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Integrated technologies




From Design to Manufacturing

= Now we are in the Manufacturing domain

Design domain:
How to create geometry

Manufacturing domain:
How to make part
Need to consider
e Manufacturing process
e Material
e Machine



Taxonomy of Manufacturing Processes

Constructive

Manufacturing
Processes

Casting Powder metallurgy
Forging Rapid Prototyping
Rolling Bag molding (Composite)
Extrusion Hand lay-up (Composite)
Drawing Chemical vapor deposition

Injection molding

Physical vapor deposition

Laser Machining

Ultrasonic machining

Destructive

Milling Chemical machining
Drilling Electro-chemical machining
Turning Water jet
Grinding Lithography

Wet/Dry Etching




: Self-made Vehicle

Example Product




Computer-Aided Manufacturing (CAM)

= Definition
= The technology concerned with the use of computer systems to plan,
manage, and control manufacturing operations through either direct
or indirect computer interface with the plant’s production resources.

Process Planning

Design - Operation selection
Result - Operation sequencing
- Design and procurement of

tooling and jigs/fixtures
- Order material

Production

Quality

Control

Packaging Shipping

- NC programming

| Manufacturing Process

< Main Phases of discrete part manufacturing >



CAM Software

= NC software
= NC is a system in which actions are controlled by direct insertion of
numerical data at some point. The system must automatically

interpret at least some portion of this data
- Electronic Industries Association (EIA)

= Computer Numerical Control (CNC)

= Robot programming software
= Selecting and positioning tools and work-pieces for NC machines
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CAM Software (cont.)

* Process planning software

= The act of preparing detailed work instructions to machine or
assemble a part of parts

- Computer-Aided Manufacturing, Chang et al., 1998
= Process plan; operation sheet; route sheet

= Computer-Aided Process Planning (CAPP)

= Inspection software
= Coordinate Measuring Machine (CMM)




Problems in Traditional Production

= Some barriers Between design and manufacturing
process

. Over the Wall
Design Manufacturing

|solated

—_
Knowledge

trial and error

Manufacturing

< Diagram of tradition design and manufacturing process >



CAD/CAM Integration

= Goal of integration
= To facilitate coordination of work and information flow across

organizational boundaries
— “"Enterprise Integration Modeling”, Charles J. Petrie, The MIT Press

Lighting Part

—
e
&
&
&
—

Mold Machining
Injection Molding

< Example concept of CAD/CAM integration >



Integration in Product Cycle Level
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Analysis
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Integration in Database Level

Mater_ial
Determination selection Assembly CAD
of dimensions method
Conceptual ; :

—
—

e <
Thickness z Part
5 Database -
s

- e

B G N\
= v

i Material Automatic

- handling iigg assembly CAM

fixtures



Integration in Commercial Package Level

= Integrated CAD/CAE/CAM/PDM/...

= All in one package
= Dassult systems: CATIA, DELMIA, INOVIA...
SolidWorks, CosmosWorks...
= PTC: Pro/Engineering, Windchill...
= UGS: Unigraphics, Teamcenter, Technomatix...



http://www.3ds.com/flashgallery/engineering-requirements/
http://www.3ds.com/flashgallery/engineering-requirements/

Trends of Commercial Solutions

= Dassault systems: CATIA
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Trends of Commercial Solutions (cont.)

= Dassault systems: SolidWorks
= COSMOSXpress; simple analysis
= COSMOSWorks Designer; simulation
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[Foes B I o= - ~ esign will fail for the specified operating e 2757
conditions.

< COSMOSXpress > < COSMOSWorks Designer >



Trends of Commercial Solutions (cont.)

= PTC: ProEngineering

—
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.......

= 2D sketching = Sheetmetal
= 3D modeling = CAM

= Drawing = Data sharing
= Freeform surfacing = Maintenance
= Large Assemblies .

= Analysis

= Simulation



Trends of Commercial Solutions (cont.)

