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INTRODUCTION

Engineering Graphics with SOLIDWORKS®
2021 is written to assist students, designers,

engineers and professionals who are new to
SOLIDWORKS. LEFT

TOP

The book combines the fundamentals of

engineering graphics and dimensioning BAGK
practices with a step-by-step project-based -
approach to learning SOLIDWORKS. FRONT

It is a great starting point for those new
to SOLIDWORKS or as a teaching aid I
in classroom training to become familiar

with the software interface, basic
commands and strategies as users
complete a series of models while T
learning different ways to accomplish a G}-—-%}——L ‘i’
particular task.

RIGHT

The book is divided into four sections
with 11 Chapters. ke

2l

Chapters 1 - 3: Explore the history of
engineering graphics, manual sketching i
techniques, orthographic projection,

Third vs. First angle projection, multi-

view drawings, dimensioning practices

(ASME Y14.5-2009 standard), line type,

fit type, tolerance, fasteners in general,

general thread notes and the history of

CAD leading to the development of P T o o X
SOLIDWORKS. L,

Chapters 4 - 9: Comprehend the
SOLIDWORKS User Interface and
CommandManager, Document and
. . . P
System properties, simple machine parts, DS SOLIDWORKS
simple and complex assemblies, proper .
design intent, design tables,
configurations, multi-sheet, multi-view
drawings, BOMs, and Revision tables
using basic and advanced features.

esnengan
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Chapter 10: Prepare for the Certified
SOLIDWORKS Associate (CSWA) exam.
Understand the curriculum and categories of the
CSWA exam and the required model knowledge
needed to successfully take the exam.

Chapter 11: Provide a basic understanding
between Additive vs. Subtractive manufacturing.
Discuss Fused Filament Fabrication (FFF),
STereoLithography (SLA), and Selective Laser
Sintering (SLS) printer technology. Select
suitable filament material. Comprehend 3D

. . . ASSOCIATE
printer terminology. Knowledge of preparing, Additive
saving, and printing a model on a Fused Manufacturing

Filament Fabrication 3D printer. Information on
the Certified SOLIDWORKS Additive
Manufacturing (CSWA-AM) exam is provided.

2
DS SOLIDWORKS

Review individual features, commands, and
tools using SOLIDWORKS Help. The chapter
exercises analyze and examine usage competencies based on the chapter objectives.

Desired outcomes and usage competencies are listed for each project. Know your
objectives up front. Follow the step-by step procedures to achieve your design goals.
Work between multiple documents, features, commands, and properties that represent
how engineers and designers utilize SOLIDWORKS in industry. The author developed
the industry scenarios by combining his own industry experience with the knowledge of
engineers, department managers, vendors and manufacturers.

About the Author

David Planchard is the founder of D&M Education LLC. Before starting D&M
Education, he spent over 35 years in industry and academia holding various engineering,
marketing, and teaching positions. He holds five U.S. patents. He has published and
authored numerous papers on Machine Design, Product Design, Mechanics of Materials,
and Solid Modeling. He is an active member of the SOLIDWORKS Users Group and the
American Society of Engineering Education (ASEE). David holds a BSME, MSM with
the following professional certifications: CCAI, CCNP, CSWA-SD, CSWA-S, CSWA-
AM, CSWP, CSWP-DRWT and SOLIDWORKS Accredited Educator. David is a
SOLIDWORKS Solution Partner, a Faculty member and the SAE advisor at Worcester
Polytechnic Institute in the Mechanical Engineering department. In 2012, David’s senior
Major Qualifying Project team (senior capstone) won first place in the Mechanical
Engineering department at WPI. In 2014, 2015 and 2016, David’s senior Major
Qualifying Project teams won the Provost award in the Mechanical Engineering
department for design excellence.
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In 2018, David’s senior Major Qualifying Project team (Co-advisor) won the Provost
award in the Electrical and Computer Engineering department. Subject area: Electrical
System Implementation of Formula SAE Racing Platform. In 2020, he was awarded
emeritus status at Worcester Polytechnic Institute (WPI). His ME design class achieved
world recognition, featured in Compass published by Dassault Systémes, in the technical
article, “Open Innovation in a Pandemic.”

David Planchard is the author of the following books:

e SOLIDWORKS® 2021 Reference Guide, 2020, 2019, 2018, 2016, 2015, 2014, and
2013

o Engineering Design with SOLIDWORKS® 2021, 2020, 2019, 2018, 2017, 2016,
2015, 2014, and 2013

e Engineering Graphics with SOLIDWORKS® 2021, 2020, 2019, 2018, 2016, 2015,
2014, and 2013

e SOLIDWORKS® 2021 Quick Start, 2020, 2019, and 2018
e SOLIDWORKS® 2017 in 5 Hours with video instruction, 2016, 2015, and 2014
e SOLIDWORKS® 2021 Tutorial, 2020, 2019, 2018, 2017, 2016, 2014, and 2011

e Drawing and Detailing with SOLIDWORKS® 2021, 2014, 2012, 2010, 2009,
2008, 2007, and 2006

e Official Certified SOLIDWORKS® Professional (CSWP) Certification Guide
Version 5: 2019 - 2020, Version 4: 2015 - 2017, Version 3: 2012 - 2014, Version 2:
2012 - 2013, and Version 1: 2010 - 2010

e Official Guide to Certified SOLIDWORKS® Associate Exams: CSWA,
CSWA-SD, CSWA-S, CSWA-AM Version 5: 2021 - 2019, Version 4: 2017 - 2019,
Version 3: 2015 - 2017, Version 2: 2012 - 2015, and Version 1: 2012 -2013

e Assembly Modeling with SOLIDWORKS® 2012, 2010, 2008, 2006, 2005-2004,
2003, and 2001Plus

e Applications in Sheet Metal Using Pro/SHEETMETAL & Pro/ENGINEER

Acknowledgements

Writing this book was a substantial effort that would not have been possible without the
help and support of my loving family and of my professional colleagues. I would like to
thank Professor John M. Sullivan Jr., Professor Jack Hall and the community of scholars
at Worcester Polytechnic Institute who have enhanced my life, my knowledge and helped
to shape the approach and content to this text.
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The author is greatly indebted to my colleagues from Dassault Systémes SOLIDWORKS
Corporation for their help and continuous support: Mike Puckett, Avelino Rochino,
Yannick Chaigneau, Terry McCabe and the SOLIDWORKS Partner team.

Thanks also to Professor Richard L. Roberts of Wentworth Institute of Technology,
Professor Dennis Hance of Wright State University, Professor Jason Durfess of Eastern
Washington University and Professor Aaron Schellenberg of Brigham Young
University - Idaho who provided vision and invaluable suggestions.

SOLIDWORKS certification has enhanced my skills and knowledge and that of my
students. Thank you to Ian Matthew Jutras (CSWE) who is a technical contributor and
Stephanie Planchard, technical procedure consultant.

Contact the Author

We realize that keeping software application books current is imperative to our
customers. We value the hundreds of professors, students, designers, and engineers that
have provided us input to enhance the book. Please contact me directly with any
comments, questions or suggestions on this book or any of our other SOLIDWORKS
books at dplanchard@msn.com.

Note to Instructors

Please contact the publisher www.SDCpublications.com for additional classroom
support materials: PowerPoint presentations, Adobe files along with avi files, additional
design projects, quizzes with initial and final SOLIDWORKS models and tips that
support the usage of this text in a classroom environment.

