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v Who are you

Introduction

v Where were you from

What

+ Why are you here (why are you interested

in additive manufacturing & what do you

Objectives

B hope to accomplish in the class)
v Where are you going (what are you

planning to do after school)
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Definition: The ASTM International Committee F42 on Additive Manufacturing
(AM) Technologies defines AM as the “process of joining materials to make

objects from three-dimensional (3D) model data, usually layer by layer, as
opposed to subtractive manufacturing methodologies.”

Introduction

What

Objectives

Manufacturing

Stereolithography Fused Deposition Modeling
Extrusion based processes

-/

prY L

1984 Charles Hull |

R

A revolutionizing digital fabrication method/philosophy that
renders COMPLEXITY FREE
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Introduction

What

Objectives

Manufacturing
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Europe loses the mobile-phone war

Th e 5 Africa’s new wealth
Economist sty

How to switch off the internet

The shoe-thrower’s index

Prmt mé a Stradivarius

The manufacturing technology that will change the world

This violin was made usingan )
EOS laser-sintering 3D printer
(and it plays beautifully)

UNIOD

A

Disruptive technologies:
Advances that will
transform life, business,
and the global economy

odeling | Materials
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Printed Car By Local

= Motors in 2014

Introduction

What

Objectives

Manufacturing
| 0.019 . .
¥ Made in Space in

2014 by NASA
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Introduction

What

Invisalign: Customized dental
braces e

Integration&Shrinking Original 18 parts to 1 part  Reqyce weight by 10 times
5 times more durable

Objectives

Manufacturing

Flexible electronics,
smart structures for
more compact
solutions with more
functionalities

Design microstructures
with multiple materials ) ‘
e.g., with negative Changeable
thermal expansion product /

i @ Qﬁ Use your

imagination
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Manufacturing is a practical science

Introduction

et Make it work

Objectives

Manufacturing

Engineering

Understand how it works



Introduction

What

Objectives

Manufacturing
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¥ Introduction
% Traditional manufacturing
% Overview of additive manufacturing
% How to build a 3D printer
% Mechanical system
¥ Electronics
¥ Software
% How to use
% Design and validation/optimization
% Processes and Materials
% Applications
% Economics and future directions

10



Introduction

What

Objectives

Manufacturing
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Fundamental concepts: Material-Process-Structure-
Property—Design & Manufacturing—Machine
Understand the underlying physical principles
Understand how the machine works and how to
build a machine

Understand its advantages and limitations,
opportunities and challenges
Collaborative&Project learning: P2P and active

learning
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Introduction

What

Objectives

Manufacturing
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Grading: the grading for the class will be determined using the following weights:

©)
©)

Assignments: 15%
Literature review project (individual): 20%
> Report 15%
> Presentation 5%
Technology survey project (individual): 15%
> Report 10%
> Presentation 5%
Design project (Team): 45%
» Proposal 5%
» Demo 5%
> Final report 30%
> Presentation 5%
Participation: 5%
Total Score: 100%

In all team project reports, please describe the contribution of each individual
team member. Team projects will be graded on both individual and team
basis. Your score for the team projects will be the average of your individual
score and the team project score.

12
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Introduction

What

Make Functional Stuff

Out of Raw Materials

Manufacturing

13
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Stone: product and tooling material
' Wood: most used material — buildings,
What Sl tools, weapons, fuel, etc.

Introduction

Animals: more than food

— bone for fishhooks, needles,

i | ~ arrows, etc. Processes:

Objectives | =250 | —Sinew for bindings, glue, etc. Cutting
| ' | — Skin and fur for clothing, shelter, Molding

Weaving

Glue

Manufacturing

Pottery: soil and earth

— container for food storage,
cooking, ceremonial vessels,
etc.

Shell: ornaments, tools (spoon), money
Natural Fiber: plants, tree, animal hair
for house roofs, weaving materials

14



Introduction

What

Objectives

Manufacturing

Ornaments
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Processes:
dCutting
dMolding
JdWeaving
JCasting
JForging
dWelding

15
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+ Iron Age (use of fire - higher temperature)

Introduction

What

Processes:
dCutting
dMolding
JdWeaving
JCasting
JForging
dWelding

Objectives

Manufacturing

Machinery Weapon

16
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+ Other Natural Materials

Introduction Electrolytic process of

manufacturing aluminum

What Bus bar

+

Carbon anode

Steel shell —

Objectives
Carbon cathode lining

P . - - "’7 :
G = = < Lfed

www . substech.com

VAR Gold and Silver (Nobel metals) - Aluminum: Hall-Heroult Process
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Introduction

What

Objectives

Manufacturing
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a close-up of what
a compostie might

look like

fibers matrix

Charles Goodyear 1846 Polymers (ubiquitous, aniEsies

Vulcanized rubber (mixing p|astic bags, DNA, etc.)
sulfur in natural rubber)

Semiconductor materials

Synthetic materials (e.g. Metamaterials (David Smith
Nylon from Du Pont in 1930s) 2000s: cloak) 18
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Introduction

What

Make Functional Stuff

Out of Raw Materials

Manufacturing
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What Constitutes Functionality
of a product-

Introduction

What

Geometry Material
- (structure) Properties

Objectives

20
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Geometry (Multiscale)
Introduction \’f HOW materials are organized in Space
what ¢ On different scale

Microscopic Structure of Compact Bone

nucleus containing

protons and
neutrons X electron
0 proton
Objectives o
neutron
Manufacturing
electrons moving o 1%‘

around nucleus
not to scale

Atomic structure Molecular structure

Microscopic structure

21
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Geometry (Multiscale)
¢ How materials are organized in space

