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An experimental investigation of fabricated parts by laser melting of Fe-Cu
powder mixture, a type of rapid prototyping devices

Seyyed Ali Fatemi, Jamal Zamani Ashany*

Department of Mechanical Engineering, K. N. Toosi University of Technology, Tehran, Iran
*P.0.B. 1471853674, Tehran, Iran, zamani@kntu.ac.ir

Keywords Abstract

Rapid prototyping One of the main goals of researchers in the laser sintering process of metal powders is optimization of
metal powder o process parameters in order to reach the properties of manufactured parts to the raw material properties.
direct metal laser sintering For this purpose, many experiments have been performed and parameters such as density, micro

powder metal laser re-melting hardness, macro hardness, strength, surface quality and residual stress in different condition of process

parameters have been studied. In this paper, the effects of voltage, on-time pulse, scan speed and weight
percent of Cu on the output parameters such as penetration depth, strength and balling effect, have been
investigated, using selective laser melting device, which is designed and fabricated in the forming
laboratory of Mechanical Engineering department of KNT University. In order to produce fully dense
multi-layer parts, it is necessary to optimize the process parameters of a mono-layer part. In the present
study, experiments have performed on a powder bed with thickness of 5mm. The fabricated parts have
been produced by a single laser scanning of powder bed. By moving the laser beam on the powder bed,
circular pieces with a diameter of 20 mm have been produced. Based on preliminary experiments and
according to the input parameters, a function has defined for energy density. Therefore, output
parameters have investigated based on weight percent of Cu and energy density. Results show that there
is a saddle point in the diagram of the effect of energy density and weight percent of Cu on output
parameters. This point shows the transmission of sintering to complete melting. Optimal condition of
manufacturing parts by rapid prototyping is the condition which strength, surface finish and dimensional
accuracy are at the highest possible level while shrinkage, balling and thermal stresses are at the lowest
possible level. The results show that the best condition is while the energy density sets between 120-140
W/m? and weight percent of Cu sets between 18-22 %.

Please cite this article using: tous bod eolasiwl b3 Wyl jldllie (ol 4 gl 5l 0
S. A. Fatemi, J. Zamani Ashany, An experimental investigation of fabricated parts by laser melting of Fe-Cu powder mixture, a type of rapid prototyping devices, Vol. 5,
No. 1, pp. 1-12, 2018 (in Persian)
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Table 1 Setting of parameters for experiments
oo s o OSl e s

o Ol

Aged Volt ms mm/s Wit%
1 275 6 0/375 20
2 300 4 0/75 30
3 300 6 0/25 30
4 300 6 0/75 10
5 250 4 0/25 10
6 250 4 0/75 10
7 300 4 0/25 10
8 275 4 0/375 20
9 250 4 0/25 30
10 275 6 0/375 20
11 250 6 0/75 30
12 275 5 0/375 20
13 24117 6/8 0/53 913
14 243/6 5/9 0/4 5/1
15 250 6 1/5 0
16 300 6 1/5 0
17 275 6 0/5 0
18 275 6 0/5 0
19 250 6 0/3 0
20 300 6 0/3 0

0 00

Fig. 3 Fabricated samples by sintering process
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1 15/0 0/63 0 800  -0/67 01 0

12 | 60/5 13 40 300 027 6/1 0/23
13 | 319 0/75 5 1000 -0/38 214 0

14| 508 0/67 2 1200  -0/65 21 0

15 3/8 0/39 30 600  -0/73 0/7 0/01
16 5/4 0/68 7 1100  -0/24 1/5 0/33
17 | 408 0/83 5 1200 -0119 1/9 0/23
18 | 408 0/8 3 1250  -022 1/8 0/25
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Fig. 5 Optical view of upper and lower sides of sintered samples
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Fig. 8 Optical view of upper and lower sides of No.4 sample
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Fig. 7 Optical view of upper and lower sides of No. 11 sample
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