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AutoCAD® 2013 Tutorial: 2D Fundamentals i

Preface

The primary goal of AutoCAD® 2013 Tutorial: 2D Fundamentals is to
introduce the aspects of Computer Aided Design and Drafting (CADD).
This text is intended to be used as a training guide for students and
professionals. This text covers AutoCAD® 2013 and the lessons proceed in
a pedagogical fashion to guide you from constructing basic shapes to
making multiview drawings. This text takes a hands-on, exercise-intensive
approach to all the important 2D CAD techniques and concepts. This
textbook contains a series of ten tutorial style lessons designed to
introduce beginning CAD users to AutoCAD® 2013. This text is also
helpful to AutoCAD users upgrading from a previous release of the
software. The new improvements and key enhancements of the software
are incorporated into the lessons. The 2D-CAD techniques and concepts
discussed in this text are also designed to serve as the foundation to the
more advanced parametric feature-based CAD packages such as
AutoCAD® Inventor.

The basic premise of this book is that the more designs you create using
AutoCAD® 2013, the better you learn the software. With this in mind,
each lesson introduces a new set of commands and concepts, building on
previous lessons. This book does not attempt to cover all of AutoCAD®
2013’s features, only to provide an introduction to the software. It is
intended to help you establish a good basis for exploring and growing in
the exciting field of Computer Aided Engineering.

MultiMedia CD

The enclosed CD contains a video presentation of the tutorials in the first
three chapters and selected end-of-chapter exercises from throughout the
book.
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Notes on using this book to prepare for the
AutoCAD Certified Associate Examination

This edition of the text can also be used as a preparation guide for the AutoCAD
Certified Associate examination. The book’s content has been expanded to include
majority of the topics covered in the examination. The reference tables beginning on the
next page and located at the beginning of each chapter show the textbook’s coverage of
Certified Associate Examination performance tasks. Students taking the certification
exam can use the reference tables as both a check list for topics that they need to
understand and as a way of finding particular topics. The tables are provided as a
reference only. It is important for the user to work through the book chapters in
sequential order, as each chapter builds on the skills learned in previous chapters.

PLEASE NOTE:

Every effort has been made to cover the exam objectives included in the
AutoCAD Certified Associate Examination. However, the format and topics
covered by the examination are constantly changing, students planning to take
the Certified Associate Examination are advised to visit the Autodesk website
and obtain information regarding the format and details about the AutoCAD
Certified Associate Examination.
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Certified Associate Reference Guide

AutoCAD Certified Associate Examination Reference Guide

The AutoCAD Certified Associate examination includes 12 sections. The following
tables show where the performance tasks for each section are covered in this book.

This Reference Guide is provided to give you a checklist of performance tasks covered
on the Certified Associate examination and to show you on which page(s) specific tasks
are covered.

Section 1: Introduction to AutoCAD
Obijectives: Describe and set the Workspace.

Certification Examination Covered in this book on
Performance Task Chapter — Page
ol (ToT ) (0] SRRSO 1-4
ZOOM EXIENt ..., 1-5
Drawing LIMItS ....cccovviveiiciesiece e 1-5
STATUS BaAr...vvieiiiiiiiiii ittt 1-10
GRID DISPlay .....cccuevieiiiieieee e 1-10, 1-11
PAN REAIIME ... 1-20
=TT ] o] o T 2-10
UCS 1C0N OFIQIN ceviiiiiiieieiesieee e 2-10
POINE SEYIE <. 3-15
Ortho MOAE .......vviiiiiiiicc e 3-24
Drafting Settings ......cccooevviieiieiiee e 3-25
SNAP and Grid ....c.ooceeiiiieieie 3-25
USE aWIZAId ....ooeeeiiieciie e 4-4
Z00M REAILIME ..ooiiiiiiiiii e 4-22
Layer VISIDIHItY ......ccoevieiecie e 4-25
Show All CONSErAINTS ......cocvviiieiiiiiiec e 8-34
Show Dynamic CoNnstraints ..........cccoceeeerieereereseennennenns 8-34
AULOCAD WOIKSPACE ...c.vevveiieieeiieiiee e 9-5

Section 2: Creating Drawings
Objectives: Create and edit geometry using the Dynamic Input interface.
Use running Object Snaps and object snap overrides to select Snap
points in the drawing.
Use Polar Tracking and PolarSnap efficiently and effectively.
Use Object Tracking to position geometry.
Use the Units command to set drawing units.

Certification Examination Covered in this book on
Performance Task Chapter — Page
FOrMAL ... 1-5
UNIES SELUP oot 1-5
Line Command ........cccooveeiiiiiic e 1-8
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COoOrdINALES ...oovieiieieieiieee e 1-8
Interactive Input Method ..o 1-9
SNAP OPLION .oveieiiiiiiieeee e 1-10
WOTId SPACE ..o 1-15
User Coordinate SYStem .......cccccovveieerienieenene e 1-15
World Coordinate SYStem .........cccevveveiieeneeie e 1-15
UCS 1coN DiSPlay ......covevieiiiieiieisie e 1-16
TTR, CIrClE oo 1-16
Relative CoOrdinate .........ccoceeveeieeniniiiieneee e 1-17
Coordinate SYSEMS ......ccevveieiiereece e 1-17
Cartesian Coordinate SYStem ........ccccevveieiieeneniieneennns 1-17
Absolute Coordinates ..........cccovvvrerinierenene e 1-17,1-18
PosItions, DefiNINg ......ccccovvveiiiiiieee e 1-18
Line, Close OPLioN .......cccccveviviieieeie e 1-19
Circle Command .......cccoooeiieiiieeee e 1-23
TTT, CirCle oo 1-23
DynamicC INPUL ...ooveiiieeee s 2-3
Drawing LIMILS ....ccoooviiiiiieiecieceee e 2-6
Direct Distance OPtioN ........ccoceveeiiniienienienie e 2-6
Startup Dialog BoX, SNOW .......ccceovvviieiiie e 2-7
Dynamic INput SEttings .......ccovvreeriniriieneee e 2-7
Start from SCratCh ..o 2-9
WOrId SPACE ..ot 2-12
User Coordinate SYStem .......cccccvevevveresieneee e 2-12
Circle — Center, RadiUS ........cccociiiiiiiiiiie e 2-13
Tangent, SNAP 10 ..eevvviiiiiiieei 2-15
Object Snap Toolbar..........ccccvveveiieieceee e 2-14
ENdpoint, SNap t0 .....ooveiviiiiiiiiiieeeee e 2-14
TTR, CIICIE oo 2-17
POIYGON o s 2-20
Center, SNAP 0 ..ovvvveiiiic 2-22
Start from SCratCh ......ccooovvieiiee e 3-4
Geometric CONSLIUCTION ......ocvvvveviiiiieieere e 3-5
Bisection of a LiNe OF ArC ....ccccvveeiveiieiieneee e 3-5
Snap to Perpendicular ..........ccccoceiieiieiiiic e 3-5
SNap to MIdPOINt .......ooviieiiee e 3-5
Bisection of an ANgle ........cooveeviiiii e 3-8
CoNSErUCTION LINE ..ovveiveieciie e 3-8
SNAP O NOE ... 3-15
Circle through Three Points ...........ccocviiiiiiiencieneen, 3-16
3-POINt CIrCle ..o, 3-16
Line Tangent to a Circle from a Given Point.................. 3-17
Circle of a Given Radius Tangent to Two Lines.............. 3-20
Fillet Command .........ccovvivieiiceseee e 3-19
Multiling Style ......ccoveiiiee 4-7
MUITTINE. ... 4-11
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SNAP FIOM .o 4-15
RECtaNgle .....ooveeceeeee e 4-23
EHIPSE oo s 4-24
RUNNING ODJECt SNAPS.......ceeieeieiieiieie e 5-9
Object Snap Tracking .......cccceveeeveriernienesee e 5-13
SNAP FIOM ..o 5-16
Miter Line Method ... 5-19
Geometric CONSLrAINTS ......ccvevuveieiiecie e see e 8-10
Dimensional Constraints..........ccocveverrieenenieneene e 8-13
POIArTracking ......cccevveieiieie e 9-13
SNAP OVEITIAES ..o 10-8
TANGENT oo 10-8
Hor. Construction LiNe .......cccocvvieiininnienenie e 10-11

Section 3: Manipulating Objects

Objectives: Use several different Selecting Objects methods to select objects.
Select Objects for grip editing and identify the type of editing that can
be done using grips.
Move objects in the drawing using Object Snaps,Coordinate entry,
and Object Snap Tracking for precise placement.
Use the Copy command to copy objects in the drawing.
Use the Rotate command to rotate objects in the drawing.
Use the Mirror command to mirror objects in the drawing.
Use the Array command to pattern objects in the drawing.

Certification Examination Covered in this book on
Performance Task Chapter — Page
Erase Command ..........ccovviviieiiiic i 1-13
Selection WINAOW .......c..cvveiiiiiiei e 1-14
Trim ComMMaNd........coociiiiiiie i 2-19
MoVve COMMAN .......eeveiiriiiieiciee e 3-6
Rotate Command .........cccevvviieiiiec e 3-8
Transfer of an ANgle ... 3-8
Copy COMMANG ....ccvevireieciece e 3-12
Dividing a Given Line into Equal Parts .............cccceevenee. 3-14
POINE, DIVIAE vveiiviiiiceii et 3-15
Extend Command .........coocvviiiiiiiiee e 3-29
MUIEIING Edit....ccvoeiiieiicie e 4-16
Open Tee, MUItIliNg ......covvvveiieie e 4-17
Moving Objects to a Different Layer..........ccccceeevevvvennne. 4-26
Mirror Command .........ooeevveieiiiiiiee e 7-20
Array Command ........cccceevveieiieieece e 7-21
Geometric ConStraints ........cocvveeevvee i 8-11
Dimensional ConstraintS..........ccoveveieeiciee e 8-13
Mirror Command .........cooeevveieiviiiiee e s 8-26
Auto Constrain Command ..........cccoevveevvieeiciee e 8-29
GripS EAITING .ovvviiiiieieeecee e 9-7
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Copy Selections, GriPS.......cceieerieririieiesee e see e 9-7

ROtAtE, GriPS ..vveveieieeieeie et 9-8

QUICK SEIECE.....ccuiicicce e 10-19
DeSeleCt All.......coeieeeeeeeee e 10-20
COPY it 11-13
PaSTE . 11-13
QUICK SEIECE ...t 11-14
Paste as BIOCK ......ccooveiie e, 11-17
Copy with Base POINt..........ccoooviiiiiiiecee e 11-20

Section 4: Drawing Organization and Inquiry Commands
Objectives: Use Layer tools.
Describe the use and effect of the ByLayer property.
Use the Match Properties command to apply the Properties from a
source object to destination objects.
Use the inquiry commands (Distance, Radius, Angle, Area,
List, and ID) to obtain geometric information from the drawing

Certification Examination Covered in this book on
Performance Task Chapter — Page
QuickCalc Command .........ccccoeveeveeiiieccee e 2-24
Measure Distance Command ..........ccccceverierienienneenennn 2-24
Angle of Line Defined by two Points ..........cccccceeviiennne 3-12
Measure Area and Perimeter..........cocovvvveneneneencsieee 3-35
LAY, ettt 4-19
Layers Properties .........cccoereeeneenieie e 4-20
Layers CoNtrol .........cccveveveeieeeceese e 4-22
List Command ..........ccooiiiiiiie e 5-26
Properties Command .........cccccvevveveereeiiesieese e 5-27
VIEWPOIt PrOPErtiES ......eevveeiiiieiieeie e 7-24
Layers CoNtrolsS .......ccccovvvieveeeseese e 8-6
Layers CONtrolS .......cccooviieieniesieeee e 9-6
Linetype SCale ......cccocvveieiieeee e 10-14

Section 5: Altering Objects
Obijectives: Use the Offset command to create parallel and offset geometry.
Use the Fillet command to create radius geometry connecting two

objects.
Use the Join command to combine multiple objects into a single
object.
Certification Examination Covered in this book on

Performance Task Chapter — Page

Offset COMMANG ...oceoviieeeee e e 3-33

Edit POIYIING. ..o 3-33

EXPIOUE .o 3-37
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Mirror Command ..........cooevveiiiiiiiiee e 8-26
Trim CommaNnd ......c.ccoevvveiiiieiiee e 8-27
Trim ComMMaAN......oooeiiiiiiieiiieee e 9-19
SEIEECN e 10-15
Rotate Command ...........cccuveiiiiiiiei e 11-17
Explode Command ..........cccocvevviieiiene e 11-18

Section 6: Working With Layouts
Obijectives: Create a new layout
Create and manipulate Viewports.

Certification Examination Covered in this book on
Performance Task Chapter — Page
Layout MOGE ......eoiveiiieiicieeeee s 7-10
VIBWPOITS .ovveeiecieeieeie e 7-23

Section 7: Annotating the Drawing

Obijectives: Use the Multiline Text command to create and format paragraphs of
text.
Create and use Text Styles.

Certification Examination Covered in this book on
Performance Task Chapter — Page
SINGIE LiNe TEXLE ..vvevveeieiieieecie e 6-24
Special CharaCters ..........ccoeieeieiieneeeeee e 6-25

Section 8: Dimensioning

Objectives: Create different types of Dimensions on linear objects.
Create and modify Dimension Styles to control the appearance of
dimensions.
Create and edit Multileaders.

Certification Examination Covered in this book on
Performance Task Chapter — Page
DIimensions TOOIDAr .......ccuvvveiiciiiee e 6-16
Dimension StYIe ..o 6-16
Fractional DIMENSION .......cccocovvviieeiiiiieee e 6-18
Overall DImension Scale ..........ccccevvvvieiviieccie e, 6-18
Center Mark .....ccueeeiiieiee e 6-20
Linear DIMENSION .......cocvvviiriieiiie e 6-21
ANGUIAr DIMENSION ..o 6-22
Radius DIMENSION .......ccvvviiiriieiiiee e 6-22
DIimension Update ..........ccovviiiiininicee e 7-26
Scale Dimension to Layout ...........ccccceevevieeiieresieseene 7-26
MUIRHEAEY ... 10-17
Multileader Style ........cccovveiiiecee e 11-21
PN [0 I =T Vo (=T 11-23
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Section 9: Hatching Objects
Objectives: Create Hatch patterns and fills.

Certification Examination Covered in this book on
Performance Task Chapter — Page
HAtCh oo 10-21

Section 10: Working With Reusable Content
Obijectives: Use the Block command to create a block definition.
Use the Insert command to insert a block reference in a drawing.

Certification Examination Covered in this book on
Performance Task Chapter — Page
PUrge BIOCKS ..o 6-26
Template File .....cocooveiieeee e 7-13
Use @ TEMPIALE .....ocveeeiiiiiiieeieee e 10-4
Make BIOCK .....cooiiiiiiiicece 11-9
INSEIt BIOCK ..o 11-11
Paste as BIOCK ..o 11-17

Section 11: Creating Additional Drawing Objects
Objectives: Work with polylines.

Edit polylines.

Certification Examination Covered in this book on
Performance Task Chapter — Page
POIYIINES ... 3-33
Table Style ..o 11-26
Table ComMMAaNd .......ccooeiiiiiiiee e 11-27

Section 12: Plotting
Obijectives: Create and modify Page Setup.

Certification Examination Covered in this book on
Performance Task Chapter — Page
PIOt SEYIE ..o 7-7
Plot Style Table Settings..........ccoovvririeieiee e 7-5
Plot Command .........ccoeeveiiiieiiecee e 7-27

The AutoCAD Certified Associate Examination is a performance-based exam. The
examination is comprised of approximately 30 questions to be completed in one hour.
The test items will require you to use the AutoCAD software to perform specific tasks
and then answer questions about the tasks. Performance-based testing is defined as
testing by doing. This means you actually perform the given task then answer the
questions regarding the task. Performance-based testing is widely accepted as a better
way of insuring the users have the skills needed, rather than just recalling information.

For detailed information, visit http://www.autodesk.com/certification.
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Tips on Taking the AutoCAD Certified Associate Examination
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1. Study: The first step to maximize your potential on an exam is to sufficiently
prepare for it. You need to be familiar with the AutoCAD package, and this
can only be achieved by doing drawings and explore the different commands
available. The AutoCAD Certified Associate exam is designed to measure
your familiarity with the AutoCAD software. You must be able to perform the
given task and answering the exam questions correctly and quickly.

2. Make Notes: Take notes of what you learn either while attending classroom
sessions or going through study material. Use these notes as a review guide
before taking the actual test.

3. Time Management: Manage the time you spent on each question. Always
remember you do not need to score 100% to pass the exam. Also keep in
mind that some questions are weighed more heavily and may take more time
to answer.

4. Be Cautious: Devote some time to ponder and think of the correct answer.
Ensure that you interpret all the options correctly before selecting from
available choices.

5. Use Common Sense: If you are unable to get the correct answer and unable
to eliminate all distracters, then you need to select the best answer from the
remaining selections. This may be a task of selecting the best answer from
amongst several correct answers, or it may be selecting the least incorrect
answer from amongst several poor answers.

6. Take Your Time: The examination has a time limit. If you encounter a
question you cannot answer in a reasonable amount of time, use the Save As
feature to save a copy of the data file, and mark the question for review.
When you review the question, open your copy of the data file and complete
the performance task. After you verify that you have entered the answer
correctly, unmark the question so it no longer appears as marked for review.

7. Don't Act in Haste: Don't go into panic mode while taking a test. Always
read the question carefully before you look out for choices in hand. Use the
Review screen to ensure you have reviewed all the questions you may have
marked for review. When you are confident that you have answered all
questions, end the examination to submit your answers for scoring. You will
receive a score report once you have submitted your answers.

8. Relax before exam: In order to avoid last minute stress, make sure that you
arrive 10 to 15 minutes early and relax before taking the exam.

Every effort has been made to cover the exam objectives included in the AutoCAD
Certified Associate Examination. However, the format and topics covered by the
examination are constantly changing, students planning to take the Certified
Associate Examination are advised to visit the Autodesk website and obtain
information regarding the format and details about the examination.
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Introduction

Computer Aided Design (CAD) is the process of doing designs with the aid of
computers. This includes the generation of computer models, analysis of design data, and
the creation of the necessary drawings. AutoCAD® 2013 is a computer aided design
software developed by Autodesk Inc. The AutoCAD® 2013 software is a tool that can be
used for design and drafting activities. The two-dimensional and three-dimensional
models created in AutoCAD® 2013 can be transferred to other computer programs for
further analysis and testing. The computer models can also be used in manufacturing
equipment such as machining centers, lathes, mills, or rapid prototyping machines to
manufacture the product.

The rapid changes in the field of computer aided engineering (CAE) have brought
exciting advances in industry. Recent advances have made the long-sought goal of
reducing design time, producing prototypes faster, and achieving higher product quality
closer to a reality.

Computer Aided Engineering

(CAE)
| |
Computer Aided Design Computer Aided Manufacturing
(CAD) (CAM)
|
| |
Computer Geometric Modeling Computer Aided Drafting

Finite Element Analysis

Development of Computer Geometric Modeling

Computer Aided Design is a relatively new technology and its rapid expansion in the
last fifty years is truly amazing. Computer modeling technology advanced along with the
development of computer hardware. The first generation CAD programs, developed in
the 1950s, were mostly non-interactive; CAD users were required to create program
codes to generate the desired two-dimensional (2D) geometric shapes. Initially, the
development of CAD technology occurred mostly in academic research facilities. The
Massachusetts Institute of Technology, Carnegie-Mellon University, and Cambridge
University were the lead pioneers at that time. The interest in CAD technology spread
quickly and several major industry companies, such as General Motors, Lockheed,
McDonnell, IBM, and Ford Motor Co., participated in the development of interactive
CAD programs in the 1960s. Usage of CAD systems was primarily in the automotive
industry, aerospace industry, and government agencies that developed their own
programs for their specific needs. The 1960s also marked the beginning of the
development of finite element analysis methods for computer stress analysis and
computer aided manufacturing for generating machine tool paths.
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The 1970s are generally viewed as the years of the most significant progress in the
development of computer hardware, namely the invention and development of
microprocessors. With the improvement in computing power, new types of 3D CAD
programs that were user-friendly and interactive became reality. CAD technology quickly
expanded from very simple computer aided drafting to very complex computer aided
design. The use of 2D and 3D wireframe modelers was accepted as the leading edge
technology that could increase productivity in industry. The developments of surface
modeling and solid modeling technology were taking shape by the late 1970s; but the
high cost of computer hardware and programming slowed the development of such
technology. During this time period, the available CAD systems all required extremely
expensive room-sized mainframe computers.

In the 1980s, improvements in computer hardware brought the power of mainframes to
the desktop at less cost and with more accessibility to the general public. By the mid-
1980s, CAD technology had become the main focus of a variety of manufacturing
industries and was very competitive with traditional design/drafting methods. It was
during this period of time that 3D solid modeling technology had major advancements,
which boosted the usage of CAE technology in industry.

In the 1990s, CAD programs evolved into powerful design/manufacturing/management
tools. CAD technology has come a long way, and during these years of development,
modeling schemes progressed from two-dimensional (2D) wireframe to three-
dimensional (3D) wireframe, to surface modeling, to solid modeling and, finally, to
feature-based parametric solid modeling.

The first generation CAD packages were simply 2D Computer Aided Drafting
programs, basically the electronic equivalents of the drafting board. For typical models,
the use of this type of program would require that several to many views of the objects be
created individually as they would be on the drafting board. The 3D designs remained in
the designer’s mind, not in the computer database. The mental translation of 3D objects
to 2D views is required throughout the use of the packages. Although such systems have
some advantages over traditional board drafting, they are still tedious and labor intensive.
The need for the development of 3D modelers came quite naturally, given the limitations
of the 2D drafting packages.

The development of the 3D wireframe modeler was a major leap in the area of computer
modeling. The computer database in the 3D wireframe modeler contains the locations of
all the points in space coordinates and it is sufficient to create just one model rather than
multiple models. This single 3D model can then be viewed from any direction as needed.
The 3D wireframe modelers require the least computer power and achieve reasonably
good representation of 3D models. But because surface definition is not part of a
wireframe model, all wireframe images have the inherent problem of ambiguity.
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Wireframe Ambiguity: Which corner is in front, A or B?

A non-realizable object: Wireframe models contain no surface definitions.

Surface modeling is the logical development in computer geometry modeling to follow
the 3D wireframe modeling scheme by organizing and grouping edges that define
polygonal surfaces. Surface modeling describes the part's surfaces but not its interiors.
Designers are still required to interactively examine surface models to insure that the
various surfaces on a model are contiguous throughout. Many of the concepts used in 3D
wireframe and surface modelers are incorporated in the solid modeling scheme, but it is
solid modeling that offers the most advantages as a design tool.

In the solid modeling presentation scheme, the solid definitions include nodes, edges, and
surfaces, and it is a complete and unambiguous mathematical representation of a
precisely enclosed and filled volume. Unlike the surface modeling method, solid
modelers start with a solid or use topology rules to guarantee that all of the surfaces are
stitched together properly. Two predominant methods for representing solid models are
constructive solid geometry (CSG) representation and boundary representation (B-

rep).
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The CSG representation method can be defined as the combination of 3D solid
primitives. What constitutes a “primitive” varies somewhat with the software but
typically includes a rectangular prism, a cylinder, a cone, a wedge, and a sphere. Most
solid modelers allow the user to define additional primitives, which can be very complex.

In the B-rep representation method, objects are represented in terms of their spatial
boundaries. This method defines the points, edges, and surfaces of a volume, and/or
issues commands that sweep or rotate a defined face into a third dimension to form a
solid. The object is then made up of the unions of these surfaces that completely and
precisely enclose a volume.

By the 1990s, a new paradigm called concurrent engineering had emerged. With
concurrent engineering, designers, design engineers, analysts, manufacturing engineers,
and management engineers all work closely right from the initial stages of the design. In
this way, all aspects of the design can be evaluated and any potential problems can be
identified right from the start and throughout the design process. Using the principles of
concurrent engineering, a new type of computer modeling technique appeared. The
technique is known as the feature-based parametric modeling technique. The key
advantage of the feature-based parametric modeling technique is its capability to produce
very flexible designs. Changes can be made easily and design alternatives can be
evaluated with minimum effort. Various software packages offer different approaches to
feature-based parametric modeling, yet the end result is a flexible design defined by its
design variables and parametric features.

In this text, we will concentrate on creating designs using two-dimensional geometric
construction techniques. The fundamental concepts and use of different AutoCAD® 2013
commands are presented using step-by-step tutorials. We will begin with creating simple
geometric entities and then move toward creating detailed working drawings and
assembly drawings. The techniques presented in this text will also serve as the foundation
for entering the world of three-dimensional solid modeling using packages such as
AutoCAD Mechanical Desktop, AutoCAD Architecture and Autodesk Inventor.

Why use AutoCAD®2013?

AutoCAD® was first introduced to the public in late 1982, and was one of the first CAD
software products that were available for personal computers. Since 1984, AutoCAD®
has established a reputation for being the most widely used PC-based CAD software
around the world. By 2007, it was estimated that there were over 6 million AutoCAD®
users in more than 150 countries worldwide. AutoCAD® 2013 is the twenty-sixth release,
with many added features and enhancements, of the original AutoCAD® software
produced by Autodesk Inc.

CAD provides us with a wide range of benefits; in most cases, the result of using CAD is

increased accuracy and productivity. First of all, the computer offers much higher
accuracy than the traditional methods of drafting and design. Traditionally, drafting and
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detailing are the most expensive cost element in a project and the biggest bottleneck.
With CAD systems, such as AutoCAD® 2013, the tedious drafting and detailing tasks are
simplified through the use of many of the CAD geometric construction tools, such as
grids, snap, trim, and auto-dimensioning. Dimensions and notes are always legible in
CAD drawings, and in most cases, CAD systems can produce higher quality prints
compared to traditional hand drawings.

CAD also offers much-needed flexibility in design and drafting. A CAD model generated
on a computer consists of numeric data that describe the geometry of the object. This
allows the designers and clients to see something tangible and to interpret the
ramifications of the design. In many cases, it is also possible to simulate operating
conditions on the computer and observe the results. Any kind of geometric shape stored
in the database can be easily duplicated. For large and complex designs and drawings,
particularly those involving similar shapes and repetitive operations, CAD approaches are
very efficient and effective. Because computer designs and models can be altered easily,
a multitude of design options can be examined and presented to a client before any
construction or manufacturing actually takes place. Making changes to a CAD model is
generally much faster than making changes to a traditional hand drawing. Only the
affected components of the design need to be modified and the drawings can be plotted
again. In addition, the greatest benefit is that, once the CAD model is created, it can be
used over and over again. The CAD models can also be transferred into manufacturing
equipment such as machining centers, lathes, mills, or rapid prototyping machines to
manufacture the product directly.

CAD, however, does not replace every design activity. CAD may help, but it does not
replace the designer’s experience with geometry and graphical conventions and standards
for the specific field. CAD is a powerful tool, but the use of this tool does not guarantee
correct results; the designer is still responsible for using good design practice and
applying good judgment. CAD will supplement these skills to ensure that the best design
is obtained.

CAD designs and drawings are stored in binary form, usually as CAD files, to magnetic
devices such as diskettes and hard disks. The information stored in CAD files usually
requires much less physical space in comparison to traditional hand drawings. However,
the information stored inside the computer is not indestructible. On the contrary, the
electronic format of information is very fragile and sensitive to the environment. Heat or
cold can damage the information stored on magnetic storage devices. A power failure
while you are creating a design could wipe out the many hours you spent working in front
of the computer monitor. It is a good habit to save your work periodically, just in case
something might go wrong while you are working on your design. In general, one should
save one’s work onto a storage device at an interval of every 15 to 20 minutes. You
should also save your work before you make any major modifications to the design. It is
also a good habit to periodically make backup copies of your work and put them in a safe
place.
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Getting started with AutoCAD® 2013

How to start AutoCAD® 2013 depends on the type of workstation and the particular
software configuration you are using. With most Windows systems, you may select the
AutoCAD 2013 option on the Start menu or select the AutoCAD 2013 icon on the
Desktop. Consult with your instructor or technical support personnel if you have
difficulty starting the software.

The program takes a while to load, so be patient. Eventually the AutoCAD® 2013 main
drawing screen will appear on the screen. The tutorials in this text are based on the
assumption that you are using AutoCAD® 2013’s default settings. If your system has
been customized for other uses, some of the settings may not work with the step-by-step
instructions in the tutorials. Contact your instructor and/or technical support personnel to
restore the default software configuration.
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AutoCAD® 2013 Screen Layout

The default AutoCAD® 2013 drawing screen contains the pull-down menus, the

Standard toolbar, the InfoCenter Help system, the scrollbars, the command prompt area,
the Status Bar, and the Ribbon Tabs and Panels that contains several control panels such
as the Draw and Modify panel and the Annotation panel. You may resize the AutoCAD®
2013 drawing window by click and drag at the edges of the window, or relocate the
window by click and drag at the window title area.

Cursor Coordinates Display

. ; InfoCenter
Application Menu {1 Quick Access Toolbar /
¥ ==
\ Ribbon Tabs and Panels
Graphics -
Window -— Graphics Cursor
ViewCube and
Navigation Toolbar
/ Command Line area
\, -
» . N
\ Status Bar \ Assorted Quick Access

Toolbars

+»+ Click on the down-arrow in the Quick Access bar and select Show Menu Bar to
display the AutoCAD Menu bar. Note that the menu bar provides access to all of
the AutoCAD commands.
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e Application Menu

The Application Menu at the top of the main window
contains commonly used file operations.

e Workspace Switching
The Workspace Switching icon allows us to switch between different system
settings.

e Quick Access Toolbar
The Quick Access toolbar at the top of the AutoCAD window allows us quick access
to frequently used commands, such as Qnew, Open, Save and also the Undo
command. Note that we can customize the quick access toolbar by adding and
removing sets of options or individual commands.

e AutoCAD Menu Bar
The Menu bar is the pull-down menu where all operations of AutoCAD can be
accessed.
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e Graphics Window
The graphics window is the area where models and drawings are displayed.

e Graphics Cursor or Crosshairs

The graphics cursor, or crosshairs, shows the location of
the pointing device in the graphics window. The
coordinates of the cursor are displayed at the bottom of

the screen layout. The cursor’s appearance depends on
I the selected command or option.
kS
4]

Command Prompt Area

The bottom section of the screen layout
provides status information for an
operation and it is also the area for data
input.

e Cursor Coordinates

The bottom left section of the screen layout
displays the coordinate information of the cursor.

e Status Toolbar

Next to the cursor coordinate
display is the Status toolbar,
showing the status of several
commonly used display and
construction options.

e Ribbon Tabs and Panels
The top section of the screen layout contains customizable icon panels, which contain
groups of buttons that allow us to pick commands quickly, without searching through
a menu structure. These panels allow us to quickly access the commonly used
commands available in AutoCAD.
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e Draw and Modify Toolbar Panels

The Draw and Modify toolbar panels contain icons for basic draw and modify

commands.

>

Draw Toolbar

Modify Toolbar

e Layers Control Toolbar Panel

Cutput Cnline
&£ 58 89 %%
it | Unsaved Layer State -
G S W -
| Lavers = | 1

e Annotation Toolbar Panel

e Layout/Model Toolbar

e Viewport/View/Display Controls

The Layers Control toolbar panel contains
tools to help manipulate the properties of
graphical objects.

The Annotation toolbar panel contains tools for creating and
editing dimensions.

The Layout/Model toolbar contains tools for creating
and editing layouts.

Ciraw - |
L] Denl] 2D wireframe] The Viewport/View/Display control_s panel is Iogated
P —— at the upper left corner of the graphics area and it can
Wiewport Configuration List b be used to quickly access viewing related
v ViewCube commands, such as Viewport and Display style.
SteeringWwheels
» Mawvigation Bar
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Mouse Buttons

AutoCAD® 2013 utilizes the mouse buttons extensively. In learning AutoCAD® 2013's
interactive environment, it is important to understand the basic functions of the mouse
buttons. It is highly recommended that you use a mouse or a tablet with AutoCAD® 2013
since the package uses the buttons for various functions.

e Left mouse button
The left-mouse-button is used for most operations, such as selecting menus and
icons, or picking graphic entities. One click of the button is used to select icons,
menus and form entries, and to pick graphic items.

e Right mouse button
The right-mouse-button is used to bring up additional available options. The
software also utilizes the right-mouse-button as the same as the ENTER key, and is
often used to accept the default setting to a prompt or to end a process.

e Middle mouse button/wheel
The middle mouse button/wheel can be used to Pan (hold down the wheel button and

drag the mouse ) or Zoom (rotate the wheel) realtime.

Brings up additional available
Allows quick Pan options. Also used to accept the

and Zoom. / default option of a command, or
\ end a process.

Picks icons, menus,
and graphic entities.

[Esc] — Canceling commands

The [Esc] key is used to cancel a command in AutoCAD® 2013. The [Esc] key is
located near the top-left corner of the keyboard. Sometimes, it may be necessary to press
the [Esc] key twice to cancel a command; it depends on where we are in the command
sequence. For some commands, the [Esc] key is used to exit the command.
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On-Line Help

% Several types of on-line help are available at any time during an AutoCAD® 2013
session. The AutoCAD® 2013 software provides many on-line help options:

e Autodesk Exchange:
Autodesk Exchange is a central portal in AutoCAD 2013; AutoCAD Exchange
provides a user interface for Help, learning aids, tips and tricks, videos, and
downloadable apps. By default, Autodesk Exchange is displayed at startup. This
allows access to a dynamic selection of tools from the Autodesk community, note that
internet connection is required to use this option.

k| Draw lines

& autodesk Exchange

Autodesk® Exchange

e To use Autodesk Exchange, RIS
Slmply type Ina queStlon in the Diraw lines @ Q|| Everywhers >
input box to search through the | oerva '
] rywhere
Autodesk’s Help system as Browse Help Product Documentation
shown in the above figure. | e
¥ Product Documentation Cor{i}and Refarence

¥ User's Guide Customization Guide

. . » Cormimand Reference Product Support
e A list of the search options
. ¥ Customization Guide Knowledge Base
appears in the Autodesk Discussion 6
N » Readme 1SCUSSION Froups
Exchange window; and we can Installation & Deployment
: 4 (| . i
determine the level and type of Installation & Depioytment Developer's Documentation
searches of the associated > Developer's Documentation
information. w
IS Autodesk Exchange =10l =l
A ode ange
ome Help
‘4 | P Help  UsersGuide . Create and Modify Ohjects > Create Objects > Draw Linear Objects * A
Search Browse . =
Draw Lines
Draw lines Q Procedures | Commands | Related Topics
LselsCus = | You can close a sequence of line segments so that the first and last segments are joined
. A You can assign properties to lines including color, linetype, and linewsight. For more information about properties, see
Draw Lines || work with Object Properties.
... object Procedures To draw lines
Click Home tab .. Point prompt, You specify the locations that define the endpoints of each line with precision. You can
G ds LINE Creat traight i
S;gnmrgan:s = MERITeEs ST 1 » Enter the coordinate values for an endpoint, using either absolute or relative coordinates
Uset's Guide | 201103103 . Spemf_y an ubjec_t shap relative to an existing object. For example, you can specify the center of a circle as one
Draw Construction Lines {and Rays) E”dpn'ht of the line
... may want to create infinite lines on e Turn grid enap on and snap to = location
a construction .. You can also create
construction lines in several other .. There are other methods far creating precise lines. A highly efficient technique is to offset a line fram an existing line,
User's Guide | 20110303 and then trim or extend it to the desired length
Create Status Line Help Messages
DS POREES T EEE Lise polyline objects instead of line objects if you want the segments to be connected as a single object.
a status line help message Click ...
Customization Guide | 20110303
=
Create Dimensions with Oblique Procedures
Extension Lines To draw lines [ ]
obligue. Procedures To make
r‘.ndnn inn linae ohlinug Click Annotato
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Leaving AutoCAD® 2013

> To leave AutoCAD® 2013, use the left-mouse-button and click the Application
Menu button at the top left corner of the AutoCAD® 2013 screen window, then
choose Exit AutoCAD from the pull-down menu or type QUIT in the command
prompt area.

Options Exit AUWD |

Creating a CAD file folder

% Itis agood practice to create a separate folder to store your CAD files. You should
not save your CAD files in the same folder where the AutoCAD® 2013 application is
located. It is much easier to organize and backup your project files if they are in a
separate folder. Making folders within this folder for different types of projects will
help you organize your CAD files even further. When creating CAD files in
AutoCAD® 2013, it is strongly recommended that you save your CAD files on the
hard drive.

> To create a new folder in the Microsoft Windows environment:

1. In My Computer, or start the Windows Explorer under the Start menu, open the
folder in which you want to create a new folder.

2. On the File menu, point to New, and then click Folder. The new folder appears
with a temporary name.

File Edit Wiew Favarites  Toals  Help

T
#  Shorkcu

[®]

Create Shorkout
Delete @l Briefrase
Rename
) ﬂ Bitrnap Image
Properties
% Dialog Resource
Close ®7 wardrad Document
T T T
Eold raq IBasic Proaramm

3. Type a name for the new folder, and then press ENTER.

"

ACAD-Projects|
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¢ Create and Save AutoCAD drawing files

¢ Use the AutoCAD visual reference
commands

¢ Draw, using the LINE and CIRCLE
commands

¢ Use the ERASE command

¢ Define Positions using the Basic Entry
methods

¢ Use the AutoCAD Pan Realtime option
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 1.
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Introduction

Learning to use a CAD system is similar to learning a new language. It is necessary to
begin with the basic alphabet and learn how to use it correctly and effectively through
practice. This will require learning some new concepts and skills as well as learning a
different vocabulary. Today, the majority of the Mechanical CAD systems are capable of
creating three-dimensional solid models. Nonetheless, all CAD systems create designs
using basic geometric entities and many of the constructions used in technical designs are
based upon two-dimensional planar geometry. The method and number of operations that
are required to accomplish the basic planar constructions are different from one system to
another.

In order to become effective and efficient in using a CAD system, we must learn to create
geometric entities quickly and accurately. In learning to use a CAD system, lines and
circles are the first two, and perhaps the most important two, geometric entities that one
should master the skills of creating and modifying. Straight lines and circles are used in
almost all technical designs. In examining the different types of planar geometric entities,
the importance of lines and circles becomes obvious. Triangles and polygons are planar
figures bounded by straight lines. Ellipses and splines can be constructed by connecting
arcs with different radii. As one gains some experience in creating lines and circles,
similar procedures can be applied to create other geometric entities. In this chapter, the
different ways of creating lines and circles in AutoCAD® 2013 are examined.

Starting Up AutoCAD® 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop.

% Once the program is loaded into memory, the AutoCAD® 2013 drawing screen
will appear on the screen.
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> Note that AutoCAD automatically assigns generic name, Drawing X, as new
drawings are created. In our example, AutoCAD opened the graphics window using

the default system units and assigned the drawing name Drawingl.

2.

If necessary, click on the down-arrow in the Quick Access bar and select Show
Menu to display the AutoCAD Menu Bar. The Menu Bar provides access to all

AutoCAD commands.

F

T

Maore Commands...

Show Menu Bar |

ihca-lﬂilm tha Dikhe

Show Menu Bar

Press F1 for more help

\ AutoCAD Menu Bar
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Drawing Units Setup

> Every object we construct in a CAD system is measured in units. We should
determine the system of units within the CAD system before creating the first

geometric entities.

2. Click on the Length Type
option to display the
different types of length
units available. Confirm
the Length Type is set to
Decimal.

—Angle
Type:

Decimal Degrees

Surveyor's Units

In the Menu Bar select:
[Format] = [Units]

The AutoCAD Menu Bar contains multiple pull-
down menus, where all of the AutoCAD commands
can be accessed. Note that many of the menu items
listed in the pull-down menus can also be accessed
through the Quick Access toolbar and/or Ribbon
panels.

ﬁ'Drawing Units

— Length —Angle
Type: Type:
Decimal j IDecimaI Degrees j
Architectural Frecigion:
E hgineeri I 0 j
Fractional
5 cientific [T Clockwize

— Ihzertion zcale

IIhits ba zoale inzerted content:
I [ |

3. Onyour own, examine the other settings that are
available.

4. Inthe Drawing Units dialog box, set the Length Type to Decimal. This will set
the measurement to the default English units, inches.
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ﬁ!Drawing Units

— Length
Type:

x|

—Angle
Type:

IDecimaI

Frecizion:

I Decimal Degrees

Precizion;

[

0.0a

1]
0.0

_{o.0ao
0.0000
0.00000
0000000
0.0aa0aa0
000000000

o

[ Clackwise

=~

|— Sample Dutput
[

4 CONO S O0A0 O o0

Drawing Area Setup

5. Set the Precision to two digits
after the decimal point as shown
in the above figure.

6. Pick OK to exit the Drawing
Units dialog box.

+«» Next, we will set up the Drawing Limits by entering a command in the
command prompt area. Setting the Drawing Limits controls the extents of the
display of the grid. It also serves as a visual reference that marks the working
area. It can also be used to prevent construction outside the grid limits and as a
plot option that defines an area to be plotted/printed. Note that this setting does
not limit the region for geometry construction.

1. Inthe Menu Bar select:
[Format] = [Drawing Limits]

2. In the command prompt area, the message “Reset Model
Space Limits: Specify lower left corner or [On/Off]
<0.00,0.00>:" is displayed. Press the ENTER key once to
accept the default coordinates <0.00,0.00>.

3. Inthe command prompt area, the message “Specify upper right corner
<12.00,9.00>:" is displayed. Press the ENTER key again to accept the default
coordinates <12.00,9.00>.
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4.

On your own, move the graphic cursor near the upper-right comer inside the
drawing area and note that the drawing area is unchanged. (The Drawing Limits
command is used to set the drawing area, but the display will not be adjusted until
a display command is used.)

5. Inside the Menu Bar area
select:
[View] = [Zoom] > [All]

>

The Zoom All command will
adjust the display so that all
objects in the drawing are
displayed to be as large as
possible. If no objects are
constructed, the Drawing
Limits are used to adjust the
current viewport.

o
25

6.

7.

Move the graphic cursor near the upper-right comer inside the drawing area and
note that the display area is updated.

Hit the function key [F7] once to turn off the display of the Grid lines.

Note that function key [F7] is a quick key which can be used to quickly toggle
on/off the grid display.

Licensed to North Cobb High School



1-8 AutoCAD® 2013 Tutorial: 2D Fundamentals

Drawing lines with the LINE command

1. Move the graphics cursor to the first icon
in the Draw panel. This icon is the Line
icon. Note that a brief description of the
Line command appears next to the cursor.

2. Select the icon by clicking once with the
left-mouse-button, which will activate
the Line command.

3. Inthe command prompt area, near the bottom of the AutoCAD drawing screen,
the message “_line Specify first point:” is displayed. AutoCAD expects us to
identify the starting location of a straight line. Move the graphics cursor inside the
graphics window and watch the display of the coordinates of the graphics cursor
at the bottom of the AutoCAD drawing screen. The three numbers represent the
location of the cursor in the X, Y, and Z directions. We can treat the graphics
window as if it was a piece of paper and we are using the graphics cursor as if it
were a pencil with which to draw.

Coordinates of the graphics

cursor.
5 s+ We will create a freehand sketch of a five-
point star using the Line command. Do not
3 = / 5 2 be overly concerned with the actual size or

the accuracy of your freehand sketch. This
exercise is to give you a feel for the
AutoCAD® 2013 user interface.
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| [Specify nesxt point or &

\If
I—t.- i
[
.................... =

6. Repeat the above steps and complete the

4. We will start at a location about one-third

from the bottom of the graphics window.
Left-click once to position the starting
point of our first line. This will be point 1
of our sketch. Next move the cursor
upward and toward the right side of point
1. Notice the rubber-band line that follows
the graphics cursor in the graphics
window. Left-click again (point 2) and we
have created the first line of our sketch.

Move the cursor to the left of point 2 and
create a horizontal line about the same
length as the first line on the screen.

freehand sketch by adding three more
lines (from point 3 to point 4, point 4 to
point 5, and then connect to point 5 back

to point 1).

mf

ancel

Recenk Input

k

Close
Unda

Snap Overrides

E’f} Pan
@q Z0om

@ Skeering'Wheels

CuickCalc
\

7. Notice that the Line command remains activated even after
we connected the last segment of the line to the starting
point (point 1) of our sketch. Inside the graphics window,
click once with the right-mouse-button and a popup menu
appears on the screen.

8. Select Enter with the left-mouse-button to end the Line
command. (This is equivalent to hitting the [ENTER] key on
the keyboard.)

9. Move the cursor near point 2 and point 3, and estimate the
length of the horizontal line by watching the displayed
coordinates for each point.
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Visual reference

The method we just used to create the freehand sketch is known as the interactive
method, where we use the cursor to specify locations on the screen. This method is
perhaps the fastest way to specify locations on the screen. However, it is rather difficult
to try to create a line of a specific length by watching the displayed coordinates. It would
be helpful to know what one inch or one meter looks like on the screen while we are
creating entities. AutoCAD® 2013 provides us with many tools to aid the construction of
our designs. For example, the GRID and SNAP MODE options can be used to get a
visual reference as to the size of objects and learn to restrict the movement of the cursor
to a set increment on the screen.

The GRID and SNAP MODE options can be turned ON or OFF through the Status Bar.
The Status Bar area is located at the bottom left of the AutoCAD drawing screen, next to
the cursor coordinates.

/ Option Buttons

i —
== = —— —

The second button in the Status Bar is the SNAP MODE option and the third button is the
GRID DISPLAY option. Note that the buttons in the Status Bar area serve two functions:
(1) the status of the specific option, and (2) as toggle switches that can be used to turn
these special options ON and OFF. When the corresponding button is highlighted, the
specific option is turned ON. Using the buttons is a quick and easy way to make changes
to these drawing aid options. Another aspect of the buttons in the Status Bar is these
options can be switched on and off in the middle of another command.
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GRID ON

1. Left-click the GRID button in the Status Bar to turn ON the GRID DISPLAY
option. (Notice in the command prompt area, the message “<Grid on>"" is also
displayed.)

2. Move the cursor inside the graphics window, and estimate the distance in between
the grid lines by watching the coordinates display at the bottom of the screen.

14 4[> [W]\ Model  Layout1 7 Layout2 /

Specify next point or [Close/Undo]:
Command: <Grid on>

|~

e T P 3 ) o A A

» The GRID option creates a pattern of lines that extends over an area on the screen.
Using the grid is similar to placing a sheet of grid paper under a drawing. The grid
helps you align objects and visualize the distance between them. The grid is not
displayed in the plotted drawing. The default grid spacing, which means the distance
in between two lines on the screen, is 0.5 inches. We can see that the sketched
horizontal line in the sketch is about 4.5 inches long.

s

| .

4] 4]k [FI], Model { Layout! / Layout2 /
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SNAP MODE ON
1. Left-click the SNAP MODE button in the Status Bar to turn ON the SNAP option.

2. Move the cursor inside the graphics window, and move the cursor diagonally on
the screen. Observe the movement of the cursor and watch the coordinates
display at the bottom of the screen.

» The SNAP option controls an invisible rectangular grid that restricts cursor
movement to specified intervals. When SNAP mode is on, the screen cursor and
all input coordinates are snapped to the nearest point on the grid. The default snap
interval is 0.5 inches, and aligned to the grid points on the screen.

3. Click onthe Line icon in the Draw toolbar. In the
command prompt area, the message “_line Specify
first point:” is displayed.

4. On your own, create another sketch of the five-point star with the GRID and
SNAP options switched ON.

Wl‘ v
Cancel i
Recent Inpuk » L X

Close

Undo

5. Use the right-mouse-button and select Enter in the popup
menu to end the Line command if you have not done so.

Snap Owerrides 4

g
|

Dar
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Using the ERASE command

% One of the advantages of using a CAD system is the ability to remove entities without
leaving any marks. We will erase two of the lines using the Erase command.

