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Presenter
Presentation Notes
Thank you for the introductionHappy to be hereGreat to be back in an academic environmentCAD Design in Modern Day ProductsSubjects covered are general in nature to avoid International traffic in arms regulations
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Challenge to Systems Engineers

 Meet the Operational Requirements of a Project
 Conducting Conceptual Analysis of Alternatives
 Allocation of Top Level Requirements
 Conducting Trade Off Studies
 Balancing Cost, Schedule and Performance

Presenter
Presentation Notes
Understand, you are studying systems Engineering.This presentation should give you a perspective of CAD from a Systems Engineering stand point.CAD is a tool to assist in achieving System Engineering goals.
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Why CAD Systems?

Presenter
Presentation Notes
There has been a lot of arguments whether to use 2D or 3D CAD SystemsConcerns have been costs, schedule and its effectiveness when compared to legacy systems.Can’t teach an old dog new tricks.
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EVOLUTION OF CALCULATIONS

Hand Calculations

Written Calculations

Mechanical Calculator

Electronic Calculator

Personal Computer or Mainframe

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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EVOLUTION OF CALCULATIONS AT A GROCERY STORE

Hand Addition

Cash Register

Electronic Swipe Out

Presenter
Presentation Notes
Do you remember the grocer using the bag and a pencil, which he kept on his ear?
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Engineer Drawings

Artist Sketch

Drafting Room

CAD

Presenter
Presentation Notes
Same evolution applies to CAD.I can assure you, CAD is the better way to go!
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It’s the Natural Course of Evolution

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Background and History of CAD Systems

CAD – Computer Aided Design
 1963 Ivan Sutherland at MIT Developed SKETCH 

PAD
– Allowed the Designer to Interact With the Computer 

Graphically
 First Commercial Applications of CAD Were Large 

Companies in Automotive and Aerospace Industries
 Advances in Computer Technology Have Allowed 

Skillful Applications of Computers in Design Activities
 CAD is No Longer Limited to Drafting
 CAD Ventures into Intellectual Areas of a Designer’s 

Expertise

Presenter
Presentation Notes
1963 Ivan Sutherland Sketch PadAutomotive and Aerospace were the first to use CAD.CAD no longer limited to drafting.It can aid the System Engineer in meeting his challenge to:Perform Conceptual AnalysisTrade off StudiesReduce Costs
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Background and History of CAD Systems

 AutoCAD
 Bentley Systems
 CADDS5
 Cadkey
 CATIA
 EDS
 Euclid
 i-DEAS

List of CAD Companies and Software

 Inventor
 Intergraph
 Matricus
 ME
 Pro/Engineer
 Qcad
 Solid Edge
 Solid Works
 Think3

 Unigraphs
 VariCAD
 Vectorworks
 AutoCAD 
 Caddie
 Microstation

Presenter
Presentation Notes
Some of the companies providing CAD Systems.You may be familiar with some of them.AutoCAD most popular.
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Background and History of CAD Systems

 Avanti (Merged into Synopsys)
 Cadence Design Systems, Inc.
 IC-Ed
 Mentor Graphics
 MyCad

Electronic Design Automation (EDA)
 Umbrella Term for Computer-Aided Design and 

Computer-Aided Manufacturing of Electronics
 Moores LAW

 Stable-Soft
 Silvaco
 Synopsys
 Tanner Research
 Hewlett Packard

Electronic Design Automation (EDA) Companies 
and Software

Presenter
Presentation Notes
Oh, by the wayElectronic Design Automation (EDA) Is a field in itself.
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Background and History of CAD Systems

Moores LAW
 Technology Development Complexity and Advances 

in the Semiconductor Industry for Integrated Circuits 
Doubles Every 18 Months

 Equates to Performance Improvement of 1% Per 
Week

Bottom Line
 Product Improvements Occur at a Fast Pace

Presenter
Presentation Notes
Appropriate to mention Moores Law which basically says, computers double in capacity every 18 monthsEveryone here has purchased a PC that is outdated in 3 years.Raise your hand if you have not!
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Background and History of CAD Systems

Terminology
 Wire Frame Model is an Electronic Representation of 

a 3-Dimensional Physical Object
– It is Created by Specifying Each Edge of the Physical Object
– It is Created by Connecting an Objects Constituent Vertices 

Using Straight or Curved Lines

Presenter
Presentation Notes
Couple of thoughts on terminologyWire frame appears as lines to the modeler.
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Background and History of CAD Systems

Terminology
 Solid Modeling

– Models of Solid Objects Suitable for Computer Processing
– Sometimes Referred to as Volume Modeling

Presenter
Presentation Notes
Appears as a solid object to the modeler.____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Advantages of a CAD System

 Ability to Composite or Interface Check 3D Systems
 Lends Itself to Evaluate the Design
 Acts as a Prototype
 Accurate
 Permanent Record
 Repeatability, Copy or Redraw Rapidly
 Transportable Electronically

