e You

Please write introductory comments on the CAD(Computer Aided Design) course offered to
sophomore in automotive engineering departmenet

ChatGPT

Welcome to the exciting world of Computer-Aided Design (CAD) in the field of automotive
engineering! This course is specifically tailored for sophemeore students in the automeotive
engineering department, providing a comprehensive introduction to the fundamental principles

and practical applications of CAD.

In today's rapidly evolving automotive industry, CAD plays a pivotal role in the design and
development of innovative vehicles. This course is designed to equip you with the essential skills
and knowledge needed to navigate industry-standard CAD software, enabling you to create

detailed and accurate 3D models of automotive components and systems.

Throughout this course, you will explore the key concepts of geometric modeling, parametric
design, and assembly techniques, gaining hands-on experience in translating design concepts
into digital prototypes. The curriculum emphasizes the importance of precision and efficiency in
the design process, reflecting the industry's demand for engineers capable of producing high-

quality designs within tight timelines.

As you progress, you'll delve into real-world automotive design challenges, working on projects
that mimic the complexities faced by professionals in the field. Collaborative learning
opportunities and practical exercises will enhance your problem-solving skills and prepare you for

the dynamic nature of automotive design projects.

Whether you aspire to become a design engineer, product developer, or automotive innovator,
mastering CAD is essential for a successful career in automotive engineering. This course serves
as a foundation, laying the groundwork for your future endeavors in the fascinating and ever-

evolving realm of automotive design and technology.

Get ready to bring your automotive design ideas to life with the power of CAD, and embark on a
journey that combines creativity, engineering precision, and cutting-edge technology. Welcome to

the CAD course - where your automotive design aspirations take shape!
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Introduction to CAD
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— Computer assisted drafting, computer assisted drawing
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Evolution of Computer-Aided Design (1)

— development of descriptive geometry in the 16th and 17th
centuries

— creation of engineering drawings changed very little until after
World War |l

— 1950s, development of real-time computing, particularly at MIT
« The Fathers of CAD

« largely credited with setting the stage for what we know today as CAD

— Patrick Hanratty: “the Father of CADD/CAM”
« 1957, GE, PRONTO (Program for Numerical Tooling Operations): first
commercial CNC programming system
— lvan Sutherland

« 1962, Ph.D. thesis at MIT “Sketchpad, A Man-Machine Graphical
Communication System”: first graphical user interface

(Dec 1, 2010)
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https://www.digitalengineering247.com/article/evolution-of-computer-aided-design

Evolution of Computer-Aided Design (2)

— 1960s

« first digitizer (from Auto-trol)
« DAC-1: first production interactive graphics manufacturing system

— 1970s: 2D — 3D

« Ken Versprille: invention of NURBS for his Ph.D. thesis, basis of
modern 3D curve and surface modeling

« Alan Grayer, Charles Lang, and lan Braid: PADL (Part and
Assembly Description Language) solid modeler

« ACIS(Alan Charles Ivan System) and Parasolid kernels
« Commercialization: SDRC, Evans & Sutherland, Applicon,
Computervision, Cadam, M&S Computing
— Early ‘80s

« emergence of UNIX workstations: commercial CAD systems like
CATIA showing up in aerospace, automotive, and other industries

* introduction of the first IBM PC in 1981: Autodesk/AutoCAD(1983),
first significant CAD program for the IBM PC

CAD Introduction - 6




Evolution of Computer-Aided Design (3)

« The CAD Revolution
— AutoCAD: deliver 80% of the functionality of the other CAD
programs of the day, for 20% of their cost (still largely 2D)

— 1987, Pro/ENGINEER, CAD program based on solid
geometry and feature-based parametric techniques for
defining parts and assemblies

— 3D modeling kernels, most notably ACIS and Parasolids

 basis for other history-based parametric CAD programs

— 1995, SolidWorks — Solid Edge, Inventor, and others

« first significant solid modeler for Windows
— many of the original CAD developers from the 1960s

acquired by newer companies and a consolidation of the
industry into four main players

» Autodesk, Dassault Systémes (which acquired SolidWorks in
1997), PTC, and UGS (now Siemens PLM)
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Evolution of Computer-Aided Design (4)

« CAD Today, CAD Tomorrow

— improvements in modeling, incorporation of analysis, and
management of the products we create, from conception and
engineering to manufacturing, sales, and maintenance (PLM,
product lifecycle management)

— “Engineers and designers are being asked to create more,
faster, and with higher quality”

— (Siemens PLM) combines the precision and control of feature-
based design with the speed and flexibility of explicit modeling

— (PTC) ease-of-use, interoperability, and assembly management
problems with CAD

— (Autodesk) new, very friendly, very interactive interfaces,
embedded simulation, and the cloud

CAD Introduction - 8




The Calma Digitizer workstation, introduced in 1965,
allowed coordinate data to be entered and turned
into computer-readable data.