Trademarks, Disclaimer, and Copyrighted Material

SOLIDWORKS®, eDrawings®, SOLIDWORKS Simulation, and SOLIDWORKS Flow
are a registered trademark of Dassault Systémes SOLIDWORKS Corporation in the
United States and other countries; certain images of the models in this publication
courtesy of Dassault Syst¢émes SOLIDWORKS Corporation.

Microsoft Windows®, Microsoft Office® and its family of products are registered
trademarks of the Microsoft Corporation. Other software applications and parts described
in this book are trademarks or registered trademarks of their respective owners.

The publisher and the author make no representations or warranties with respect to the
accuracy or completeness of the contents of this work and specifically disclaim all
warranties, including without limitation warranties of fitness for a particular purpose.

No warranty may be created or extended by sales or promotional materials. Dimensions
of parts are modified for illustration purposes. Every effort is made to provide an accurate
text. The author and the manufacturers shall not be held liable for any parts, components,
assemblies or drawings developed or designed with this book or any responsibility for
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inaccuracies that appear in the book. Web and company information was valid at the time
of this printing.

The Y14 ASME Engineering Drawing and Related Documentation Publications utilized
in this text are as follows: ASME Y14.1 1995, ASME Y 14.2M-1992 (R1998), ASME
Y14.3M-1994 (R1999), ASME Y14.41-2003, ASME Y14.5-1982, ASME Y 14.5-2009,
and ASME B4.2. Note: By permission of The American Society of Mechanical
Engineers, Codes and Standards, New York, NY, USA. All rights reserved.

Additional information references the American Welding Society, AWS 2.4:1997
Standard Symbols for Welding, Braising, and Non-Destructive Examinations, Miami,
Florida, USA.

References

e SOLIDWORKS Users Guide, SOLIDWORKS Corporation, 2021
e ASME Y14 Engineering Drawing and Related Documentation Practices

e Beers & Johnson, Vector Mechanics for Engineers, 6" ed. McGraw Hill, Boston, MA

e Lockhart & Johnson, Engineering Design Communications, Addison Wesley, 1999
e Olivo C., Payne, Olivo, T, Basic Blueprint Reading and Sketching, Delmar, 1988

e Planchard & Planchard, Drawing and Detailing with SOLIDWORKS, SDC Pub.,
Mission, KS 2014

e Simpson Strong Tie Product Manual, Simpson Strong Tie, CA, 2008
e Ticona Designing with Plastics - The Fundamentals, Summit, NJ, 2008
e Embhart - A Black and Decker Company, On-line catalog, Hartford, CT, 2012

s s
“¥* During the initial SOLIDWORKS installation, you are requested to select either the
ISO or ANSI drafting standard. ISO is typically a European drafting standard and uses
First Angle Projection. The book is written using the ANSI (US) overall drafting standard
and Third Angle Projection for drawings.

o
“¥* Download all needed model files from the SDC Publications website
(https://www.sdcpublications.com/downloads/978-1-63057-407-9). View the provided

models to enhance the user experience.
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Heated Build Plate
Know the Printer’s Limitations
Tolerance for Interlocking Parts
General Printing Tips
Reduce Infill/Overlap
Control Build Area Temperature
Add Pads
Safe Zone Rule
First Layer Not Sticking
Level Build Platform
Minimize Internal Support
Design a Water Tight Mesh
Clearance
In General
Print Directly from SOLIDWORKS
Add-in
SOLIDWORKS Additive Manufacturing Certification (CSWA-AM)
Summary

Appendix

SOLIDWORKS Keyboard Shortcuts
Modeling - Best Practices

Helpful On-Line Information
SOLIDWORKS Document Types

Glossary

Index

Download all needed model files from the SDC Publications website

Introduction

11-26
11-26
11-26
11-28
11-28
11-28
11-29
11-29
11-29
11-29
11-30
11-31
11-31
11-31
11-32
11-32
11-32
11-32
11-33
11-34
11-34
11-35
11-36

A-1
A-3
A-5
A-6

G-1

I-1

(https://www.sdcpublications.com/downloads/978-1-63057-407-9). View the provided

models to enhance the user experience. Additional projects are included in the exercise

section.
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Overview of Chapters

Chapter 1: History of Engineering Graphics

Chapter 1 provides a broad discussion of the history of
Engineering Graphics and the evolution of manual
drawing/drafting.

The chapter provides a general understanding of the
following: 2D hand sketching techniques, Alphabet of
lines, Precedence of line types, Global and Local
Coordinate system, 2D and 3D Cartesian Coordinate
system, Terminology and divisions of Projection,
Orthographic Projection, Glass Box, Principle views and
First and Third Angle Projection type.

Chapter 2: Isometric Projection and Multi View Tor
Drawings

—={ WIDTE =

Chapter 2 provides a general introduction into
Isqrnetric Projec'tion' (six principle‘views) using T L N ,
Third Angle projection and sketching along with L L T LU
additional projections and arrangement of views. e - .

[ WDTH [=— "*IﬁEF'H4 = WDTE e [=— DEfTH =

WDT4 e

It covers freechand engineering sketching and
drawing techniques, the three main projection romom
divisions (Axonometric, Obliques and
Perspective), along with Boolean operation
(Union, Difference and Intersection), proper
design intent, advanced drawing views and an
introduction to the evolution from manual
drawing/drafting to early CAD systems and
finally to SOLIDWORKS.
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Chapter 3: Dimensioning Practices, Scales,
Tolerancing and Fasteners

Chapter 3 provides an introduction into dimensioning
systems, dimensioning units, and scales along with

knowledge of the ASME Y 14.5-2009 standard.

e Understand and apply the ASME Y 14.5-2009
dimensioning standard.

e Awareness of measurement units:
o Metric system (MMGS).
o English system (IPS).

e Familiarity of dual dimensioning:
o (Primary vs. Secondary).

e Understand Scale type:

o Engineer’s scale, Architect’s scale, Linear
scale, Vernier scale and Linear encoder.

e Ability to correctly dimension the following
features, objects and shapes: rectangle, Cone,
Sphere, hole, cylinder, angle, point or center,
arc, chamfer and more.

e Understand and apply part and drawing
Tolerance.

¢ Read and understand Fastener notation.
e Recognize single, double and triple thread.

e Distinguish between Right-handed and Left-
handed thread.

e Recognize annotations for a simple hole,
Counterbore and Countersink in a drawing.

o Identify Fit type.

PAGE | - 17
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Chapter 4: Overview of SOLIDWORKS 2021 _ :
and the User Interface \ o RE B

SOLIDWORKS is a design software
application used to create 2D and 3D
sketches, 3D parts and assemblies and 2D

: 2
drawings. DS SOLIDWORKS

€ .:?.Eﬁm-ﬂtﬂ‘>‘:>

Chapter 4 introduces the user to the
SOLIDWORKS Welcome dialog box, the
User Interface (UI) and CommandManager:
Menu bar toolbar, Menu bar menu, Drop-

down menus, Context toolbars, Consolidated
drop-down toolbars, System feedback icons, Confirmation Corner, Heads-up View
toolbar, Document Properties and more.

Start a new SOLIDWORKS Session. Create a new part. Open an existing part and view
the created features and sketches using the Rollback bar. Design the part using proper
design intent.

Chapter 5: Introduction to SOLIDWORKS Part Modeling

Chapter 5 provides a comprehensive understanding of System Options, Document
Properties, Part templates, File management and more.

Create two Part Templates utilized for the parts in this chapter:

e PART-IN-ANSI

e PART-MM-ISO

A Template is the foundation for a SOLIDWORKS
document. Templates are part, drawing, and assembly
documents that include user-

defined parameters and are the
basis for new documents.

