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Manufacturing
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= Global collaboration

Higher efficiency — composite materials (40~55% weight)

CAﬁ/‘(-:A ) eg ration = US design, manufactured around the world




Goal: Shared Engineering

Horizontal Concurrent Engineering
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Issues to be covered in CAM

NC (Numerical Control) Programming
CAM Software

Rapid Prototype

VR/AR

Reverse Engineering

Example of CAD/CAM integration

= Scanning

= Surface merging

* NC code generation

= Machining

= Color mapping

Network-based communication

Example of CAD/CAM Term Project

= Improved Bus Hanger




Example of CAD/CAM Term Project
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Low level language for machine control
Applicable to many types of manufacturing hardware
Example:

NC (Numerical Control) Programming CAD to CAM Interface
STL, STEP, IGES
R oy
3D CAD (solidworks) 3D CAM (virtual gibbs)
(a) Core (b) Cavity
Example of NC programming model (virtual gibbs)




Injection Molding

Injection Molding

| Injection

Speed Control
Banrel Temperature
Control
———Maleiial
Loading Chute .
(fixed) (fixed)
Clamping Force Compression Injection

—
Clamp Control ___

Schematic of the Morgan G-100T Press — not for mass production

Two-part mold for injection molding

Molded tensile specimens

Laser Machining

Laser cutting

Laser machined LGP

3-axis stage for Laser Machining Cross section of grooves ( X 100)

= 2D profile cut
= Useful for your class project
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What is Manufacturability?

Do you know how to make these parts?
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Rapid Prototyping (RP) - concept

(a)

Material addition processes

3-D solid model

representation

* Slicing
® Trajectory planning

Data Motion
exchange control
format trajectories

T o= .

CAD Automatic process planner Automated fabrication machine
(b)
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NASA: FabricatigmsiasSpace
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FDM1600 test at zero gravity
Johnson Space Center & Marshall Space Flight Center, 2000
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June 4

From 2D to 3D printing
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face Prismatic structure
plate
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Design for Manufacturing (DFM)

RP Parts

= More important questions
= How much cost?
= How long to take?
» These issues are influenced by:
= Manufacturing process
= Availability of machines
= Material
= Batch size (how many parts)
= efc.

27

Color parts fabricated by rapid prototyping
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RP Parts

Micro RP for Nano Composite

GPS module for PDA

29

= Hybrid Rapid Prototype

100
Micro end-mill for
Deposition process machining

Hybrid machining process

Micro stage for hybrid RP
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Augmented Reality/Virtual Reality

Bio-RP part

Inner Ear

semicircular
canals

Examples of micro RP — stapes made of hydroxyapatite

(b) Original CAD data

N
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\
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~

Fabricated stapes
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Mixed Reality (MR)

-

Reality Augmented Augmented Virtuality
Reality (AR) Virtuality (VR)
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AR/VR

= Examples of AR/VR solution

&l (2) Design option

(c) Military operation

Magic Book
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Reverse Engineering Copying sculpture

= Materialize of arts

Lifting the kouros out of the
Mammoth

The original Volomandra
Kouros and the SLA
replica

Replica
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Example of reverse engineering




Reverse Engineering

» Medical applications

Design For X (DFX)

= ‘X’ can represent:

Original Redesign Improvement (%)

- Assembly (DFA) Ass. Time (hr) 2.015 0.33 84.7
= Manufacturing (DFM) Kind of parts 2 o o607
. No. of parts 47 12 745

- Quallty (DFQ) No. of process 58 13 77.6
» Environment (DFE) Metal work (hr) 12.63 3.63 71.1
Weight (Ib) 0.48 0.26 45.8
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Product Data Management (PDM)

= A productivity tool for an entire business enterprise that
manages all product-related information

PN 1000-Rev A
Type: Design

plate_assy.asm.l

PN 2000-Rev A
Type: Specification

PN 1000-Rev A
Type: Specification =
glossary.doc

B
BN 1000-Rev A
Plate Assembly

PN 200D Rev A plateorel
Type: Design PoroPt

PN 2000 Rev A plate.mfg3
Type: Manulacturing

Screws D“is"
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Web-based Manufacturing Systems

