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- e

Engineering graphics is the process of defining an object graphically before it is con-
structed and used by consumers. Previously, this process for producing a drawing in-
volved the use of drawing aids such as pencils, ink pens, triangles, T-squares, and so
forth to place an idea on paper before making changes and producing blue-line prints
for distribution. The basic principles and concepts of producing engineering draw-
ings have not changed, even when the computer is used as a tool.

This text uses the basics of engineering graphics to produce 2D drawings and 3D
computer models using AutoCAD and a series of tutorial exercises that follow each
chapter. Following the tutorials in most chapters, problems are provided to enhance
your skills in producing engineering drawings. A brief description of each chapter
tollows:

CHAPTER 1 — GETTING STARTED WITH AUTOCAD

This first chapter introduces you to the following fundamental AutoCAD concepts:
Screen elements and workspaces; use of function keys; opening an existing drawing
file; using Dynamic Input for feedback when accessing AutoCAD commands; basic
drawing techniques using the LINE, CIRCLE, and PLINE commands; understand-
ing absolute, relative, and polar coordinates; using the Direct Distance mode for
drawing lines; using all Object snap modes, and polar and object tracking techniques;
using the ERASE command; and saving a drawing. Drawing tutorials follow at the
end of this chapter.

CHAPTER 2 — DRAWING SETUP AND ORGANIZATION

This chapter introduces the concept of drawing in real-world units through the set-
ting of drawing units and limits. The importance of organizing a drawing through
layers is also discussed through the use of the Layer Properties Manager palette.
Color, linetype, and lineweight are assigned to layers and applied to drawing objects.
Advanced Layer tools such as isolating, filtering, and states and how to create tem-
plate files are also discussed in this chapter.

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.

xiii



a
Xiv ) Introduction
o

CHAPTER 3 — AUTOCAD DISPLAY AND BASIC SELECTION
OPERATIONS

This chapter discusses the ability to magnify a drawing using numerous options of the
Z00M command. The PAN command is also discussed as a means of staying in a
zoomed view and moving the display to a new location. Productive uses of real-time
zooms and pans along with the effects a wheel mouse has on ZOOM and PAN are in-
cluded. Object selection tools are discussed, such as Implied Windowing, Noun/Verb
Selection, Selection Cycling, and the Quick Select command, to name a few. Finally,
this chapter discusses the ability to save the image of your display and retrieve the
saved image later through the View Manager dialog box.

CHAPTER 4 — MODIFYING YOUR DRAWINGS

This chapter is organized into two parts. The first part covers basic modification
commands and includes the following: MOVE, COPY, SCALE, ROTATE, OFFSET,
FILLET, CHAMFER, TRIM, EXTEND, and BREAK. The second part covers ad-
vanced methods of modifying drawings and includes ARRAY , MIRROR, STRETCH,
PEDIT, EXPLODE, LENGTHEN, JOIN, UNDO, and REDO. Tutorial exercises follow
at the end of this chapter as a means of reinforcing these important tools used in

AutoCAD.

CHAPTER 5 — PERFORMING GEOMETRIC CONSTRUCTIONS

This chapter discusses how AutoCAD commands are used for constructing geomet-
ric shapes. The following drawing-related commands are included in this chapter:
ARC, DONUT, ELLIPSE, POINT, POLYGON, RAY, RECTANG, SPLINE, and
XLINE. Tutorial exercises are provided at the end of this chapter.

CHAPTER 6 — WORKING WITH TEXT, FIELDS, AND TABLES

Use this chapter for placing text in your drawing. Various techniques for accomplish-
ing this task include the use of the MTEXT and TEXT commands. The creation of
text styles and the ability to edit text once it is placed in a drawing are also included.
A method of creating intelligent text, called Fields, is discussed in this chapter.
Creating tables, table styles, and performing summations on tables are also covered
here. Tutorial exercises are included at the end of this chapter.

CHAPTER 7 — OBJECT GRIPS AND CHANGING THE PROPERTIES

OF OBJECTS
The topic of grips and how they are used to enhance the modification of a drawing is
presented. The ability to modify objects through Quick Properties and the Properties
Palette are discussed in great detail. A tutorial exercise is included at the end of this
chapter to reinforce the importance of changing the properties of objects.

CHAPTER 8 — MULTIVIEW AND AUXILIARY VIEW PROJECTIONS

Describing shapes and producing multiview drawings using AutoCAD are the focus
of this chapter. The basics of shape description are discussed, along with proper use of
linetypes, fillets, rounds, and chamfers. Tutorial exercises on creating multiview
drawings are available at the end of this chapter segment. This chapter continues by
showing how to produce auxiliary views. Items discussed include using the OFFSET
and XLINE commands to project lines of sight perpendicular to a surface to be used
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in preparation of the auxiliary view. A tutorial exercise on creating auxiliary views is
provided in this chapter segment.

CHAPTER 9 — CREATING SECTION VIEWS

Hatching techniques through the use of the Ribbon’s Hatch Creation tab and Hatch
and Gradient dialog box are discussed in this chapter. The ability to apply a gradient
hatch pattern is also discussed. Tutorial exercises that deal with the topic of section
views follow at the end of the chapter.

CHAPTER 10 — ADDING DIMENSIONS TO YOUR DRAWING

This chapter utilizes various Try It! exercises on how to utilize basic and specialized
dimensioning commands to place linear, diameter, and radius dimensions. The pow-
erful QDIM command is also discussed, which allows you to place baseline, continu-
ous, and other dimension groups in a single operation. A tutorial exercise is provided
at the end of this chapter.

CHAPTER 11 — MANAGING DIMENSION STYLES

A thorough discussion of the use of the Dimension Styles Manager dialog box is in-
cluded in this chapter. The ability to create, modify, manage, and override dimension
styles is discussed. A detailed tutorial exercise is provided at the end of this chapter.

CHAPTER 12 — ANALYZING 2D DRAWINGS

This chapter provides information on analyzing a drawing for accuracy purposes. The
MEASUREGEOM command is discussed in detail, along with the area, distance, and
angle options. Also discussed is how these command options are used to determine
the accuracy of various objects in a drawing. A tutorial exercise follows that allows
users to test their drawing accuracy.

CHAPTER 13 — CREATING PARAMETRIC DRAWINGS

This chapter introduces the concept of using geometric constraints to create geomet-
ric relationships between selected objects. In this chapter, you will learn the constraint
types and how to apply them to drawing objects. You will also be shown the power of
controlling the objects in a design through the use of parameters. A number of Try It!
exercises are available to practice with the various methods of constraining objects.
Two tutorials are also available at the end of the chapter to guide you along with
assigning constraints to objects.

CHAPTER 14 — WORKING WITH DRAWING LAYOUTS

This chapter deals with the creation of layouts before a drawing is plotted out. A lay-
out takes the form of a sheet of paper and is referred to as Paper Space. A wizard to
assist in the creation of layouts is also discussed. Tools for arranging, scaling, and
locking viewports are discussed. The creation of numerous layouts for the same draw-
ing is also introduced, including a means of freezing layers only in certain layouts.
The use of Quick View Drawings and Layouts is also discussed to manage drawing
views and layouts. Various exercises are provided throughout this chapter to reinforce
the importance of layouts.

A, S0
Introa’ufz‘ion‘\: XV

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



XVi
o

Introduction

CHAPTER 15 — PLOTTING YOUR DRAWINGS

Printing or plotting your drawings out is discussed in this chapter through a series of
tutorial exercises. One tutorial demonstrates the use of the Add-A-Plotter wizard to
configure a new plotter. Plotting from a layout is discussed through a tutorial. This
includes the assignment of a sheet size. Tutorial exercises are also provided to create a
color-dependent plot style. Plot styles allow you to control the appearance of your
plot. Other tutorial exercises available in this chapter include publishing drawings
and plotting drawings for use on a web site.

CHAPTER 16 — WORKING WITH BLOCKS
This chapter covers the topic of creating blocks in AutoCAD. Creating local and

global blocks such as doors, windows, and electrical symbols will be demonstrated.
The Insert dialog box is discussed as a means of inserting blocks into drawings. The
chapter continues by explaining the many uses of the DesignCenter. This feature
allows the user to display a browser containing blocks, layers, and other named objects
that can be dragged into the current drawing file. The use of tool palettes is also dis-
cussed as a means of dragging and dropping blocks and hatch patterns into your
drawing. This chapter also discusses the ability to open numerous drawings through
the Multiple Document Environment and transfer objects and properties between
drawings. The creation of dynamic blocks, an advanced form of manipulating blocks,
is also discussed, with numerous examples to try out. A tutorial exercise can be found
at the end of this chapter.

