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Multi-scale fabrication

Scale Example Additive process Subtractive process

macro/meso

(100 mm)

10-1

3D

Printing

Precision

machining

micro 

(100 mm)

10-4

Cold spray Laser machining

nano 

(100 nm)

10-7

Nano particle 

deposition

AFN printing

Focused 

ion beam

Deposition

Pow-
der

Virus

Mobile phone
CD-ROMMouse

ProteinSmoke

Today’s class

http://en.wikipedia.org/wiki/Image:Proteinviews-1tim.png
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#4 3D Printing

Composite deposition 
system

Part I

Part II

Support

Micro nozzle, 
f 100 mm

Scaffold
Precision micro stage, 

1 mm resolution

• Type: Additive

• Scale: 200 mm ~ 100 mm

• Metal : polymer, composite

• Characteristics: precision stage, micro-nozzle

Machining process

Go to appendix

Stape
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#5 Cold spray (저온분사적층)

Cold spray system
Comparison of particle 

deposition processes

SEM image and numerical 

solution of bonded particle
(R. C. Dykhuizen, A. Hamidi)

• Type: Additive

• Scale: 10mm ~ 100mm

• Material: metal, ceramic, polymer

• Characteristics: 

• Supersonic gas flow

• Micro-sized particle deposition

Machining process
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#6 Nano particle deposition (나노입자적층)

TiO2 coating on Stainless steel

Mn-Zn ferrite coating on Al 6061 with needle

0.17mm

0.1mm
0.46mm1.03mm

2.5 μm 250 nm 

Nano particle deposition system

• Type: Additive

• Scale : several mm ~ hundreds of mm coating

• Material : Mostly ceramic, partly metal

• Characteristics : Submicron ~ dia. 10 mm particle 
used

Machining process Comparison of particle 

deposition processes



8#7 Aerodynamically Focused Nanoparticle (AFN) 

Printing

Patterned images by AFN printingSchematic diagram of the processing steps

• Type: Additive

• Scale : several mm ~ hundreds of mm coating

• Material : metal, ceramic

• Characteristics : Direct patterning of the solvent-free
inorganic nanoparticles

Lee, G. Y., Park, J. I., Kim, C. S., Yoon, H. S., Jinkyu Yang, and Ahn, S. H., 2014, "Aerodynamically Focused Nanoparticle (AFN)
Printing: Novel Direct Printing Technique of Solvent-free and Inorganic Nanoparticles," ACS Applied Materials and Interfaces, 
American Chemical Society (USA)
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Speech at the State of the Union Address, 
USA (2013)

A once-shuttered warehouse is now a state-
of-the art lab where new workers are

mastering the 3D printing that has the

potential to revolutionize the way we

make almost everything.

- B. Obama, president of USA

9

3D printing technology has attracted worldwide attention

Presidential Issue
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From 2D to 3D printing

3D structure2.5D Prismatic plate2D sheet
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Introduction to 3D Printing  

 Other name of 3DP

- Rapid Prototyping (RP)

- Layered Manufacturing

- Rapid Prototyping and Manufacturing (RP&M)

- Solid Freeform Fabrication (SFF)

- Additive Manufacturing (AD)

 Group of related technologies that are used to fabricate physical 

objects directly from 3D CAD data

 Add and bond materials in layers to form 3D objects

 Offers advantages compared to subtractive fabrication methods
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Magnetic Resonance Imaging
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Advantages of 3D Printing

 No need to define a blank geometry

 No need to define set-ups and material handling

 No need to consider jigs, fixtures, and clamping

 No need to design mold and die
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Issues in 3D Printed parts 

 Layered deposition inherently creates interfaces between layers

 Functional properties are not as good as bulk 

- Structural

- Optical

- Surface Roughness

- Electrical

- Thermal

- Color

- … … …
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STL File

 Developed for StreoLithography

 De facto standard for RP data

 Most CAD systems support STL format
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Classification of 3DP

3D scanning/modeling 2D-sliced data Forming thin layers Additive manufacturing
(Layer-by-layer manner)

