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Abstract

Selective Laser Melting (SLM) is a powder-based additive manufacturing which is capable of producing parts layer-by-layer
from a 3D CAD model. The aim of this study is to adopt the selective laser melting technique to magnetic material fabrication.
[1]For the SLM process to be practical in industrial use, highly specific mechanical properties of the final product must be
achieved. The integrity of the manufactured components depend strongly on each single laser-melted track and every single
layer, as well as the strength of the connections between them. In this study, effects of the processing parameters, such as the
space distance of surface morphology is analyzed. Our hypothesis is that when a magnetic product is made by the selective laser
melting techniques instead of traditional techniques, the finished component will have more precise and effective properties. This
study analyzed the magnitudes of magnetic properties in comparison with different parameters in the SLM process and compiled
a completed product to investigate the efficiency in contrast with products made with existing manufacturing processes.
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1. Introduction

This research is focused on metallic material production and the microstructure of sintered material. In order to
strive for uniformity in metal microstructures, conventional sintering uses a novel technique called “rapid warming
inhibit sintering” which significantly improves the density of the sintered metal. Not until 3D printing can be used in
printing soft magnetic materials, affect both traditional external sintering and the more advanced internal sintering

* Corresponding author. Tel.: +886-0912-032-615 .
E-mail address: hh775885@gmail.com

1875-3892 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the Bayerisches Laserzentrum GmbH

doi:10.1016/j.phpro.2016.08.084


http://crossmark.crossref.org/dialog/?doi=10.1016/j.phpro.2016.08.084&domain=pdf

Kai Jyun Jhong et al. / Physics Procedia 83 (2016) 818 — 824 819

strongly to the microstructure and properties of metal material. Selective laser sintering (Selective Laser Sintering;
SLS) [2,3] and Selective Laser Melting (Selective Laser Melting; SLM) [4] are both revolutionary sintering
technology. In this experiment, the samples were manufactured by EOSINT M280 machine, which is an additive
manufacturing machine.

Unlike conventional heating or microwave heating, both sintered integrally in macroscopic pattern after materials
were modeled. The SLS and FDM techniques don’t have uniformly heating issues because material molding and
sintering are performed simultaneously, the whole sintered macroscopic models turn out to be sintered single
microscopic patterns between powder and powder. It can be expected that the microstructure uniformity will be
significantly improved and the material will also have more protruding features. Permeability of the soft magnetic
material is affected by many factors, such as magnetic particle composition, particle shape, size, packing density,
this project will use Selective Laser Melting(SLM) technique.The laser power and scanning speed were used as
variables.

The layer thickness and laser spot diameter are set to be 30 um and 0.07mm while other SLS parameters
remained constant.Samples were manufactured in the nitrogen environment, and the ratio of oxygen content in the
chamber is controlled.The technique that oxygen is used to control insulation coating in chamber has replaced hot
pressing sintering process to improve the porosity of soft magnetic materials. This also significantly increases the
permeability of the soft magnetic composite material the level of complexity of the desired object can be. These
objects can be applied to more applications and replace iron-silicon based alloy.Rapid prototyping is currently a
promising method to produce soft magnetic material workpieces with complex 3D modeling. The main idea is to use
iron powder, which has an average particle size less than 30um, as a base material combined with SLM technique.

2. Experiment

2.1. Powder

Soft magnetic material powder, [FeSiCr] alloy powder, was used as a primary ingredient. It was produced using
gas atomization of hot melting and provided by the manufacturing company HIMAG. The chemical composition of
[FeSiCr] alloy powder is as shown in Table 1.

Table 1. Chemical composition of FeSiCr.

Si (Wt%) 35
Cr (Wt%) 4.5
C (ppm) <150
O (ppm) <3100
S (ppm) <50

2.2. Soft magnetic materials

Soft magnetic materials are low coercivity magnetic materials and are susceptible to external magnetic field. Its
main features are: high permeability, low coercivity, high saturation of flux density, low power consumption and
high magnetic stability. Currently the application of soft magnetic material for different requirements and
characteristics of the magnetic material can be divided into different categories, Fe-Si, Fe-Ni-based, ferrite-based
amorphous material. The history of soft magnetic materials have developed for nearly a hundred years, pivotal to
many related technologies like power electronics which in turn stimulated social progress.

The most representative materials in this category are silicon steel, ferrite, permalloy, amorphous metals and
nano-crystalline metals. In 2000, the output value of global soft metal alloy deposits is 15.1 billion US dollars,
accounting for 72% of the total value of the soft magnetic materials; soft ferrite production value is 1.5 billion,
accounting for about 7% of the total value of the soft magnetic materials. In present day applications, soft magnetic
materials can be found in a wide range of important products such as industrial automation equipments, electronic
instruments, communication equipments, electrical computers and peripherals, etc. It is a group of some of the most
common metal deposits on earth which in turn makes it a widely used material.
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2.3. Selective Laser Melting (SLM)

The process which includes the laser device, metal materials powder and infrared laser beam on the machining
plane, are shown in Fig. 1. The platform is covered with a thin layer (sub-millimeter thick) of uniformly spread
powder as a raw material. The laser beam then scans the raw material two dimensionally with certain speed and
energy under the precise control of a computer, stimulating the sublevel orbitals of the material.