CHAPTER 17 — WORKING WITH ATTRIBUTES

This chapter introduces the use of attributes in a drawing. A series of four commands
step the user to a better understanding of attributes. The first command is ATTDEF
and is used to define attributes. The ATTDISP command is used to control the dis-
play of attributes in a drawing. Once attributes are created and assigned to a block,
they can be edited through the EATTEDIT command. Finally, attribute information
can be extracted using the DATAEXTRACTION command or Attribute Extraction
wizard. Extracted attributes can then be imported into such applications as Microsoft
Excel and Access. Various tutorial exercises are provided throughout this chapter to
help the user become better acquainted with this powerful feature of AutoCAD.

CHAPTER 18 — WORKING WITH FILE REFERENCES
The chapter begins by discussing the use of File References in drawings. Typically,

the file reference is a drawing that is attached to another drawing file. Once the refer-
enced drawing file is edited or changed, these changes are automatically seen once the
drawing containing the external file reference is opened again. Performing in-place
editing of external references is also demonstrated. Importing image files is also dis-
cussed and demonstrated in this chapter. A tutorial exercise follows at the end of this
chapter to let the user practice using external references.

CHAPTER 19 — ADVANCED LAYOUT TECHNIQUES

This very important chapter is designed to utilize advanced techniques used in laying
out a drawing before it is plotted. The ability to lay out a drawing consisting of various
images at different scales is also discussed. The ability to create user-defined rectan-
gular and non-rectangular viewports is demonstrated. Another important topic
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discussed is the application of Annotation Scales and how they affect the drawing
scale of text, dimensions, linetypes, and crosshatch patterns. A tutorial exercise fol-
lows to let the user practice this advanced layout technique.

CHAPTER 20 — SOLID MODELING FUNDAMENTALS

The chapter begins with a discussion on the use of the 3D Modeling workspace.
Creating User Coordinate Systems and how they are positioned to construct objects
in 3D is a key concept to master in this chapter. Creating User Coordinate Systems
dynamically is also shown. The display of 3D images through View Cube, Steering
Wheel, and the 3DORBIT command are discussed along with the creation of visual
styles. Creating various solid primitives such as boxes, cones, and cylinders is dis-
cussed in addition to the ability to construct complex solid objects through the use
of the Boolean operations of union, subtraction, and intersection. The chapter con-
tinues by discussing extruding, rotating, sweeping, and lofting operations for creating
solid models from profiles. Tutorial exercises follow at the end of this chapter.

CHAPTER 21 — CONCEPT MODELING, EDITING SOLIDS,
AND SURFACE MODELING

This chapter begins with a detailed study on how concept models can easily be
created by dragging on grips located at key locations of a solid primitive. The ability
to pick and drag subobjects of a solid model and easily change its shape is also dis-
cussed. The FILLETEDGE, CHAMFEREDGE, 3DMOVE, 3DALIGN, 3DROTATE,
MIRROR3D, 3DSCALE, 3DARAY, and SLICE commands are discussed as a means
of introducing the editing capabilities of AutoCAD on 3D models. Modifications
can also be made to a solid model through the use of the SOLIDEDIT command.
This command provides the ability to extrude existing faces, imprint objects, and cre-
ate thin walls with the Shell option. The topic of creating and editing procedural and
mesh surface models will also be discussed. The editing of faces and edges will be
demonstrated as a means of creating a conceptual surface model that can then be con-
verted into a solid. Tutorial exercises can be found at the end of this chapter.

CHAPTER 22 — CREATING 2D DRAWINGS FROM
A 3D SOLID MODEL

Once the solid model is created, the SOLVIEW command is used to lay out 2D views
of the model, and the SOLDRAW command is used to draw the 2D views. Layers are
automatically created to assist in the annotation of the drawing through the use of
dimensions. The use of the FLATSHOT command is also explained as another means
of projecting 2D geometry from a 3D model. A tutorial exercise is available at the end
of this chapter, along with instructions on how to apply the techniques learned in this
chapter to other solid models.

CHAPTER 23 — PRODUCING RENDERINGS AND MOTION STUDIES

This chapter introduces you to the uses and techniques of producing renderings from
3D models in AutoCAD. A brief overview of the rendering process is covered, along
with detailed information about placing lights in your model, loading materials
through the materials library supplied in AutoCAD, attaching materials to your 3D
models, creating your own custom materials, applying a background to your rendered
image, and experimenting with the use of motion path animations for creating walk-
throughs of 3D models.
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STUDENT COMPANION SITE FROM CENGAGEBRAIN

Extra information is supplied through the Student Companion web site associated
with this book. Drawing files for the book’s tutorials and Try It! exercises are located
at this site. Also, various chapters have drawing problems that are designed to en-
hance your skills.

Accessing the Student Companion Site from CengageBrain:

1. Go to: http://www.cengagebrain.com

2. Type author, title, or ISBN in the Search window

3. Locate the desired product and click on the title

4. When you arrive at the Product page, click on the Access Now tab
5.

Under Book Resources, download the drawing files for the book’s tutorials and Try It!
exercises.

HOW THIS BOOK WAS PRODUCED

The following hardware and software tools were used to create this version of the
AutoCAD Tutor Book:

Hardware: Precision Workstation by Dell Computer Corporation
CAD Software: AutoCAD 2011 by Autodesk, Inc

Word Processing: Microsoft Word by Microsoft Corporation

Screen Capture Software: Snaglt! By TechSmith

Image Manipulation Software: Paint Shop Pro by Jasc Software, Inc.
Page Proof Review Software: Acrobat 7.0 by Adobe Corporation
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CONVENTIONS

All tutorials in this publication use the following conventions in the instructions:
Whenever you are told to enter text, the text appears in boldface type. This may
take the form of entering an AutoCAD command or entering such information as
absolute, relative, or polar coordinates. You must follow these and all text inputs by
pressing the ENTER key to execute the input. An icon for most commands is also
present to assist in activating a command. For example, to draw a line using the
LINE command from point 3,1 to 8,2, the sequence would look like the following:

Command: L (For LINE)
Specify first point: 3,1
Specify next point or [Undo]: 8,2

Specify next point or [Undo]: (Press ENTER to exit this
command)

Instructions for selecting objects are in italic type. When instructed to select an
object, move the pickbox on the object to be selected and press the pick button on
the mouse.

If you enter the wrong command for a particular step, you may cancel the command
by pressing the ESC key. This key is located in the upper left-hand corner of any
standard keyboard.

Instructions in some tutorials are designed to enter all commands, options, coordi-
nates, and so forth, from the keyboard. You may use the same commands by selecting
them from the ribbon, pull-down menu area, or from one of the floating toolbars.

Other tutorial exercises are provided with minimal instructions to test your ability to
complete the exercise.

NOTES TO THE STUDENT AND INSTRUCTOR CONCERNING
THE USE OF TUTORIAL EXERCISES

Various tutorial exercises have been designed throughout this book and can be found
at the end of each chapter. The main purpose of each tutorial is to follow a series of
steps toward the completion of a particular problem or object. Performing the tutorial
will also prepare you to undertake the numerous drawing problems also found at the
end of each chapter.

As you work on the tutorials, you should follow the steps very closely, taking care not
to make a mistake. However, some students are tempted to rush through the tutorials
to get the correct solution in the quickest amount of time. A typical comment might
be “I completed the tutorial ... but I don’t understand what I did to get the correct
solution.”

It is highly recommended to both student and instructor that all tutorial exercises be
performed two or even three times. Completing the tutorial the first time will give
you the confidence that it can be done; however, you may not understand all the steps
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involved. Completing the tutorial a second or third time will allow you to focus on
where certain operations are performed and why things behave the way they do.
This will allow you to anticipate each step and have a better idea what operation to
perform in each step. Only then will you be comfortable and confident to attempt the
many drawing problems that follow the tutorial exercises.

The Student Companion web site (http://www.cengagebrain.com) contains
AutoCAD drawing files for the Try It! exercises. To use drawing files, copy files to
your hard drive, then remove their read-only attribute. Files cannot be used without

AutoCAD. Files are located in the / Drawing Files/ directory.

SUPPLEMENTS

Instructor Resource—This is an educational resource that creates a truly electronic
classroom. It is a CD- ROM containing tools and instructional resources that enrich
your classroom and make your preparation time shorter. The elements of Instructor
Resource link directly to the text and tie together to provide a unified instructional
system. Spend your time teaching, not preparing to teach.

ISBN 1-111-13590-8

Features contained in e.resource include:

« Syllabus: Lesson plans created by chapter. You have the option of using these
lesson plans with your own course information.

