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The objective of this research was to determine an optimal cutting condition of laser 

cutting. The cutting parameters investigated in this study on power, gas pressure, and cutting 

speed. Full factorial design was employed as the experimental strategy. Design and analysis of 

experiment (DOE) and Grey relational analysis using determine optimization parameter. Results 

showed that the optimal cutting condition was reliability that more DOE. In addition, grey 

relational analysis method was an effective optimal solving solution in case of multiple 

responses. The optimal cutting conditions received from grey relational analysis provided an 



 
 

improvement of the cutting characteristics compared to responses of the pre-improvement 

cutting conditions.
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1 2 3
; A (W) 2,600 2,800 3,000 

; B (mm/min) 1,000 1,500 2,000 

; C (bar) 0.04 0.06 0.08 

SM490 

 JIS G3192  6 mm 

20x10 mm  

 AMADA  FO - 3015 

 

(OM) JENCOTM USA 

V203410  3   

Edn – 2 

INSPEX 

IPX - 103 
 (Average roughness; Ra)  
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Levens’s 

3  4  

 

2  

No.
 

A
(W) 

B
(mm/min) 

C
 ( m) (mm)

1 3,000 1,500 0.04 5.61 0.78 

2 2,800 2,000 0.08 6.75 0.73 

3 2,800 2,000 0.04 3.00 0.73 

4 2,600 1,500 0.06 4.95 0.70 

5 2,800 1,000 0.06 7.77 0.80 

6 2,800 1,500 0.06 6.81 0.77 

7 2,800 2,000 0.08 6.08 0.74 

8 2,600 1,500 0.06 6.90 0.73 

9 3,000 1,500 0.08 7.23 0.65 

10 2,600 1,500 0.06 6.98 0.76 

11 3,000 1,500 0.08 7.44 0.72 

12 2,800 1,500 0.04 6.67 0.77 

13 2,600 1,500 0.08 6.56 0.78 

14 2,800 1,000 0.04 5.60 0.80 

15 2,800 1,000 0.04 7.29 0.79 

16 3,000 1,500 0.08 6.85 0.79 

17 2,800 2,000 0.06 3.14 0.71 

18 3,000 1,000 0.04 7.48 0.83 

19 2,800 2,000 0.06 8.66 0.82 

20 3,000 1,500 0.08 4.93 0.80 

21 3,000 1,000 0.08 3.16 0.77 

22 2,800 2,000 0.08 3.98 0.87 

23 3,000 2,000 0.04 1.90 0.81 

24 2,600 1,000 0.04 4.55 0.87 

25 2,800 2,000 0.04 4.27 0.85 

26 3,000 1,000 0.04 7.09 0.80 

27 3,000 1,000 0.04 7.16 0.78 

28 2,800 1,500 0.08 1.60 0.75 

29 2,800 1,000 0.06 1.71 0.75 

30 2,600 2,000 0.06 8.47 0.85 

31 2,600 2,000 0.04 3.97 0.68 

32 3,000 1,000 0.06 3.23 0.77 

33 2,600 2,000 0.08 4.30 0.84 

34 2,600 1,500 0.04 6.92 0.78 

35 2,600 1,000 0.04 5.72 0.71 

36 3,000 1,000 0.06 3.25 0.79 

37 3,000 2,000 0.08 3.87 0.69 

38 3,000 1,500 0.04 3.05 0.70 

39 3,000 2,000 0.08 4.32 0.70 

40 2,600 1,500 0.04 3.64 0.72 

41 2,600 1,000 0.06 7.91 0.72 

42 2,800 1,500 0.04 4.92 0.74 

43 3,000 2,000 0.04 4.52 0.73 

44 3,000 1,500 0.06 5.33 0.72 

45 3,000 1,500 0.04 5.16 0.73 

46 2,600 1,000 0.08 3.76 0.69 

47 2,800 1,000 0.08 3.92 0.69 

48 2,800 1,000 0.04 4.76 0.68 

49 2,800 1,000 0.06 2.81 0.68 

50 2,600 1,000 0.08 3.20 0.69 

51 2,600 2,000 0.08 2.90 0.66 

52 3,000 2,000 0.06 4.15 0.67 

53 3,000 1,500 0.06 2.91 0.59 

54 2,800 2,000 0.06 3.13 0.69 



 