= MIMS (MlIcro Machining Service)

[IEEMACHINING

ERVICE

NC codes and fabricated part |

[ | |

Ul — Web browser NC codes and fabricated part II
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The Google Guys

= Started at Stanford (1996)

= Commercialization: search
technology for Web pages,
facts, quotes, etc. (1998)

= Sales $ 8 billion (2005)

= Google Earth
http://earth.google.com

Term projects from 2006

= Budget and used process for each team
= RP

= Machining
. Injection molding Manufacturing cost to use RP
No. Team RP
= Laser CUttiI’lg 1 IPO (Infinity Plus One) 70,000
2 Cc4 90,000
3 For The Reality 10,000
4 SK*3 SYSTEM
5 KIMCHI International 55,000
6 C.A.D. (Creative, Active, Dynamic)
7 Progressive 60,000
8 JiBrother
9 LJ 40,000
10 CAER UNITED
11 H.A.D. (Human Aided Design) 100,000
12 GAUSS
13 S-teamd 80,000
14 F.A.N. (For All Nations) 200,000
15 F.T.P. (For the Team Play) 70,000
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Term project CAD CAM 2009

* Form a group
= 3 or 4 members in each group

= How to form a group
= Skills
= Experience
= Personality

» Project subject proposal

= Making plans and schedule

43

Possible subject areas of project

= Rehabilitation engineering
= Sports engineering
= Bio-medical engineering

= Examples of DFM 2009

44




Cost examples in manufacturing

* Injection molding: about 50,000 won
= 30 x 30 x 6, core & cavity

» Rapid Prototyping: about 220,000 won
= 10 x 40 x 40 ~ 150 (x 4 pieces)

Materials for prototypes

= Metal
= Aluminum
= Steel

Acrylate board

Wood

ABS
= Injection molding

(Standard parts)
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Manufacturing Equipments DFM in Injection Molding
* Injection Molding Dont Do Do
= Morgan G-100T Press Use ribs instead o drat
1 =4mm A
= In IDIM lab.
301- Room 1255-1 g
D065"< 1 <05 | |I
. 2°min
* 6 cu. in. (4 0z.) Max. Add thickness
N Minimize section thickness, cooling time is for draft
- S|ng|e ShOt 20 ton max. proportional to the square of the thickness of the
. part(s), and reducing the cooling time directly
- Clamplng force (toggle) . reduces costs. Always provide a draft angle for easier mold
= 12,000 psi max. remol
.. . Don't Don‘t Do
|nJeCt|0n pressure
b=t Trib = %r'
3¢ min
voids
Sink marks
R+t
Avoid sharp corners, the produce stress Keep rib thickness less than 60% of the pan
. ial i\ hickness to prevent voids and sinks.
< Schematic of the Morgan G-100T press > and obstruct flow ‘
47 48




DFM in Injection Molding (cont.)

Manufacturing Equipments (cont.)

= Avoid thick “hot spots”

tendency to warp

distorti thick wall section BT T a-t
1SLOTHON — * pioh shrink 7
bt void-—
stress —..._sink
mark

A

low shrink . .
improved design
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= 3 axis machining — macro/micro scale
= 301- Room 1255-1

Standard input: STL

High spindle speed: 46,000 RPM
Resolution of x-y-z stages: 1 micrometer
Tool material: HSS (TiN / Diamond) coating
Work piece: Metal, Polymer, etc.

< Precision 3-axis stage >
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Manufacturing Equipments (cont.)

Manufacturing Equipments (cont.)

= Table lathe
* For small scale part
= 301- Room 1255-1 l_lm.m Chuck
:peedg f

Material

’\ =7 Cutting
| Depth

Tool 4

< Basic operation >

ﬁ_l:r’_lil s
= o BHED
< Table lathe > oyEaTd IR mebes SRR qen e,

< Machined part >
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= Manual Milling machines and Lathes
= for large scale parts




Laser Cutting — new for this year

Laser source

Acrylate board

< Laser cutting process >

< Operating diagram >
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Thank you for your attention'!