 Chapter Hints: Objectives and teaching hints that provide the basis for a lecture
outline that helps you to present concepts and material.

« PowerPoint® Presentation: These slides provide the basis for a lecture outline that
helps you to present concepts and material. Key points and concepts can be graphi-
cally highlighted for student retention. There are more than 300 slides, covering
every chapter in the text.

e Exam View Computerized Test Bank: More than 600 questions of varying levels of
difficulty are provided in true/false and multiple-choice formats. Exams can be
generated to assess student comprehension or questions can be made available to
the student for self-evaluation.

* Video and Animation Resources: These AVI files graphically depict the execution of
key concepts and commands in drafting, design, and AutoCAD and let you bring
multimedia presentations into the classroom.

Spend your time teaching, not preparing to teach!
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CHAPTER

Getting Started
with AutoCAD

This chapter will introduce topics necessary to complete a simple AutoCAD drawing. It
begins with an explanation of the components that make up a typical AutoCAD display
screen. You will learn various methods of selecting commands from this screen: such as
through the Ribbon, Menu Bar, Toolbar, or Command Line. You will be introduced to
some essential File commands: QNEW, OPEN, QSAVE, SAVEAS, and CLOSE. These com-
mands will allow you to start, open, save, and close drawings. Once in a drawing, you will
utilize some of the Draw and Modify commands: LINE, CIRCLE, PLINE, and ERASE. Tech-
nical drawing requires that precise distances and angles be constructed, therefore, you
will also be shown methods and tools, which will allow the creation of accurate drawings:
Direct Distance mode, Cartesian Coordinates (absolute, relative, and polar), Object
Snaps, Object Snap Tracking, and Polar Tracking.

THE 2D DRAFTING & ANNOTATION WORKSPACE
The initial load of AutoCAD displays in a workspace. Workspaces are considered

task-oriented environments that use a default drawing template and even launch
such items as toolbars and palettes, depending on the workspace. By default,
AutoCAD loads the 2D Drafting & Annotation Workspace as shown in the follow-
ing image. This workspace displays the Ribbon, which is used for accessing most
essential AutoCAD commands. This workspace contains other items such as the
Application Menu, the Quick Access Toolbar, the graphic cursor, the InfoCenter,
the View Cube and the Navigation Bar as shown in the following image. Other
workspaces supplied with AutoCAD are Initial Setup Workspace, AutoCAD
Classic, 3D Basics, and 3D Modeling. The 3D workspaces will be discussed in
greater detail in Chapter 20.
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THE AUTOCAD CLASSIC WORKSPACE

The AutoCAD Classic Workspace, shown in the following image, provides a layout
similar to those found in older versions of AutoCAD. Instead of a Ribbon, most
commands are accessed through the Menu Bar or through Toolbars docked around
the screen. A Tool Palette is also displayed in this workspace. Commands can be
accessed through the palette using a drag and drop method. Although this workspace

does not display the Ribbon, the RIBBON command can be used to turn it on if
desired.
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While major differences occur at the top of the display screen when you are activating
different workspaces, most of the tools available at the bottom of the screen are

common to both workspaces. Study the various screen components as shown in
the following image.
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THE INITIAL SETUP WORKSPACE

The display of the Initial Setup Workspace will be slightly different depending on
selections you make while loading AutoCAD. When you initially load the software,
a dialog box, such as the one shown in the figure below, will offer a list of disciplines
(Architectural, Manufacturing, etc.) to help try and determine the type of drawing
you will be creating. When you select the Initial Setup Workspace, as shown on the
image on the right, a Tool Palette group related to your discipline will be displayed.
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Let’s say you initially loaded AutoCAD and you chose the Architecture discipline.
You can easily change to a different discipline by right-clicking in a blank part of
your screen and choosing Options from the menu as shown in the following image
on the left. This will launch the Options dialog box. Click on the User Preferences
tab and notice the Initial Setup button as shown in the following image on the right.
Clicking this button will launch the dialog box in the previous image that allows you

to change to a different discipline.
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ACCESSING WORKSPACES

How you switch to different workspaces depends on the current workspace that you
are in. For instance, if the current workspace is 2D Drafting & Annotation, you can
click on a drop-down list next to the Quick Access Toolbar, as shown in the following
image on the left, and choose a different workspace. You can also select a Workspace
Switching icon located on the right end of the Status Bar, as shown in the image on
the right. If the current workspace is AutoCAD Classic, you have available not only
the two options just discussed, but you can also select a new workspace from the
Workspace Toolbar, as shown in the following image in the middle. In addition to
selecting one of these pre-existing workspaces, you can also arrange your screen to
your liking and save these screen changes as your own custom workspace.

FIGURE 1.6

A Default AutoCAD Workspace may be present in the list shown in the previous image.
This workspace is automatically created if you are upgrading from a previous version of
AutoCAD.

THE STATUS BAR

The Status Bar, illustrated in the following image, is used to toggle ON or OFF the
tollowing modes: Coordinate Display, Infer Constraints (INFER), Snap, Grid, Ortho,
Polar Tracking, Object Snap (OSNAP), 3D Object Snap (3DOSNAP), Object Snap
Tracking (OTRACK), Dynamic User Coordinate System (DUCS), Dynamic Input
(DYN), Line Weight (LWT), Transparency (TPY), Quick Properties (QP), and
Selection Cycling (SC). Click the button once to turn the mode on or off. A button
with a blue color indicates that the mode is on. For example, the following image illus-
trates Grid turned on (blue color) and Polar turned oft (gray color). Right-clicking on
any button in the Status Bar activates the menu shown in the following image. Clicking
on Use Icons will change the graphic icons to text mode icons.
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FIGURE 1.7
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The following table gives a brief description of each component located in the Status

Bar:

Button Tool

Description

Coordinate

Display

& INFER

SNAP

GRID

L]

ORTHO

Ld

POLAR

&

OSNAP

=]

3DOSNAP

OTRACK

]

DUCS

L3

DYN

[#]

LWT

kd

1 TPY

Toggles the coordinate display, located in the
lower-left corner of the Status Bar, ON or OFF.
When the coordinate display is off, the coordi-
nates are updated when you pick an area of the
screen with the cursor. When the coordinate dis-
play is on, the coordinates dynamically change
with the current position of the cursor.

Toggles Infer Constraints ON or OFF. When ON,
selected constraints are applied while creating or
editing geometry (see Chapter 13).

Toggles Snap mode ON or OFF. The SNAP com-
mand forces the cursor to align with grid points.
The current snap value can be modified and can be
related to the spacing of the grid.

Toggles the display of the grid ON or OFF. The
actual grid spacing is set by the DSETTINGS OR
GRID command and not by this function key.

Toggles Ortho mode ON or OFF. Use this key to
force objects, such as lines to be drawn horizon-
tally or vertically.

Toggles the Polar Tracking ON or OFF. Polar
Tracking can force lines to be drawn at any angle,
making it more versatile than Ortho mode. The
Polar Tracking angles are set through a dialog box.
Also, if you turn Polar Tracking on, Ortho mode is
disabled, and vice versa.

Toggles the current Object Snap settings ON or
OFF. This will be discussed later in this chapter.

Toggles the current 3D Object Snap settings ON
or OFF. These running object snaps are used for
modeling in 3D.

Toggles Object Snap Tracking ON or OFF. This
feature will also be discussed later in this chapter.

Toggles the Dynamic User Coordinate System ON
or OFF. This feature is used mainly for modeling
in 3D.

Toggles Dynamic Input ON or OFF. When turned
on, your attention is directed to your cursor posi-
tion as commands and options are executed.
When turned off, all commands and options are
accessed through the Command prompt at the
bottom of the display screen.

Toggles Lineweight ON or OFF. When turned off,
no lineweights are displayed. When turned on,
lineweights that have been assigned to layers are
displayed in the drawing.
Toggles Transparency On or OFF to allow the
transparency percentage assigned to specific
objects to be displayed or not.

continued

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



A
6 ) AutoCAD 2011 Tutor for Engineering Graphics
w

Button Tool Description

ﬂl Quick When turned on, this tool will list the most
Properties popular properties of a selected object.

&l SC Toggles Selection Cycling ON or OFF. When

selecting overlapped objects, normally the last
object created is selected. If selection cycling

is on, a list of overlapped objects is provided to
choose from.

Right-clicking one of the status buttons displays a shortcut menu. Choose Settings to
access various dialog boxes that control certain features associated with the button.
These controls will be discussed later in this chapter and also in Chapter 2. The image
below shows the shortcut menus displayed by right-clicking on SNAP, POLAR, or
OSNAP.

oM e | o CHalel CAchainidl 100
FIGURE 1.8
You can also access most tools located in the Status Bar through the function keys

located at the top of any standard computer keyboard. The following table describes
each function key.