1. Pick Erase in the Modify toolbar. (The
icon is a picture of an eraser at the end
of a pencil.) The message “Select
objects” is displayed in the command
prompt area and AutoCAD awaits us to
select the objects to erase.

2. Left-click the SNAP MODE button on the Status Bar to turn OFF the SNAP
MODE option so that we can more easily move the cursor on top of objects. We
can toggle the Status Bar options ON or OFF in the middle of another command.

3. Select any two lines on the screen; the selected lines are displayed as dashed lines
as shown in the figure below.

» To deselect an object from the selection set, hold down the [SHIFT] key and select
the object again.

4. Right-mouse-click once to accept the selections. The selected two lines are
erased.
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Repeat the last command

Recent Irput

3

Clipboard

k

Isolate

»

<) Unda Erase
= Redo

E’D Pan

@Q Zoom

@ SteeringwWheels

Chrl+

Action Recorder

3

Subobject Selection Filker
W Quick Select. ..
QuickCale
(& Eind.,..,

[% Options...

]

I,

1.

Inside the graphics window, click once with the right-mouse-
button to bring up the popup option menu.

Pick Repeat Erase, with the left-mouse-button, in the popup
menu to repeat the last command. Notice the other options
available in the popup menu.

AutoCAD® 2013 offers many options to accomplish the same
task. Throughout this text, we will emphasize the use of the
AutoCAD Heads-up Design ™ interface, which means we
focus on the screen, not on the keyboard.

Move the cursor to a location that is above and toward the left
side of the entities on the screen. Left-mouse-click once to
start a corner of a rubber-band window.

HnepIs

First corner

Second corner

[ 40 TM]y Model  Layout1 / Layout2 /

4. Move the cursor toward the right and below the entities, and then left-mouse-click
to enclose all the entities inside the selection window. Notice all entities that are
inside the window are selected.

5. Inside the graphics window, right-mouse-click once to proceed with erasing the
selected entities.

» On your own, create a free-hand sketch of your choice using the Line command.
Experiment with using the different commands we have discussed so far. Reset the
status buttons so that only the GRID DISPLAY option is turned ON as shown.
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The CAD Database and the User Coordinate System

+«+ Designs and drawings created in a CAD system are
usually defined and stored using sets of points in
what is called world space. In most CAD systems,
& the world space is defined using a three-dimensional
Cartesian coordinate system. Three mutually
perpendicular axes, usually referred to as the X-, Y-,
i ss and Z-axes, define this system. The intersection of

__-}E‘ L———;i < the three coordinate axes forms a point called the
-_.ri.ﬂ' - origin. Any point in world space can then be defined

as the distance from the origin in the X-, Y- and Z-
directions. In most CAD systems, the directions of
the arrows shown on the axes identify the positive
sides of the coordinates.

A CAD file, which is the electronic version of the design, contains data that describes the
entities created in the CAD system. Information such as the coordinate values in world
space for all endpoints, center points, etc., along with the descriptions of the types of
entities are all stored in the file. Knowing that AutoCAD stores designs by keeping
coordinate data helps us understand the inputs required to create entities.

PA \\. 1 } -
’ N 3D UCS icon
’ ' '\/
/ || & |
I 'Y 1
\ I N I S ' 2
\
N 1 >< // ]
~

AL AD (M) Mgdet T Layout] f Layout? /

Command: <Osnap off:>
Command: <Polar off:>

|-

ey ] ] ] 2

o 1 =

The icon near the bottom left corner of the default AutoCAD graphics window shows the
positive X-direction and positive Y-direction of the coordinate system that is active. In
AutoCAD, the coordinate system that is used to create entities is called the user
coordinate system (UCS). By default, the user coordinate system is aligned to the
world coordinate system (WCS). The world coordinate system is a coordinate system
used by AutoCAD as the basis for defining all objects and other coordinate systems
defined by the users. We can think of the origin of the world coordinate system as a
fixed point being used as a reference for all measurements. The default orientation of the
Z-axis can be considered as positive values in front of the monitor and negative values
inside the monitor.
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Changing to the 2D UCS Icon Display

< In AutoCAD® 2013, the UCS icon is displayed in various ways to help us
visualize the orientation of the drawing plane.

> L%
20UC=at  right side viewe  iza viewe of 20D UCS viewwed
WCS of 20 UCs 20 UCs from below
, 7 Z z
1—9 l—b | i<::
1
T Y d
D UCEat  right side viewe  iza viewe of 30D UCS viewwed
WCS of 30 UCs 3D UCs from below
T peon s it 1. Click on the View pull-down
i or menu and select
B Tonlbars... YigwiCube 4 O[igin
#ttribute Display 4 B Properties. .. [DISp|ay] 9 [UCS |Con] 9
[ Carerss Properties...
Lights [ p ]

Mavigation Bar
El Texk Window

F2

Lagoul'l d Lagout2 !
'\

2. Inthe UCS icon style section, switch to the 2D option as shown.

E*UCS Icon x|
—UCS icon style — Preview
%2[’ n 3. Click OK to accept the
J Displays a 2D icon without a representation of the 7 axis. / SettlngS
r— UCS icon size < o .
e .  Note the W symbol in the
- UCS icon indicates the UCS
N is aligned to the world
Model space icon color: Layout tab icon color: Coord I nate SyStem .
| I Black x| [ Color 160 |
v &pply single color
Ok I Cancel Help |
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Cartesian and Polar Coordinate Systems

In a two-dimensional space, a point can be represented using different coordinate
systems. The point can be located, using a Cartesian coordinate system, as X and Y units
away from the origin. The same point can also be located using the polar coordinate
system, as r and 6 units away from the origin.

%

For planar geometry, the polar coordinate system is very useful for certain applications.
In the polar coordinate system, points are defined in terms of a radial distance, r, from the
origin and an angle 6 between the direction of r and the positive X axis. The default
system for measuring angles in AutoCAD® 2013 defines positive angular values as
counter-clockwise from the positive X-axis.

Absolute and Relative Coordinates

e AutoCAD® 2013 also allows us to use
absolute and relative coordinates to quickly
construct objects. Absolute coordinate
values are measured from the current
coordinate system's origin point. Relative
coordinate values are specified in relation to
previous coordinates.

> Note that the coordinate display area can
also be used as a toggle switch; each left-
mouse-click will toggle the coordinate
display on or off.

In AutoCAD® 2013, the absolute coordinates and the relative coordinates can be used in
conjunction with the Cartesian and polar coordinate systems. By default, AutoCAD
expects us to enter values in absolute Cartesian coordinates, distances measured from the
current coordinate system's origin point. We can switch to using the relative coordinates
by using the @ symbol. The @ symbol is used as the relative coordinates specifier,
which means that we can specify the position of a point in relation to the previous point.
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Defining Positions

In AutoCAD, there are five methods for specifying the locations of points when we
create planar geometric entities.

> Interactive method: Use the cursor to select on the screen.

» Absolute coordinates (Format: X,Y): Type the X and Y coordinates to locate the
point on the current coordinate system relative to the origin.

» Relative rectangular coordinates (Format: @X,Y): Type the X and Y
coordinates relative to the last point.

> Relative polar coordinates (Format: @Distance<angle): Type a distance and
angle relative to the last point.

» Direct Distance entry technique: Specify a second point by first moving the
cursor to indicate direction and then entering a distance.

GRID Style Setup

4| i [ L il 2 [II 1. In the Status Bar area, right-mouse-click on
v Enabled - SnapMode and choose [Settings]
v Lse [cons
Display »

2. Inthe Drafting Settings dialog box, select the Snap and Grid tab if it is not the
page on top.

3. Change Grid Style to Display dotted grid in 2D model Space as shown in
the below figure.

TOSIGS

E®Drafting Settings X| | |

Snap and Grid |F'|:|Iar Tracking | Object Snapl 30 Object Snapl Diynarnic Inputl Quic 4 I "I

[~ Snap On[F9] V¥ Grid On [F7]
 Shap spacing Grid style
Snap ¥ spacing: 050 Diizplay dotted arid in:
v, 2D model space
Snap ' spacing: .50 I_%hr\lc editr |
Sets the grid style to dotted grid for 20 model space. (GRIDSTYLE
¥ Equal % and " spacing systemn variable) T
[ spocrg
~ Polar spacing Gind # spacing: 0.50

Polar distance: 0.00 Grid ¥ spacing; |EI.50
[

4. Pick OK to exit the Drafting Settings dialog box.
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The GuidePlate

We will next create a mechanical design using the different coordinate entry methods.

=R

=]

2.3

wEa 25

a5 23

20

¢ The rule for creating CAD designs and drawings is that they should be created at full
size using real-world units. The CAD database contains all the definitions of the
geometric entities and the design is considered as a virtual, full-sized object. Only
when a printer or plotter transfers the CAD design to paper is the design scaled to fit
on a sheet. The tedious task of determining a scale factor so that the design will fit on
a sheet of paper is taken care of by the CAD system. This allows the designers and
CAD operators to concentrate their attention on the more important issues — the
design.

1. Select the Line command icon in the Draw
toolbar. In the command prompt area, near the
bottom of the AutoCAD graphics window, the
message “_line Specify first point:” is displayed.
AutoCAD expects us to identify the starting
location of a straight line.

2. We will locate the starting point of our design at
the origin of the world coordinate system.

Command: _line Specify first point: 0,0
(Type 0,0 and press the [ENTER] key once.)
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3. We will create a horizontal line by entering the absolute coordinates of the second
point.
Specify next point or [Undo]: 5.5,0 [ENTER]

N 2 \@I
WA V] Model {layot? f Lyo2 7

Specify first point: @,8
Specify next point or [Undo]: 5.5,8

"= LINE Specify next point or [Undo]:

o] i Al [ [0 O] [l [+ [T Tte ]

e Note that the line we created is aligned to the bottom edge of the drawing
window. Let us adjust the view of the line by using the Pan Realtime command.

4. Inthe Menu Bar area select: [View] - [Pan] > [Realtime]

+ The available Pan commands enable us to move the view to a different position.
The Pan-Realtime function acts as if you are using a video camera.

5. Move the cursor, which appears as a hand inside the graphics window, near the
center of the drawing window, then push down the left-mouse-button and drag the
display toward the right and top side until we can see the sketched line. (Notice
the scroll bars can also be used to adjust viewing of the display.)
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6. Press the [Esc] key to exit the Pan-Realtime command. Notice that AutoCAD

goes back to the Line command.

7. We will create a vertical line by using the relative rectangular coordinates entry
method, relative to the last point we specified:
Specify next point or [Close/Undo]: @0,2.5 [ENTER]

8. We can mix any of the entry methods in positioning the locations of the
endpoints. Move the cursor to the Status Bar area, and turn ON the SNAP MODE

option.

¢ Note that the Line command is resumed as the settings are adjusted.

——
- -

S _———_——

9.

10.

11.

Left-click once on the coordinates
display area to switch to a different
coordinate display option.

Note the coordinates display area has
changed to show the length of the new
line and its angle. Left-click once on the
coordinates display area to switch back
to using the world coordinate system.

Create the next line by picking the
location, world coordinates (8,2.5), on
the screen.
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12. We will next use the relative polar coordinates entry method, relative to the last
point we specified:
Specify next point or [Close/Undo]: @3<90 [ENTER]
(Distance is 3 inches with an angle of 90 degrees.)

13. Using the relative rectangular

o coordinates entry method to create
S the next line, we can imagine a
reference coordinate system
aligned at the previous point.
Coordinates are measured along
the two reference axes.

~
=}

-

Reference Coordinate System
aligned at the previous point

L o Specify next point or [Close/Undo]:
T @-1.5,1 [ENTER]

I N (-1.5 and 1 inches are measured
Lol Coe relative to the reference point.)

14. Move the cursor directly
to the left of the last point
and use the direct
distance entry technique
by entering 6.5 [ENTER].

- 15. For the last segment of the sketch, we can use the Close

Enter
Cancel option to connect back to the starting point. Inside the
Rt Input v graphics window, right-mouse-click and a popup menu

appears on the screen.

! 16. Select Close with the left-mouse-button to connect back to

ndo
the starting point and end the Line command.

Snap Owvertides »

?ﬁ pan —_—
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Creating Circles

e The menus and toolbars in AutoCAD® 2013 are designed to allow the CAD
operators to quickly activate the desired commands.

1. Inthe Draw toolbar, click on the little triangle
below the circle icon. Note that the little triangle
indicates additional options are available.

2. Inthe option list, select: [Center, Diameter]

Notice the different options available under the circle submenu:
e Center, Radius: Draws a circle based on a center point and a radius.
e Center, Diameter: Draws a circle based on a center point and a diameter.
e 2 Points: Draws a circle based on two endpoints of the diameter.
e 3 Points: Draws a circle based on three points on the circumference.

e TTR-Tangent, Tangent, Radius: Draws a circle with a specified radius
tangent to two objects.

e TTT-Tangent, Tangent, Tangent: Draws a circle tangent to three objects.
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3. Inthe command prompt area, the message “Specify center point for circle or
[3P/2P/Ttr (tan tan radius)]:” is displayed. AutoCAD expects us to identify the
location of a point or enter an option. We can use any of the four coordinate entry
methods to identify the desired location. We will enter the world coordinates
(2.5,3) as the center point for the first circle.

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: 2.5,3 [ENTER]

4. Inthe command prompt area, the message “Specify diameter of circle:” is

displayed.

Specify diameter of circle: 2.5 [ENTER]

N

Recent ut

Clipboard

Isolate

< IIndo Circle
= Redm

E’:} Pan

@q o0

el

‘ Ol Stesrinnthhesls

Inside the graphics window, right-mouse-click to
bring up the popup option menu.

Pick Repeat CIRCLE with the left-mouse-button
in the popup menu to repeat the last command.

Using the relative rectangular coordinates entry
method, relative to the center-point coordinates of
the first circle, we specify the location as (2.5,2).

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @2.5,2 [ENTER]
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8. Inthe command prompt area, the message “Specify Radius of circle: <2.50>" is
displayed. The default option for the Circle command in AutoCAD is to specify
the radius and the last radius used is also displayed in brackets.

Enter | 9. Inside the graphics window, right-mouse-click to bring up
Cancel the popup option menu and select Diameter as shown.
Recent Input L
m| 10. In the command prompt area, enter 1.5 as the diameter.
M
— Snap Overrides ¥ Specify Diameter of circle<2.50>: 1.5 [ENTER]

Saving the CAD Design

1. Inthe Application Menu, select:

[Application] = [Save]

+» Note the command can also be activated with
quick-key combination of [Ctrl]+[S].
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2. Inthe Save Drawing As dialog box, select the folder in which you want to store
the CAD file and enter GuidePlate in the File name box.

\ Select the folder

to store the file.

/ Enter GuidePlate

3. Click Save in the Save Drawing As dialog box to accept the selections and save
the file. Note the default file type is DWG, which is the standard AutoCAD
drawing format.

Close the Current Drawing

+«+ Several options are available to close the current drawing:

> Select [Close] = [Current
Drawing] in the Application
Menu Bar as shown.

> Enter Close at the command
prompt.

» The third option is to click on the [Close] icon, located at
the upper-right-hand corner of the drawing window.
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The Spacer design

% We will next create the spacer design using more of the AutoCAD’s drawing

tools.

.00

2.00

i R1,50

@1.23

6.00 "~

Start a New Drawing

1. Inthe Application Menu, select [New] to start a new
drawing.

2. The Select Template
dialog box appears on
the screen. Accept the
default acad.dwt as
the template to open.

» The dwt file type is the
AutoCAD template file
format. An AutoCAD
template file contains pre-
defined settings to reduce
the amount of tedious
repetitions.
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Drawing Units Setup

> Every object we construct in a CAD system is measured in units. We should
determine the system of units within the CAD system before creating the first

geometric entities.

1. Inthe Menu Bar select:
[Format] = [Units]

e The AutoCAD Menu Bar contains multiple pull-
down menus, where all of the AutoCAD commands
can be accessed. Note that many of the menu items
listed in the pull-down menus can also be accessed
through the Quick Access toolbar and/or Ribbon

panels.

ﬁ'Drawing Units 5' ||
— Length —Angle
] Type: Type:
2. CIICk on the Length Type Decimal j IDecimaI Degrees j
option to display the different Erchitectural Precision:
types of length units available. e o =]
Confirm the Length Type is Fractional
Scientific [ Clockwiss

set to Decimal.

 Inzertion scale

itz to zcale inserted content:
| |

—Angle
Type:
Decimal Degrees

3. Onyour own, examine the other settings that are
available.

Surveyor's Units

4. In the Drawing Units dialog box, set the Length Type to Decimal. This will set
the measurement to the default English units, inches.
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[ Drawing Units x|
Length - tingle 5. Set the Precision to two digits
Type: Type: after the decimal point as shown
IDecimaI j IDecimal Degrees j in the above figure.
Precizion: Precizion:
0.00 =] 0 | i ) .
0 I 6. Pick OK to exit the Drawing
0.0 ™" Clockwise Units dialog box.
0.000
0.0000
0.000000
0.0000000
| 0.00000000
rSample CJutput
‘ 1 oot T OnSs O oot

Drawing Area Setup

% Next, we will set up the Drawing Limits by entering a command in the
command prompt area. Setting the Drawing Limits controls the extents of the
display of the grid. It also serves as a visual reference that marks the working
area. It can also be used to prevent construction outside the grid limits and as a
plot option that defines an area to be plotted/printed. Note that this setting does
not limit the region for geometry construction.

1. In the Menu Bar select:
[Format] = [Drawing Limits]

2. Inthe command prompt area, the message “Reset
Model Space Limits: Specify lower left corner or
[On/Off] <0.00,0.00>:" is displayed. Press the ENTER
key once to accept the default coordinates
<0.00,0.00>.

3. Inthe command prompt area, the message “Specify upper right corner
<12.00,9.00>:"is displayed. Press the ENTER key again to accept the default

coordinates <12.00,9.00>.
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4. On your own, move the graphic cursor near the upper-right comer inside the
drawing area and note that the drawing area is unchanged. (The Drawing Limits
command is used to set the drawing area, but the display will not be adjusted until

a display command is used.)

5. Inside the Menu Bar area select:
[View] = [Zoom] =2 [All]

+» The Zoom All command will adjust
the display so that all objects in the
drawing are displayed to be as large
as possible. If no objects are
constructed, the Drawing Limits are
used to adjust the current viewport.

6. Move the graphic cursor near the
upper-right comer inside the
drawing area and note that the

display area is updated.

ElaEn =iz
v Enabled
v Use [cons
e | ¢
Display b

In the Status Bar area, right-mouse-click on
SnapMode and choose [Settings].

In the Drafting Settings dialog box, switch on the
Snap and Grid options as shown.

ﬁ'Drafting Settings

¥ Snap On [F9)

Snap and Grid |F'|:|Iar Tracking | Object Snapl 30 Object Snapl Dynarmic Inputl [luiz 4 I PI

~ Shap spacing

Shap ¥ rpacing:

Shap ' pacing:

¥ Equal® and' spacing

¥ Grd On[F7)
[Erid style
050 Dizplay dotted and in:
v 2D model space
0.50 [ Block editor

[ Shest/ayout

— Puolar zpacing

Falar diztance:

Gnid zpacing
Gnd ¥ spacing: 0.50
0.00 GndY spacing: 0.50
| — |

» On your own, exit the Drafting Settings dialog box and reset the status buttons so
that only GRID DISPLAY and SNAP MODE are turned ON as shown.
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Using the Line Command

1. Select the Line command icon in the Draw
toolbar. In the command prompt area, near the
bottom of the AutoCAD graphics window, the
message “_line Specify first point:” is displayed.
AutoCAD expects us to identify the starting
location of a straight line.

2. To further illustrate the usage of the different
input methods and tools available in AutoCAD,
we will start the line segments at an arbitrary
location. Start at a location that is somewhere in

the lower left side of the graphics window.

3. We will create a L o _+_ .
the relative rectangular o S S :
coordinates entry
method, relative to the S
last point we specified: || |Y-

@6,0 [ENTER] %

A ATF W]y, Model ( Capout! J Lapaul2 7
[

+ S 4. Next, create a vertical line by using the
S S relative polar coordinates entry

o ~ method, relative to the last point we
specified: @3<90 [ENTER]

B L R E |l SR T

4 num Model { Lapoutl [ Layout? /
[

5. Next, we will use the direct input
method; first, move the cursor : |Y
directly to the left of the last an
endpoint of the line segments.

_ XL

WAl W] Model ¢ Layautt J Lapaut? [
I
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6. Use the direct distance
entry technique by
entering 2 [ENTER].

200 200 200 . .| 7. Onyour own, repeat the
o S o above steps and create
o o the four additional line
250 S o segments, using the
e o dimensions as shown.

4] 4 ThI] Model ¢ Layourl § Lapout2 f
[

ance

Recent Inpuk

WF

2

Close

IInda

Snan Cwerrides

8. To end the line command, we can either hit the [Enter] key
on the key board or use the Enter option, right-mouse-
click and a popup menu appears on the screen.

9. Select Enter with the left-mouse-button to end the Line
command.

Y

L

4] A[r Ty Madel ¢ Layautl § Layoutz £
[
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Using the ERASE command

+«+ The vertical line on the right was created as a construction line, to aide the
construction of the rest of the lines for the design. We will use the Erase command to
remove it.

1. Pick Erase in the Modify toolbar. The
message “Select objects” is displayed in
the command prompt area and
AutoCAD awaits us to select the objects
to erase.

2. Select the vertical
line as shown.

3. Click once with the
right-mouse-button
to accept the
selection and delete
the line.

Using the Arc Command

1. Click the down-arrow icon of the Arc command in the
Draw toolbar to display the different Arc construction
options.

» AutoCAD provides eleven different ways to create arcs.
Note that the different options are used based on the
geometry conditions of the design. The more commonly
used options are the 3-Points option and the Center-Start-
End option.

2. Select the Center-Start-End option as shown. This option
requires the selection of the center point, start point and
end point location, in that order, of the arc.
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oo - 1 30 Move the cursor to the
S - middle of the two horizontal
_—‘————’__— - lines and align the cursor to
o the two endpoints as shown.
_ o Click once with the right-
_ o mouse-button to select the
location as the center point of
the new arc.

4. Move the cursor downward

and select the right endpoint - I - I -

of the bottom horizontal line
as the start point of the arc.

. - 5. Move the cursor to the right
o ' C endpoint of the top horizontal
R o TN line as shown. Pick this point

as the endpoint of the new
arc.

6. On your own, repeat the
above steps and create the
other arc as shown. Note
that in most CAD packages,
positive angles are defined
as going counterclockwise;
therefore the starting point :
of the second arc is the v

endpoint on top. L
L s

4040y TH]y Model § Layoutl § Layoutz /
[

Licensed to North Cobb High School



AutoCAD Fundamentals 1-35

Using the Circle command

1. Select the [Circle] = [Center,
Diameter] option as shown.

2. Select the same
location for the arc
center as the center
point for the new
circle.

In the command
prompt area, the

.I11>>I\Model.[Lachn.1;(.Law.m2./. -

message “Specify

Command: _circle
Specify center peint for circle or [3P/2P/Ttr (tan tan radius)]:

diameter of circle:” is

5 B[]0

i

(@)~ CIRCLE Specify radius of circle or [Diameter]: _d Specify diameter of circle: 1.25

AEEE RiEE

displayed. Specify
diameter of circle:

1.25 [ENTER]

4. On your own, create the other circle and complete the drawing as shown.

hd

L.

4] 4[» TrI], Model / Lapout! £ Lapout2
[
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Saving the CAD Design

1. In the Quick Access Toolbar, select: [Save]

++ Note the command can also be activated with quick-key combination of
[CtrI]+[S].

2. Inthe Save Drawing As dialog box, select the folder in which you want to store
the CAD file and enter Spacer in the File name box.

3. Click Save in the Save Drawing As dialog box to accept the selections and save
the file. Note the default file type is DWG, which is the standard AutoCAD
drawing format.

Exit AutoCAD 2013

o,

% To exit AutoCAD® 2013, select Exit
AutoCAD in the Menu Bar or type QUIT
at the command prompt. Note the command
can also be activated with quick-key
combination of [CtrI]+[Q].
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Review Questions: (Time: 20 minutes)

1. What are the advantages and disadvantages of using CAD systems to create
engineering drawings?

2. What is the default AutoCAD filename extension?
3. How do the GRID and SNAP options assist us in sketching?
4. List and describe the different coordinate entry methods available in AutoCAD?

5. When using the Line command, which option allows us to quickly create a line-
segment connecting back to the starting point?

6. Listand describe the two types of coordinate systems commonly used for planar
geometry.

7. Which key do you use to quickly cancel a command?
8. When you use the Pan command, do the coordinates of objects get changed?
9. Find information on how to draw ellipses in AutoCAD through the Autodesk

Exchange and create the following arc. If it is desired to position the center of the
ellipse to a specific location, which ellipse command is more suitable?

. | 5 ——

- |
1.0
| {

10. Find information on how to draw arcs in AutoCAD through the Autodesk Exchange
and create the following arc. List and describe two methods to create arcs in

AutoCAD.

207
C
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Exercises: (All dimensions are in inches.) (Time: 60 minutes)

’—7 1.00 4~“7 0,735 — =

1. Angle Spacer

=t 225 -

=t 3.00 -

2. Base Plate

= 4.25 -

- 1,00+
@1,00
\( @1.00

™~

1,30
@e. 00 l

2,00

2.50
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3. T-Clip
&.o0
=— 1,50 2,350
1,00 - e 100 |
4,00
4/ -
-—1.754‘
275
- 4,75 -
4. Channel Plate
1,25 |

0,25 ’| \

-5 0125 /

1.5 075 |e— 030 —= 0.50
050
I 0125 \
02s } N ¥ 057
: ol 45t .20 -
% N 45
-—o.as»l /
125
LS50
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Notes:
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Chapter 2
Basic Object Construction and Dynamic Input

2xXal0

R1L2S TYP.

Rounds & fillet=si RS &§<
#1253
Learming Clojecuives

Referencing the WCS

Use the Startup dialog box

Set up GRID & SNAP intervals
Display AutoCAD's toolbars

Set up and use OBJECT SNAPS
Edit, using the TRIM command
Use the POLYGON command
Create TTR circles

Create Tangent lines

® & & & O O O 0o
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 2.

Section 1: Introduction to AutoCAD

PIECISION ..viviieiiiieiieieie et 2-10
UCS ICON OFIGIN .o 2-10
SEALUS BT ....ciieiiiiiieie e 2-10
GRID DiSPlay .....ccveeeieieieneiesiseeeeeee e 2-10, 2-11
Drawing LIMITS .....ooiiieeee e 2-11
Z00M EXIENT ....oeeiiiiie 2-12
Section 2: Creating Basic Drawings

Dynamic INPUL .....cooivieicieceee e 2-3
Drawing LIMIES .....oovviiiiiiiiriieneeeeeee e 2-6
Direct Distance option ........ccccceevveveiieviese e 2-6
Startup dialog box, SNOW ..o, 2-7
Dynamic Input Settings........ccceevvvvveieereiieseere e 2-7
Start from SCratCh .......coooveiiiiii e 2-9
WOTIA SPACE ..o 2-12
World Coordinate SYStem ........ccccevveieiieenenenee e 2-12
User Coordinate SYStem .......cccccveveveeresieneere e e 2-12
Circle — Center, RadiUS ........cccoveiiiiieiiiie e 2-13
Object Snap toolIbar............cccevivereeie e 2-14
ENdpoint, SNap t0.....cccoviiieiceeee e 2-14
TANGENT, SNap t0....ccccoeieiiiiniieie e 2-15
TTR, CIFCIE oo 2-17
POIYGON <ot 2-20
Center, SNAP T0.....ccceriiieieree e 2-22

Section 3: Manipulating Objects
TrimM COMMANG......ccviiiiiiiiecre e 2-19

Section 4: Drawing Organization and Inquiry Commands

QuickCalc command..........cccceevveiieiii i, 2-24
Measure Distance command ..........ccooeevveeeeeeeieeeeeeeeeeenne. 2-24
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Introduction

The main characteristic of any CAD system is its ability to create and modify 2D/3D
geometric entities quickly and accurately. Most CAD systems provide a variety of object
construction and editing tools to relieve the designer of the tedious drudgery of this task,
so that the designer can concentrate more on design content. It is important to note that
CAD systems can be used to replace traditional drafting with pencil and paper, but the
CAD user must have a good understanding of the basic geometric construction
techniques to fully utilize the capability of the CAD systems.

One of the major enhancements of AutoCAD® 2006 was the introduction of the Dynamic
Input feature. This addition, which is also available in AutoCAD® 2013, greatly enhanced
the AutoCAD Heads-up Design™ interface.

The use of the User Coordinate System (UCS) and the World Coordinate System
(WCY) is further discussed in this chapter. In working CAD, one simple approach to
creating designs in CAD systems is to create geometry by referencing the World
Coordinate System. The general procedure of this approach is illustrated in this chapter.

In this chapter, we will examine the Dynamic Input options, the basic geometric
construction and editing tools provided by AutoCAD® 2013. We will first look at the
Dynamic Input options, also tools such as UNITS, GRID, SNAP MODE intervals setup
and the OSNAP option, followed by construction tools such as circles and polygons; we
will also look at the basic Trim command.

Starting Up AutoCAD® 2013

1. Start AutoCAD® 2013 by selecting the Autodesk folder in the Start menu as
shown. Once the program is loaded into the memory, the AutoCAD® 2013
drawing screen will appear on the screen.
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Dynamic Input

In AutoCAD® 2013, the Dynamic Input feature provides the user with visual tooltips
and entry options right on the screen.

[ Specify next poirt or 2]

54

[
Dynamic Input provides a convenient command interface near the cursor to help the user

focus in the graphics area. When Dynamic Input is ON, tooltips display information near
the cursor that is dynamically updated as the cursor moves.

The tooltips also provide a place for user entry when a command is activated. The actions
required to complete a command remain the same as those for the command line. Note
that Dynamic Input is not designed to replace the command line. The main advantage of
using the Dynamic Input options is to keep our attention near the cursor.

The Dynamic Input features simply enhance the five methods for specifying the locations
of points as described in Chapter 1, page 1-18.

1. Switch ON only the Dynamic Input option by clicking on the button in the Status
Bar area as shown.

2. Click on the Line icon in the Draw toolbar. In the
command prompt area, the message “_line Specify
first point:” is displayed.

3. Move the cursor inside the graphics window and
notice the displayed tooltip, which shows the
coordinates of the cursor position.
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4. Type 3 and notice the input is
entered in the first entry box.

5. Hit the TAB key once to move the

Specty first point: [[4 _ |[2.7002 input focus to the second entry box.

1 6. Type 2 and notice the input is
displayed in the second entry box.

7. Hit the ENTER key once to accept

Specify first point: || L. || | | the inputs

K/

+«+ We have placed the first endpoint

' at the world coordinate of 3,2.

- 8. Move the cursor upward and
toward the right side of the
screen. Notice the tooltip is set
to use polar coordinates by
default.

[ Specify next poink or 2]
45°

9. Type 2 and notice the input is
displayed in the entry box as
shown.

A 10. Hit the TAB key once to
B move the input focus to the
second entry box.

11. Type 30 and notice the
input is displayed in the
angle entry box.

12. Hit the ENTER key once to accept the inputs and create the line that is 2 units
long and at an angle of 30 degrees.
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| Specify next point or |£||
7o

13. Move the cursor upward and
toward the right side of the
screen. Notice the tooltip is
still set to using polar
coordinates.

» To switch to using the relative Cartesian coordinates input method, use a comma

as the specifier after entering the first number.

Specify next pointor @[z a3 |

__________ |

Ly

_ Polar: 3.4041 < 180°

e e :-.4|_|41

|| 14. Type 2,3 and notice the input

option is now set to using
relative Cartesian coordinates
as shown.

15. Hit the ENTER key once to
accept the inputs.

16. Move the cursor toward the
right side of the last position
until the angle is near 180
degrees as shown.

17. Type 4 and notice the input
is displayed on the screen.

18. Hit the ENTER key once to accept the input and note a horizontal line is created.

» In effect, we just created a line using the Direct Distance option.
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19. In the Status Bar area, right-mouse-click on
Dynamic Input and choose Settings.

% The Settings dialog allows us to control what is
displayed when Dynamic Input is on.

> Note that the Dynamic Input feature has three components: Pointer Input,
Dimensional Input, and Dynamic Prompts.

ﬂDra[ting Settings : =l

Snap and Gridl Polar Trackingl Object Snapl 3D Object Snap  Dynamic Input IQuic 1 I r

20. On your own, toggle ON/OFF the
ot iencio three options and create additional

line-segments to see the different
ﬂ effects of the settings.
Settings | Settings. |

r— Dynamic Prompts

|¥ Enable Painter Input ¥ Enable Dimension Input where possible

¥ Show command prompting and
command input near the crosshairs

IV Show additional tips with command
prompting

Diafting Tooltip &ppearance... |
Oplions... (0].4 I Cancel | Help

The RockerArm design:

R30

Y
N\

g0 @20

I

R40
RZ5

a0

[
%+ Before continuing to the next page, on your own, make a rough freehand sketch
showing the steps that can be used to create the design. Be aware that there are many
different approaches to accomplishing the same task.
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Activate the Startup option

< In AutoCAD® 2013, we can use the Startup dialog box to establish different types of
drawing settings. The startup dialog box can be activated through the use of the
STARTUP system variable.

The STARTUP system variable can be set to either 0 or 1:
e 1: displays the Create New Drawing dialog box.
e 0: displays the Select Template dialog box (default).

1. In the command prompt area, choose the Startup
option from the list or enter the system variable
name:

STARTUP [ENTER]

2. Enter 1 as the new value for the
Startup system variable.

3. To show the effect of the Startup option, exit
AutoCAD by clicking on the Close icon as
shown.

4. Restart AutoCAD by selecting the AutoCAD 2013 option through the Start
menu.
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5.
il
ﬁ ” D | , Start from Scratch
- 6.
r Default Settings
= Imperial [feet and inches)
F%Metri-:
i i= (I 1.
~Tip
Uzez the default metic zettings.
8.
ak. I Cancel |

Drawing Units Display Setup

The Startup dialog box
appears on the screen with
different options to assist the
creation of drawings. Move
the cursor on top of the four
icons and notice the four
options available:

(1) Open a drawing

(2) Start from Scratch
(3) Use a Template

(4) Use a Setup Wizard

In the Startup dialog box,
select the Start from
Scratch option as shown in
the figure.

Choose Metric to use the
metric settings.

Click OK to accept the
setting.

1. Onyour own, activate the display of the AutoCAD Menu
Bar. (Refer to page 1-4 for the procedure.)

FEITd

More Commands...

Show [Menu Bar

Shioy

.l'l:-‘&l e tha Dikbhon

Show Menu Bar

Press F1 for more help

2. Click the Menu Bar area, select:
[Format] = [Units]
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¥ Drawing Units x| =
~Length Angle
Type: Type:
I Decimal j IDecimaI Degees j

Precision:

B —

Precizion:
O 4.

Click OK to exit the Drawing Units dialog
box.

Sets the number of decimal places or fractional size displayed for
linear measurements.
ns

Urits to szale inserted content:

Millimeters =~

—Sample Output
2.2.0

3450

5. On your own, adjust the option settings so
that only the Dynamic Input option is turned
ON in the Status Bar area.

i~ Lighting
Unitz for zpecifying the intengity of lighting:

International =~

[ o |

Cancel |

Direction...

| Help |

GRID and SNAP Intervals Setup

E;’Drafting Settings

¥ Shap On [F9)
—Shap spacing

Shap ¥ spacing:

Shap ¥ spacing: 0

—Iwi
o

¥ Grid On [F7)

Snap and Grid | Polar Tracking DbieclSnapI 30 Object Snapl Dynamiclnputl Quicﬂ_’|

Grid style
Dizplay datted grid it
[ 20 model zpace
I~ Black editar

" Rectangular snap

" |zometric snap

 PalarSnap

v &daptive grid
™ Allow subdivision belovs

arid spacing
v Digplay grid beyond Limits

™ Follow Dynamic ICS

Optionz. .. |

Help

(u] i I Cancel

1. Inthe Status Bar area,
right-mouse-click on Grid
Mode and choose
[Settings]

In the Drafting Settings dialog
box, select the Snap and
Grid tab if it is not the page
on top.

W Equal and Y spacing B Shroctzyout Change Grld SpaC|ng and
—Grid zpacing -
~Polar spacing Giid X spacing: fo Snap Sp_acmg to 10 for both X
Polar distance [o GiidY spacing: . and Y directions.
N Maijor line every: |5 _Ij . .
R b Switch ON the Display dotted
% Grid shap Grid behavior

grid in 2D model Space option
as shown

Switch ON the Grid On and
Snap On options as shown.

6. Click OK to exit the Drawing Units dialog box.
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Drawing Area Setup

« Next, we will set up the Drawing Limits; setting the Drawing Limits controls the
extents of the display of the grid. It also serves as a visual reference that marks the
working area. Note that this setting can also be adjusted through the use of the

command prompt area.

1.

2.

Click inside the command prompt area.

Inside the command prompt area, enter
Limits and press the [Enter] key.

3. Inthe command prompt area, near the bottom of the AutoCAD drawing screen,
the message “Reset Model Space Limits: Specify lower left corner or [On/Off]
<0,0>:"is displayed. Enter -200,-150 through the Dynamic Input entry boxes.

-+

| Reset Model space limits;
specify lower left corner or (&

200 W|[-150

4. In the command prompt area, the message “Specify upper right corner
<420,297>:" is displayed. Enter 200,150 as the new upper right coordinates as

shown.

~-

. | | Specify upper right cormer <420,297>: |[200 @ 1s0l| . .

5. Onyour own, use the Menu Bar and confirm the [View] = [Display] = [UCS
Icon] = [Origin] option is switched ON as shown. (The little checked icon next
to the option indicates it is switched ON.)

e TTTLTOTT F AT T STTacnar T I

Cisplay
E Toolbars. ..

[2] Cameras I

LS Toon

WiewZube

Akkribute Display
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6. On your own, use the Zoom Extents
command, under the View tab, to reset the
display.

++ Notice the UCS Icon, which is aligned to the
origin, is displayed at the center of the graphics
window.

Referencing the World Coordinate System

Design modeling software is becoming more powerful and user friendly, yet the system
still does only what the user tells it to do. When using a geometric modeler, we therefore
need to have a good understanding of what the inherent limitations are. We should also
have a good understanding of what we want to do and what to expect, as the results are
based on what is available.

In most geometric modelers, objects are located and defined in what is usually called
world space or global space. Although a number of different coordinate systems can be
used to create and manipulate objects in a 3D modeling system, the objects are typically
defined and stored using the world space. The world space is usually a 3D Cartesian
coordinate system that the user cannot change or manipulate.

In most engineering designs, models can be very complex, and it would be tedious and
confusing if only one coordinate system were available in CAD systems. Practical CAD
systems provide the user with definable Local Coordinate Systems (LCS) or User
Coordinate Systems (UCS), which are measured relative to the world coordinate
system. Once a local coordinate system is defined, we can then create geometry in terms
of this more convenient system. For most CAD systems, the default construction
coordinate system is initially aligned to the world coordinate system.

In AutoCAD, the default User Coordinate System (UCS) is initially aligned to the XY
plane of the World Coordinate System (WCS). One simple approach to creating
designs in CAD systems is to create geometry by referencing the World Coordinate
System. The general procedure of this approach is illustrated in the following sections.
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Creating Circles

1. Click on and switch back to the Home tab in the

Ribbon tabs and panels area.

Select the Circle — Center, Radius command icon
in the Draw toolbar. In the command prompt area,
the message “_circle Specify center point for the
circle or [3P/2P/Ttr (tan tan radius)]:” is displayed.

3. Select the origin of the world coordinate system as

the center point location.

' 4. Inthe command prompt area,
the message “Specify radius of
circle or [Diameter]:” is
displayed. AutoCAD expects
us to identify the radius of the
circle. Set the radius to 50 by
observing the tooltips as
shown.

5. Hit the [SPACE BAR] once to
repeat the circle command.

6. On your own, select 70,40 as the absolute coordinate values of the center point
coordinates of the second circle.

7. Set the value of the radius to 25.

I,

8. On your own, repeat the above
procedure and create another
circle (radius 25) at absolute
coordinates of -50,-60 as

shown in the figure.
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Object Snap Toolbar

1. Move the cursor to the Menu Bar area and choose [Tools] = [Toolbars] 2>

[AutoCAD].

30 Mavigation

CAD Standards
Camera adjustment
Dimension
Dimensional Constraints
Drraw

Drawe Order

Draw Crder, Annotation to Front
Find Text

Geometric Constraint
Inquiry

Insert

Layers

Layers IT

Layouts

Light=

Mapping
Measurement Tools
Modeling

TodiFy

Tndify 1T

Mulkileader

Crbit EE
Dzp Fui

X/
L X4

X/
L %4

Tools ~ Draw  Dimension  Modify  Parametric

Wiorkspaces
Palettes L4
;, T

Command Line Chrl4+9
0l

Clean Screen Chrl+0

[t

AutoCAD provides 44 predefined toolbars for access to
frequently used commands, settings, and modes. A checkmark
(next to the item) in the list identifies the toolbars that are
currently displayed on the screen.

Select Object Snap, with the left-mouse-button, to display
the Object Snap toolbar on the screen.

Object Snap is an extremely powerful construction tool
available on most CAD systems. During an entity's creation
operations, we can snap the cursor to points on objects such
as endpoints, midpoints, centers, and intersections. For
example, we can turn on Object Snap and quickly draw a
line to the center of a circle, the midpoint of a line segment,
or the intersection of two lines.

3. Move the cursor over the icons in the Object Snap toolbar and read the description

of each icon.

T
T —
il oo ;

X - |@QD|LzZ5 [ AT M

X
: Lr\"_-'milp to Endpoint |

4. We will next turn OFF the GRID SNAP
option by toggling off the SNAP Mode
button in the Status Bar area.

5. On your own, reset the option buttons in the Status Bar area, so that only the
GRID DISPLAY option is switched ON.
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Using the LINE command

1. Select the Line command icon in the Draw toolbar. In
the command prompt area, near the bottom of the
AutoCAD drawing screen, the message “_line Specify
first point:” is displayed.

2. Pick Snap to Tangent in the Object Snap toolbar. In the command prompt area,
the message “_tan to” is displayed. AutoCAD now expects us to select a circle or
an arc on the screen.

-Cl7 /XK [00QIL/8 - |Af

. Tuﬁnap to Tangent

[
% The Snap to Tangent option allows us to snap to the point on a circle or arc
that, when connected to the last point, forms a line tangent to that object.

3. Pick a location that is near the top left side of the smaller circle on the right; note
the tangent symbol is displayed as shown.

-— g .

% Note that the note “Deferred Tangent” indicates that AutoCAD will calculate the
tangent location when the other endpoint of the line is defined.

4. Pick Snap to Tangent in the Object Snap toolbar. In the command prompt area,
the message “_tan to” is displayed. AutoCAD now expects us to select a circle or

an arc on the screen.

[-Cl7 /XX -[00Q[L /8 - [Af

. Twﬁnap to Tangent
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5. Pick a location that is near the
top left side of the center circle;
note the tangent symbol is
displayed as shown.

Zancel !

6. Inside the graphics window, right-mouse-click to activate
the option menu and select Enter with the left-mouse-

Recent Input » .
button to end the Line command.
ndo
» |+ Aline tangent to both circles is constructed as shown in the
figure.
- 70- - ]
P

7. Onyour own, repeat the
above steps and create the
other tangent line between
the center circle and the
circle on the left. Your
drawing should appear as the
figure.

Licensed to North Cobb High School



Basic Object Construction Tools 2-17

Creating TTR Circles

1. Select the Circle command icon in the Draw toolbar.
In the command prompt area, the message “Specify
center point for circle or [3P/2P/Ttr (tan tan
radius)]:” is displayed.

2. Inside the graphics window, right-mouse-click to
activate the option menu and select the Ttr (tan tan
radius) option. This option allows us to create a
circle that is tangent to two objects.

3. Pick a location near the bottom of the smaller circle
on the right. We will create a circle that is tangent to
this circle and the center circle.

4. Pick the center circle by selecting a location that is near the right side of the
circle. AutoCAD interprets the locations we selected as being near the tangency.
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5. In the command prompt area, the message “Specify radius of circle ” is displayed.
Enter 50 as the radius of the circle.

Specify radius of circle: 50 [ENTER]

6. On your own, repeat the above steps and create the other TTR circle (radius 40).
Your drawing should appear as the figure below.
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Using the TRIM Command

e The Trim command shortens an object so that it ends precisely at a selected

boundary.

1. Select the Trim command icon in the Modify
toolbar, click on the down-triangle to display
additional icons as shown. In the command prompt
area, the message “Select boundary edges... Select
objects:” is displayed.

o First, we will select the objects that define the boundary edges to which we want to

trim the object.

#_;,.-ﬂ-"
g

\

-

| 2. Pick the tangent line connecting the

center circle and the top right circle.

3. Pick the lower right circle. The two
selected entities are highlighted as
shown in the figure.

4. Inside the graphics window, right-
mouse-click once to proceed with the
Trim command.

5. The message “Select object to trim or shift-select object to extend or
[Project/Edge/Undo]:” is displayed in the command prompt area. Pick the left
section of the upper right circle and note the selected portion is trimmed as

shown.

L

N

\I/ ll.' ’ . : .I_':II . .
W

7
*

¢ In AutoCAD, the Trim command requires first selection of objects that define the

cutting edges at which an object is to stop. Valid cutting edge objects include most
2D geometry such as lines, arcs, circles, ellipses, polylines, splines, and text. For 3D
objects, a 2D projection method is used where objects are projected onto the XY
plane of the current user coordinate system (UCS).
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6. Select the upper right side of the center circle to remove the selected portion.

% 7. Inside the graphics window, right-mouse-click to activate the
Cance

= option menu and select Enter to end the Trim command.

Fence

rossinn 8. Hitthe [SPACE BAR] once to repeat the Trim command.

9. Select the two arcs that were trimmed as the two cutting edges and trim the lower
section of the TTR circle as shown.

10. On your own, trim the other geometry so
that the drawing appears as shown.

11. Inside the graphics window, right-mouse-
click to activate the option menu and
select Enter with the left-mouse-button to
end the Trim command.
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Using the POLYGON command

1. Select the Polygon command icon in
the Draw toolbar. Click on the
triangle icon next to the rectangle icon
to display the additional icon list.

2. Enter 6 to create a six-sided hexagon.
polygon Enter number of sides <4>:
6 [ENTER]

3. The message “Specify center of polygon or [Edge]:” is displayed. Since the center
of the large circle is aligned to the origin of the WCS, the center of the polygon
can be positioned using several methods. Set the center point to the origin by
entering the absolute coordinates. Specify center of polygon or [Edge]: 0,0
[ENTER]

4. Inthe command prompt area, the message “Enter an option [Inscribed in circle/
Circumscribed about circle] <I>:" is displayed. Click Circumscribed to select
the Circumscribed about circle option.

5. Inthe command prompt area, the message Specify radius of circle:” is displayed.
Enter 30 as the radius.
Specify radius of circle : 30 [ENTER]

70—

925%

a0

% Note that the polygon option [Inscribed in circle/Circumscribed about circle]
allows us to create either flat to flat or corner to corner distance.
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6. Inside the graphics window, right-mouse-click to activate
the option menu and select Repeat Polygon. In the
command prompt area, the message “_polygon Enter number
of sides <6>:" is displayed.

Repeat POLYEON

7. Enter 4 to create a four-sided polygon.
_polygon Enter number of sides <6>: 4 [ENTER]

8. Inthe command prompt area, the message “Specify center of polygon or [Edge]:”
is displayed. Let’s use the Object Snap options to locate its center location. Pick
Snap to Center in the Object Snap toolbar as shown.

[— &1/ A X ] DL@@’DIM”% -

. . |5nap to Center

9. Move the cursor on top of the arc on the
right and notice the center point is
automatically highlighted. Select the arc to
accept the highlighted location.

