapid heating in the 

removed layer on the work piece surface. The laser beam heating the work piece surface 

locally in front of the cutting tool creates a large thermal gradient through thickness and only 

the volume of material to be removed is effectively heated ensuring a narrow heat affected 

zone and minimum thermal distortion without affecting the integrity of the machined 

subsurface and high energy efficiency of the process. However, the shape precision, the 

removal rate and the surface quality strictly depend on the materials properties, the laser 

source characteristics and the process parameters; then, in order to obtain low roughness, 

mark width and high material removal rate, a process optimization is required. The real 

physical processes in laser machining are very complex. Modeling of the process can be 

divided according to the area of interests, some are focused on the target material, some are 

on gas dynamics and some are on the plasma phenomena. Laser cutting is widely used in 

aerospace, armament, defense, sheet metal industry, automobile and shipping industry. 

The influence of process parameters like pulse frequency, the beam speed, the 

distance between two consecutive scans, the number of replications of the geometric pattern 

and the scanning strategy on MRR (material removal rate) and surface roughnesswas studied 

and it was found that the engraved depth strongly depends on frequency, scan speed and scan 

number, while it is practically independent of scan strategy. The roughness depends on line 

spacing, scan speed, and frequency, after 10 scans it is almost unvarying [1]. 

Parametricoptimization of the kerf quality characteristics (kerf width, kerf taper, and kerf 

deviation) during pulsed Nd:YAG laser cutting of nickel-based superalloy thin sheet was 

performed[2]. Investigation on laser assisted turning of SKD 11 using TiN coated ceramic 

inserts was done. In this study, the effect of laser beam on cutting forces, surface temperature, 

surface roughness and tool wear are analyzed over wide range of cutting speeds and feed rate 

and the results are compared with conventional machining. It was observed that force 

reduction of about 40% for LAM at identical machining conditions when compared to 

conventional machining. It was concluded that the surface temperature can be maintained 

around 600-750°C for better machining and the surface roughness was improved 50% when 

compared to conventional machining [3].Bouquet J. et al. presents paper describing the 

development of this machining center which allows machining and laser hardening in one 

setup, followed by a proof of concept for hardening C45 steel on this setup. It can be 

concluded it is well possible to harden C45 steel from 200 HV up to 800 HV, on the 5-axis 
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machining center, using a Nd:Yag 500W laser[4].In the research study laser micro machining 

(LMM) of tungsten-molybdenum general purpose high speed steel has been studied. The 

process parameters considered were lamp current, pulse width, frequency and air pressure. 

The optimum condition to get maximum depth of groove and least height of recast layer was 

investigated [5].Taguchi method was used for optimization of surface roughness in mild steel 

material and considered parameters such as the cutting speed, laser power and assists gas 

pressure. The results showed that the cutting speed and assist gas pressure are the most 

significant parameters affecting the surface roughness, whereas the influence of the laser 

power is much smaller [6]. P.J Pawar et.al carried out their work on stainless steel to improve 

the quality performance in terms of kerf width, kerf taper and surface roughness by 

considering assist gas pressure, cutting speed and pulse of frequency using multi objective 

optimization technique of genetic algorithm (NSGA) to obtain optimum solution. The two 

objectives considered are: minimization of kerf width and kerf taper subjected to the 

constraints on surface finish [7]. An experimental study on inert-gas fusion cutting stainless 

steel with different types of laser was carried out.The cutting capabilities of a fiber and a CO2 

laser beam with similar Rayleigh length have been compared as a function of material 

thickness with respect to achievable maximum cutting speed, cut edge surface roughness and 

cut kerf geometry. The observation was that the cut kerfs are nearly identical in size but differ 

qualitatively in shape for both laser types [8]. JaroszK. et al. presented the effect of cutting 

speed on heat-affected zone (HAZ) and surface roughness in laser cutting of AISI316L 

stainless steel. Cutting speed was varied with other parameters constant (laser power, assist 

gas, assist gas pressure, nozzle diameter, nozzle standoff, kerf width and focal length. Cutting 

speed had a visible effect on surface roughness, width of the heat-affected zone and presence 

of macro irregularities, such as presence of dross, molten and burnt material. With the 

decrease in cutting speed, HAZ width also increases, and below a certain threshold (less than 