Function Key Definitions

F1 Displays AutoCAD Help Topics

F2 Toggle Text/Graphics Screen

F3 Object Snap settings ON/OFF

F4 3D Object Snap settings ON/OFF

F5 Toggle Isoplane Modes

F6 Toggle Dynamic UCS ON/OFF

F7 Toggle Grid Mode ON/OFF

F8 Toggle Ortho Mode ON/OFF

F9 Toggle Snap Mode ON/OFF

F10 Toggle Polar Mode ON/OFF

F11 Toggle Object Snap Tracking ON/OFF
F12 Toggle Dynamic Input (DYN) ON/OFF
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Most of the function keys are similar in operation to the modes found in the Status Bar _

except for the following:

When you press F1, the AutoCAD Help Topics dialog box is displayed. 0

Pressing F2 takes you to the text screen consisting of a series of previous prompt
sequences. This may be helpful for viewing the previous command sequence in text form.

Pressing F5 scrolls you through the three supported Isoplane modes used to construct
isometric drawings (Right, Left, and Top).

Pressing CTRL+SHIFT+P toggles Quick Properties mode ON or OFF.
Pressing CTRL+SHIFT+I toggles Infer Constraints ON or OFF.
Pressing CTRL+W toggles Selection Cycling ON or OFF.

Additional Status Bar Controls

Located at the far right end of the Status Bar are additional buttons separated into
three distinct groups used to manage the appearance of the AutoCAD display screen
and the annotation scale of a drawing. These items include Quick View Layouts and
Drawings, Annotation Scale tools, the Workspace Switching tool, the Toolbar
Unlocking tool, the Status Bar menu tool, and the Clean Screen tool. When annota-
tive objects such as text and dimensions are created, they are scaled based on the
current annotation scale and automatically displayed at the correct size. This feature
will be discussed in greater detail in Chapter 19. The following table gives a brief

description of the remaining buttons found in this area.

SN ST Ot S w Pl
FIGURE 1.9
Button  Tool Description
B Workspace Switching Allows you to switch between the work-
spaces already defined in the drawing.
d\ Toolbar/Window Positions Locks the position of all toolbars on the
Toggle display screen.
Ea Isolate Objects Indicates (turns red) if objects in the view

have been isolated or hidden.

Status Bar Menu Controls Activates a menu used for turning on or off
certain Status Bar buttons.

a Clean Screen Removes all toolbars from the screen, giving
your display an enlarged appearance. Click
this button again to return the toolbars to
the screen.

COMMUNICATING WITH AUTOCAD

The Command Line

How productive the user becomes in using AutoCAD may depend on the degree of
understanding of the command execution process within AutoCAD. One of the
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means of command execution is through the Command prompt that is located at the
bottom of the display screen. As a command is initiated, AutoCAD prompts the user
with a series of steps needed to complete this command. In the following image, the
CIRCLE command is chosen as the command. The next series of lines in the com-
mand line prompts the user to first specify or locate a center point for the circle. After
this is accomplished, you are then prompted to specify the radius of the circle.

FIGURE 1.10

Understanding the Command Prompt

In the previous image of the command line, notice the string of CIRCLE command
options displayed as the following:

[3P/2P/Ttr (tan tan radius)]

Items identified inside the square brackets are referred to as options. Typing in this
option from the keyboard activates it. You only need to type in the letters that are
capitalized (T—for the Ttr option)

Specify radius of circle or [Diameter] <4.2500>:

If a number is provided inside angle brackets “<4.2500>,” simply press ENTER to
accept this default value or type in a new value and then press ENTER. Typically, this

value represents the one last used in the command.

Dynamic Input

Yet another more efficient means of command execution within AutoCAD is
through the Dynamic Input feature, which is activated by clicking the DYN button
located in the Status Bar at the bottom of your display screen as shown in the follow-
ing image on the left. Whether a command is picked from the Ribbon or Menu Bar
or entered from the keyboard, you see immediate feedback at your cursor location.
The following image on the right illustrates how the CIRCLE Command prompts
display at the cursor location. As the cursor is moved around, the Specify center
point for Circle prompt also moves. Also notice that the current screen position is
displayed. If the down directional arrow is typed on the keyboard, options of the
CIRCLE command display. Typing the DOWN ARROW cycles through the available
options in executing the CIRCLE command.

laMLie: ek ~allaiu
FIGURE 1.1
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THE APPLICATION MENU

The Application Menu provides you with the ability to access commonly used
AutoCAD tools. Clicking on the Icon in the upper-left corner will display com-
mands that allow you to create, open, save, print, and publish AutoCAD files as
shown in the following image on the left. Also shown listed are a number of recent
drawings, which can be easily opened from the Application Menu. Clicking on the
Save As command displays more commands relative to what is currently being used
as shown in the following image on the right. At the very bottom right of the Appli-
cation Menu are two buttons, one called Options for launching the Options dialog
box and the other called Exit AutoCAD used for exiting the AutoCAD environ-
ment. The Options dialog box controls various settings internal to AutoCAD and
is considered an advanced feature.
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Document Controls

Clicking on the two document control items in the upper portion of the Application
Menu displays a series of panels used for viewing recent or open documents. The three
panels illustrated in the following image show the Recent Documents Mode with
drop-down lists exposed. You can display existing files in an ordered list or group
them by date or file type. When you move your cursor over one of these files, a preview
image automatically appears in addition to information about the document.
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FIGURE 1.13
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THE MENU BAR

The Menu Bar is generally associated with the AutoCAD Classic Workspace
while the Ribbon with the 2D Drafting & Annotation Workspace. Either display
method provides an easy way to access most AutoCAD commands. In the Menu
Bar, various categories exist such as File, Edit, View, Insert, Format, Tools, Draw,
Dimensions, Modify, and so on. Clicking one of these category headings pulls

down a menu consisting of commands related to this heading.

In the 2D Drafting & Annotation Workspace, you can activate the Menu Bar in the
upper part of the display screen by clicking on the arrow located at the end of the
Quick Access Toolbar and choosing Show Menu Bar from the menu, as shown in
the following image on the left. This will display the Menu Bar at the top of the
screen, as shown in the following image on the right.

FIGURE 1.14

TOOLBARS FROM THE AUTOCAD CLASSIC WORKSPACE

Besides the Menu Bar, the AutoCAD Classic Workspace utilizes numerous toolbars
for command selection. Activating the AutoCAD Classic Workspace will automati-
cally display toolbars, such as: Draw, Modify, Standard, Layers, Styles, and Proper-
ties. The following image shows the AutoCAD Classic Workspace layout.

FIGURE 1.15

An example of a toolbar is shown in the figure below. The Zoom Toolbar shown
allows you access to most ZOOM command options. When the cursor rolls over a
tool, a 3D border is displayed, along with a tooltip that explains the purpose of the
command, as shown in the following image on the right.
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FIGURE 1.16

ACTIVATING TOOLBARS

Many toolbars are available to assist the user in executing other types of commands.
When working in the AutoCAD Classic Workspace, six toolbars are already active or
displayed: Draw, Layers, Modify, Properties, Standard, and Styles. To activate a dif-
ferent toolbar, move the cursor over the top of any command button and press the
right mouse button. A shortcut menu appears that displays all toolbars, as shown in
the following image. In this example, placing a check beside Text displays this

toolbar.
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FIGURE 1.17

DOCKING TOOLBARS

In order to maximize drawing screen area, it is considered good practice to line the
top or side edges of the display screen with toolbars. The method of moving toolbars
to the sides of your screen is called docking. Press down on the toolbar title strip and
slowly drag the toolbar to the top of the screen until the toolbar appears to jump. Let-
ting go of the mouse button docks the toolbar to the top of the screen as shown in the
tollowing image. Practice this by docking various toolbars to your screen.

To prevent docking, press the CTRL key as you drag the toolbar. This allows you to move ‘ TIP ‘
the toolbar into the upper or lower portions of the display screen without the toolbar dock-

ing. Also, if a toolbar appears to disappear, it might actually be alongside or below toolbars 0
that already exist. Closing toolbars will assist in finding the missing one.

FIGURE 1.18
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TOOLBARS FROM THE 2D DRAFTING &

ANNOTATION WORKSPACE

While inside of the 2D Drafting & Annotation Workspace, it is possible to display
toolbars as in the AutoCAD Classic Workspace. To accomplish this, click on the
arrow at the end of the Quick Access Toolbar and pick Show Menu Bar, as shown
in the following image on the left. When the Menu Bar displays, click on Tools fol-
lowed by Toolbars and AutoCAD as shown in the following image on the right. This
will display all of the toolbars similar to those that are present in the AutoCAD Clas-
sic Workspace. Pick one of the names from the list to show the toolbar on the display

SCreen.