. . . . . 3 N
10. Inside the graphics window, right-mouse-click e
to activate the option menu and select Inscribed in circle
Circumscribed about circle. e —

‘E"“'. Dan

11. Switch ON the GRID SNAP option in the
Status Bar as shown.

12. Create a square by selecting one of the
adjacent grid points next to the center point
as shown. Note that the orientation of the
polygon can also be adjusted as the cursor
is moved to other locations.
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Creating a Concentric Circle

1. Select the Circle command icon in the Draw toolbar.
In the command prompt area, the message “Specify
center point for circle or [3P/2P/Ttr (tan tan
radius)]:” is displayed.

2. Let’s use the Object Snap options to assure the center location is aligned properly.
Pick Snap to Center in the Object Snap toolbar as shown.

[T/ AXX-|QoDlL /2 -

- |5nap to Center

3. Move the cursor on top of the lower arc on the left
and notice the center point is automatically
highlighted. Select the arc to accept the
highlighted location.

4. Inthe command prompt area, the message “Specify radius of circle <25>” is
displayed. Enter 10 to complete the Circle command.
Specify radius of circle <25>: 10 [ENTER]
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Using the QuickCal calculator to Measure Distance and Angle

e AutoCAD also provides several tools that will allow us to measure distance, area,
perimeter, and even mass properties. With the use of the Object Snap options,
getting measurements of the completed design can be done very quickly.

Action Recorder s

i i i » . . . . .
S aelafast Selaeren e 1. Inside the graphics window, right-mouse-click once

[ Quick Select.., to bring up the option menu.

B QuickCalc

"% Eind... § 2. Select QuickCalc in the option menu as shown.
[+ Cptions. ..

% Note that the QuickCalc option brings up the AutoCAD
calculator, which can be used to perform a full range of
mathematical, scientific, and geometric calculations. We can
also use QuickCalc to create and use variables, as well as to
convert units of measurement.

3. Click the Measure Distance icon, which is located on
the top section of the QuickCalc calculator pad.

o sEe nmAX @

I—Bisbnce Between Two Points |

E |

[

|— | /7 X —|® ¢ 4. Pick Snap to Endpoint in the Object Snap
M toolbar.

Snap to Endpoint
Snaps to the dossst endpai

5. Select the tangent line, near the
lower endpoint, as shown.
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ENPAEES Ik
| 0/;3 | 6. Pick Snap to Endpoint in the Object Snap

toolbar.

Snap to Endpoint
Znaps to the dosest endpoi

7. Select the tangent line, near the upper
endpoint, as shown.

% The length of the line is displayed in
the Quickcalc calculator as shown.

x . .
| & EO |G AX @
iE

76.6485486

Basic Calculator Maode

8. Click the Clear icon to remove the number displayed.

9. On your own, repeat the above
steps and measure the center
to center distance of the lower
region of the design as shown.
(Hint: use the Snap to
Center option.)

I
|78.1024969

Basic Calculator Mode
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10. Click the Measure Angle icon, which is located on the top section of the
QuickCalc calculator pad.

+«+ Note that this option allows us to
measure the angle between the
horizontal axis and the line formed by
the selected two points. A positive angle
indicates a counterclockwise direction.

|~ | A K e —|© 4 11. Pick Snap to Endpoint in the Object Snap
M toolbar.

Snap to Endpoint
snaps to the dossst endpai

12. Select the tangent line, near
the lower endpoint, as shown.

I
—0 s N
= |c/D P _|® k|

13. Pick Snap to Endpoint in the Object

Snap toolbar. Snap to Endpoint

snaps to the dossst endpai
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14. Select the tangent line, near the upper
endpoint, as shown.

. 1LEeE047.

b

dEB | NmmAX @

Bl T X

11.6804176

Basic Calculator Mode @

Mumber Pad | -~

15. On your own, experiment with the
available Get Coordinates options.

> Note also that the QuickCalc calculator can remain active while you are using the
other AutoCAD commands.
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Saving the CAD file

1. Inthe Application Menu, select:

[Application] = [Save]

+» Note the command can also be activated with
quick-key combination of [Ctrl]+[S].

2. Inthe Save Drawing As dialog box, select the folder in which you want to store
the CAD file and enter RockerArm in the File name box.

\ Select the folder

to store the file.

/ Enter RockerArm

3. Pick Save in the Save Drawing As dialog box to accept the selections and save
the file.

Exit AutoCAD

e To exit AutoCAD® 2013, select Exit AutoCAD from the Application Menu or type
QUIT at the command prompt.
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Review Questions: (Time: 20 minutes)

1.
2.

Describe the procedure to activate the AutoCAD Startup option.
List and describe three options in the AutoCAD Object Snap toolbar.
Which AutoCAD command can we use to remove a portion of an existing entity?

Describe the difference between the circumscribed and inscribed options when using
the AutoCAD Polygon command.

Create the following triangle and fill in the blanks: Length = , Angle =
(Dimensions are in inches.)

Lenigth

Angle

l

6. Create the following drawing; line AB is tangent to both circles. Fill in the blanks:

Length = , Angle = . (Dimensions are in inches.)

Length /\ B
@4.0
& Angle

p2.0 J

4.0
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Exercises:
(Unless otherwise specified, dimensions are in inches. Time: 90 minutes.)

1. Adjustable Support

2. V-Slide Plate (The design has two sets of parallel lines with implied tangency.)
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3. Swivel Base (Dimensions are in Millimeters.)
s
R15
R30 P20 L
R20

@30

=10

el

4. Sensor Mount

E

@1.00

EZ.50

R4.23

\
YO}

4‘ 100 =

- 4,00
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5. Flat Hook (Dimensions are in Millimeters. Thickness: 25 mm.)

R &G

7

N
R 50

/i_

25
T
+ 1
R&25 '

Ri1z0
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Chapter 3
Geometric Construction and Editing Tools

Leaming Oeeives

Set up the display of Drawing Units
Display AutoCAD's toolbars

Set up and use OBJECT SNAPS
Edit, using EXTEND and TRIM

Use the FILLET command

Create parallel geometric entities
Using the PEDIT command

Use the EXPLODE command

® S 6 O O O 0o
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 3.

Section 1: Introduction to AutoCAD

POINE STYIE ..o 3-16
Ortho MOGE........ceiiiiiicee e 3-25
PrECISION.....otiiiiiie ettt 3-25
Drafting SettingS .......ccvevevieereeeciere e 3-26
SNAP aNd Grid ......ooviiiicieiec e 3-26
Section 2: Creating Basic Drawings
Start from SCratCh ..o, 3-5
Geometric CONSLIUCTION ........ccvveieiieriee e 3-6
Bisection 0f @ Line OF ArC.......cccceveieniienineniseseeeeneas 3-6
Snap to PerpendiCular ............ccooviiiieieniineeee, 3-6
Snap to Midpoint........cccoecviieieeie e 3-6
Bisection of an Angle ..., 3-9
CoNSLrUCtIoN LiNE.......ccveieierieiiesiceeeieee e 3-9
SNAP t0 NOE........oiiiiiicie e 3-16
Circle through Three PoINtS.........cccccceveieiie i 3-17
3-POINt CIrCle ..o 3-17
Line Tangent to a circle from a Given Point.................... 3-18
Circle of a Given Radius Tangent to Two Lines............. 3-21
Fillet command .........ccocoviiiiiiiie e 3-20

Section 3: Manipulating Objects

MoVve COMMANG  .....cceeiiiieieee e 3-7

Rotate command ..........cccoceveeienieni e 3-11
Transfer of an Angle ..o 3-11
Copy COMMANG ... 3-11
Dividing a Given Line into Equal Parts ............c.cccocuee.... 3-15
POINt, DIVIAE .eeveieiieeieee et 3-16
Extend command ..o 3-30

Section 4: Drawing Organization and Inquiry Commands

QuickCalc command .........cccceeveeieeiie e 3-12
Angle of Line Defined by Two POINtS........cccccceceevvenenne. 3-13
Measure Area and Perimeter..........coccevvvevieeiesieesieenene 3-36

Section 5: Altering Objects

OFfSEt COMMANG.......coe i 3-34
Edit POIYIING. ..o 3-34
(0] (oo S 3-38

Section 11: Creating Additional Drawing Objects
POIYIINES. ..ot 3-34
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Tips on Taking the AutoCAD Certified Associate Examination

1. Study: The first step to maximize your potential on an exam is to sufficiently
prepare for it. You need to be familiar with the AutoCAD package, and this
can only be achieved by doing drawings and explore the different commands
available. The AutoCAD Certified Associate exam is designed to measure
your familiarity with the AutoCAD software. You must be able to perform the
given task and answering the exam questions correctly and quickly.

2. Make Notes: Take notes of what you learn either while attending classroom
sessions or going through study material. Use these notes as a review guide
before taking the actual test.

3. Time Management: Manage the time you spent on each question. Always
remember you do not need to score 100% to pass the exam. Also keep in mind
that some questions are weighed more heavily and may take more time to
answer.

4. Be Cautious: Devote some time to ponder and think of the correct answer.
Ensure that you interpret all the options correctly before selecting from
available choices.

5. Use Common Sense: If you are unable to get the correct answer and unable to
eliminate all distracters, then you need to select the best answer from the
remaining selections. This may be a task of selecting the best answer from
amongst several correct answers, or it may be selecting the least incorrect
answer from amongst several poor answers.

6. Take Your Time: The examination has a time limit. If you encounter a
question you cannot answer in a reasonable amount of time, use the Save As
feature to save a copy of the data file, and mark the question for review. When
you review the question, open your copy of the data file and complete the
performance task. After you verify that you have entered the answer correctly,
unmark the question so it no longer appears as marked for review.

7. Don't Act in Haste: Don't go into panic mode while taking a test. Always
read the question carefully before you look out for choices in hand. Use the
Review screen to ensure you have reviewed all the questions you may have
marked for review. When you are confident that you have answered all
questions, end the examination to submit your answers for scoring. You will
receive a score report once you have submitted your answers.

8. Relax before exam: In order to avoid last minute stress, make sure that you
arrive 10 to 15 minutes early and relax before taking the exam.

Licensed to North Cobb High School

apINo 92ualaay 81eID0SSY pPaljilIe)




3-4

AutoCAD® 2013 Tutorial: 2D Fundamentals

Geometric Constructions

The creation of designs usually involves the manipulations of geometric shapes.
Traditionally, manual graphical construction uses simple hand tools like a T-square,
straightedge, scales, triangles, compass, dividers, pencils, and paper. The manual drafting
tools are designed specifically to assist the construction of geometric shapes. For
example, the T-square and drafting machine can be used to construct parallel and
perpendicular lines very easily and quickly. Today, modern CAD systems provide
designers much better control and accuracy in the construction of geometric shapes.

In technical drawings, many of the geometric shapes are constructed with specific
geometric properties, such as perpendicularity, parallelism and tangency. For example, in
the drawing below, quite a few implied geometric properties are present.

R30

@\

@20

7
RIS

Qo O)

=10

1=

|
| nYH
N
Implied Geometric Properties
O Tangent # Paorallel _| Perpendicular
Yertical line Vertical line
j j Vertical line
O A
Concentric j c i
& 2 Circl oncentric
- SN | € 0 Arc & Circle
Horizontal Line| L
_ SN I
y T A\
Circle Centers aligned horizontally
s 0
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Starting Up AutoCAD® 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop. Once the program is loaded into the memory, the
AutoCAD® 2013 drawing screen will appear on the screen.

2. In the Startup window, select Start from Scratch, as shown in the figure below.

=

.b' Create New Drawing

=0 Dl

— Default Settings

& Start from Scratch

% lppenal [feet and inches)

= Metic

-- E D

~Tip
|lzes the default impernial [feet and inches] settings.

ok I Cancel |

3. In the Default Settings section, pick Imperial (feet and inches) as the drawing
units.

4. Pick OK in the Startup dialog box to accept the selected settings.
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Geometric Construction — CAD Method

The main characteristic of any CAD system is its ability to create and modify 2D/3D
geometric entities quickly and accurately. Most CAD systems provide a variety of object
construction and editing tools to relieve the designer of the tedious drudgery of this task,
so that the designer can concentrate more on design content. A good understanding of the
computer geometric construction techniques will enable the CAD users to fully utilize the
capability of the CAD systems.

» Note that with CAD systems, besides following the classic geometric construction
methods; quite a few options are also feasible.

e Bisection of aLine or Arc

1. Create an arbitrary arc AB at any

B angle, and create line AB by
connecting the two endpoints of the
arc.

2. Switch ON only the
Dynamic Input option by
clicking on the buttons in the
Status Bar area as shown.

3. Select the Line command icon in the Draw toolbar.
In the command prompt area, near the bottom of the
AutoCAD drawing screen, the message “_line
Specify first point:” is displayed. AutoCAD expects
us to identify the starting location of a straight line.

4. Pick Snap to Perpendicular in the Object
Snap toolbar. In the command prompt area, the
message “_per to” is displayed.
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Deferred Perpendicular

5. Select line AB at any position.

¢+ Note the tooltip Deferred
Perpendicular is displayed indicating
the construction is deferred until all
inputs are completed.

6. Select an arbitrary point above the

line as shown.

%F

Recent Input

3

Close
Undo

Snap Cwerrides

3

gl

Do

8. Select Move in the Modify toolbar as
shown.

Select objects:

e

[ specify next point or &) (8

7. Inside the graphics window, right-mouse-click to activate the
option menu and select Enter with the left-mouse-button to
end the Line command.

aramektric View Manage [l

9. Select the perpendicular line we just

created.

In the command prompt area, the
message: “Specify the base point or
[Displacement]” is displayed. AutoCAD
expects us to select a reference point as
the base point for moving the selected
object.
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|~ " A X —|® ¢

Snap to Endpoint
snaps to the dosast endpoi

&
I
=L AKX @ G D]

by
Snap to Midpoint
Snaps to the midpoint of an obje

k3 10. Pick Snap to Endpoint in the Object Snap
toolbar.

11. Select the lower Endpoint of the
selected line as shown.

12. Move the cursor inside the graphics
window, and notice the line is moved to
the new cursor location on the screen,

13. Pick Snap to Midpoint in the Object

Snap toolbar.

+* In the command prompt area, the
message “_mid to” is displayed.
AutoCAD now expects us to select an
existing arc or line on the screen.

14. Select the arc to move the line to the
midpoint of the arc. Note that the
midpoint of an arc or a line is displayed
when the cursor is on top of the object.

15. On your own, repeat the above process and move the perpendicular line to the

midpoint of line AB.

» The constructed bisecting line is perpendicular to line AB and passes through the

midpoint of the line or arc AB.
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e Bisection of an Angle
C
1. Create an arbitrary angle ABC as shown in the
figure.
B
P
2. Click once with the left-mouse-button on the small
triangle in the titlebar of the Draw toolbar as
shown.
3. Select the Construction Line icon in the Draw
toolbar. In the command prompt area, the message
“ xline Specify a point or [Hor/Ver/Ang/Bisect/
Offset]:” is displayed.
» Construction lines are lines that extend to infinity.
Construction lines are usually used as references
for creating other objects.
Hor - 4. Inside the graphics window, right-mouse-click once to bring
ver up the option menu.
Ang
5. Select Bisect from the option list as shown. In the command
OFf prompt area, the message “Specify angle vertex point:” is
displayed.

I
T —0 s N
= |c/D P Y | @ gl

Snap to Endpoint

snaps to the dossst endpai

6. Pick Snap to Endpoint in the Object Snap
toolbar.
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C | .

7. Select the vertex point of the angle as
shown. In the command prompt area, the
message “Specify angle start point:” is

% displayed.
=
A
[
- B
8. Pick Snap to Endpoint in the Object
Snap toolbar.
ol =l XK 10 ¢
Vs
Snap to Endpoint
‘ snaps to the dosast endpoi
A 9. Select one of the endpoints of the angle.
[
| 7| A7 ¥ —| @ ¢ 10.Pick Snap to Endpoint in the Object Snap
b toolbar.
Snap to Endpoint
Snaps fo the dosest endpail | 11. Select the other endpoint of the angle.

> Note that the constructed bisection line divides the angle into two equal parts.

C
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e Transfer of an Angle

Y

I

3. Select line XY as the object to be copied.

1. Create an arbitrary angle ABC

and a separate line XY as
shown in the figure.

Besides using the classical
transfer method (see page 3-
14), CAD systems provide
several options to allow the
user to accurately measure any
constructed objects. In this
section, we will use the
QuickCalc option to transfer
the angle.

2. Select Copy in the Modify toolbar as shown.

4. Right-mouse-click once to proceed with the Copy command.

I
T —0 s N
= |c/D P Y | @ gl

Snap to Endpoint

snaps to the dossst endpai

5. Pick Snap to Endpoint in the Object Snap

6. Select point X as the base point.

7. Use the Snap to Endpoint option and select point X again to place another line

on top of line XY.

8. Hit the ENTER key once to end the Copy command.

9. Select Rotate in the Draw toolbar as shown.

10. Select one of the two lines at XY.

11. Right-mouse-click once to proceed with the Rotate command.
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12. Pick Snap to Endpoint in the Object Snap
toolbar.

1
T —0 N N
= |C/D A T | @ 4

Snap to Endpoint . . .
Saps o the dosest endpol 13. Select point X as the base point for the rotation.

T

2, Zoom I 14. Inside the graphics window, right-mouse-click once to
bring up the option menu.

SteeringWheels

Eych

B Quickcalc ) 15. Select QuickCalc in the option menu as shown.

16. Select Angle of Line Defined
by Two Points as shown.

> Note the Distance option is
also available in the toolbar
region.

c 1 17.Pick Snap to Endpoint in the
Object Snap toolbar.

I
— s Lt @
H ™ . | a/D P | El

B .
snaps to the dossst endpai

‘

18. Select the vertex, point B, of the
angle ABC as shown.

}> Snap to Endpoint

C 19. Pick Snap to Endpoint in the Object
Snap toolbar.

[= 127 XX —10 4
Vs

E
Snap to Endpoint
snaps to the dossst endpoi

20. Select point A as the second point to
measure the angle as shown.

|

[
> The default system for measuring angles in AutoCAD® 2013 defines positive angular
values as counterclockwise from the positive X-axis.
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21. Enter a minus sign behind the
displayed angle in the QuickCalc
window.

> Note the display of Active
Command: Rotate in the QuickCalc
window.

22. Select the Angle of Line
Defined by Two Points
option as shown.

23. Repeat the above process and
measure the angle formed by line
B C and the positive X-axis.

24. Press the ENTER key once to
calculate the difference between
the two values, which is the angle
formed by line AB and line BC.

25. Enter a minus sign in front of the calculated value in

& @ | R mm A the QuickCalc window as shown.
708 745675 162 209757

» The minus sign is used to create the new line in the
clock-wise direction. (We will rotate the line in a
clockwise direction relative to the current XY line.)

[-42.538918

A%ve Command: ROTATE

| [
4 | 26. Click Apply to transfer the calculated value to the

command prompt area.
Apply ’}J [

> The calculated value is now transferred in the command prompt area.

_l:' IICL[T [
Fesuming FOTATE command.

Specify rotation angle or [Copy/Reference] <317>: —-42.5383915

7, 63,0 el ERIL e | £ L = E B
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27. Press the ENTER key once to accept the displayed value and complete the
Rotate command.

A

> You are also encouraged to perform this geometric construction using the
classical method as described below. (Note that R is an arbitrary distance.)
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e Dividing a Given Line into a Number of Equal Parts

1. Create a line AB at an arbitrary angle; the line
is to be divided into five equal parts.

2. From the Draw toolbar, select:
[Divide]
3. Select line AB. In the message area, the

message “Enter the number of segments or
[Block]:” is displayed.

B 4. Enter 5 as the number of segments
needed.

—% 5. On your own, create an arbitrary short
|Enter the number of segments or @l ||ne Segment at p0|nt A

6. Select Copy in the Modify toolbar as shown.

7. Select the short line as the object to be copied.

8. Right-mouse-click once to proceed with the Copy command.

Licensed to North Cobb High School



3-16 AutoCAD® 2013 Tutorial: 2D Fundamentals

I
i — s T
H = |a/a P | @ d

9. Pick Snap to Endpoint in the Object Snap

Snap to Endpoint

Snaps to the dossst endpai

toolbar.

-

10. Select point A as the base reference point.

S5 e |/°e[fﬁ‘|ﬂ

Snap to Node

Crano ba = mnind ahiack

11. Pick Snap to Node in the Object Snap toolbar.

12. Move the cursor along line AB, and select the next
node point as shown.

» We can also change the display of the created Points.
13. In the Menu Bar, select:
[Format] = [Point Style]

14. In the Point Style window, choose the 4th icon in the
second row, as shown.

x|
+ [ <]
OO 4|8

[ e

| |

0K I Eﬂ 15. Click OK to accept the selection and adjust the point style.

Licensed to North Cobb High School



Geometric Construction and Editing Tools 3-17

e Circle through Three Points

1. Create two arbitrary line
segments, AB and BC, as
shown.

2. Select the 3-Point Circle command in the
Draw toolbar as shown.

3. Pick Snap to Endpoint in the Object Snap
toolbar.

;
i —0 N Nt
o |U/D AE | @ d

Snap to Endpoint

Snaps to the dossst endpai

4. Select the first point, point A.

5. Repeat the above steps and select points B and C to
create the circle that passes through all three points.

]

.
.,
.,
.,
.,
.,
.,
.,
.,
.,
.,
~
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e Line Tangent to a Circle from a Given Point

|| 1. Create acircle and a point A. (Use the
Point command to create point A.)

2. Select the Line command icon in the Draw toolbar. In
the command prompt area, near the bottom of the
AutoCAD drawing screen, the message “_line Specify
first point:” is displayed. AutoCAD expects us to
identify the starting location of a straight line.

# & o || A 0| M. 3. Pick Snap to Node in the Object Snap toolbar.
b,

Snap to Node 4. Select point A as the starting point of the new line.

Crano fa o mnind ahiack

- @ & H| L & | 5 PickSnap to Tangent in the Object Snap toolbar.

b
Snap to Tangent
a|| 6. Move the cursor on top of the circle and
notice the Tangent symbol is displayed.
i
&
: o}
> Note that we can create two tangent
lines, one to the top and one to the
bottom of the circle, from point A. |
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e Circle of a Given Radius Tangent to two Given Lines

Option I: TTR circle

1. Create two arbitrary line
segments as shown.

2. Select TTR Circle in the Draw toolbar as shown.

3. Select one of the line segments; note
the tangency is deferred until all
inputs are completed.

I&ﬁ/ Deferred Tangent

4. Select the other line segment; note the tangency
is also deferred until all inputs are completed.

Deferred Tangent
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5. Enter 3 as the radius of the circle.

| Specify radius of dircle <1.9230=: |[3] | || > The circle is constructed exactly
tangent to both lines.

Option II: Fillet command

1. Select the Undo icon in the
Standard toolbar as shown. This
will undo the last step, the circle.

2. Select Fillet in the Modify toolbar as shown.

3. Inthe command prompt area, the message “Select first object or
[Undo/Polyline/Radius/Trim/Multiple]” is displayed. By default Mode is set to
Trim and the current arc Radius is set to 0.
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e 4. Inside the graphics window, right-mouse-click once to bring up
% the option menu.

Trim 5. Select Radius to adjust the radius of the fillet.

Bl lbinle

6. Enter 3 as the new radius of the Fillet
| command.

Specify fillt radius <0.00003: || 3]

7. Select one of the lines as the
first object.

| Select first object or |£||

8. Select the other line as the second object.

> Note that the default setting of the Fillet
N : command is to trim the edges as shown
|Seleu:t second object of in the figure below.
C

¢ Note that all of the classical methods for geometric construction, such as the one
shown on page 3-14, can also be created in CAD systems.
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The Gasket design

Exploring the possibilities of a CAD system can be very exciting. For persons who have
board drafting experience, the transition from the drafting board to the computer does
require some adjusting. But, the essential skills required to work in front of a computer
are not that much different from those needed for board drafting. In fact, many of the
basic skills acquired in board drafting can also be applied to a computer system. For
example, the geometric construction techniques that are typically used in board drafting
can be used in AutoCAD. The main difference between using a CAD system over the
traditional board drafting is the ability to create and modify geometric entities very
quickly and accurately. As it was illustrated in the previous sections, a variety of object
construction and editing tools, which are available in AutoCAD, are fairly easy to use. It
is important to emphasize that a good understanding of the geometric construction
fundamentals remains the most important part of using a CAD system. The application of
the basic geometric construction techniques in a CAD system is one of the main tasks in
using a CAD system.

In the following sections, we will continue to examine more of the geometric
construction and editing tools provided by AutoCAD® 2013. We will be looking at the
geometric construction tools, such as Trim, Extend, Edit Polyline and Offset that are
available in AutoCAD® 2013,

7,50

R1.30
RLO0=
l*.ﬁ[] TP,
c.0o
R.23
4.50 +
1.00
R73 R.20

7.00 |

[

+«+ Before continuing to the next page, on your own make a rough sketch showing the
steps that can be used to create the design. Be aware that there are many different
approaches to accomplishing the same task.
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Drawing Units Display Setup

Before creating the first geometric entity, the value of the units within the CAD system
should be determined. For example, in one drawing, a unit might equal one millimeter of
the real-world object. In another drawing, a unit might equal an inch. The unit type and
number of decimal places for object lengths and angles can be set through the UNITS
command. These drawing units settings control how AutoCAD interprets the coordinate
and angle entries and how it displays coordinates and units in the Status Bar and in the
dialog boxes.

1. In the Menu Bar select:

[Format] = [Units]

2. Inthe Drawing Units dialog box, confirm the Length Type to Decimal. This is
the default measurement to English units, inches.

[ Drawing Units x| |

— Length
Type:

—Angle
Type:

I Decimal

Precizion:

j I Decimal Degrees

Precizion:

[

0.00

=l |le

n
0.0

(.0a0
0.0000
[.00000
[.000000
(.00000a0
-1 2.0000a000

|

[T Clockwise

~

4 COnn A OnTn O oo

|- S ample Cutput
\

3. Set the Precision to two digits after the decimal point.

4. Pick OK to exit the Drawing Units dialog box.
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GRID and SNAP Intervals Setup

1. Inthe Menu Bar, select:

[Tools] = [Drafting Settings]

—

2. Inthe Drafting Settings dialog box, select the Snap and Grid tab if it is not the
page on top.

3. Change Grid Spacing to 1.00 for both X and Y directions.

T EErTEEESEREEEER——
™ Drafting Settings Xl

Snap and Grid IPolar Tracking | Object Snap' ki DbiectSnap' D_l,lnamic:lnputl Quic 4 I L4

[V Snap On (F9) ¥ Grid On [F7)
—Shapspacing————————— | Grid style
. Display dotted arid in:
Shap X spacing: ID- 5000
¥ 2D model space

Shap ' spacing: ID- 5000 [~ Block editor

Sheet/layout
V¥ Equali and Y spacing B Srzet ey

r— Grid spacing

rPolar spacing——————————— Grid % spacing: I‘I .oooa
Palar distance: IU. 0ooo Girid Y spacing: I-I o0

Major line everny:

N

—Snap type
* Grid shap r Grid behavior
V¥ Adaptive grid

. [~ Allow subdivision below
 lzometric snap anid spacing

¥ Display grid beyond Limits
I~ Follow Dwnamic UCS

¢ Rectangular snap

" PalarSnap

Optionz... | Cancel | Help |

4. Switch ON the Grid On and Snap On options as shown.

5. Pick OK to exit the Drawing Units dialog box.
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6. On your own, use the Zoom Extents
command, under the View tab, to reset the
display.

¢ Notice in the Status Bar area, the GRID and SNAP options are pressed down
indicating they are switched ON. Currently, the grid spacing is set to 1 inch and the

snap interval is set to 0.5 inch.

1 SNAP & GRID ON
- N

/

-

Using the LINE command

1.

Select the Line command icon in the Draw toolbar.
In the command prompt area, near the bottom of the
AutoCAD drawing screen, the message “_line
Specify first point:” is displayed. AutoCAD expects
us to identify the starting location of a straight line.

In the graphics window, move the cursor to world
coordinates (4,6). Left-click to position the
starting point of the line at that location.

3. We will next turn ON the ORTHO option by
toggling on the ORTHO button in the Status Bar
area.
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X/
°e

10.

The ORTHO option constrains cursor movement to the horizontal or vertical
directions, relative to the current coordinate system. With the Line command, we
are now restricted to creating only horizontal or vertical lines with the ORTHO
option.

Move the graphics cursor below the last point we selected on the screen and
create a vertical line that is two units long (Y coordinate: 4.00).

Move the graphics cursor to the right of the last point and create a horizontal line
that is one unit long (X coordinate: 5.00).

Move the graphics cursor below the last point and create a vertical line that is 2.5
units long (Y coordinate: 1.50).

Turn OFF the SNAP option in the Status Bar area.

Move the graphics cursor to the right of the last point and create a horizontal line
that is about seven units long (near X coordinate: 12.00). As is quite common
during the initial design stage, we might not always know all of the dimensions at
the beginning.

H
-

Inside the graphics window, right-mouse-click to activate the option menu and
select Enter with the left-mouse-button to end the Line command.

In the Status Bar area, reset the option buttons so that only the GRID DISPLAY,
and ORTHO MODE options are switched ON.

11. Activate the Line command by picking the icon in the

Recent Input Draw toolbar or right-mouse-click to activate the option

cut menu and select Repeat Line.
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Object Snap Toolbar

+ Object Snap is an extremely powerful construction tool available on most CAD
systems. During an entity's creation operations, we can snap the cursor to points
on objects such as endpoints, midpoints, centers, and intersections. For example,
we can quickly draw a line to the center of a circle, the midpoint of a line
segment, or the intersection of two lines.

1. Bring up the Object Snap toolbar through the [Tools] = [Toolbars] menu.

Pl A XK~ |0eB|Lz75 - | AN

5
: Tgnap to Endpoint |

2. In the Object Snap toolbar, pick Snap to Endpoint. In the command prompt
area, the message “_endp of” is displayed. AutoCAD now expects us to select a
geometric entity on the screen.

% The Snap to Endpoint option allows us to snap to the closest endpoint of objects
such as lines or arcs. AutoCAD uses the midpoint of the entity to determine which
end to snap to.

3. Pick the top left vertical line by selecting a location
above the midpoint of the line. Notice AutoCAD

S automatically snaps to the top endpoint of the line.
|

4%— 4. Move the graphics cursor to the right of the last
' ' point and create a horizontal line that is about three
units long (near X coordinate: 7.00).

5. Inside the graphics window, right-mouse-click to activate the
e option menu and select Enter with the left-mouse-button to
Recent Input ' end the Line command.

Ll
[

6. Select the Circle-Radius command icon in the
Draw toolbar. In the command prompt area, the
message “Specify center point for circle or
[3P/2P/Ttr (tan tan radius)]:” is displayed.

7. Inthe Status Bar area, switch ON the SNAP option.
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8. In the graphics window, move the cursor to world coordinates (11.5,6). Left-

click to position the center point of the circle at this location.

9. Move the graphics cursor to world coordinates (13,6). Left-click at this location

to create a circle (radius 1.5 inches).

o
o,

:

L

] 4]p [l Model 4 Layoutl £ Layout2 /
\

10. Select the Line command icon in the Draw
toolbar. In the command prompt area, the
message “_line Specify first point:” is
displayed.

11. In the graphics window, move the cursor to
world coordinates (11,1.5). Left-click to
position the first point of a line at this location.

12. Pick Snap to Tangent in the Object Snap toolbar. In the command prompt area,
the message “_tan to” is displayed. AutoCAD now expects us to select a circle or
an arc on the screen.

|~ AR @D L 7253 2 | A0

. Thﬁnap to Tangent

« The Snap to Tangent option allows us to snap to the point on a circle or arc
that, when connected to the last point, forms a line tangent to that object.
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13. Pick a location on the right side of the circle and create the line tangent to the
circle. Note that the Object Snap options take precedence over the ORTHO

option.

Wk

Recent Input "

Close
Undo

Snap Overrides L

@ pop

14. Inside the graphics window, right-mouse-click to activate the
option menu and select Enter with the left-mouse-button to
end the Line command.

b

L

:

W] 4> Ml Model  Lavourl £ Lapoutz f

15. In the Status Bar area, reset the option buttons so that none of the buttons are

switched ON.

16. Close the Object Snap toolbar by left-clicking the upper right corner X icon.

i)|-&/’%°|/%ﬁﬁi

. i
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Using the EXTEND command

e The Extend command lengthens an object so that it ends precisely at a selected
boundary.

1. Select the Extend command icon in the Modify
toolbar. In the command prompt area, the
message “Select boundary edges... Select
objects:” is displayed.

%+ First, we will select the objects that define
the boundary edges to which we want to
extend the object.

2. Pick the circle as the boundary
edge.

3. Inside the graphics window,
right-mouse-click to proceed
with the Extend command.

-
:

4. The message “Select object to extend or shift-select object to trim or
[Project/Edge/Undo]:” is displayed in the command prompt area. Extend the
horizontal line that is to the left side of the circle by clicking near the right
endpoint of the line.

5. Inside the graphics
window, right-mouse-
click to activate the
option menu and select
Enter with the left-
mouse-button to end the
Extend command.

Y

L.

4] Ak M, Model ; Layout] £ Layout2
[
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Using the TRIM command

The Trim command shortens an object so that it ends precisely at a selected
boundary.

1. Select the Trim command icon in the Modify
toolbar. In the command prompt area, the
message “Select boundary edges... Select
objects:” is displayed.

*

K/
*

First, we will select the objects that define the
boundary edges to which we want to trim the
object.

D)

2. Pick the inclined line and the top
L """"""""" horizontal line as the boundary edges.

3. Inside the graphics window, right-mouse-
click to proceed with the Trim command.

4. The message “Select object to trim or shift-select object to extend or
[Fence/Crossing/Project/Edge/eRase/Undo]:” is displayed in the command
prompt area. Pick the right endpoint of the bottom horizontal line.

A

5. Pick the bottom of the
circle by clicking on the
lower portion of the
circle.

6. Inside the graphics
window, right-mouse-
click to activate the
option menu and select
Enter with the left-
mouse-button to end the

Trim command.
W X

) Ak [ H[, Model f Lapout] £ Lapout2

Note that in AutoCAD® 2013, we can use the Extend command or the Trim
command for trimming or extending an object. For example, when using the Extend
command, we can select an object to extend or hold down SHIFT and select an object
to trim.
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Creating a TTR CIRCLE

In the Draw toolbar, click the triangle next to the
Circle icon to show the additional options.

In the displayed list, select the Ttr (Tan Tan
Radius) option. This option allows us to create a
circle that is tangent to two objects.

Deferred Tangent

|| 3. Pick the top horizontal line that is to the left
side of the arc. We will create a circle that is
tangent to this line and the circle.

4. Pick the arc by selecting a location that is
above the right endpoint of the horizontal line.
AutoCAD interprets the location we selected
as being near the tangency.

5. In the command prompt area, the message “Specify radius of circle <1.50>" is

displayed.

Specify radius of circle <1.50>: 1.0 [ENTER]

» On your own, use the Trim command and trim the circle, the horizontal line, and the

arc as shown.

Radius 1.0

N
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Using the FILLET command

e Fillet rounds or fillets the edges of two arcs, circles, elliptical arcs, or lines with an
arc of a specified radius.

1. Select the Fillet command icon in the Modify
toolbar. In the command prompt area, the message
“Select first object or [Polyline/Radius/Trim]:” is
displayed.

el 2. Inside the graphics window, right-mouse-click to activate the
m option menu and select the Radius option with the left-mouse-
Trim button to specify the radius of the fillet.

3. Inthe command prompt area, the message “Specify fillet radius:” is displayed.
Specify fillet radius: 0.75 [ENTER]

4. Pick the bottom horizontal line and the adjacent vertical line to create a
rounded corner as shown.

» On your own, use the Fillet command and create a radius 0.25 fillet at the corner
as shown.

Radius 0.25 /

Radius 0.75
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Converting objects into a Polyline

e The next task in our project is to use the Offset command and create a scaled copy of
the constructed geometry. Prior to using the Offset command, we will simplify the
procedure by converting all objects into a compound object — a polyline.

o,

% A polyline in AutoCAD is a 2D line of adjustable width composed of line and arc
segments. A polyline is treated as a single object with definable options.

1. Inthe Ribbon Toolbars, select:
[Modify] = [Edit Polyline]
2. The message “Select polyline:” is displayed in the

command prompt area. Select any of the objects on
the screen.

3. The message “Object selected is not a polyline, Do you want to turn it into one?
<Y>" is displayed in the command prompt area. Right-mouse-click to accept the

Yes default.
Enter | 4. Inside the graphics window, right-mouse-click to activate the
Cancel option menu and select the Join option with the left-mouse-
Closs button to add objects to the polyline.
width [! 5. Pick all objects by enclosing them inside a selection window.
Edit wertex B
Fit
Spline
Decurve
Lbype gen
Rewverse
Undo
& Pan
@q £aom
@ SteeringWheels v
QuickiZalc " .
4] 4] |[FIfs Model { Layout] § Lapout2
[

6. Inside the graphics window, right-mouse-click to accept the selected objects.

7. Inside the graphics window, right-mouse-click to activate the option menu and
select Enter to end the Edit Polyline command.
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Using the OFFSET command

e The Offset command creates a new object at a specified distance from an existing
object or through a specified point.

1. Select the Offset command icon in the Modify
toolbar. In the command prompt area, the message
“Specify offset distance or [Through]:” is
displayed.

Specify offset distance or [Through]:
0.5 [ENTER]

2. Inthe command prompt area, the message “Select object to offset or <exit>:" is
displayed. Select any segment of the polyline on the screen.

> Since all the lines and arcs have been converted into a single object, all segments
are now selected.

3. AutoCAD next asks us to identify the direction of the offset. Pick a location that
is inside the polyline.

% 4. Inside the graphics window, right-mouse-click and select
ance

= Enter to end the Offset command.
Fecent Inpuk r

Exit

(NI

)

, .

] A[» M} Model ¢ Lavourl £ Lapout2 £
[
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Using the Area Inquiry Tool to Measure Area and Perimeter

e AutoCAD also provides several tools that will allow us to measure distance, area,
perimeter, and even mass properties. With the use of polylines, measurements of
areas and perimeters can be done very quickly.

1. Inthe Ribbon tabs area, left-mouse-click once on the
Measure title in the Utilities toolbar as shown.

2. In the Inquiry toolbar, click on the Area icon to
activate the Calculates the area and perimeter of
selected objects command.

¢ Note the different Measure options that are available
in the list.

3. Inthe command prompt area, the message “Specify first
corner point or [Object/Add/Subtract]:” is displayed.
By default, AutoCAD expects us to select points that
will form a polygon. The area and perimeter of the
polygon will then be calculated.

5 jea ] eyl c 3
X 24
| 4 1 4
\
\
Cancel 4. AutoCAD can also calculate the area and perimeter of
Recent Input r objects that define closed regions. For example, a circle or

a rectangle can be selected as both of these objects define

ml closed regions. We can also select a region defined by a
Add

polyline. To activate this option, right-mouse-click once
‘ inside the graphics window and select Object as shown.

5. Inthe command prompt area, the message “Select objects:” is
displayed. Pick the inside polyline and the associated area and
perimeter information are shown in the prompt area.
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6. Inside the graphics window, right-mouse-click once to
bring up the option menu and select Repeat AREA as

shown.

%

obioct 7. We can also select a region defined by multiple polylines.
= To activate this option, right-mouse-click once inside the

Wl graphics window and select Add area as shown.
Subtradl, area

=ik

8. To also activate selection of regions defined by polylines,

right-mouse-click once inside the graphics window and
T select Object as shown.

9. Inthe command prompt area, the message “[Add Mode]
Select objects:” is displayed. Pick the outside polyline. The
associated area and perimeter information are shown in the

prompt area.

10. Next we will subtract the region defined by the
inside polyline. In the command prompt area, select
Subtract area as shown.

11. To also activate selection of regions defined by
polylines, select Object in the command prompt

area as shown.

' 12. In the command prompt area, the message “Select
objects:” is displayed. Pick the inside polyline and
the area between the two polylines is shown in the
command prompt area.

{SUETRACT mode

Licensed to North Cobb High School




3-38 AutoCAD® 2013 Tutorial: 2D Fundamentals

Using the EXPLODE command

e The Explode command breaks a compound object into its component objects.

1. Select the Explode command icon in the Modify toolbar. In the command
prompt area, the message “Select objects:” is displayed.

2. Pick the inside polyline that we created using the Offset command.

3. Inside the graphics window, right-mouse-click to end the Explode command.

Create another Fillet

1. Select the Fillet command icon in the Modify
toolbar. In the command prompt area, the message
“Select first object or [Polyline/Radius/Trim]:” is
displayed.

2. Onyour own, set the Fillet Radius to 0.5.
Specify fillet radius: 0.5 [ENTER]

3. Pick the horizontal line and the adjacent inclined line to create a rounded corner
as shown.

Radius 0.5
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Saving the CAD file

1. In the pull-down menus, select:

[File] = [Save As]=> [AutoCAD
Drawing]

2. Inthe Save Drawing As dialog box, select the folder in which you want to store
the CAD file and enter Gasket in the File name box.

\ Select the folder

to store the file.

Enter Gasket

e

3. Pick Save in the Save Drawing As dialog box to accept the selections and
save the file.

Exit AutoCAD

e To exit AutoCAD® 2013, select Exit AutoCAD from the Application Menu or type
QUIT at the command prompt.
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Review Questions: (Time: 20 minutes)
1. Describe when and why you would use the AutoCAD ORTHO option.
2. What is the difference between a line and a polyline in AutoCAD?

3. Which AutoCAD command can we use to break a compound object, such as a
polyline, into its component objects?

4. Which AutoCAD command can we use to quickly calculate the area and perimeter of
a closed region defined by a polyline?

5. Describe the procedure to calculate the area and perimeter of a closed region defined
by a polyline?

6. What does the Offset command allow us to do?

7. Create the following triangle and measure the area and perimeter of the triangle.

L

8. Create the following triangle and measure the area and perimeter of the triangle.
Also find the angle @.

4.2

/ |
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Exercises: (Time: 90 minutes)
(Unless otherwise specified, dimensions are in inches.)

1.

2.

Lines & Squares Pattern

~—.ca TP,

/\\

o 3 [ ——————— =

Interlacement Design
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3. Positioning Spacer (Dimensions are in inches.)

4.

R1.25S TYP.

Rounds & fillets RS

*_\_\__‘_‘-H-._

\

2x¥a10

el.23
[
Indexing Base (Dimensions are in inches.)
RE.00
R4.00
RE.00
— 307
R3E5
aL50
2N
R=00
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5. Guide Block (Create the front view of the design. Dimensions are in inches.)
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Notes:
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Chapter 4
Object Properties and Organization

33

25-5°

L@x

Using the AutoCAD Quick Setup Wizard
Create new Multiline Styles

Draw, using the MULTILINE command
Use the Multiline Editing commands
Create new layers

Pre-selection of objects

Controlling Layer Visibility

Moving objects to a different layer

® & & & 6 O oo
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 4.

Section 1: Introduction to AutoCAD

USE @ WIZAID ... 4-4
Z00M REAltIME ......ocvviieiece e 4-22
Layer VisiDility ........ccccooeiieiicece e 4-25
Section 2: Creating Basic Drawings
MuUltIling Style .......oovviiii e 4-7
MUIHTING. ... 4-11
SNap to MIdPOINt .......ooviieiiee e 4-14
Snap to Endpoint ... 4-14
SNAP FrOM ... 4-15
RECIANGIE.......oiveeeceece e 4-23
EHPSE .o 4-24
Section 3: Manipulating Objects
MUIEHING Edit....ooieieei e 4-17
Open Tee, MUtIINe .......ccooieiie 4-18
Moving Objects to a Different Layer .........ccccceeevervenenne. 4-26
Match Properties command ...............ocoieiiiiiiiinanns 4-27

Section 4: Drawing Organization and Inquiry Commands

LAY IS, oottt 4-19
Layers Properties ........cccoceveeereenenie e 4-20
Layers CoNtrol .......c.cccveveieeveecceese e 4-22

Licensed to North Cobb High School




Object Properties and Organization 4-3

Introduction

The CAD database of a design may contain information regarding the hundreds of CAD
entities that are used to create the CAD model. One of the advantages of using a CAD
system is its ability to organize and manage the database so that the designer can access
the information quickly and easily. Typically, CAD entities that are created to describe
one feature, function, or process of a design are perceived as related information and
therefore are organized into the same group. In AutoCAD, the Layer command is used
extensively for this purpose. For example, an architectural drawing typically will show
walls, doors, windows, and dimensions. Using layers, we can choose to display or hide
sub-systems for clarity; we can also change object properties, such as colors and
linetypes, quickly and easily.

In this chapter, we will continue to explore the different construction and editing tools
that are available in AutoCAD® 2013. We will demonstrate the use of the Limits, Mline,
Medit, and Layer commands. As you become proficient with the CAD tools and
understand the underlying CAD modeling concepts, you are encouraged to experiment
with new ideas in using the CAD tools and develop your own style of using the system.

The Floor Plan design

30
o £ 1511 ————————
{_]_-’_]-df
1 . -
Q-7 f 2i-0* J’—B“—J’
9:_85 N i ¥ ?:_4.9
gl 7 &-11
1pi—as =11 5'-8 Q=7 —
3
\r _1‘ J
o—gt 2 =4 5’ S°-3"
- 0 |
2 M 27"
25 -6" i S
1'-1° 2r-g 3
5-10° || &7
1}_]-’ e.'_e.e B.’
er—ge || 1&'—4" b —%
L Le;_BJ
14 -10F ———¢
]-I:II_E.Q 11!
1 —
-6 # 3J' 13117
p—15 -3 147—a*
|
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Starting Up AutoCAD® 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop. Once the program is loaded into the memory, the
AutoCAD® 2013 drawing screen will appear on the screen.

E‘ ".’i Autodesk Inver ‘ WindowsUpdate = |

Professional 20

) Accessories

m i AutoCAD 2013 M L Attach Digital Signatures
) Startwp » L@ Autodesk Invenkor 2013 » [&) 13 - English

) WinRAR ) DWG Trueview 2013~ » < Bakd ards Checker
& Internet Explorer ] (% Reset Settings to Default
“Z] Outlook Express

.. Remote Assistance

&) Windows Media Player
&ll Programs 3 Windows M

P& wogoft  [©) Turn off Computer
#istart & © (3 O Intemet

Using the Setup Wizard

1. In the Startup dialog box, select the Use a Wizard option as shown in the figure
below.

2. Inthe Select a Wizard section, pick Quick Setup.

b’ Create New Drawing |
~u |4 Use a Wizard
@ |0 | D L _
~ Use a Wizard
Select 5'wWizard:

|Advanced Setui ha"ti"'—--_; F

Sets up a drawing using a step-by-step guide. You can chooss from
two wizards: Quick Setup and Advanced Setup.

—Wizard Description

Sets the units and area for your new drawing. Based on the template
acad. dint.

e AutoCAD setup wizards allow us to customize several of the AutoCAD settings
depending on the wizard we choose. The Quick Setup wizard sets the units and grid
display area. Choices for units include Decimal, Engineering, Architectural,
Fractional, and Scientific. We can also specify the width and length of a two-
dimensional area to establish the extents of the grid displayed, also known as the
limits of the working area.
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Drawing Units Setup

1. In the Quick Setup Units option, select Architectural.

> Units Select the unit of measurement.

Bz " Decimal

" Engineering

1-31.2
& Architectural

" Fractional

Jsapoiny

" Scientific

< Back I Mext > I Cancel

2. Pick Next to continue with the Quick Setup settings.

Reference Area Setup

1. In the Quick Setup Area option, enter 60 “and 40 “for the width and length.

Enter the area you want to reprezent uzing full scale
unitz. Example; to drawe in an area 12 » 9 meters, enter
12 under *idth and 9 under Length.