FLASHLIGHT assembly: @

Create two parts for the

e BATTERY
e BATTERYPLATE
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Chapter 6: Revolved Boss/Base Features

In Chapter 6, create two parts for the FLASHLIGHT assembly:
e LENS
e BULB

You apply the following features: Extruded Base,
Extruded Boss, Extruded Cut, Revolved Base,
Revolved Boss Thin, Revolved Thin Cut, Dome,
Shell, Hole Wizard, and Circular Pattern along with
the following Geometric relations: Equal,
Coincident, Symmetric, Intersection and Perpendicular.

Chapter 7: Swept, Lofted, Rib, Mirror and Additional
Features

In Chapter 7, you create four parts: O-RING, SWITCH,
LENSCAP and HOUSING.

Chapter 7 covers the development of the Swept Base,
Swept Boss, Lofted Base, Lofted Boss, Mirror, Draft,
Shape, Rib, and Linear Pattern features and strengthens
the use of the previously applied features and sketch
tool along with proper design intent.

Chapter 8: Assembly Modeling - Bottom-up method

In Chapter 8, you learn about the Bottom-up assembly
technique and create four assemblies:
LENSANDBULB, CAPANDLENS,
BATTERYANDPLATE and the FLASHLIGHT
assembly.

You insert the following Standard mate
types: Coincident, Concentric, and Distance
and use the following tools: Insert
Component, Hide/Show,
Suppress/Unsuppress, Mate, Move
Component, Rotate Component, Exploded
View and Interference Detection.
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Chapter 9: Drawing Fundamentals

Chapter 9 covers the development of a
customized drawing template with a Company
logo and Custom Properties. 8

Create a BATTERY drawing with five views:

Front, Top, Right, Detail and Isometric. Insert all
needed dimensions and annotations in the correct
drawing views. A

DEM ENGINEERING A

FLASHLEGHT ASSEMALY

Create an Exploded Isometric FLASHLIGHT == oo ATdem 3
assembly drawing.

and a Revision table along with Custom e LA | IR B e

Insert a Bill of Materials (BOM) with Balloons N e ﬁ
Properties. Qe
Create an O-RING TABLE drawing.

Chapter 9 introduces Design Tables and A
configurations in the drawing.

BAM ENGINEERING |
BATTERY, 6-¥OLT

S A 555444 A

2 1

Create three configurations of the O-RING part.

Chapter 10: Introduction to the Certified

SOLIDWORKS Associate (CSWA) Exam B r ’ B
The CSWA certification indicates a foundation in Q
and apprentice knowledge of 3D CAD design and \_)

engineering practices and principles.

The CSWA Academic exam is provided eitherin |" mi Y s i S
a single 3 hour segment, or 2 - 90 minute =7 e T A
segments. T _ e ey
Part 1 of the CSWA Academic exam is 90 minutes, minimum

passing score is 80, with 6 questions. There are two questions in ASSOCIATE

the Basic Part Creation and Modification category, two questions Mechanical

Design

in the Intermediate Part Creation and Modification category and
two questions in the Assembly Creation and Modification

category. 7S SOLIDWORKS
Part 2 of the CSWA Academic exam is 90 minutes, minimum

passing score is 80 with 8 questions. There are three questions on
the CSWA Academic exam in the Drafting Competencies category, three questions in

the Advanced Part Creation and Modification category and two questions in the
Assembly Creation and Modification category.
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The CSWA exam for industry is only —
provided in a single 3 hour segment. | [ ‘e =~ SUNISES .
The exam consists of 14 questions

five categories.

UAEa]  3DEXPERIENCE® Certification Center

All exams cover the same material.

To obtain additional CSWA exam
information and to take an exam, visit
https://3dexperience.virtualtester.com
/#home.

Chapter 11: Additive Manufacturing - 3D Printing

Provide a basic understanding between Additive vs. Subtractive “%%%ﬁ?:f

manufacturing. Discuss Fused Filament Fabrication (FFF), Manufacturing
STereoLithography (SLA), and Selective Laser Sintering (SLS)
printer technology. Select suitable filament material. Comprehend
3D printer terminology. Knowledge of preparing, saving, and
printing a model on a Fused Filament Fabrication 3D printer.
Information on the Certified SOLIDWORKS Associate Additive
Manufacturing (CSWA-AM) exam.

)
2S SOLIDWORKS

On the completion of this chapter, you will be able to:
e Discuss Additive vs Subtractive manufacturing.

e Review 3D printer technology: Fused Filament Fabrication
(FFF), STereoLithography (SLA), and Selective Laser Sintering
(SLS).

e Select the correct filament material:

o PLA (Polylactic acid), FPLA (Flexible Polylactic acid), ABS
(Acrylonitrile butadiene styrene), PVA (Polyvinyl alcohol),
Nylon 618, and Nylon 645

e Create an STL (*.stl) file, Additive Manufacturing (*.amf) file
and a 3D Manufacturing format (*.3mf) file.

e Prepare Geometric Code, “G-Code”.

e Comprehend general 3D printer terminology.
e Understand optimum build orientation.

e Enter slicer parameters:

o Raft, brim, skirt, layer height, percent infill, infill pattern,
wall thickness, fan speed, print speed, bed temperature, and extruder (hot end)
temperature.

e Address tolerance for interlocking parts.
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e Print directly from SOLIDWORKS.

e Knowledge of the Certified SOLIDWORKS Associate
Additive Manufacturing exam. Bracket

About the Book

Chapter 1 Homework

Chapter 2 Homework

The following conventions are used throughout this book: Chapter 3 Homework
Chapter 5 Homework
e The term document is used to refer a SOLIDWORKS Chapter 6 Homework

part, drawing, or assembly file. hapteni-Honieerk

e The list of items across the top of the SOLIDWORKS R

interface is the Menu bar menu or the Menu bar toolbar. Aapterciponieiogk

Each item in the Menu bar has a pull-down menu. Chapter 10 CSWA Models
When you need to select a series of commands from Graph paper

these menus, the following format is used: Click View, LOGO

Hide/Show, check Origins from the Menu bar. The MY-SHEETEORMATS

Origins are displayed in the Graphics window. MY-TEMPLATES

e The ANSI overall drafting standard and Third Angle AP R esentafiont:
projection is used as the default setting in this text. [PS
(inch, pound, second) and MMGS (millimeter, gram, second) unit systems are used.

e The book is organized into various chapters. Each chapter is focused on a specific
subject or feature.

e Download all model files from the SDC Publications website
(https://www.sdcpublications.com/downloads/978-1-63057-407-9).

e Screen shots in the book were made using SOLIDWORKS 2021 SPO.

The book provides information on creating and storing special Part, Assembly and
Drawing templates in the MY-TEMPLATES folder. The MY-TEMPLATES folder is
added to the New SOLIDWORKS Document dialog box. Talk to your IT department
before you set any new locations on a network system. The procedure in the book is
designed for your personal computer.

R

AR If you do not create the MY-TEMPLATE tab or the special part, drawing, or
assembly templates, use the standard SOLIDWORKS default template and apply all of
the needed document properties and custom properties.
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The following command syntax is used throughout the text. Commands that require you
to perform an action are displayed in Bold text.

Format: Convention: Example:

Bold *  Allcommands actions. «  Click Options % from the Menu bar
e Selected icon button. toolbar.
*  Selected geometry: line, e Click Corner Rectangle ~ from the

circle.
e Value entries.

Sketch toolbar.