Presenter
Presentation Notes
Single most important function of a 3D CAD System verify all pieces and parts fit.Can be used as a scale modelDrawings are not permanent records.  They deteriorate with time.  Letters fall off.Years ago  you had to redraw.Years ago you trucked drawings.Now you can send at a push of a button.
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Advantages of a  CAD System

 Reduce Storage
 Standardize Formats
 Standardize Material
 Standardized Components
 Allows Human Engineering Studies
 Allows Trade-off Studies
 Make Changes Easily
 Facilitates Checking

Presenter
Presentation Notes
Lots easier to store a disc.Standardize drawing formats can be changed easily.Standardize material  and components allow only approved material and componentsTell the story of Un-obtanium.Years ago you used electric erasers.Checking comments can be transmitted clearly and easily.
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Disadvantages of a CAD System

 High Initial Capital Cost
 Extensive Training
 Continued Development Cost of Software
 Continued Development Cost of Hardware
 Special Real Estate Considerations

– HVAC
– Lighting
– Arrangements

 High Cost to Expand Capabilities

Presenter
Presentation Notes
CAD Systems are designed for a specific application.The CAD System selected will not completely meet your application.Must continue to develop hardware and software.  AutoCAD 14, AutoCAD 2000 are examples.Years ago you could create a drafting room with a few doors saw horses, lights and chairs.  Not the case now.
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Project Time
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Presenter
Presentation Notes
Show the chart to illustrate cost of design change as project time moves on.Earlier you can change and correct errors, the cheaper it costs.  Any human effort has errors.We should strive to find them early.THIS IS A NO BRAINER!
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MORAL OF THE STORY

 Make Changes as Early as Possible
 Reduces Design Development Cost

Presenter
Presentation Notes
Again part of your challenge or goal as a System Engineer.
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Applications of a CAD System

 Interface With Manufacturing and Drive the Process
 Ability to Interface With Purchasing Automatically
 Allows for Planning Electronically
 Logistics Support and Life Cycle Management
 Technical Manual Development
 Integrate With Engineering Analysis
 Database for Weight Control
 Ability to Interface With Vendor Data
 Facilitates the Use of Integrated Product Teams

Presenter
Presentation Notes
Once you have developed a CAD model, there are many benefits.Years ago data was extracted for drawings manually.THIS CAUSED HUMAN ERRORS.
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Applications of a CAD System

 Interface With Manufacturing and Drive the Process
– Sheet Metal
– Pipe Bending
– Structural Cutting
– Welding

Presenter
Presentation Notes
Data retained in the CAD System can be easily retrieved to drive a manufacturing process without human intervention.Examples are:Sheet MetalPipe BendingSteel Cutting – Plate and ShapesWelding
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Applications of a CAD System

 Interface With Manufacturing and Drive the Process
– Sheet Metal

Detail Design
Automatic 

Generation of Parts 
for Flat Pattern

Loaded Into 
Mainframe for Future 

Shop Download

Sheet Metal 
Shop 

Download

Plotter Shop

Nested Parts

Wiedematic 
Plasma 

Machines

Finished 
Part

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Applications of a CAD System

 Interface With Manufacturing and Drive the Process
– Pipe Bending

Presenter
Presentation Notes
Pipe is a major component in large projects.
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Applications of a CAD System

 Interface With Manufacturing and Drive the Process
– Structural Cutting

Presenter
Presentation Notes
Steel CuttingVery accurate with new laser cutting machines with a minimum of distortion.Plate and Shapes
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Applications of a CAD System

 Interface With Manufacturing and Drive the Process
– Welding (Robotics)

Presenter
Presentation Notes
WeldingThere are efforts to weld complete assemblies using robotics.
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Input Data to Catalog Material 
Catalog

Delta Change Process
Catalog Transactions –
nightly update 

CAD

Issue 
Purchase 

Order

Issue Purchase 
Requisition –

Manual/Electronic 
Process

CAD Design in Modern Day Products

Applications of a CAD System

Ability to Interface With Purchasing Automatically

Presenter
Presentation Notes
Just in time component supply.Remember we talked about Un-obtainum?______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Applications of a CAD System

 Logistics Support and Life Cycle Management

Presenter
Presentation Notes
Data contained in modern day CAD Systems can be used to identify logistical support items and those items and data necessary for life cycle support.
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Applications of a CAD System

 Technical Manual Development

Presenter
Presentation Notes
Tech manuals contain drawings and component dataInformation contained in the CAD System can be used to create the tech manual.
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Applications of a CAD System

 Integrate With Engineering Analysis

Presenter
Presentation Notes
Allows the Engineer to take the data from a CAD system and download that geometry into an analytical model for analysis.
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 ANSYS
 NASTRAN
 PATRAN
 ABAQUS
 LS-DYNA 