55 3,000 2,000 0.06 5.32 0.64 

56 3,000 1,000 0.08 4.18 0.64 

57 2,600 1,000 0.06 3.86 0.66 

58 2,800 1,500 0.06 3.79 0.66 

59 2,600 2,000 0.06 4.37 0.67 

60 2,600 2,000 0.08 3.15 0.64 

61 2,800 1,000 0.08 3.50 0.63 

62 3,000 1,000 0.06 3.78 0.69 

63 2,600 1,500 0.08 3.63 0.66 

64 2,600 1,500 0.06 4.15 0.66 

65 3,000 1,000 0.08 4.53 0.67 

66 2,600 2,000 0.04 4.09 0.65 

67 2,600 1,000 0.04 3.20 0.70 

68 3,000 2,000 0.06 4.68 0.69 

69 2,600 2,000 0.04 3.41 0.66 

70 2,600 1,500 0.04 3.94 0.63 

71 2,600 2,000 0.06 3.60 0.63 

72 2,800 1,000 0.08 3.94 0.64 

73 2,800 2,000 0.04 4.02 0.69 

74 3,000 2,000 0.08 2.97 0.61 

75 2,800 1,500 0.08 3.77 0.62 

76 2,800 1,500 0.08 3.13 0.66 

77 2,600 1,500 0.08 4.71 0.62 

78 3,000 1,500 0.06 3.88 0.60 

79 2,600 1,000 0.06 3.99 0.62 

80 2,800 1,500 0.04 2.82 0.65 

81 2,800 1,500 0.06 3.98 0.67 
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Kolmogorov-

Smirnov = 0.087, 

p-value = 0.135 

 

(p-value> ) 

 

Durbin-Watson = 

0.656694 

 (Dl =1.563  

Du = 1.7512 

Program 

0.656694) 

Dl 

 

Levens’s = 0.29, 

p-value = 0.999 

(p-value> 

) 

 

4  

 

Kolmogorov-

Smirnov = 0.147, 

p-value = <0.010 

  

(p-value < ) 

 

Durbin-Watson = 

1.34534 

 (Dl =1.563  

Du = 1.7512 

Program 

0.656694) 

Dl 

 

Levens’s = 0.50, 

p-value = 0.970 

(p-value> 

) 

3 

0 1 (1) (2) 

(1) 

 

(The-larger-the-better) 

(2) 

5  

 

3  

 

)(min)(max

)(min)(
)( )0(

)(
)0(

)(

)0(
)(

)0(
*

kxkx
kxkx

kx
iialliiall

iialli
i

 (1) 

 

)(min)(max

)()(max
)( )0(

)(
)0(

)(

)0()0(
)(*

kxkx
kxkx

kx
iialliiall

iiiall
i

 (2) 

 
 

0 1  

  

 
 



 

 )(* kxi   

 thi   k , )()0( kxi   
thi

k , )(min )0(
)( kxiiall   

 k  
 )(max )0(

)( kxiiall  
 k  

 

5  
No. A

(W) 
B

(mm/min)  ( m)
[0-1] 

(mm)
[0-1] 