Vat photopolymerization

Stereolithography 
Carima, 3D 

Systems

Selective Laser 
Sintering

EOS

Polyjet 
Stratasys

Fused Deposition 
Modeling

Rokit, Stratasys
Direct Metal Tooling, 

Insstek, Optomec

3DP
3D Systems

Considering potential for industrial applications, six types of 3DP technologies have been selected (excluding sheet lamination)

PP
(Photo-

Polymerization)

MD
(Material Dispensing)

ME
(Material extrusion)

BJ
(Binder Jetting)

PBF
(Powder Bed 

Fusion)

DED
(Direct Energy 

Deposition)

DED
(Direct Energy Deposition)
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1. Stereo Lithography Apparatus (SLA) (1)

 Developed by 3D Systems, Inc.

 Laser beam will scan the surface 

following the contours of the slice

SLA-3500
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1. Stereo Lithography Apparatus (SLA)
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Stereo Lithography Apparatus (SLA)
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2. Selective Laser Sintering (SLS)

 Developed  by The 
University of Texas at 
Austin

 Powders are spread over a 
platform by a roller 

 A laser sinters selected 
areas causing the particles 
to melt and then solidify
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Metal 3D Printer

https://www.youtube.com/watch?v=m1ryVsmjZBY
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3. Fused Deposition Modeling (FDM)
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Fused Deposition Modeling (FDM)

http://www.stratasys.com/
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Micro Structure of FDM
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4. 3D Printer

 Developed at MIT

 Parts are built upon a 

platform situated in a bin 

full of powder material.
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Gallery

 Z- corp (3D Printer)
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5. Shape Deposition Manufacturing (SDM)

 Developed by Stanford University/CMU 

 Uses deposition and milling

 Provides good surface finish
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Meso Structure of SDM Parts

Ceramic turbine Miniature jet engine

Silicon nitride parts fabricated using mold SDM process
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6. Polymer Jetting (PolyJet)
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Multi-Material 3D Printer
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7. FIB-CVD: layered process

S Matsui, Nucl Instrum Meth B (2007) 

R Kometani et al.
J Vac Sci Technol B 23 (2005) 298
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7. FIB-CVD: layered process

https://www.youtube.com/watch?v=m1ryVsmjZBY
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7. FIB-CVD: layered process

(ElectronicDesign.com, 2014 )

[ Circuit repair ] 

[ microscale spaceship Enterprise ]
(T. Hoshino et al. , J VAC SCI TECHNOL B , 2003) 

[ TEM sample preparation ]
(FEI corporation newsletter, 2015 ) 

15 μm
20 μm

[ fixation of NWs and tip by Pt deposition ]
(Y.H. Kim et al., Applied Microscopy, 2015 )

[ Microelectrode Pt pillar ]
(Dengji Guo  et al. , Procedia CIRP, 2016) 

20 μm



35

Conventional 3D printing Materials

Process Materials

Stereolithography (SLA) PMMA

Styrene Methyl Methacrylate Copolymer

Fused Deposition Modeling (FDM) ABS, ABS/PC

PVC/PMMA, PES

Selective Laser Sintering (SLS) PMMA, Aromatic Polyamide 

Metals

Laminated Object Manufacture (LOM) Paper (Cellulose Based)

3D Printers ABS, ABS/PC

PVC/PMMA, PES, Elastomers

Solid Ground Curing (SGC) PMMA

Styrene Methyl Methacrylate Copolymer

FIB-CVD Carbon, platinum, tungsten, silicon oxide
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Computer-aided art – sculpture 
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Airplane
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Parts for aircraft

Hinges for the Airbus A320
conventional (background) and 3D printed 

(foreground)

Parts of the 3D printed jet engine (GE)

The 3D printed jet engine
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Mold

DTM's RapidTool™ process for rapid mold making 

Core and cavity sets produced 
by RapidTool ™ 

 Rapid Tooling (RT)

Smart Mold
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NASA: 3D Printing in Space