FIGURE 1.19

RIBBON DISPLAY MODES

A small button with an arrow is displayed at the end of the Ribbon tabs. This button
allows you to minimize the Ribbon and display more of your screen. Three modes are
available, as shown in the following image: Minimize to Tabs, Minimize to Panel
Titles, and Minimize to Panel Buttons.

FIGURE 1.20
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DIALOG BOXES AND PALETTES

Settings and other controls can be changed through dialog boxes and palettes. Illus-
trated in the following image on the left is the Drawing Units dialog box, which will
be discussed in Chapter 2. Illustrated in the following image on the right is the Hatch
Pattern Palette. This palette provides an icon menu that makes it easy to choose the
desired hatch pattern. Simply select the pattern by reviewing the small images (icons)
and click it. Palettes are similar to dialog boxes with the exception that palettes allow for
the display of small images. Certain dialog boxes can be increased in size by moving
your cursor over their borders. When two arrows appear, hold down the pick button
of the mouse (the left button) and stretch the dialog box in that direction. If the cursor
is moved to the corner of the dialog box, the box is stretched in two directions. These
methods can also be used to make the dialog box smaller, although there is a default
size for the dialog boxes, which limits smaller sizes. The dialog box cannot be stretched
if no arrows appear when you move your cursor over the border of the dialog box. The
Drawing Units dialog box cannot be sized while the Hatch Pattern Palette can be.

ot o |
]
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FIGURE 1.21

TOOL PALETTES

Tool palettes provide yet another method of accessing commands. To launch the Tool
Palette, click the Tool Palettes button, which is located in the Ribbon’s View tab and
Palettes panel, as shown in the following image. In the Menu Bar, click Tools, Pal-
ettes, and then Tool Palettes, The Tool Palette is a long, narrow bar that consists of
numerous tabs. Three tabs, namely, Modify (A), Draw (B), and Architectural (C) are
illustrated below. Use these tabs to access the more popular drawing and modify
commands. While this image shows three palettes, in reality only one will be present
on your screen at any one time. Simply click a different tab to display the commands
associated with the tab.
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RIGHT-CLICK SHORTCUT MENUS

Many shortcut or cursor menus have been developed to assist with the rapid access to
commands. Clicking the right mouse button activates a shortcut menu that provides
access to these commands. The Default shortcut menu is illustrated in the following
image on the left. It is displayed whenever you right-click in the drawing area and no
command or selection set is in progress.

Ilustrated in the following image on the right is an example of the Edit shortcut
menu. This shortcut consists of numerous editing and selection commands. This
menu activates whenever you right-click in the display screen with an object or group
of objects selected but no command is in progress.

FIGURE 1.23

Right-clicking in the Command prompt area of the display screen activates the short-
cut menu, as shown in the following image on the left. This menu provides
quick access to the Options dialog box, which is used to control various settings in
AutoCAD. Also, a record of the six most recent commands is kept, which allows
the user to select from this group of previously used commands.

Ilustrated in the following image on the right is an example of a Command-
Mode shortcut menu. When you enter a command and right-click, this menu
displays options of the command. This menu supports a number of commands. In
the following image, the 3P, 2P, and Ttr (tan tan radius) listings are all options of
the CIRCLE command.

[ Bt Commans_» . |

FIGURE 1.24

COMMAND ALIASES

Commands can be executed directly through keyboard entry. This practice is popular
for users who are already familiar with the commands. However, users must know the

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.
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command name, including its exact spelling. To assist with the entry of AutoCAD
commands from the keyboard, numerous commands are available in shortened form,
referred to as aliases. For example, instead of typing in L INE, all that is required is L.
The letter E can be used for the ERASE command, and so on. These command aliases
are listed throughout this book. The complete list of all command aliases can be found in
the AutoCAD Command Alias Editor, shown in the following image. This dialog
box can be accessed through the Ribbon (Express Tools tab > Tool panel > Command
Aliases button) or the Menu Bar (Express > Tools > Command Alias Editor).
The Editor displays all of the commands that have their names shortened. Learning
keyboard command aliases provide a fast and efficient method of activating AutoCAD
commands.

L P = . [ —_— -

FIGURE 1.25

STARTING A NEW DRAWING

[} To begin a new drawing file, select the QNEW command using one of the follow-
ing methods:

e From the Quick Access Toolbar

» From the Standard Toolbar of the AutoCAD Classic Workspace
¢ From the Application Menu (New)

¢ From the keyboard (QNEW)

[[}] Command: QNEW

Entering the QNEW command displays the dialog box illustrated in the following
image. This dialog box provides a list of templates to use for starting a new drawing.
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FIGURE 1.26

_ The QNEW command is similar to the NEW command but provides the option of starting with
o a preselected template. The template is assigned through the OPTIONS command.

OPENING AN EXISTING DRAWING

& The OPEN command is used to edit a drawing that has already been created.
Select this command from one of the following:

e From the Quick Access Toolbar

e From the Standard Toolbar of the AutoCAD Classic Workspace
* From the Application Menu (Open)

e From the keyboard (OPEN)

When you select this command, a dialog box similar to the following image appears.
Listed in the field area are all files that match the type shown at the bottom of the
dialog box. Because the file type is DWG, all drawing files supported by AutoCAD
are listed. To choose a different folder, use standard Windows file management tech-
niques by clicking in the Look in field. This displays all folders associated with the
drive. Clicking the folder displays any drawing files contained in it.
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FIGURE 1.27
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Additional tools are available in the Application Menu to assist in locating drawings
to open. These tools include Recent Documents and Open Documents. Illustrated in
the following image is an example of clicking on Recent Documents, which is located
in the lower-left corner of the Application Menu. Notice the ordered list of all draw-
ings that were recently opened enabling you to select these more efficiently.

&
—

FIGURE 1.28

When viewing files from the Recent Documents Panel, clicking on the By Ordered
List icon will expand the menu to include a number of options to sort files: By Access
Date, By Size, and By Type. You can also change the way drawings display in the
listing: Small Icons, Large Icons, Small Images, and Large Images. In the following
figure on the left the files are sorted By Ordered List. In the figure on the right, the
display is set to Large Images.

H & H =X

e [ W

FIGURE 1.29
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Because the By Ordered List can get large, certain drawing names drop off, which
means you need to look for the drawing again. For drawings that are used most fre-
quently, you can click on the pin icon to change the orientation of the pin as shown in
the following image on the right. The presence of this pin means that this drawing
will always be displayed in the By Ordered List.

H - * > e *

FIGURE 1.30

BASIC DRAWING COMMANDS

The following sections discuss some basic techniques used in creating drawings.
These include drawing lines, circles, and polylines; using Object Snap modes and
tracking; and erasing objects. Many of the basic drawing tools can be easily accessed
using either the Ribbon, as shown in the following image on the left or the Menu Bar
as shown in the following image on the right. Clicking the down arrow in the Draw
panel will display additional draw commands.

FIGURE 1.31

The following table gives a brief description of the LINE, CIRCLE, and PLINE

commands:
Button Tool Key-In Function
Line L Draws individual or multiple line segments
: - 1 Circle C Constructs circles of specified radius or
-/ diameter
5 Pline PL Used to construct a polyline, which is similar to

— a line except that all segments made with the
PLINE command are considered a single
object

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.
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CONSTRUCTING LINES
Use the LINE command to construct a line from one endpoint to the other. Choose

this command from one of the following:

e From the Draw Toolbar of the AutoCAD Classic Workspace

* From the Ribbon > Home Tab > Draw Panel

¢ From the Menu Bar (Draw > Line)

e From the keyboard (L or LINE)
As the first point of the line is marked, the rubber-band cursor is displayed along with
the normal crosshairs to assist in locating where the next line segment will be drawn.

The LINE command stays active until the user either executes the Close option or
issues a null response by pressing ENTER at the prompt “T'o point.”

Create a new drawing from scratch. Study the following image on the left and follow the TRY IT!
command sequence for using the LINE command. :

Command: L (For LINE)

Specify first point: (Pick a point at “A”)

Specify next point or [Undol: (Pick a point at “B”)
Specify next point or [Undo]l: (Pick a point at “C”)
Specify next point or [Close/Undo]: (Pick a point at “D”)
Specify next point or [Close/Undo]l: (Pick a point at “E”)
Specify next point or [Close/Undo]l: (Pick a point at “F”)

Specify next point or [Close/Undol: C (To close the shape and
exit the command)

If a mistake is made in drawing a segment, as illustrated in the following image, the
user can correct the error without exiting the LINE command. The built-in Undo
option within the LINE command removes the previously drawn line while still re-
maining in the LINE command. Refer to the following image on the right and the
prompts to use the Undo option of the LINE command.