1 3,000 1,500 0.04 0.43195 0.32142857 

2 2,800 2,000 0.08 0.27050 0.50000000 

3 2,800 2,000 0.04 0.80159 0.50000000 

4 2,600 1,500 0.06 0.52542 0.60714286 

5 2,800 1,000 0.06 0.12604 0.25000000 

6 2,800 1,500 0.06 0.26200 0.35714286 

7 2,800 2,000 0.08 0.36539 0.46428571 

8 2,600 1,500 0.06 0.24926 0.50000000 

9 3,000 1,500 0.08 0.20252 0.78571429 

10 2,600 1,500 0.06 0.23793 0.39285714 

11 3,000 1,500 0.08 0.17278 0.53571429 

12 2,800 1,500 0.04 0.28183 0.35714286 

13 2,600 1,500 0.08 0.29741 0.32142857 

14 2,800 1,000 0.04 0.43337 0.25000000 

15 2,800 1,000 0.04 0.19402 0.28571429 

16 3,000 1,500 0.08 0.25634 0.28571429 

17 2,800 2,000 0.06 0.78176 0.57142857 

18 3,000 1,000 0.04 0.16712 0.14285714 

19 2,800 2,000 0.06 0.00000 0.17857143 

20 3,000 1,500 0.08 0.52825 0.25000000 

21 3,000 1,000 0.08 0.77893 0.35714286 

22 2,800 2,000 0.08 0.66280 0.00000000 

23 3,000 2,000 0.04 0.95737 0.21428571 

24 2,600 1,000 0.04 0.58207 0.00000000 

25 2,800 2,000 0.04 0.62172 0.07142857 

26 3,000 1,000 0.04 0.22235 0.25000000 

27 3,000 1,000 0.04 0.21243 0.32142857 

28 2,800 1,500 0.08 0.99986 0.42857143 

29 2,800 1,000 0.06 0.98428 0.42857143 

30 2,600 2,000 0.06 0.02691 0.07142857 

31 2,600 2,000 0.04 0.66421 0.67857143 

32 3,000 1,000 0.06 0.76901 0.35714286 

33 2,600 2,000 0.08 0.61748 0.10714286 

34 2,600 1,500 0.04 0.24642 0.32142857 

35 2,600 1,000 0.04 0.41637 0.57142857 

36 3,000 1,000 0.06 0.76618 0.28571429 

37 3,000 2,000 0.08 0.67837 0.64285714 

38 3,000 1,500 0.04 0.79451 0.60714286 

39 3,000 2,000 0.08 0.61464 0.60714286 

40 2,600 1,500 0.04 0.71095 0.53571429 

41 2,600 1,000 0.06 0.10622 0.53571429 

42 2,800 1,500 0.04 0.52967 0.46428571 

43 3,000 2,000 0.04 0.58632 0.50000000 

44 3,000 1,500 0.06 0.47160 0.53571429 

45 3,000 1,500 0.04 0.49568 0.50000000 

46 2,600 1,000 0.08 0.69395 0.64285714 

47 2,800 1,000 0.08 0.67129 0.64285714 

48 2,800 1,000 0.04 0.55233 0.67857143 

49 2,800 1,000 0.06 0.82849 0.67857143 

50 2,600 1,000 0.08 0.77326 0.64285714 

51 2,600 2,000 0.08 0.81575 0.75000000 

52 3,000 2,000 0.06 0.63872 0.71428571 

53 3,000 1,500 0.06 0.81433 1.00000000 

54 2,800 2,000 0.06 0.78318 0.64285714 

55 3,000 2,000 0.06 0.47302 0.82142857 

56 3,000 1,000 0.08 0.63447 0.82142857 

57 2,600 1,000 0.06 0.67979 0.75000000 

58 2,800 1,500 0.06 0.68970 0.75000000 

59 2,600 2,000 0.06 0.60756 0.71428571 

60 2,600 2,000 0.08 0.78034 0.82142857 

61 2,800 1,000 0.08 0.73077 0.85714286 

62 3,000 1,000 0.06 0.69112 0.64285714 

63 2,600 1,500 0.08 0.71236 0.75000000 

64 2,600 1,500 0.06 0.63872 0.75000000 

65 3,000 1,000 0.08 0.58490 0.71428571 



 
 

66 2,600 2,000 0.04 0.64722 0.78571429 

67 2,600 1,000 0.04 0.77326 0.60714286 

68 3,000 2,,000 0.06 0.56366 0.64285714 

69 2,600 2,000 0.04 0.74352 0.75000000 

70 2,600 1,500 0.04 0.66846 0.85714286 

71 2,600 2,000 0.06 0.71661 0.85714286 

72 2,800 1,000 0.08 0.66846 0.82142857 

73 2,800 2,000 0.04 0.65713 0.64285714 

74 3,000 2,000 0.08 0.80583 0.92857143 

75 2,800 1,500 0.08 0.69254 0.89285714 

76 2,800 1,500 0.08 0.78318 0.75000000 

77 2,600 1,500 0.08 0.55941 0.89285714 

78 3,000 1,500 0.06 0.67696 0.96428571 

79 2,600 1,000 0.06 0.66138 0.89285714 

80 2,800 1,500 0.04 0.82708 0.78571429 

81 2,800 1,500 0.06 0.66280 0.71428571 
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No.
m)