50% of maximum recommended value of cutting speed) lower part of the cut surface 

becomes visibly damaged [9]. Experiments on samples of 4130 steel with CO2 laser cutting 

system  was conducted and the combined effects of power and feed rate on kerf width, 

surface roughness, striation frequency and heat affected zone have been studied. It was 

observed that power had a major effect on kerf width and size of HAZ, while feed rate affects 

were found to be secondary. On the other hand, it was found out that surface roughness and 

striation frequency were affected mostly by feed rate [10].Dubey and Yadavareviewed the 

experimental investigations carried out to study the effect of various process parameters on 

the performance of Nd:YAG laser beam machining. The importance of different design of 

experiments (DOE) methodologies used by various investigators for achieving the optimum 
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value of different quality characteristics were also discussed by them. They reviewed the 

different approaches used for experimental investigations on Nd:YAG laser beam cutting, 

drilling and micromachining of various materials such as metals, non-metals and composites. 

These investigations showed the effect of various factors on process performance and also the 

capabilities and applications of LBM [11]. A paper focused on the application of artificial bee 

colony (ABC) algorithmto determine the optimalNd:YAGLBMprocess parameterswhile 

considering both single and multi-objective optimization of the responses. A comparative 

study with other population based algorithms, like genetic algorithm, particle swarm 

optimization, and ant colony optimization algorithm, proves the global applicability and 

acceptability of ABC algorithm for parametric optimization. The optimal response values 

obtained using ABC algorithm have minimum dispersion and are  found to be close to the 

target solutions [12]. 

1.1 Problem Definition 

The literature survey revealed that extensive research have been done in machining 

aluminum, AISI 1045 steel and stainless steel using laser beam machining. Extensive study 

on laser machining of low carbon high chromium steel like AISI 4118 have not been done 

yet. Also, most of the research works have focused on surface roughness as performance 

criteria. Steel with high chromium percentage have wide industrial applications. In this 

research work, high chromium steel AISI 4118 is considered as work material and MRR and 

mark width as performance measures. 

1.2 Objective 

The objective of the current research work is to study the effects of current, pulse 

frequency and scan speed on material removal rate (MRR) and mark width (M.W). Further, 

single and multi-objective optimization is done to determine the optimal control parameter 

settings using Taguchi method and grey relational analysis (GRA). 

2. Experimental Set Up 

The experiments were conducted on a SLT-SP-2000 Nd:YAG laser pumped machine 

manufactured by M/s Sahajanand Laser Technology, India with machine emitting light at 

1064nm wavelength, the total power of light being radiated out of optical output was up to 

20W. 
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Fig 1: Laser Beam Machine 

The work piece material used is AISI 4118 alloy steel. It has good corrosion resisting 

properties due to high percentage of chromium. 

Table 1: Chemical Composition of AISI 4118 Alloy Steel 

Composition Percentage % 

Iron 97.7-98.49 

Manganese 0.70-0.90 

Chromium 0.40-0.60 

Carbon  0.18-0.230 

Silicon 0.15-0.35 

Molybdenum 0.08-0.15 

Sulphur 0.040 

Phosphorus  

 

 

0.035 

 
 

3. Methodology 

3.1 Performance Measures 

Material Removal Rate (M.R.R) - The material removal rate of the work piece is 

given by the formula- 

        M. R. R =
(𝑊𝑖−𝑊𝑓)

𝑡
*1000 mg/sec        [1] 

Wi= initial weight of work piece (g) 

Wf= final weight of work piece (g) 

T= machining time taken (sec) 

Mark Width (M.W) - It is the width of the line segment formed by laser. It is measured by 

optical microscope. 
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3.2 Taguchi Method 

Taguchi method is a statistical method of optimization developed by Genichi 

Taguchito improve the quality of manufactured goods.The design of experiment using 

Taguchi approach can economically satisfy the needs of problem solving and product/process 

design optimization projects. In the present research work Taguchi L9 orthogonal array is 

selected. By learning and applying this technique researchers can significantly reduce the 

time required for experimental investigation. Various factors and their levels are considered 

for optimization. 

Table 2: Process Parameters and the Levels Considered 

Levels Current(A) Pulse Frequency(Hz) Scan Speed(mm/s) 

1 18 4000 7 

2 20 4200 9 

3 22 4600 11 

 

Depending upon the goal of the experiments different signal to noise ratios can be 

chosen. 

Larger is better- S/N = -10 *log(Σ(1/Y
2
)/n) 

Smaller the response- S/N = -10 *log(Σ(Y
2
)/n) 

Where, n= Number of repetitions of experiments 

            Y= Measured value of quality characteristics 

Since, the objective of this thesis is to optimize the M.R.R and M.W, the larger is 

better is used for M.RR and smaller is better is used for M.W. 

