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Complexity of the SLM process
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FIGURE 3.10 Powder size distribution and micrographs of (A) titanium and (B) cobalt-chromium powder.?



Process

Advantages

» Excellent metallurgical quality
¢ High powder flow rates
* Wide selection of alloys

¢ New and modified alloys can easily be
made

Disadvantages

Variability in powder properties between
suppliers

Large number of suppliers and

Gas Atomisation oy atomising technologies can be confusing
(GA) * Sca.lable Sl verynIg b * Reactive and high melting point alloys
available and can easily support AM ;
not available
growth c 7
¢ Few companies currently atomising
e Large supply base ST
i ] titanium
¢ Relatively low cost, especially when AM
increases guantities
e Excellent metallurgical quality
e High flow rates
Induction Melted Bar | + Reactive and high melting point alloys * Limited supply base - but growing
‘Atomisation can be made e Only alloys available as bar can be made
(EIGA) e Titanium alloys available * High cost
e High production rates, but restricted by
yield considerations
Excellent metallurgical qualit
: chehfenh :?e ? t:rglca Ll yf ; e Limited supply base: only a few
. -
Plasma Atomised SEEIGR BRSO SNPRL BSCRS suppliers, and new patents may lock out
spheres i .
Wire Process ) ' _ ‘ additional suppliers
(PAW) s Beaciive and gy ineliing potit ety s * Only alloys available as wire can be made
can be made o T coet
e Titanium alloys available 9
¢ Excellent metallurgical quality . _
o . ¢ Limited supply base but growing
Plasma Rotating » Very high flow rates — perfect spheres ; § :
; ) ) i i * High quality bar needed as starting
Electrode Process * Reactive and high melting point alloys :
material
(PREP) can be made 0 bt
e High cos
e Titanium alloys available I
e Metallurgical quality lower than gas
- atomisation
Water Atomisation e | ow cost _ ,
. ¢ Powder not natively spherical
(WA) e Scalable atomising technology

Not yet established for powder bed
applications
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Type

Producer

Gas atomized

Gas atomized

Gas atomization/PREP
Gas atomized (EIGA)
Gas atomized (EIGA)
Gas atomized

(TILOP. EIGA type)
PREP

PREP

PREP

Plasma atomized

Induction plasma spheroidization

ATI Powder (USA), formerly Crucible Research,
division of Crucible Materials Corp

lowa Powder Atomization Technologies (USA)
developmental process

Affinity International (China)

TLS Technik (Germany)

Puris LLC (USA)

Osaka Titanium Technologies (Japan)

Timet (USA), formerly Advanced Specialty Metals
Phelly Materials (China)

Baoji Orchid Ti (China)

ARCAM AB (Sweden), formerly Advanced Powders
and Coatings. division of Raymor Industries

Tekna Plasma Systems (Canada)
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Figure 38. Morphology of commercial powders for polymer laser sintering. (a)
Cryogenically ground, rough particles (PA-11 powder PA1101 from EOS GmbH); (b)
potato-shaped particles precipitated from ethanol solution (PA-12 powder PA2200 from
EOS GmbH); and (c) spherical particles produced by means of emulsion polymerization
(PS powder PrimeCast 101 from EOS GmbH).
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Fig. 2.5 Surface morphologies of M2 high speed steel components processed by a LM, see Ref.
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FIGURE 3.33 Residual stresses in compact tension specimens of SLM-produced Ti6Al4V. As indicated by |
the fracture surfaces, the residual stresses influence the crack propagation and therefore the behavior of the
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Figure 4.3 Microstructure of DMD built Ti—6AI—4V: (A) as deposited condition and (B) use of HIP and aged
as per AMS 4999A. Source: Courtesy of DM3D Technology.
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Fig. 3. Types of void defects at different scales in polymer matrices, introduced by the FDM process (top left, right) and nanoparticle
agglomeration (bottom left, right) respectively.
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Second

FIGURE 3.29 Pole figures of AISilOMg produced via SLM, for different scanning strategies: (A)
Unidirectional scanning, no rotation between layers: (B) bidirectional scanning, 90° rotation between layers:
and (C) chessboard (island) scanning. Each subsection is scanned using bidirectional scanning. (Adapted from
Thijs, L. et al., Acta Mater., 61(5), 1809-1819, 2013.)
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EBM: electron beam melting,” HIP: hot isostatic pressing, HT: heat treatment.
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TABLE 2.4

Mechanical Properties of Thermoplastic Composite Tensile Bars

Modulus Tensile Strength

Material Orientation (GPa) (MPa) Elongation (%)
PEEK Parallel 1.7 59 3.3
Perpendicular 1.8 88 5.3
PEEK + 30 wt.% carbon fiber Parallel 94 257 3.0
Polycarbonate Parallel 1.1 64 8.7
Perpendicular 3.6 124 3.6
Polycarbonate + 30 wt.% glass Parallel 3.0 106 3.8
fiber Perpendicular 1.0 46 5.6
PMMA Parallel 1.3 23 14
Perpendicular 1.5 61 5.8

Source: Peng, ]. et al., Compos. A: Appl. Sci. Manufact., 30, 133-138, 1999.
Note: Instron model 1011; strain rate: 5 mm s~'; load cell: 4448 N; vertical specimen loading; wedge-action

type grip.

PEEK, poly(ether ether ketone); PMMA, poly(methyl methacrylate). 36
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FIGURE 7.21 SEM micrograph showing porosity and unmelted powder in SF 65 sample: (A) unmelted 39
powder, and (B) pores.
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Fig. 2.20 Balling phenomena occurred during LS of Cu—30CuSn—10CuP powder: a First line scan
balling, b Shrinkage-induced balling, ¢ Splash-induced balling, see Ref. [163]
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Fig. 9.12 Type-3 defect observed between adjacent foils (Note the morphology of the Type-1
defects between layers indicate that this micrograph is upside-down with regpect to build
orientation)

Fig. 9.11 Type-1 UAM defect (arrow indicates location of surface oxides)
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Figure 17.4 (a) Metallurgical section of aluminum 3003 build showing gaps left by 1 kW UAM
system and (b) metallurgical section of gapless aluminum 6061 build fabricated with the 9 kW UAM
system shown in Figure 17.3.
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Figure 17.36 Cross section of a multimaterial UAM build including nickel, copper, and silver
welded onto an Al 3003 substrate. (From J. Obielodan, A. Ceylan, L. Murr, and B. Stucker, Rapid
Prototyping Journal 16(3), pp. 180-188, 2010.)
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