Additive Manufacturing Technology

Material Extrusion
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« Summary




« Material Extrusion is currently the most popular
on the market. Whilst there are other techniques
for creating the extrusion, heat is normally used
to melt bulk material in a small, portable chamber.
The material is pushed through by a tractor-feed
system, which creates the pressure to extrude.

The technology
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The hegin of material extrusion




The Principle of ME
Manufacturing Process

There are a number of key features that are common to any
extrusion-based system:

* Loading of material
* Liquification of the material

* Application of pressure to move the material through the
nozzle

o Extrusion

* Plotting according to a predefined path and in a
controlled manner

* Bonding of the material to itself or secondary build
materials to form a coherent solid structure

* Inclusion of support structures to enable complex
geometrical features




Extrusion

Drop on Demand
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Bowden Extruder Direct Feed Extruder
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The reference for carriage offset is
arhitrary, so this value is only used |
for geometry definition. Movement
calculation is only based upon arm
length, radius and effector offset.
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Delta viewed from top.

Arm space

dSim Graphic Simulator

dSim Graphic Simulator
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Delta Robots solve'b’ to find the position of a carriage
i.e Tower C (2) using:
az+b?2=c?
¢ = Delta Arms
a = Delta Radius +Y,
V(2322 -115%) = 201.49
This is simultaneously done on Tower A (X) and B (Y). J
Sending GCODE 'M114' on a delta 3D printer, should
confirm the position of all carriages as:
X Position = 201.49
b=201.49 Y Position = 201.49
¢=232 Z Position = 201.49
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3-IN-1-OUT MIX COLOR

3D PRINTING HOTEND

EASIER CALIBRATION
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Autodesk Project Escher Aims to Speed Up Additive Manufacturing with
Multiple Nozzles




The development of the
material

FDM #7178 ABS MEIRVITERL (1RIE Stratasys SR BIRTRIRZE )

1 ABS ABSi ABSplus ABS/PC
R 22 MPa 37 MPa 36 MPa 34.8 MPa
EALEE < 1627 MPa 1915 MPa 2265 MPa 1827 MPa

AL AfHZR 6% 3.1% 4% 4.3%
U 41 MPa 61 MPa 52 MPa 50 MPa
i 1834 MPa 1820 MPa 2198 MPa 1863 MPa
Gl =Sy 106.78 J/m’ 101.4 I/m’ 96 J/m’ 123 J/m’

3 @66 % 90°C 87°C 96°C 110°C
B @264 1% 76°C 73°C 82°C 96°C

i AR 5.60E-05in/in/F 6.7E-6in/in/F 4.90E-05in/in/F 4.10E-5 in/inF

Lb&E 1.05 1.08 1.04 1.2




Thermal properties + PLA ~ ABS B
Melt volume index (MVI) 10.3 cm3/10min 9.7cm?/10min
Glass transition temperature 60-65°C 105°C
Slumping temperature 70-80°C 110-125°C
Melting temperature 160-190°C 210-240°C
Printing temperature 190-220°C 230-250°C
Recommended printbed temperature 50-70°C 80-120°C
(heated bed not mandatory) (heated bed required)

The melt volume index (or melt flow index) is a measure of the ease of flow of the melt of the polymer. It is measured as
the amount of material flowing in 10 minutes through a capillary of a defined diameter and length.

The glass transition temperature (or glass point) is the point at which a hard and brittle (glassy) material transitions into
a molten or rubber-like state when the temperature is increased. This value matters when you print something you plan to
pour hot water or beverages in: When you print a coffee mug using PLA, the bottom sags when you pour in coffee that is
hotter than 60°C. Why ABS is no good idea either: See the “Recommended fields of application” section below.

The slumping temperature indicates the heat resistance limit: At temperatures above this value, the object will be
distorted. When your printer has a heated bed, the heated bed temperature must be below the slumping temperature;
otherwise, the object will deform.

The melting temperature (or melting point) is — obviously — the temperature at which the material starts melting.

The 3D printing temperature is usually higher than the melting point as you want the filament to be molten (and not just
starting to melt) when pressing it through the printer nozzle.

ABS is more prone to warping than PLA.




PLA vs ABS Filament: Recommended fields of application

PLA is widely used in 3D printing, e.g. for household items, gadgets, and toys. It
is better suited when flexibility is not your major requirement as it is more prone
than ABS to break under pressure. On the other hand, it is biocompatible with
the human body and can be used for objects that are worn on the skin.

Due to its relatively low glass point, PLA is unsuitable for objects that are
subject to heat: When exposed to 60°C or more for some time, it loses its shape.
You wouldn't use PLA for objects that are exposed to direct sunlight for a
prolonged time or that are placed in a car. It is also not suitable for kitchen
equipment that is put into the dishwasher (at least not for dishwasher programs
at 60°C or more).

ABS is better suited for objects that need to withstand rough usage, hot
environments, that need to be weather-proof, that may be dropped or have to
be bendable. It can be used for parts that are subject to mechanical stress, for
interlocking parts or pin-joints.