I
e Click Sketch ‘— from the Context toolbar.
o Select the centerpoint.

e Enter 3.0 for Radius.

Capitalized e Filenames. e Save the FLATBAR assembly.
*  Firstletter in a feature e Click the Fillet (2 feature.
name.

Windows Terminology in SOLIDWORKS

The mouse buttons provide an integral role in executing SOLIDWORKS commands. The
mouse buttons execute commands, select geometry, display Shortcut menus and provide
information feedback.

Item: Description:

Click Press and release the left mouse button.

Double-click Double press and release the left mouse button.

Click inside Press the left mouse button. Wait a second, and then press the left mouse button
inside the text box.

Use this technique to modify Feature names in the FeatureManager design tree.

Drag Point to an object, press and hold the left mouse button down.
Move the mouse pointer to a new location.
Release the left mouse button.

Right-click Press and release the right mouse button.
A Shortcut menu is displayed. Use the left mouse button to select a menu
command.

Tool Tip Position the mouse pointer over an Icon (button). The tool name is displayed

below the mouse pointer.

Large Tool Tip | Position the mouse pointer over an Icon (button). The tool name and a
description of its functionality are displayed below the mouse pointer.

Mouse pointer | Position the mouse pointer over various areas of the sketch, part, assembly or
feedback drawing.

The cursor provides feedback depending on the geometry.
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A mouse with a center wheel ,

. .. . . Hardware & System Requirements
prOVIdeS addltlonal fu‘DCtlonallty Research graphics cards hardware, system requirements, and other related topics.
in SOLIDWORKS. Roll the

center wheel downward to

ks System Requi Graphics Card Drivers

enlarge the model in the ::ri:r;re ar;d s;stem requirements for SolidWorks ﬁnt: graph:s card drive: :c;T:ur system to ensure
) . radiie: e T i
Graphics window. Hold the
Data System qui Anti-Virus
center wheel down. Drag the ey e o or o The following Anti-Virus applications have been
mouse in the Graphics window Product Data Management (PDM) products. tested with SolidWorks 2D CAD products.
to rotate the model. Pl e o b i < P
Composer and other 3DVIA related products. hardware performance.

Visit SOLIDWORKS website: | souwens seariatsn sequronenss
http:/ www.SOLIDWORKS.co Electrical products.
m/sw/support/hardware.html to

view their supported operating

Official Guide to Certified

systems and hardware requirements. SOLIDWORKS Associate Exams:
The book does not cover starting a SOLIDWORKS e
session in detail for the first time. A default mmopmeue

SOLIDWORKS installation presents you with several
options. For additional information for an Education
Edition, visit the following site:

http:// www.SOLIDWORKS.com/sw/engineering-
education-software.htm

The Instructor’s information contains over 45 classroom
presentations, along with helpful hints, What’s new,
sample quizzes, avi files of assemblies, projects, and all
initial and final SOLIDWORKS model files.

The CSWA Academic exam is provided either in a single
3-hour segment, or 2 - 90-minute segments. The CSWA
exam for industry is only provided in a single 3-hour
segment. All exams cover the same material.

ot Taaonin. Liberet Prisws

w

2% To obtain additional CSWA
exam information and to take an
exam, visit
https://3dexperience.virtualtester.com
/#fhome

Winbeama i the IDEXPERTENCE® Cerlification Cenbir

T MOEAPENENGES Carifi

LM Cartecane

Digitsl Badges Mow Avsilable for Seme SOLIDWORKS and IDEXPERIENCE Exams
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Chapter 1

History of Engineering Graphics

Below are the desired outcomes and usage competencies based on the completion of

Chapter 1.

Desired Qutcomes:

Usage Competencies:

e Appreciate the history of
Engineering Graphics.

Identify categories and disciplines related to
Engineering Graphics.

o Knowledge of the Cartesian
Coordinate system.

Apply 2D and 3D Cartesian Coordinate
system: Absolute, Relative, Polar, Cylindrical,
and Spherical.

¢ Understand Geometric
entities.

e Comprehend Free Hand
Sketches.

Points, Circles, Arcs, Planes, etc.
Solid Primitives.

Generate basic 2D shapes and objects.
Create 2D and 3D freehand sketches.

e Recognize Alphabet of Lines
and Precedence of Line types.

Create and understand correct line precedence.

e Grasp the concept of
Multi-view drawings.

e Comprehend Orthographic
Projection/Glass Box.

Select the proper Front view.
Explain First and Third Angle projection type.

Identify the six principal views.
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History of Engineering Graphics




History of Engineering Graphics Engineering Graphics with SOLIDWORKS® 2021

Notes:
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Chapter 1 - History of Engineering Graphics

Chapter Overview

Chapter 1 provides a broad discussion of the history of Engineering Graphics and the
evolution from manual drawing/drafting along with an understanding of the Cartesian
Coordinate system, Geometric entities, general sketching techniques, alphabet of lines,
precedence of line types and Orthographic projection.

On the completion of this chapter, you will be able to:

e Appreciate the history of Engineering Graphics.
e Comprehend Global and Local Coordinate system.
e Understand 2D and 3D Cartesian Coordinate system:
o Right-handed vs. Left-handed.
o Absolute, Relative, Polar, Cylindrical, and Spherical.
e Understand Geometric entities:
o Point, Circle, Arc, Plane, etc.
e Recognize Alphabet of Lines and Precedence of Line types.
e Grasp the concept of Multi-view drawings:
o Select the proper Front view.
e Understand the general terminology and divisions of Projection.
e Comprehend Orthographic Projection and the Glass Box method.
e Identify the six Principal views.
e Explain First and Third Angle Projection type.
History of Engineering Graphics
Engineering Graphics is the academic discipline of creating standardized technical

drawings by architects, interior designers, drafters, design engineers and related
professionals.

Standards and conventions for layout, sheet size, line thickness, text size, symbols, view
projections, descriptive geometry, dimensioning, tolerancing, abbreviations and notation
are used to create drawings that are ideally interpreted in only one way.

A technical drawing differs from a common drawing by how it is interpreted. A common
drawing can hold many purposes and meanings, while a technical drawing is intended to
concisely and clearly communicate all needed specifications to transform an idea into
physical form for manufacturing, inspection or purchasing.
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Engineering Graphics with SOLIDWORKS® 2021

We are all aware of the amazing drawings and inventions of Leonardo da Vinci
(1453-1528). It is assumed that he was the father of mechanical drafting. Leonardo was
probably the greatest engineer the world has ever seen. Below are a few freehand

sketches from his notebooks.
Example 1:

The first freehand sketch is of a crossbow.
Note the detail and notes with the freechand
sketch.

Example 2:

The second freehand sketch is of an early
example of an exploded assembly view.

The only source for the detailed history of
Leonardo’s work is his own careful
representations. His drawings were of an

artist who was an inventor and a modern-day

engineer. His drawings were three-
dimensional (3D) and they generally were
without dimensional notations.

ﬂ.,a_,_.,.,_.- o w '

s ity i
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Craftsmen created objects from his drawings, and each machine or device was a one-of-a-
kind creation. Assembly line manufacturing and interchangeable parts were not a
concern.

Engineering graphics is a visual means to develop ideas and convey designs in a technical
format for construction and manufacturing. Drafting is the systematic representation and
dimensional specification and annotation of a design.

The basic mechanics of drafting is to place a piece of
paper (or other material) on a smooth surface with
right-angle corners and straight sides - typically a
drafting table. A sliding straightedge known as a
T-square is then placed on one of the sides, allowing
it to be slid across the side of the table and over the
surface of the paper.