Units

* Liea
width;

T

Length:

Jsapoiny

0]

720.0000

< Back

Finish Cancel |

e The two-dimensional area we set up in the Quick Setup is the drawing limits in
AutoCAD.

2. Pick Finish to accept the settings and end the Quick Setup wizard.
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GRID and SNAP Intervals Setup

1. Inthe Menu Bar, select:
[Tools] = [Drafting Settings]

{::E}Drafting & Annokakion

MEW S F

L2 Mamed UCS...

rmak  Tools Diraw Dimension Modify

forkspaces

{':} Paletkes k

Toolbars k

@ Geographic Location...

b CAD Standards k
I Wizards k
If'ﬁ' Drafting Settings...

Group

2. In the Drafting Settings dialog box, select the SNAP and GRID tab if it is not
the page on top.

3. Change Grid Spacing to 6” for both X and Y directions.
4. Also adjust the Snap Spacing to 6 ”for both X and Y directions.

5. Turn OFF the Adaptive Grid option. (This switch is used to limit the grid
display when zooming.)

b’ Drafting Settings x|

Snap and Grid I Polar Tracking | Object Snap | 30 Object Snap | Dynamic Input | Guic 4 I e

[+ Snap On [F9) [ Grid On [F7)

— Shap spacing Grid style
Display datted grid in:
v 20 model space
[~ Black editor

I Sheet/layout

Shap % spacing:

Snap v spacing:

1]

[+ Equal and* spacing

— Grid zpacing
— Polar spacing Grid * spacing: IE"
Polar distarce; ID" Grid ¥ spacing: IE"
[5 =

M ajor line eveny:

— Snap type
= Grid shap i~ Grid behavior
dapti id
% Rectangular snap M ap”we g”k; o
' Isometric snap Limits the density of the grid when zoomed ocut.
€ PolarS V| variable)
warsnap FONGA CDREMIE TS T |
Optiohs... | ak. I Cancel Help |

oK. . . : . .
q 6. Pick OK to exit the Drafting Settings dialog box.
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Using the ZOOM EXTENTS command in the Navigation Bar

—
D

4

are displayed.

(2

B
N

Zoom Extents

Fooms bo display b

rotation.

The AutoCAD MULTILINE command

1. Move the cursor inside the graphics window and notice that,
although we have set the limits to 40’ by 60’, the default display
is still 9” by 12”. In the graphics window, only a few grid points

In the Navigation toolbar, select Zoom Extents by clicking the
left-mouse-button on the icon as shown. We can also click on the
triangle icon to select other Zoom options.

» The navigation bar is a user interface element that provides quick
access to display related tools, such as Zoom, Pan and 3D

e The Multiline command in AutoCAD® 2013 is used to create multiple parallel
lines. This command is very useful for creating designs that contain multiple
parallel lines, such as walls for architectural designs and for highway designs in
civil engineering. The Multiline command creates a set of parallel lines (up to 16
lines) and all line segments are grouped together to form a single multiline object,
which can be modified using Multiline Edit and Explode commands. We will
first create a new multiline style for our floor plan design.

(=) &) = (=2 = €5} Drafting & Annotation
Tools

Hlir-':'zli.

File Edit View
Insert

/>@® e

Line Polyline Circle  Arc 0

Insert Format Draw Dimension

Annotate  Layout Layer...
% Layer States Manager...
Layer tools L3 >
Color...
Linetype...
Lineweight...
Transparency

Scale List...

Text Style...
Dimension Style...
Table Style...
Multileader Style
Plot Style...

Point Style...

Multiline S[%Ie...

Units...
Thickness

Drawing Limits

Rename...
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In the Menu Bar, select:

[Format] = [Multiline
Style]

The default AutoCAD
multiline style is called
STANDARD, and it consists
of two elements (two
parallel lines) with an offset
distance of 1.0 inch.
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[ YMultiline Style X|

Current kultiline Shle: STANDARD

2. In the Multiline Style dialog

Slyles: box choose New to create a
STANDARD Set Current new multiline style.

NTW...

dodify. .

Rename
— Description: Delete

| ¥ Create Mew Multiline Style
In the New Style Name box,

Mew Style Name: [l enter Wall as the new multiline
style name.

Startwith: | STANDARD |
4. Click Continue to create the

| Continue &I Cancel new style.

| Y Mew Multiline Style: WaLL

5. Enter 5” Wall with line

DeSETRUEn: 5" Wal with e endcaps endcaps in the Description box.
—Capz —Element
Start Cffzet . .
L M 6. Inthe Caps section, switch ON
the Start and End boxes to
Oluter are: I enable Line end-caps as shown in
Irier arcs: [ the figure.

Angle:

¢ All line elements in the multiline style are defined by an offset from a reference line,
the multiline origin.

Each line element
is defined by an
—— offset to the
Multiline Origin.

Multiline Origin: - - - - -
areferencetoall =7
other line elements
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¢ Note that, in the Elements section, all the line elements are listed in descending order
with respect to their offsets. We will create two line elements representing a six-inch
wall (offsetting on both sides of the reference location).

| [ Elements 7. In the Elements section, highlight the
Offsst  Calor [ shome first element in the list, and change the
25 BYLAYER  ByLaer Offset to 2.5.
25 BYLAYER  BuwlLayer
8. Pick the second element in the
Elements section and change the Offset
add | Dete | to-2.5,
- |— 9. Choose OK to exit the Element
EI affset = s Properties dialog box.
|| Calar: I. BiiiLaer j
- ++ Notice the Add and Delete options are
Linetype: Linetype... | also available, which allow us to create
or remove additional elements.

| Y™ultiline Style
Current Multline Stle: STANDARD

Styles:
STANDARD

Setﬁurrent

10. With the Wall style
highlighted, click Set
Current as shown.

e, .

[ Y Multiline Style

Current Multiling Style: \WaLL
Styles:

|STANDAF|D

St Current

|

Mew...
tadify...
Rename

[elete

—Deszcription:

B W all with line endcaps
Load...

Pkl

Save...
Presview of; WLl

Cancel

=,

11. Click the OK button to end the

Multiline Style command. (Note: The
Preview section shows the current
WALL style.)

Note that the Save button will save a
multiline style to the library of
multiline styles. By default,
AutoCAD saves the multiline styles
information to a file called acad.min.
The Load button allows users to
retrieve multiline styles from a
library.
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Object Snap Toolbar

1. Move the cursor to the Menu Bar area and choose [Tools] = [Toolbars] 2>

[AutoCAD].

30 Mavigation

CAD Standards

Camera adjustment
Dimension

Dimensional Constraints
Drraw

Drawe Order

Draw Crder, Annotation to Front
Find Text

Geometric Constraint
Inquiry

Insert

Layers

Layers IT

Layouts

Light=

Mapping

Measurement Tools

Modeling
TodiFy
Tndify 1T

Mulkileader

®.
**

nat  Tools © Draw  Dimension  Modify  Parametric

Wie

Wiorkspaces

{':} Palettes

Toolbars

Command Line
o'

Clean Screen

Chrl4-2
CErl+0

AutoCAD provides 44 predefined toolbars for access to
frequently used commands, settings, and modes. A checkmark
(next to the item) in the list identifies the toolbars that are
currently displayed on the screen.

2. Select Object Snap, with the left-mouse-button, to
display the Object Snap toolbar on the screen.

Object Snap is an extremely powerful construction tool
available on most CAD systems. During an entity's creation
operations, we can snap the cursor to points on objects such
as endpoints, midpoints, centers, and intersections. For
example, we can turn on Object Snap and quickly draw a
line to the center of a circle, the midpoint of a line segment,
or the intersection of two lines.

3. Inthe previous chapter, we used several of the object snap options to quickly
locate positions on existing geometry. In this chapter we will look at the Snap
From option, Which is the second icon in the Object Snap toolbar.

Ic./°/°“”_?

—0606L/n 41

. ..| Snap From
00| Locates a point offset from a reference point within a command I

» The Snap From option allows us to locate a position using a relative coordinate
system with respect to a selected position.

4. In the Status Bar area, reset the option buttons so that SNAP MODE, GRID
DISPLAY, ORTHO, and DYNAMIC INPUT are switched ON.

T \_'I‘IIEIJ T

<0rtho on¥

Command :

>_-r
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Drawing Multilines

Fourth Point Fifth Point

Third Point \ o \\‘ 1/% 1-_1‘-. I
[
Iy \ Sixth Point

25-g"
30
Ninth Point _/f g
N\ Tenth Point
19"

- Eighth Point Seventh

Second Point 191 b / / Point
Start Point

Taols

Diran Dimension Modify Par

1. Select the Multiline command icon in the
Draw pull-down menu, through the Menu Bar,
as shown. In the command prompt area, the
current settings, such as “Justification = Top,
Scale = 1.00, Style = Wall” are displayed.

Modeling

il b /I;ine
(1~ /" ray

T 2. On your own, confirm the Scale is set to 1.00,
i S the Styles to Wall and the Justification to Top,

e o ronine i by using the right-mouse-button to bring up
fE = o theoption list.
....... ectangle e

....... == Helix

3. Inthe command prompt area, the message “Specify start point or
[Justification/Scale/Style]:” is displayed. Select a location near the bottom center
of the graphics window as the start point of the multiline.

4. Create a horizontal line by using the Dynamic Input option or the relative

rectangular coordinates entry method in the command prompt area:
Specify next point: @-116",0 [ENTER]
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5.

Create a vertical line by using the Dynamic Input option or the relative
rectangular coordinates entry method in the command prompt area:

Specify next point: @25'6"<90 [ENTER]
Create a horizontal line by using the Direct Input option; move the cursor to the

right and enter the distance:
Specify next point: 25'11” [ENTER]

gancg

Recent Input r

7. Inside the graphics window, right-mouse-click and select
Enter to end the Multiline command.

8.

Hit the spacebar once to repeat the last command, the Multiline command. In
the command prompt area, the current settings “Justification = Top, Scale = 1.00,
Style = Wall” are displayed.

We will use the Snap from option to continue creating the exterior walls. In the
Object Snap toolbar, pick Snap From. In the command prompt area, the
message “_from Base point” is displayed. AutoCAD now expects us to select a
geometric entity on the screen.

M=/ /XX -[080]L /72 - |4

Lo 00| Snap From _
..o 1| Locates & point offset from a reference point within a command I

— — 10. We will position the starting point relative to
PRSI ; o

>

the last position of the previous multiline. To
assure the selection of the endpoint, choose
the Snap to Endpoint option as shown.

................... Ple the top

.............. £/ corner

Note that it is feasible to stack snap options for precise positioning of geometry.
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12. The position of the starting point of the new multiline segments is 3’ to the right of
the reference point we just picked. At the command prompt, enter @3’,0”
[ENTER].

13. Now enter @17170, to define the top corner of the exterior wall.

14. On your own, complete the multiline segments by specifying the rest of the
corners using the dimensions as shown in the figure below.

—T/— BE

¢ Note that the points we specified are defining the outside corners of the floor plan

design.
;ancg 15. Inside the graphics window, right-mouse-click and select
Recent Input » Enter to end the Multiline command.
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Creating interior walls

Tools  Draw = Dimension  Modify

1. Select the Multiline command in the Draw

I Menu Bar as shown. In the command prompt
DA ine FL area, the current settings “Justification = Top,
b ]~ " Ray Scale = 1.00, Style = Wall” are displayed. In
1 85

1] Mana Maodeling

. " Construction Line the command prompt area, the message
“Specify start point or [Justification/
Scale/Style]:” is displayed.

Enter 2. Inside the graphics window, right-mouse-click to display the
Cancel option menu.

Recent Input

Crynamic Input 3. Pick Justification in the option menu. In the command prompt

area, the message “Enter justification type [Top/Zero/Bottom]
<Top>:"is displayed.

ErEIEnEErY || 4. Inside the graphics window, right-mouse-click to display the
® Top ... o, option menu and select Bottom so that the points we select
e — will be set as alignments for the bottom element.

5. Inthe Object Snap toolbar, pick Snap to

[~ /X @ Midpoint. In the command prompt area, the
o — message “_mid of ” is displayed. AutoCAD now
Snap to Midpoint expects us to select a geometric entity on the

Snaps to the midpoi screen.

6. Select the outside left vertical line as shown.

oS5 7. Using the Dynamic Input option, create a 10 inside wall
| toward the right.

Micipoint]

8. Now enter @0,171 7 to define the vertical stub wall.

m 9. Inside the graphics window, right-mouse-click and select
Cancel Enter to end the Multiline command.

Recent Inpuk r
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e Next, we will create a vertical wall right above the last corner.

10. Hit the spacebar once to repeat the last command, the Multiline command.
Since the last position used is directly below the new location, we will just enter
the relative coordinates. At the command prompt, enter @0,2'8" [ENTER].

258"

|
|5|:ueu:if~,.f stark point ar E|||IZI E’I||2'E"| |

— 25-11 11. Place the other end above the top
horizontal line as shown in the figure
below. In the next section, we will use
the Multiline Edit tools to adjust these
constructions.

12. Inside the graphics window, right-
mouse-click and select Enter to end
. the MultiLine command.

ancel

Fecent Inpuk r

13. Hit the spacebar once to repeat the last command, the Multiline command. In
the text window, the current settings “Justification = Bottom, Scale = 1.00, Style
= Wall” are displayed. In the command prompt area, the message “Specify start
point or [Justification/Scale/ Style]:” is displayed.

Enker

Cancel 14. Inside the graphics window, right-mouse-click to display the
Recent Input option menu.
Dy namic Inpuk

15. Pick Justification in the option menu. In the command prompt
area, the message “Enter justification type [Top/Zero/Bottom]
<Bottom>:" is displayed.

SRR Tl ° 16. Inside the graphics window, right-mouse-click to display the
AP option menu and select Top so that the points we select will
align to the top element.
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17. In the Object Snap toolbar, pick Snap From. In the

o O 2 R e — command prompt area, the message “_from Base
point” is displayed. AutoCAD now expects us to
Snap From select a geometric entity on the screen.

E""j = D/c', MM — | 18. In the Object Snap toolbar, pick Snap to
- s . Endpoint. In the command prompt area, the
message “_endp of ” is displayed.

- A 11"
_ " 19. We will create another inside wall on
LE the right side. Pick the corner as
shown.
" 20. At the command prompt, enter
| e @28”,0 [ENTER].
14-9"

21. Pick a location that it to the right of the right-vertical exterior wall. The drawing
should appear as shown in the figure below.

251" -T f— 11"

a5

= qign

e o gn

11'E"

+«+ One of the main advantages of using a CAD system to create drawings is the ability
to create and/or modify geometric entities quickly, using many of the available tools.
Unlike traditional board drafting, where typically only the necessary entities are
created, CAD provides a much more flexible environment that requires a slightly
different way of thinking, as well as taking a different view of the tasks at hand.
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Joining the walls using MULTILINE EDIT

1. Inthe Menu Bar, select: [Modify] = [Object]=> [Multiline]

% @ Match Properties
1 El hange to ByLayer
External Reference

3
]

Clip Image

Annotative Object Scalz b |52 Hatch. ..

= :_ &7 Palyline
_‘f Erase

o o
Spline

Oc;; Copy. Iﬁ
OFF Array

A Mirror
Multilzader 4

& Offset ]
- 5 m ;
. Attribute L

[ Y Multilines Edit Tools

To use a tool, click on the icon. Object zelection must be performed after
the tool has been selected.

» The Multiline Edit Tools dialog box

[utines B Tecks appears. Select the Help button to see

—::—— = a: the description of the available

Clozed Cross Clozed T L Single MUItIIIne Edlt TOOIS

L == J,}}} J,H: 2. Pick the Open Tee option in the
i F :

Open Crozss Open Tee Add Vertex Cut Al dlalog bOX

== = 0l el - .

M_‘E o e '\Lﬂ S » We will need to select two multilines
s MmelE SRR ° for this option: first, select the multiline

o | oo | to trim or extend; and second, select
ose elp

the intersecting multiline.

3. Pick the horizontal multiline as the
first object, multiline to trim, as

/ Multiline to trim
.

shown.
Intersecting Multiline

4. Pick the vertical multiline as the 2" L

object, intersecting multiline. 2-8"

: . T »

» The Open Tee option automatically v

trims the lines to form the proper 10

shapes.
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5. Repeat the above steps and modify the connection of the other two inside walls.

Cancel !

= , Inside the graphics window, right-mouse-click once and

6.
select Enter to end the Mledit command.

Recent Inpuk

7. Using the Multiline/MEdit options, create the additional walls and doorways as

shown.
30
10 15-11* -t
sr -
Q-7 i e}
9I_Ea’ M i_ m ?1_4.#
gl 6-11
L ar Ao 5/—g¢ L L —
12°-97 1 117-11 )“» I
T 5:-5
o e 24" . -5
2—g 5
- *n -
854’_6.# ?{_‘1%_ _\‘
=y EF_S" H 300
& 5:-10° || &7
. or-g” g
V-l
127-9* l2'—4* —T |‘|\ —
b o g
14'-10°
T 11
1 —
-6~ +* 3%1' 13-11°
15°-3* 14'-97

[
Now is a good time to save the design. Select [File] = [Save As] in the Menu Bar

and use FloorPlan as the File name.

K/
L X4
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Using Layers and Object Properties

In AutoCAD® 2013, layers can be thought of as transparent overlays on which we
organize different kinds of design information. Typically, CAD entities that are created to
describe one feature or function of a design are considered as related information and
therefore can be organized into the same group. The objects we organized into the same
group will usually have common properties such as colors, linetypes, and lineweights.
Color helps us visually distinguish similar elements in our designs. Linetype helps us
identify easily the different drafting elements, such as centerlines or hidden lines.
Lineweight increases the legibility of an object through width. Consider the floor plan we
are currently working on. The floor plan can be placed on one layer, electrical layout on
another, and plumbing on a third layer. Organizing layers and the objects on layers makes
it easier to manage the information in our designs. Layers can be used as a method to
control the visibility of objects. We can temporarily switch ON or OFF any layer to help
construction and editing of our designs.

AutoCAD allows us to create an infinite number of layers. In general, twenty to thirty
layers are sufficient for most designs. Most companies also require designers and CAD
operators to follow the company standards in organizing objects in layers.

Floor Plan

Electrical

Plumbing
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Cutput  Online
1. Pick Layers Properties in the Layers
toolbar as shown.

Layer Properties

Manages lavers and layer properties

‘= LAYER

o,

+ The Layer Properties Manager dialog box appears. AutoCAD creates a default layer,
layer 0, which we cannot rename or delete. Note that Layer 0 has special properties
which are used by the system.

s In AutoCAD, we always construct entities on a layer. It may be the default layer or a
layer that we create. Each layer has associated properties such as the visibility setting,
color, linetype, lineweight, and plot style.

:i |Current layer: 0 ISearch Far layver 0o
aleew L EX v @ e
:.__’“_E Filters «“ 5..| Mame £ O..| Fre... | L... | Calar | Lirekype | Lineweight | Plat 5... | F‘l N..| Description

EEY

; @ & [ wh.. Continuo.. — Defa...
b All Used Layers

Linetype

2. Click on the New Layer button.

|Current lawer: 0

Bl 3 X

; Notice a layer is automaticall
S %@ yer y
added to the list of layers.
= Filt @
=5 Filters New Layer (Alt+N)
T
B Al Crestes a new layer. Thell Note t_hat we can create an
""" = AllUsed Layers || | i colected o that you ca unlimited number of layers in a

drawing.

3. AutoCAD will assign a generic name to the new
layer (Layerl). Enter BathRoom as the name of
the new layer as shown in the figure below.

x
N |Current laver: 0 ISearch Far layer Lo
H<%a HLE X v 2 &
@ Filters « S..l Mame H O..| Fre... | L... | Color | Linetype | Linewseight | Plot 5... | P| N..| Description
Bz A o 0 ] 0y W wh.. Continuo.. — Defa.. Colar7 ]
Ll Al Used Layers | B EathR.oom| N -3

o,

+«» Layer properties can be adjusted by clicking on the icon or name of a property. For
example, clicking on the light-bulb icon toggles the visibility of the layer ON or OFF.
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L. | Color | Linetyp
0 white Conting

Wehite Continur

4. Pick the color swatch or the color name (White) of the
BathRoom layer. The Select Color dialog box appears.

5. Pick Cyan (Index color: 4) in the Standard Colors section. Notice the current
color setting is displayed at the bottom of the dialog box.

| Y 5elect Color x|

Index Calar | True Colar I Color Books I
AutoCAD Calor Indes [AC1):

. D.... Byl ayer | ByBlock
| [ =
Color:

0k I Cancel | Help |

6. Click on the OK button to accept the color assignment.

7. Click on the Set Current button to make BathRoom the Current Layer. There
can only be one Current Layer, and new entities are automatically placed on the
layer that is set to be the Current Layer.

=3 |Current layer: 0 ISearch for layer j el
E<: |5 % @ X ﬂ Ei]

T « 1 1 1 1 1 1 1 1 .
=2z Filters 5,,| Mame Set Current (AItEC) I-'| N..| Description
B == al W 0

T Sets the selected layer as the current layer. Cbjects that you create are % ‘—]
""" = Allused Layers | BathRoor drawn on the current layer. (CLAYER. system variable) & h

[7] Press F1 for more help

4 |»

™ trevert filker « |[a] | »

qu Layer Properties Manager

|AII: 2 layers displayed of 2 total layers

8. Click on the Close button, at the upper left corner of the dialog box, to accept the
settings and exit the Layer Properties Manager dialog box.
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%+ The Layer Control toolbar in the top of the AutoCAD toolbar panel shows the status
of the active layer. The BathRoom layer is shown as the current active layer. Note that
this Layer toolbar can also be used to control the settings of individual layers.

MIES = A=A

f = | Unsaved Layer State
_‘|~.|Qj{i|f‘.ﬁaﬂ1rmml‘}’ v|
W

| Layers

Current Layer

I 1. Click on the Zoom Realtime icon in the Navigate
T toolbar located to the right side of the graphics
) window.

N T
R 2. Inside the graphics window, push and hold down the
= VQ left-mouse-button, then move upward to enlarge the
= current display scale factor. (Press the [Esc] key to exit

|l v Zoom Extents the Zoom command.)
N Zoom Window
S |ooo Zoom Previous 3. Use the Zoom Realtime option to reposition the

: i display so that we can work on the bathroom of the

floor plan.

> Note that the mouse-wheel can also be used to Zoom Realtime; turning the wheel
forward will enlarge the current display scale factor.

o e——o-7" .

A ]
|
F | 30
E.'_E.-r BATH ROOM , .
LI 5i-10° || &3
= -5t =4
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Modeling the bathroom

1. Inthe Status Bar area, reset the option buttons so that all of the buttons are
switched OFF.

T+ IO =TT TS

[#2l- Type a command

= ) 2. Click on the Rectangle command
icon in the Draw toolbar. In the
command prompt area, the message
“Specify first corner point:” is
displayed.

File Edit View Insert Format

Insert  Annotate Layout  Parametric

3. Inthe Object Snap toolbar, pick
Snap to Endpoint. In the
command prompt area, the message
“_endp of ” is displayed. AutoCAD
now expects us to select a geometric
entity on the screen.

Creates a rectang

Draw =

Creates a rectang
parameters (leng
charnfer, or squa

[—1[Top]|2D Wireframe]

Snap to
endpoint

4. Use the Dynamic Input options and create the outer rectangle of the tub (226" x
52107).
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5. Complete the inner shape by creating a rectangle with a distance of 3” from the
outer rectangle and rounded corners of 3" radius.

6. Create two rectangles (10”7 x20”and 20” x 30 ”) with rounded corners (radius 3")
and position them as shown.

| [ 0| ]
~

J rfT— 2 -5
r"gﬁ

7. Select the Ellipse - Axis, End
command icon in the Draw toolbar. In the
command prompt area, the message
“Specify axis endpoint of ellipse or
[Arc/Center]:” is displayed.

File Edit

Insert  Annotate Layout  Parametric

S 2 QO

Line Polyline Circle  Arc

View Insert Format

Draw

[=1[Topll2D Wireframe]

Creates an ellipg

=1/ x X< —[@J] 8 IntheObjectSnap toolbar, pick Snap to Midpoint.
In the command prompt area, the message “_mid of ”

snaps to the midpoi

9. Pick the top horizontal line of the small rectangle we just
created.

10. For the second point location, enter @0,20”[ENTER].

11. For the third point, enter @7.5”0 [ENTER)].
+«+ An ellipse has a major axis, the longest distance between two points on the ellipse,

and a minor axis, the shorter distance across the ellipse. The three points we specified
identify the two axes.
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Controlling Layer Visibility

AutoCAD does not display or plot the objects that are on invisible layers. To make layers
invisible, we can freeze or turn off those layers. Turning off layers only temporarily
removes the objects from the screen; the objects remain active in the CAD database.
Freezing layers will make the objects invisible and also disable the objects in the CAD
database. Freezing layers will improve object selection performance and reduce
regeneration time for complex designs. When we thaw a frozen layer, AutoCAD updates
the CAD database with the screen coordinates for all objects in the design.

Ckpuk

% 2% 2 £ 2] %% A

i | Unsaved Layver Stake -

Cnline

1. On the Layers toolbar panel, choose
the triangle next to the Layer Control
box with a click of the left-mouse-

| f.;." o i [] Bathroom button.
Lavers
Oukput  Online
AV - 2. Move the cursor over the light-bulb icon
B E for layer 0. The tool tip “Turn a layer On or
A0 | Unsaved Layer State s
Off” appears.

Q :O: o [] Bathroom

3. Left-mouse-click once and notice the icon
color is changed to a dark color,
representing the layer (Layer 0) is turned
OFF.

4. Move the cursor into the graphics window and left-mouse-click once to accept
the layer control settings.

» On your own, practice turning on Layer 0 and freezing/thawing Layer 0. What would
happen if we turn off all layers?

Adding a New Layer

Output  Online 1. Pick Layer Properties Manager in the Layers toolbar
panel. The Layer Properties Manager dialog box appears.

2. Create a new layer (layer name: Walls) and change the layer
color to Green.

3. Turn ON the O layer, turn OFF the BathRoom layer, and set the Walls layer as the
Current Layer. Click on the Close button to exit Layer Properties.

5..| Marme § O..| Fre... | L. | Color | Linekype | Lineweight | Plak 5., | F‘| N..| Descripkion
] ra i

s () Y O 03y W wh.. Continuo.. — Defa.. Color 7 &y 0
s ||l2= BathRoom @ O @3 O cyan Continuo.. — Defa.. Color 4 &y 0h
¥ & W o Continuo.. A
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Moving objects to a different layer

< AutoCAD® 2013 provides a flexible graphical user interface that allows users to
select graphical entities BEFORE the command is selected (pre-selection), or AFTER
the command is selected (post-selection). The procedure we have used so far is the
post-selection option. We can pre-select one or more objects by clicking on the
objects at the command prompt (Command:). To deselect the selected items, press

the
1.

[Esc] key twice.

Inside the graphics window, pre-select all objects by enclosing all objects inside a
selection window as shown.

First corner of /
the selection

window

Second corner
of the selection
window

2. On the Object Properties toolbar, choose the Layer Control box with the left-
mouse-button.

o,

assigned layer and layer properties.

-

Unsaved Layer State

|

) Lo 0 =

Selected object’s
layer name

PReiuy L

'Q 13- gi* [ Bathroom

| 4t f O Walks

by

+»+ Notice the layer name displayed in the Layer Control box is the selected object’s

I 3. On your own, switch the Walls layer on
and off to confirm the setup.

" 4. Before continuing to the next page, switch

ON both Walls and Bathroom layers.
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Matching Layer Properties

MG A

+| |Unsaved Laye

- Y S @

ot -

1. Pick Match in the Layer control toolbar panel.
In the command prompt area, the message
“Select objects to be changed:” is displayed.

2. Select the bathtub using a selection

" window as shown.

3. Inside the graphics window, right-
mouse-click once to accept the
selection.

4. Select one of the Walls as the
object properties to match.

> In the command prompt area, notice the selected objects have been moved to the

Walls layer.

Select object on destination layer or [Name]:

12 objects changed to layer "Walls" (the current layer).

1 i [ Bathroom
Turn a layver On or Off nes

Construction

+ | Unzaved Layer State -
- Q -ﬁ-f . Walls i

| 9 wah MO | 5. Onyour own, switch on and off of the Walls and
=

bathroom layers to examine the results of the
Match Layer Properties command.
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» On your own, complete the floor plan by creating the 4’ and 5’ windows in a new
layer Windows. The dimensions are as shown in the figure below.

25"

cing
17 .|" 1011 }
. —1'-1
—— (I
T I |_ T —
- @ 7 _||- g J‘—E —'l' H —]— g
ey N —‘I' o
1 114 i
-7
4. T T ]
— T 1-13*
| , Jl
r )
z-5"
= —-ll' =7
_pr o120t | 1
2 er ]
E=10° 5y
-1 oig
T 4-70 || |5
E—f [ J }
P_l'H
¥ 7 = ] |‘| ) ! 1
L— —l !_*_9: —l
2 g )
E-g H
1410 —T
10—z 44
I T 1 —
¥ — H
| 51—
S 1 59 — 12-11*
T 1
55—
7-4 + 7-5
15°-2 14—
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Review Questions: (Time: 25 minutes)

1.

2.

List some of the advantages of using layers.

List two methods to control the layer visibility in AutoCAD® 2013.
Describe the procedure to move objects from one layer to another.

When and why should you use the Multiline command?

Is there a limitation to how many layers we can set up in AutoCAD?

List and describe the two options available in AutoCAD to create ellipses.

Is there a limitation to how many parallel lines we can set up when using AutoCAD
Multiline objects?

What is the name of the layer that AutoCAD creates as the default layer (the layer
that we cannot rename or delete)?

When and why would you use the Match Properties command?

. A chamfer connects two objects with an angled line. A chamfer is usually used to

represent a beveled edge on a corner. Construct the following corners by using the
Chamfer command.

Chamfer distance=0 Chamfer distance Chamfer distoance
03 & 0.3 Mo Trim 0.3 & 10 Trim
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Exercises: (Time: 120 minutes)

1. Floor Plan A (Wall thickness: 5 inch)
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2. Floor Plan B (Wall thickness: 5 inch)
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Notes:

Licensed to North Cobb High School



AutoCAD® 2013 Tutorial: 2D Fundamentals 5-1

Chapter 5
Orthographic Views in Multiview Drawings

Leaming Objecives

¢ Create 2D orthographic views using
AutoCAD

¢ Using the CONSTRUCTION LINE command
to draw

¢ Using Running Object Snaps

¢ Use AutoCAD’s AutoSnap and AutoTrack
features

¢ Create a Miter line to transfer dimensions

¢ Using Projection lines between
orthographic views

¢ Use the POLAR Tracking option
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 5.

Section 2: Creating Basic Drawings

CoNSLrUCtION LiNE......ccviieieie e 5-7
Running ODJect SNaps........cccoivviiiiiieiec e 5-9
Object Snap Tracking .......cccevveveieeieere e 5-13
SNAP FrOM ... 5-16
Miter 1ine Method ..o 5-19

Section 4: Drawing Organization and Inquiry Commands

Layers Properties ........cccocevvevieiieie e e e 5-6
List comMmMand ........ccccoeviiiiiieece e 5-26
Properties cCommand ..........ccoccvevevieeveeiesiee e 5-27

Section 5: Altering Objects
Offset COMMANG.........cooviiiiiiiiee e 5-7
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Introduction

Most drawings produced and used in industry are multiview drawings. Multiview
drawings are used to provide accurate three-dimensional object information on two-
dimensional media, a means of communicating all of the information necessary to
transform an idea or concept into reality. The standards and conventions of multiview
drawings have been developed over many years, which equip us with a universally
understood method of communication. The age of computers has greatly altered the
design process, and several CAD methods are now available to help generate multiview
drawings using CAD systems.

Multiview drawings usually require several orthographic views to define the shape of a
three-dimensional object. Each orthographic view is a two-dimensional drawing showing
only two of the three dimensions of the three-dimensional object. Consequently, no
individual view contains sufficient information to completely define the shape of the
three-dimensional object. All orthographic views must be looked at together to
comprehend the shape of the three-dimensional object. The arrangement and relationship
between the views are therefore very important in multiview drawings. In this chapter,
the common methods of creating two-dimensional orthographic views with AutoCAD are
examined.

The Locator design

J o —
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The Locator part

> Before going through the tutorial, make a rough sketch of a multiview drawing of the
part. How many 2D views will be necessary to fully describe the part? Based on your
knowledge of AutoCAD® 2013 so far, how would you arrange and construct these
2D views? Take a few minutes to consider these questions and do preliminary
planning by sketching on a piece of paper. You are also encouraged to construct the
orthographic views on your own prior to following through the tutorial.

Starting Up AutoCAD® 2013

1.

Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop.

In the Startup dialog box, select the Start from Scratch option with a single
click of the left-mouse-button.

In the Default Settings section, pick Imperial as the drawing units.

On your own, open up the Drafting Settings dialog box, and select the SNAP
and GRID tab.

Change Grid Spacing to 0.5 for both X and Y directions.

Also adjust the Snap Spacing to 0.5 for both X and Y directions.
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Layers setup

Cutput Online

1. Pick Layer Properties Manager in the
Layers toolbar.

Layer Properties

Manages lavers and layver properties

" LAYER

|Current laver: 0

I 2. Click on the New icon to create new
SR RS e X
L layers.

& F ' '

== Filters « New Layer (&lt+N)

BT

Creates a new layer. The

o
~xig All Used Layers is selected =0 that you ca

3. Create two new layers with the following settings:

Layer Color Linetype
Construction White Continuous
Object Blue Continuous
x
> |Current layer: 0 ISearch far layer 0o
<% 5 LE X [ ¢
@ Fileers « S..l Mame + O..| Fre... | L | Color | Linetype | Lineweight | Plat 5... | P| N..l Drescription
Bl == Al o 0 J O 3 M wh. Continuo.. — Defa. Color 7 8 4
% [Constructi.. |® W .
- Object Y O 3 M blue Continuo.. — Defa.. Color s 8 04

5. Click on the Current button to set layer
Construction as the Current Layer.

6. Click on the Close button to accept the settings and exit the Layer
Properties Manager dialog box.

7. Inthe Status Bar area, reset the option buttons so that only SNAP
Mode and GRID Display are switched ON.
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Drawing Construction lines

o,

+«+ Construction lines are lines that extend to infinity. Construction lines are usually used
as references for creating other objects. We will also place the construction lines on
the Construction layer so that the layer can later be frozen or turned off.

Paral

S 2O g
IS

Harme Insert annotate

1. Select the Construction Line icon in the Draw
toolbar. In the command prompt area, the message
“ xline Specify a point or [Hor/Ver/Ang/Bisect/

Line Polvline Cig:le .ﬁ.E-: Offset] s displayed.

e To orient construction lines, we generally specify
two points. Note that other orientation options are
also available.

'l
& &3]

VARRIECIES

=N = AF

Construction Line

2. Select a location near the lower left corner of the graphics window. It is not
necessary to align objects to the world coordinate origin. CAD systems provide us
with many powerful tools to manipulate geometry. Our main goal is to use the
CAD system as a flexible and powerful tool, and to be very efficient and effective
with the systems.

3. Pick a location above the last point to create a vertical construction line.

4. Move the cursor toward the right of the first point and pick a location to create a
horizontal construction line.

5. Inside the graphics window, right-mouse-click to end the Construction Line
command.

6. In the Status Bar area, turn OFF the SNAP option.

ekric  Wiew  Manage — Oubput

Q||| | £ &
9 oAb ] - @ | Unsaved
B BDEE - '
Maodify -

1. Select the Offset icon in the Modify toolbar. In
the command prompt area, the message “Specify
offset distance or [Through/Erase/Layer]:” is
displayed.

2. In the command prompt area, enter: 5.0 [ENTER)].

3. Inthe command prompt area, the message “Select object to offset or <exit>:" is
displayed. Pick the vertical line on the screen.
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4. AutoCAD next asks us to identify the direction of the offset. Pick a location that
is to the right of the vertical line.

m 5. Inside the graphics window, right-mouse-click and choose
C

Cancel Enter to end the Offset command.

ya specity through point:

6. Inthe command prompt area, click on the small icon

Recent Commands I5F .
to access the list of recent commands.

OFFSETy
T 7. Select Offset in the popup list, to repeat the Offset
UNITS command.

'-LAYER
LAYER

8. Inthe command prompt area, enter: 2.5 [ENTER].

COMMANDLINE

9. Inthe command prompt area, the message “Select
object to offset or <exit>:" is displayed. Pick the
horizontal line on the screen.

10. AutoCAD next asks us to identify the direction of the offset. Pick a location that
is above the horizontal line.

11. Inside the graphics window, right-mouse-click to end the Offset command.

12. Repeat the Offset command and create the offset lines as shown.

1] Pe—— 1,50 g0
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Set layer Object as the current layer

1. On the Layers toolbar panel, choose the
Layer Control box with the left-mouse-
button.

£ % g 8 g

Unsaved Laver Skake

Q L [l Construction

‘ el It

| Q jo: o [ Construction
Q o o W obes

bl

2. Move the cursor over the name of the layer
Obiject. The tool tip “Object” appears.

3. Left-mouse-click once and the layer Object
is set as the Current Layer.

Using the Running Object Snaps

In AutoCAD® 2013, while using geometry construction commands, the cursor can be
placed to points on objects such as endpoints, midpoints, centers, and intersections. In
AutoCAD, this tool is called the Object Snap.

Obiject snaps can be turned on in one of two ways:
¢ Single Point (or override) Object Snaps: Sets an object snap for one use.
¢ Running Object Snaps: Sets object snaps active until we turn them off.

The procedure we have used so far is the Single Point Object Snaps option, where we
select the specific object snap from the Object Snap toolbar for one use only. The use of
the Running Object Snaps option to assist the construction is illustrated next.

1. Inthe Menu Bar, select:

[Tools] = [Drafting Settings]

Tools Draw Dirnensian

THNEW O3 Ld

Mamed UCS...

Geographic Location...

CAD Standards r
Wizards k
Iip'ﬁ' Drafting Settiﬁs...

L Group
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2. Inthe Drafting Settings dialog box select the Object Snap tab.

P’ Drafting Settings x|

Snap and Gridl Polar Tracking Object Snap |3D Ohiject Snapl Diynamic Inputl (o 4 I 'I

™ Object Snap On [F3) [” Object Snap Tracking On (F11]
— Object Snap modes
O W Endpaint 5 [ Insertion Select A |
A [ Midpaint b ™ Pependicular Clear &l |
o ¥ Certer T W Tangert
5 [ Mode % [ MNeamsst
< [ Quadrant B [ Apparent intersection
2 ¥ Intersection [ Parallel
- W Eutension
0 To track from an Osnap point, pause over the point while in a
é‘ command. & tracking wector appears when you mowve the curzor,
To stop tracking, pause over the point again.

Optionz... | (1] I Cancel | Help |

The Running Object Snap options can be turned on or off by clicking the different
options listed. Notice the different symbols associated with the different Object
Snap options.

3. Turn ON the Running Object Snap by clicking the Object Snap On box, or hit
the [F3] key once.

4. Confirm the Intersection, Endpoint and Extension options are switched ON and
click on the OK button to accept the settings and exit from the Drafting Settings
dialog box.

¢ Notice in the Status Bar area the OSNAP button is switched ON. We can toggle the
Running Object Snap option on or off by clicking the OSNAP button.

5. Press the [F3] key once and notice the OSNAP button is switched OFF in the
Status Bar area.

+ |71 6. Press the [F3] key again and notice the
OSNAP button is now switched ON in the

Status Bar area.

> AutoCAD® 2013 provides many input methods and shortcuts; you are
encouraged to examine the different options and choose the option that best fits
your own style.
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Creating Object lines

> We will define the areas for the front view, top view and side view by adding
object lines using the Running Object Snap option.

File  Edit  View 1. Select the Line command icon in the Draw toolbar.
Insert  Annotate  Par In the command prompt area, the message “_line
Specify first point:” is displayed.

2. Move the cursor to the intersection of any two lines
and notice the visual aid automatically displayed at

Line the intersection.
Creates straight line segments

3. Pick the four intersection points closest to the lower left corner to create the four
sides of the area of the front view.

W@md 4. Inside the graphics window, right-mouse-click to activate the
RecentInput option menu and select Enter with the left-mouse-button to end
Close the Line command.

Undo

Snap Overrides 4

5. Repeat the Line command to define the top view and side view as shown.

Top View |-
2.0
L50
250
. _Fr(_)nt_\/ie.w_ . jl'ﬁui iS?de.\/ieT'W -
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Turn OFF the Construction Lines layer

Cutput Online

& glsg glala 1. On the Object Properties toolbar, choose the

_ Layer Control box with the left-mouse-
il ||Unsaved Laver State

button.
() - i Cbiect
¢ o W 2. Move the cursor over the light-bulb icon for
T g [ Construction layer Construction. The tool tip “Turn a
\% ; | layer On or Off” appears.
i3 i il 2bject

——-l|Turn a layer Onoor COff

3. Left-mouse-click once and notice the icon color is changed to gray, representing
the layer (layer Construction) is turned OFF.

Adding more objects in the Front View

1. Use the Offset command and create the two parallel lines in the front view as
shown.

hekric Wigw Manage Qukput

O]+ |- & &
F 9 A ] - @Se | unsaved
B\ B BE - & 9
Maodify -

Cee 10—

Wiew

O & fa S
DCEJ .d"'l v 51| Insaved |

5 o Trim

elric Manage Cukbpuk !

Trims objecks to meek
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AutoCAD’s AutoSnap™ and AutoTrack™ features

AutoCAD’s AutoSnap and AutoTrack provide visual aids when the Object Snap options
are switched on. The main advantages of AutoSnap and AutoTrack are as follows:

e Symbols: Automatically displays the Object Snap type at the object snap location.

e Tooltips: Automatically displays the Object Snap type below the cursor.

e Magnet: Locks the cursor onto a snap point when the cursor is near the point.
With Object Snap Tracking, the cursor can track along alignment paths based on other
object snap points when specifying points in a command. To use Object Snap Tracking,
one or more object snaps must be switched on. The basic rules of using the Object Snap

Tracking option are as follows:

e To track from a Running Object Snap point, pause over the point while in a
command.

e A tracking vector appears when we move the cursor.
e To stop tracking, pause over the point again.

e When multiple Running Object Snaps are on, press the [TAB] key to cycle
through available snap points when the object snap aperture box is on an object.

1. Inthe Status Bar area, turn ON the OTRACK option.

A B ) (S S N | A EIEERE

‘ Object Snap Tracking (F11) l

File  Edit  Miew Inse

2. Select the Line command icon in the Draw toolbar.
In the command prompt area, the message “_line
Specify first point:” is displayed.

Insert Annotate Par

Polyline  Circle Arc

Line

Creates straight line segments
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3. Move the cursor near the top right corner of the vertical protrusion in the front
view. Notice that AutoSnap automatically locks the cursor to the corner and

displays the Endpoint symbol.

,
(=1

==

4. Move the cursor upward and notice that Object Tracking displays a dashed line,
showing the alignment to the top right corner of the vertical protrusion in the front
view. Move the cursor near the top horizontal line of the top view and notice that

AutoSnap displays the intersection point.

b |8
e

5. Left-mouse-click to place the starting point of a line at the intersection.
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6. Move the cursor to the top left corner of the front view to activate the tracking
feature.

H—

7. Create the line as shown in the above figure.

Adding more objects in the Top View

1. Use the Offset command and create the two parallel lines in the top view as
S

Taools

Warkspaces

Palett

hown.

Manage  Outpuk

Of|#|-| £ &

d|ﬁ ﬂ - 5 | Unsaved

oo
E oo~
Modify -

Draw  Dimension  Modify  Parametric

E5

Toolbars

On your own, select [Tools] 2>
[Toolbars] > [Object Snap] to
display the Object Snap toolbar on the
screen.
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3. Select the Line command icon in the Draw toolbar.
In the command prompt area, the message “_line
Specify first point:” is displayed.

File Edit Wigw Inse

Insert Annokate Pat

4. In the Object Snap toolbar, pick Snap From. In

- the command prompt area, the message “_from
Palyline  Circle  Arc Base point” is displayed. AutoCAD now expects us
to select a geometric entity on the screen.

&ﬂﬂfyxx

Snap From

Line

Creates straight line segments

» The Single Point Object Snap overrides the Running Object Snap option.

5. We will measure relative to the

lower right corner. Pick the corner
_ as shown.
-I.ED-
100 _ S .4 Pick this corner
i 57—
:

6. Inthe command prompt area, enter @0,0.25 [ENTER].

7. In the Object Snap toolbar, pick Snap From. Pick the
lower right corner of the top view again.

Snap From

8. Inthe command prompt area, enter @-1.75,0 [ENTER].

9. Inside the graphics window,
right-mouse-click to
activate the option menu
and select Enter with the
left-mouse-button to end the
Line command.
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10. Repeat the procedure and create the line on the top right corner as shown.

11. Using the Snap From option, create the circle (diameter 1.0) as shown.

etric Wiew Cukpuk 1

-::»_z & |

D@J dll‘l @51 Ineaved |

[-;j. ol Trim

Trims objecks ko meet

Manage
12. Select the Trim icon in the Modify toolbar. In the

command prompt area, the message “Select
boundary edges... Select objects:” is displayed.

13. Pick the following objects as boundary
edges: the circle, and the lines that are
near the circle.

14. Inside the graphics window, right-
mouse-click to accept the selected
objects.
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15. Select the unwanted portions and modify the objects as shown.

16. On your own, use the Offset and Trim commands and modify the top view as
shown.

hetric

Wi Manage Cukpuk 1

Q||+~ | &
‘-1'|||‘1 ﬂ = (51 | Unsaved

ekric

Yiew

O

Manage Cukpuk (

_.z’ =

51 Insaved |

[—PJ. ol Trin

Trims objects to meet

.= P25
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Drawing using the Miter Line method

o,

+«»+ The 45 °miter line method is a simple and straightforward procedure to transfer
measurements in between the top view and the side view.

Cutput  Online

&£ 5 ' 8 8 4 a9 1. On the Layers toolbar panel, choose the
Layer Control box by clicking once with

M ||Unsaved Layer State
the left-mouse-button.

() - i Cbiect
(UEego L 41 2. Move the cursor over the light-bulb icon

1 o [ Construction for layer Construction. The tool tip “Turn a
o I [ layer On or Off ” appears.

Turn a laver On or OFF

3. Left-mouse-click once and notice the icon color is changed to a light color,
representing the layer (layer Construction) is turned ON.

4. Left-mouse-click once over the name of the layer Construction to set it as the
Current Layer.

5. Use the Line command and create the miter line by connecting the two
intersections of the construction lines as shown.

Miter Line

J ———— 45°
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Hame Insert Paral

S AONE
I

Annokake
6. Select the Construction Line command in the
Draw toolbar as shown.

Line Paolyline Circle  Arc .
- - 7. In the command prompt area, select the Horizontal

option as shown.
Al
G £3 ]

ARRIECES

=N ==

'¢| Command :

Construction Line

8. On your own, create horizontal projection lines through all the corners in the top
view as shown.

9. Use the Trim command and trim the projection lines as shown in the figure
below.

|
AN

10. On your own, create additional Construction Lines (vertical
option) through all the intersection points that are on the miter
line.
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More Layers setup

1. Pick Layer Properties Manager in the Layers toolbar panel as shown in the figure
below.

Cutput Online

Layer Properties

Manages lavers and layver properties

" LAYER

2. Click on the New icon to create new layers.

3. Create two new layers with the following settings:

Layer Color Linetype
Hidden Cyan HIDDEN
Center Red CENTER

e The default linetype is Continuous. To use other linetypes, click on the Load button
in the Select Linetype dialog box and select the desired linetypes.