= UGS: NX (Unigraphics)
All in NX

> From design
to manufacture —

Die machining

P NX Machining prowdes first-class capabilty In die face
machining with the iatast tachniques in high-speed machining

b Highly productive milng applications in NX Machining enable Detailed analysis
fast NC prog g for die comp and optimization

by full press line

simulation

P NX Die Design prondes a range of copabitties for the detal \

design of the die structure. \Y
x_\‘
.\'
> Eamcente«' Manufocuring prondes pamvﬁd I\
process planning, dam Manag in \

control 0s well as flexible reporting

< Main concept >

Completed die design

Process planning shop floor documents Die structure design



Trends of Commercial Solutions (cont.)

= Autodesk: Inventor 1\
= Move to 3D from 2D (AutoCAD)
= Content center
= Virtual prototyping
= Bill of Material (BOM)

Design Your Entire Product Line with Autodesk Inventor
Autodesk Inventor is the best choice for AutoCAD users,
because no other company makes it faster or easier to go from
concept to production with the power of integrated 2D and 3D
design solutions.

ol = | o | = | |@

< Content center > < Virtual prototyping > < Bill of Material (BOM) >




Trends of Commercial Solutions (cont.)

= Embedded CAE ANSYS & Solid Dynamics
= Stress analysis (ANSYS)
= Dynamic Simulation (Solid Dynamics)
= 3D visualization (Solid Dynamics)

< Stress analysis > < Dynamic Simulation > < 3D visualization >



Trends of Commercial Solutions (cont.)

= ANSYS
= Multi-physics Analysis software
= CAD supporting in pre-processing

Complete Simulation Solutions Meshing Solutions

Professional™
DesignSpace®
Advanced Meshing
CFX® PrepPost™
ANSYS* PrepPost™

-

wv
=
@
>
=
=%
=
S
=

Mechanical™
Structural™
ED™[C-12]
LS-DYNA™

Pre-Processin

S Viedslg

Defeaturing

IGES Geometry Transfer

Geometry Repair

Topology Diagnosis

Faceted Data Handling

Mid-Surfacing

Variable Thickness Mid-Surfacing

Tetra/Prism Meshing

Structured Hex Meshing

Automatic Free-Meshing

Automatic Hex-Meshina




Trends of Commercial Solutions (cont.)

= ALGOR

= Multi-physics Analysis software
= Direct CAD support

ALG/NASTRAN |

Multiphysics
MES
Static/NLM
CFD
Designer
Static/LM
PipePak
Civil
FEMPRO

CAD Support (Direct)

Alibre Design

Autodesk Inventor
CADKEY

KeyCreatar

Mechanical Desktop
Pro/ENGINEER
Rhinoceros

Design Analysis Solid Edge

SolidWworks

Full Associativity

Captures Exact Assembly or Part
Geometry without File Translation

User-Controlled Feature
Suppression
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Coupling Modes in Integration

= There are 3 types of coupling modes between design and

manufacturing
C li
CI:'LII: dI:g Pros Cons Example
Loose/ Flexible desidn Cost & delay for Conventional
Repetitive g redesign CAD/CAM
Stiff CyberCut,
Onel- w/ay Guaranteed Manufacturing Less design freedom :4 O;I;
Strong/ Moderately flexible design, Some loss of design SmartLite,
Bidirectional guaranteed manufacturing freedom SmartFab




Example Solutions of Stiff mode

= CyberCut paradigm

A Network Manufacturing Service ¢

WebCAD

Fabricated Final

Mill Fabrication
ity

® Manufacturing
Rules Checking

® Macro / Micro
Pianning

® Fabiicaton




Example Solutions of Stiff mode (cont.)

= CyberCut — Feature 1. WebCAD

Java based 3D CAD-DSG
(destructive solid geometry)

e (o Pty o b show Y (e helghved st} of st

1= b

DFEM paradigm

L Tool diameter & Depth

2. WYSIWYG:
Corner radius

3 .Design Rule Checker



Example Solutions of Stiff mode (cont.)

= CyberCut — Feature 2. Automated Process Planning

i

| Operation Group | Tool Selection

¥ Comer Rads
|Si.ngle Opemtion | Cost Estimation
[Surface  Selection | ¥
¥
| Coord. Selection | A;lt:rr;;trid I gr "D@
¥ TR e T
[ Tool Selection | Macro Planmer %@ " '!ﬁ@
n .E!:
[Cutting Parara. Select. | Micro Planner B E:! ' 55?

|P|:|st Process (CiG-post) J R !