DYNA3D
 LUSAS
 FRANC 2D&3D

Common Finite Element Analysis Programs

 FEMAP
 FEMLAB
 i-DEAS
 ALGOR
 NE NASTRAN
 TRIFLEX
 SIMSMART
 STAAD.PRO

Presenter
Presentation Notes
List of some finite element analysis programs.Acronym	FEAMost PopularNAS TranAlgorTri FlexSimSmart
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Integrate With Engineering Analysis

 Computer Aided Structural Analysis
– Stress
– Shock
– Vibration
– Thermal Stress

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Integrate With Engineering Analysis

 Computer Aided Structural Analysis
– Stress, Shock and Vibration

Presenter
Presentation Notes
Simple model of two platforms.Modes of VibrationStress associated with the vibration.
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Integrate With Engineering Analysis

 Computer Aided Structural Analysis
– Thermal Stress

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



33

CAD Design in Modern Day Products

Thermal Stress Analysis

Presenter
Presentation Notes
Allows a visualization of stress.Data downloaded from a CAD model.
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Thermal Stress Analysis

40.7 ksi

44 ksi
37.5 ksi

33 ksi

37 ksi

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Thermal Stress Analysis

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Thermal Stress Analysis

41 ksi

40 ksi

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Thermal Stress Analysis

36 ksi

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Thermal Stress Analysis

72 ksi

61.7 ksi

64 ksi

50.4 ksi
59 ksi

50 ksi

68 ksi

65 ksi

79 ksi

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Thermal Stress Analysis

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Integrate With Engineering Analysis

 Computer Aided Simulation
– Pipe
– Electrical
– Pipe Flexibility

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



41

CAD Design in Modern Day Products

Applications a CAD System

Computer Aided Pipe Flow

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Applications of a CAD System

Electrical Load Analysis

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Applications of a CAD System

Computer Aided Pipe Flexibility

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Computer Aided Pipe Flexibility
Thermal Effect

Presenter
Presentation Notes
Thermal
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Computer Aided Pipe Flexibility
Thermal Pressure and Weight

Presenter
Presentation Notes
Pressure and Weight
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Computer Aided Pipe Flexibility
Vibration

Presenter
Presentation Notes
Vibration
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Extract Entity Attributes 
Center of Gravity, Area, 

Lengths

CAD

Weight Reporting 
Database

Main Frame

Weight Database 
Description, Unit 

Weight, Weight Class

CAD Design in Modern Day Products
Applications of a CAD System

Weight

Presenter
Presentation Notes
The drawing’s attributes are extracted from the CAD model. Center of gravity, area, and lengths are  obtained.The description, unit weight, and weight class are obtained from the weight database.This information, together with the entity attributes, is sent to the weight reporting database main frame.A Weight Report is produced
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Applications of a CAD System

Ability to Interface with Vendor Data

Presenter
Presentation Notes
Many vendors have their products in a CAD format.This makes it easy to build system models.
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Applications of a CAD System

Facilitates the Use of Integrated Product Teams

Presenter
Presentation Notes
Perhaps one of the greatest tools for the Systems Engineer is the IPT in conjunction with a project review terminal.Verify Design Meets Top Level  RequirementsOptimize the DesignVerify Design Properly Interfaces With other Designs or Functions
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LESSONS LEARNED

 Choose a fully Developed CAD System for a 
Project

 Anticipate Significant Cost to Tailor a CAD System 
to your application

 Use a Proven CAD System

 Allow Significant  Time for Design Development

Presenter
Presentation Notes
Experience shows it is best to proceed with a fully developed CAD System for your application.Don’t be fooled by CAD sales personnel.It is going to cost you to tailor the CAD to your application.Best to have experience with the system prior to start of a project.  
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CONTUSIONS

3D CAD Lends Itself to Complicated Designs

2D CAD Lends Itself to Less Complicated Designs

Presenter
Presentation Notes
Key to 3D CAD is interface checking.  Must have an interference free design2D CAD lends itself to modernization of an existing design.
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What Does the Future Bring?

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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What Does the Future Bring?

 Expanded Use of the Databases
 Elimination of Paper Designs
 Complete Integration of CAD and CAE
 Virtual Reality and More

Presenter
Presentation Notes
More and more manufacturers will be expanding their CAD Systems.Standardization will allow integration of CAD with Computer Aided Engineering.Virtual Reality will play a bigger role in future design studies and product designs.
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Material

TOTALLY 
INTEGRATED 
CAD SYSTEM

Engineering

Marketing

Planning

Production

Research 
and 

Development

Customers

Suppliers

What Does the Future Bring?

Presenter
Presentation Notes
Total integration of CAD with all other functions associated with design.
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Project Time
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Presenter
Presentation Notes
Keep in mind the earlier you identify and resolve problems with a project, the cheaper the project cost.You can use CAD Systems to resolve problems early in a project’s life.
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PAY ME NOW
OR

PAY ME LATER

Presenter
Presentation Notes
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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