3.3 Analysis of Variance (ANOVA) 

Analysis of variance tests the hypothesis if the means of two or more population are 

equal. It assesses the importance of variables by comparing the response variable means at 

the different factor levels. The null hypothesis states that all population means (factor level 

means) are equal while the alternative hypothesis states that at least one variable are different. 

If the p- value is less than 0.05 it can be concluded the variable is significantly affecting the 

performance measure. 

3.4 Grey Relational Analysis (GRA) 

In the grey relational analysis, experimental results were first normalized and then the 

grey relational coefficient was calculated from the normalized experimental data to express 

the relationship between the desired and actual experimental data. Then, thegrey relational 

grade was computed by averaging thegrey relational coefficient corresponding to each 

process response. The overall evaluation of the multiple process responses is based on the 
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grey relational grade.Optimization of a factor is the levelwith the highest grey relational 

grade[13]. 

In the present work, MRR and M.W are the multi- responses that are to be optimized. 

Thus, the normalized data processing for M.W corresponding to smaller the better criterion 

can be expressed as: 

𝑥𝑖(𝑘) =
max 𝑦𝑖 𝑘 −𝑦𝑖(𝑘)

max 𝑦𝑖 𝑘 −min 𝑦𝑖(𝑘)
        [2] 

 

The normalized data processing for MRR corresponding to larger the better criterion can be 

expressed as: 

 

𝑥𝑖(𝑘) =
𝑦𝑖(𝑘) − min 𝑦𝑖 𝑘 

max 𝑦𝑖 𝑘 −min 𝑦𝑖(𝑘)
         [3] 

Where, i=1, 2, 3…, m, m is the number of experimental runs in Taguchi orthogonal array. In 

the present work m= 27 as Taguchi L27 orthogonal array is selected. n is the number of  

process responses (MRR and M.W). xi (k) is the value after grey relational generation, min 

yi(k) is the smallest value of yi (k) for the k
th

 response, and max yi (k) is the largest value of 

yi(k) for the k
th

response.  

The normal ideal sequence for the responses is x0 (k) (where k=1, 2, 3... 27). The grey 

relational coefficient ξi (k) can be expressed as follows: 

 

ξi (k)  =
∆𝑚𝑖𝑛 +𝜀∆𝑚𝑎𝑥

∆0𝑖 𝑘 +𝜀∆𝑚𝑎𝑥
          [4] 

           

Where Δ0i (k) = difference of absolute value x0(k) and xi (k); ξ is the distinguishing 

coefficient 0 ≤ ξ ≤1; usually taken as 0.5. 

Δmin = the smallest value of Δ0i ; 

Δmax = the largest value of Δ0i.  

After averaging the grey relational coefficients, the grey relational grade γi can be computed 

as:  

𝛾𝑖 𝑘 =
1

𝑛
 ξi(𝑘)𝑛

𝑘=1           [5] 

Where γi is the grey relational grade and n is the number of performance characteristics. The 

best process sequence is taken as reference sequence x0(k).The intense relational degree 

between the reference sequence x0(k) and the given sequence xi (k) corresponds to the higher 

value of grey relational grade. 
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Hence, higher grey relational grade means that the corresponding parameter combination is 

closer to the optimal. 

 

4. Results and Discussion 

4.1 Taguchi Method 

Table3: Experimental Results 

Expt. No. Process Parameters Experimental Results 

 Current (A) 
Pulse 

frequency(Hz) 

Scan 

speed(mm/sec) 

MRR 

(mg/sec) 

M.W 

(µm) 

1 18 4000 7 0.00334 112.7 

2 18 4000 7 0.00333 112.6 

3 18 4000 7 0.00335 112.7 

4 18 4200 9 0.00276 96.9 

5 18 4200 9 0.00276 96.7 

6 18 4200 9 0.00275 96.8 

7 18 4600 11 0.01098 95.5 

8 18 4600 11 0.01097 95.4 

9 18 4600 11 0.01097 95.5 

10 20 4000 9 0.01589 223.4 

11 20 4000 9 0.01588 223.5 

12 20 4000 9 0.01589 223.4 

13 20 4200 11 0.02354 212.5 

14 20 4200 11 0.02355 212.6 

15 20 4200 11 0.02354 212.4 

16 20 4600 7 0.17900 206.7 

17 20 4600 7 0.17900 206.6 

18 20 4600 7 0.17900 206.7 

19 22 4000 11 0.00234 108.7 

20 22 4000 11 0.00235 108.6 

21 22 4000 11 0.00234 108.6 

22 22 4200 7 0.00343 103.7 

23 22 4200 7 0.00343 103.6 

24 22 4200 7 0.00344 103.7 

25 22 4600 9 0.01454 96.7 

26 22 4600 9 0.01454 96.6 

27 22 4600 9 0.01454 96.7 
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Table 4: Value of S/N Ratio 

Expt. 