The scanned powder is thusly sintered into explicit positions on the same layer while the unscanned areas remains
in powder form. The machine proceeds to scan the upper layers after the initial layer, building up the finalized
product . [5]The building-platform lowers by the preset layer thickness, then the leveling roller will pave powder on
the platform and ready to start a new scan. This process will repeat over and over again until the desired number of
layers are scanned. The finalized product, after manually removing the excess powder and other appropriate post-
processing such as grinding and drying, will be ready to use. [6]

During the research the SLM in ITRI used as a machine has YB-fibre with a wavelength of 1070 nm and a
maximum output power of 400 and 1000 W. The laser power and hatch distance were used as variables. Other SLS
parameters remained constant: the layer thickness of 30 um and the laser spot diameter of 0.07mm.

Samples were manufactured in the Nitrogen atmosphere and the use of the gas content in the body cavity control
Oxidation Insulation coating in physical metallurgy aspect.

Fig. 1. (Selective Laser Melting; SLM) Architecture.

2.4. Analytical Instruments

Particle-size distribution was determined by using the laser diffraction method on the LA-960 Laser Particle Size
Analyzer with definition of 20 nm. The surface morphology and particle microstructure studies were conducted by
using the FE-SEM 7000F scanning electron microscope (SEM). It works at 4-100x zoom with an accelerating
voltage of 200 V to 30 kV. X-Ray diffractograms (XRD) of the samples were produced by using the Bruker D8
Advance diffractometer at the Cu Ko, (A = 1.5418 A) radiation. Preliminary phase-shift analysis was conducted by
using the MDIJade Plus Eva program diffractometer software.

The porosity was measured by using the metallographic method. The samples were embedded into plastic,
burnished and polished.

Panoramic shots were taken by using the Leica NIKON LV100 light optical microscope at the 50-1000x zoom.
The sample used for observation of micro-structure was grinded and polished with equipment provided by MTH
Hrazdil, S.r.o. Company and was etched by Nital.

The sample used for observation of Superconducting Quantum Interference Device Vibrating Sample
Magnetometer measurement with equipment, SQUID VSM Company.
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3. Equations
3.1. Materials

We learned Selective Laser Sintering Shop powder as the main key, we use 400 mesh sieve to produce an average
particle size of 30um or less, which is suitable for dusting. Laser sintering power is 140 ~ 190W, scanning speed is

650 ~ 1550 mm / s, and the highest laser peak is 100mm / s.
The SEM images of the FeSiCr alloy powder, as shown in Fig.2, indicates that the particle shape is almost spherical.

B
100um NCKU 15.0kV x3.00k SE(U) 10.0um

Fig. 2. The granulated spherical powder.

All particle size are less than 100 pum and the average size is 33.78 um, as shown in Table 2.

Table 2. Particle size distribution measurements for the initial powder.
D10 (um) 10.20
D50 (um) 28.32
D90 (um) 66.25

The powder particle is almost spherical and mean size is 33.78 um, also with a sufficient flow rate, as shown in
Table 3.

Table 3. Results of the alloy powder flow rate assessment.

Powder under examination Mass fraction in relation to the initial fraction (%) Flow rate(s/50g)
Initial 100 12.5
<38um 75 12.7
>38um 25 12.7

As can be seen from Table 3, the mass fraction of the powder with >38 um particles accounts for 25% of the
initial powder, whereas most particles are less than 38 pm in size.

This data correlates well with the particle-size distribution of the initial powder assessment.
In this work, the measurement of the phase composition (XRD-analysis) Fig.3. of the initial FeSiCr super alloy
powder was carried out.[7]
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Fig. 3. XRD image of the particles of the 66FV <200M super alloy powder produced using gas atomization of the hot melt Fe Si Angle 45 and 65
20.

3.2. Processing

The schematic diagram for SLM process is shown in Fig. 4. The powders were delivered through a powder

feeding apparatus, after that were rolled by a moving roller, thus a smooth powder layer can be obtained. When
building multi-layers samples, the powders could be melted via the laser scanning system controlled by a CAD
mode.
The laser power and scanning speed were used as variables. The layer thickness and laser spot diameter are set to be
30 um and 0.07mm while other SLS parameters remained constant.Samples were manufactured in the nitrogen
environment, and the ratio of oxygen content in the chamber is controlled.Laser Power: 140 ~ 190W Scanning
speed: 650 ~ 1550mm / s. After SLM sintering tests, the optimum forming parameters are 170W, 950 mm/s,
respectively, for FeSiCr alloy powder. SLM technique will compare with the traditional process .[8]

650mmi/s

Fig. 4. Adjust power speed test and test conditionsPower: 140 ~ 190W Scan speed: 650 ~ 1550mm / s.

After parameters testing, using the parameters to form a metal block material, and control the ratio of oxygen
content in the chamber.[9]
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Tlukes Ring Cube/Strip

Fig. 5. (a) is a 3D CAD schematic diagram; (b) is the products made by SLM technique.

Ring core outer diameter is 21mm, inner diameter is 14mm, and height is 6mm, as shown in Fig.5. 50CS1300 is
traditional silicon steel. M-H Curve and XRD analysis were used to observe the properties of ring and steel, as
shown in Fig.6. the oxygen content of the element is 5%, as shown in Fig.7
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Fig. 6. M-H Curve&XRD.
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Fig.7. Micro-section images of the FeSiCr alloy powder with oxide layers.
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Conclusion

A detailed experiment has been performed to study the molecular structural and behavior of the FeSiCr alloy
powder before and after going through SLM processing and here are the conclusions:

1. The initial FeSiCr alloy powder that we used is almost spherical, with an average particle size of 33.78um.

2. Efficiency has been found to be maximized when laser power and scanning speed are 170 W, 950 mm/s,
respectively.

3.The ratio of oxygen content in the chamber should be kept at 5% for best results.

4. M-H curve shows that the magnetic property of the sintered ring is better than 50CS1300 (traditional silicon
steel).
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