[ §Select Linetype EI

Loaded linetypes

Linetype | Appearance | D ezcription
CEMTER - Center _ _ _
Continuous —— Solid line

(] I Cancel Load... | Help |

Cutput Online
f & 2 g 8 8 4o 4. On your own, set the layer Object as the
I | Unsaved Laver Skake - Current Layer'

|G %o W obiet ﬂ

| Lave
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Top View to Side View Projection

1. Using the Running Object Snaps, create the necessary object-lines in the side
view.

)

2. Set layer Hidden as the Current Layer and create the two necessary hidden lines
in the side view.

3. Set layer Center as the Current Layer and create the necessary centerlines in the

side view.
C
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4. In the Layer Control box, turn OFF the construction lines.

5. Set layer Object as the Current Layer.

6. Use the Line command and create the two
30° inclined lines as shown.

(Hint: Relative coordinate entries of
@2.0<-30 and @2.0<210.)

|
Cuakpk i

Wi

Manage

8. On your own, use the Trim command and

& & £3 remove the unwanted portions in the side

SEN e ——— V|ew._Refer to the image shown on the next
= 1 Trim page if necessary.

[_é" Trims objects ko meek
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Completing the Front View

1. Select the Line command icon in the Draw toolbar.
In the command prompt area, the message “_line
Specify first point:” is displayed.

File Edit Wigw Inse

Insert Annokate Pat

2. Move the cursor to the top left corner in the side
_ _ - view and the bottom left corner in the top view to
Palyline  Circle Arc activate the Object Tracking option to both corners.

Line

Creates straight line segments

3. Left-mouse-click once when the cursor is aligned to both corners as shown.

N .

Extension: < 270°. Endpoint < 180°]

4. Create the horizontal line as shown.

i
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5. Repeat the procedure and create the lines in the front view as shown.

J T

__

6. Add in any additional object lines that are necessary.

7. Set layer Hidden as the Current Layer and create the necessary hidden lines in the
front view.

8. Set layer Center as the Current Layer and create the necessary centerlines in the
top view and front view.

J T ——

-
-
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Object Information using the LIST command

e AutoCAD provides several tools that will allow us to get information about
constructed geometric objects. The List command can be used to show detailed
information about geometric objects.

- -~ N 1. Move the cursor to the side view and select the
/_ _ _ inclined line on the right, as shown in the figure.

2. Inthe Properties toolbar, click on the List
icon to activate the command.

e Note the information regarding the selected
object is displayed in the AutoCAD Text
Window as shown.

Fll AutoCAD Text Window - Locator.dwg
Edit:
Coreoand : ;I
Coreostd :
Comrosrd
Cortostd :
Coreostd §
Command: list 1 found
LINE Layer: "Chject”™
Space: Model space
Handle = g5
from point, X= 12.0000 Y= 4.,5000 zZ= 0.0o0o0o
to poine, X= 13.0000 T= 3.9226 Z= 0.oooo
Length = 1.1547, Angle in XY Plane = 330
Delts ¥ = 1.0000, Delta ¥ = -0.5774, Delta Z = o.oooo
-
Cortostd : ﬂ_l j

e Note the List command can be used to show detailed information about the selected
line. The angle and length of the line, as well as the X, Y and Z components between
the two endpoints are all listed in a separate window.

3. Press the [F2] key once to close the AutoCAD Text Window.

4. Press the [Esc] key once to deselect the selected line.
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Object Information using the PROPERTIES command

e AutoCAD also provides tools that allow us to display and change properties of
constructed geometric objects. The Properties command not only provides the
detailed information about geometric objects, modifications can also be done very
quickly.

\Iiﬂ Manage Outpuk Cnline P

1. Inthe Ribbon tabs area, left-mouse-click once on
the View tab as shown.

N . - 2D Wireframe
[-C —
@- Q-

View
= Manager

" & EE e .
= & & a 2. In the Palettes toolbar, click on the
Tool  |Propegties| Sheet Set 2 Properties icon to activate the
Palettes Manager | []E@ ﬂ Cﬁl 15 command.
Palettes
x
1o selection [ ¢l 3. Note the Properties panel appears on
General - B the screen. The “No selection” on top
Colar B Eylayver of the panel indicates no object has
Laver Center been selected.
Linetvpe - ByLaver
Linetype scale 1.0000

4. Move the cursor to the side view and select the
inclined line on the right, as shown in the figure.
Geometry |
Stark = 12,0000
Stark ¥ 4,5000
Start 2 0.0000
End 13,0000
End ¥ 3.9226
End 2 0.0000
Delta 1.0000
5. The geometry information is listed at the Delka ¥ -0.5774
bottom section. Note the line length is Dela 2 0.0000
1.1547 and at the angle of 330 degrees. Length i, T
Angle 330 |,
hg
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Review Questions: (Time: 20 minutes)

1.

2.

7.

Explain what an orthographic view is and why it is important to engineering graphics.
What does the Running Object Snaps option allow us to do?

Explain how a miter line can assist us in creating orthographic views.

Describe the AutoCAD AutoSnap and AutoTrack options.

List and describe two AutoCAD commands that can be used to get geometric
information about constructed objects.

List and describe two options you could use to quickly create a 2-inch line attached to
a 2-inch circle, as shown in the below figure.

@20

43°
2.0

What are the length and angle of the inclined line, highlighted in the figure below, in
the top view of the Locator design?
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Exercises: (Time: 120 minutes)
(Unless otherwise specified, dimensions are in inches.)

1. Saddle Bracket

2. Anchor Base
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3. Bearing Base

Founds & Fillets: R. 25 I 0g

4. Shaft Support (Dimensions are in Millimeters.)

Rounds & Fillets: B 3
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5. Connecting Rod

ml-?s

6. Tube Hanger
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Chapter 6
Basic Dimensioning and Notes

¢

Understand dimensioning nomenclature
and basics
¢ Display and use the Dimension toolbar
Use the AutoCAD Dimension Style
Manager
Create Center Marks
Add Linear and Angular Dimensions
Use the TEXT command
Create SPECIAL CHARACTERS in Notes
Using the AutoCAD Classic Workspace

*

® & & o o
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 6.

Section 2: Creating Basic Drawings
CONSLIUCLION LiNE...ooii e 6-7
FIllet COMMANG ..o 6-12

Section 4: Drawing Organization and Inquiry Commands
Layers Properties ........cccocevveieiieie e seese e 6-5

Section 5: Altering Objects
Offset COMMANG.........cccveiirieiiee e 6-7

Section 7: Annotating the Drawing
SINGIE LiNe TeXt.....cciveiieiieiie e 6-23
Special CharaCters........ccouvvivereie e 6-24

Section 8: Dimensioning

Dimensions toolbar ............ceve i 6-15
DImension Style........ccoiiiiiee e 6-15
Fractional DIMENSION ........ccocveivvvieiiiie e 6-17
Overall DImension Scale ..........coccceveiviviiie e 6-17
Center Mark .......oooceiiiiiic e 6-19
Linear DIMENSION........ccoiviiiiiiiiiii et 6-20
Angular DIMeNSION .......cccevviieieeie e 6-21
Radius DIMENSION ....veviiiiiiiiiiiiiiie et 6-21

Section 10: Working with Reusable Content
PUrge BIOCKS .....cooeeeieeieceece e 6-25
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Introduction

In order to manufacture a finalized design, the complete shape and size description must
be shown on the drawings of the design. Thus far, the use of AutoCAD® 2013 to define
the shape of designs has been illustrated. In this chapter, the procedures to convey the
size definitions of designs using AutoCAD® 2013 are discussed. The tools of size
description are known as dimensions and notes.

Considerable experience and judgment is required for accurate size description. Detail
drawings should contain only those dimensions that are necessary to make the design.
Dimensions for the same feature of the design should be given only once in the same
drawing. Nothing should be left to chance or guesswork on a drawing. Drawings should
be dimensioned to avoid any possibility of questions. Dimensions should be carefully
positioned; preferably near the profile of the feature being dimensioned. The designer and
the CAD operator should be as familiar as possible with materials, methods of
manufacturing, and shop processes.

Traditionally, detailing a drawing is the biggest bottleneck of the design process; and
when doing board drafting, dimensioning is one of the most time consuming and tedious
tasks. Today, most CAD systems provide what is known as an auto-dimensioning
feature, where the CAD system automatically creates the extension lines, dimensional
lines, arrowheads, and dimension values. Most CAD systems also provide an associative
dimensioning feature so that the system automatically updates the dimensions when the
drawing is modified.

The Bracket design
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Starting Up AutoCAD 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop.

2. In the Startup window, select Start from Scratch, and select the Imperial
(feet and inches) as the drawing units.

3. Inthe Menu Bar, select:

[Tools] = [Drafting Settings]

THEW T F
2 MNamed UCS...
Dirnensian Modify
@ Geographic Location...

Palettes CAD Standards r

Toolbars Wizards b

Ifﬁ' Drafting Settilgs...

L+ Group

[*® Drafting Settings x|

Snap and Grid |F'0Iar Trackingl Object Snapl 30 Object Snapl Dynamic Inputl Guic 4 I ’I

4. In the Drafting Settings dialog

'VSS”GDD”_[F*” ':f?:d e box, select the SNAP and
rSnapspacing————— id style ep eyt
e o Disley coted g GRID tab if it is not the page on
¥ 20 model space top
Snhap 't spacing: ID-SDDD ™ Block editor '
¥ Equal and " spacing B £ ezt o . .
Grid spacing————— 5. Change Grid Spacing to 1.0 for
Polaspacng | GidXpscng.  [1000 both X and Y directions
Polar distance: ID-DDDD Grid Y spacing: |1 .ooan !
Major line every: |5 j: . .
-~ Srap e : d = 6. Also adjust the Snap Spacing to
& Grid srap r~ Grid behavior

: oy 0.5 for both X and Y directions.
D [z S [T Allow subdivizion below
' |zometiic shap qnid spacing

V' Display arid beyond Limits

7. Pick OK to exit the Drafting

€ PolarSnap I~ Follow Dynaric UCS . R
: Settings dialog box.
Optiong... | Cancel | Help I

8. Inthe Status Bar area, reset the option buttons so that only SNAP Mode and GRID
Display are switched ON.
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Layers setup

Cutput Online

1. Pick Layer Properties Manager in the

Layer Properties

Object Properties toolbar.

Manages lavers and laver properties

|Current laver: 0

J»
el
= <% 8

G| X v 2. Inthe Layer Properties Manager dialog

T
=2 Filters &

' ' box, click on the New button (or the key

EET T

f;.,_f“}f Al Used Lavers

Mew Layer (Alt+N) . .
Crastes a new layer. The combination [Alt+N]) to create a new

is selected so that you ca Iayer.

3. Create layers with the following settings:

Layer Color Linetype Lineweight
Construction Gray(9) Continuous Default
Object_Lines Blue Continuous 0.6mm
Hidden_Lines Cyan Hidden 0.3mm
Center_Lines Red Center Default
Dimensions Magenta Continuous Default
Section_Lines White Continuous Default
CuttingPlane_Lines Dark Gray Phantom 0.6mm
Title_Block Green Continuous 1.2mm
Viewport White Continuous Default

4. Highlight the layer Construction in the list of layers.

< Filters « 5..| Narng ¢ O..| Fre... | Lo | Color | Linetype | Lineweight | Plok 5. | Pl N..l Descriph
SR 1. e 0 7 O 05 M white Continuous — Defa.. Color7 &% Lo
“oxt Al Used Layers|[«e  Center_Lines| ) (O 03 W red CENTER ~ —— Defa.. Color 1 @& ih
¥ & Continuous LT
e GttingPla.. |y O 5 W8 PHANTOM mwmmm 0.60.. Color 8 & bLj
&= Dimensions | ) (O 05 M mage.. Continuous —— Defa.. Color 6 & 1
' i T . Colo 2

5. Click on the Current button to set layer

Construction as the Current Layer.

6.

Click on the Close button to accept the settings and exit the Layer
Properties Manager dialog box.
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The Bracket design

R1.T5

Rounds & Fillets B .25

» Before going through the tutorial, make a rough sketch of a multiview drawing of
the part. How many 2D views will be necessary to fully describe the part? Based
on your knowledge of AutoCAD® 2013 so far, how would you arrange and
construct these 2D views? Take a few minutes to consider these questions and do
preliminary planning by sketching on a piece of paper. You are also encouraged
to construct the orthographic views on your own prior to going through the
tutorial.
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Drawing Construction lines

+« We will place the construction lines on the Construction layer so that the layer can
later be frozen or turned off.

Annokate Paral

S 20O e
I

riome 1. Select the Construction Line icon in the Draw
toolbar. In the command prompt area, the message
“_xline Specify a point or
[Hor/Ver/Ang/Bisect/Offset]:” is displayed.

Line Palyline Circle Arc

» To orient construction lines, we generally

IS IEY AT = A ]S specify two points, although other orientation
o0 s =a options are also available.

Construction Line

Command: _xIine

_/‘- XLINE Specify a point or

3. Pick a location above the last point to create a vertical line.

4. Move the cursor toward the right of the first point and pick a location to create a
horizontal line.

5. In the Status Bar area, turn OFF the SNAP option.

hetric Miew  Manage  Qubput

O F - | £ £
ﬂ - 5P | Unsaved

1. Select the Offset icon in the Modify toolbar. In the
command prompt area, the message “Specify offset
distance or [Through]:” is displayed.

2. In the command prompt area, enter: 2.875
[ENTER].

3. Inthe command prompt area, the message “Select object to offset or <exit>:" is
displayed. Pick the vertical line on the screen.

4. AutoCAD next asks us to identify the direction of the offset. Pick a location that
is to the right of the vertical line.
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5. Inside the graphics window, right-mouse-click twice to end the Offset command.

v o specify through point:

6. Inthe command prompt area, click on the small
icon to access the list of recent commands.

OFFSI:—I'[:?

XLINE 7. Select Offset in the popup list, to repeat the Offset

'UNITS command.
'-LAYER

LAYER
COMMANDLINE I8 8. Inthe command prompt area, enter: 5.75 [ENTER].

pe a command

BIEENE

9. Inthe command prompt area, the message “Select object to offset or <exit>:"is
displayed. Pick the horizontal line on the screen.

10. AutoCAD next asks us to identify the direction of the offset. Pick a location that
is above the horizontal line.

11. Inside the graphics window, right-mouse-click once to end the Offset command.

12. Repeat the Offset command and create the lines as shown.

—{0.B7S 2.00 — =030

la {425 —= [ L. 30—
2(&675
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Set layer Object_Lines as the Current Layer

ucpic LInNne
% 'z £ £ 4% < || 1. Onthe Object Properties toolbar, choose the Layer
Unsaved Layer State - Control box with the left-mouse-button.
Q ﬁl—j"‘ [[] Construction -]
Q o WO 2. Move the cursor over the name of layer

Object_Lines and the tool tip “Object_Lines”
appears.

= Q) 1t o [l Center_Lines

| ) 1 i [ Censtruction |
(}- :o: ﬁ" . CuttingPlane_Lines

| Q :o: If . Dimensions

(}l :o: f |:| Hidden_Lines

[ ¢ o [l Objet_Lines |
|geam oot L]

o [T Tltle BI::u:k

3. Left-mouse-click once and layer Object_Lines is
set as the Current Layer.

4. In the Status Bar area, turn ON the Object SNAP, Object TRACKIing, and Line
Weight Display options.

1. Select the Line command icon in the Draw toolbar. In
the command prompt area, the message “_line Specify
first point:” is displayed.

Falvline  Circle Arc

Line

Creates straight line seqments

2. Move the cursor to the
intersection of the
construction lines at the
lower right corner of

| the current sketch, and

' S notice the visual aid
: e automatically displayed
_ LTIETTECTTT | at the intersection.

_
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3. Create the object lines as shown below. (Hint: Use the relative coordinate entry
method and the Trim command to construct the 30° line.)

4. Use the Arc and Circle commands to complete the object lines as shown.

' /\(@1.?50 | LTS
{ \

'

{
NN

N/

Creating Hidden lines

%8B 824 %9%
Unsaved Layer State -
Q Bk Wobeatres -
(K= K
() 1o [l Center_Lines
() g [l Construction
() g [l CuttingPlane_Lines
() - [l Dimensions
{0 e e e
|V o W *ﬁﬁﬁmu

(;,'J e Il Section_Lines

1. On the Object Properties toolbar, choose the
Layer Control box with the left-mouse-button.

2. Move the cursor over the name of layer
Hidden_Lines, left-mouse-click once, and set
layer Hidden_lines as the Current Layer.

3. Onyour own, create the five hidden lines in the
side view as shown on the next page.

Licensed to North Cobb High School



Basic Dimensioning and Notes 6-11

Creating Center lines

1. On the Object Properties toolbar, choose the
Layer Control box to display the Layer
control list.

r £ % 2 8 &% %
| Unsaved Layer State -
b Q L [[] Hidden_Lines -
IRE=y B .
_| Q i CenterRIJnes |

0 Constriidtinn
o
—— L:;:,l :qlf . CuttingPlane_Lines
(;,'J D:f‘ [} Dimensions

___| () 1§ [ Hidden_Lines |
|| ) G [l Object_Lines

2. Move the cursor over the name of layer
Center_Lines, left-mouse-click once to set
the layer as the Current Layer.

3. On your own, Create the center line in the
side view as shown in the below figure. (The
center lines in the front-view will be added
using the Center Mark option.)

Turn OFF the Construction Lines

1. On the Object Properties toolbar, choose the Layer Control box with the left-
mouse-button.

2. Move the cursor over the light-bulb icon for layer Construction_Lines, left-
mouse-click once, and notice the icon color is changed to a gray tone color,
representing the layer (layer Construction_Lines) is turned OFF.

3. Move the cursor over the name of layer Object_Lines, left-mouse-click once, and
set layer Object_Lines as the Current Layer.
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Using the FILLET command

thric Miew  Manage  Oubput

Q||| |.# &
G oAb [ ]|| e | Unsaved Ls

A B Q Filleh
/

- Fillet

1. Select the Fillet command icon in the Modify
toolbar. In the command prompt area, the message
“Select first object or [Polyline/Radius/Trim]:” is
displayed.

LT T

Palyline

Trimn !

3. Inthe command prompt area, the message “Specify fillet radius:” is displayed.

2. Inside the graphics window, right-mouse-click to activate the
option menu and select the Radius option with the left-mouse-
button to specify the radius of the fillet.

Specify fillet radius: 0.5 [ENTER].
4. Pick the bottom horizontal line of the front view as the first object to fillet.

5. Pick the adjacent vertical line connected to the arc to create a rounded corner as
shown.

Radius 0.5
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6. Repeat the Fillet command and create the four rounded corners (radius 0.25) as
shown.

Radius 0.25

Saving the Completed CAD Design

‘;._.

File Edit Wigw Insert Farmat

1. Inthe Menu Bar, select:
[File] = [Save As]

Home ™Y hew, ., e+
New Sheet Set... 2. Inthe Save Drawing As dialog box,
= Open... Ctri+O select the folder in which you want to

Lirie @ Open Sheet Set, ..
@ Load Markop Set. ..
EE Close

[-] [Tt Partial Load

store the CAD file and enter Bracket
in the File name box.

File name: Bracket

Impact... Files of type: | AutoCAD 2013 Drawing (*dwg)
atkach. ..
23ve CErl+3 3. Click Save in the Save Drawing As

Ctrh+5hift+5 dialog box to accept the selections and
save the file.

Eb Expork. ..
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Accessing the Dimensioning Commands

+«+ The user interface in AutoCAD has gone through several renovations since it was
first released back in 1982. The purpose of the renovations is to make commands
more accessible. For example, the dimensioning commands can be accessed through
several options:

C\Users\R..\Bracket.dwg ™

raw Dirnension Modify Parametric

» The Menu Bar: The majority of AutoCAD
commands can be found in the Menu Bar.

31 Quick Dimension Specific task related commands are listed
o . under the sub-items of the pull-down list.
£ Linear .
— _ The commands listed under the Menu Bar
‘| %, Aligned are more complete, but it might take
@ A ArcLength several clicks to reach the desired
'td  Ordinate command.
|—
(*) Radius
. A Jogged
[~ Diamete

A M 5 2 _
"_"f _ » The Ribbon toolbar panels: The more commonly
| Linear : used dimensioning commands are available in the
Annotation toolbar as shown.
Annokak 4\7 Aligned
—
i } Angular
f arc Length
F.adius

=

Haorme Insert .ﬁ.nnuﬁe Parametric View Manage Output
A A‘B,c Standafd

» The Dimensions
toolbar under the
Annotate tab: A more

Mukiine _ check (7 = complete set of
Text * Speling |0.2000 B dimensioning
Text commands.

y o Command :
Command: _saveas

» The command prompt: We can also type the
command at the command prompt area. This
option is always available, with or without
displaying the toolbars.

5_| ~ DIMLINEAR]
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The Dimension toolbar

» The Dimension toolbar offers the most flexible option to access the different
dimensioning commands. The toolbar contains a more complete list than the
Ribbon toolbars and this toolbar can be repositioned anywhere on the screen.

1. Move the cursor to the Menu Bar area and select:
[Tools] = [Toolbars] 2 [AutoCAD] 2 [Dimension]

Workspaces

3D Mavigation
Array Edit

Palettes r B

AutoCAD

AH

/o -
O

Toolbars »
Ctrl+9
Ctrl+0

Array_Toolbar
CAD Standards

Command Line

Clean Screen

Camnera Adjustment
DimensioEs
DimensioRal Constraints

2. Move the cursor over the icons in the Dimension toolbar and read the brief
description of each icon.

Insert 1

Spelling -
Quick Select...

Draw Order »

finnotation « Block

Linear Radius Angular Center Dimension Dimension
Dimension Dimension | / Dimension | | Mark Text Edit / Update
’}N ﬁ r—.‘ ':_—’{o ’H @ r—.‘ I Standard
5 W

Aligned Diameter Dimension Dimension
Dimension Dimension Edit Style

Using Dimension Style Manager

+«+ The appearance of the dimensions are controlled by dimension variables, which we
can set using the Dimension Style Manager dialog box.

1. In the Dimension toolbar, pick Dimension Style. The Dimension

| f | Style Manager dialog box appears on the screen.

[ Y Dimension Style Manager x|

Current dimension style: Standard

Styles: Prewview of: Standard
& Annotative Set Curent |

—l o159 e Mew...

_*__I /"\‘ Madify... |

11955 »
2.0e07 i
J | Y Overide... |
\)/ Compare...
- |
R0.8045
List: r— Description
Standard
IAII shyles j andar

¥ | Dot list styles iniefs

Cloge I Help
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Dimensions nomenclature and basics

As it was stated in Chapter 1, the rule for creating CAD designs and drawings is that they
should be created full size using real-world units. The importance of this practice is
evident when we begin applying dimensions to the geometry. The features that we
specify for dimensioning are measured and displayed automatically.

Dimension Text
Extension Line —= 1.[]1%"—

\1\ Dimension Line

1.1955
J 20207
\ E:l[:l-:- \
Leader \ 'f \ .
FO.a045 —/ \ Y Angular Dimension

Center Mark

Selecting and placing dimensions can be confusing at times. The two main things to
consider are: (1) the function of the part and (2) the manufacturing operations. Detail
drawings should contain only those dimensions that are necessary to make the design.
Dimensions for the same feature of the design should be given only once in the same
drawing. Nothing should be left to chance or guesswork on a drawing. Drawings should
be dimensioned to avoid any possibility of questions. Dimensions should be carefully
positioned; preferably near the profile of the feature being dimensioned.

Notice in the Dimension Style Manager dialog box, the AutoCAD default style name is
Standard. We can create our own dimension style to fit the specific type of design we are
working on, such as mechanical or architectual.

Set Current . . .
= 1. Click on the New button to create a new dimension style.
Mew. .
[ Y Create New Dimension Style ﬂ
Mew Style Mame:

2. Inthe Create New Dimension [ Mechanical Continue |
Style dlalpg box, enter . A Cocel_|
Mechanical as the dimension [Standard =
Style name. [ Annotative! i —lHElD

. . Uze far:
3. Click on the Continue button to
Al di i -
proceed I IMENSI0Ns J
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[ Y New Dimension Style: Mechanical

Linez | Symbaolz and fi‘«nnwsl Text | Fit

Primary Units | Alke

— Linear dimensions

Unit format:
Precizgion
Fraction format;

Decimal separatar;

Im -
ID 1418 Sets the current units formal

k] |
- (DIMLUNIT system varizble)
I Harizontal

[?]Press F1 for more help
I-- LSS gl |

— -

Dimension Features.

4. Click on the Primary Units tab.

5. Select Fractional as the Unit
format under the Primary Units
tab.

+«+ On your own, examine the
different options available; most of
the settings are self-explanatory.

6. Select the Fit tab and notice the two options under Scale for

s We can manually adjust the dimension scale factor or let AutoCAD automatically
adjust the scale factor. For example, our current drawing will fit on A-size paper,
and therefore we will use the scale factor of 1. If we decide to plot the same
drawing on B-size paper, then we will need to set the dimension scale factor to
2.0. It is possible to let AutoCAD determine the scale factor based on the layout
settings; we will discuss more about the layout in the next chapter.

Lines I Symbols and Armwsl Text  Fit

| Frirary Unitsl Alternate Unitsl Tolerances'

r— Fit options

|F thers isn't enaugh raom to place bath text and
arrows inside extension lines, the first thing to
move outside the extension lines is:

& Either test or armows [best fit)
© Anows
 Text

i
| |
- <
1 \
2
4 \
»
-

" Both text and armows

= Always keep text betwd

Scale Factor

I~ Suppress amows if they

Overall Dimension

extension lines

—

-
= . bl
Ssalﬁ‘fﬂr dimension features ———— =~

— Text placement
‘When test iz not in the default position, place it:
= Beside the dimension ine
© Ower dimensian line, with leader

" Over dimension line, without leader

[~ Annotative 1

= Scale dimensions to layout

/
& Use overall scale of: IT 0aon _Ij
Fi‘ne‘bnir& - 4

o o ——

Linez | Symbols and &mows  Test |Fit

I Frirmany Uitz

— Test appearance
Text style:

Text color;

Fill color:

Text height:

7. Select the Text tab.

8. Set the Text Height to 0.125.

IStandard j _I
| M ByBlock ~|
||:| MNaone j

4 Text Height 0.125
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9. Select the Lines tab and set Extend beyond dim lines to 0.125.

[ YNew Dimension Style: Mechanical

Lines |S_I,me0|s and Amows | Text | Fit

I Frimary Unitsl Alternate Unitsl Tolerancesl

 Dimengion lines 1
|g—
Calor: I. ByBlock j
Litetype: I BuBlock. j -~ ’i
Lineveight: I ByBlock j
Exterd beyond ticks: ID-':":":":I _|:
Baseline spacing: ID-3BUU _I:
Suppress: [ Dim line 1 [ Dim line 2
Estenzion lines
Color: I. ByBlock j Extend beyand dim lines: ID.125 _I:
Linetype ext line 1; I BuBlock. j N IWQ_,
Offzet fran arigin: O ¢ eifies a dist

| B Clozed flled ll
. 10. Select the Symbols and Arrows tab

Armow size: ) Setto 0.125 and set Arrow size and Center Marks to

|u.1250 afll% \\ 0.125. Also set the Center Marks type
to Line.

— Center marks \

" Mane . ++ Notice the different options available on

" Mark : =1 this page, options that let us turn off one

* Line or both of extension lines, dimension
lines, and arrowheads.

» The Center Mark option is used to control the appearance of center marks and
centerlines for diameter and radial dimensions.

Set EMrent |
Y

11. Click on the OK button to accept the settings and close the dialog
box.

12. Pick the Set Current button to make the Mechanical
dimension style the current dimension style.

13. Click on the Close button to accept the settings and close the Dimension Style
Manager dialog box.

» The Dimension Style Manager allows us to easily control the appearance of
the dimensions in the drawing.
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Using the CENTER MARK command

i £ % g 5 5 % <% [| 1. Onthe Object Properties toolbar, choose the

| |Unsaved Layer State - Layer Control box with the left-mouse-button.
= |4 o i Obiect_Lines -
IPEET L 2. Move the cursor over the name of layer

Center_Lines, left-mouse-click once, and set
layer Center_lines as the Current Layer.

| Q jo:lf‘ [l Center_Lines |
H Q :O:If [ | Construc%g
— ) 1% g i CuttingPia n_Er_ ==

Q :O:If [l Cimensions

Q :O:If [[] Hidden_Lines
| @ %o Il Obiect Lines |

\

- Section_Lines
%" ‘ @3 - o |'/\f||‘ﬁ’| 3. Inthe Dimension toolbar, click on the
b Center Mark icon.
Center Mark

4. Pick the radius 1.75 arc in the front view and notice AutoCAD automatically
places two centerlines through the center of the arc.

5. Repeat the Center Mark command and pick the small circle to place the
centerlines as shown.
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Adding Linear dimensions

===

%8 275

der = | Unsaved Layer State

choose

() {8 [ Center_Lines

@ i O

|Q 5 @ [ Center_Lines

';,'-' D:If [] Construction
Q :O:I[EI [ CuttingPlane_Lines

|Q o5 DIHIEIEIDI‘IS

IS 7] -

| Limear

1. On the Object Properties toolbar,

the Layer Control box with the

left-mouse-button.

2. Move the cursor over the name of layer
Dimensions, left-mouse-click once,
and set layer Dimensions as the
Current Layer.

In the Dimension toolbar, click on the Linear

Dimension icon.

» The Linear Dimension command measures and annotates a feature with a
horizontal or vertical dimension.

Step 4. Snap

to this corner.

AN

Pick the lower left corner of
the front view of the part.

Pick the lower right corner of
the front view of the part.

s ' Step 5. Snap

dimension text.

|| Step 6. Position the

/ to this corner.
: 6.

Pick a point that is about 0.5
inch below the bottom
horizontal line of the front view
to place the dimension text.

% Adding dimensions is this easy with AutoCAD’s auto-dimensioning and
associative-dimensioning features.
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7. Repeat the Linear Dimension command and add the necessary linear
dimensions as shown.

M oY _H

N

S =
— = | ®

1. Inthe Dimension toolbar, click on the Angular
Dimension icon.

e The Angular Dimension command measures and
annotates a feature with an angle dimension.

2. Pick the inclined line of the part in the
front view.

3. Pick the right vertical line of the part in
the front view.

4. Pick a point inside the desired quadrant
and place the dimension text as shown.

Step 4. Position the
dimension text.

\ Step 3. Pick the
ﬁ

vertical line.
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Adding Radius and Diameter dimensions

. Radius

NEINIE

Step 2. Pick
the Arc.

In the Dimension toolbar, click on the Radius
Dimension icon.

Step 3. Position the
dimension text.

2. Pick the large arc in the front view.

3. Pick a point toward the left of the arc to place the
dimension text.

—

4. Use the Radius Dimension and Diameter Dimension commands to add the
necessary dimensions as shown.

]

r— 230* . . . . . .

-
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U

sing the MULTILINE TEXT command

AutoCAD provides two options to create notes. For simple entries, we can use the
Single Line Text command. For longer entries with internal formatting, we can use
the Multiline Text command. The procedures for both of these commands are self-
explanatory. The Single Line Text command, also known as the Text command,
can be used to enter several lines of text that can be rotated and resized. The text we
are typing is displayed on the screen. Each line of text is treated as a separate object
in AutoCAD. To end a line and begin another, press the [ENTER] key after entering
characters. To end the Text command, press the [ENTER] key without entering any
characters.

- Q\J i
A . @ g.ﬁ" 1. Inthe Ribbon toolbar panel, select:
Texk fo N Insert Eg -
| 7 | 7able | e |

[Multiline Text]

Block =

_‘ A Multilire Texk
Al:

2. Inthe command prompt area, the message “Specify start point of text or
[Justify/Style]:” is displayed. Pick a location near the world coordinate (1,1.5).

Multiline Text

Creates a multiline text object

3. Right-mouse-click once to bring up the option list and
m chose Height. In the command prompt area, the message
LR “Specify Height:” is displayed. Enter 0.125 as the text
Line spacing helght

4. Click a position toward the right and create a rectangle representing roughly the
area for the notes.

EZ...|...|...|...|...|... """l‘}

5. Inthe Edit Box, enter: Rounds &

Movrds B FMets RIR L. Fillets R 1/4
X 6. Note in the Ribbon toolbar area, the
Close Text Editar different command options are available to
s adjust the multiline text entered. Click
B Close Text Editor [Close Text Editor] once to end the
command.
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Adding special characters

e We can add special text characters to the dimensioning text and notes. We can type in
special characters during any text command and when entering the dimension text.
The most common special characters have been given letters to make them easy to
remember.

Code Character Symbol
%%C Diameter symbol %)
%%D Degree symbol °

% %P Plus/Minus sign t

» On your own, create notes containing some of the special characters listed.

» On your own, switch on and off different layers to examine the information stored on
each layer.
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Saving the design

e

Insert Format

> In the Standard Toolbar area, select the
Save icon.

Ling Polvline

A special note on Layers containing Dimensions

AutoCAD creates several hidden BLOCKS when we create associative dimensions and
we will take a more in depth look at blocks in Chapter 9. AutoCAD treats blocks as a
special type of object called a named object. Each kind of named object has a symbol
table or a dictionary, and each table or dictionary can store multiple named objects. For
example, if we create five dimension styles, our drawing's dimension style symbol table
will have five dimension style records. In general, we do not work with symbol tables or
dictionaries directly.

When we create dimensions in AutoCAD, most of the hidden blocks are placed in the
same layer where the dimension was first defined. Some of the definitions are placed in
the DEFPOINTS layer. When moving dimensions from one layer to another, AutoCAD
does not move these definitions. When deleting layers, we cannot delete the current layer,
layer O, xref-dependent layers, or a layer that contains visible and/or invisible objects.
Layers referenced by block definitions, along with the DEFPOINTS layer, cannot be
deleted even if they do not contain visible objects.

To delete layers with hidden blocks, first use the Purge command [Application =
Drawing Utilities > Purge > Blocks] to remove the invisible blocks. (We will have
to remove all visible objects prior to using this command.) The empty layer can now be
deleted or purged.

O T

LR L= L= m e L= L L e e

correcks some errors,

E

Export ] Status
Display drawing statistics, modes, and

exkents,

-

Publish k
Purge

Remove unused named items, such as
block di.Gnitions and lavers, from the
drawing.

[

Prink: 4

Drawing b
Ltilities

Close » Open the Drawing Recovery Mana...

Recover
Repair a damaged drawing file.

g

OEm L) g
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Review Questions: (Time: 25 minutes)

1.

2.

Why are dimensions and notes important to a technical drawing?

List and describe some of the general-dimensioning practices.

Describe the procedure in setting up a new Dimension Style.

What is the special way to create a diameter symbol when entering a dimension text?
What is the text code to create the Diameter symbol (&) in AutoCAD?

Which command can be used to delete layers with hidden blocks? Can we delete
Layer 0?

Which quick-key is used to display and hide the AutoCAD Text Window?

What are the length and angle of the inclined line, highlighted in the figure below, in
the front view of the LBracket design.
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Exercises: (Time: 70 minutes)

1. Shaft Guide (Dimensions are in inches.)

Rounds & Fillets: R.125

2. Fixture Cap (Dimensions are in millimeters.)
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3. Cylinder Support (Dimensions are in inches.)
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Chapter 7
Templates and Plotting

FeainingObjectives

Set up the AutoCAD Plot Style option
Create a Template file

Use the MIRROR command

Create Multiple Copies of objects

Set up Layouts in Paper Space
Create Viewports in Paper Space

Use the PROPERTIES command
Adjust the Text Scale for Plotting

® & & & 6 O 0o
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 7.

Section 3: Manipulating Objects
Mirror COMMANG ........oceiiiieieiie e 7-20
ATITaY COMMANG ..o 7-21

Section 4: Drawing Organization and Inquiry Commands

Layers Properties ........cccocevveieiieie e seese e 7-9

VIEWPOIT PrOPEITIES .....cvviveiiiieciieiieeee e 7-24
Section 5: Altering Objects

Offset COMMANd........ccoovveiiiiie e 7-18
Section 6: Working with Layouts

Layout MOGE........coeiieiiieeee e 7-10

VIBWPOITS ...ttt 7-23
Section 8: Dimensioning

DImension Style........ccoiieiiiee e 7-25

Dimension Update .........ccccovveeereeie e 7-26

Scale DImension t0 Layout ..........ccoceevererieenenieseenens 7-26

Section 10: Working with Reusable Content

Template File .....cocooviiieee e 7-13
Section 12: Plotting Your Drawings

PIOt StYIe ... 7-7

Plot Style Table Settings .......ccccovvveveeie e 7-5

Plot command ........ccooeoeiiiii e 7-27
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Introduction

One of the main advantages of using CAD systems is that we can easily reuse
information that is already in the system. For example, many of the system settings, such
as setting up layers, colors, linetypes and grids, are typically performed in all AutoCAD
files. In AutoCAD® 2013, we can set up template files to eliminate these repetitive steps
and make our work much more efficient. Using template files also helps us maintain
consistent design and drafting standards. In this chapter, we will illustrate the procedure
to set up template files that can contain specific plotting settings, system units,
environment settings and other drafting standard settings.

We can also reuse any of the geometry information that is already in the system. For
example, we can easily create multiple identical copies of geometry with the Array
command, or create mirror images of objects using the Mirror command. In this chapter,
we will examine the use of these more advanced construction features and techniques in
AutoCAD® 2013.

Also in this chapter, we will demonstrate the printing/plotting procedure to create a
hardcopy of our design. AutoCAD® 2013 provides plotting features that are very easy to
use. The AutoCAD® 2013 plotting features include: WYSIWYG (What You See Is What
You Get) layouts; onscreen lineweights; plot style tables; device-accurate paper sizes;
and creating custom paper sizes.

The GenevaCam design

Yy
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Starting Up AutoCAD 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop.

Professional 20

3‘ ""! Aukodesk Inver ‘ Windows Update

ﬂkm 4

) Games K
a » |l Autodesk Inventor 2013 b GE A
= IFF) DWG Trueview 2013 » & B ¢
& ' | [, Reset Settings to Default
i) Outlook Express

_ Remote Assistance

& wWindows Media Player
All Programs 3 Wind "

V5] wogoff [0 Turn off Computer
i#istart & © [3 O Internet

2. In the Startup window, select Start from Scratch, as shown in the figure below.

& Start from Scratch

=0 Dl

— Defaul Settings
% |mpenial [feet and inches)
T~ Metric
[ - DI
rTip
Uzes the default imperial [feet and inches) settings.
)8 I Cancel |

3. Inthe Default Settings section, pick Imperial (feet and inches) as the drawing
units.

) 4. Pick OK in the startup dialog box to accept the selected settings.

+«+ Note the units setting of Drawingl is set to the English units system. One of the
important rules for creating CAD designs and drawings is that they should be created
full size. The importance of this practice is evident when we are ready to create
hardcopies of the design, or transfer the designs electronically to manufacturing
equipment, such as a CNC machine. Internally, CAD systems do not distinguish
whether the one unit of measurement is one inch or one millimeter. AutoCAD® 2013
provides several options to control the units settings.
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Setting up the Plot Style Mode

% Using AutoCAD® 2013 plot styles and plot style tables allow us to control the way
drawings look at plot time. We can reassign object properties, such as color, linetype,
and lineweight, and plot the same drawing differently. The default AutoCAD® 2013
Plot Style Mode is set to use the Color-Dependent plot style, which controls the
plotting of objects based on the object colors and is the traditional method of
adjusting the plotted hardcopy in AutoCAD. The other plot method in AutoCAD® is
to use the Named plot style table that works independently of color. In this chapter,
we will learn to plot with the new AutoCAD Named plot style, which provides a very
flexible and fast way to control the plotting of our designs.

> Notice the Plot Style

- [ box, the first box in the
wlawver : G . .
Object Properties

Y= ——Bylayer ¥ Color-Dependent toolbar, displays the
ock ~ plot style default setting of
— .

& ByColor ByColor and is grayed
- ]Transp% o out. This indicates the
B st Plot Style plot style is set to the

= = - Displays and sets the current plat style C0|0r_Dependent p|0t

style, and therefore the
object color is used to
control plotting.

‘= PLOTSTYLE

Press F1 for more help

Subobject Selection Filker » | 1. Inside the graphics area, right-mouse-click to
[ Quick Select. .. bring up the option menu.
CuickiCalc

2. Select Options as shown in the figure.

REC Eind,..

= Options
Current profile; <<Unnamed Profiles: »
File= I Displayl Open and Save Flot EV’%PUb“Sh | Syste ] )
3. In the Options dialog box, select
the Plot and Publish tab if it is
not the page on top.

Default plot settings for new drawings

* Use az default output device
I@ hp pzc 1300 zeries

J FI0T STamp S elmmngs. .. I

Flat Style Table Settings.. | 4. Click on the Plot Style Table Settings
B> button as shown.

Licensed to North Cobb High School



7-6 AutoCAD® 2013 Tutorial: 2D Fundamentals

| Y Plot Style Table Setting:| |

Default plot style behaviar it 5. Switch ON the Use named plot styles as shown.

" Use color dependent p

% Usze named plat styles
[
My

L3Pt <iyle Tabie St I 6. In the Default plot style table,

select acad.stb from the list
of plot style tables.

— Default plat style behaviar for new drawings

" Use color dependent plat styles

O sz et o f 7. Click on the OK button to
accept the modified plot style
— Current plat style table zettingz table settings.

Diefault plot style table:

Default piat style far layer O; k

INu:urmaI j .

8. Pick OK to accept the
Default plat style for objects: selected settings and close the
IByLa_I,Ier j Options dialog box.

Add or Edit Plot Style T ables... |

0k, I Cancel | Help |

¢ Note the Plot Style box in the Object
Properties toolbar still displays the setting
of ByColor and is still grayed out. This is
because the plotting settings are stored in
each file. We will close this file and start a
new file to have the new settings take
effect.

@ BrwZolor hd
g - ]Trant%rencv 1]

E Lisk Plot Style
w Displays and seks the current plak

‘=m PLOTSTYLE

Close the Drawing 1

! 9. Click on the [X] button, located near the top
window.

right corner of the Drawing 1 window, to
close the file.

10. In the AutoCAD Warning dialog box, select
NO to close the file without saving.
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Starting a new file

[ §Startup x|
2. Inthe AutoCAD Create
FH I
(= ” ] | ! New Drawing dialog box,
it oatt select the Start from
mabEines Scratch option as shown.
i+ |mperial [feet and inches]
- Metic 3. Pick Imperial (Feet and
...... : Inches) as the drawing
R = units
Llpses the default imperial [feet and inches] settings. 4. Pick OKin the startup
dialog box to accept the

selected settings.

QK I Cancel |

= +* Notice the Plot Style box in the

ByLayer g Obiject Properties toolbar now
GHOUR — Measre displays the setting of ByLayer
= —ByLaygy p|ot Style Box ’ Py J o1 SyLay
y . and is no longer grayed out.
| s ) WS This indicates we are now
S [EyLayer 2 | using the Named plot style, and
Z. ]rrani]‘f different options are available
_ Plot Style to control plotting of the

E List Displays and sets the current plok style design_
{3 Proy

[ PLOTSTYLE

» We will demonstrate the use of the Named plot style to create a hardcopy of the
Geneva Cam design. The steps described in the above sections are required to
set up the settings for the named plot style to be used in new drawings, and it
should be done prior to creating the design. We can also convert an existing
drawing to use named plot styles; it will require installing the AutoCAD
Migration application and use the Convertpstyles command to perform the
conversion. Note that after the conversion, any color-dependent plot style tables
attached to layouts in the drawing are removed.
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GRID and SNAP Intervals Setup
1. Inthe Menu Bar, select:

[Tools] = [Drafting Settings]

Modify IE

@ Gecgraphic Location...

{::E}Drafting & Annokakion TTETW =3 r

Marmed UCS...

Tonls Draw Dirnensian

Palettes
CAD Standards »

Wizards r

Toolbars

If'ﬁ' Drafting Settilgs...

L Group

[ Y Drafting Settings x|

Snap and Grid |F'0Ial Tracking | Object Snapl Diynamic Inpull Quick F'mpertiesl 2 In the Drafting Settings
¥ Snap On 9 % GidOn 7] dialog box, select the _
e . o SNAP and GRID tab if

nap spacing Grid zpacing .
Shap # spacing: 0.0 Grid ¥ spacing: 1.00 It IS nOt the page on top
Shap Y spacing: 0.50 Grid ¥ spacing: 1.00

3. Change Grid Spacing to
1.0 for both X and Y

;J

[+ Equalis and'Y spacing ajor line eveny:

{* Rectangular snap

" |zometic snap

" PolarSnap

¥ Display grid beyond Limits
[~ Follow Dynamic UCS

Ophions. .. |

o]

Cancel | Help

r— Polar spacing r— Grid behavior d | reCtions-
Falar distance: 0.00 v &daptive grid
™ Allow subdivision belaw AISO adjust the Snap
[ 5nep bpe g1l spacing Spacing to 0.5 for both X
% Grid snap

and Y directions.

Pick OK to exit the
Drafting Settings dialog
box.

6. In the Status Bar area, reset the option buttons so that only SNAP Mode and GRID
Display are switched ON.
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Layers setup

Cutput Online

1. Pick Layer Properties Manager in the Object
Properties toolbar.

Layer Properties
Manages lavers and layer properties

‘= LAYER

|Current layver: O

2. Inthe Layer Properties Manager dialog

E<® 8 G| X v _
= . , box, click on the New button (or the key
= Fllter: hall| - Layer (Alt+N) combination [Alt+N]) to create a new

Bz I .
yﬁE All Used Layers \i_srzlte._ a rz‘th?te;;:u;nl: layer.

3. Create layers with the following settings:

Layer Color Linetype Lineweight  PlotStyle
Construction Gray Continuous Default Normal
Object_Lines Blue Continuous 0.6mm Normal
Hidden_Lines Cyan Hidden 0.3mm Normal
Center_Lines Red Center Default Normal
Dimensions Magenta Continuous Default Normal
Section_Lines White Continuous Default Normal
CuttingPlane_Lines Dark Gray Phantom 0.6mm Normal
Title Block Green Continuous 1.2mm Normal
TitleBlockLettering Green Continuous Default Normal
Viewport White Continuous Default Normal

» Using the Normal PlotStyle enables plotting of lineweights defined in the specific
layer. Note that the Lineweight settings are set for proper printing of different
linetypes and some may appear thicker on screen.

4. Highlight the layer Construction in the list of layers.

5. Click on the Current button to set layer
Construction as the Current Layer.

6. Click on the Close button to accept the settings and exit the
Layer Properties Manager dialog box.
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Adding borders and title block in the layout

AutoCAD® 2013 allows us to create plots to any exact scale on the paper. Until now, we
have been working in model space to create our design in full size. When we are ready to

plot, we can arrange our design on a two-dimensional sheet of paper so that the plotted
hardcopy is exactly what we wanted. This two-dimensional sheet of paper is known as
the paper space in AutoCAD. We can place borders and title blocks on paper space, the
objects that are less critical to our design.

2. To adjust any Page Setup
options, right-mouse-click
once on the tab and select
Page Setup Manager.

Modify.

['YPage Setup - Layoutl

1. Click the Layout1 icon to switch to the
two-dimensional paper space.

i)

I4| 1| 4 |I‘I|1'-l r--*ln:u:IEI}l LayathT ;. Capats 7

HBCCHEE MIOOET T30

Page Setup ﬁnager. 00
Plat. ..

Impark Layout as Sheet, .,
Expart Layout ko Madel, ..

Hide Layout and Model tabs

3. Choose the default layout in the Page Setup Manager and click

[~ Page setup [~ Plot style table (pen assignments) — 4' In the Page SEtup dlalog bOX’
S - — select a plotter/printer that is
. — e available to plot/print your
:me: ; -j-:-.:}:p-:\ 5550 .ZEH = Properties  Shaded viewport optians design_ COnSuIt With your
tter: i deskjet 5550 series - Windows System Driver- ... g5y shadeplot [ as displaye: = . .
i = instructor or technical
Description: £ T Pl 2] -
i support personnel if you have
difficulty identifying the
“m | ‘ [ e et s hardware.
¥ Flak with plot styles
[ Flot area Flot scale ¥ Plot ool
What to plat: Fit b paper. 1
E— i e s [ A ¢+ Here we will set up the
koo oo et o e e [ e 3l | oo plotting for an A-size plot on
W oo fe - Beeen || © e a LaserJet printer. You
Vi 0.000000 inch Srale lineweights N M
S T P st o should select settings that are
=] 10 ) o applicable to your printers

and plotters.
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» Also notice the Printable area listed in the Paper size and paper units section is
typically smaller than the actual paper size, which is due to the limitations of the

hardware.
Dirawing arientation 5. Confirm the Paper size is set to Letter or
" Portrait equivalent (8.5” by 11") and the Drawing

= Landscaps orientation is set to Landscape.