No. 

Current 

(A) 

Pulse 

frequency 

(Hz) 

Scan 

speed(m

m/sec) 

MRR 

(mg/sec) 

M.W 

(µm) 

S/N ratio for 

M.R.R 

S/N ratio for 

M.W 

1 18 4000 7 0.00334 212.7 -49.5251 -46.5553 

2 18 4000 7 0.00333 212.7 -49.5251 -46.5553 

3 18 4000 7 0.00335 212.7 -49.5251 -46.5553 

4 18 4200 9 0.00276 96.9 -51.1924 -39.7175 

5 18 4200 9 0.00276 96.7 -51.1924 -39.7175 

6 18 4200 9 0.00275 96.9 -51.1924 -39.7175 

7 18 4600 11 0.01098 85.5 -39.1932 -38.6359 

8 18 4600 11 0.01097 85.4 -39.1932 -38.6359 

9 18 4600 11 0.01097 85.5 -39.1932 -38.6359 

10 20 4000 9 0.01589 223.4 -35.9793 -46.9830 

11 20 4000 9 0.01588 223.4 -35.9793 -46.9830 

12 20 4000 9 0.01589 223.5 -35.9793 -46.9830 

13 20 4200 11 0.02354 206.7 -32.5626 -46.3054 

14 20 4200 11 0.02355 206.6 -32.5626 -46.3054 

15 20 4200 11 0.02354 206.7 -32.5626 -46.3054 

16 20 4600 7 0.67900 212.5 -3.3626 -46.5472 

17 20 4600 7 0.67900 212.6 -3.3626 -46.5472 

18 20 4600 7 0.67900 212.4 -3.3626 -46.5472 

19 22 4000 11 0.00023 96.7 -72.7654 -39.7055 

20 22 4000 11 0.00023 96.7 -72.7654 -39.7055 

21 22 4000 11 0.00023 96.6 -72.7654 -39.7055 

22 22 4200 7 0.00343 108.7 -49.2857 -40.7246 

23 22 4200 7 0.00343 108.7 -49.2857 -40.7246 

24 22 4200 7 0.00344 108.7 -49.2857 -40.7246 

25 22 4600 9 0.01454 103.7 -36.7487 -40.3128 

26 22 4600 9 0.01454 103.7 -36.7487 -40.3128 

27 22 4600 9 0.01454 103.6 -36.7487 -40.3128 

 

From fig 2, it can be concluded that the MRR increases with increase in current and then 

gradually decreases. MRR is more with increase in pulse frequency and it decreases with 

increase in scan speed. Thus, from the S/N ratio graph, 20A, 4600Hz and 7mm/sec is 

obtained as the optimal setting for MRR.From the response table of MRR, it can be 

concluded that current is the most influencing factor affecting MRR followed by pulse 

frequency and scan speed 

Table 5: Response Table for S/N ratio for MRR 

Levels  Current (A) Pulse Frequency (Hz) Scan Speed (mm/sec) 

1 -46.64 -52.76 -34.06 

2 -23.97 -44.35 -41.31 

3 -52.93 -26.43 -48.17 

Delta  22.67 26.33 14.11 

Rank  1 2 3 
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Fig 2: S/N Ratio Graph for MRR 

 

Fig 3: S/N Ratio Graph for M.W 

Fig 3 concludes that the M.W decreases with increase in current and then gradually increases. 

M.W is more with increase in pulse frequency and it increases with increase in scan speed. 

Thus, from the S/N ratio graph, 20A, 4000Hz and 7mm/sec is obtained as the optimal setting 

for M.W. 