¢ Profilometry

Introduction

et ¢ On different scale =

b Micro-CT

Objectives

Manufacturing

e SRXTM

G
.
.' 0K
f FIB-SEM
. i EDX

Grain Boundary secondary ¥ tertiary y'

Microscopic/Mesoscopic structure

k Microtome-TEM

g Computation

I HRTEM

Structure on different scale

Macroscopic

structures 2
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Properties of Materials

Mechanical
Properties

Introduction

What / \
Magnetic Thermal
Properties Properties
Objectives / \
Manufacturing :
) Electrical
Acoustic Properties
Properties /
Biological Optical
Properties

Properties

o~ Chemical
Properties

-

23
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Thermal Properties

Introduction

' Melting Point

What

Thermoelectric I
Sensitivity

Objectives

Manufacturing

Thermal Thermal |
Expansion Coeff Conductivity

IHeat Capacity|

25
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Introduction

What

Objectives

Manufacturing

26
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More Properties (all are intensive properties on

quantifying the relationship and interaction between
mass, energy. and space time)

Introduction

What

Optical Chemical Acoustic Magnetic
Properties Properties Properties Properties

Curie
Objectives temperature

Corrosion
: — resistance |
Absorptivity / ’ o
. ' pH value ) \
Manufacturing Photosensitivity/ . absorption
Reactivity |
Reflectivit -
Surface tension
Refractive index/ Sl I energyl
4

7

Permeability |
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Introduction

What

Make Functional Stuff

Out of Raw Materials

Manufacturing

28




How to make
% Casting

Introduction

What

Objectives

Manufacturing

Centrifugal Casting

Pattern Tree  Shell-Making Investment Casting Casting

Continuous Casting

Ceramic shell

Runner

Ladle
Molten
metal

Finished"
casting

Ceramic slur
y Copyright © 2008 CustomPartNet

Investment Casting
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The molten steel can be tapped from the
bottom of the ladle into an intermed-
iate container known as the tundish. The
temperature of the melt is now below

‘The open mould consists of foury
cooled plates between which the
steel slides. A solidified shellis foi
during casting. The casting temp(
is around 1,540°C.

The steel i stil glowing hc
all the way through when i
by means of oxygen lance
i 1,000°C. Every slabis m
placed on the cooling bed

Cooling continues by

casdng

Die Casting
reaarively .. &

Flask placed over
One half of the pattern the first pattern. 0" ha(h‘ thc; mould

S S

Flask placed over  gther half the mould
Other half of the pattern the second pattern (drag)

2
= <~

Assembled molds Casting through the gating Tmc::::gmed
system g

Sand Casting
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How to make
¥ Molding

Introduction

What

Objectives
Manufacturing Hot Isostatic PrESSing
Moving Fixed glgsr:i:les Hopper

Platern Platern _ o
Mould . Mould i \ Injection
Clamping Tie \ e ‘ Cylinder
Cylinder =

Heater
Bands

Ch
Molton  /5jve
Plastic

Injection Molding

* %

-
: _ A + 44
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Compression Molding

Upper movable
mold half

Charge

Lower fixed
mold half

Ejector pin
www, substech.com

Compression Molding
30
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How to make
% Forming

Introduction

Rollers (smooth)

What

Blankholder

Objectives
Manufacturing Forging (a sword) Rolling (metal sheets)
Coil Blanking Furnace Press forming PIerCIng (hOIeS)
Cooling

Deep drawing

lBlank § &\\i

Stamping (molding metal sheets) \\{ J@

 Deep drawing
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How to make
¥ Machining

Introduction Tool Rotation

Twist Drill

Ball End Mill
Machined Surface

What

Feed Direction

Workpiece

Objectives

Copyright & 2007 CustomPartNet

Drilling

Manufacturing

Copyright @ 2007 CustomPartMet

Milling

Power
supply

grinding
Abrasive

wheel

coolant
supply

Abrasives

Laser Cutting ' Ultrasonic Machining
32

Grinding
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How to make
% Joining — —

Introduction

Electrode Core Wire —__ &

What Shielded orldl/

Heavy Coating
Gaseoui/SK

/

Filler Metal
Melts

Slag
. . Penetration Filler Metal
Objectives /2 J j Wicks into the
BASE METAL . ) Base Metal to
Molten Crater form Alloy

Manufacturing

Weld Deposited Weld Metal

Welding

N 2 I\ . | 3
Sintering Adhesive Bonding

Fastening

33




How to make

Introduction

What

Objectives

Ve Subtractive: creating new
material interface

Additive: reducing material
interface between material
particles
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Compression Molding

Upper movable
mold half

Charge

Lower fixed
mold half

Ejector pin

¢ Patterning: Defining material interface

1. Original form

S8 eeees

.
eeeeeee

2. Force applied...
¢esee

| @
= ééeééﬁa
< o
-

Deformative: Deforming
material interface

© Hydrogen
© Oxygen

@ Nitrogen

© Carbon

© Phosphorus

Minor groove

Major groove

Pyrimidines Purines

Process is HIGHLY
dependent on
materials
(Constraints
imposed by laws
of physics)
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Introduction

What

Make Functional Stuff

Out of Raw Materials

Manufacturing
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Introduction

Raw
Materials

What

Objectives

Manufacturing
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Advance

Introduction

What

Objectives

Manufacturing
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