(mm)
1 0.4681 0.4242 0.4462 

2 0.4067 0.5000 0.4533 

3 0.7159 0.5000 0.6080 

4 0.5130 0.5600 0.5365 

5 0.3639 0.4000 0.3820 



 

6 0.4039 0.4375 0.4207 

7 0.4407 0.4828 0.4617 

8 0.3998 0.5000 0.4499 

9 0.3854 0.7000 0.5427 

10 0.3962 0.4516 0.4239 

11 0.3767 0.5185 0.4476 

12 0.4105 0.4375 0.4240 

13 0.4158 0.4242 0.4200 

14 0.4688 0.4000 0.4344 

15 0.3829 0.4118 0.3973 

16 0.4020 0.4118 0.4069 

17 0.6961 0.5385 0.6173 

18 0.3751 0.3684 0.3718 

19 0.3333 0.3784 0.3559 

20 0.5145 0.4000 0.4573 

21 0.6934 0.4375 0.5655 

22 0.5972 0.3333 0.4653 

23 0.9214 0.3889 0.6552 

24 0.5447 0.3333 0.4390 

25 0.5693 0.3500 0.4596 

26 0.3913 0.4000 0.3957 

27 0.3883 0.4242 0.4063 

28 0.9997 0.4667 0.7332 

29 0.9695 0.4667 0.7181 

30 0.3394 0.3500 0.3447 

31 0.5982 0.6087 0.6035 

32 0.6840 0.4375 0.5608 

33 0.5666 0.359 0.4628 

34 0.3989 0.4242 0.4116 

35 0.4614 0.5385 0.4999 

36 0.6814 0.4118 0.5466 

37 0.6085 0.5833 0.5959 

38 0.7087 0.5600 0.6344 

39 0.5647 0.5600 0.5624 

40 0.6337 0.5185 0.5761 

41 0.3587 0.5185 0.4386 

42 0.5153 0.4828 0.4990 

43 0.5472 0.5000 0.5236 

44 0.4862 0.5185 0.5024 

45 0.4978 0.5000 0.4989 

46 0.6203 0.5833 0.6018 

47 0.6033 0.5833 0.5933 

48 0.5276 0.6087 0.5682 

49 0.7446 0.6087 0.6766 

50 0.6880 0.5833 0.6357 

51 0.7307 0.6667 0.6987 

52 0.5805 0.6364 0.6084 

53 0.7292 1.000 0.8646 

54 0.6975 0.5833 0.6404 

55 0.4869 0.7368 0.6119 

56 0.5777 0.7368 0.6573 

57 0.6096 0.6667 0.6381 

58 0.6171 0.6667 0.6419 

59 0.5603 0.6364 0.5983 

60 0.6948 0.7368 0.7158 

61 0.6500 0.7778 0.7139 

62 0.6181 0.5833 0.6007 

63 0.6348 0.6667 0.6507 

64 0.5805 0.6667 0.6236 

65 0.5464 0.6364 0.5914 

66 0.5863 0.7000 0.6432 

67 0.6880 0.5600 0.6240 

68 0.5340 0.5833 0.5587 

69 0.6610 0.6667 0.6638 

70 0.6013 0.7778 0.6895 

71 0.6383 0.7778 0.7080 

72 0.6013 0.7368 0.6691 

73 0.5932 0.5833 0.5883 

74 0.7203 0.8750 0.7976 

75 0.6192 0.8235 0.7214 

76 0.6975 0.6667 0.6821 

77 0.5316 0.8235 0.6776 

78 0.6075 0.9333 0.7704 

79 0.5962 0.8235 0.7099 

80 0.7430 0.7000 0.7215 

81 0.5972 0.6364 0.6168 
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