[ Plot upside-down

6. Click on the OK button and Close button to accept the settings and
; exit the Page Setup dialog boxes.

% In the graphics window, a rectangular outline on a gray background indicates the
paper size. The dashed lines displayed within the paper indicate the printable
area.

7. Select the rectangle inside
the dashed lines.

8. Hit the [Delete] key once to
remove it.

» | Unsaved Layer State -

() L3 of i Construction . :

0 OChoh WO 9. In the Object Properties too_lbar area, select the Layer

= ) 0L o [l Conter Lines Control box and set layer Title_Block as the Current

[Q Z0ch W Corsimcion | Layer.

Q Hl_ﬁ'mf [l CuttingPlane_Lines

Q ﬁl_ﬁﬁ'f [l Dimensions

Q ﬁ’fm‘f D Hidden_Lines

Q H@f . Object_Lines

Q ﬁ@f [l Section_Lines

Q ORGP W THefck |

Q bel @ =F O TiﬂeBlg&d_ettering
- [C3

Viswport

Licensed to North Cobb High School



7-12 AutoCAD® 2013 Tutorial: 2D Fundamentals

10. Select the Rectangle icon in the Draw toolbar.
In the command prompt area, the message
“Specify first corner point or

. [Chamfer/Elevation/Fillet/Thickness/Width]:” is

Rectangle displayed.

Creates a rectang

11. Pick a location that is on the inside and near the lower left corner of the dashed
rectangle.

12. In the command prompt area, use the relative coordinate entry method and create
a10.25" x 7.75" rectangle.

13. Complete the title block as shown.

1023

375 220 120 210

OREGOM INETITUTE OF TECHNMOLOGY SHEET! TATE!

| |
| |
| |
| |
[ |
| |
| |
| |
| |
| 775 |l
| |
| |
| |
| |
[ |
| |
| |
| |
| |

14. Click the Model tab to switch back to
model space.

LA [ Modgl b Lapout! { Layout2 /

> Notice the title block we created is shown
only in paper space.

15. On your own, select the Layer Control box and set layer Construction Lines as
the Current Layer.

16. On your own, switch ON the following options in the status toolbar: SNAP,
GRID, Object Snap, Object Snap Tracking and Line Weight Display.
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Create a Template file

The heart of any CAD system is the ability to reuse information that is already in the
system. In the preceding sections, we spent a lot of time setting up system variables, such
as layers, colors, linetypes and plotting settings. We will make a template file containing
all of the settings and the title block we have created so far.

‘nr;—[;l:fiﬁ Cae =

Format Tj ] : :
Save . 1. In the Quick Access toolbar, click the Save
- Saves the current drawing 1con.
N1
O
|.YSave Drawing As x|
. Savein |I[3) Template - L= 1;,/1'_3 Q x ﬁ: Wisws * Tool -
2. In the Save Drawing As INm . | B — Freve
dialog box, save to the S
default template folder (or i acacD.duc 202k
. R acad -Mamed Plot Styles3D.dwt 201 KB
select the folder in which acag LA o
you want to store the c'-ca:isoao.dwtd s W3Ks
- acadlSO -kamed Plot Styles3. .. 202 KB
template fI|€) Enter Acad' acadISO -Mamed Plot Stiles.dwt 66 KB
. - - acadiso.
A'H'Tltle In the Flle name Tutnr\al-\ArEh.dwt ::i:
bOX Tutor\alf\Mfg.dwt 75KB
. utoriak-mArch.dw
lutunal-m:fg‘dwtt :g E:
3' PICk save In the Save [~ Update shest and view thumbr':( Template Flle (th)
DraWing AS dlalog bOX tO File name: IAcad'A'H'T\He !I j 4“6%
close the dialog box. Fiescf g [FOCAD Draving Tempiate - =] concd |

| Y Template Options il

4. Inthe Template Description dialog box, enter

D.-E-Ssci:zftlilo:rizontal layout with title block A'S|Ze Horlzontal |ayOUt Wlth tltle
Concel | block in the Description box.
Hel
o | 5. Pick OK to close the dialog box and save the
Momeurament template file.
[Englsh |

Mew Layer Motification
% Save all layers az unreconciled

" Save all layers as reconciled

» The only difference between an AutoCAD template file and a regular AutoCAD
drawing file is the filename extension, (.dwt) versus (.dwg). We can convert any
AutoCAD drawing into an AutoCAD template file by simply changing the filename
extension to .dwt. It is recommended that you keep a second copy of any template
files on a separate disk as a backup.
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Exit AutoCAD 2013

+« To demonstrate the effects of using a template file, we will exit and restart AutoCAD
2013.

» Click on the Application Bar and select Exit AutoCAD
; i : from the pull-down menu as shown.
ptlnns. . Exit MKAD|

Starting Up AutoCAD 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop.

2. Inthe AutoCAD Startup dialog box, select the Template option.

I 'Y Startup x|

Use a Template

il&" {~ | Use a Template

Select a Template:

Acad -named plot styles. dwt |

Acad -named plot ztylez3d, dwt Acad-A-H-Title.dwt
Azad. dwt )
Acad3d. dwt

Acad-a-h-title. dwt

Azadizo -named plot styles. dwat

Acadizo -named plot styles3d. dwt J
w

Acadizo.dwt
Browse... |

Template Dezcription
’V A-zize Horizantal lavaut with title Block,

Cancel |

3. Select the Acad-A-H-Title template file from the list of template files. If the
template file is not listed, click on the Browse button to locate it and proceed to
open a new drawing file.

Output Online

4. Pick Layer Properties Manager in the
Obiject Properties toolbar.

Layer Properties

Manages layvers and layer properties

‘= LAYER
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5. Examine the layer property settings in the Layer Properties Manager dialog box.

The Geneva

dialog box.

;,E Filters

Cam drawing

x
K |Current layer: Construction ISearch for layer Q
3
E& B 5 o= V4 g F
£& Fiters || 5..| Mame s 0. Fre.. L. | color | Linetype | Lineweight | Plots... | P...| .| Des
=] g All = 0 % F E° B wh. Continuo.. — Defa.. Normal &3 Oy
g pll Used Layers = Center Lines | Q) 0 G Bl red CENTER —— Defa.. Normal & B
| Construction | % @& ... Continuo. .. Normal 7y
. = cuttingPlan.. | § 0 * B 251 Continuo.. = 040.. Normal & B
e = Dimensions | § O * B m.. Continuo.. — Defa.. Normal & B
E = Hidden_Lines | § 1 G [0 cyan HIDDEN e 0.30.. Normal & B
b = Object_Lines | § 40 G* M blue Continuo.. == 0.35.. Normal = B
i = Section_Lines | § - Z* B m.. Continuo.. — Defa.. Normal & B
H = Title_Block 9 o3 of* @ gr.. Continuo.. wmm 0.60.. Normal & By
E = TitleBlockle..| § O &* W or.. Continuo.. — Defa.. Normal = B
Z 2= Viewport § o G M wh. Continuo.. — Defa.. Normal &3 By
=
Y[ T Invert Filter «||«] | 4
L}
-
g |AII: 11 layers displayed of 11 total layers

7. Click on the Close button to exit the Layer Properties Manager

036 X 020 KEYWAY 60°

—-| F 0.50

#2290 o8

.00

~f100—

OREGON INSTITUTE OF TECHNOLOGY|GENEWA CAM

HEET: 1/ 1

ATE: 0371972010

DR, BY : Mario Sonic

Jck. BY: Ace Joe J4P. BY: R._Shih

CALE 1/2__|DWG ND ME-

242

Licensed to North Cobb High School




7-16 AutoCAD® 2013 Tutorial: 2D Fundamentals

Drawing construction lines

IEET R 1. Select the Construction Line icon in the Draw

o toolbar. In the command prompt area, the message
n/ —) @ f/n “_xline Specify a point or
Line Polvline Circle  Arc = [Hor/Ver/Ang/Bisect/Offset]:” is displayed.

2. Place the first point at world coordinate (5,4.5) on
the screen.

3. Pick a location above the last point to create a
vertical line.

4. Move the cursor toward the right of the first point, and then pick a location to
create a horizontal line.

5. Next to create a construction line that is rotated 30 degrees from horizontal, enter
@2<30 [ENTER].

6. Inside the graphics window, right-mouse-click to end the Construction Line
command.

7. Select the Circle icon in the Draw toolbar. In the
command prompt area, the message “CIRCLE
Specify center point for circle or [3P/2P/Ttr]:” is
displayed.

Line Palvline

Center, Radius

8. Pick the intersection of the lines as the center point
of the circle.

Creates a circle

—R450

9. Inthe command prompt
area, the message “Specify
radius of circle or
[Diameter]:” is displayed.
Enter 0.75 [ENTER].

10. Repeat the Circle
command and create four
additional circles of radii
1.25,2.0,4.0and 4.5 as
shown.
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Creating object lines

dlEENE=AlE A=A s

F | |Unsaved Layer State

/__.1;-,

-

i) i ] Construction

-

| Q Hlll? . o
| () 0 " [l Center_Lines

|Q 1% o ] Construction

Q o ] CuttingPlane_Lines
| Q Hlﬂa [l Dimensions
';) I g [ Hidden_Lines

| ';) 2 Ohje.]Q_IJnes

L Q) 3 g [ Tite_BT

Insert Annokate

Ling  Palyline

Secti ne
Vsl

Center, Radius

Creates a circle

Patar

On the Object Properties toolbar, choose the

Layer Control box with the left-mouse-button.

Move the cursor over the name of layer
Object_Lines; the tool tip “Object_Lines”

appears.

Left-mouse-click once and layer Object_Lines is

set as the Current Layer.

Select the Circle icon in the Draw toolbar. In the
command prompt area, the message “CIRCLE
Specify center point for circle or [3P/2P/Ttr]:” is

displayed.

Move the cursor to the center of the circles, then

left-click once to select the intersection as the

center of the new circle.

R4.2000

R1,32000

6. Inthe command prompt area, the
message “Specify radius of circle
or [Diameter]:” is displayed. Pick

the right intersection of the
horizontal line and the radius 4.0

circle.

% | .RD.ESUlﬂ

8. Inthe command prompt area, the message “Specify radius of circle or

7. Repeat the Circle command and

pick the right intersection of the
horizontal line and the radius 4.5

circle as the center point of the

circle.

E4.0000 -

[Diameter]:” is displayed. Enter 1.5 [ENTER].

9. Repeat the Circle command and create a circle of radius 0.25 centered at the
intersection of the inclined line and the radius 2.0 circle as shown.
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Using the OFFSET command

hetric View

O] [ |
B4 -
[\ B 88 -

Modify =

Manage  Cutput

1. Select the Offset icon in the Modify toolbar. In
the command prompt area, the message “Specify
offset distance or [Through]:” is displayed.

2. In the command prompt area, enter: 0.25
[ENTER].

3. Inthe command prompt area, the message “Select object to offset or <exit>:" is
displayed. Pick the inclined line on the screen.

4. AutoCAD next asks us to identify the direction of the offset. Pick a location that
is below the inclined line.

5. Inside the graphics window, right-mouse-click and pick Enter to end the Offset
command.

¢

+»+ Notice that the new line created by the Offset command is placed on the same layer
as the line we selected to offset. Which layer is current does not matter; the offset
object will always be on the same layer as the original object.

6. Use the Zoom Window command and zoom-in on the 30
degrees region as shown.

Zoom Fealtime
o Zoom All
Zoorn Dyynarnic
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‘ L= : - -
Fle  Edi 7. Select the Line command icon in the Draw toolbar. In

Wiew Inse

Insert  Annotate  Par the command prompt area, the message “_line Specify
first point:” is displayed.

8. Move the cursor to the intersection of the small circle

Line and the lower inclined line and notice the visual aid that
W Creates straight line segments automatically displays at the intersection. Left-click once

to select the point.
\

9. Pick the next intersection point, toward the right side, along the inclined line.

» On your own, use the Trim and Erase commands to remove the unwanted
portions of the objects until your drawing contains only the objects shown below.
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Using the MIRROR command

Wiew  Manage — Cubput

1. Select the Mirror command icon in the Modify
toolbar. In the command prompt area, the message
“Select objects:” is displayed.

Mirror
Creates a mirrared copy o

First corner

Create a selection window by selecting the two
corners as shown.

Note that in AutoCAD® 2013, creating the
selection window from left to right will select
only objects entirely within the selection area.
Going from right to left (crossing selection)
selects objects within and objects crossing the
selection area. Objects must be at least partially
visible to be selected.

Second corner

3. Inside the graphics window, right-mouse-click to accept the selection and
continue with the Mirror command.

4. Inthe command prompt area, the message “Specify the first point of the mirror
line:” is displayed. Pick any intersection point along the horizontal line on the
screen.

5. In the command prompt area, the message “Specify the second point:” is
displayed. Pick any other intersection point along the horizontal line on the
screen.

6. Inthe command prompt area, the message
“Delete source objects? [Yes/No] <N>:"is
displayed. Inside the graphics window,
right-mouse-click and select Enter to
retain the original objects.

\

Recent Input r

FAN

Yes

[
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Using the ARRAY command

o,

+ We can make multiple copies of objects in polar, rectangular or path arrays (patterns).
For polar arrays, we control the number of copies of the object and whether the copies
are rotated. For rectangular arrays, we control the number of rows and columns and
the distance between them.

1. Select the Polar Array command icon in the
Modify toolbar. In the command prompt area,
the message “Select objects:” is displayed.

O | Al
G@; dlh ﬂ = @50 | Unsaved Laver St
A&l |EEl & | 9 Yol H

Mog
0o Rectangular Array
O

611? Path &rray

oo |
O O Polar Arra
oo R i

¢ Note the three different Array commands
available in AutoCAD.

r

First corner

\

2. Using a selection window, enclose the objects
we mirrored and the mirrored copies as
shown.

3. In the command prompt area, the message
“Select Objects:” is displayed. Inside the
graphics window, right-mouse-click to end
the selection.

FAN

Second corner

4. Inthe command prompt area, the
message “Specify the first point of
the mirror line:” is displayed. Pick
the Center point location of the
design as shown.
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5. In the Item toolbar area, set

Home  Insert

Polar

{4 Fill:

6. Set the angle to Fill to 360

Annctate
-5.‘??& Ttems:
{f Between: |ECI |

the total number of Items as 6 as shown.

Layout  Parametric

6

| 360 |

Itermns

as shown.

7. Onyour own, confirm the array Properties options are as shown.

o%%

+50

Basze Point

o°n

X

Direction | Close Array

8. Click Close Array to acce

Properties

Cloze

pt the settings and create the array as shown.
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9. On your own, construct the two inner circles and the 0.36 x 0.20 keyway. (Hint:
First create parallel lines at 0.95 and 0.18 distance of the horizontal and vertical
construction lines.)

» On your own, complete the two views with dimensions. (In the Dimension Style
Manager, set options under the Fit tab to control the appearance of radius and
diameter dimensions.)

036 ¥ 0.20 KEYWAY B0*

i“\ — | 0.50

@4.00

-—t- =& 92,50 $8.00

Ay

)

i

|
III“

®1.50
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Creating a Viewport inside the title block

| 1. Click the Layout1 tab to switch to the
| two-dimensional paper space containing
the title block.

L
2. If aview is displayed inside the title
block, use the Erase command and
M A [ ]\ Model } Laygut! { Layout? delete the view by selecting any edge of

= the viewport.

Yiewports 4. In the Pull-down menu, select:
3 na [View] = [Viewports] >
[New Viewport]

1 YWiewpart

2 Viewpoarks

5. Select Single in the Standard viewports list.

6. Click OK to proceed with the creation of the new
viewport.

7. In the Status Bar area, turn OFF the
OSNAP option.

8. Create a viewport inside the title block
area as shown.

Viewport inside

/ the Title Block.

TRECON THETTTOTE OF TE LTI OaT] ST T
T | G | P SALE, TWe I
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Viewport properties

1. Pre-select the viewport by left-clicking once on any edge of the viewport.

Tool
Palattes

—
—r

&y 2

==

Properties | Sheet Set

opetties Palette

Opens o closes the Properties

x
H» Viewport
[E]
Calar M EvLaver
Layer Viewwpork
Linetype BvLaver
Linetype scale 1.0000
Plak skyle ByLayer
Lineyweight ByLaver
Hypetlink
Cenker » 5.2107
Center ¥ 4,1525
Center Z 0.0000
Height 6.8620
Width 9.5950
on es
Clipped Mo
Display lacked Mio

Properties

Cuskom scale

Annokation scale

_1skon

115 mer viewn) Standard scale

3.

2. Switch to the View tab in the Ribbon toolbars,
select the Properties Pallette icon.

In the Properties dialog box,
scroll down to the bottom of the
list. Notice the current scale is
set to Custom, 0.5289. (The
number on your screen might be
different.)

Left-click the Standard scale
box and notice an arrowhead
appears.

Click on the arrowhead button
and a list of standard scales is
displayed. Use the scroll bar to
look at the list.

6. Set the Custom scale to 0.5 as shown. This will set the plotting scale factor to

half scale.

Annotation scale

1:1

Standard scale

Custom scale
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Hide the Viewport borders

8|2 %5 EE %%

- | Unsaved Layer State -
) LS o [l Vieweort ~

¢ HCiaf MO

Q jdlf'{“lff“ i Center_Lines

Q :O:Lﬁgf [l Construction

Q Hl_ﬁ'{;f [l cuttingPlane_Lines
L~ Q H@f [l Dimensions

Q :O:Lﬁiﬁlf [ Hidden_Lines

Q :(j):l_ﬁ;'“lf? [l Cbisct_Lines

Q :o:lf'gllif“ [l Section_Lines

Q Hl_ﬁ'{“lff“ [ Title_Block

Q H@f [ TitleBlockLsttering

e

@-ﬁi—@.ﬁ* Wl Vievoort

* |Turn a layer On or OFf

s We will turn off the viewport borders so that the lines

will not be plotted.

With the viewport pre-selected, choose the Layer
Control box with the left-mouse-button.

Move the cursor over the name of layer Viewport,
left-mouse-click once, and move the viewport to layer
Viewport.

3. Turn OFF layer Viewport in the Layer Control box.

Adjusting the dimension scale

&i Skandard

_ Skandard
~ h Standard

1. Move the cursor to the Annotation toolbar
area and left-click the down arrow to display
a list of toolbar menu groups.

2. Click on the Dimension Style icon.

Dimension Style

3. In the Dimension Style Manager dialog box, select Modify.

Presdew of. Standard

R020

—Description
Standard

— 102 <‘

G

Set Current

Blewy...

/\ Moty

zZ0z :
Dwerride...
60° \
/ Caormpare...

Licensed to North Cobb High School



Templates and Plotting 7-27

4. Use the Scale dimensions to layout (paperspace) option in the Scale for
Dimension Features section under the Fit tab.

Fit tab |

[ Y™Modify Dimension Style: Standard

Primary Unitsl Alternate Unitsl Tolelancesl

Linez |Symbols and Amows | Test Fit

— Fit options
If there izn't enough room to place both text and -1 102 |‘-

arows inzide extension lines, the first thing to
mave outside the extension lines is: T /\

& Either bext or armows [best fit) 1.20 202
Ao i '
 Text 60* >

" Both test and arows
RO.E0

" Always keep text betwesn ext lines

[~ Supprezs amows if they don't fit inside
extension lines

— Text placement Scale dimenSionS i~ Scale for dimension features
H N L=
‘wWhen test is nat in th to Iayout Optlon. \{innotatwe i

&' Beside the dimension line * Scale dimensions to lapout

" Over dimension line, with leader (%,Ise overall scale of: IU.DUUU _%

" Over dimension line, without leader

~ Fine tuning

I Place text manually

[ Draw dim line between est lines

ak. I Cancel Help

I - (Ll e o

Zli_m SUDETESS'DH - T 5. Click on the Primary Units tab, and set the
o ral Zero suppression of linear dimension to
ub-unitz factor: = Leading as shown

Suppresses leading zeros in all dec

6. Click on the OK button to close the Modify Dimension Style dialog box.

7. Click on the Close button to close the Dimension Style Manager dialog box.

8. Click on the Dimension Update

|<—»‘ Standard -
= N icon, located under the Annotate
Cirmension i o 51 1 m ' tab.

Dimensions Update§ 9  pijck one of the radius dimensions.

10. Inside the graphics window, right-mouse-click to update the selected dimension.

11. Repeat the Dimension Update command on all the dimensions.
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Plot/Print the drawing

1. Inthe Standard toolbar, select the Plot icon.

e 2. Confirm the proper plot device is selected.

Horne Insert Annokate

3. Inthe Plot area section, confirm it is set to Layout.

4. In the Plot scale section, confirm it is set to 1:1. Our paper space is set to the
correct paper size.

5. In the Plot options section, confirm the Plot with plot styles and Plot
paperspace last options are selected.

@Plut - Layout1 Jied B3
—Page setup —Plot stvle table {pen assignments)
Marne! |<None> j Add... Iacad.stb j L’)l
r— Printeriplotter —Shaded viewport options

Marne: I@ hp deskjet 5550 zeries x| Properties... | Shade plat I.ﬂ.s displayed 'I

Plotter: hp deskjet 5550 series - Windows Swstem Driver - by Au... kg5 — Quality INDrmal vI
Where: LPT1: T - 300
A
Description: E.:
N —Plat options
T Plok to fiie \|4 ™ Plat in background
= o ;
—Paper size Mumber of copies 7" Piat cbject ineweigfits
- W Plot with plok sty
[Letter (2.5 11in.) | ’7 = 2 Rl st ehis
¥ Flot paperspace last
Flot area - Flot seale [ Hide paperspace objects
What ko plok: i
b I™ Fit to paper [ Plat stamp on
IL 14 W l
20U Scale [1:1 hd [~ save changes to layout
—Plat offset {origin set ko printable area) ——— I 1 inch = —Drawing otientation

% Landscape

- ID.DDDDDD inch I™ Center the plat I—l - ® P B
Y ID.DDDDDD inch I~ scale lineweights I Flot upside-dawn

Preview. .. | Apply bo Layout | ok | Cancel

“ Note the Preview option is also available.

Preview, .. ﬂ

6. Click on the OK button to proceed with plotting the drawing.
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Review Questions: (Time: 25 minutes)

1. List and describe three advantages of using template files.
2. Describe the items that were included in the Acad-A-H-Title template file.

3. List and describe two methods of creating copies of existing objects in AutoCAD®
2013.

4. Describe the procedure in determining the scale factor for plotting an AutoCAD®
2013 layout.

5. What is the difference between the AutoCAD Model Space and the Paper Space?
6. Why should we use the AutoCAD Paper Space?
7. What does the ORTHO option allow us to do?

8. Which AutoCAD command allows us to view and change properties of constructed
geometric objects?

9. What is the difference between an AutoCAD drawing file (.dwg) and an AutoCAD
template file (.dwt)?

10. What does the Divide command allow us to do?
11. Similar to the Trim command, the Break command can also be used to remove a

portion of an object. Create 3 arbitrary lines as shown and remove the middle portion
of the line, defined by the two intersecting lines, using the Break command.

- £ | O% Mo ]
Break
Breaks the sslected object between two points
[y BREAK.
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Exercises: (Time: 150 minutes)
(Unless otherwise specified, dimensions are in inches.)

1. Ratchet Plate (thickness: 0.125 inch)

2. Shaft Support
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3. Auxiliary Support

4. Indexing Guide
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5. Coupling Base
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Notes:
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Lesson 8
Parametric Drawing Tools

Implied Geometric Properties

G Tangent 4 Porallel _| Perpendicular
YVertical lime Vertical line
,/( ‘5 Vertical line
i) i/
Concentric ,5 ,
Arc & Circles n Concentric

\ > |

Horizontal Line

Arc & Circle
}\<

L

L e S—_ ("
N 7 ,{1 {\
Circle Centers aligned horizontolly

S

0 4

earninglObjeCtives

¢ Understand the Basics of Parametric
Modeling

¢ Apply the Geometric Constraints
Manually and Automatically

¢ Use the Dimensional Constraints
command

¢ Control Geometry through the use of
Constraints

¢ Show and Hide the Applied Constraints
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 8.

Section 1: Introduction to AutoCAD
Show All CoNSraintS ...t 8-33
Show Dynamic CONStraints ............cceeveverenenenenesennenns 8-33

Section 2: Creating Drawings
Geometric CoNStraints .........ccceeevveeiiiee e 8-9
Dimensional ConStraints ..........ccccceevvvveeeeiiciieee e 8-12
Infer Constraints ..........ooviiiiiiiiiii e enn.8-34

Section 3: Manipulating Objects

Geometric CONSLraAINTS ....cccveeeeiiiiiee e 8-10
Dimensional CONSLraiNts ..........ccocveveiiiiiiie e 8-12
MIrror COMMANG ........cociiiiiiiiiiiiee e 8-25
Auto Constrain command ..........ccccoeeeevereeeiieeeiiee e 8-28

Section 4: Drawing Organization and Inquiry Commands

Layers CoNtrolS........coooiiieriiiiiecesee e 8-5
Section 5: Altering Objects

MiIrror COMMANG ... 8-25

TrimM COMMANG ..o 8-26
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Introduction

One of the most important advancements in the CAD/CAE technology was the invention
of parametric modeling tools in the late 1980s. The introduction of the parametric
technology revolutionized the CAD industry by allowing users to use CAD software as
true design tools. The parametric modeling approach has elevated the traditional CAD
technology to the level of a very powerful design tool. Parametric modeling techniques
can be used to automate the design and revision procedures; this is done through the use
of parametric features. Parametric features control the model geometry by the use of
design variables. In AutoCAD® 2010, a new set of parametric drawing tools is
introduced. The word parametric means that the geometric definitions of the design, such
as dimensions, can be varied at any time during the design process. The concept of
parametric modeling makes the way CAD works more closely match the actual design-
manufacturing process than the mathematics of a CAD program. By using the parametric
drawing tools available in AutoCAD® 2013, CAD drawings can now be updated more
easily when the design is refined.

The main characteristic of parametric modeling involves the use of Constraints.
Constraints are geometric rules and restrictions applied to 2D geometry.

There are two general types of constraints: Geometric constraints and Dimensional
constraints.

Geometric constraints are used to control the geometric relationships of objects with
respect to each other; for example, a line that is tangent to an arc, a line that is horizontal,
or two lines that are collinear.

Dimensional constraints are used to control the size and location of geometric entities;
for example, the distance between two parallel lines, the length of a line, the angle of two
lines, or radius values of arcs.

When a design is created or changed, a drawing will be in one of three states:
» Unconstrained: No constraints are applied to the constructed geometry.
» Under constrained: Some constraints, but not all, are applied to the constructed
geometry.
» Fully constrained: The necessary definitions of the design have been properly
applied to the constructed geometry, which means all relevant geometric and
dimensional constraints are present.

% Note that AutoCAD will prevent the user from applying any constraints that result
in an over-constrained condition (having duplicating or conflicting definitions.)

Generally speaking, during the initial stages of a design process, creating an under
constrained, or even unconstrained, drawing can be very beneficial in helping a designer
to determine the forms and shapes of the design. But as the design begins to reach the
final stages, a fully constrained drawing is necessary eventually, as this will assure the
manufacturability of the finalized design.
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In this lesson, we will examine the use of the very powerful parametric drawing tools
that are available in AutoCAD® 2013. The parametric drawing tools can be used to (1)
assist the construction of designs, especially when more complex geometric relations are
present, and (2) help maintain the design intents and thus ease the tedious tasks involved
in design modifications.

The concepts and procedures described in this chapter represent the basic techniques
involved in the use of 3D parametric modeling software, such as the Autodesk Inventor
2013 software.

N
Jua]

RIS
R30 320 L

= )CE(

7

=1

/e
| Y
& -
Implied Geometric Properties
4 Tangent /' Parallel _| Perpendicular
YVertical line Vertical lne
,5 ‘j Vertical line

ke
Concentric ‘ 'j C -
: oncentric
Arc & Cnﬂies 0 1 © frc & Circle
Haorizontal Line‘ L
L_ j L /-|
AT

Circle Centers aligned horizontally

ST

A\

< 7

++ Note the parametric drawing tools allow users to concentrate on the design itself.
With the parametric tools, the users now have full control of the specific
geometric properties, as well as the size and location definitions. This approach
can be quite effective, as it can be used to supplement traditional geometric
construction techniques.
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Starting Up AutoCAD® 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop. Once the program is loaded into the memory, the
AutoCAD® 2013 drawing window will appear on the screen.

2. Inthe Startup window, select Start from Scratch, as shown in the figure below.

3. In the Default Settings section, pick Metric as the drawing units.

4. On your own, set the display to no digits after the decimal point and also both the
Snap and Grid options to 10 for both X and Y directions.

Layers setup

1. Pick Layer Properties Manager in the Layers toolbar.

2. Click on the New icon to create new
layers.

3. Create two new layers with the following settings:

Layer Color Linetype Lineweight
Construction White Continuous Default
Center Red CENTER Default
Object Blue Continuous 0.3mm
Hx |Current layer: 0 |Search Fior laver Q |
B R @ b v gk
P

£& Filters . . | [ | Calar | Linetype Lineweight | Plak 5... |
EF=A -
£ all Used Layers

| N..lDes

wh... Continuo.. — Defa.. Mormal
red Continuo.. — Defa..

ufui]e

Normal

[er

4. On your own, set layer Construction as the Current Layer.

5. Inthe Status Bar area, reset the option buttons so that only GRID Display is
switched ON.
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Creating Rough Sketches

Quite often during the early design stage, the shape of a design may not have any precise
dimensions. Most conventional CAD systems require the user to input the precise lengths
and locations of all geometric entities defining the design, which are not available during
the early design stage. With parametric modeling, we can use the computer to elaborate
and formulate the design idea further during the initial design stage. With Autodesk
parametric drawing tools, we can use the computer as an electronic sketchpad to help us
concentrate on the formulation of forms and shapes for the design. This approach is the
main advantage of parametric drawing over conventional CAD drawing techniques.

As the name implies, a rough sketch is not precise at all. When sketching, we simply
sketch the geometry so that it closely resembles the desired shape. Precise scale or
lengths are not needed. AutoCAD provides us with many tools to assist us in finalizing
sketches. For example, geometric entities such as horizontal and vertical lines can be set
at anytime. Here are some general guidelines for creating sketches in AutoCAD 2013:

e Create a sketch that is proportional to the desired shape. Concentrate on the
shapes and forms of the design.

o Keep the sketches simple. Initially, leave out the small geometry features such as
fillets, rounds and chamfers. Add those in after the major parts of the sketch have
been established.

e [Exaggerate the geometric features of the desired shape. For example, if the
desired angle is 85 degrees, create an angle that is 50 or 60 degrees. It is not
necessary to construct everything precisely.

e Confirm all necessary constraints are maintained correctly throughout the
construction/editing. In parametric modeling, editing geometry may cause the
removal of certain applied constraints by the system. For example, trimming a line
may cause the removal of a tangent constraint which was applied earlier.

Note that in AutoCAD 2013, it is also feasible to use the parametric drawing tools on
precisely constructed geometry. In this tutorial, to illustrate the concepts of geometric
constraints, a set of randomly created geometry will be used.

1. Click on and switch to the Home tab
in the Ribbon tabs and panels area.

2. Select the Circle — Center, Radius
command icon in the Draw toolbar. In
the command prompt area, the
message “_circle Specify center point
for the circle or [3P/2P/Ttr (tan tan
radius)]:” is displayed.
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3. Onyour own, create two circles of arbitrary sizes near the center of the screen as

shown.

4. Select the Line command icon in the Draw toolbar.
In the command prompt area, near the bottom of the
AutoCAD drawing screen, the message “_line Specify
first point:” is displayed. AutoCAD expects us to
identify the starting location of a straight line.

5. Onyour own, create a line of arbitrary length just
below the two circles as shown in the figure below.

Licensed to North Cobb High School



8-8 AutoCAD® 2013 Tutorial: 2D Fundamentals

Parametric drawing tools

1. Inthe Ribbon tabs area, left-mouse-
click once on the Parametric Tools
tab as shown.

+«+ Three tool panels are available under the Parametric Tools tab: Geometric
Constraints, Dimensional Constraints and the Manage panel.

» Geometric Constraints panel contains the tools to apply geometric constraints
either manually or automatically.

» Dimensional Constraints panel contains the tools to applied dimensional
constraints manually. Note the dynamic dimensions applied through this panel
can be used.

» The Manage panel contains two tools: Delete Constraints to manually remove
unwanted constraints and Parameters Manager to allow parametric equations
be set up among dimensions.

< We will first use the Geometric Constraint tools to control the constructed
geometry.
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Applying Geometric Constraints

In the Geometric Constraints panel, twelve types of constraints are available for 2D
sketches.

Colinear Fix \ferpendicular \ Vertical \ Smooth \ Equal \

A A Q

>

PE <
y

P g
e

»
\
Coincident Concentric Parallel Horizontal \ Tangent Symmetric

Coincident constraint: Constrains two points together or one point
to a curve.

[ £ 1

_ Zoincident

{’f Calinear Colinear constraint: Causes two lines or ellipse axes to lie along the
same line.

@ iZoncentric Concentric constraint: Constrains two arcs, circles, or ellipses to
the same center point.

[

Fixed location constraint: Constrains points or curves to a fixed location
relative to the sketch coordinate system.

Parallel constraint: Causes selected lines or ellipse axes to lie parallel
to one another.

,--‘j"’ Parallel

i

H..-"""- Perpendicular Perpendicular constraint: Causes selected curves or ellipse
axes to lie at right angles to one another.

|

— Huorizontal I Horizontal constraint: Causes lines, ellipse axes, or pairs of points
to lie parallel to the X-axis of the sketch coordinate system.

|

11 Vertical Vertical constraint: Causes lines, ellipse axes, or pairs of points to lie
parallel to the Y-axis of the sketch coordinate system.

b\ Tangent Tangent constraint: Constrains two curves to be tangent to one
another.

=%, smooth (G2) [§ Smooth (G2) constraint: Create a curvature continuous (G2)
condition between a spline and a line, arc, or spline.

il

L:J Swmmetric || Symmetric constraint: Constrains lines or curves to become
symmetrically constrained about a selected line.

[

= Equal Equal constraint: Selected arcs/circles constrained to the same radius
or selected lines to the same length.

i
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1. Select the Horizontal constraint by
clicking on the icon as shown in the
figure.

2. Click on the line with the left-mouse-
button to apply the constraint. The line is
adjusted to the horizontal position as
shown.

3. Select the Coincident constraint by clicking on
the icon as shown in the figure.

4. Click on the larger circle with the left-mouse-
button to apply the constraint.

5. Click on the left endpoint of the line with the left-mouse-button to apply the
constraint. The line is moved and the alignment is as shown.

Al
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% Note that since both the circle and line can be moved, AutoCAD will move either
geometry to satisfy the applied geometric property. We will take a different
approach to have more controls in the editing of the geometry.

6. Inthe Quick Access toolbar, click the Undo
button as shown.

7. Select the Fix constraint by clicking on the
icon as shown in the figure.

8. Click on the left endpoint of the
line with the left-mouse-button
to apply the constraint.

+» Note the different constraint
symbols next to the geometry.

9. Select the Coincident constraint by clicking
on the icon as shown in the figure.

10. Click on the larger circle with the left-mouse-
button to apply the constraint.

11. Click on the left endpoint of the line with the left-mouse-button to apply the
constraint. Now the circle is moved and the alignment constraint is maintained.
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Applying Dimensional Constraints

¢ Inthe Dimensional Constraints panel, a set of dimensional constraints are available;
we can apply the dimensional constraints, such as Linear, Radial, or Angular
dimensions, to control geometry.

R/

+« By default, the Show Constraints
option is activated, which will show all
applied constraints on the screen.

1. Select the Linear dimension constraint by
clicking on the icon as shown in the figure.

Cancel 2. Inside the display area, right-mouse-click once to bring up
Recent Input . the option menu and select Object as shown.

m 3. Select the line with a single click of the left-mouse-button.

"y

4. Place the dimension below
the line with a single left-
mouse-button click as shown.

¢ AutoCAD next expects us to
edit the length of the line
through the applied
dimensional constraint.
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L 5. Enter 96 as the new
. S length of the line.

e % Note the length of the
S5 . L line is adjusted to the
I specified length.

6. Select the Coincident constraint by clicking on
the icon as shown in the figure.

7. On your own, align the center of the smaller
circle to the right endpoint of the line as
shown in the figure below.

8. On your own, adjust the length of the line by double-clicking on the dimension.
Experiment with different values and see how the geometry behaves as changes
are made. Set the dimension back to 96 before continuing.
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Additional Geometric and Dimensional Constructions

1. In the Ribbon tabs area, left-mouse-click once on
the Home tab as shown.

Pararne]

SN G NN

Palyline  Circle Arc

Insert Annokate

2. Select the Line command icon in the Draw
toolbar. In the command prompt area, near the
bottom of the AutoCAD drawing screen, the
message “_line Specify first point:” is displayed.
AutoCAD expects us to identify the starting

n location of a straight line.

-

Draw =

3. Onyour own, create three connected line segments of arbitrary length just above
the two circles as shown in the figure below.

4. In the Ribbon tabs area, left-mouse-
click once on the Parametric Tools
tab as shown.

Licensed to North Cobb High School



Parametric Drawing Tools 8-15

5. Select the Parallel constraint by clicking
on the icon as shown in the figure.

6. Select the line segment on the left as
shown.

-

f/’f".\fffffff |

7. Select the horizontal line connected to the circle centers as shown.

4

‘_
++ Note that although the selected line segment now becomes a horizontal line,
parallel to the first line created, the line segment is no longer connected to the two

other lines. Although it is feasible to apply additional Coincident constraints, a
better option is to use the Auto Constrain command.

8. In the Quick Access toolbar, click the Undo
button as shown.
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9. Select the Auto Constrain command by
clicking on the icon as shown in the
figure.

10. Select the three line
segments by using a
selection window as
shown.

[! 11. Inside the display area, click once with the right-mouse-

Cancel
_ button and select Enter to accept the selection and proceed
Settings with the Auto Constrain command.

% Note that two Coincident constraints are applied to the geometry. The Auto
Constrain command will automatically apply constraints based on the existing
geometric relations.
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12. Select the Parallel constraint by clicking
on the icon as shown in the figure.

13. Select the line segment on the left as
shown.

B B I

14. Select the horizontal line connected to the circle centers as shown in the figure
above.

15. On your own, apply another Parallel constraint to the right line segment so that
the three longer lines are parallel to each other as shown.

4

16. Select the Perpendicular constraint by
clicking on the icon as shown in the figure.
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17. On your own, apply the Perpendicular constraint to the line segment to the
right and the short line segment in the middle as shown.

ANl Parametl 18 Select the Tangent constraint by clicking on
IZE‘; I O &3 Show the icon as shown in the figure.
J— 3
At & = E Show 4
i S 1 = T . .
Constran @ L1 = ®jHdeA 19 Onyour own, select the circle on the right and
Cennnatbis the line segment just above it to apply the
ﬁ Tangent constraint.
o I
N
A

++ Note the size of the circle is adjusted to satisfy the applied constraint.
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20. Select the Radius Dimensional
constraint by clicking on the icon as

shown in the figure.

21. Select the circle on the right and place the dimension to the right as shown.

~

Home  Insert  Annotate RGN
IZE:‘; L ¥ O 3 showll 93 Select the Tangent constraint by clicking on
e 2= A show the icon as shown in the figure.
Constrain @h\? [l =  &lhdea
Feamrnsbris
ﬁ Tangent
i
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24. On your own, select the circle on the left and the line segment just above it to
apply the constraint.

o

I
BELE
ers [
/ B

25. On your own, apply a Dimensional constraint to the left circle and set the
radius to 30 as shown.

0

s
T

N
/ d1=368 -

radd =30

K/

+«+ Note that although the Tangent constraint is applied, that does not assure the
tangent lines are trimmed correctly. We will use the Coincident constraint to
restrict the endpoints.

26. Select the Coincident constraint by clicking on
the icon as shown in the figure.

27. Select the endpoint of the top horizontal line as _ rad2=308
shown.
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Cancel

Recent Input » | 28. Inside the display area, right-mouse-click once to bring up

the option menu and select Object as shown.

\ 29. Select the circle on the left as shown.

++» The Coincident constraint assures the endpoint of
the line is always on the circle.

rad2=308

30. On your own, repeat the above steps to constrain the right endpoint of the right
line to the circle. Your drawing should appear as shown in the figure below.

e

//’ .

FodZ2=30& = @ Coradl =208

d1=95@

31. On your own, apply a Linear dimensional constraint to the top horizontal line
and set its length to 60 as shown.

d2=60d

/V .

e
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} @ /.., 32. Click on the Home tab in the Ribbon tabs area.

Line Polvline Circle Arc

Draw =

33. Click on the 3-Point arc icon to activate
the command.

| 34. On your own, create an
arc of arbitrary size to the
right side of the top

GO . k/ horizontal line as shown.

Y

.f'..é"-
/ 7

35. In the Ribbon tabs area, left-mouse-
click once on the Parametric Tools
tab as shown.

36. Select the Radius dimensional constraint
by clicking on the icon as shown in the
figure.
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37. Select the arc by clicking once with the

\'l left-mouse-button.
rads=15 38. Enter 15 as the new radius of the arc.

Note the geometry adjustment is done
instantly.

39. Select the Coincident constraint by clicking on
the icon as shown in the figure.

40. Select the top endpoint of the arc as
shown.

|

rad3=15 &

41. Select the right endpoint of the top *
horizontal line as shown. : : : / .

Harne Insert Annokate Paramektri| |

¥ © 5 show; : .
42. Select the Tangent constraint by clicking on
= 3| @ Shiowy 8

the icon as shown in the figure.

Auta

+—
Fe
Constrain @‘-l 1 = E&! Hide &
manrnabric
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43. Select the arc as the first object.

44, Select the horizontal line on the left as the
second object.

45. Select the Coincident constraint by clicking on
the icon as shown in the figure.

46. On your own, select the right endpoint of the arc and the horizontal line to set
the constraint.

d2=60&
T..,,__::_I

Xrad3=15@

Y
L=

rad2=30& radl=20@

S d1=06@
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Using the MIRROR command

1. Select the Mirror command icon in the Modify
toolbar. In the command prompt area, the message
“Select objects:” is displayed.

2. Use a selection window to select the objects on the upper portion as shown.

{ d2=50&
- ad3=15d
?\ . -
_I’Cld2_=30 ) . \] =@ . / Corodl=20@
| r ————— T

3. Inside the graphics window, right-mouse-click to accept the selection and
continue with the Mirror command.

4. Inthe command prompt area, the message “Specify the first point of the mirror
line:” is displayed. Pick the center point of the circle on the left. (Hint: Switch
on the Object Snap option to assist the selection.)

5. Inthe command prompt area, the message “Specify the second point:” is
displayed. Pick the center point of the circle on the right.

6. Inthe command prompt area, the message “Delete source objects? [Yes/No]
<N>:" is displayed. Inside the graphics window, right-mouse-click and select
Enter to retain the original objects.

r d2=508

¥id3=15@

tad1=20@

F . d3=804
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Using the TRIM command

e The Trim command shortens an object so that it ends precisely at a selected

boundary.

1. Select the Trim command icon in the Modify
toolbar. In the command prompt area, the message
“Select boundary edges... Select objects:” is
displayed.

«» First, we will need to select the objects that define the boundary edges to which
we want to trim the object. If no item is selected, then all existing objects can be

used as boundary edges.

2. Inside the graphics window, click once with the right-mouse-button to accept the
default option and proceed with the Trim command.

£

i

radi=20@Y

rad3=15a
. [; 2

LR

7Y

radl =20 @y

.

. 4
/’F' (=
e

5. On your own, trim the other circle to remove the

inside portion.

3. The message “Select object to trim or shift-select
object to extend or [Fence/Crossing/Project/Edge/
eRase/Undo]:” is displayed in the command
prompt area. Pick the inside top segment of the
circle on the right as shown.

4. Pick the left side of the arc to trim the lower left
portion of the arc.

rodz=230

Licensed to North Cobb High School



Parametric Drawing Tools 8-27

6. On your own, continue to trim the horizontal lines on the right, and the drawing

should appear as shown in the figure below.
>_l- oy _ _ _
[ rad3=15 @

J-< d2=60d
-
rodz=3va . . _ =& . . . radi=20@

S d1=06@ 7

LR
~

\(md4=15
d3=6Ca . . o

¢+ Note that all constraints appear to be intact prior to exiting the Trim command.

w 7. Inside the graphics window, right-mouse-click to activate the
C option menu and select Enter with the left-mouse-button to

ancel
end the Trim command.

>_[ s _ _ _
’K‘(md3=15@

L

’< d2=60@

o @

&~

Yrud4=15ﬂ

F _ d3-60@ 7[ O

+«+ Note that some of the constraints, both geometric and dimensional constraints, are
removed as we exited the Trim command. The constraints are properties applied
to the geometry, and the associated constraints will be removed when the
geometry is edited/changed.
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Using the Auto Constrain command

1. Select the Auto Constrain command by
clicking on the icon as shown in the
figure.

2. Select all of the constructed objects by using a selection window as shown.

e

‘< Péc.i3=ﬂ.5/@ |

= @ # .

‘ . 41=06a

v

F :d?ﬁ?ﬁﬂ {

Rad4=15@

m 3. Inside the graphics window, right-mouse-click to bring up
the option menu and select Enter to accept the selection

Cancel
e and continue with the Auto Constrain command.

T

NMd3=158

= @ 7
L ' ' ' d1=96&

&

. //. . .
ed4=15@

-

¢+ Since the geometric entities were constructed precisely, AutoCAD is able to
reapply the geometric constraints correctly; however, we will need to create the
two radial dimensional constraints manually.
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4. Select the Radius dimensional constraint
by clicking on the icon as shown in the
figure.

5. Select the circle on the right and place the dimension to the right as shown.

6. Hit the Enter key once to accept the default dimension.

d2=60 & I_

Nid3=15@

S A

Tad=2C @

= @ o
d1=96@

sz o

{rgdd=15@

d3=60a@ -

7. On your own, move the objects forming the outside loop to layer Object and
switch ON the Display Lineweight option. Your drawing should appear as shown

in the figure below.

ag0n

rad2=308

rod! =20 i -

= @ 2

e

d1=96 @

-

&~

TI=00@

Licensed to North Cobb High School



8-30 AutoCAD® 2013 Tutorial: 2D Fundamentals

Creating and Constraining Additional Circles

1. Click on and switch to the Home tab
in the Ribbon tabs and panels area.

2. Select the Circle — Center,
Radius command icon in the Draw
toolbar. In the command prompt
area, the message “_circle Specify
center point for the circle or
[3P/2P/Ttr (tan tan radius)]:” is
displayed.

3. Onyour own, create four circles of arbitrary sizes below the current drawing as
shown.

&

L: d36OH:

o0 °C

4. Select the Diameter dimensional
constraint by clicking on the icon as
shown in the figure.

'rqo4 15.

5. Onyour own, apply four Diameter
dimensional constraints as shown in
the figure below.

dial=2{ @®
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6. Select the Concentric constraint by clicking
on the icon as shown in the figure.

Select the two circles on the left side to align ‘dial=20g
the center points as shown.

