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Fabbers Office machines  Shop floor machines
Personal Professional Production
3D printers 3D printers 3D printers
- '
' ' ‘
3D Systems Objet "étratasys
BFB 3000 Eden 500 V Fortus 900 mc

FIGURE 1.31 Nomenclature for AM machines and its relation to the application levels;
examples



Table 1.1 Classification of machines for Additive Manufacturing/3D Printing

Machine class

Designation * Prototyper Fabricator
Personal 30 printer Professional Production machine
3D Printer Production 3D printer
Fabber Personal Office printer  Production printer
printer (Shop floor machine)
Usze Private, domestic Semiprofes- Professional Professional,
sional office  office or production or job shop
workshop
Usage levels (Fig. 1.7)
* Prototypes X
Dizplay models
* Concept models X
= Functional prototypes X
* Final products X
Construction material  Plastic Plastic Plastic Plastic, metal, ceramic
Price level 500 to 4000 € 1000 to 20,000 to 130,000 to > 800,000 €
[1€=1.07 USD] 10,000 € 70,000 €

Exarmple

S Ao
W 88 g

@*

Prusa Mendel

Dimension

—

Concept SLM

* The classifications are not standardized and are handled differently by different manufacturers and users. Those used
here are based on the recommendation from 30 Systems and follow a system often used in practice.
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AM lets us redefine |||i|'
value and scale 2.008x

Traditional - How do we get
there?
Manufacturing

Complexity or
Customizationis free

-/ Additive Manufacturing

>

Cost per part

| Complexity or Customization
GE, Boeing, SpaceX, American Standard, Widex, Stryker, Invisalign, JAMA, Aprecia, Adidas, Laika
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Other
7.2%

Motor vehicles
14.8%

Architectural
3.0%

Government/military
6.2%

Academic institutions
8.1%

Aerospace
18.2%

Medical/dental
11.0%

Consumer Industrial/business
products/electronics machines
12.8% 18.8%

Figure 2.2 Additive manufacturing market share by industry in 2017.

Source: Wohlers, A., Wohlers Report 2017. 3D Printing and Additive Manufacturing State of
the Industry. Annual Worldwide Progress Report. 2017: Associates Wohlers. Wohlers Report
2017. Wohlers Associates, Inc. [4].
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Figure 5.5 Basic setup of an injection mold with plates made of Plexiglas for demonstra
purposes (Source: 3D Systems)

Figure 5.16 Tool inserts of stereolithographic material for use in plastic injection molds (AIM’
(Source: 3D Systems)



Figure 5.20 Core slider after the selective laser sintering of metals (IMLS)
(Source: Breitinger)

Figure 5.22

Direct metal (1998) with EOS Electrolux

multicomponent-material tool with four 12
pushers (Source: EOS)
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Figure 5.25 Laser melting, die for sheet metal processing, transformed parts
(Source: MCP-HEK)

13
Figure 5.24 Laser melting, mold insert (Source: MCP-HEK)
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Figure 5.2

Figure 5.26 LaserCUSING, mold insert with conformal cooling, sliced part Conformal cooling, CAD design of a cooling
(Source: Concept Laser) network (Source: Concept/Hofmann)

Time to freeze, part
= 49.43[5]

(=]

49,43 .

34

2734 I

16.38

5.368
.15

!‘an
. G

(a) Conventional channel design (b) Channels generated by our approach

MouprFLow PLASTICS |I\I5Iltli HT Scale (300 mlmj MovlpFLow PLASTICS INSIG I-IIT Scale (300 n.m) 14



Figure 5.27 Laser forming; mold insert with internal cooling channels after the AM process
(left) and postprocessed, ready to use (right) (Source: TRUMPF)

i
i

i |

[10] Figure 5.31 Direct metal deposition, bimetal tool of 1.2344 and CuCr (Source: TRUMPF) 15



- G LBy 0,

S adgi ol LB

(Unilever 5 %) ;elo 16




tctmagazine.com

Seaw s o jlw colw

S

- -

059 uaels LY. L APWoOrks lawgs sois as-be cdSaw 5590

17


https://www.tctmagazine.com/additive-manufacturing-3d-printing-news/additive-manufacturing-can-lower-aircraft-building-and-oper/