"Parallel lines" can be drawn simply by moving the
T-square and running a pencil or technical pen along
the T-square's edge, but more typically the T-square
is used as a tool to hold other devices such as set
squares or triangles. In this case, the drafter places
one or more triangles of known angles on the
T-square, which is itself at right angles to the edge of
the table, and can then draw lines at any chosen angle
to others on the page.

Modern drafting tables
(which have by now largely
been replaced by CAD
workstations) come
equipped with a parallel rule
that is supported on both
sides of the table to slide
over a large piece of paper.
Because it is secured on both
sides, lines drawn along the
edge are guaranteed to be
parallel.
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In addition, the drafter uses several tools to draw curves and circles.
Primary among these are the compasses, used for drawing simple arcs
and circles; the French curve, typically made out of plastic, metal, or .
wood composed of many different curves; and a spline, which is a _
rubber coated articulated metal that can be manually bent to most
curves.

s

‘¥ A drafting triangle always has one right
angle 90°. This makes it possible to put a
triangle against a T-square to draw vertical
lines. A 30, 60, 90 triangle is used with a
T-square or parallel straightedge to draw
lines that are 30, 60, 90 degrees. A 45, 90
triangle is used to draw lines with a T-square i
or parallel straightedge that are 45 or 90
degrees.

Global and Local Coordinate System

Directional input refers by default to the Global coordinate system
(X-, Y- and Z-), which is based on Planel with its origin located at the origin of the part
or assembly.

The figure below illustrates the relationship between the Global coordinate system and
Plane 1 (Front), Plane 2 (Top) and Plane 3 (Right).

(Direction 2 of Plane 1)
Y
A Plane 2
Plane 1
o I
A
Z (Direction 1 of Plane 1)
(Normal to Plane 1)

Where X- is Direction 1 of Plane 1, Y- is Direction 2 of Plane 1, and Z- is the Normal to
Plane 1.
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Local (Reference) coordinate systems are coordinate systems other than the Global
coordinate system. You can specify restraints and loads in any desired direction.
Example: Defining a force on a cylindrical face, you can apply it in the radial,
circumferential, or axial directions. Similarly, if you choose a spherical face, you can
choose the radial, longitude, or latitude directions. In addition, you can use reference
planes and axes.

2 Dimensional Cartesian Coordinate System

A Cartesian coordinate system in two dimensions is commonly defined by two axes, at
right angles to each other, forming a plane (an x,-y plane). The horizontal axis is
normally labeled x, and the vertical axis is normally labeled y.

The axes are commonly defined as mutually orthogonal to each other (each at a right
angle to the other). Early systems allowed "oblique" axes, that is, axes that did not meet
at right angles, and such systems are occasionally used today, although mostly as
theoretical exercises. All the points in a Cartesian coordinate system taken together form
a so-called Cartesian plane. Equations that use the Cartesian coordinate system are called
Cartesian equations.

The point of intersection, where the axes meet, is called the origin. The x and y axes
define a plane that is referred to as the xy

plane. Given each axis, choose a unit

length, and mark off each unit along the

axis, forming a grid. To specify a

particular point on a two dimensional

coordinate system, indicate the x unit first v

(abscissa), followed by the y unit (2,3)
(ordinate) in the form (x,-y), an ordered T3t
pair. 4:
(—3,1)
Example 1: Pesasssnsniananse .
¢ (0,0)

Example 1 displays an illustration of a <t —— :*A'
Cartesian coordinate plane. Four points are - i 15 : E 9
marked and labeled with their coordinates:
(2,3), (-3,1), (-1.5,-2.5) and the origin 4-7
(0,0).

{(—=1.5,-2.5)4-3

A
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The intersection of the two axes creates four
regions, called quadrants, indicated by the Roman
numerals [, I, [II and [V. Conventionally, the
quadrants are labeled counterclockwise starting
from the upper right ("northeast") quadrant.

Example 2:

Example 2 displays an illustration of a Cartesian
coordinate plane. Two points are marked and
labeled with their coordinates: (3,5) and the origin
(0,0) with four quadrants.

In the first quadrant, both coordinates are positive,
in the second quadrant x-coordinates are negative
and y-coordinates positive, in the third quadrant
both coordinates are negative and in the fourth
quadrant, x-coordinates are positive and
y-coordinates negative.

Engineering Graphics with SOLIDWORKS® 2021

II

10 +

A y-axs

P(3.5)

I-aris

-

A

+
10

111

+ >
5 10

(0.0)

arigen

v

3 Dimensional Cartesian
Coordinate System

The three-dimensional coordinate system
provides the three physical dimensions of
space: height, width and length. The
coordinates in a three dimensional system are
of the form (x,y,z).

Once the x- and y-axes are specified, they
determine the line along which the z-axis
should lie, but there are two possible directions

10 +

\ z-aris

P(3.0,5) {

- 2y Y-axis

10 _
T-aLris

L I e

10

—10 4

>

] 10

(0,0,0)
orupn

on this line. The two possible coordinate
systems which result are called “Right-hand”
and “Left-hand.”
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s

“¥" Cartesian coordinates are the foundation of analytic geometry and provide
enlightening geometric interpretations for many other branches of mathematics, such as
linear algebra, complex analysis, differential geometry, multivariate calculus, group

theory and more.

Most CAD systems use the Right-hand X- Always the thumt
rule for a coordinate system. To use the

Right-hand rule—point the thumb of ' ¥
your right hand in the positive direction I\
for the x axis and your index finger in K [ 2 &L\ > LTy
the positive direction for the y axis; \“:}7‘ 2 \\/;9 Ry &
your remaining fingers curl in the 4 ':
positive direction for the z axis as L N 4
illustrated.

1) 1By | 1CY

When the x,-y plane is aligned with the

screen in a CAD system, the z axis is oriented horizontally
(pointing towards you). In machining and many other
applications, the z-axis is considered to be the vertical axis.
In all cases, the coordinate axes are mutually perpendicular
and oriented according to the Right-hand or Left-hand rule.

The Right-hand rule is also used to determine the direction of
rotation. For rotation using the right-hand rule, point your
thumb in the positive direction along the axis of rotation.
Your fingers will curl in the positive direction for the
rotation.

s e
“¥* Some CAD systems use a Left-hand rule. In this case,
the curl of the fingers on your left hand provides the positive
direction for the z axis. In this case, when the face of your
computer monitor is the x,-y plane, the positive

direction for the z axis would extend into the

computer monitor, not towards you.

Models and drawings created in SOLIDWORKS or
a CAD system are defined and stored using sets of
points in what is sometimes called World Space.

Each reference line is called a coordinate axis or just
axis of the system, and the point where they meet is
its origin. The coordinates can also be defined as the
positions of the perpendicular projections of the
point onto the two axes, expressed as a signed distance from the origin.

(75,0,4)
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w s

“¥* The origin L in SOLIDWORKS is displayed in blue in the center of the Graphics
window. The origin represents the intersection of the three default reference planes:
Front Plane, Top Plane, and Right Plane illustrated in the FeatureManager. The positive
x-axis is horizontal and points to the right of the origin in the Front view. The positive
y-axis is vertical and points upward in the Front view. The FeatureManager contains a list

of features, reference geometry, and settings utilized in the part.

Absolute Coordinates

Absolute coordinates are the
coordinates used to store the location
of points in your CAD system. These
coordinates identify the location in
terms of distance from the origin
(0,0,0) in each of the three axis

(X, y, z) directions of the Cartesian
coordinate system.

