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ABSTRACT 
As science and technology being progressive constantly, various customers’ 

demands for products are getting higher. The time to the market, cost, innovation, 

diversification of the products are emphasized in order to raise the competitiveness of 

market. The technology of rapid prototyping grows up very prosperous. It hugely 

reduces the developing time of new products. However, metal materials are seldom 

used so far. This has limited the application of the rapid prototyping. 

The metal powders that the experiments use in this research are tin powder of 74 

μm and copper powder of 74 μm. The fiber laser is used to sinter the mixed metal 

powders. The results of sintering are observed by the optical microscope and then 

calculate the porosity of sintered specimen. Finally, Response Surface Method is 

applied to investigate and analyze the effect of laser power, sintering speed, and 

frequency on the porosity. Together with Design of Experiment, optimal parameter 

setting is obtained for the better quality of metal rapid prototyping. 
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3.1  

3.1.1  

    Ytterbium Fiber Laser (IPG Laser GmbHYLR-200-AC)

3D 200W 3.1

3.1  

 

    (Nikon Measuring 

Microscope MM-400 Series,Japan) 3.2
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3.2  

3.2  

3.2.1  

(Laser 

Power) (Scan rate) (Pulse Frequency)

3.2

(Porosity)

 

3.2  
Level of 
experimental 
factors 

Laser 
Power(W) 

Scan 
rate(mm/s) 

Pulse 
Frequency(Hz) 

Level 1 26 8 130 
Level 2 28 9 140 
Level 3 30 10 150 
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4.1

MM400 Vision Assistant 

Labview 4.1(a) (b) (c)

General Factorial 4.1(a)

4.1(b) Vision Assistant Labview

4.1(a)

Run 
Power 
(w) 

Speed 
(mm/s) 

Frequency 
(Hz) 

Porosity 
(%) 

1 30 8 130 7.886 
2 28 10 140 12.474 
3 30 8 150 9.722 
4 26 8 140 7.649 
5 26 9 130 12.022 
6 26 10 150 9.496 
7 26 8 150 17.474 
8 28 8 140 15.254 
9 30 9 130 11.134 
10 30 10 140 4.601 
11 26 9 150 14.525 
12 26 9 140 13.212 
13 30 10 150 6.969 
14 26 10 130 13.025 
15 28 8 130 6.471 
16 26 10 140 16.263 
17 26 8 130 3.691 
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4.1(b)

Run 
Power 
(w) 

Speed 
(mm/s) 

Frequency 
(Hz) 

Porosity 
(%) 

18 30 10 130 17.385 
19 28 10 130 5.12 
20 28 9 140 19.343 
21 30 9 150 11.185 
22 30 9 140 23.197 
23 30 8 140 10.335 
24 28 9 130 4.566 
25 28 10 150 12.171 
26 28 8 150 12.551 
27 28 9 150 9.351 
28 28 10 130 7.439 
29 26 8 130 9.42 
30 28 10 140 9.607 
31 26 10 130 10.175 
32 26 10 150 15.637 
33 30 10 150 5.377 
34 30 8 130 2.554 
35 30 10 140 14.028 
36 26 10 140 16.539 
37 28 9 150 11.892 
38 28 10 150 9.459 
39 26 8 140 11.742 
40 26 9 130 13.365 
41 28 8 140 23.345 
42 30 9 130 16.787 
43 26 8 150 5.941 
44 28 8 130 4.106 
45 30 9 140 21.313 
46 30 8 150 14.58 
47 30 8 140 6.568 
48 26 9 140 3.902 
49 28 9 130 5.131 
50 30 9 150 8.091 
51 26 9 150 18.44 



9 

4.1(c)

Run 
Power 
(w) 

Speed 
(mm/s) 

Frequency 
(Hz) 

Porosity 
(%) 

52 28 9 140 13.909 
53 30 10 130 14.602 
54 28 8 150 8.68 
55 26 10 130 6.038 
56 26 9 140 8.476 
57 28 9 140 17.09 
58 30 9 140 11.534 
59 26 10 150 22.221 
60 28 10 140 13.056 
61 30 9 130 18.942 
62 26 8 140 7.596 
63 28 8 140 14.17 
64 28 10 130 11.145 
65 30 8 130 8.092 
66 30 9 150 8.396 
67 30 8 140 19.071 
68 28 10 150 8.249 
69 28 9 130 9.255 
70 30 8 150 8.396 
71 30 10 150 2.378 
72 30 10 140 16.512 
73 26 8 130 12.422 
74 26 10 140 9.337 
75 30 10 130 15.702 
76 28 8 150 9.899 
77 28 9 150 12.495 
78 28 8 130 4.991 
79 26 9 150 16.17 
80 26 9 130 14.678 
81 26 8 150 15.153 
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4.2

Design-Expert

 

4.2.1

4.2

A B C A (Laser Power) B (Speed) C

(Frequency) P B C AC ABC P

0.05 B C AC ABC

4.2  

Source 
Sum of 
Squares 

Degree of 
freedom 

Mean 
Square 

F Value Prob > F 

Block 7.18 2 3.59   
Model 1184.60 26 45.56 3.06 0.0003 
A 22.01 2 11.00 0.74 0.4820 
B 94.02 2 47.01 3.16 0.0496 
C 165.23 2 82.62 5.56 0.0065 
AB 82.04 4 20.51 1.38 0.2538 
AC 472.82 4 118.20 7.95 <0.0001 
BC 92.11 4 23.03 1.55 0.2019 
ABC 256.37 8 32.05 2.16 0.0466 
Residual 773.09 52 14.87   
Cor Total 1964.87 80    
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4.2.2  

4.82

±3 ±3

 

4.82  

4.2.3  

    4.83

P

P 0.05
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4.2.4  

    

(dij)

4.1 eij N(0, )

                                                         (4.1) 

    (Studentizes Residual) 3.5
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3.5
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4.86  

4.3  

    4.3 Design-Expert®

 

4.3  

Name Goal 
Lower 
Limit 

Upper 
Limit 

Lower 
Weight 

Upper 
Weight 

Importance 

Laser 
power 

is in 
range 

26 30 1 1 3 

Speed 
is in 
range 

8 10 1 1 3 

Frequency 
is in 
range 

130 150 1 1 3 

Porosity minimize 2.378 23.345 1 1 3 
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    4.4 RSM

81 4.908 0.879

RSM 30w 10mm/s 150Hz  

 
4.4  

Laser Power 
(w) 

Speed  
(mm/s) 

Frequency 
(Hz) 

Porosity   
(%) 

Desirability 

30 10 150 4.908 0.879 
 

    

4.5 

4.5  
Laser 
Power 
(w) 

Speed  
(mm/s) 

Frequency 
(Hz) 

Porosity   
(%) 

Actual 
Value 

Error 

30 10 150 4.908 5.355% 0.447% 
 

 
(a)                                  (b) 

4.87 5.355% 
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