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Abstract

Metal parts are produced by conventional methods such as casting, forging and cutting, extrusion, etc. However,
nowadays, with additive manufacturing (AM), it is possible to directly commercialize by means of stacking of
equipment to the 3D drawing and use of high precision tools such as laser source. Thus, drawing of materials is
an important aspect in delivering good products. AM deals with production of lighter aircraft parts and few
more three-dimensional molds, it wish to manufacture special medical parts and want to steadily expand the new
market area.

The cost of related equipment and materials are still expensive and difficult to obtain on a mass production. However,
the ability to make changes and lead the innovation in the paradigm of traditional manufacturing process is
still effective.

In this paper, we introduce metal AM and the principles of the related devices, metal powder production
process, and their application.
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Table 1 Classification of additive manufacturing proc-
esses by ASTM

Category Description

Liquid bonding agent selectively
deposited to join powder
Droplets of build material
selectively deposited

Thermal energy selectively fuses
regions of powder bed

Focused thermal energy melts
materials as deposited

Sheets of material bonded
together

Liquid photopolymer selectively
cured by light activation
Material selectively dispensed
through nozzle or orifice

Binder jetting

Material jetting

Powder bed fusion

Directed energy
deposition

Sheet lamination

Vat photopoly-
merization

Material extrusion
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Fig. 1 Injection mold core with conformal cooling
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Fig. 2 Design optimization of mounting bracket for aero-
space
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Fig. 3 The Rutherford rocket engine(Rocket Lab)
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Table 2 Comparison of PBF and DED technologies

CRITERIA

POWDER BED FUSION

DIRECTIED ENERGY DEPOSITION

\n‘ Laser .

( Scanner

Melting area

Schematic Diagram

Powder supply

Pro—
cessing
direction

_—

Deposited
material

Power
tream

Dilution area Laser beam

Shield gas

Workplace

Build speed

5-20 cm¥h (~40-160 g/h)

Up to 0.5 kg/h (~70 cm?®/h)

Accuracy +/- 0.02-0.05 mm/25 mm +/-0.125-0.25 mm/25 mm
Detail capability 0.04-0.2 mm 0.5-1.0 mm
Surface quality Ra 4-10 ym Ra 7-20 pm

Max. part size

800 mm X 400 mm x 500 mm

2,000 mm x 1,500 mm x 750 mm

Materials

Steel, Al,Ti, CoCr, Ni base alloy, bronze

Steel, Ti, Ni base alloy, ceramic

Typical application

All types of component

Molds and die(tool inserts), Implants

Repair of worn components Modification of tooling
for re-use Shaft, ducts, airfoils and coating
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(a) Electrode induction melting gas atomization
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(c) Plasma rotating electrode process

Fig. 4 Atomization processes for spherical metal powder
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Table 3 Measurement methods and requirement for additive manufacturing metal powder

Requirement

Why? Measurement

Spherical Shape

Flowability

SEM, BET analysis

High Packing Layer, Surface
area and Low Porosity Hall Test : ASTM 8214 MPIF 03

Carney Test : ASTM B964

Low Porosity Sound Microstructure SEM
Particle Size Uniform Melting SEM, Laser Diffraction
Purity Low Oxygen and Nitrogen Contents ON Analyzer
Tap to Apparent Density Ratio Powder Packing Hausner or carr, Tapped densitytester
Chemical Composition Uniform Mechanical Properties ICP-OES, XRD
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Table 4 Metal powder and applications for additive manufacturing

Materials name Material type

Typical applications

MaragingSteel MS1 18 Mar 300/1.2709

Injection moliding series tooling;
Engineering parts

StainlessSteel GP1 Stainless steel

Functional prototypes and series

17-4/1.4542 parts; Engineering and medical
. Hardenable stainless Functional prototypes and series
StainlessSteel PHI 15-5/1.4540 parts; Engineering and medical

InconelTM 718, UNS NO7718,

NickelAlloy IN7I8 | \\1q 5662, W.Nr 2.4668 et.