On your own, repeat the Concentric constraint command and align the three
circles as shown in the figure below.

do-p0@
|

dia?=30@
d1=96 @

s

T7=C0R

9. Click on the triangle symbol below the icon of the
Linear dimensional constraint to show more options.

10. Select the Horizontal dimensional constraint by clicking
on the icon as shown in the figure.
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11. Select the center point of the arc on the left and the center point of the
diameter 10 circle.

12. On your own, set the horizontal distance to 48 as shown.

d2=50 @ -
YE3=154

Jia1=20@ j04=20 &
dia2=304 o
41=96 & SR
rad1=24
v _
T=T78 ER4=108
dia3=10&

da—48@.

13. On your own, use the Vertical dimensional constraint
command to align the center of the small circle and the
center point of the arc on the left as shown.

dZ=604
7

d4=23@

=
'di03=1(ﬁ')

d1=068

v

d3=60&
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Control the Display of Constraints
1. Click on the Hide All Dynamic Constraints icon with the left-mouse-button.

*

% Note all dimensional constraints are removed from the screen.

2. Click on the Hide All Constraints icon
with the left-mouse-button.

3. Onyour own, use the Show and Show All commands to
display the applied geometric constraints.

e Note that the procedures involved in using parametric drawing tools are very
different than traditional drafting techniques. Although both approaches can be used
to achieve the same results; the parametric drawing approach provides the more
powerful functionalities for design revisions and modifications.
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The Implicit Geometric Constraint Approach

e In AutoCAD 2013, a new parametric option is added in the Status toolbar area, the
Infer Constraints option. The new option allows us to use Implicit Geometric
Constraint approach and apply constraints at the same time the geometric entities
are constructed.

1. Activate the Infer Constraints, Ortho and Object Snap options by clicking with
the left-mouse-button on the first icon in the Status toolbar area as shown.

Insert Annokate Parame]

SN G NN =k

Polvline  Circle Arc

2. Select the Line command icon in the Draw
toolbar. In the command prompt area, the message
“_line Specify first point:” is displayed.

-

Draw =

e | n

3. To the right side of the completed drawing, start from the top and create the five
line segments that are perpendicular/parallel to each other. Notice the associated
coincident constraints and perpendicular constraints are automatically applied.

il

4. Click on the 3-Point arc icon to activate
the command.
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5. Create a 3-point arc with the starting and ending points connected to the two
horizontal lines as shown.

il

6. In the Ribbon tabs area, left-mouse-
click once on the Parametric
Tools tab as shown.

7. Select the Tangent constraint by clicking on the
icon as shown in the figure.

__Kﬁﬁ _ _ _ - 8. Select the arc as the first object.

| M | | | | 9. Select the horizontal line on the left
as the second object.
. B r - : TE ) ]

Lime

Color M Bylayer
Layer Construction
Linetype Bylayer
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10. Select the Linear dimension constraint by
clicking on the icon as shown in the figure.

Cancel

Recent Input * || 11. Inside the display area, right-mouse-click once to bring up

m the option menu and select Object as shown.

40

12. Select the bottom horizontal line with a single click of the left-mouse-button.
13. Place the dimension below the line and enter 96 as the new dimension of the line.

14. On your own, repeat the above steps and create the addition dimensions as shown.

d5=680d T '
i &3 l"{d5'=15'

o > .
d6=304

- d7=20@

 d4=06@

15. Select the Fix constraint by clicking on the icon as
shown in the figure.

. ' 16. Click on the bottom left corner of the sketch with the
_ T _ left-mouse-button to apply the constraint.
do= 230
| |a
i~
:| Lime
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[Fore
e 17. In the Ribbon tabs area, left-mouse-click once on the
:j @ f,.., Home tab as shown.

Line Palvlne Circle Arc

Draw -

18. Select the Mirror command icon in the Modify toolbar. In
the command prompt area, the message “Select objects:”
is displayed.

. 45=60@& ", |1 19. Select the three objects
N D )1 o that are on top as shown.

7‘1“ """""""""""""""""" trad5=158 "' 20, Inside the graphics

.

S S -—\j : window, right-mouse-click
_ o / | g7=208 to accept the selection and
L i b continue with the Mirror

A A command.
L . d4=86a |

21. In the command prompt area, the message “Specify the first point of the mirror
line:” is displayed. Pick the left endpoint of the bottom horizontal line.

22. In the command prompt area, the message “Specify the second point:” is
displayed. Pick the right endpoint of the bottom horizontal line.

23. In the command prompt area, the message “Delete source objects? [Yes/No]
<N>:" is displayed. Hit the [Enter] key once to retain the original objects.

d5=608" )l '

< r'&d5:15'

. . . LAJ g
d6=30& !}
I d7=20 &
j} & &
Y 4
. d4=cta =
rad6=15@ -
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24. Activate the [Arc] = [Center, Start, End] command as
shown.

25. Create the two arcs as shown in the figure below.

. q.  45—E0R T
< rads=15@ - : : :
. . . . . . \- 3 % .

e

_d4=968

|

rad6=15

26. On your own, move the objects forming the outline of the design to the Object
layer.

27. Switch on the Line Weight option in the status bar area.

d5=608

T

-

d4=96E

il

da=608

Licensed to North Cobb High School



Parametric Drawing Tools 8-39

28. On your own, create the four additional circles.

d5=680@

N

E;/./ \\—Jé4=95ﬂ

il

rad8=154

do=601

29. Complete the construction of the design
by adding geometry/dimensional
constraints to the circles.

d5=60@ ‘ ]
hY r%cti
dia2=208 fﬂff—dm4 10 &
do=45@
o d4= 96@
rod6 158
d5=E0@ "
[

> Note that the implicit geometric constraint approach is the prefered method used in
most 3D parametric modeling software, such as the Autodesk Inventor software.
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Review Questions: (Time: 25 minutes)

1.

10.

11.

The main characteristic of parametric modeling involves the use of constraints.
What are the two types of constraints used in AutoCAD?

What is the main difference between the traditional geometric method versus the use
of parametric drawing tools?

List and describe three geometric constraint commands you have used in the tutorial.
What do the dimensional constraint commands allow us to do?

Will the geometric constraint symbols be printed when we print the drawing?

How do we turn off the display of the applied constraints?

Besides using a Colinear constraint to align two lines, what other options can we use
to align two lines?

When will AutoCAD automatically remove some of the applied constraints?

Besides applying geometric constraints individually, what other option is available to
constrain precisely constructed geometry in AutoCAD?

Can the applied constraints be manually removed? How is this done?

When a design is created or changed, a drawing will be in one of three states. What
are the three states? What are the differences between the three states?
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Exercises: (Time: 150 minutes)

1. Indexing Base (Dimensions are in inches.)

R&.00

Re0n
RE4.00
— 30°
RZ.25
a1.50
A
R=.00

T

2. Positioning Spacer (Dimensions are in inches.)

R1.25 TYP.

Rounds & Fillets: RS §§<
81,05

2¥a1.0
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3. V-Slide Plate (Dimensions are in inches.)

1,375

4. Adjustable Support (Dimensions are in inches.)

@z.00

@1.00
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5. Sensor Mount (Dimensions are in inches.)

R1.50
R.75 \<
™

Ez.50

R4.23

@1.00

2.25
150 + —
1

Fa— 4—‘ 1.00

- 4,00 -~

!
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Notes:
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Lesson 9
Auxiliary Views and Editing with GRIPS

R.o3T5

¢

* & & o o

[FearningObjeECtives

Use 2D Projection Method to Draw
Auxiliary Views

Create Rectangles

Use the Basic GRIPS Editing Commands
Create and Edit the Plot Style Table

Set Up and Use the Polar Tracking Option
Create Multiple Viewports in Paper Space
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 9.

Section 1: Introduction to AutoCAD

AULOCAD WOIKSPACE .....ccvveveeiiesieeie e sie e 9-5
Section 2: Creating Basic Drawings

POIArTracking ......cooeoveieieiiiiieeceeeee s 9-13
Section 3: Manipulating Objects

GripS EItiNG ..ocvveviiicceeece e 9-7

Copy Selections, GriPsS .....cccooeverirenieieiese e 9-7

ROtAtE, GIIPS ...vvevveiveeiecie e 9-8

Section 4: Drawing Organization and Inquiry Commands
Layers CoNtrolS........oooiiveniiiiieeereee e 9-6

Section 5: Altering Objects
Trim Command ........cooeiveiiie e 9-19

Section 12: Plotting Your Drawings
Plot Style Table Settings........ccoovvvrrenienieiee e 9-26
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Introduction

An important rule concerning multiview drawings is to draw enough views to accurately
describe the design. This usually requires two or three of the regular views, such as a
front view, a top view and/or a side view. Many designs have features located on inclined
surfaces that are not parallel to the regular planes of projection. To truly describe the
feature, the true shape of the feature must be shown using an auxiliary view. An
auxiliary view has a line of sight that is perpendicular to the inclined surface, as viewed
looking directly at the inclined surface. An auxiliary view is a supplementary view that
can be constructed from any of the regular views. This lesson will demonstrate the
construction of an auxiliary view using various CAD techniques.

In this lesson, we will examine the use of the very powerful AutoCAD GRIPS feature. In
AutoCAD® 2013, a GRIP is a small square displayed on a pre-selected object. Grips are
key control locations such as the endpoints and midpoints of lines and arcs. Different
types of objects display different numbers of grips. Using grips, we can stretch, move,
mirror, scale, rotate, and copy objects without entering commands or clicking toolbars.
Grips reduce the keystrokes and object selection required in performing common editing
commands. To edit with grips, we select the objects before issuing any commands. To
remove a specific object from a selection set that displays grips, we hold down the
[SHIFT] key as we select the object. To exit the grips mode and return to the command
prompt, press the [ESC] key.

The V-Block Design
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The V-Block Example

S
N e

> Before going through the tutorial, make a rough sketch of a multiview drawing of the
part. How many 2D views will be necessary to fully describe the part? Based on your
knowledge of AutoCAD® 2013 so far, how would you arrange and construct these
2D views? Take a few minutes to consider these questions and do preliminary
planning by sketching on a piece of paper. You are also encouraged to construct the
orthographic views on your own prior to going through the tutorial.

Starting Up AutoCAD 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD

2013 icon on the Desktop.

Use a Template m

N Use a Template

FET—
=2l [mg

Select a Template:

Acad -named plat styles. dwt ;l

Azad -named plot stylez3d. dwt -
tizad.dwt Acad-A-H-Title.dwt
Acad3d. dwt

Azad-a-h-title. dwt
Acadizo -named plot styles. dwat

Acadizo -named plot stylez3d. dwt

Acadizo. dwt LI

Template D escription
’7 A-zize Harizantal lapaut with ttle black

X

(1] & I Cancel
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2.

In the AutoCAD
2013 Startup dialog
box, select the
Template option.

Select the Acad-A-
H-Title template file
from the list of
template files. If the
template file is not
listed, click on the
Browse button to
locate and proceed to
open a new drawing
file.
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Using the AutoCAD Classic Workspace

Workspaces are sets of menus, toolbars, palettes, and ribbon control panels that are
grouped and organized so that a user can work in a custom, task-oriented drawing
environment. Three task-based workspaces are pre-defined in AutoCAD:

2D Drafting & Annotation: drawing environment set for 2D drafting tasks.
3D Basics: drawing environment set for basic 3D modeling tasks.

3D Modeling: drawing environment set for advanced 3D modeling tasks.
AutoCAD Classic: the classic drawing environment set for 2D tasks. This
environment provides the most drawing area on the screen.

1. Pick AutoCAD Classic in the Workspaces Switching toolbar as shown.

> Note that the AutoCAD Classic workspace uses mainly the AutoCAD toolbars,
which are similar to the icon panels you have been using so far.

2. On your own, close the tool palettes and
the Smooth Mesh panel as shown.

EECETICE]

3. On your own, examine the AutoCAD
Classic workspace. (Move the cursor on
top of the different icons and read the
descriptions.)
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Setting up the Principal Views

1. Inthe Layer Control box, set layer Construction as the Current Layer, if it is not
the default layer.

|

2. Inthe Status Bar area, switch ON the following options in the status toolbar:
GRID Display, Object Snap, Object Snap Tracking, Dynamic Input and Line
Weight Display.

e We will first create construction geometry for the front view.

3. Select the Rectangle icon in the Draw toolbar. In the
command prompt area, the message “Specify first corner point
or [Chamfer/Elevation/Fillet/Thickness/Width]:” is displayed.

4. Place the first corner point of the rectangle near the lower left
corner of the screen. Do not be overly concerned about the
actual coordinates of the location; the CAD drawing space is a
very flexible virtual space.

|| 5. Create a 3” x 2.25” rectangle. Using the Dynamic
Input option, enter @3,2.25 [ENTER].

+ The Rectangle command creates
rectangles as polyline features, which
means all segments of a rectangle, are
created as a single object.
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6. Next, we will use the GRIPS editing tools to
make a copy of the rectangle. Pick any edge of
the rectangle we just created. Notice that small

—ig— ; .
: squares appear at different locations on the
rectangle.
-‘f—ﬁﬁ'se RN 7. Inside the graphics window, right-mouse-click to bring up the
3 Move \ popup option menu.
':ij. Copy F-kelnzu:tin:nn
0 scale ,' +* In the center section of the popup menu, the set of GRIPS
\O) Rotate / editing commands includes Erase, Move, Copy Selection,

M DrawoOrder 7 Scale, and Rotate.

N\
/
Nagup _ -

8. In the popup menu, select the Copy Selection option.

9. Inthe command prompt area, the message “Specify base point or displacement, or
[Multiple]:” is displayed. Pick the lower right corner as the base point. A copy
of the rectangle is attached to the cursor at the base point.

1 10. In the command prompt area, the message “Specify
second point of displacement, or <use first point
as displacement>:" is displayed. Enter: @0,0.75
[ENTER].

¢+ This will position the second rectangle at the
location for the vertical 30-degree angle.

11. Inside the graphics
window, right-mouse-
click once to bring up the
option menu and choose
Enter to exit the Copy
option.
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12. Pre-select the copy by picking the top
horizontal line on the screen. The second
rectangle, the copy we just created, is selected.
\
& Erase . o : : .
s Move 13. Inside the graphics window, right-mouse-click to bring up the
&+ — - -
O3 Copy Selection popup option menu and select the Rotate option.
E Scale
Draw Crder &
Garoup

14. In the command prompt area, the
message “Specify base point:” is
displayed. Pick the lower right
corner of the selected rectangle as
the base point.

. _Ea_

|

N

15. In the command prompt area,
the message “Specify the
rotation angle or [Reference]:”
is displayed. Enter: 30
[ENTER].

| Specify rotation angle ar 2 |

16. Inside the graphics window,
right-mouse-click once to
bring up the option menu and
choose Enter to exit the
Rotate option.
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Setting up the Top View

1. Select the Rectangle icon in the Draw toolbar. In the
command prompt area, the message “Specify first corner point
or [Chamfer/Elevation/Fillet/Thickness/Width]:” is displayed.

2. Move the cursor over the top left corner of the first rectangle we
created. This will activate the object tracking alignment feature
to the corner.

3. Move the cursor upward to a location that
is about 1.5” away from the reference
point. (Read the OTRACK display on the
screen.) Left-click once to place the first
corner-point of the rectangle.

4. We will create a 3” x 2” rectangle.
Enter: @3,2 [ENTER].

e \We have created the outline of the top view
of the V-block design.

5. Pre-select the rectangle we just created by left-clicking any
edge of the rectangle.

6. Select the Explode icon in the Modify toolbar.

Explode e The top rectangle now consists of four separate line
Ereaks a compound obijg segments.
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Using the OFFSET Command

1. Click the Offset icon in the Modify toolbar. In the command
prompt area, the message “Specify offset distance or
[Through]:” is displayed.

2. In the command prompt area, enter: 0.2 [ENTER].

3. Inthe command prompt area, the message “Select object to
offset or <exit>:" is displayed. Pick the top horizontal line of
the top view on the screen.

- 4. AutoCAD next asks us to identify the direction of
the offset. Pick a location that is below the
selected line.

5. In the command prompt area, the message
“Select object to offset or <exit>:" is displayed.
Pick the bottom horizontal line of the top view
on the screen.

6. AutoCAD next asks us to identify the direction of
the offset. Pick a location that is above the
selected line.

7. Inside the graphics window, right-mouse-click
and select Enter to end the Offset command.

[
Recent nput r
_ 8. Inside the graphics window, right-mouse-click to
Clipboard g . .
bring up the popup option menu and select the
Isolate > Repeat Offset option.
<Al Undo Offset
(= Redo kel o o
£ Pan e Notice in the popup menu, none of the GRIPS editing
@, zoom commands are displayed; the GRIPS editing
(@) steeringwheels commands are displayed only if objects are pre-
selected.
Action Recorder g
Subobiect Selection Filker g
@} Cuick Seleck, .,
QuickCalc
&Y Find. ..
[+ options. ..
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9. Inthe command prompt area, the message “Specify offset distance or [Through]:”
is displayed. Enter: 0.75 [ENTER)].

10. In the command prompt area, the message
“Select object to offset or <exit>:"is
displayed. Pick the top horizontal line of
the top view on the screen.

11. AutoCAD next asks us to identify the
direction of the offset. Pick a location that is
below the selected line.

12. In the command prompt area, the message
“Select object to offset or <exit>:" is
displayed. Pick the bottom horizontal line
of the top view on the screen.

13. AutoCAD next asks us to identify the
direction of the offset. Pick a location that is
above the selected line.

14. Inside the graphics window, right-mouse-click and choose Enter to end the
Offset command.

e The four parallel lines will be used to construct the top v-cut feature and the two
0.75” x 30° cut features at the base of the V-block in the top view.
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Creating Object Lines in the Front View

1. On the Object Properties toolbar,
! choose the Layer Control box
g| @ % off M Construction i - with the left-mouse-button.
E ﬁg o Mo -
.5 g = g: EE:::UEL:DE; 2. Move the cursor over the name of
& 0 O o W CuttingPlane_Lines layer Object_Lines; the tool tip
& of M Dimensions “Object_Lines” appears.
0 O O Hidden_Lines
.5 ip g:% 3. Left-mouse-click once and layer
@ G o 3 Tite_Block Object_Lines is set as the Current
G O @ TiteBlockLettering Layer.
T o viewport -
[

4. Select the Line command icon in the Draw toolbar. In
the command prompt area, the message “_line Specify
first point:” is displayed.

5. Pick the lower left corner of the bottom horizontal line
in the front view as the starting point of the line
segments.

6. Pick the lower right corner of the bottom horizontal
line in the front view as the second point.

7. Select the third and fourth points as shown in the figure
below.

/ Fourth point | |

/ Third point

\ Second point

First point \
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Setting the POLAR TRACKING Option

1. Inthe Status Bar area, turn ON the Polar Tracking option.

e Note that the Polar Tracking option is one of the AutoCAD AutoTrack ™ features.
The AutoTrack features include two tracking options: polar tracking and object snap
tracking. When the Polar Tracking option is turned on, alignment markers are
displayed to help us create objects at precise positions and angles. A quick way to
change the settings of the AutoTrack feature is to use the option menu.

2. Move the cursor on top of the Polar Tracking option in the Status Bar area.

—

]

figure.

—|

3. Click once with the right-mouse-button to bring
up the option menu.

4. Select Settings in the option menu as shown in the

5. Inthe Drafting Settings dialog box, set the Increment angle to 30 as shown in the
figure below.

.ip’ Drafting Settings

¥ Palar Tracking On [F10]

— Palar Angle Settings
Increment angle:

30 hd

[~ Additional angles

Snap and Grid Polar Tracking | Object Snap| 30 Object Snapl Dipnamic Inputl Quic A | ’l

Mew

Delete |

— Object Snap Tracking Settings
™ Track orthogonally only

¥, Track using all polar angle
ettin:
Applies polar tracking ssttings to object sn
object snap tracking, the cursor tracks alo|
from acquired object snap points. (POLARI

% Absolute

" Relative to last seament

Optiong... |

o]

Cancel Help
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6. Under the Object Snap

Tracking Settings option,
turn ON the Track using
all polar angle settings
option as shown in the
figure.

Click OK to accept the
modified settings.
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Polar: Inkersection

8. Move the cursor near the left vertical
line as shown and notice that
AutoCAD AutoTrack automatically
snaps the cursor to the intersection
point and displays the alignment
marker as shown.

> In the following steps, we will
illustrate the use of different POLAR
settings to achieve the same result.

9. Click once with the right-mouse-button on the
POLAR option in the Status Bar area to bring up the

option menu.

10. Select Settings in the option menu as shown in the

figure.

11. In the Drafting Settings dialog box, set the Increment angle to 90 as shown in the

figure below.

ir' Drafting Settings

¥ Palar Tracking On [F10]

— Polar &ngle Settings
Increment angle:

an -
[ additional angles

=

Shap and Grid Polar Tracking | Object Snap | 30 Object Snap D_I.Jnamic:lnputl

[ |
Delete |

 Object Snap Tracking Settings —
' Track arthagonaly only

~ Track using all polar angle
zettings

r— Palar Angle measurement
 Absolute

i+ FE‘lative ko last segment

12. Under the Object Snap
Tracking Settings option,
turn ON the Track
orthogonally only option
as shown in the figure.

13. Under the Object Snap Tracking Settings option, turn ON the Relative to last
segment option as shown in the figure above.

Ok, 14. Click OK to accept the modified settings.
W J
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15.

|Relative Palar: Inbersection

16.

Move the cursor near the left
vertical line and notice the
AutoTrack feature automatically
snaps the cursor to the
intersection point and displays the
alignment marker as shown.

On your own, experiment with
changing the settings to achieve
the same SNAP/POLAR results.

Left-click at the intersection point
as shown.

17. Click the Close option in the command prompt area. AutoCAD will create a line
connecting the last point to the first point of the line sequence.

N
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Setting up an Auxiliary View

First Corner
/ 1 1. Pre-select all objects in the top view by

enclosing the objects inside a selection
window.

2. Inside the graphics window, right-
mouse-click to bring up the popup
option menu and select the Copy
Selection option.

&7 Erase
Second Corner / “+* Move
L]

N

/\ ORgtate
LS CFce:

3. Inthe command prompt area, the message “Specify base point or displacement, or
[Multiple]:” is displayed. Pick the lower left corner of the top view as the base
point.

s, Copy Selection

4. Using the AutoTrack feature, place the copy of the top-view by aligning it to the
inclined object line we just created. Left-click once to position the copy about 2”
away from the top corner of the front-view.

___________________________________

___________________________________

...................................

___________________________________
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Aligning the Auxiliary View to the Front View

1. Pre-select all objects in the auxiliary view by enclosing the objects inside a
selection window.
Ty Copy Seleckion

2. Inside the graphics window, right-mouse-click to bring up the
popup option menu and select the Rotate option.

Draw Crder

3. Inthe command prompt area, the message “Specify base point:” is displayed. Pick
the bottom left corner of the auxiliary view as the base point.

4. Inthe command prompt area, the message “Specify the rotation angle or
[Reference]:” is displayed. Enter: -60 [ENTER].

[

Base point

N

Creating the V-cut in the Auxiliary View

1. Select the Line icon in the Draw
Second point toolbar. In the commgnd prompt

\ area, the message “_line Specify

first point:” is displayed.

_ . 2. Pick the top corner of the inclined
First point object line in the front view as the
starting point of the line segments.

3. Pick the second top end point in
the auxiliary view as the second
point.
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4. Inside the graphics window, right-mouse-click and select Enter to end the Line
command.

5. Pre-select the line we just created.

6. Inside the graphics window, right-mouse-click to bring up the popup option menu
and select the Rotate option.

7. In the command prompt area, the message “Specify base point:” is displayed. Pick
the top right endpoint of the line as the base point.

8. Inthe command prompt area, the message “Specify the rotation angle or
[Reference]:” is displayed. Enter: 45 [ENTER].

Base point

"

9. On your own, repeat the above steps and create the other line as shown.

"
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10. Select the Trim command icon in the Modify toolbar. In the
command prompt area, the message “Select boundary
edges... Select objects:” is displayed.

11. Pick the two inclined lines we just created in the auxiliary
view as the boundary edges.

12. Inside the graphics window, right-mouse-click to proceed with the Trim
command. The message “Select object to trim or [Project/Edge/Undo]:” is
displayed in the command prompt area.

13. Pick the two lower endpoints of the two inclined lines to remove the unwanted
portions.

14. Inside the graphics window, right-mouse-click to activate the option menu and
select Enter with the left-mouse-button to end the Trim command.

» The V-cut is shown at its true size and shape only in the auxiliary view. It is therefore
necessary to create the V-cut in the auxiliary view. Now that we have constructed the
feature in the auxiliary view, we can use projection lines to transfer the feature to the
front view and top view.
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Creating the V-cut in the Front View and Top View

Ianls (BT LAImension Modiry RO
— ma— ' 1. On the Object Properties toolbar,
LEo £ £Q8Q ' choose the Layer Control box with
5] A% u% "M Object_Lines x| £ the left-mouse-button.
W G u Mo -

) =
B
|
1
o
=3
=3
(]
2
=
=3
m
u
N

. Move the cursor over the name of
J-|"’!. Cu:unstructlun . ) i
770 CuttingPlanslines layer Hidden_Lines; the tool tip
71 Defpoints “Hidden_Lines™ appears.

75 M Dimensions
J-|'“!|:| Hidden_Lines

3. Left-mouse-click once and layer
75 Sectionline Hidden_Lines Hidden_Lines is set as the Current

i3 M Titleblack Layer.
719 M Titleblocklettering
J'|"’!I Yigwpart -

) =
=3 &
o]
ET
[a]
[l
[
= |
:I

I.-r

OODODDDOOOC
@@@@@@@@@@

N P P N N e

4. Select the Line command icon in the Draw toolbar. In the
command prompt area, the message “_line Specify first
point:” is displayed.

5. Pick the vertex of the V-cut in the auxiliary view as the first
point of the line.

6. Inside the graphics window, hold down the [SHIFT] key and
right-mouse-click once to bring up the Object Snap shortcut
menu.

g Tangenr

7. Select the Perpendicular option in popup window.

7 Paraliel

8. Move the cursor to the front
view and notice the

perpendicular symbol appears
/\ at different locations. Select
= the intersection point on the
: inclined line as shown in the
Perpendicular] figure below.

N\
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9. Inside the graphics window, right-mouse-click to activate the option menu and
select Enter with the left-mouse-button to end the Line command.

10. On your own, use the Trim and Extend commands to adjust the hidden lines in
the front view.

» On your own, first create the three construction lines and then construct the V-cut
feature in the top-view. Use the Trim and Extend commands to assist the

construction.
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Setting the POLAR TRACKING Option

1. Move the cursor to the Status Bar area, over the
T ] Polar Tracking option button.

- 2. Right-mouse-click once to bring up a popup
option menu.

~ - 3. Select the Settings option by clicking once with
] the left-mouse-button. This is the shortcut to bring
— up the Drafting Settings dialog box.

4. In the Drafting Settings dialog box, click

the New button to add an additional angle.

Snap and Grd  Polar Tracking I Object Snapl [

¥ Polar Tracking Or (F10) 5. Enter a new Increment angle 120 as
— Polar &ngle Settingz I shown.
|nzrerment angle: ) . ]
> Notice the other settings that are available.
X | ;
We will use the absolute polar angle
W &dditional angles measurement for this example.
120 I e N

; 6. Click on the OK button to accept the
DEN pdds up tq settings.

Completing the Top View

1. Click on the Zoom Realtime icon in the Standard
toolbar area.

2. Move the cursor near the center of the graphics
window.

3. Push and hold down the left-mouse-button, then move upward to enlarge the
current display scale factor. (Press the [Esc] key to exit the command.)

4. Use the Pan Realtime option to reposition the
display so that we can work on the top view of the V-
block.

5. Select the Line icon in the Draw toolbar.
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6. Inthe command prompt area, the message “_line Specify first point:” is displayed.
Pick the right endpoint of the third horizontal line in the top view as the starting
point of the line segments.

7. Move the cursor toward the top horizontal line and observe the AutoTracking
markers over different locations.

8. Left-click at the intersection of the

N polar tracking and the top horizontal
] H - line as shown. Do not select the
intersection between the top

horizontal line and the vertical line.

bl (Use the Zoom Realtime command

to zoom-in further, if necessary.)

9. Inside the graphics window, right-

mouse-click and select Enter to
end the Line command.

/

10. Repeat the above steps and create the other inclined line in the top view.

» On your own, complete the top view by adding all the necessary object lines in the
top view. Use the Trim and Extend commands to assist the construction.

\

e Notice that the two 30° cut features are
shown as true size and shape only in
the top view and therefore it is
necessary for us to construct the
features in the top view.
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» On your own, create the vertical construction line through the corner of the 30° cut

as shown.

/ Vertical Construction line

11. Complete the front view by adding the object line along the construction line as
shown.
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» On your own, complete the views by adding all the necessary object lines in the

views.

(-—"'—— 207

90

a0~

’;\\(— 2
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Edit the Plot Style Table

P =T

1. Inside the graphics window, right-mouse-click and select

<7 Undo Dsettings Options in the popup menu.

= Redm
E’:' Pan == . .
N : 2. In the Options dialog box
z Plot and Publish : ’
Q zoom Bave Plot and Publih | 5ystem U select the Plotting tab.

@ Steeringwheels

i drawings

Action Recorder

3. Click on the Plot
Style Table
Settings button as
shown.

Quick Select... Plat Stamp Settings... |
CuickZalc

REG Find,

4. In the Plot Style Table Settings dialog box,

Default plot style behavior for new drawings - switch ON the Use named plot styles option
" Use color dependent plat styles as shown.

Flat Style Tﬁble Settings...
h

£+ |se named plot styles
M

— Current plot style table settings
5. Choose the acad.stb as the default plot style table as
shown.

Default plot style table:

| 6. In the Options dialog box, click on

Add or Edit Plot Style Tables. . )
) the Add or Edit Plot Style Tables

button.
File Edt View Favorites Tools  Help | ar 7. The Plot Sty|e3 folder appears on the
OBack - l\) - l_ﬁ: pSearch [L__ Folders v screen.
Address I@ Dv\Dacuments and Settings'l,Randy.PERFORMANCE'\j Go
acad.cth acad. b Add-A-Plot  Autodesk-C... Autodesk-.. . . .
B S et B 8. Double-click the acad.stb icon with
b A A A B the left-mouse-button to open the plot
DWWF Wirkual Fill Grayscale.cth monochrorn... monachram... Style flle
Pens.cth Patterns.cth
Screening Screening Screening Screening
25%.cth S0%.ctb 75%:.ctb 100%. ckb
[14 objects 40.8 KB [ 54 My Computer y
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9. Inthe Plot Style Table Editor, select the Table View tab.
L TR e E A e e [able View tab
General  Table View lm Wiew I
Marne Marmal Style 1
Description
Colar |Jze object color I. W "'I
Enable dithering On On
Convert to grayscale (It (I
Usze azsigned pen # Autamatic Automatic
Wirtual pen # Automatic Automatic
Screening 100 100
Linetype |Jze object netype |Jze object linetype
Adaptive adjuztment On On
Lineweight |Jze object linewsight |Jze object lineweight
Line End Style |Jze object end style |Jze object end style
Line Join style |Jze object join style |Jze object join style
Fill Style |Jze object fill style |Jze object fill style
Add Style Delete Sty | Edl Linewsighis... | Saveds.. |
Save & Cloze I Cancel | Help |

The Plot Style Table Editor displays the plot styles that are in the current plot style
table. The Table View and Form View tabs provide two methods to modify the
existing plot style settings. Both tabs list all of the plot styles in the plot style table
and their settings. In general, the Table View tab is more convenient if there are only
a small number of plot styles. We can modify plot style color, screening, linetype,
lineweight, and other settings. The first plot style in a named plot style table is
Normal and represents an object's default properties (no plot style applied). We
cannot modify or delete the Normal style.

10. Change the Color setting for Style 1 to Black, so that all layers using this plot
style will print using black.

11. Pick the Save & Close button to accept the settings and exit the Plot Style Table
Editor.

On your own, print out a copy of the V-block drawing using the modified plot style
table.
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Review Questions: (Time: 25 minutes)

1.

2.

3.

>

o

7.

What is an auxiliary view and why would it be important?
When is a line viewed as a point? How can a line be shown in true length?
What is a GRIP? What are the advantages of using the GRIPS?

List three GRIPS editing commands you have used in the tutorial.

. What does the Polar Tracking option allow us to do?

Find the area A defined by the two arcs, as described in the figure below.

R3.0

R3.0

Find the area A defined by the three arcs, as described in the figure below.
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Exercises: (Time: 150 minutes)

1. Angle Base (Dimensions are in inches.)

2. Indexing Guide (Dimensions are in inches.)

RLO3TS
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3. Spindle Base (Dimensions are in millimeters.)

4. Transition Support (Dimensions are in inches.)

.25
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5. Support Hanger (Dimensions are in inches.)
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Notes:
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Lesson 10
Section Views

rearningObjectives

Use CAD Methods to Create Section Views
Use the Object Snap Shortcut Options
Change the Linetype Scale Property
Stretch and Move Objects with GRIPS
Create Cutting Plane Lines

Use the HATCH Command

* & & O o o
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Certified Associate Reference Guide

\ AutoCAD Certified Associate Examination Objectives Coverage

This table shows the pages on which the objectives of the Certified Associate Examination are covered in
Chapter 10.

Section 2: Creating Basic Drawings

SNAP OVEITIAES ...vveveeiveie e 10-8
TANGENT oo 10-8
Hor. Construction LiNe ......cccocvvveiveiie e 10-11

Section 3: Manipulating Objects

QUICK SEIECE ... 10-19

DeSEIECt All ..o 10-20
Section 4: Drawing Organization and Inquiry Commands

Linetype SCale .......ccooviiiiiee 10-14
Section 5: Altering Objects

Offset CoMMAN .......cccovviiiiiiiee e 10-6

SEEICN e 10-15

Section 8: Dimensioning
MULTILEADER ....ooviiiiieiniieiee e 10-17

Section 9: Hatching Objects
HAICH oo 10-21

Section 10: Working with Reusable Content
Use a TEMPIALE ......oovviiiiiiiieeeee s 10-4
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Introduction

In the previous lessons, we have explored the basic CAD methods of creating
orthographic views. By carefully selecting a limited number of views, the external
features of most complicated designs can be fully described. However, we are frequently
confronted with the necessity of showing the interiors of parts that cannot be shown
clearly by means of hidden lines. We accomplish this by passing an imaginary cutting
plane through the part and creating a cutaway view of the part. This type of view is
known as a section view. In this lesson, we will demonstrate the procedure to construct
section views using AutoCAD® 2013.

In a section view, section lines, or cross-hatch lines, are added to indicate the surfaces
that are cut by the imaginary cutting plane. The type of section line used to represent a
surface varies according to the type of material. AutoCAD's Hatch command can be
used to fill a pattern inside an area. We define a boundary that consists of an object or
objects that completely enclose the area. AutoCAD® 2013 comes with a solid fill and
more than 50 industry-standard hatch patterns that we can use to differentiate the
components of objects or represent object materials.

The Bearing Design
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Starting Up AutoCAD 2013

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop.

2. Inthe AutoCAD Startup dialog box, select the Template option.

| Use a Template m ||

Select a Template:

Acad-A-H-Title.dwt

Acad -named plot styles, dwt

Acad -named plot styles3d. duw
Acad. dwt /
Acad3d. dwt

Acad-a-h-title, dwt
Acadizo -named plot styles. dwt

Acadizo -named plat styles3d. dwt

Acadizo.dwt j

Template Description
’7 A-zize Horizontal lapout with title block,

2k, & I Cancel

3. Select the Acad-A-H-Title template file from the list of template files. If the
template file is not listed, click on the Browse button to locate and proceed to
open a new drawing file.

4. In this chapter, we will continue to use the
AutoCAD Classic Workspace. If
necessary, switch to the AutoCAD
Classic Workspace, by following the
procedure outlined on page 9-5.

5. Pick Layer Properties Manager in the Object
Properties toolbar.

6. Examine the layer property settings in the
Layer Properties Manager dialog box.

7. Onyour own, set layer Construction as the Current Layer, if necessary.

8. Click on the OK button to exit the Layer Properties Manager dialog box.
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The Bearing Design

[ ————————————————————————————————————————————————————— |
| |
| akdw |
| |
| - : - |
| \ |
| _ _ _ |
| |
| — 14— |
| 3t pet @2 & p1k |
| |
| |
| 7 |
H
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| N E % |
| 4 Ll eE T : : N |
| |
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I0R EY: L. Marlo ICK. B¥: B. Morowvec J&P. EYiS. Schroff SCALE: 11 JOwG NO: 242-3-7 ]

L —

Setting up the Principal Views

1. Inthe Status Bar area, reset the options and turn ON the Polar Tracking, Object
Snap, Object Tracking, Dynamic Input, and Line Weight Display options.

-

o We will first create construction lines for the front view.

2. Click the Construction Line icon in the Draw toolbar to
activate the Construction Line command.
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3. Inthe command prompt area, the message “_xline Specify a point or
[Hor/Ver/Ang/Bisect/Offset]:” is displayed. On your own, create a vertical line
and a horizontal line, near the left side of the screen, as shown in the figure below.
These lines will be used as the references for the circular features of the design.

4

o o] e &

\ Horizontal and vertical

”—/‘,— . .
construction lines

[ 4w (¥}, Model { Layoutd f Layout? / m J [
-

4. Click on the Offset icon in the Modify toolbar. In the
command prompt area, the message “Specify offset distance
or [Through]:” is displayed.

5. In the command prompt area, enter: 1.75 [ENTER].
6. Inthe command prompt area, the message “Select object to

offset or <exit>:" is displayed. Pick the horizontal line on the
screen.

7. AutoCAD next expects us to identify the direction of the offset. Pick a location
that is above the selected line.

8. We will also create a line that is below the original horizontal line at 1.75. Pick
the original horizontal line on the screen.

9. Pick a location that is below the selected line.

10. Inside the graphics window, right-mouse-click and select Enter to end the
Offset command.
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Creating Object Lines in the Front View

ools  Draw  Dimension  Modify  Mindow B ] _
.. Er EENIRSEE - ¥ “ # 1. On the Object Properties toolbar, choose
1210 gaaq the Layer Control box with the left-
)|y O @175 Constructon - ¢ mouse-button.
ué'l D:‘% J]Lj. 0 . -
:' 8% %: EEE::JELL.H.: 2. Move the cursor over the name of layer
4 O% 70 CuttingPlanelines Object_Lines; the tool tip
) ' (%1 T Defpoints « . . ’
W ' (0% M pimensions ObJeCt_LmeS appears.
) ' (% A0 Hidden_Lires -
H ¥ Q% Tm IS 3. Left-mouse-click once and layer
Ik 8% EE et Object_Lines is set as the Current Layer.
el J (218 B0 Titleblocklettering
H & G "?f]l Yiewport =

4. Click on the Circle icon in the Draw toolbar. In the command
prompt area, the message “Specify center point for circle or
[3P/2P/Ttr (tan tan radius)]:” is displayed.

5. Pick the center intersection point as the center of the circle.

6. Inthe command prompt area, the message “Specify radius of
circle or [Diameter]:” is displayed. Enter: 1.25 [ENTER].

7. Repeat the Circle command and create the two diameter 1.5 circles as shown.

N

Create these two circles
(diameter 1.5).

M
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EECTE

8. Select the Line command icon in the Draw toolbar. In the

command prompt area, the message “_line Specify first point:™ is
displayed.
=== ExFENSION
K _ O Ceonter 9. Inside the graphics window, hold down
. T SRl o Quschart the [SHIFT] key and right-mouse-click
o LINE once to bring up the Object Snap

shortcut menu.

10. Select the Tangent option in the popup window. Move the cursor near the circles
and notice the Tangent marker appears at different locations.

e The Tangent option enables us to create tangent lines; select objects by clicking
near the expected tangency locations.

11. Pick the top circle by clicking on the upper right section of the circle.

==L ==

Recent Input 12. In the command prompt area, the message “Specify the next point
or [Undo]:” is displayed. Inside the graphics window, right-

Crnamic Inpuk ! )
mouse-click once and select Snap Overrides.

@ Center
@ Quadrant

Snap Cwerrides

13. Select the Tangent option in the popup
menu.

11. Pick the top circle by
clicking near the expected
tangency location.

14. Pick the center circle by clicking on the right side
of the circle. A line tangent to the two circles
appears on the screen.

15. Inside the graphics window, right-mouse-click and
select Enter to end the Line command.

16. Repeat the Line command and create the four
tangent lines as shown.
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Editing the Circles

1. Select the Trim icon in the Modify toolbar. In the command
prompt area, the message “Select boundary edges... Select
objects:” is displayed.

2. Pick the four lines we just created as the boundary edges.

'| 3. Inside the graphics window, right-mouse-click to
proceed with the Trim command. The message
“Select object to trim or [Project/Edge/Undo]:” is

shown.

5. Inside the graphics window, right-mouse-click to

activate the option menu and select Enter with the
left-mouse-button to end the Trim command.

displayed in the command prompt area.
4. Trim the unwanted portions of the top and bottom
¥4 circles and complete the outline of the front view as

#1,30

» On your own, create the
additional circles as shown.

@200
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Setting up the Side-View

1. Inthe Layer Control box, set
layer Construction as the
Current Layer.

2. Select the Offset icon in the Modify toolbar. In the command
prompt area, the message “Specify offset distance or
[Through]:” is displayed.

3. Inthe command prompt area, enter: 5.0 [ENTER].
4. Inthe command prompt area, the message “Select object to

offset or <exit>:" is displayed. Pick the vertical line on the
screen.

5. AutoCAD next expects us to identify the direction of the offset. Pick a location
that is toward the right side of the selected line.

6. Inside the graphics window, right-mouse-click to end the Offset command.

7. Onyour own, repeat the Offset command and create two additional lines parallel
to the line we just created as shown (distances of 0.5 and 2.0).

.3

ZYGRIN
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8. Select the Construction Line icon in the Draw toolbar. In
the command prompt area, the message “_xline Specify a
point or [Hor/Ver/Ang/Bisect/Offset]:” is displayed.

9. Select the Hor (horizontal) option in the command prompt
area.

— ———— |

» The Horizontal option enables us to create a horizontal line by specifying one point
in the graphics window.

10. Create projection lines by clicking at the intersections between the vertical line
and the circles (and arcs) in the front-view.
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11. Also create two horizontal projection lines that pass through the two tangency-
points on the &2.5 circle.

12. Inside the graphics window, right-mouse-click to end the Construction Line
command.
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» On your own, create object lines to show the outline of the side view.

Adding Hidden Lines in the Side-View

1. Inthe Layer Control box, set
layer Construction_Lines as the
Current Layer.

2. Use the Offset command and create the two additional vertical lines, for the
counter-bore features, as shown.
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"n

9@ Construction -

0 - , :
M Center Lines 3. Set layer Hidden_Lines as the

" Construction Current Layer in the Layer

RO CuttingPlanelines Control box.
"!. Defpoints
Tl Dimensions

" N
"!. Ohije :
M Sectio Hldd en_Lines

4, Use the Line command
and create the hidden lines
as shown.

e

®00000000 @

DO0ODDOOO|O

] —':l —‘:ll—‘:ll—":ll—':ll—':ll—':ll—':l

» On your own, complete the views by adding the side-drill, the centerlines, and the
rounded corners as shown in the figure below.
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Changing the Linetype Scale Property

K/
L X4

Looking at the side-drill feature and the centerlines we just created, not all of the

lengths of the dash-dot linetypes appeared properly on the screen. The appearances of
the dash-dot linetypes can be adjusted by modifying the Linetype Scale setting, which
can be found under the Object Property option.

| 1. Pre-select the objects in the
side view as shown (four
lines and one circle).

In the Standard toolbar,
select the Properties icon.

Pararnetric Whindiaw

IEIEEEY TR

_M
Properties [Ctrl+1
p { )

Line (43

Bl ¥ |

Color

. EvLayer

Laver

Center_Lines

Linetype

Linetype scale
Flat style

—-—— BylLaver

0.75

BvLaver

Lineweight

BywLayer

Transparency

BvLaver

Hyperlink

Thickness

.00

6.

Deselect All.

In the Properties dialog box, notice
the default Linetype scale is 1.00.

Left-click on Linetype scale in the list
and enter a new value: 0.75 [ENTER].

Click on the [X] button to exit the
Properties dialog box.

Inside the graphics window, right-mouse-click and select

> The appearances of the dash-dot linetypes of the selected objects are adjusted to
three-quarters the size of the other objects. Keep in mind that the dash-dot linetypes
may appear differently on paper, depending on the type of printer/plotter being used.
You may want to do more adjustments after examining a printed/plotted copy of the
drawing. It is also more common to adjust the Linetype Scale for all objects of the
same linetype to maintain a consistent presentation of the drawing.
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Stretching and Moving Objects with GRIPS

We can usually stretch an object by moving selected grips to new locations. Some grips
will not stretch the object but will move the object. This is true of grips on text objects,
blocks, midpoints of lines, centers of circles, centers of ellipses, and point objects.

-1
i
[
]
Q----- | {rg ----- -a
R
||
-
[
p—
T -
-
P Y B
| s il
|
N
|
Ik
o
]

1. Pre-select the horizontal centerline that goes

through the center of the part as shown.

2. Select the right grip by left-clicking once on

the grip. Notice the grip is highlighted.

3. Move the cursor inside the graphics window
and notice the center line is being stretched; the
base point is attached to the cursor.

4. Pick a location on the screen to stretch the
centerline.

5. Click on the Undo icon in the Standard
toolbar area to undo the stretch we just did.

» On your own, experiment with moving the center grip of the centerline.
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Drawing a Cutting Plane Line

e Most section views require a cutting plane line to indicate the location on which the
object is cut.

E Tools Draw  Dimension  Modify  Window — Help

DELIO-V (SQAQBEE

Q G‘% THM Construction -| &

1. Inthe Layer Control box, turn
_ OFF the Construction layer
21 oM 0 = and set layer

% M Center_Lines X .
Q% T Construction CuttingPlanelines as the
Current Layer.

O J=|'ij:| CuttingPlanelines
(0 91 T Defpoints

O %1 M Dimensions
oL J]'fjl:l Hidder_Lin
(091 5 M Obiect_Lines
Q" T3 M Sectionlines

16 TR TiHehlack

O

I;
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CuttingPlanelines

]
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2. Use the Line command and create the vertical cutting plane line aligned to the
vertical centerline of the front view.
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P
I Ly
J_ |
_l_ —_— ]
|
| _{_’!_H -
| .
]
1
-1
J_ |
—
[

Licensed to North Cobb High School



Section Views 10-17

Dimension Todify Parametric

3. In the pull-down menus, select:

=+ I guick Dimension

Ct 1 Linear
"\,, Aligned

ﬁ;stgth 4. Inside the graphics window, right-mouse-click to bring

© pacus up the option menu and select Options as shown.
2 Ingged

(*) Diameter leader arrowHead First

4 fngular Conkent First
b Baseline

|"i“| Conkinue

[Dimension] = [Multileader]

[ . .
i, Dimension Space

_l_"' Dimension Break

w| 5. Select leader IAnding and then No as shown.
Tolerance, .

@ Cenker Mark,

{7 Inspection '
#\¢ Jngged Linear Leader bype
1 obligue
| Align Text 4 ConkentEype
Maxpoints

Select a leader bype |
e Straight 6. On your own, confirm the leader type is set to Straight.

sPline

Mone

= o) | R—

First angle

Second angle 7. Select eXit options to end the setting options.

8. Pick the top endpoint of the cutting plane line to set

3_
the starting point of the leader of the cutting plane
N line.
.

9. Use the object tracking option and set the endpoint of
the leader about 0.75 to the left to create a horizontal

leader as shown.
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> Note that AutoCAD expects us to type in the text that will be associated with the
leader.