PTC Creo, the company’s new product line
scheduled for 2011, will deliver task-
specific applets (2D design, 3D parametric
design, rendering, analysis, and more), an
approach that’s closer to Apple iPad and

The famous AutoCAD sample nozzle

drawing was created by Don Strimbu
with AutoCAD 2.18. iPhone applications than to traditional CAD.
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CAD in Automotive

* 1950s / General Motors
— using Graphic Display System
— DAC-1 for prototype of a CAD system

— INCA for NC processing for Master Model
— CADANCE(70s), CGS(80s) + commercial soft

 1970s and 80s / in-house CAD System
— Nissan / CAD-I, CAD-Il & GNC / Mazda
— Integrated CAD/CAM / Toyota

« 1990s / Commercial CAD Software
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CAD in Aerospace

 1960s and 1970s
— CADAM / Lockeed for NC tape
— CADD / McDonnell-Douglass
— CATIA / Dassault
— ICAM Project in USAF

« 1980s / Standardization
— Network by CIIN
— IGES(Initial Graphic Exchange Specification) Format

« 1990s / New Standardization

CAD Introduction - 11
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CAD
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CAD Software Market
o J . L—

Analysis MARKET RESEARCH PVT. LTD.

https://.maximizemarketresearch.com/market-report/gIobal-3d-cad-software-market/19894|1/t duetion - 19
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2020 CAD Report form Jon Peddie Research

CAD Company Market Shares Spheres of Influence
other (DY revenue)
Trimble _ 4% Aveva
2% \\ ek Manufacture

Nemetschek 18%

5%

Hexagon
6% : Dassault
20%

Bentley
Systems

5% Siemens

31%

Source: JPR with
supplementary data

CAD https://www.cadalyst.com/cad/pandemic-transforms-cad-industry-2020-and-beyond-76189 Introduction - 20



Global CAD Market Segmentation

« By technology
— 3D, Wire-Frame Model, Surface Model, Solid Model, 2D

* By level

— Intermediate, Pro, Beginner

* By model
— Solid, Surface, Wireframe
« By application

— Automotive, Industrial Machinery, Aerospace, Defense,
Electrical & Electronics, Healthcare, Arts, Others
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What are the design software used by

popular automobile companies?
| FABRICANTE | SOFTWARE

CAD
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CAD

3X& CAD Software

0l X

Autodesk
(NASDAQ: ADSK)

Dassault Systems
(Euronext: DSY)

Siemens PLM
Software

PTC
(NASDAQ: PMTC)

Bently Systems
Intergraph
Aveva (UK)

Nemetscheck (DE)

Autodesk Product Design
Suite

CATIA
SolidWorks
NX

Solid Edge
Creo (Pro/ENGINEER)

MicroStation
Process, Power & Marine

Plant/Marine/Enterprise
solutions

Vectorworks Designer
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http://usa.autodesk.com/
http://www.3ds.com/
http://www.solidworks.com/
http://www.plm.automation.siemens.com/
http://www.plm.automation.siemens.com/
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http://www.intergraph.com/
http://www.bently.com/
http://www.intergraph.com/
http://www.aveva.com/
http://www.nemetschek.com/

CATIA (1)

« Dassault Aviation
— How can we define, with the computer, the shape of airplane, which
is the input to aerodynamic analysis?