Table 6: RESPONSE TABLE FOR S/N RATIO FOR M.W 

Levels  Current(A) Pulse Frequency (Hz) Scan Speed (mm/sec) 

1 -41.64 -44.41 -44.61 

2 -46.61 -42.25 -42.34 

3 -40.25 -41.83 -41.55 

Delta  6.36 2.58 3.06 

Rank  1 3 2 

 

For M.W, it can be concluded that current is the most influencing factor affecting M.W 

followed by scan speed and pulse frequency. 
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4.2 Analysis of Variance (ANOVA) 

Table 7: ANOVA: M.R.R versus current, pulse frequency, scan speed 

Source DF Adj. SS Adj. MS F value P value 

Current 2 0.32741 0.163704 11.76 0.000* 

Pulse frequency 2 0.30825 0.154123 11.07 0.001* 

Scan speed 2 0.28324 0.141619 15.17 0.056 

Error 20 0.27838 0.013919   

Lack-of-Fit 2 0.27838 0.013919 4.69772 0.000 

Pure Error 18 0.00000 0.00000   

Total 26 1.19727    

*significant 

 

Table 8: ANOVA: M.W versus current, pulse frequency, scan speed 

Source DF Adj. SS Adj. MS F value P value 

Current 2 59987.9 29993.8 72.14 0.000* 

Pulse frequency 2 10620.2 5310.1 12.77 0.000* 

Scan speed 2 11460.3 5730.2 13.78 0.000* 

Error 20 8315.9 415.8   

Lack-of-Fit 2 8315.8 4157.9 935533.08 0.000 

Pure Error 18 0.1 0.0   

Total 26 90384.1    

*significant 

4.3 Grey Relational Analysis 

Table 9: Normalized Value of Responses 

Expt.No. Experimental Responses Normalized Value of Responses 

 MRR 

(mg/sec) 

(mg/sec) 

M.W (µm) MRR(mg/sec) M.W (µm) 

     1 0.00334 212.7 0.00458 0.07820 

2 0.00333 212.7 0.00458 0.07820 

3 0.00335 212.7 0.00458 0.07820 

4 0.00276 96.9 0.00373 0.91673 

5 0.00276 96.7 0.00373 0.91820 

6 0.00275 96.9 0.00371 0.91673 

7 0.01098 85.5 0.01584 0.99930 

8 0.01097 85.4 0.01582 1.00000 

9 0.01097 85.5 0.01582 0.99930 

10 0.01589 223.4 0.02310 0.00074 

11 0.01588 223.4 0.02306 0.00074 

12 0.01589 223.5 0.02310 0.00000 

13 0.02354 206.7 0.03434 0.12165 

14 0.02355 206.6 0.03436 0.12237 

15 0.02354 206.7 0.03434 0.12165 

16 0.67900 212.5 1.00000 0.07965 
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17 0.67900 212.6 1.00000 0.07893 

18 0.67900 212.4 1.00000 0.08040 

19 0.00023 96.7 0.00000 0.91820 

20 0.00023 96.7 0.00000 0.91820 

21 0.00023 96.6 0.00000 0.91890 

22 0.00343 108.7 0.00471 0.83130 

23 0.00343 108.7 0.00471 0.83130 

24 0.00344 108.7 0.00473 0.83130 

25 0.01454 103.7 0.02110 0.86750 

26 0.01454 103.7 0.02110 0.86750 

27 0.01454 103.6 0.02110 0.86821 

 

 

 

Table 10: Deviation Sequences andGrey Relational Coefficient 

Expt. No. Deviation Sequences Grey Relational Coefficient 

 MRR(mg/sec) M.W(µm) MRR(mg/sec) M.W(µm) 

1 0.99542 0.92180 0.33435 0.35166 

2 0.99542 0.92180 0.33435 0.35166 

3 0.99542 0.92180 0.33435 0.35166 

4 0.99630 0.08327 0.33416 0.85723 

5 0.99630 0.08180 0.33416 0.85940 

6 0.99630 0.08327 0.33416 0.85723 

7 0.98420 0.00070 0.33688 0.99860 

8 0.98420 0.0000 0.33688 1.0000 

9 0.98420 0.00070 0.33688 0.99860 

10 0.97690 0.99926 0.33854 0.3335 

11 0.97694 1.00000 0.33854 0.33333 

12 0.97690 1.00000 0.33854 0.33333 

13 0.96566 0.87835 0.34114 0.36275 

14 0.96566 0.87763 0.34114 0.36294 

15 0.96566 0.87833 0.34114 0.36276 

16 0.0000 0.90235 1.0000 0.35654 

17 0.0000 0.92107 1.0000 0.35185 

18 0.0000 0.91960 1.0000 0.35221 

19 1.0000 0.08180 0.3333 0.85940 

20 1.0000 0.08180 0.3333 0.85940 

21 1.0000 0.08180 0.3333 0.85940 

22 0.99530 0.16870 0.33440 0.74772 

23 0.99530 0.16870 0.33440 0.74772 

24 0.99530 0.16870 0.33440 0.74772 

25 0.97890 0.13250 0.33810 0.79051 

26 0.97890 0.13250 0.33810 0.79051 

27 0.97890 0.13179 0.33810 0.79140 
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Table 11: Grey Relational Grades 