10. In the Text Formatting dialog box, click OK to
ok :I' HE | E’f\ﬁ ® close the dialog box without entering any text.

b[1.0000 = | OK (Ctrl+Enter)

11. On your own, use the GRIP editing option and
adjust the arrow as shown. (Hint: adjust the right
arrow grip point.)

12. In the Status toolbar, turn OFF the Line Weight Display option to help the editing
process.

13. Repeat the Leader command and create the other arrow as shown.

&) -
_l______
-
|{T/~l _
T
L
N s
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Converting the Side View into a Section View

I | 1. Pre-select all the objects in the side
grers view by using a selection window.
kicf=s

&) o2 To _ o .
R EE 2. Inside the graphics window, right-
/1\ B g i b mouse-click to bring up the popup
m bk E_;g{ﬂ&__t_‘_ Bﬂ option menu and select the Quick
M R Select option.
R
O E’:ﬁmu * Quick Select...
@D Emf:_%ﬂaﬂ:i_ma Propertiek:
Brab Cuick Properties
[

+« The Quick Select option enables us to quickly select multiple objects by using
various filter options.

B =1 3. Inthe Quick Select dialog box, select Layer from
Apply to: ICurrentseIectian d t__l:hl the Properties IiSt_
Object tupe: IMu\tip\e j
Properties:

4. Set the Value box to Hidden_L.ines.

5. Inthe How to apply section, select the Include

Transpatency in new selection set option.
Fm . 6. Click on the OK button to accept the settings.
Operator: | = Equalz i
Vel val ; ; ;
— ) |+ AutoCAD will now filter out objects that are not
(0 Tldle i e se|4 Specifies the property value For the Filker| On Iayer Hidden_lines.

" Exclude from new selection set ‘

I Append to curent selection set

akK I Canicel Help |

N
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7. On the Object Properties toolbar, choose the Layer Control box with the left-
mouse-button.

. Selected ObjeCt s | Notice the layer name
4 Q% 50 Hidden_Lines g—| | ayer name : displayed in the Layer Control
y Qaﬂh Hm o box is the selected object's
4G9 "LIM Center Lines assigned layer and layer
¢ (0% T M Construction roperties
4 O T80 cuttingPlanelines prop '
< (05 T M Defpoints .
J O 9 Tl Dimensions 8. In the Layer Control box, click
o O 10 Hidden_Lines on the Object_Lines layer
o CJ% J-I"’!. Object_Lines name.
sNeL ] | SEEtiDI‘IhI‘I
' (% 753 Titeblack .
Stel L= Titleblack} > The selected objects are moved
L O 8 T M viewport - to the Object_Lines layer.
\
E Scale | |
QO Rratate 9. Inside the graphics window, right-mouse-click and select
Drish iclet Deselect All.
Group

Elﬂ Select Sirnilar

Subobiject Selection Filker

|‘_r\‘-' P T

‘_

i~

10. On your own, use the Grip editing options and
modify the side view as shown.
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Adding Section Lines

1. Inthe Layer Control box, set layer Section Lines as the Current Layer.

2. Select the Hatch icon in the Draw toolbar. The Boundary Hatch
dialog box appears on the screen.

e We will use the ANSI31 standard hatch pattern and create an
associative hatch, which means the hatch is updated automatically
if the boundaries are modified.

+«+ We can define a boundary by Selecting Objects or Picking Points. The Pick Points
option is usually the easier and faster way to define boundaries. We specify locations
inside the region to be crosshatched and AutoCAD will automatically derive the

[a§jHatch and Gradient

boundary definition from the location of the speci

Hatch I Gradient I r Boundaries
— Type and patten Ii Add: Pick points
Type: I Predefined A l
#4 Pick an internal point
Pattern: I ANSI3T il IJ Determines a boundary from sel
] area,
Colar: I. Use Current j IIZ j
¢|
Sl m [EY| Recreate boundary
Custom patter; I i I_I | iew S elections
—Angle and zcale
ol sl —Optiohs
ngle: cale:
ml Annotative@
o = oo |
V' &ssociative
I~ Double ™| Relative to paper space [ Create separate hatches
| ey o

fied point.

3. Click on the Add: Pick
Points icon.

4. Inthe command prompt
area, the message “Select
internal point:” is
displayed.

5. Left-click inside the
four regions as shown.

6. Inside the graphics
window, right-mouse-
click to bring up the
popup menu and select
ENTER to continue
with the Hatch
command.

7. Click on the OK
button to close the
Boundary Hatch
dialog box.

(®

A

J

Region 1 \c
Region 2 —]:—

Y

o

Region 3

Region 4
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» Complete the drawing by adding the proper dimensions.

& ol 1
— ENRS =
] o A
\ | =
[
1} —=
3& @2% it i - ﬁlﬁ
q
@3 é
—— 5 1 2
A Lleg T g
ALL FILLETS AMD ROUMDES R 4 SECTION &-#

» On your own, create a drawing layout and print out the drawing.
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Review Questions: (Time: 30 minutes)
When and why is a section view necessary?
Describe the general procedure to create a section view in AutoCAD® 2013.
In AutoCAD® 2013, can the angle and spacing of hatch patterns be altered?

Explain the concept of using a cutting plane line in a section view?

o M L o

Can we mirror text in AutoCAD 2013? (Use the AutoCAD InfoCenter to find the
answer to this question.)

6. Using the Trim command, what would happen if we do not specify a boundary and
just press [ENTER] at the “Select Objects” prompt?

7. Which command do we use to define the region of the grid display in the current
AutoCAD screen?

8. Construct the drawing shown and measure the area A. (Units: mm.)

»le0

T

9. Construct the drawing shown and measure the length L. Show the length with two
digits after the decimal point. (Units: inches.)

4.0
65° L

~ 40 ™
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Exercises: (Time: 220 minutes)
(All Dimensions are in inches.)

1. Center Support

2. Ratchet Wheel
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3.

4.

Mounting Bracket

Rounds & Fillets: B .80

3.973

Position Guide

-
L

@

EWY 375, M0
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5. Yoke Support

6. Lock Cap

Licensed to North Cobb High School




10-28 AutoCAD® 2013 Tutorial: 2D Fundamentals

Notes:
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Lesson 11
Assembly Drawings and Blocks

¢

[rearningObjeCtives

Create an Assembly Drawing from Part
Files

Using AutoCAD with the Internet

Load Multiple Drawings into a Single
AutoCAD Session

Define a Block

Create Multiple Copies using Blocks
Copy and Paste with the Windows
Clipboard

Use the MOVE and ROTATE Commands
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AutoCAD Certified Associate Examination Objectives Coverage

Certified Associate Reference Guide

This table shows the pages on which the objectives of the Certified Associate
Examination are covered in Chapter 11.

Section 3: Manipulating Objects

COPY i 11-13

PaSTE .o 11-13

QUICK SBIBCE ..o 11-14

Paste as BIOCK ... 11-17

Copy with Base POINt .........ccccoveveiieieece e 11-20
Section 5: Altering Objects

Rotate Command .........ccoooeieriinienie e 11-17

Explode Command ..........cccoovevviinieereceseee e 11-18
Section 6: Working with Layouts

Layout MOOE .......ocveeieeiececcieee e 11-24
Section 8: Dimensioning

Multileader Style ... 11-21

MUIHEAET ... 11-22

o [0 I =T U [ ST 11-23
Section 10: Working with Reusable Content

Make BIOCK .....cooiiiiiiiiece 11-9

INSErt BIOCK .....ocvveiiiiiciieseee e 11-11

Paste as BIOCK ..o 11-17
Section 11: Creating Additional Drawing Objects

Table Style ..o 11-26

Table ComMMAaNd ......cccooeiiiiiiiee e 11-27
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Introduction

The term assembly drawing refers to the type of drawing in which the various parts of a
design are shown in their relative positions in the finished product. Assembly drawings
are used to represent the function of each part and the proper working relationships of the
mating parts. Sectioning is used more extensively on assembly drawings than on detail
drawings to show the relationship of various parts. Assembly drawings should not be
overly detailed since precise information is provided on the detail drawings. In most
cases dimensions are omitted on assembly drawings except for assembly dimensions such
as important center distances, overall dimensions, and dimensions showing relationships
between the parts. For the purpose of clarity, subassembly drawings are often made to
give the information needed for the smaller units of a larger assembly. Several options
are available in AutoCAD® 2013 to assist us in creating assembly drawings.

In AutoCAD® 2013, a block is a collection of objects that is identified by a unique name
and essentially behaves as if it is a single object. Using blocks can help us organize our
design by associating the related objects into smaller units. We can insert, scale, and
rotate multiple objects that belong to the same block with a single selection. We can
insert the same block numerous times instead of re-creating the individual geometric
objects each time. We can also import a block from a CAD file outside the current
drawing. We can use blocks to build a standard library of frequently used symbols,
components, or standard parts; the blocks can then be inserted into other drawings. Using
blocks also helps us save disk space by storing all references to the same block as one
block definition in the database. We can explode a block to separate its component
objects, modify them, and redefine the block. AutoCAD® 2013 updates all instances of
that block based on the block definition. Blocks can also be nested, so that one block is a
part of another block. Using blocks greatly reduces repetitious work.

In AutoCAD® 2013, we can load multiple drawings into a single AutoCAD session.
This feature enables us to work with multiple drawings at the same time, and we can
easily copy objects from one drawing to another by using the Windows Clipboard. The
Windows Clipboard options, copying-to and pasting-from, can be used to quickly
assemble objects in different files and thus increase our productivity.

AutoCAD® 2013 also allows us to create a collaborative design environment, where files
and resources can be shared through the Internet. We can open and save AutoCAD
drawings to an Internet location, insert blocks by dragging drawings from a web site, and
insert hyperlinks in drawings so that others can access related documents. An Internet
connection is required in order to utilize the AutoCAD® 2013 internet features.

In this lesson, we will demonstrate using the AutoCAD® 2013 Internet features to access
drawings through the Internet, as well as using blocks and the Windows Clipboard to
create a subassembly drawing. We will use the bearing part that was created in the
previous lesson.
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The Shaft Support Subassembly

Additional Parts

Besides the Bearing part, we will need three additional parts: (1) Cap-Screw, (2)
Collar and (3) Base-Plate. Create the Collar and Base-Plate drawings as shown

below; save the drawings as separate part files (Collar, Base-Plate). (Exit AutoCAD®
2013 after you have created the files.)

(1) Cap-Screw
(We will open this
drawing through the
Internet.)

3/8-24 UNF-2A

Fok

— ]
—

e HEHH{H I -
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(2) Collar

1
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Starting Up AutoCAD 2013 and Loading Multiple Drawings

1. Select the AutoCAD 2013 option on the Program menu or select the AutoCAD
2013 icon on the Desktop.

2. Inthe AutoCAD Startup dialog box, select Open a Drawing with a single click
of the left-mouse-button.

3. Inthe File list section, pick Bearing.dwg as the first drawing to be loaded.
(If the file is not listed in the File list, use the Browse button to locate the file.)

Startu - [
= . Open a Drawing )
| K
Select a3 File:
File: Path i
YVblock 3D dwg CalUsers"RSYDocuments' Auta. ..
YVblock2D dwg B A d uments'Auta. . E
Adjuster3rdAngle earing.awg uments'Auta. . 2 T =
gBax... C\Users ocuments’\Auto ..
C:ilUszers"R5\Documentsh\Auta...
Shaft-Suppol wg CAlUsers"RSYDocuments'Auto...
Cap-screw dwg CAlUsers"RSYDocuments'Auto...
Base-Flate dwg CAlsers"RSYDocuments'Auta L Bromsses
Size: 52 BKE (54,064 bytes)
Last Modified: Sunday, March 18, 2012 10:15:57 FM
| ok || Ccancel |

4. Click on the OK button to open the AutoCAD Startup dialog box.

Select the Open icon in the Standard toolbar.

In the Select File dialog box, pick Base-Plate.dwg
as the second drawing to be loaded. Click Open to

load the file.

7. Onyour own, repeat the
above steps and open
the Collar.dwg file.
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Using AutoCAD with the Internet

e AutoCAD® 2013 allows us to share files and resources through the Internet.
Drawings can be placed and opened to an Internet location, insert blocks by dragging
drawings from a web site, and insert hyperlinks in drawings so that others can access
related documents. Note that to use the AutoCAD® 2013 Internet features an Internet
connect is required.

We will illustrate the procedure to open an AutoCAD file from the Internet by
Uniform Resource Locator (URL).

1. Click the Open icon in the Standard toolbar area
as shown.

2. Inthe Select File dialog box, enter
http://www.sdcACAD.com/acad2013/
Cap-screw.dwg as shown in the figure below.

3. Click the Open icon and the Cap-screw file is downloaded from the
www.sdcACAD.com web site to the local computer.

e The URL entered must be of the Hypertext Transfer Protocol (http://) and the
complete filename must be entered including the filename extension (.dwg or .dwt).
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Rearrange the Displayed Windows

: [ Close i 1. In the pull-down menus, select:
3 Clase Al . ] '
— 1 [Window] > [Tile Horizontally]
Lock Location k

Cascade > Note that the highlighted window and the shape of the

graphics cursor indicate the active window in the current
Tile Vertithy AutoCAD session. We can switch to any window by

clicking inside the desired window.

Arrange Icons

i = Dlaka Aian

Active window

» On your own, adjust the display of each
window by left-clicking inside each
window and using the Zoom Realtime
command.
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Defining a Block

1. Set the Cap-Screw window as the active window by left-mouse-clicking inside the
window.

2. Click on the Maximize icon at the top right
corner of the Cap-Screw window to enlarge the
window.

3. Inthe Layer Control box, switch off the Dimension layer and leave only the
Object Lines and Center Lines layers visible.

4. Pick the Make Block command icon in the Draw toolbar. The
Block Definition dialog box appears on the screen.

5. In the Block Definition dialog box, enter Cap Screw as the block Name.

[ YBlock Definition i
[

~Base point —Ohiarts—————— |~ Behavior

[ Specify On-scr Block Name pecify On-screen [~ Annotative [ 1
Pick paint E Select objects &I r m«?;if;&lock arigntation
#: [L.0000 - ) Etain " Scale uniformly
T IW Pick pOInt arvert b block, % Allow explading
. " Delete

= ID'DDDD /1y Naohjects selected

rSettngs——————— | [~ Diescription
Black unit: d
Inches j

Huperlitk... | ﬂ
[ Open in block editor QK. I Cancel | Help |
[
Base Point 6. Click on the Pick point button to define a
Z : reference point of the block.
'""]'_>; """ ‘ ' }‘ ‘ 7. Pick the intersection of the centerline and
K 'pmersecﬁgn the base of the Cap-Screw head as the
base point.
[
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Select objects |] . . . .
e1ec oheens 8. Click on the Select Objects icon to select the objects
to be placed in the block.

9. Select all object lines and centerlines by using a
selection window on the screen.

10. Inside the graphics window, right-mouse-click once to
accept the selected objects.

The selected objects will be included in the new block, and several options are
available regarding the selected objects after the block is created. We can retain or
delete the selected objects or convert them to a block instance.

> Retain: Keep the selected objects as regular objects in the drawing after
creating the block.

» Convert to Block: Convert the selected objects to a block instance in the
drawing after creating the block.

> Delete: Remove the selected objects from the drawing after creating the block.

11. Pick the Retain option to keep the objects as regular lines and arcs.

> Notice in the Preview icon section, the Create icon from block geometry option

displays a small icon of the selected objects.

12. Click the OK button to accept the settings and proceed to create the new block.
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Inserting a Block

2.

1. Pick the Insert Block command icon in the Draw toolbar. The
Block Definition dialog box appears on the screen.

In the Insert dialog box, notice the block name Cap screw appears in the block
Name box. (Note: In this example, we created only one block; AutoCAD allows
us to define multiple blocks in the same drawing.)

In the Rotation section, we will enter a -90 angle to orient the Cap-screw in a
vertical direction. Notice that other options are also available. The Scale option
allows us to adjust the size of the block, and we can also position the block by

entering coordinates.

o Insert B35
Name:  Cap Screw h Browse... %Elﬂﬂﬂﬂﬂ-
Path \ Block Name

Locate using Geographic Data

Insertion point Scale Rotation
Specify On-screen [ Specify On-screen [ Specify On-screen

= |0.0000 X 1.0000 Angle: _gqf

¥ |0.0000 Yo 1.0000 /

> [Go00 2 oo | ROMALION  [/inches

ctor:
[ Uniform Scale scier: 1.0000
[Belode [ ok | canca |[ Hep |

4. Click on the OK button to accept the settings and proceed to insert the block into

the drawing.

5. Move the cursor toward
the right side of the
original copy of the cap
screw. Left-click to
place a copy of the
block.

» On your own, place
additional copies of the
block on the screen
while experimenting
with the Block Scale and
Rotation options.
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Starting the Assembly Drawing

1. Switch back to the tiled-windows display by using the
Restore Down icon near the upper right corner of the
AutoCAD main window as shown.

2. Select the QNew icon in the Standard toolbar area.

3. Inthe AutoCAD 2013 Create New Drawing

dialog box, select the Use a Template
option to open the template list as shown.

4. Select the Acad-A-H-Title template file
from the list of template files. If the file is
saved in a separate folder, click on the
Browse button to locate the file.

Select a Template:

Acad -named plot styles. dwt
Arcad -named plat styles3d. dwit
Acad. dwt

Acad3d.dwt

Acad-a-h-fitle. dwt

Acadiso -named plotaples. dit 5. Click the OK button to open the selected
— E— ‘ template file.

6. On your own, resize the new window as shown.
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Copying and Pasting with the Windows Clipboard

1. Set the Base-Plate window as the current window by left-mouse-clicking inside
the window.

2. Inthe Layer Control box, switch off all layers except the Object_Lines,
Hidden_Lines, and Center_Lines layers.

3. Select the front view of the Base-Plate by enclosing the front-view using a
selection window.

T2 W 4[4[ T, Model { Layout] / Layout2 /
=
Q"A )
= || 7 Base-Plate.dwg o -E ]
a [-1Top]| 2D Wireframe] _ g
B O
=l | Select the _
= front view. [
= | 100 |
A o] B
%, 160
|
o O
4] 4] W], Model { Layoutl § Layout? / ™ 2N

4. Select the Copy to Clipboard icon in the Standard
toolbar area.

5. Set the New Drawing window as the current window by left-mouse-clicking
inside the window.

6. Select the Paste from Clipboard icon in the
Standard toolbar area.

7. Position the front view of the Base-Plate near the
bottom of the graphics window as shown on the next

page.

+«+ Note that we are using the Windows Clipboard options; the selected items are
copied into the new drawing and all of the layer settings are retained.
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=TT = T R =] it O T
M Drawingl .dwg [ro|[-E-)[msal]
[-1Tepli2D Wireframe] _ -
| ™ | -
LU T
11 |1
el ol -
. | [ . 0
7 |
1
L1
’ —
hg B
o \
iy et 1 $
W[4 » [M]\ Model { Layout! f Layout? 7 ' ' < ' ' =2 1T
—r |
1o-© |l Y v

Converting the View into a Section View

.7 Z /a
:, Maximiae_

1. Click on the Maximize icon at the top right corner of the
Drawingl window to enlarge the window.

Apply to: IEurrent selection

o

Obiject type: I Line

=

Froperties:

Operator: I =Equals

[=
=l

How ta apply:
% Includs in new selection set

1~ Exclude from new selection set

™ Append to current selection set

o1

Cancel

Help |

x|

3. Inside the graphics window, right-mouse-click
to bring up the popup option menu and select the
Quick Select option.

4. In the Quick Select dialog box, select Layer
from the Properties list.

5. Set the Value box to Hidden_L.ines.
6. Inthe How to apply section, confirm the
Include in new selection set option is

selected.

7. Click on the OK button to accept the settings.
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8. AutoCAD will now filter out objects that are not on layer Hidden_Lines.

g‘égi :'dden'mes -# 9. Inthe Layer Control box, click on the
J O T Center_Lines Object_L.ines layer name to move the
:ﬁ: 8% %E ot selected objects to the Object_Lines

J ()% 7 M Defpaints Iayer.

o (% 75 M Dimensions
¢ (0% T80 Hidden_Lines
SEOL L] [obiect Lines
¢ (0% 5 M sectionlines
e % J:I'f]D Titlehlack.

Y (09 T30 Titleblackistter

Crraw Order

10. Inside the graphics window, right-mouse-click and select
Deselect All.

11. In the Layer Control box, set layer Section_Lines as the Current Layer.

-
[
1 .

Hatch... 13. On your own, create the hatch-pattern as shown.
Fills an enclo

tDrawingl.dwg
[-1{Top] [2D wireframe] -

12. Select the Hatch icon in the Draw toolbar. The Boundary Hatch
dialog box appears on the screen.

[
AW VA
Y.
AT Wl Mode! ¢ Layout £ Layout2 f 14 [ ;I—I

14. Switch back to the tiled-windows display by using the
Restore Down icon near the upper right corner of the
AutoCAD main window as shown.
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Adding the Bearing to the Assembly

1. Set the Bearing window as the current window by a left-mouse-click inside the
window.

2. Inthe Layer Control box, switch off all layers except the Object_Lines,
Hidden_Lines, Center_Lines, and Section_Lines layers.

3. Select the side view of the Bearing by enclosing the side view using a selection
window.

[-] [Top] [20 wWireframe] ﬂ

Rl [F], Model { Tapou £ Lapou f 144 ‘
\

4. Inside the graphics
window, right-mouse-
click and select the Copy
with Base Point option
under Clipboard as shown.

Base Point I

5. Pick the center intersection on the right
Intersection vertical line of the side view as the base point.
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6. Set the Drawingl window as the current window by left-mouse-clicking inside
the window.

| 7. In the pull-down menu, select

[Edit] = [Paste as a Block]

8. Align the side view of the Bearing to the top center-intersection of the Base-
Plate as shown.

“N Drawingl.dwg =R (ECRF<T
|-1[Top]|20 Wireframe] 4 i
Align to the =

intersection

=

hd

I

] 4[p [, Model [ Layoutl  Layout? f 1 ] *

9. Click on the Rotate icon in the Modify toolbar.

10. Pick the pasted view of the Bearing we just placed into the assembly drawing.
Notice the entire view is treated as a block object.
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11. Inside the graphics window, right-mouse-click to accept the selection and
proceed with the Rotate command.

12. Pick the base point as the rotation reference point.

13. Rotate the Bearing part to the top of the Base-Plate.

N Drawingl .dwg [E=8|E=E "<

[~ 1Topl|2D Wireframe]

Al 7]

x -
[ 4] [M]\ Model { Layoutl f Layout2 f 1 (=

14. Select the Explode icon in the Modify toolbar.

15. Pick the Bearing to break the block into its component objects.

> On your own, copy and _ |
paste the collar to the top {}
of the bearing. I |
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16. Use the Explode, Trim, Erase and Properties commands and modify the
assembly as shown.

3 Drawingl.dwg o[-0 )

I-1Topl2D Wireframe]

TOP |

]

s
2 A

|+

4] 4]k MY Model ut 1 ut2 1 = C

Adding the Cap-Screws to the Assembly

1. Set the Cap-Screw window as the current window by a left-mouse-click inside the
window.

2. Pre-select the vertical Cap-Screw. Since all objects belong to a block we can
quickly select the block.

i Cap-screw.dwg =10l x|

——

- =

==>=| Block Reference

Color M ByLayer
Layer Object_Lines

M 4]» W] Model  Layout! £ Layou2 / ||sj| Linetype Bylayer
[
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Repeat Insert: Block. | —
Recent Input 4 3. Inside the graphics window, right-
. mouse-click and select the Copy
=} Reset Block . . .
- _ with Base Point option under
%% [l At Clipboard as shown.
r‘]ﬁ Edit Block In-place
Annotative Object Scale. ¥ A 4. Pick the GRIP point as the copy

Clipboard

base point.

Set the Drawingl window as the
current window by left-mouse-
clicking inside the window.

Recent Input

Isolate 4
™ Copy with Base Paint 5
é Erase E Paste l
“'E" Maove 151 Paste as Flnck
Repeat Trirm

Clipboard

Chrl4-

Isolate

N D Copy Chrl+C

& Undo Pan and Zoan
; = Fiedo

% Pan

@q Z0oar
. @ Steeringwheels

CErl+Y @ Paste asgloclg Chrl+Shift+

rI':L Copy with Base Point  Cerl+Shift+C

6. Inside the graphics
window, right-mouse-
click and select the
Paste option.

m Paste to Criginal Coordinates

I\ .

Align the Cap-Screw as

Action Recorder

shown.

E Drawingl.dwg

|-1Topl|2D Wireframe]

:

]

PN
w4 T

ToP

b

L

4] 4[» [, Model § Layout1 J Layout2 /

» On your own, repeat the Paste command and place the other Cap-Screw in place.
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Creating Callouts with the MULTILEADER Command

Forrmak Tools Dirave Dirmensi
[ 5 Laver... 1. Inthe pull-down menus, select:
E % Laver States Manager... .
1 ' [Format] - [Multileader Style]
= Layer tools Ll =
Color... . . .
& Cobr 2. Click the New icon to start a new multileader style.
Linetvpe...
Lineweight... #‘Multileader Style Manager |
Transparency Current multileader style: Standard
;f Scale List. .. Styles: Preview of: Standard
w Set Cumrent |
-&f Text Style. ..
Mew...
|.!f1 Dirmension Skyle. .,

e
E’ Table styvle... Defoult Text - Displays
® r'-'1u|ti_lea'|ker' Syl / iy define ne
(5 Plot Styl,,
\

Lizt:

[ 41 Styles =l

Clogze I Help

| JCreate Mew Multileader Style |
3. Enter Balloon_Callout as the New

IBaIIDDn_EaIIDut . | style name as shown.

Start with: Cancel |

Mew ztyle name:

4. Click Continue to proceed with

Standard hd
| [ Help | the new style setup.

[T Annotative | i

Leader Format | Leader Structure  Content . .
FAAETTAMMER| Searer aHetiE l 5. Click the Content tab and select Block in
Multile ader type: Mtext the Multileader type option as shown.
T ext optionz I'
’7Default best:
[
— Block optionz I
Source black: (3 Detail Callout | 6. Select Circle in the Source
& Detail Callowt block option as shown.
Aftachment:
5ot
Cillers OW 7. Click OK to accept the settings.
Box
‘ SCE]E E L1
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Styles:

| YMultileader Style Manager

Current multileader style: Balloon_Callout

\15 Preview

Balloon_Callout
Standard

Cloze

8. On your own, confirm the Balloon_Callout
style is the current active style.

9. Click Close to accept the settings and exit the Multileader Style
Manager option.

1 Dimension Break

B Tolerance. ..

10. In the pull-down menus, select:
[Dimension] > [Multileader]

11. In the command prompt area, select the leader arrowhead first option as

shown.

13. Select a location that is toward the left side of
the Base Plate part as shown in the figure.

12. Place the arrowhead near the midpoint of the right
vertical edge of the Collar part as shown.

o[l

Q

14. Enter 1 as the tag number as shown in the
figure.
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15. On your own, repeat the above process and create the four callouts as shown in

the figure below.

e
e

A

%ﬁ

B T Ty
g Spline I
Mueader %
Mulkiline, .. :’O Rem Leader
attribute k _
%0 Align
L4 Block Descripkion. ..
s . ,1’8 Colleck

17. Select the leader attached to the Cap-

Screw part as shown.

18. Place another leader pointing to the other

Cap-Screw as shown.

16. In the pull-down menus, select:

[Modify] - [Object] >
[Multileader]=>[Add Leader]

AN

Select a multileader; |

o\

S

LN

4

/—®

ij_“l

Specify leader arrowh|

» For the Shaft
Support design,
the second leader
IS not necessary as
only one type of
Cap-Screw is
used in the design.

AN

]

V

TN

19. Click the Undo button to undo the last step.
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Creating a Viewport in the A-size Layout

1. Click the Layout1 tab to switch to the
two-dimensional paper space containing
the title block.

2. If aviewport is displayed inside the title
block, use the Erase command and delete

M 4T » [T Modely Layout! {Layout2 / the view by selecting any edge of the
| u viewport.
Clean Sereen Chrla I 1 3. Set the Viewport layer as the
Current Layer.

Wigwwports Iﬁﬁ'g. Mamed Viewparts...
(B Mamed Yiews... 4. In the pull-down menus, select:
4 Hamed Views ﬁ Mew Viewparts. ., P '

a0 Wiews r

[View] - [Viewports] 2>

@ Create Camera )
[1 Viewport]

2 Yiewparks

5. In the Status Bar area, turn OFF the OSNAP
option.

6. Create a viewport inside the title block area as
shown.

Viewport inside

/ the Title Block.

OREGON IMSTITUTE OF TECHMOLOGT] FHEETl TA4TE!
DR, B JiK. BY: | T SCHLE: I M
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Viewport Properties

1. Pre-select the viewport by left-clicking once on any edge of the viewport.

[T Cuick Seleck, ..
QuickCale

R Eind, .,

Properties

Inside the graphics window, right-mouse-click and select the
Properties option.

x

Hr I'-.-'iewpu:urt j lﬂ' W

I Y
Color M Evlaver
Layer Viewport
Linetype Bylayer
Linetype scale 1.0000
Plat skyle ByLayer
Linewweight BylLayer
Hyperlink

T mm——
Cenker X 5.2107
Cenker ¥ 4.1525
Center 2 00,0000
Height 6.5620
Widkh 2.5950
e M m——

o YEs
Clipped Mo

.E Display locked Mo

T Annotation scale 1:1

a y

E

=

\
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In the Properties dialog box,
scroll down to the bottom of the
list. Notice the current scale is
set to Custom, 0.5602. (The
number on your screen might be
different.)

Left-click the Standard scale
box and notice an arrowhead
appears.

Click on the arrowhead button
and a list of standard scales is
displayed. Use the scroll bar to
look at the list.

Select 1:1 in the Standard scale list. This will set the
plotting scale factor to half scale.

Click on the [X] button to exit the Properties dialog box.

On your own, turn OFF the display of the Viewport layer.
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Adding a PARTS LIST to the Assembly Drawing

1. Setthe Titleblock_lettering layer as the Current Layer.

Ay Text style...
ﬁ Dimension Skvle. ..

2.

B Table Style. ..

/5 Multlead&ityle

In the pull-down menus, select:

[Format] - [Table Style]

3. Click the New icon to start a new Table Style.

|y Table Style Eilm
Current T ablestyle: Standard
Styles: Presiew of: Standard
Standard Set Current |
Title Hew
Header Header Header b odif |
Tato Tato T ta e
Toto Tatao Tata
Do to Toto Toto Delete |
Data Dato Dot
Dato Tato T ta
Tata Tata Tata
Toto Toto Toto
Dot Tata Tata
List:
All gtyles j
Cloze I Help
[
| JCreate Mew Table Style =]
Mew Style Mame: .
= 4. Enter Parts_List as the New
antinue
[Patts_Lis style name as shown.
Start wfith: Cancel |
| Stardard | 5. Click Continue to proceed with
Help | the new style setup.
[

.ir' Mew Table Style: Parts_List
— Starting table

Select table to start from:

— General
T able direction: D j
Doy
r‘\":‘

Set the Table direction to Up by
selecting in the Table direction option
list as shown.
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— Cell ztyles
Da = Bl = .
o 7. Select the Text tab in the Cell
General Text | Borders | Styles section as shown.
— Properties
Text style: IStandard j _I 8. Set the Text height to 0.125 as
Test height: [0125 shown.
Test colar: I. ByBlack j
Text angle; ID
Cell styles ) ]
Data =] 9. Select the Header tab in the Cell Styles section as
shown.
— Cell zstyles B .
— 10. Select the Text tab in the Cell Styles
| Header = 2' ”_-’I section as shown.

Gerneral Test | Borders I

11. Set the Text height to 0.125 as shown.

Properties
Tent style: Standard hd i [

y |tandar sl 12. Click OK to accept the settings.
Text height: ID-1 2q

Text calor | BuRack |

13. Click Close to accept the settings and exit the New Table Style
option.

Cloze

. Click on the Table icon in the Draw toolbar.

15. Confirm the Parts_List is the current
Table style as shown.
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Set cell styles n
First row cel style: ade 16. In the Set cell styles section, set the
, First row cell style to Header.
Second row cell style: IData vI
All ather row cell styles: IData vI 17. Set the Second row cell style to
\ Data.
— Colurmn & row settings =
Colurmns: Zolurmr width: 18, Set th b f Col
. Set the number of Columns
4 = 1.0000 = .
il I =l I = to 4 and width to 1.0.
[,
DatL;Srnws: Row height:
= I 1 _% I 1 _Ij Lineis)

19. Click the OK button to accept the settings as shown.

—Table style r~ Insertion behavior

IParts_List vl @’l % Specify insertion point

= Specify window

rInsett options

r~Column & row settings
Columns: Column width:

£ From a data link 5 5
m |4| _|:'[ |1.0000 _lj
IND data links Found vl =4

€ From object data in the drawing {Daka Extraction) Data rows: Row height:
=] I 1 _I; I 1 _,::' Linefs)
Set cell styles
Data Doto Da.to )

First raw cell style: IHeader vl
Dota Dot Do.to
Toto Toto Toto Second row cell style: IData vl
Data Doto Dota Al ather row cell styles: IData - l

' Start from empty table

Preview

Dota Dot Do.to
Dota Dot Do.to
Dota Dot Do.to
Dot Doto Doto
Dota Dota Dato
Heocer Heoder Heo.der

i| Learn about Tables OK& I Cancel | Help |

20. Place the table near the lower left corner of the title block as shown; do not be
overly concerned about the actual position of the table as more editing is needed.

] & [ =® C i

_Et: Jzcale J0iG KO ]
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21. Enter “No.”, “Description”, “REQ” and “MATL” as the four headers of the
parts list table as shown. (Click OK to end the text input option.)

I -
L, I.ByBIcu:k vI| | |£‘K\J| () :
| g/jpoooo = = DK{C:rI+Er‘ter)1 |
3 |
£ |
1 o |PESRIF| Red matL) |
A E c | D rl
, — |

22. Select the Parts_L.ist table by
clicking on any one of the
edges.

> Notice the different control
GRIPS that are available to
resize and reposition the table.

23. Drag the second square GRIP
point toward the left to adjust
the width of the second column.

----- '-------.-:r-n:.:r------'.":-r'|=-'----- ittt

1508 b | [Tl 1

| 24. Click on a cell in the first
| column to enter the Edit Cell
|
|

I | Wb | DEECRIPTION REQ MATL option.

25. Click on the first icon, which will activate the Insert Row
above option.

=|_e uou
3
3 [T ﬁ | nfn m'n

Insert Row above

26. Click on the second icon, which will activate the
Insert Row below option. [nsert Row below
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27. Double-click with the left-mouse-
button on the cell above the No.
header as shown. This will
activate the Edit Text option.

[l N N ) |

11
Mo, | DEZCRIPTIOMN REQ MATL
& E C 1]

Iaral B | [TTATEl 1

—_

28. Enter the following information into the Parts_List.

4 Cap Screw 2/8 = STaock
3 Collar 1 Steel
c Bearing 1 Steel
1 Bose Plate 1 C.I

No. DESCRIPTION REQ| MATL

29. Pre-select the Parts_List table.

_‘f Erase

30. Inside the graphics window, right-mouse-click and select the
Move option.

Oﬂ;. Copy Seleckion

31. Inside the graphics window, hold down the [SHIFT]
key and right-mouse-click once to bring up the SNAP
option list. Select the Endpoint option.

32. Reposition the Parts_List table as shown and complete the drawing.

_______________________________ i I 4 Cap Screw 378 2 | stock
N A | 3 Collor L Eteesl
" i 5 | 2 Beorlng 1 | Steel
""""" s et I 1 Bose Plate I | I

; Ma, DESCEIFTION FEC| MATL

SHEE T IATE

ot

P=1
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Review Questions: (Time: 25 minutes)

1.

What is an assembly drawing? What are the basic differences between an assembly
drawing and a detail drawing?

What is a block? List some the advantages of using blocks in AutoCAD.

What are the differences between “Copying and pasting with the Windows
Clipboard” and “Copying with GRIPS ”?

Which command allows us to separate a block into its component objects?
Describe the differences between PASTE and PASTE AS A BLOCK.
Which command did we use to set the style of leaders?

Which command did we use to set up the style of Parts_List for the Shaft Support
assembly?

Which multileader type did we use to set up the balloon callouts for the Shaft
Support assembly?

Construct the drawing shown and measure the length L. Show the length with three
digits after the decimal point. (Units: inches.)

78°

60°

{
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Exercise: (Time: 200 minutes)

1. Wheel Assembly (Create a set of detail and assembly drawings. All dimensions are
in mm.)
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2. Leveling Assembly (Create a set of detail and assembly drawings. All dimensions
are in mm.)

(a) Base Plate
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(b) Sliding Block (Rounds & Fillets: R3)

Licensed to North Cobb High School



11-36 AutoCAD® 2013 Tutorial: 2D Fundamentals

(d) Adjusting Screw (M10 X 1.5)

Hex Socket Chamfer 45 % |
flat to flat 10
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3. Vise Assembly (Create a set of detail and assembly drawings. All dimensions are
in inches.)

(a) Base: The 1.5 inch wide and 1.25 inch wide slots are cut through the entire base.
Material: Gray Cast Iron.
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(b) Jaw: The shoulder of the jaw rests on the flat surface of the base and the jaw
opening is set to 1.5 inches. Material: Gray Cast Iron.

(c) Key: 0.1875 inch H x 0.375 inch W x 1.75 inch L. The keys fit into the slots on
the jaw with the edge faces flush as shown in the sub-assembly to the right.
Material: Alloy Steel.
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(d) Screw: There is one chamfered edge (0.0625 inch x 45°). The flat & 0.75” edge

of the screw is flush with the corresponding recessed & 0.75 face on the jaw.
Material: Alloy Steel.

@75

CHAMFER
0625 x 45

(e) Handle Rod: & 0.375” x 5.0” L. The handle rod passes through the hole in the

()

screw and is rotated to an angle of 30° with the horizontal as shown in the
assembly view. The flat & 0.375” edges of the handle rod are flush with the
corresponding recessed & 0.735 faces on the handle knobs. Material: Alloy
Steel.

Handle Knob: There are two chamfered edges (0.0625 inch x 45°).The handle
knobs are attached to each end of the handle rod. The resulting overall length of
the handle with knobs is 5.50”. The handle is aligned with the screw so that the
outer edge of the upper knob is 2.0” from the central axis of the screw. Material:
Alloy Steel.

CHAMFER
D.042E % 45°

CHAMFER
$.0625 % 45”7
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Notes:
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A

Absolute coordinates, 1-17, 1-18
Add Leader, 11-22

Angular dimensioning, 6-21
Arc, 1-33

ARRAY command, 7-3, 7-21
Arrowhead, 10-17

Assembly drawing, 11-4
Associative dimensions, 6-3
AutoCAD Classic Workspace, 9-5
Auto Constrain, 8-16

AutoSnap, 5-12

AutoTrack feature, 5-12
Auxiliary view, 9-3

B

BLOCK, 6-26, 11-5
Insert, 11-11
Make, 11-9, 11-10
Multileader, 11-21
Purge, 6-25

Border, 7-11, 7-12

Buttons, Mouse, Intro-12

C
CAD files, Intro-4, Intro-14, 1-23
Canceling commands, Intro-12
Cartesian coordinate system, 1-17
Cell Style, 11-27
Center Mark, 6-20
Chamfer, 4-29
Characters, special, 6-24
CIRCLE command, 1-22
Multileader, 11-21
TTR, 2-17
Clipboard, 11-3, 11-13
Coincident Constraint, 8-11
Color, 4-20

Command Line, Intro-9, Intro-10, 1-5

Computer Aided Design, Intro-2

Computer Aided Engineering, Intro-2
Computer Aided Manufacturing, Intro-2

INDEX

Concentric Constraint, 8-31
Construction lines, 5-6
Coordinate systems, 1-17
Coordinates, 1-10

COPY command, 3-11

Copy and paste, 11-13, 11-16
Copy Selection, 9-7

Copy with Base Point, 11-20
Cursor, Intro-9

Cutting plane line, 10-16

D
Dashboard, Intro-10
Deselect All, 10-19
Drawing Limits, 1-6
Drawing Screen, Intro-8
Diameter Dimensional Constraint, 8-31
Dimension

Center Mark, 6-20

Fractional, 6-17

Line, 6-15

Set Current, 6-18

Style Manager, 6-15

Text, 6-16

Toolbar, 6-15
Dimensional constraints, 8-3
Dimensioning, 6-14
Dimensioning

angular, 6-15, 6-21

diameter, 6-15, 6-22

leader, 6-15, 10-17

linear, 6-15, 6-19

radius, 6-15, 6-22

styles, 6-15

units, 6-17

update, 6-15, 7-27
Direct distance option, 1-18
Drafting Settings, 3-24
Draw Toolbar, 2D, Intro-11
Drawing Limits, 2-7
Dynamic Input, 2-4
Dynamic Input Settings, 2-4
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-2 AutoCAD® 2013 Tutorial: 2D Fundamentals

E Layout plotting feature, 7-28
ELLIPSE command, 4-23 Leader, 6-15, 10-17
Endpoint, Snap to, 3-27 LIMITS, Drawing, 1-5
ERASE command, 1-13 LINE command, 1-8
EXIT command, Intro-14 Close option, 1-22
EXPLODE command, 3-37 Linear Dimensional Constraint, 8-12
EXTEND command, 3-30 Linear dimensioning, 6-15, 6-22
Extension line, 6-16 LINETYPE, 5-6, 5-21
Linetype scale, 10-14
= List, 5-26
FILLET command, 3-32
FILTER, Quick Selection, 10-19 M
Files folders, Intro-14 Match Properties, 4-27
Fix Constraint, 8-11 MAXIMIZE icon, 11-9
Format, 1-5 Midpoint, 4-14
Fully constrained, 8-3 MIRROR command, 7-3, 7-20
Miter Line, 5-18
G Modify Toolbar, Intro-11
Geometric constraints, 8-3 Mouse Buttons, Intro-12
Geometric constraints panel, 8-10 MOVE command, 10-15
GRID, 1-7, 1-10, 1-11, 2-10 MULTILEADER, 11-24
Grid Intervals setup, 3-24 Multileader Style, 11-21
Grips, 9-3 Multilines, 4-7
Grips Editing, 9-3, 9-7, 10-15 Edit, 4-17
Multiview drawing, 5-3, 9-3
H
HATCH command, 10-3, 10-21 N
Heads-up Design interface, 1-14 Named objects, 6-25
Horizontal Constraint, 8-11 Named Plot Style feature, 7-5, 7-6
NEW file, 7-7
I
Infer Constraints, 8-34 O
INSERT BLOCK command, 11-11 Object Snap, 2-14, 3-27
Insert Row above, 11-29 OFFSET command, 3-35
Insert Row below, 11-29 Open-Tee, 4-17
Interactive method, 1-8 ORTHO, 3-24, 3-25
Orthographic views, 5-3
L OSNAP, 5-9, 5-10
Layers, 4-3, 4-19 OTRACK, 5-13
Layer
Deleting, 6-25 P
New, 4-19 PAN Realtime, 1-20
Setup, 5-5 Paper size, 7-10
Visibility, 4-25 Paper space, 7-9
Layout tabs, 7-10 Parallel Constraint, 8-12
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Index

1-3

Parametric Tools tab, 8-8
Parts List, 11-26
Paste, 11-13
Paste as Block, 11-17
Perpendicular, snap to, 9-20
Perpendicular Constraint, 8-17
PLOT, 7-4, 7-28
Plot Style Table, 9-25

Editor, 9-26
Polar coordinate system, 1-17
Polar Tracking, 9-13

Settings, 9-13
Polygon, 2-21
Polyline, 3-34
Positions, defining, 1-18
Precision, 1-4
Properties, 5-26, 7-25, 10-14
Pull-down menus, Intro-8, Intro-9
PURGE command, 6-25

Q

Quick Help, 1-6
Quick Select, 10-19
Quick setup, 4-4
Quit, Intro-12

R

Radial Dimensional Constraint, 8-19
RECTANGLE command, 4-23
Rectangular array, 7-3, 7-21
Relative coordinates, 1-17
Repeat the last command, 1-14
Resize Drawing Window, 11-9
Restore Down, 11-12
ROTATE, 3-11, 9-9

Rough sketch, 8-6

Running Object Snaps, 5-8

S

SAVE command, 1-24

Screen, AutoCAD, Intro-8
Section views, 10-3, 10-19
Selection window, 1-14

Show Dynamic Constraints, 8-33

SNAP, 1-10, 2-6

Snap Overrides, 10-8

Standard toolbar, Intro-8, Intro-9
Startup dialog box, Show, 2-8
Status Bar, Intro-8, 1-10
STRETCH, 10-15

Surface modelers, Intro-3

T
Table command, 11-26
Table direction, 11-25
Table Style, 11-25
TANGENT, Snap to, 2-16
Tangent Constraint, 8-18
Templates, 7-3
Template File, 7-13
Text, 6-23

Single Line, 6-23

Special character, 6-24
Tile Horizontally, 11-8
Title Block, 7-10, 7-11
Toolbars, Intro-8

List, 3-26
TRIM command, 2-19, 10-9
TTR, circle, 1-20, 2-17
TTT, circle, 1-23

U

UCS icon Display, 1-16
UCS icon Origin, 2-11
UNDO command, 4-17
Units, 2-6, 3-23

Units Setup, 1-4

Use a wizard, 4-4

User coordinate system, 1-15

V
Vertical Dimensional Constraint, 8-32
Viewport
Creating, 7-24
Hiding, 7-26
Properties, 7-25
Viewports, 7-24
Visibility, Layer, 4-25
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I-4 AutoCAD® 2013 Tutorial: 2D Fundamentals

W
Wireframe Modeler, Intro-3
World coordinate system, 1-15, 2-12
World space, 1-13
Windows
Active, 11-8
Tiled, 11-8
Wizard, 4-4
Workspace, AutoCAD Classic, 9-5
WYSIWYG plotting feature, 7-4

Z

Z00M
All, 1-5
Extent, 2-12
Realtime, 4-22
Window, 7-18
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AuUutoCAD 2013 Tutorial -

First Level: 2D Fundamentals

+ Designed for beginning CAD users

Uses step-by-step tutorials to teach you 2D drawing using AutoCAD
Each book comes with a multimedia DVD containing video presentations

» Covers the performance tasks found on the AutoCAD 2013 Certified Associate Examination

Description

The primary goal of AutoCAD 2013 Tutorial - First Level: 2D Fundamentals is to
introduce the aspects of Computer Aided Design and Drafting (CADD). This text
is intended to be used as a training guide for students and professionals. This text
covers AutoCAD 2013 and the lessons proceed in a pedagogical fashion to guide
you from constructing basic shapes to making multiview drawings. The lessons are
further reinforced by the video presentations found on the enclosed DVD.

This textbook contains a series of eleven tutorial style lessons designed to introduce
beginning CAD users to AutoCAD 2013. It takes a hands-on, exercise-intensive
approach to all the important 2D CAD techniques and concepts. This text is also
helpful to AutoCAD users upgrading from a previous release of the software. The
new improvements and key enhancements of the software are incorporated into
the lessons. The 2D-CAD techniques and concepts discussed in this text are also
designed to serve as the foundation to the more advanced parametric feature-based
CAD packages such as Autodesk Inventor.

The basic premise of this book is that the more designs you create using AutoCAD
2013, the better you learn the software. With this in mind, each lesson introduces
a new set of commands and concepts, building on previous lessons. This book is
intended to help readers establish a good basis for exploring and growing in the
exciting field of Computer Aided Engineering.

AutoCAD 2013 Certified Associate Examination

The content of AutoCAD 2013 Tutorial - First Level: 2D Fundamentals covers the
performance tasks that have been identified by Autodesk as being included on the
AutoCAD 2013 Certified Associate Examination. Special reference guides show you
where the performance tasks are covered in the book.

Multimedia DVD

Each book comes bundled with a DVD containing video presentations. These
videos cover the first three chapters and selected end-of-chapter exercises from
throughout the book. You will see the AutoCAD 2013 interface, menu picks, and
models that are created while the author explains the design activities.

Suggested Retail Prices:
Retail Bookstores/Internet Vendors: $75
College & Universities: $48
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