— 1977~1980, development of CATI (Computer Aided Tri-dimensional
Interactive application) — CATIA, four software engineers

— Internally keeping or new business?
 CADAM(«Lockheed Aircraft)
* CALMA(«~—McDonnell Douglas Aircraft)

CAD Introduction - 24



CAD

CATIA (2)

« Dassault Systemes

July 1981, 50/50 revenue share agreement with IBM
President: Francis Bernard, 20 engineers, first customer: Honda

Business transformation rather than 2D CAD/CAM solution
« “a revolutionary new way to design and manufacture”

1986, great success with Boeing

Mainframe — UNIX based workstations (late 80’s) — PCs with
Windows (late 90’s)

1995~ President: Bernard Charles

2009, acquire the IBM sales force, 15+ acquisitions, 8000+
employees, 100,000+ customers, 1,252 m€ revenue

2000, PLM (Product Life Cycle Management): DELMIA,
ENOVIA, SIMULIA, SolidWorks, 3DVIA

Introduction - 25




CAD

3XtE CAD A A MH

AZEQO| AL Q| HE| A

~ AAXILO| SO T R AL
7|E OIo|H S| Tj&E

_ 71ES| 2448 HIO[EI S B8

= = O
7l=X¥ s8I 8
_ ox|atg

ASE 9 U8

=1 PN
=1

Introduction - 26



T8 ureg 20 (1)

« DXF (Drawing Exchange Format)
— CAD S/WO|M 25t =Ho| AL BH ascii/binary
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« DWG
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» IGES (Initial Graphics Exchange Specification)
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— ANSIZI M8, Atsit g E Sl = A28 MARE
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CAD

T8 g 20 (2)

« STEP (Standard for the Exchange of Product model
data): ISO 10303

Industrial automation systems and integration — Product data
representation and exchange
AREH7I 812 = A= S8 HolHe| #01 & et 4

EY A O|ESHK| i WACZ HE0f Hot ZE O
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1ISO 7| =% &2 TC 184 (Technical Industrial automation
systems and integration)2| =1t 2| SC4(Industrial data)0f| A
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GrabCAD

— 2009 G|AEL|OF Z7[AZA UKL 2210] O|70M 2 E
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 Library: free CAD files
* Challenge: C|X}QI0|L} A OtO|C|O{ & HMA 7|=A 28 H S22
 Tutorials, Groups, Questions

— GrabCAD Workbench: Cr= 7 X{0f| 2gt & Z2HEZ X

— GrabCAD Print: 3D Z2I & X| &

— GrabCAD Shop: work order management

CAD Introduction - 31

[0




https://grabcad.com

GRABCAD Products Community Ecosystem Support Resources About Us SIGN IN >

Making Additive
Manufacturing
at Scale Possible

GrabCAD's open and enterprise-ready software platform
drives additive manufacturing at scale through

T h

connected solutions.

LEARN MORE ABOUT THE PLATFORM >
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CAD
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GrabCAD Community/Challenges (GEA}2l)
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GrabCAD Community/Challenges (GE & £ Z 11})
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What’s Next in CAD?
Top 5 Trends in 2023

* Adopting simulation driven design

« Enabling innovation with emerging technologies

* Driving the digital thread through the design process
« Taking advantages of cloud computing and SaaS

* |nvesting in training

CAD https://www.ptc.com/en/blogs/cad/5-cad-trends-2023
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CAD: Summary

* |dea - Realization with geometry
— Mathematical representation
— Computer graphics
e Learn how to use CAD tool?
— No, fundamental theory of geometric modeling

* Applications
— Vehicle Design and Manufacturing
« Full 3D assembly model
— Electric Venhicle
« Multiphysics simulations: vehicle-level, component-level

— Autonomous Vehicle
« Path generation
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* Vehicle Design

* Powertrain

» Electronic Architecture
« Software

* Full Self-Driving

« Charging

* Supply Chain

« Manufacturing

* Energy

Vehicle Design

Franz von Holzhausen, Lars Moravy
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DESIGN

2012 Model S

ENGINEERING

Vehicle Design

MANUFACTURING

Model 3

DESIGN

ENGINEERING AUTOMATION

MANUFACTURING

Unboxed Process
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Powertrain

Powerful In-House Software

KEY SIMULATION TOOLS DEVELOPED BY TESLA
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Full Self-Driving

Using State-of-the-Art Al for Modeling

Main Left Pillar Backup
Camera Camera Camera
¥

+ +

RegNet === | RegNet

(Dense World
VISION COMPONENT MAP COMPONENT =

LANGUAGE COMPONENT

Training Set

Train Online Train Offline 1 3
Model i Model ¥ s
PR ., ==

Tesla Fleet

DATA ENGINE Simulation Auto Label

Human Label

L

p— [ %
Inaccuracy iy ﬂ -

Evaluation Set
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