(D)

FIGURE 1.32

Command: L (For LINE)

Specify first point: (Pick a point at “A”)
Specify next point or [Undol: (Pick a point at “B”)
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Specify next point or [Undo]l: (Pick a point at “C”)
Specify next point or [Close/Undo]: (Pick a point at “D”)
Specify next point or [Close/Undo]l: (Pick a point at “E”)

Specify next point or [Close/Undol: U (To undo or remove the
segment from “D” to “E” and still remain in the LINE command)

Specify next point or [Close/Undo]: (Pick a point at “F”)
Specify next point or [Close/Undo]: End (For Endpoint mode)
of (Select the endpoint of the 1ine segment at “A”)

Specify next point or [Close/Undo]: (Press ENTER to exit this
command)

Continuing Lines

Another option of the LINE command is the Continue option. The dashed line seg-
ment in the following image was the last segment drawn before the L INE command
was exited. To pick up at the last point of a previously drawn line segment, type
the LINE command and press ENTER. This activates the Continue option of
the LINE command.

Command: L (For LINE)

Specify first point: (Press ENTER to activate Continue Mode)
Specify next point or [Undol: (Pick a point at “B”)

Specify next point or [Undo]: (Pick a point at “C”)

Specify next point or [Close/Undo]: End (For Endpoint mode)

of (Select the endpoint of the vertical 1ine segment at “D”)

Specify next point or [Close/Undo]: (Press ENTER to exit this
command )

(B)

(A)

(O] <)
FIGURE 1.33

Dynamic Input and Lines

With Dynamic Input turned on in the Status Bar, additional feedback can be ob-
tained when drawing line segments. In addition to the Command prompt and
down arrow being displayed at your cursor location, a dynamic distance and angle
are displayed to assist you in the construction of the line segment, as shown in the
following image.
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FIGURE 1.34

Command prompts for using Dynamic Input now appear in the drawing window
next to the familiar AutoCAD cursor.

When constructing line segments, dynamic dimensions in the form of a distance
and an angle appear on the line. If the distance dimension is highlighted, enter-
ing a new value from your keyboard will change its value.

Pressing the TAB key allows you to switch between the distance dimension and
the angle dimension, where you can change its value. The dynamic angle dis-
played, by default, is only accurate to the nearest degree—you should type in
the precise value.

By default in Dynamic Input, coordinates for the second point of a line are con-
sidered relative. In other words, you do not need to type the @ symbol in front
of the coordinate. The @ symbol means “last point” and will be discussed in
greater detail later in this chapter. When drawing using absolute coordinates,
you will probably want to turn Dynamic Input off. A “#” symbol can be used to
cancel the automatic use of a relative coordinate.

You can still enter relative and polar coordinates as normal using the @ symbol
if you desire. These older methods of coordinate entry override the default
dynamic input setting.

The appearance of an arrow symbol in the Dynamic Input prompt area indicates
that this command has options associated with it. To view these command op-
tions, press the DOWN ARROW key on your keyboard. These options will display
on your screen. Continue pressing the DOWN ARROW until you reach the desired
command option and then press the ENTER key to select it.

Dynamic Input can be toggled ON or OFF in the Status Bar by clicking the DYN
button or by pressing the F12 function key.

THE DIRECT DISTANCE MODE FOR DRAWING LINES

Another method is available for constructing accurate lines, and it is called drawing
by Direct Distance mode. In this method, the direction a line will be drawn in is
guided by the location of the cursor. You enter a value, and the line is drawn at the
specified distance at the angle specified by the cursor. This mode works especially
well for drawing horizontal and vertical lines. The following image illustrates an ex-
ample of how the Direct Distance mode is used.

Create a new drawing from scratch. Turn Dyn Input mode off and Ortho mode on in the Sta-
tus Bar. Then use the following command sequence to construct the line segments using the
Direct Distance mode of entry. Direct Distance mode ensures the line’s length is accurate
and Ortho mode ensures the angle is accurate.

TRY IT!

O
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Command: L (For LINE)

Specify first point: 2.00,2.00

Specify next point or [Undo]l: (Move the cursor to the right and
enter a value of 7.00 units)

Specify next point or [Undo]: (Move the cursor up and enter a
value of 3.00 units)

Specify next point or [Close/Undo]: (Move the cursor to the
left and enter a value of 4.00 units)

Specify next point or [Close/Undo]l: (Move the cursor down and
enter a value of 1.00 units)

Specify next point or [Close/Undo]: (Move the cursor to the
left and enter a value of 2.00 units)

Specify next point or [Close/Undo]: C (To close the shape and
exit the command)

4.00

3.00

Close

2.00.2.00 7.00
FIGURE 1.35

\ TIP |

If Ortho mode is currently turned on, you can temporarily turn Ortho off while in the LINE
command by pressing the SHIFT key as you drag your cursor to draw the next line.

The following image shows another example of an object drawn with Direct Distance

mode. Each angle was constructed from the location of the cursor. In this example,
Ortho mode is turned off.

Create a new drawing from scratch. Be sure Ortho mode is turned off. The angles in this
drawing are not accurate. Ortho or Polar Tracking mode is normally used with Direct Dis-
tance mode to create accurate technical drawings.

Then use the following command sequence to construct the line segments using the
Direct Distance mode of entry.

Command: L (For LINE)

Specify first point: (Pick a point at “A”)

Specify next point or [Undol: (Move the cursor and enter 3.00)
Specify next point or [Undol: (Move the cursor and enter 2.00)

Specify next point or [Close/Undo]l: (Move the cursor and
enter 1.00)
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Specify next point or [Close/Undo]l: (Move the cursor and
enter 4.00)
Specify next point or [Close/Undol: (Move the cursor and
enter 2.00)
Specify next point or [Close/Undo]l: (Move the cursor and
enter 1.00)
Specify next point or [Close/Undol: (Move the cursor and
enter 1.00)

Specify next point or [Close/Undo]: C (To close the shape
and exit the command)

Close (A

FIGURE 1.36

USING OBJECT SNAP FOR GREATER PRECISION

A major productivity tool that allows locking onto key locations of objects is Object
Snap (OSNAP). The following image is an example of the construction of a vertical
line connecting the endpoint of the fillet with the endpoint of the line at “A.” The
LINE command is entered and the Endpoint mode activated. When the cursor
moves over a valid endpoint, an Object Snap symbol appears along with a tooltip

indicating which OSNAP mode is currently being used.

mand sequence below to draw a line segment from the endpoint of the arc to the endpoint
of the line.

Open the drawing file 01_Endpoint. Use the illustration in the following image and the com- TRY IT!

Command: L (For LINE)

Specify first point: End (For Endpoint mode)

of (Pick the endpoint of the fillet at “A” illustrated in the
following image)

Specify next point or [Undo]: End (For Endpoint mode)
of (Pick the endpoint of the Tine at “B”)

Specify next point or [Undo]: (Press ENTER to exit this
command)

Perform the same operation to the other side of this object using the Endpoint mode

of OSNAP. The results are shown in the following image on the right.
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FIGURE 1.37

Object Snap modes can be selected in a number of different ways. Illustrated in the
tollowing image is the Status Bar. Right clicking on the Object Snap icon displays the
menu containing most Object Snap tools. The following table gives a brief descrip-
tion of each Object Snap mode. In this table, notice the Key-In column. When the
Object Snap modes are executed from keyboard input, only the first three letters are
required.

(77 PRI SIeET S |
FIGURE 1.38

The following table gives a brief description of each Object Snap mode:

Button  Tool Key-In Function

®) Center CEN Snaps to the centers of circles and arcs

/ Endpoint END Snaps to the endpoints of lines and arcs
Extension EXT Creates a temporary extension line or arc when

your cursor passes over the endpoint of ob-
jects; you can specify new points along the
temporary line

{ From FRO Snaps to a point at a specified distance and
direction from a selected reference point
2 Insert INS Snaps to the insertion point of blocks and text
¥ Intersection  INT Snaps to the intersections of objects
W Apparent INT Mainly used in creating 3D wireframe models;
Intersection finds the intersection of points not located in
the same plane
7 Midpoint MID Snaps to the midpoint of lines and arcs
Midpoint M2P Snaps to the middle of two selected points
Between 2
Points
pr Nearest NEA Snfaps to the nearest point found along any
object
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Button  Tool Key-In Function

Node NOD Snaps to point objects (including dimension
definition points) and text objects (including
multiline text and dimension text)

a None NON Disables Object Snap

n Osnap OSNAP Launches the Drafting Settings dialog box and
Settings activates the Object Snap tab

p Parallel PAR Draws an object parallel to another object

A Perpendicular PER Snaps to a perpendicular location on an object

o Quadrant QUA Snaps to four key points located on a circle

O Tangent TAN Snalps to the tangent location of arcs and

circles

The following image shows the Object Snap modes that can be activated when you
hold down SHIFT or CTRL and press the right mouse button while within a com-
mand such as LINE or MOVE. This shortcut menu will appear wherever the cursor is
currently positioned.