Feature Recognition

| Cost Estirnation |

[FIF G & M Code |

Hours 1~5 Min.




Example Solutions of Stiff mode (cont.)

= CyberCut — Network communication

Tier 1 Tier 2 Tier 3
Internet
< >
Macro
Web browser Planner
Socket |l WebCAD
/ Server
“ Micro
WebCAD Planner
*—-\ 3 axis CNC
0 WWWo Tool
Design Rule http Server database
Checker \
Toolpath R
Planner ]

Client Machine Server Machines



Example Solutions of Stiff mode (cont.)

= CyberCut — Feature 3. Universal fixture

Cutting tool
S g

Work Piece E

(a) Enca/ps’ulation (b) Machining
(Fusible Alloy/thermoplastic) >
Heat
ol E / (@ Filing &
rotation
Final :
part -

S

(e) Melt Encap. (d) Machining



Example Solutions of Stiff mode (cont.)

= CyberCut — Fabricated parts




[~ KBE-SmartLite | -
Help

2 O

Close

|

Laman Calculator

Lamp Type

Focal length (mm)
Socket diameter (mm)
Metalized reflectivity (%)
Iransmissivity (4)

Bulb <& D/ name
> MSCP

Curve Option
Shape Select curves

Select Filament Orientation

Calculate

Load Input Save Input

Preview

(o]

Dismiss

Example Solutions of Strong mode (cont.)

= SmartLite: I-DEAS based tools

SmartLite

Lumen Value

C

Total Collected Lumens lor Low/Minor Fllament 2408

Total Collected Lumens for High/Major Filament
Criterla

Lamp type

Min. (Im)

Performance (Im)

Focal length (mm)
Sockel Diameter (mm)
Reflectivity (%)
Transmissivity (%)

Bulb Name (MSCP)
41 830 1130

Dismiss




Web-based CAD/CAM Integration

= Micro Machining System (MIMS)
= Micro machining service using the internet
= Communication with 3-tier client-server model

= Upload STL file

Tier 1 Tier 7 Fah xlyly |22
P
Micro i
¢ Machining _{; ?u
p Interface | oo ood Sty =) z2
’ MIMS ArS Polyhedron :
Process zl
Browser Server 4= Planner NC code \\ /
Micro hd
: Servers t CMNC
Elient < Point—based Approaches >
STL CAM
Sharp-concave point

g
|

Delivery of parts
Polyhedron

< Communication architecture > < Curve-based approaches >



Web-based CAD/CAM Integration (cont.)

= Micro Machining System (MIMS)
= Provide the NC code viewer
= Fabricated by micro-endmill according to scanning and pencil-cut
toolpath

Scaming 3

Pencil-Cut

< Two types of toolpath > < 3D scanned head > < Micro fluidic channel >



Web-based CAD/CAM Integration (cont.)

= SmartFab

= Micro machining using SolidWorks

1st Tier

CAD API

(@YAYD)
Software

Fab.

STL Model

Browser

< ---p : Internet
<4—p : Local Network

2nd Tier 3'd Tier
Web Micro Eab.
Server Data base

NC Code

PolyCAM

Micro *CNC

Generation 4

\

 Tool/Material information
* Design check

* NC codes

* Cost estimation

4

*CNC: Computer Numerical Control
*DFM: Design for Manufacturing

< Architecture of SmartFab >




Web-based CAD/CAM Integration (cont.)

= SmartFab — Sketch validation

= Improve machinability
= Based on the tool information and DFM philosophy

Sketch Validation

Selected Material: |  ALUMINUM_E061
Tool Information

Tool No,: |B040003 -
End Mill Type: FLAT

Number of Flutes:
Cutting Diameter {(um): 400
Flute Length {mm):
Overall Length (mm):

Shank Diameter (mm):

Sketch Validation

SolidWorks

7N

DESIGN GUIDELINE:
Tool Diameter must be smaller than 0,500000mm,

Coated Material:

Cost {won):