Functional prototypes and series
parts; High temperature turbine
parts etc.

NickelAlloy IN625 InconelTM 625, UNS N06625,

AMS 5666F, W.Nr 2.4856 etc.

Functional prototypes and series
parts; High temperature turbine parts etc.

CobaltChrome MP1 ASTM F75 cfc.

CoCrMo superalloy, UNS R31538,

Functional prototypes and series
parts; Engineering, medical, dental

CobaltChrome SP2 CoCrMo superalloy

Dental restorations

Titanium Ti64 Ti6Al4V, TiAl6V4 ELI

Functional prototypes and series
parts; Aerospace, motor sport etc.

Aluminium AlSil0OMg, AlSil2

Functional prototypes and series parts;
Engineering, automotive etc.

CL 80CU(Bronze),
ETC Yellow gold(18 carat),
Silver alloy(930 sterling)

Arts and Jewelry

Table 5 Mechanical properties of metal materials for additive manufacturing

Materials Condition T.S [MPa] Y.S [MPa] Elong.[%]
Aluminum AlSil0Mg as built 280-355 235-250 1-3
Aluminum AlSil2 as built 310-325 170-220 2-3
Tool steel 1.2709 heat-treated 1900 1800 2-3
Tool steel 1.2083 (stainless) heat-treated 1700 1600 >2
Stainless steel 1.4404 as built 570 470 >15
Titanium TiAl6V4 heat-treated 1060-1120 980-1040 10-18
Cobalt-Chrome ASTM F75 as built 1100-1350 910-1010 8-13
Nickel-base alloy Inconel 718 as built, at 20C 1400 1100 10
Ni 7, vt2elo]d74, Inconel ZH LG, AFE & A8 =& 55 7P 4% g0 &5 Husu 3l
o AgAcer AFEH 3lem Table 40 £ &  on F2 AMSHE &€ Inconel ZHEHE 3 B
Tt 5 &R Table 50l 717414 &= Uehfisl  o[Bbg, CoCrds el T2 AHdh 18y 34
1= Aol g4, YEHE, creep B4 5o gk Hot Al
242 Fuslopt AgRop} 271 oz nalt
24 Hletm2le HE 22Ak oaRoks Eo| 9l BEFoR ARy uie
71E WA EY &St 7hAe] AR ARl sl
MIORER AR SEwors W EE PR A ggwe ks Ase 25 ave, 283 T
gok Ao, 7792, APV SeR dE £ 5 agm w42 &3 F ol 9BeE, 4% 9
onl sl Ag0ls) clals] 487Fs ok Table GE 74E 458 T Sdw Ho] AeEm it
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Table 6 Current and future applications of additive manufacturing in the industry

Industry

Current applications

Future applications and technical problem

Concept model and prototype
Small parts: nozzle, bracket
Special light and high strength parts

Deformation, fatigue, thermal stress etc.

e Large structure parts: wings, main body
e Complex engine part: turbine blade

® FElectronic devices

Prototype parts
Motorsports parts
Parts for discontinued models

e Ligthweight automotive parts by optimized
design

e Private motor racing parts

e Heat sink for hot conductivity

Prostheses and implant
Medical equipment and model
dental implants

e Biodegradable implant
e Parts of bio robot

Manufacturing and test for modeling
Personal jewelry and watch

Cooling cannel

Personal special product

® High strength mold
e Cooling cannel for die casting and hot
forming

Fig. 6 Medical and dental parts
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Fig. 7 Aerospace parts(up: F-15 part made by DED proc-

ess, down: combustor made by PBF process)
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Table 7 Global market share and outlook of additive manufacturing
Classification 2013($billion) 2014($billion) 2018(S$billion) CAGR
AM equipment market 7 13 54 50.1%
Service and Material Market 18 25 108 43.8%
Total market 25 38 162 45.7%
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