FDM1600 test at zero gravity
Johnson Space Center &

Marshall Space Flight Center
2000

Emergency in 2008 summer



41

Roman arch and dome
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Building Construction by 3D Printer

 Architectures

A machine mounted on rails might be used to build multiple houses
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Building Construction by 3D Printer
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Building Construction by 3D Printer
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Food

 Tony Cenicola/The New York Times

 2013. 9. 22
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Food
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3D printed prosthetic

 Design of the piece are fit to the individual

3D Printing: Modern Medical Applications, Devin 
Peek et al. (2010)
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Fashion (Nari Oxman) 
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Car (Urbee) 
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Local Motors

https://www.youtube.com/watch?v=daioWlkH7ZI
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3D printing for Electronic System

(a) SL part with sockets; (b) embedded components; (c) DW interconnects.

(a) SL part with sockets for embedding electronic components, (b) Embedded 

components with access holes for DW, (c) DW traces for electrical interconnects.

(a) (b) (c)

(c)(b)(a)

(1) Expending 3D printing for electronic systems integration of 

arbitrary  form,  Amit Lopes et al. (2006) 
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Biomedical

 3D model creation process

3D Digital 

Image

Data transfer 

process

Evaluation of 

Design

:Using CAD 
Program

3D Printing Medical 

model production
3D Printing Medical 

model validation
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Before surgery

After surgery Virtual surgery

CT Scan 3D Printed part 

Medical simulation and operation

 Medical Domain



56

Tissue Engineering 

Yan, et al

CAD modeling 3D Printing part Rehabilitated ear

Vacanti, et al
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Skin Repairable 3D Printing

TED Presentation of Anthony Atala- Printing a human kidney (Wake Forest Institute for Regenerative Medicine )
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Artificial kidney

https://www.youtube.com/watch?v=9RMx31GnNXY
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TED talk capture, movie
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Smart RP

Drug Delivery
Design Module

Drug and 
Polymer

Material DB

Release
Equation DB

Shape
Optimization

Module
(Topology)

Size
Optimization

Module

Finite Element 
Method Module

Prescription by doctorImplant to patient

Customized DDS    Process planning

Drug Delivery Design System

Drug delivery system fabrication

C
u

m
u

la
ti

v
e
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o
n

c
e
n

tr
a
ti

o
n

 (
%

)

Time

Drug Delivery System
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Drug Delivery System

 Lower doses (delivered at intended sites)

 Lower side effects for highly potent drugs

 Replacing multiple injection/oral dosing

 Improving patients’ quality of life

Time

Maximu

m

desired

level

Minimum

effective 

level

Dose Dose Dose

C
o

n
c

e
n

tr
a

ti
o

n
o

f
d

ru
g

in
th

e

b
o

d
y

Time

Dose

Maximu

m

desired

level

Minimum

effective 

level

C
o

n
c

e
n

tr
a

ti
o

n
o

f
d

ru
g

in
th

e

b
o

d
y

Conventional drug delivery Controlled drug delivery
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 Fabricated DDS and cross section of filament
Fabricated Scaffold DDS

200㎛
500㎛

Body Fluid              In vivo, In 
vitro

Diffusion of drug

Magnified view of DDS 
filaments

Composition of DDS material

Cross-section of DDS 

filament

HADrug

Drug

HA

5-FU/PLGA/HA

f 2mm

2mm

Functional Drug Delivery System

Chu, Won Shik, et al. "Fabrication of bio-composite drug delivery system using 3D printing technology." Key Engineering 

Materials. Vol. 342. 2007.

Chu, Won-Shik, et al. "Fabrication of composite drug delivery system using nano composite deposition system and in vivo 

characterization." International Journal of Precision Engineering and Manufacturing 9.2 (2008): 81-83.