Diarond
60000

Apply Fillet |

Reset Tool |

Magnification: | 1 Refresh

Close Help

-~

f 7%
A Y4

M~

™

A

\
4

Selected Material: |  ALUMINUM_E061

- Tool Information

Tool No,: |B0O10001 -
[FLAT
[ 2
Cutting Diameter {um): 400

[ 15
[ 3w
Shank Diameter (mm): 17;?\—

End Mill Type:

MNumber of Flutes:

Flute Length (mm):
Overall Length (mm):

’
Coated Materil: Diarnondy

Cost (won)® . _bone

A )
-7

Shank

7 Diameter
Flute Length

Overall Length

Magnification: | 1

Refresh |

Reset Tool I

Get the narrow gap |

Close Help

< Check for minimum Gap >

< Check for fillet >




Web-based CAD/CAM Integration (cont.)

= SmartFab — Pocket validation

(Pocket VYalidation

(%]

Initial Depth of Pocketing: | 0 urm
Base Stock Height: [ 2000 um

Selected Tool

I MS001 Flute Length {rmm): | 1000
Cost (won): 100000 Limit of Depth {mm}): 1000

Insert the Depth for Pocketing: 500 um

Pocket depth should be less than limit of depth,

Case I. Depth limit

| Pocketng | Cancel ] Help ]
s =
SolidWorks
Warning!!!
'5 Selected gdcket depth 1100, 000000
2 Please check this rule:

A

A
Initial
depth
— L1 P Stock
L Limit of height
) | depth
A\ 4

For Multiple Pocketing:

Limit of depth <
stock height — initial depth

< DFM in pocketing >

SolidWorks &)
Warning!!!
! 5 Selected ﬂdcket depth 800, 000000
2 Please check this rule:
Pocket depth should be less than {limit of depth - initial depth),

Case Il. Depth limit and initial depth



Web-based CAD/CAM Integration (cont.)

= SmartFab — Cost estimation

Cost Estimation Service

20

1. Cw (Workpiece cost)

2. Cp (Preparaton cost) i

3. Cm (Machining cost) ﬂ

4. Cn (Nonproductive cost) 0

Total cost (Ctotal=Cw+ Cp+ Cm+ Cn) is 12170 (won)
Cp =Tp*W Tp: Preparation time (0.35 hr)

W : Operator’s wage (2500/hr)
Cm = Com+Ct = Tm*W+Ct

Tm: Machining time (0.41 hr)

W: Operator’s wage (2500/hr)

Ct = y*(Tm/T) (11,275 won, 92% of total cost)
Ct: Tool usage cost
T. Tool life (4 hr)
y: tool cost (100,000)



Web-based CAD/CAM Integration (cont.)

= TFT LCD-LGP (Light Guide Panel) prototyping

Main frame

Polarizer

—=
o

“~ Lc

LeoeN Lo N £

White (TFT Off) Black (TFT On)

| B-ackliﬁl.ﬁ-

Protector sheet

,,,,,,,,,,,,, - ?‘ Prism sheet (H)

S = Prism sheet (V)

Diffuser sheet (V)

—— Light Guide Panel

— Reflector Sheet
CCFL

CCFL reflector

< Schematic Structure of LCD Unit >




Web-based CAD/CAM Integration (cont.)

= TFT LCD-LGP (Light Guide Panel) prototyping
= Patter design & NC code generation tool
= Provide NC code or DWG file

Client Servers
Tier 1 Internet Tier 2

Web WWW
Browser Server

I: Design Tool LGP
Generation Tool Server

NC code / dwg fili
Fabrication

CO, Laser
LGP patter

< Communication Architecture of LGP Pattern Generator >

Prototype



Web-based CAD/CAM Integration (cont.)

= TFT LCD-LGP (Light Guide Panel) prototyping
= X and Y pattern generation service

T 27 About WDMS - Microsoft Internet Explorer
DUE TIE 2N SAWNA EJD 3T

Pattern Genesation for Fabrication

ij—

. T
4

Qiz-© KRG P v @ R- L= K 3

% (D) 4] htto://man, snu. ac. ki/laser/main,asp

o

Caontrol Points

I

| INTERNET-BASED DESIGN & MANUFACTURING

!