Origin (0,0,0)

As an example, someone provides
directions to your house (or to a
house in an area where the streets are
laid out in nice rectangular blocks). A way to describe how to get to your house would be
to inform the person how many blocks over and how many blocks up it is from two main
streets (and how many floors up in the building, for 3D). The two main streets are like the
x and y axes of the Cartesian coordinate system, with the intersection as the

origin (0,0,0).

Relative Coordinates

Instead of having to specify each
location from the origin (0,0,0), using
relative coordinates allows you to
specify a 3D location by providing
the number of units from a previous
location. In other words, the location
is defined relative to your previous
location. To understand relative
coordinates, think about giving
someone directions from his or her
current position, not from two main
streets. Use the same map as before
but this time with the location of the
house relative to the location of the
person receiving directions.
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Polar Coordinates

Polar coordinates are used to locate
an object by providing an angle
(from the x axis) and a distance.
Polar coordinates can either be
absolute, providing the angle and
distance from the origin (0,0,0), or
they can be relative, providing the
angle and distance from the current
location.

Picture the same situation of having to provide directions. You could inform the person to
walk at a specified angle from the crossing of the two main streets, and how far to walk.
In the illustration, it shows the angle and direction for the shortcut across the empty lot
using absolute polar coordinates. Polar coordinates can also be used to provide an angle
and distance relative to a starting point.

Cylindrical and Spherical Coordinates

Cylindrical and spherical coordinates are similar to polar
coordinates except that you specify a 3D location instead
of one on a single flat plane (such as a map). Cylindrical
coordinates specify a 3D location based on a radius, angle,
and distance (usually in the z axis direction). It may be
helpful to think about this as giving a location as though it
were on the edge of a cylinder. The radius tells how far the
point is from the center (or origin); the angle is the angle
from the x axis along which the point is located; and the / i
distance gives you the height where the point is located on (
the cylinder. Cylindrical coordinates are similar to polar o
coordinates, but they add distance in the z direction. / 2820411

=]

Spherical coordinates specify a 3D location by the radius, Origin
an angle from the X axis, and the angle from the x,y plane.

It is helpful to think of locating a point on a sphere, where

the origin of the coordinate system is at the center of the

sphere. The radius gives the size of the sphere, and the

first angle gives a location on the equator. The second

angle gives the location from the plane of the equator to

the point on the sphere in line with the location specified

on the equator.

((3'2‘015“"'-\._
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Freehand Sketching

Freehand sketching is a method of visualizing and conceptualizing your idea that allows
you to communicate that idea with others. Sketches are not intended to be final
engineering documents or drawings but are a step in the process from an idea or thought

to final design or to production.

Two types of drawings are generally associated with the four key stages of the
engineering process: (1) Freehand sketches and (2) Detailed Engineering Drawings.

o —— ——
- -~
- e

,/’E’ngineering Design Process‘““n\
Freehand P

Sketches\é’;;_,;*""'_
e (>

:;f : \\j i~

| Yo o #

1'1 /"}

Engineering '\ / .\g '

Drawings using \ |
CAD — .\

Freehand sketching is an important method to quickly document and to communicate
your design ideas. Freehand sketching is a process of creating a rough, preliminary
drawing to represent the main features of a design, whether it is a manufactured product,

a chemical process or a structure.
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Sketches take many forms and vary in level of detail. The designer or engineer
determines the level of detail based on clarity and purpose of the sketch, as well as the
intended audience. Sketches are important to record the fleeting thoughts associated with
idea generation and brain storming in a group.

Freehand sketching is considered one of the most powerful methods to help develop
visualization skills. The ability to sketch is helpful, not only to communicate with others,
but also to work out details in ideas and to identify any potential problems.

Freehand sketching requires simple tools, a pencil, piece of paper, straight edge and can
be accomplished almost anywhere. Creating freehand sketches does not require artistic
ability, as some may assume.

General Sketching Techniques

Understand that it takes practice to perfect your skills in any endeavor, including
freehand sketching. When sketching, you need to coordinate your eyes, hands (wrist and
arm), and your brain. Chances are you have had little opportunity in recent years to use
these together, so your first experience with freehand sketching will be taxing. Some tips
to ease the process include:

e Orient the paper in a comfortable position.

e Determine the most comfortable drawing direction, such as left to right, or drawing
either toward or away from your body.

e Relax your hand, arm and body.
e Use the edge of the paper as a guide for straight lines.

e When using pencil, work from the top left to the lower right corner (if you are right-
handed). This helps avoid smudging your work (your hand is resting on blank paper,
rather than on your work).

e Remember that sketches are generally drawn without dimensions, since you are trying
to represent the main features of your design concept.

e Use a wooden pencil with soft HB lead or a mechanical pencil in Smm or 7mm.

L
“¥" Today, you may not have a T-square available, but you can still sketch in your
notebook and use good sketching techniques. You should also be prepared to sketch

anywhere, even on the back of a napkin.

PAGE 1-13



History of Engineering Graphics Engineering Graphics with SOLIDWORKS® 2021

Geometric Entities

Points

Points are geometrical constructs. Points are considered to have no width,

+

height, or depth. Points are used to indicate locations in space. When you
represent a point in a freechand sketch, the convention is to make a small
cross or a bar if it is along a line, to indicate the location of the point.

In CAD drawings, a point is located by its coordinates
and usually shown with some sort of marker like a
cross, circle, or other representation. Many CAD
systems allow you to choose the style and size of the
mark that is used to represent points. Most CAD
systems offer three ways to specify a point:

e End the coordinates for the point.
e Select a point in the Graphics window.

e Enter a point’s location by its relationship to
existing geometry. (Example: a centerpoint, an
endpoint of a line, or an intersection of two lines).

Picking a point from the screen is a quick way to enter
points when the exact location is not important, but the
accuracy of the CAD database makes it impossible to
enter a location accurately in this way.

Lines

A straight line is defined as the shortest distance
between two points. Geometrically, a line has length,
but no other dimension such as width or thickness.
Lines are used in drawings to represent the edge view of
a surface, the limiting element of a contoured surface, or
the edge formed where two surfaces on an object join.

In CAD, 2D lines are typically stored by the coordinates
(x,y) of their endpoints.

PAGE 1-14

zZ4

‘1589
1
BAN., .~

(0,0,0)

Y4

w Y



Engineering Graphics with SOLIDWORKS® 2021 History of Engineering Graphics

Planes are defined by:

e Two parallel lines.

e Three points not lying in a straight line.
e A point and a line.

e Two intersecting lines.

The last three ways to define a plane are all special cases of the more general case - three
points not in a straight line. Knowing what can determine a plane can help you
understand the geometry of solid objects - and use the geometry to work in CAD.

For example, a face on an object is a plane that extends between the vertices and edges of
the surface. Most CAD programs allow you to align new entities with an existing plane.
You can use any face on the object - whether it is normal, inclined, or oblique - to define
a plane for aligning a new entity. The plane can be specified using existing geometry.

s e

“¥* Defining planes on the object or in 3D space is an important tool for working in 3D
CAD. You will learn more about specifying planes to orient a user coordinate system to
make it easy to create CAD geometry later in this text.

Circles

A circle is a set of points that are equidistant from a center point. The distance from the
center to one of the points is the radius. The distance across the center to any two points
on opposite sides is the diameter. The circumference of a circle contains 360° of arc. In a
CAD file, a circle is often stored as a center point and radius. Most CAD systems allow
you to define circles by specifying:

. T it
e Center and a radius. o tangort anont
s radius tangent

radius :
e Center and a diameter. @ :
e Two points on the diameter.
e Three points on the circle. P @
diameter O

e Radius and two entities to which
the circle is tangent. 2 points

3 points

e Three entities to which the circle is tangent.
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As with any points, the points defining a circle can be entered with absolute, relative,
polar, cylindrical, or spherical coordinates; by picking points from the screen; or by
specifying existing geometry.