63

Scaffold for Bone Growth

PLGA 85/15 PLGA 85/15 + 10wt% HA

Size; Φ 5mm ×
10mm

Bio-degradable polymer
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Evaluation in vivo

 Drug release test in vivo

- Implantation and collection of DDS in the back of rat

(a) Anesthetize mouse

Sprague-dawley Rat 

(b) Insert the scaffold

(c) Resection of back skin of rat (d) Implanted DDS after in vivo test
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DFM: drug release of scaffold

 Comparison of model and experiment

- Scaffold
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Hype Cycle

Energy Harvesting
3D PV Devices
Smart Dust

Additive Manufacturing Processes / Consumer 3D Printing
Dye-Sensitized Solar Cells
Energy Storage (Renewable Integration)
Nanomaterial Supercapacitors 
Lithium Iron Phosphate Batteries
Life Cycle Assessment Tools
Wave Power
Mobile Robots

Microgrids
Electric Vehicles
Hydrogen Fuel Cell Vehicles
Biomass Electricity Generation
AR/VR

Energy Management in Manufacturing
Fuel Cells
PV Generation
Electronic Paper
Industrial 3D Printing

Wind Generation

Innovation 
Triggers

Peak of 
Inflated

Expectations

Trough of
Disillusionment

Slope of 
Enlightenment

Plateau of
Productivity

Time (Stage of Technology Development)

E
x

p
e

c
ta

ti
o

n
s

(Gartner)
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Effect of Expired Patents

(Wohlers Associates, inc, 2013)
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Patents Expire Dates Expected Effect

SLA (USA) Aug. 2014

First expiration of 3D printer patents: 

- Increase in interest

- Decrease of cost

FDM (USA) Oct. 2009 Popularization of 3D printer

SLS (USA) Feb. 2014
Major Patents expiration of manufacturing process:

- Further increase in interest

DMLS (USA) Aug. 2014 Expectation of expansion of metal 3D printer

3DP (USA) Sep. 2014 Expectation of expansion of true-color 3D printer
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Machine Tool 3D Printer
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Patent Trends by Country
(Korea Institute of Intellectual Property)

Value of products by 3D printer

Second market related with 3D printer

Market size of 3D Printer

Value of products by 3D printer:
Diversification 
from industry / research area
to education / hobby / manufacturing

Second market related with 3D printer: 
Increase of additional value for 
manufacturing environment

Market size of 3D Printer: 
Entering of large size enterprise
Expansion of distribution of 3D printer 
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Low cost 3DP
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Hybrid 3D printing System

Dispenser

X and Y axis 

control

Z axis control

High speed spindle

Micro needle

UV lamp Microscope

Granite Base

Micro 

endmill

1㎛ resolution
15 ~ 700 kPa

140 ㎛ ~    800 ㎛
100 ㎛ ~    1000 ㎛

Max. 46,000rpm
0 ~ 400 W, λ = 365 ㎚
PMAC (Multi-tasking board)

3 Axes-stage
Dispenser

Micro needle
Micro tool

High speed spindle
UV curing system

Controller

SPECIFICATIONS

f
f f

 Deposition; 3D printing

 Cutting; Milling 

 Hybrid; Both 

Micro needle Micro endmill

f
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Hybrid 3D Printing System (cont.)

Deposition Machining

Part 

material

Support 

material

3D MODEL

SLICING

DEPOSITION

CURING

POST-PROCESS

LAST LAYER ?

DEPOSITION

CURING

MACHINING

LAST LAYER ?
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PROCESS PLANNING

3D PART
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Suppor
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Heat 
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Part 

Deposition

Machining

Deposition and Machining 
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Bio-3D Printing 

Examples of micro RP – stapes made of hydroxyapatite
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Particle Deposition Methods

 Thermal spray

 Gas deposition method

 Hypersonic plasma particle deposition

 Electrostatic particle impact deposition (EPID)

 Ion-induced parallel focusing

 Cold spray

 Aerosol deposition method (ADM)

 Nano particle deposition system

High temperature condition

Only conductive particles available

Low temperature process, 

Simple system mechanism

Charged nano particles, .

patterning process, not coating 

process
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Nano scale 3D printing system

 Integration of nanoscale additive and subtractive process

- Nanoscale additive process : NPDS

- Nanoscale subtractive process : FIB

 Fabrication of nanoscale 3D parts 

- Repeating deposition and etching
Multi-layer deposition
and FIB etching are necessary.