Expt. No. Grey Relational Grades Rank  S.N Ratio 

1 0.34300 14 -9.29412 

2 0.34300 14 -9.29412 

3 0.34300 14 -9.29412 

4 0.59569 8 -4.49431 

5 0.59678 6 -4.49431 

6 0.59569 8 -4.49431 

7 0.66774 5 -3.50612 

8 0.66844 4 -3.50612 

9 0.66744 5 -3.50612 

10 0.33593 15 -9.47502 

11 0.33593 15 -9.47502 

12 0.33593 15 -9.47502 

13 0.35204 12 -9.06964 

14 0.35195 13 -9.06964 

15 0.35195 13 -9.06964 

16 0.67827 1 -3.39138 

17 0.67590 2 -3.39138 

18 0.67610 3 -3.39138 

19 0.59635 7 -4.48998 

20 0.59635 7 -4.48998 

21 0.59635 7 -4.48998 

22 0.54106 11 -5.33509 

23 0.54106 11 -5.33509 

24 0.54106 11 -5.33509 

25 0.56430 10 -4.96749 

26 0.56430 10 -4.96749 

27 0.56475 9 -4.96749 

 

The highest value of Grey Relational Grade is the best combination of process parameters for 

MRR and M.W among all the experiments. Experiments with same Grey Relational Grade 

are assigned similar rank. Experiment 16 is considered to have the best combination of 

process parameters i.e. 20A, 4600Hz and 7mm/sec of current, pulse frequency and scan speed 

respectively.  

Table 12: ResponseTable 

Levels  Current (A) Pulse Frequency (Hz) Scan Speed (mm/sec) 

1 -8.936 

 

-5.096 -6.287 

2 -5.389 -6.312 -7.312 

3 -4.477 -7.393 -5.203 

Delta  4.459 2.297 2.109 

Rank  1 2 3 

 

From the response table 12, it can be concluded that current is the most influencing factor 

followed by pulse frequency andscan speed. 
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Table 13:ANOVA: GRGversus current, pulse frequency, scan speed 

 

Source DF Adj. SS Adj. MS F value P value 

Current 2 0.057736 0.028868 10.10 0.002* 

Pulse frequency 2 0.304176 0.152088 29.44 0.000* 

Scan speed 2 0.104310 0.052155 5.59 0.012 

Error 20 0.103309   0.005165   

Lack-of-Fit 2 0.103305 0.005165 211895.87 0.000 

Pure Error 18 0.000004 0.000000   

Total 26 0.569532    

*significant 

Current and pulse frequency are influencing factors while scan speed is not a significant 

factor. 

5. Conclusion and Future Scope 

In the present research work, laser beam machining has been done on AISI 4118 alloy steel. 

Material removal rate (MRR) and mark width (M.W) are the responses considered and the 

process parameters taken into consideration are current, pulse frequency and scan speed. 

Taguchi method and grey relational analysis were used to optimize the process parameters to 

achieve higher MRR and lower M.W. Taguchi method deals with the optimization of single 

response at one time while grey relational analysis is used as multi response optimization 

technique. The optimization techniques concluded that the responses are influenced by the 

process parameters considered. 20A, 4600Hz and 7mm/sec is obtained as the optimal setting 

for MRR with current as the most influencing factor. From the S/N ratio graph, 20A, 4000Hz 

and 7mm/sec is obtained as the optimal setting for M.W. From the response table of M.W, it 

can be concluded that current is the most influencing factor affecting M.W followed by scan 

speed and pulse frequency.Grey relational analysis concludes that experiment 16 have the 

best combination of process parameters i.e. 20A, 4600Hz and 7mm/sec of current, pulse 

frequency and scan speed respectively.  From the response table it is found that current is the 

most influencing factor followed by pulse frequency and scan speed. Based on the 

observations and findings in this study, the future work might attempt to consider the other 

criteria. There is scope of further investigation for other materials.Responses like surface 

roughness, machining cost, kerf width etc. are to be considered in further research. The 

standard optimization procedure can be developed and the optimal results are to be validated 

with different optimization techniques like genetic algorithm, artificial bee colony algorithm. 
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