FIGURE 3.37 Architectural model, mosque, laser sintering
(Source: Deutschlandwoche, 10/2007)

FIGURE 3.38 3D display of a concept for a touristic center, laser sintering of polyamides

(Source: Bernhard Bader)

Figure 4.49 Ground Zero, New York, com-
petition contribution by United Architects:
2D rendering (upper left), screenshot of the
3D animation (upper right), and stereolitho-
graphy part as component of an architecture
model (bottom) (Source: United Architects)

(c)

Figure 4.50 Model of the Aachen cathedral, fused deposition modeling. The CAD data were
reconstructed from images and processed for model building: (a) fuf @odel, scale around
1:468, (b) detail of the roof, with deliberate extrusion structure, (c) important parts of the
building history produced as single parts (Source: FH Aachen/Einhard Gymnasium Aachen)
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FIGURE 3.6 Dashboard insert; laser sintering, polyamide (left); fuel tank. laser sintering
polyamide (right). both: 1:1 scale (Source: EOS)

T—

FIGURE 3.8 Interior lighting; design variations; stereolithography and RTV with inserts
FIGURE 3.7 Speakers, stereolithography master and silicon mold (left), cast part (RTV, right) (Source: CP-GmbH) 26
(Source: CP-GmbH)



This oil pump housing is made of aluminium alloy and manufactured on

a Concept Laser M2 cusing machine from CL 31AL (AlSi10Mg). As well

as offering a reduction in manufacturing time, AM enabled an optimum
design in terms of flow properties as there are no sharp-edged transitions
as a result of drill holes (Courtesy Concept Laser]

S ©olalad 31 s g

This gearbox is made of aluminium and manufactured on a Concept
Laser X line 2000R machine. The material is CL 3TAL [AlSi10Mg]. Addi-
tive Manufacturing offered reductions in weight, cost and manufacturing

time as well as giving the designer significant design freedom (Courtesy
Concept Laser] 27



Fig. 2 The EDAG Light Cocoon concept car showing the use of additively manufactured nodes combined with steel
profiles in the NextGen spaceframe

Fig. 3 In the NextGen spaceframe concept the AM nodes are part of an adaptable and flexible production concept that

can produce vehicle structures just in sequence’ [JIS), tailored for different load stages
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FIGURE 15.12 3D hearing aids printed with (left) Stratasys (www.stratasys.com) and (right) EnvisionTEC
materials (www.envisiontec.com).
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EOS spinal cages manufacturcd_using direct metal laser sintering (DMLS) (_www.c{_)s.infofcn)
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A typical process for bioprinting 3D tissues.
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Step 1
Imaging

MRI

~

-

Step 2
Design approach

Biomimicry

()

-
(

)
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Mini-tissues

o
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Step 3
Material selection

~

Step 4

Cell selection

ECM

Differentiated cells

Plurpotent stem cells

Multipotent stem cells

Step 5
Bioprinting

Step 6
Application

Microextrusion

Laser-assisted

Implantation

In vitro testing

https://www.nature.com/articles/nbt.2958
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Two-dimensional tissue

P
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Skin
Examples of human-scale bioprinted tissues.
Cartilage .
Skin Cartilage

Hollow tubes
Trachea
Heart valve J t\
Vasculature . "

Vasculature Aortic valve Tracheal splint
Solid organs

k

https://www.nature.com/articles/nbt.2958
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Fig. 1 Laser sintered leap
engine fuel nozzle in cobalt
chrome

dala8 Ve gilwan )L

Fig. 2 Leap engine (nozzle
indicated) Courtesy GE
aviation

Fig. 5 Cabin bracket for the
Airbus A350 XWB made of

tlanum, manufactured using
the laser CUSING technology
(Conrtesy Airbus)

o) f 3l adg loj uals
ARSI

4 3L pac g dlgo W pals
G0

Fig. 3 Engine stator vane
aircrafl in high emperature
alloys

Fig. 4 The firs1 test prece
produced on the M2 cusing
machine (Comrtesy
NASAMSFC/Andy Hardin)
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Figure 13.3 IN718 helicopter engine combustion chamber fabricated by a five-axis LMD

process: (a) deposition showing the 2.5-dimensional tool path; (b) multiaxis deposition; and
(c) the finished part.
Courtesy TWL

o5 4uST 4y 3L (y9uy vz Olahad puoxi b wdgd °
(b)

Figure 13.5 Ti-6Al-4V airfoils with embedded cooling channels built using the laser metal
deposition process.
Courtesy Inteerated Manufacturine Technologies Institute of the National Research Council.