ABS is not considered to be a food-safe material: Especially when the material
gets in contact with hot liquids or warm food, chemicals from the plastic will
leach out into the liquid or food over time. To seal the surface, you need to
post-process it using solvent polishing or painting that is food-save.
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FlashForge-PLA
LulzBot-PLA
Dremel-PLA
LulzBot-Polycarbonate

LulzBot-TGlase

a) Low emitters
$VOC < 40 pg/min

LulzBot-HIPS

XYZ-ABS

FlashForge-ABS
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MakerBot-ABS-w/o encl

MakerBot-ABS-w/ encl

LulzBot-ABS-cube b) High emitters

LulzBot-ABS ZVOC > 40 pg/min
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LulzBot-Laywood

LulzBot-Laybrick

LulzBot-PCTPE

LulzBot-Nylon

3 ¢ VOC ;riission rats (ugirmin) " 0 25 5;0 75 1(")0 155 1£l'>0 175 200
VOC emission rate (ug/min)
[OJ Caprolactam O Styrene [l Lactide Propylene Glycol Il 12-Crown-4
B Ethanol, 2-(2-butoxyethoxy)- [l Chloromethyl methyl sulfide [C] 1-Propanol, 2-ethoxy- [ Ethylbenzene [l 2-Hexenal, 2-ethyl-
Gcherin [0 Isopropyl Palmitate Hexanal [l Acetophenone [l Decane

[l Nonane, 2,2,4,4,6,8,8-heptamet [] Acetic acid

B Hydrazine carbothioamide [l| Other

People usually refer to ABS by the acronym, so you might not know what it stands for: acrylonitrile
butadiene styrene. Why is that important? Styrene is one of those hazardous volatile compounds — it’s
toxic and maybe cancer-causing. While the Environmental Protection Agency (EPA) in the United
States doesn’t have protections against it, the Department of Heath and Human Services calls styrene

“reasonably anticipated to be a human carcinogen.”

Fortunately, PLA (polylactic acid) breaks down into lactic acid — the same chemical that makes you
sore after working out — so there’s no threat there.

Toxic Emissions are Worse than We Thought

The melt flow index (MFI) is a measure of the ease of flow of the melt
of a thermoplastic polymer.
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Home > Plastics > Generics > Polylactic Acid (PLA)

Polylactic Acid (PLA) Typical Properties

Polylactic Acid (PLA) - Manufacturers - Materials - Classification

Product Description

This data represents t Home » Plastics > Generics > Acrylonitile Butadiene Styrene (ABS)

This information is prc
General
Material Status

Availability

Physical
Specific Gravity
73°F
Melt Mass-Flow Rate
210°C/2.16 kg
190°C/2.16 kg
Molding Shrinkage
Flow : 73°F
73°F
Mechanical
Tensile Modulus
73°F
T3°F

Tensile Strength
Yield, 73°F
Yield, 73°F

Acrylonitrile Butadiene Styrene (ABS) Typical Properties

Acrylonitrile Butadiene Styrene (ABS) - Manufacturers - Materials - Classification

Generic ABS - Glass Bead
Generic ABS - Glass Fiber
Generic ABS - Stainless Steel Fiber

Generic ABS
Generic ABS - Carbon Fiber
Generic ABS - Carbon Fiber, Nickel-Coated

Product Description
This data represents typical values that have been calculated from all products classified as: Generic ABS

This information is provided for comparative purposes only.

General
Material Status « Commercial: Active
Availability « Africa & Middle East « Europe
« Asia Pacific « Latin America
Physical Nominal Value |
Specific Gravity
- 103t0 1,11
73°F 1,0410 1,11 ¢
- 0,0379 |
- 1,01to 1,10 ¢
Apparent (Bulk) Density 0,25t00,36 ¢
Melt Mass-Flow Rate (MFR)
220°C/10.0 kg 1,0t036 ¢
220°C/10.0 kg 0,49 t0 36 ¢
Melt Volume-Flow Rate (MVR)
220°C/10.0 kg 0,0793t0 2,62
136 1

2200 10 10400 psi H



Additive Manufacturing in
NTUT 3D Technology Lab




BIOPRINTING




Bioprinting can be used to print tissues and organs.
A framework or structural element that holds cells or tissues together can be
printed.
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https://www.euronews.com/2019/04/16/world-s-first-3d-printed-heart-with-human-tissue-revealed

https://www.youtube.com/watch?v=Y 7JbJzorfYU

HOUSE PRINTING




http://fortune.com/2018/04/22/3d-printed-homes/
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http://www.homecrux.com/gaia-is-the-worlds-first-3d-printed-mud-house/110107/




Larger for Industry

THE MXT

Speed & Precision

THE BUILD CHAMBER

Controlled Environment

THE BUILD VOLUME

Enormous Print Bed

for maximum flexi
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Build volume

Layer height resolution
Acceleration

Extruder

Printing technology

Certified Bigrep materials

Support materials
Print bed temperature
Chamber temperature
Printer weight

Size

Power

Safety certifications

%X 1500y 800 z 600 (mm)

0.1 mm - 1.6 mm*

Up to 10 m/s?

Two MXT extruders

FFF - Fused-Filament-Fabrication (Material Extrusion)

Engineering Plastics, High-Performance Plastics
More engineering materials in development

Soluble Plastics

Max. 220 °C

Max. 200 °C

Approx. 3500 kg

%3100y 1600 z 2220 (mm)
240V -360V,3x32A,50/60 Hz

CE machinery/ UL/ FCC/ Korean Certification