Arcs

An arc is a portion of a circle. An arc can be defined by specifying:

e C(Center, radius, and angle measure (sometimes called the included angle or delta
angle).

e Center, radius and arc length.

e Center, radius and chord length. ~ Arclength __ Startpeint 3 points $Start point

e Endpoints and arc length. Arclength ___ Startpoint 3 points Start point
! /\ f_~~Chord length

' + Certer

e Endpoints and a radius. Center

e Endpoints and one other point E"“.E’i’: <—7 Start point
on the arc (3 points). Start point ¢ T2 angle

i ¥
e Start point, Center point and a Center Canter

chord length.
Solid Primitives

Many 3D objects can be visualized, sketched, and modeled in a CAD system by
combining simple 3D shapes or primitives. Solid primitives are the building blocks for
many solid objects. You should become familiar with these common primitive shapes
and their geometry. The same primitives that helped you understand how to sketch
objects can also help you create 3D
models of them using your computer.

A common set of primitive solids that
you can use to build more complex
objects is illustrated: (a) box,

(b) sphere, (c) cylinder, (d) cone,

(e) torus, (f) wedge and (g) pyramid.

s
A L8

Look around and identify some
solid primitives. The ability to identify
primitive shapes can help you model
features of the object.
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Alphabet of Lines

The lines used in drafting (technical -
drawings) are referred to as the \
alphabet of lines.

TOP \

Surface X does not

Line types and conventions for

technical drawings are covered in Sholty O anadge
ASME Y 14.2M-1992 standard. /

There are four distinct thicknesses of -(&

lines: Very Thick, Thick, Medium \

and Thin. Thick lines are drawn

using soft lead, such as F or HB.

Thin lines are drawn using a harder FRONT
lead, such as an H or 2H.

RIGHT

Every line on your drawing has a

meaning. In other words, lines are

symbols that mean a specific thing.

The line type determines if the line

is part of the object or conveys information about
the object.

Below is a list of the most common line types and
widths used in orthographic projection.

Visible lines: Visible lines (object or feature lines)

are continuous lines used to represent the visible

edges and contours (features) of an object. Since

visible lines are the most important lines, they must

stand out from all other secondary lines on the

drawing. The line type is continuous, and the line

weight is thick (0.5 - 0.6mm). VISBLE LINES

Hidden lines: Hidden lines are short-narrow
dashed lines. They represent the hidden features of
an object. Hidden lines should always begin and
end with a dash, except when a dash would form a

continuation of a visible line.
VISIBLE LINES HIDDEN LINES

Dashes always meet at corners, and a /
hidden arc should start with dashes at the l
tangent points. When the arc is small, the
length of the dash may be modified to

maintain a uniform and neat appearance. @~ \ T /[t
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Excessive hidden lines are difficult to follow. Therefore, only lines or features that add to
the clearness and the conciseness of the drawing should be displayed. Line weight is
medium thick (0.35 - 0.45mm).

s

“¥" Confusing and conflicting hidden lines should be eliminated. If hidden lines do not
adequately define a part's configuration, a section should be taken that imaginarily cuts
the part. Whenever possible, hidden lines are eliminated from the sectioned portion of a
drawing. In SOLIDWORKS, to hide a line, right click the line in a drawing view, and
click Hide.

Dimension lines: Dimension lines are thin lines used to show the extent and the
direction of dimensions. Space for a single line of numerals is provided by a break in the
dimension line.

If possible, dimension lines are aligned and grouped for uniform appearance and ease of
reading. For example, parallel dimension lines should be spaced not less than (6mm)
apart, and no dimension line should be closer than (10mm) to the outline of an object
feature [(12mm) is the preferred distance].

All dimension lines terminate with an arrowhead on mechanical engineering drawings, a

slash or a dot in architecture drawings. The preferred ending is the arrowhead to an edge
or a dot to a face. Line weight is thin (0.3mm).

/_‘1].00!7_‘_

2
258

/1

o

-

3.00 4]

Extension lines: Extension lines are used to indicate the [
termination of a dimension. An extension line must not touch the
feature from which it extends, but should start approximately
(2 - 3mm) from the feature being dimensioned and extended the
same amount beyond the arrow side of the last dimension line.
— =]

Y

D1@Extrudel of PartlZi

PAGE 1-18



Engineering Graphics with SOLIDWORKS® 2021 History of Engineering Graphics

e

“¥* In SOLIDWORKS, use the control points to create the needed extension line gap
of ~1.5 - 2.5mm.

s
& b3

In SOLIDWORKS,
inserted dimensions in the VS IBLE LINES EXTENSION LINES
drawing are displayed in
gray. Imported dimensions \ /
from the part are displayed
inblack. e
- - - @1.50
When extension lines cross DIMENSION LINES
other extension lines, @ f-——oo - —
dimension lines, leader
lines, or object lines, they
are usually not broken. -
When extension lines cross K 200
dimension lines close to an EXTENSION LINES
arrowhead, breaking the
extension line is
recommended for clarity.

Line weight is thin (0.3mm).

LEADER LINES

Leader lines: A leader line is a 3X 6.35 THRU / 2% 12.70 THRU
continuous straight line that extends \

at an angle from a note, a dimension,
or other reference to a feature. An

arrowhead touches the feature at that

end of the leader. At the note end, a {-:f}

horizontal bar (6mm) long terminates
the leader approximately (3mm) away

from mid-height of the note's
lettering, either at the beginning or

end of the first line. el
ext position
B ' N

Leaders should not be bent to & 2 =
underline the note or dimension.
Unless unavoidable, leaders should Leader display
not be bent in any way except to form Fusebentleaders =%
the horizontal terminating bar at the be Al
note end of the leader.

s

<@ . . . Tolerance...

In SOLIDWORKS, use the dimension option

to control Leader display.
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Leaders usually do not cross. Leaders or extension lines may cross an outline of a part or
extension lines if necessary, but they usually remain continuous and unbroken at the point
of intersection. When a leader is directed to a circle or a circular arc, its direction should
be radial. Line weight is thin (0.3mm).

Break lines: Break lines are applied to

represent an imaginary cut in an object, so S0THRUALL  450°

the interior of the object can be viewed or / '

fitted to the sheet. Line weight is thick N 7 ! N\

(05 - 06mm) 75 ; ',\
! "_ ? \ /’/ Va

In SOLIDWORKS, Break lines are

. . —=1.00 |~
dlsplayed as shprt dashes or continuous BREAK LINES
solid lines, straight, curved or zig zag.
8.00 3
Straight - Curved
¥ i L VISIBLE LINES
Zig Zag - Small Zig Zag
CENTERLINES

Centerlines: Centerlines are thin, long \‘ ®1.50

and short dashes, alternately and
evenly spaced, with long dashes placed
at each end of the line. The long dash is
dependent on the size of the drawing
and normally varies in length from 2.00
(20mm to 50mm). Short dashes,

depending on the length of the

required centerline, should be
approximately (1.5 to 3.0mm). Very

short centerlines may be unbroken 1

with dashes at both ends.