Canada. e S o RS

Figure 13.13 T700 blisk repair using the laser engineering net-shape process: (a) in-process
repair of the leading edge of a Ti64 airfoil, (b) the blisk after deposition, and (c) the blisk after
finishing.

Courtesy Optomec.

Fig. 7 FDM-layup tool
produced the aircraft camera
fairings
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S-Max® Pro

The S-Max® Pro covers the full range of 3D sand printing from
prototyping to serial production and is able to process all ExOne binder
systems. It is available as a stand-alone solution but is also scalable and
can be connected by a network that creates a fully automated production

line, to realize the industrial serial production in 3D sand printing.

e Build Box 1,800 X 1,000 X 700 mm/400H*
e Build Volume 1260 L

» Max Build Rate up to 125* |/h (depending on jobbox utilization, sand

type, layer height, resolution & environmental conditions)

o Layer Height 0.26 — 0.38 mm
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VX4000: The world's
largest 3D printer for
sand

The VX4000 is the largest 3D printing system for sand
molds in the world. With a contiguous footprint of 4 x 2 x
1 meters, it is unrivaled in terms of build volume. Despite
your high-volume production jobs, the VX4000 ensures
consistent build times and impressive precession and part

quality.

LEARN MORE
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S FIGURE 9.12
casnng Opcen aluminum sand casting mold made using binder jetting on a Voxeljet vx200 platform. (Copyright Rapid
Prototype and Manufacturing, LLC, Avon Lake, Ohio, 2014.)

https://uni.edu/~rao/rt/casting.htm

FIGURE 9.11 47
Closed aluminum sand casting mold made using binder jetting on a Voxeljet vx200 platform. (Copyright Rapid
Prototype and Manufacturing, LLC, Avon Lake, Ohio, 2014.)
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CONVENTIONAL TECH CAST

PROCESS PROCESS
Total time to finish casting 10-12 weeks 4 weeks
Labor cost (at $60/hr) Base Base - $81
Fig. 14.11 Rings for investment casting, made using a ProJet® CPX 3D Printer (Courtesy 3D Purchases $40,000 $3,150
Systems) Cut costs of casting patterns from
$200,000-$300,000 to $6,000-$15,000
.Y
8 Figure 5.15 Hollow cotructed lost stereolithographic model (Quick Cast) and associated
—— investment casting component (Source: 3D Systems)
FIGURE 3.30 Investment casting; casting tree made from AM-pattern using wax runners, 48

sprue and gating (left), casting before cleaning (right) (Source: 3D Systems)



Figure 4.46 Alexander Puschkin, Alisa Minyukova, laser sintering, vacuum casting,
bronze casting (Source: Minyukova, CP-GmbH, Ellerbrock)

AN

4‘ “s“‘\‘v !

RE 3.23 Art objects; metal 3D printing (Prometal); part after AM production (left)
and after post-processing and finishing by surface treatment
(Source: Prometal, Bathsheba)

https://xometry.eu/en/vacuum-casting-technology-

Figure 6.3 Twister lamp Figure 6.4 Laser-sintered chair overview/ 49
(Source: Freedom of Creation) (Source: Voigt-Weizenegger)



]

e

g5 0 0,15 ;3

*
”)

3
9

&.4-1.’
*0

o




0dl iy laca jeels 0 1,1 51 e Sl
VW oo ads SOl adg loj g ath ials ;Yo 8 4 Y.l cil as e

] asl yaalS celw

51



HADDINGTON

DY NAMICS
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Time Parts

Traditional 30 days 800
Markforged 9 days 70
Savings 70% 91% 52
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BostonDynamics
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I ¢ ¢
Plastic + CCF

Aluminum (Composite Carbon Fiber), Amiconrinted .
weight: 400g weight: 250g Aluminum Cemooth PA 2 CoP) Savings

Price €460 €260 40%
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