A I
—| D
0
Right Click
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FIGURE 1.39

OBJECT SNAP MODES

Center (Cen)

) Use the Center mode to snap to the center of a circle or arc. To accomplish this,
activate the mode by clicking the Center button and moving the cursor along the edge
of the circle or arc, as shown in the following image. Notice the AutoSnap symbol
appearing at the center of the circle or arc.
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FIGURE 1.40

Endpoint (End)

/| The Endpoint mode is one of the more popular Object Snap modes; it is helpful
in snapping to the endpoints of lines or arcs as shown in the following image. One
application of Endpoint is during the dimensioning process, where exact distances
are needed to produce the desired dimension. Activate this mode by clicking the
Endpoint button, and then move the cursor along the edge of the object to snap to
the endpoint. In the case of the line or arc shown in the following image, the cursor
does not actually have to be positioned at the endpoint; favoring one end automati-
cally snaps to the closest endpoint.

R -

FIGURE 1.41

Extension (Ext)

- When you acquire a line or an arc, the Extension mode creates a temporary path
that extends from the object. Once the Extension Object Snap is selected, move your
cursor over the end of the line at “A,” as shown in the following image, to acquire it.
Moving your cursor away provides an extension at the same angle as the line. To un-
acquire an extension, simply move your cursor over the end of the line again. A tooltip
displays the current extension distance and angle. Acquiring the end of the arc at “B”
provides the radius of the arc and displays the current length in the tooltip.

FIGURE 1.42
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From (Fro)

| Use the From mode along with a secondary Object Snap mode to establish a
reference point and construct an offset from that point. Open the drawing file
01_Osnap From. In the following image, the circle needs to be drawn 1.50 units in
the X and Y directions from point “A.” The CIRCLE command is activated and the
Object Snap From mode is used in combination with the Object Snap Intersection
mode. The From option requires a base point. Identify the base point at the intersec-
tion of corner “A.” The next prompt asks for an offset value; enter the relative coordi-
nate value of @1.50,1.50 (this identifies a point 1.50 units in the positive X direction
and 1.50 units in the positive Y direction). This completes the use of the From option
and identifies the center of the circle at “B.” Study the following command sequence
to accomplish this operation:

—_——

Open the drawing file 01_Osnap From. Use the illustration and prompt sequence below for
constructing a circle inside the shape with the aid of the Object Snap From mode.

E Command: C (For CIRCLE)

Specify center point for circle or [3P/2P/Ttr (tan tan ra-
dius)]: From

Base point: Int (for Intersection Mode)

of (Select the intersection at “A” in the following image)
<Offset>: @1.50,1.50

Specify radius of circle or [Diameter]: D (For Diameter)
Specify diameter of circle: 1.25

(A)

FIGURE 1.43

Insert (Ins)

4| The Insert mode snaps to the insertion point of an object. In the case of the text
object in the following image on the left, activating the Insert mode and positioning
the cursor anywhere on the text snaps to its insertion point, in this case at the lower-
left corner of the text at “A.” The other object illustrated in the following image on
the right is called a block. It appears to be constructed with numerous line objects;
however, all objects that make up the block are considered to be a single object.
Blocks can be inserted in a drawing. Typical types of blocks are symbols such as doors,
windows, bolts, and so on—anything that is used several times in a drawing. In order
for a block to be brought into a drawing, it needs an insertion point, or a point of
reference. The Insert mode, when you position the cursor on a block, will snap to
the insertion point at “B” of that block.

TRY IT!

©
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FIGURE 1.44

Intersection (Int)

> Another popular Object Snap mode is Intersection. Use this mode to snap to the
intersection of two objects. Position the cursor anywhere near the intersection of two
objects and the intersection symbol appears. See the following image.

FIGURE 1.45

Extended Intersection (Int)

Another type of intersection snap is the Extended Intersection mode, which is used
to snap to an intersection not considered obvious from the previous example. The
same Object Snap Intersection button is utilized for performing an extended intersec-
tion operation. The following image shows two lines that do not intersect. Activate
the Extended Intersection mode and pick both lines. Notice the intersection symbol
present where the two lines, if extended, would intersect.

FIGURE 1.46

Midpoint (Mid)

/' The Midpoint mode snaps to the midpoint of objects. Line and arc examples are
shown in the following image. When activating the Midpoint mode, touch the object
anywhere with some portion of the cursor; the midpoint symbol appears at the exact
midpoint of the object.
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FIGURE 1.47

Midpoint of Two Selected Points (M2P)

This Object Snap mode snaps to the midpoint of two selected points. To access this
mode, type either M2P or MTP at the Command prompt. While this Object
Snap mode is not accessible through a toolbar button, it can be found by pressing
SHIFT + Right Mouse Button to display the Object Snap menu, as shown in the
following image on the left.

The following command sequence and illustration in the following image show the
construction of a circle at the midpoint of two selected points.

’j Command: C (For CIRCLE)

Specify center point for circle or [3P/2P/Ttr (tan tan
radius)J: M2P

First point of mid: End

of (Pick the endpoint at “A”)

Second point of mid: End

of (Pick the endpoint at “B”)

Specify radius of circle or [Diameter]: 0.50

m

T \
o |

FIGURE 1.48

Nearest (Nea)

#* The Nearest mode snaps to the nearest point it finds on an object. Use this mode
when a point on an object needs to be selected and an approximate location on the
object is sufficient. The nearest point is calculated based on the closest distance from
the intersection of the crosshairs perpendicular to the object or the shortest distance
from the crosshairs to the object. In the following image, the appearance of the Near-
est symbol helps to show where the point identified by this mode is actually located.

—_——
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FIGURE 1.49

Node (Nod)

The Node mode snaps to a node or point. Picking the point in the following image
snaps to its center.

Point Object Point Object \

™ -

FIGURE 1.50

Parallel (Par)

# Use the Parallel mode to construct a line parallel to another line. In the following
image, the L INE command is started and a beginning point of the line is picked. The
Parallel mode is activated by selecting the Parallel icon and then hovering the cursor
over the existing line. The existing line is highlighted at “A” and the Parallel symbol
appears. Finally, moving the cursor to the approximate position that makes the new
line parallel to the one just selected allows the Parallel mode to construct a parallel
line, the tracking path and the tooltip giving the current distance and angle. The re-
sult of this mode is illustrated in the following image on the right.

FIGURE 1.51

Perpendicular (Per)

A The Perpendicular mode is helpful for snapping to an object normal (or perpen-
dicular) from a previously identified point. The following image shows a line segment
drawn perpendicular from the point at “A” to the inclined line “B.” A 90° angle is
formed with the perpendicular line segment and the inclined line “B.” With this
mode, the user can also construct lines perpendicular to circles.
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FIGURE 1.52

Quadrant (Qua)

& Circle quadrants are defined as points located at the 0°, 90°, 180°, and 270° posi-
tions of a circle, as in the following image. Using the Quadrant mode will snap to one
of these four positions as the edge of a circle or arc is selected. In the example of the
circle in the following image, the edge of the circle is selected by the cursor location.
The closest quadrant to the cursor is selected.

iy

_./' 3 ]
/ .
180 1 )D
\\7///
270

FIGURE 1.53

Tangent (Tan)

O The Tangent mode is helpful in constructing lines tangent to other objects such
as the circles in the following image. In this case, the Deferred Tangent mode is being
used in conjunction with the LINE command. The point at “A” is first picked at the
bottom of the circle using the Tangent mode. When dragged to the next location, the
line will be tangent at point “A.” Then, with Tangent mode activated and the location
at “B” picked, the line will be tangent to the large circle near “B.” The results are illus-
trated in the following image on the right.