X-pattern Design

I wer

Pattern Generation for Fabsication

— HOME > WDHS > KNOWLEDGE-BASE > MANUI
==

Y-pattern Design

IRTNG > BOARD/Q&A > COHHUNITY

School of Mechanical & Aerospace Engin iding 301, Room 1205 Seoul Nati

Building
Tel. +82-02-880-7110  Fax. +82-2

Laser Marking Path Generation

< Web-based Design Tool for LGP Pattern >



Broad Integration

= PDM (Product Data Management)
= Control CAD file revisions
= Manage all data related to project

= PLM (Product Life-cycle Management)
= Product Development Management (PDM)
Include all actors (company departments, business partners,
suppliers, OEM, and customers)
Share product data
Apply common processes
Leverage corporate knowledge



Pieter Bruegel (1563)




Data Exchange

= Standard formats for data exchange

= IGES (Initial Graphics Exchange Specification)
e 3D CAD data

STEP (Standard for the Exchange of Product model data)

DFX (Drawing eXchange Format)
e 2D drawing data

STL (Stereo Lithography)
e De facto standard in rapid prototyping

VRML (Virtual Reality Modeling Language)
e 3D model on web



Data Exchange (cont.)

A

(a)

Native *
database

Pre-processor ]

Cystem 3

CSystem n >
CSystem 5

Post-processor

Native
database




CAD/CAM Award

= Award to the Best Team!!!
= No money, but Honor!

Seoul National University

School of Mechanical & Aerospace Engineering
Presents

The Best Product Development Award
to
Gil-Dong Hong
for his outstanding development achievement

in the 2006 CADCAM confest
December 10, 2006

Professor Gun-Woo Lee
Professor Sung-Hoon Ahn
school of Mechanical and

Aerospace Engineering
Seoul National University



CATIA NC Lab

= From CAD to CAM directly

= Model File Exchange
= From SolidWorks to CATIA, IGES format

= CATIA V5 - NC Manufacturing Function

= Prismatic Machining
e Contouring
e Facing
e Pocketing

= Surface Machining
e Roughing
e Finishing

< Example part model >



Manual NC Lab

* GCode2000 s

& By & B KB O 1 E 1 B

= Text NC support

G411
MO03

L] G45
= 2D drawing support

X-79.000 Y2.000

X-131.000 Y-35.000
X-191.000 Y-47.000
X-232.000 Y-4.000
X-298.000 Y-4.000
X-319.000 Y-82.000
%-312.000 Y-156.000
X-277.000 Y-248.000
X-214.000 Y-273.000
X-132.000 Y-244.000
X-167.000 Y-182.000
X-103.000 Y-167.000
X-46.000 Y-175.000
X-49.000 Y-120.000
X-58.000 Y-76.000
X-17.000 Y-62.000
X9.000 Y-58.000

Esc To quit & long plat

< Example 2d drawing and NC path >

AR Text . -

<& &0 » <& &0 »
)l A*4°J > - \*4"J Lgd
& 20> <& 20>
al T Ll al - >
4
LAY 1% A A LA » A
A ” ”
(=] (=]
(9] (g ]
P \ 4
A 4 - A 4

|| € Plot Distance 0.000 Cut 0.000 B=X]
Window Draw Grid Pan  Print
oo 2]l w | 4 fﬁﬂﬂﬂ \"W
AT Hele[>]=[af=
& = e SR AR e
Vedor [0 - B
Rasius [Ti5200
e [0a000
Vilne G700
®End [o00
YEnd [oon

#abs [1pa
Vb [

2D drawing |




CAM & Injection molding Lab

= CATIA NC
= Model with surface
= Roughing & Finishing

= IDIM lab tour
= Micro machining




Rapid Prototyping Lab

= FDM software: Insight
STL format: CAD model
SSL format: Sliced layer
SML format: Deposition path

= IDIM lab tour

= Nano Composite Deposition System
e Rapid Prototyping + CNC machining

A|r High speed

cylinder v spindle
UG
gﬂ g g o |
" Micromet
- ! er 1

i - h O

Barrel | Barrel Il fyu’ :
e LS I B
Micro stage Micro stage Micro stage Micro stage Micro stage
Part Deposition Micre Machining Support Deposition Part Deposition Micro Machining Remove Support

< Hybrid (depositing + machining) process of NCDS >