Nano Particle Deposition System 

(NPDS)

Focused Ion Beam 

(FIB)

Layer deposition

Pattern cutting

Nanoscale 3D part

(~50nm)

(~50nm)

Mat 
A

Mat 
B

Mat 
C

Nozzles

- supersonic 

- subsonic

Standard

referencing

device

3 axes 

stage

Standard

referencing

device

In- situ
device

Ion source

3 axes 

stage

Lens

Schematic view of nanoscale 3D printing system
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Main 

chamber

FIB column
Evacuation 

controller

FIB & SED & 

Scan 

controller

Main power 

controller

5-axes eucentric 

stage

SED

PC controller

Pico 

ammeter

Hardware of Nano 3DP
@SNU
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Deposition mechanism of NPDS

SEM image of metal (Sn) particle
(Before deposition)

SEM image of metal (Sn) particle
(After deposition)

200nm 200nm

SEM image of ceramic (Al2O3)
particle (Before deposition)

SEM image of ceramic (Al2O3)
particle (After deposition)

Substrate

SubstrateSubstrate

Metal particles

Substrate

Ceramic particles

(R. C. Dykhuizen in Sandia lab, 
1999)

Cold spray splat shapes 
calculated by numerical 

solution

Deformation Fragmentation

Dynamic analysis of ceramic 
Al2O3 particle impact
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Impact of two Al2O3 particles on Al 

substrate

Movie of two Al2O3 particle impact on Al6061 substrate 
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Diagram of LaNPDS system

Stage 

Controller

Vacuum pump

Powder supplier

Regulator

Flow meter

Filter 

(dust, oil, humidity)

Air compressor

X-Y axis Stage

Z axis Stage

Laser 

source

Beam expander

Valve

Nozzle

X-motor

Y-motor

X-mirror

Y-mirror

Particle
Laser 

controller

Air flow

Laser 

Controller 

Deposition 

chamber

A

Substrate

) (Supersonic
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5 μm

5 μm

60°120°

2.4 μm

1.8 μm
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A vision of morphing structure
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BMW GINI

81
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Soft Morphing @ SNU

 Technology for flexible shape deformation

- Soft material

- Autonomous large deformation

- Reversibility

Concept of soft morphing technology
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Manufacturing for Soft Morphing

Manufacturing process for soft morphing
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Smart Soft Composite (SSC) structure 

(a) Example layup configuration:

scaffold (3 layers) + 2 active layers

(b) Integrated model

Smart material

Scaffold
Matrix

Diagrams of smart soft-morphing structure
[1]

x
y

z

Active layer

anisotropy

layer #1

Anisotropy

layer #2

Anisotropy

layer #3

Smart material

Active layer
Smart material

Filament angle

• Smart material : SMA wire (Flexinol,  Dynalloy)

• Scaffold : ABS (P400, Stratasys, 0.25 x 0.35 

filament)

• Matrix : PDMS (Sylgard 184, Dow Corning)

[1] Kim, H. J., et al., “A Turtle-like Swimming Robot using a Smart Soft Composite (SSC) Structure” (2012) 
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Turtle Swimming Robot
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Inchworm-inspired Cellphone Robot
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Smart device using smart materials
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https://youtu.be/2DsbS9cMOAE
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Injection Molding (사출성형)
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Injection Molding (사출성형)

https://www.youtube.com/watch?v=b1U9W4iNDiQ
https://www.youtube.com/watch?v=y1Zhpdx-XtA
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DFM in Injection Molding (1)
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Prevent undercut!

DFM in Injection Molding (2)
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Conclusions

Additive processes were reviewed

3D Printing

Cold spray

Nano particle deposition system

Polymer processing

Undercut is manufacturable in layer-based processes except for 

injection molding

Structures with hybrid materials are manufacturable