Centerlines are used to represent the &0
axes of symmetrical parts of features, 1 +

bolt circles, paths of motion, and !
pitch circles. +

- 100

CEMTERLIMES
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They should extend about (3mm) beyond the

outline of symmetry, unless they are used as T

extension lines for dimensioning. Every circle, i

and some arcs, should have two centerlines - \i/ . 50

that intersect at the center of the short dashes. 25 \ ‘

Line weight is thin (0.3mm). 1 \
&0 _"| CENTERLINES

Phantom lines: Phantom lines consist of
medium - thin, long and short dashes.

Phantom lines

They are used to represent alternate positions of moving parts, adjacent positions of
related parts, and repeated details. They are also used to show the cast, or the rough
shape, of a part before machining. The line starts and ends with the long dash of (15mm)
with about (1.5mm) space between the long and short dashes. Line weight is usually
(0.45mm).

Section lines: Section lines are thin, uniformly spaced lines that indicate the exposed
cut surfaces of an object in a sectional view.

Spacing should be approximately (3mm) and at
an angle of 45°. The section pattern is
determined by the material being "cut" or
sectioned. Section lines are commonly referred
to as "cross-hatching." Line weight is thin
(0.3mm). Multiple parts in an assembly use 17T
different section angles for clarity. =

Section lines

In this text, you will concentrate on creating 3D A A
models using SOLIDWORKS. Three- et j
dimensional modeling is an integral part of the "*-B‘"—' = ‘B—
design, manufacturing and construction industry kY

and contributes to increased productivity in all
aspects of a project.
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s le

“¥* Section lines can serve the purpose of identifying the kind of material the part is
made from.

Below are a few common section line types for various materials:

STEEL CAST IRON COPPER / BRASS

0

5
5
SRXX
KK
IR

5
ERR

5
QK
LK

L
9

::::“’
:::
<

5
0%
5

5

ERR

5
o
%
5

Q
Q

5

&
&5

%

XX
XK

o
&
3
RS
KK

PLASTIC 4061 ALLOY

3
K
K
%
5
%
5
S
K
S

::

o0
LRSS
5

R

::

5

00
S
%
25
KRS
3
25
K
K

Q
%
&
Q
oo
o

S

20000
K

RS

Q
<2

<

9

RS
KRS

5
IR
25
XK
S

RUBBER

s
s ~

A Section lined area is always
completely bounded by a visible outline.

Cutting Plane lines: Cutting Plane lines
show where an imaginary cut has been
made through an object in order to view
and understand the interior features. Line

type is phantom. Line weight is very thick 1 clewa j
(0.6 - 0.8mm). L_E} b _F.,H..«@ﬂ._.
Cutting Plané/ HE
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Arrows are located at the ends of the cutting plane line and the direction indicates the line
of sight into the object.

Line weight (also called hierarchy) refers to thickness.
ol
" In hand drafting, the contrast in lines should be in the line weight and not in the

density. All lines are of equal density except for Construction lines - Light Thin so they
can be erased. Construction lines are drawn using 4H or 6H lead.

b
”

Precedence of Line Types

When creating Orthographic views, it is common for one line type to overlap another line
type. When this occurs, drawing conventions have established an order of precedence.
For example - perhaps a visible line type belongs in the same location as a hidden line
type; since the visible features of a part (object lines) are represented by thick solid lines,
they take precedence over all other lines.

If a centerline and cutting plane coincides, the more important one should take
precedence. Normally the cutting plane line, drawn with a thicker weight, will take
precedence.

The following list gives the preferred precedence of lines on your drawing:

1. Visible (Object/Feature) Lines.

2. Hidden Lines.

3. Cutting Plane Lines.

4. Centerlines.

5. Phantom lines.

6. Break Lines.

7. Dimension Lines.

8. Extension Lines/Lead Lines.

9. Section Lines/Crosshatch Lines.
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I
VISBLELINE/FEATURELINEY HODENLINET i
I
L J I
- CENTERLINEY |
CUTTING-PLANE-LINEY PHANTOM LINE
..... BREAK.LINES DIMENSION-LINEY

10

EXTENSION-LINESY SECTION-LINESY

R1.00
Bracket
Chapter 1 Homework

Chapter 2 Homework

Chapter 3 Homework

LEADER LlNE - BENT Chapter 5 Homework

Chapter 6 Homework
Chapter 8 Homework

Download all needed model files (SOLIDWORKS-MODELS 2021)

Chapter 9 Homework

from the SDC Publications website Chapter 10 CSWA Models
(https://www.sdcpublications.com/downloads/978-1-63057-407-9). f;;’o" paper
Sk MY-SHEETFORMATS

" View the presentations from the SOLIDWORKS-MODELS N TR Bl AIS
2021\PPT Presentation folder for additional information. g

Decimal - Millimeters - Points
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Alphabet of Lines Exercises:
Identify the correct line types:

Exercise 1:

Identify the number of line types and the type of lines in the below view.

J9

------------------------ — 118

79 — =]

Number of Line Types:

Types of Lines:

Exercise 2:

Identify the number of line types and the type of lines in the below view.

DETAILC
SCALE3:2

Number of Line Types:

Types of Lines:
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Exercise 3:

Identify the number of line types and the type of lines in the below view.

/— ®.50 THRU ALL \(45.0** ™
4 — \
T '75 é "\ l\\ ,"\
St i =
~={1.00 = Y
-1 150 =
8.00 s
Number of Line Types:
Types of Lines:
s
“¥* View the presentations from the SOLIDWORKS- Bracket

MODELS 2021\PPT Presentation folder for additional Chapter 1 Homework
information.

Chapter 2 Homework
Chapter 3 Homework
Chapter 5 Homework
Chapter 6 Homework
Chapter 8 Homework
Chapter 9 Homework
Chapter 10 CSWA Models
Graph paper
LOGO
MY-SHEETFORMATS
MY-TEMPLATES

PPT Presentations

& Decimal - Millimeters - Points
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Projections in General

To better understand the theory of projection, one must first become familiar with the
general terminology and divisions of Projections as illustrated in the below figure.

PROJECTIONS
PARALLEL
PERSPECTIVE
arallel projectors ) )
(p proj ) {converging projectors)
Obll L« One point
: . ique
Orthographic 1 {one principal
[projectors not perpen deculas to vanishing pont}

[projectors perpendicular 5
view plane]

to wew plane)
/\ l —* Two point
(Two prineipal

B e General
Multiview AxXonometric vanishing point}
(view plane paraliel [view plane not parallel ko Cavalier

to principal planes) principsl planes) Thre .
ree point

{Three principal

—* Cabinet vanishing point)

Isometric Dimetric Trimetric

Projection from 3D to 2D is defined by straight Projection rays (projectors) emanating
from the center of projection, passing through each point of the object and intersecting
the projection plane to form a projection.

'
Projection

Center of plane

projection
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To better understand the theory of projection, you need to become familiar with the
elements that are common to the principles of projection.

The point of sight is the position of the observer in relation to the object and the plane of
projection. It’s from this point that the view of the object is taken.

The observer views the features of the object through an imaginary plane of projection.
Imagine yourself standing in front of a glass window (Projection plane) looking outward,;
the image of a house at a distance is sketched onto the glass which is a 2D view of a 3D
house.

A
Projectors \f"_" ~
IT \ 3
> I8 B
° =] Pr ojection
S Center oi e
projection
Point of Sight at a point

The lines connecting from the point of sight to the 3D object are called the projection
lines or projectors. The projectors are connected at the point of sight, and the projected
2D image is smaller than the actual size (foreshortening) of the 3D object.

: =l Projection
NS plane

l/"' Center of / b

projection

at infimity
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