-1

FIGURE 1.54

segment tangent to two circles:

Open the drawing file 01_Tangent. Follow this command sequence for constructing a line TRY IT!
Command: L (For LINE) :

Specify first point: Tan (For Tangent mode)

to (Select the circle near “A”)

Specify next point or [Undol: Tan (For Tangent mode)
to (Select the circle near “B”)

Open the drawing file 01_Osnap. Various objects consisting of lines, circles, arcs, points, and TRY IT!
blocks need to be connected with line segments at their key locations. Use the prompt se-

quence and the following image for performing this operation. @

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



325 AutoCAD 2011 Tutor for Engineering Graphics

g
Command: L (For LINE)
Specify first point: End
of (Pick the endpoint at “A”)
Specify next point or [Undo]: Nod
of (Pick the node at “B”)
Specify next point or [Undo]: Tan
to (Pick the circle at “C”)
Specify next point or [Close/Undo]: Int
of (Pick the intersection at “D”)
Specify next point or [Close/Undo]: Int
of (Pick the line at “E”)
and (Pick the horizontal Tine at “F”)
Specify next point or [Close/Undo]: Qua
of (Pick the circle at “G”)
Specify next point or [Close/Undo]: Cen
of (Pick the arc at “H”)
Specify next point or [Close/Undo]: Mid
of (Pick the Tine at “J”)
Specify next point or [Close/Undo]: Per
to (Pick the Tine at “K”)
Specify next point or [Close/Undo]: Ins
of (Pick on the I-Beam symbol near “L”)
Specify next point or [Close/Undo]: Nea
to (Pick the circle at “M”)
Specify next point or [Close/Undo]: (Press ENTER to exit this

command)
T , . B
\A) . L= "4 N
; / \
L “(B)
";’Ki
(M)
O J)
'H'
/"\\\‘

FIGURE 1.55
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CHOOSING RUNNING OBJECT SNAP

So far, all Object Snap modes have been selected from the shortcut menu or entered
at the keyboard Osnaps chosen in this manner are referred to as Override Object
Snaps. While you are ensured of the type of snap selected, you have to select the Ob-
ject Snap mode every time. It is possible to make the Object Snap mode or modes
continuously present through Running Object Snaps. Right-click the OSNAP but-
ton located in the Status Bar at the bottom of the drawing area, as shown in the fol-
lowing image. Pick the desired Running Object Snaps from the shortcut menu
displayed or click Settings to activate the Drafting Settings dialog box illustrated in
the following image on the right. By default, the Endpoint, Center, Intersection, and
Extension modes are automatically selected. Whenever the cursor lands over an ob-
ject supported by one of these four modes, a yellow symbol appears to alert the user to
the mode. It is important to know that when changes are made inside this dialog box,
the changes are automatically saved to the system. Other Object Snap modes can be
selected by checking their appropriate boxes in the dialog box; removing the check
disables the mode.

Bl aesa o 101l
FIGURE 1.56

These Object Snap modes remain in effect during drawing until you click the
OSNAP button illustrated in the Status Bar in the following image; this turns off
the current running Object Snap modes. To reactivate the running Object Snap
modes, click the OSNAP button again and the previous set of Object Snap modes
will be back in effect. Object Snap can also be activated and reactivated by pressing
the F3 function key. It is also important to note that anytime you select an Object
Snap from the toolbar, cursor menu, or by typing it in, it overrides the Running
Osnap for that single operation. This ensures that you only snap to that specific
mode and not accidentally to one of the set Running Osnaps.

IsiaBLe. Cleidsisliond
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FIGURE 1.57
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POLAR TRACKING

Previously in this chapter, the Direct Distance mode was highlighted as an efficient
means of constructing precise length lines. To ensure that the line direction is also
accurate, you can use a tool such as Polar Tracking. This mode allows the cursor to
follow a tracking path that is controlled by a preset angular increment. The POLAR
button located at the bottom of the display in the Status area turns this mode on or
off. Right-clicking POLAR in the Status Bar at the bottom of the screen provides a
shortcut menu where you may select the tracking angle. You can also pick Settings
from the menu to display the Drafting Settings dialog box shown on the right in the
following image. Notice the Polar Tracking tab is already selected.

vy ol e - Tamhey | e a L e ing bpewrps gm b
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FIGURE 1.58

A few general terms are defined before continuing:

Tracking Path—This is a temporary dotted line that can be considered a type
of construction line. Your cursor will glide or track along this path (see the fol-
lowing image).

Tooltip—This displays the current cursor distance and angle away from the
tracking point (see the following image).

Tracking Path

L\ | 7

Tooltip I

FIGURE 1.59
‘ TIP Both Polar and Ortho modes cannot be turned on at the same time. Once you turn Polar on,
0 Ortho automatically turns off, and vice versa.
TRY IT! To see how the Polar Tracking mode functions, construct an object that consists of line seg-
ments at 10° angular increments. Create a new drawing starting from scratch. Then, set the
@ angle increment through the Polar Tracking tab of the Drafting Settings dialog box to 10°, as
shown in the following image.
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FIGURE 1.60

Start the L INE command, anchor a starting point at “A,” and move the cursor to the
upper-right until the tooltip reads 20° as shown in the following image on the left.
Enter a value of 2 units for the length of the line segment.

Move the cursor up and to the left until the tooltip reads 110°, as shown in the follow-
ing image on the right, and enter a value of 2 units. (This will form a 90° angle with
the first line.)

L4

FIGURE 1.61

Move the cursor until the tooltip reads 20°, as shown in the following image on the
left, and enter a value of 1 unit.

Move the cursor until the tooltip reads 110°, as shown in the following image on the
right, and enter a value of 1 unit.

FIGURE 1.62

Move the cursor until the tooltip reads 200°, as shown in the following image on the
left, and enter a value of 3 units.

Move the cursor to the endpoint, as shown in the following image on the right, or use
the Close option of the LINE command to close the shape and exit the command.
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FIGURE 1.63

SETTING A POLAR SNAP VALUE

An additional feature of using polar snap is illustrated in the following image. Click-
ing the Snap and Grid tab of the Drafting Settings dialog box displays the dialog box
in the following image. Clicking the Polar Snap option found along the lower-left
corner of the dialog box allows the user to enter a polar distance. When SNAP and
POLAR are both turned on and the cursor is moved to draw a line, not only will the
angle be set but the cursor will also jump to the next increment set by the polar snap

value.

-

FIGURE 1.64
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TRY IT!

©

Open the drawing file 01_Polar. Set the polar angle to 30° and a polar snap distance to 0.50
unit increments. Be sure POLAR and SNAP are both turned on in your Status Bar and that
all other modes are turned off. Begin constructing the object in the following image using
the Command prompt sequence below as a guide.

Command: L (For LINE)

Specify first point: 7.00,4.00

Specify next point or [Undol: (Move your cursor down until the
tooltip reads Polar: 2.5000<270 and pick a point)

Specify next point or [Undol: (Move your cursor right until]
the tooltip reads Polar: 1.5000<0 and pick a point)

Specify next point or [Close/Undo]: (Polar: 2.0000<30)
Specify next point or [Close/Undo]: (Polar: 2.0000<60)
Specify next point or [Close/Undo]: (Polar: 2.5000<90)
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Specify next point or [Close/Undo]l: (Polar: 3.0000<150)
Specify next point or [Close/Undo]: (Polar: 1.5000<180)
Specify next point or [Close/Undo]l: (Polar: 2.5000<240)
Specify next point or [Close/Undol: (Polar: 2.5000<120)
Specify next point or [Close/Undo]: (Polar: 1.5000<180)
Specify next point or [Close/Undo]: (Polar: 3.0000<210)
Specify next point or [Close/Undo]l: (Polar: 2.5000<270)
Specify next point or [Close/Undo]: (Polar: 2.0000<300)
Specify next point or [Close/Undo]l: (Polar: 2.0000<330)
Specify next point or [Close/Undo]: (Polar: 1.5000<0)

Specify next point or [Close/Undo]: (Polar: 2.5000<90)
Specify next point or [Close/Undo]l: C (To close the shape)

Nz

FIGURE 1.65

SETTING A RELATIVE POLAR ANGLE

An additional feature of using polar snap is illustrated in the following image. When
activating the Polar tab of the Drafting Settings dialog box, located in the lower-right
corner are two settings that deal with the Polar Angle measurement; they are Abso-
lute and Relative to last segment.

Absolute—This is the default setting when dealing with Polar Angle measure-
ment. This setting controls all angle measurements based on the position of the
current user coordinate system, the icon located in the lower-left corner of all

AutoCAD drawing screens.

Relative to last segment—When changing the Polar Angle measurement to
Relative to last segment, the Polar Tracking angle is based on the last line seg-
ment drawn.
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FIGURE 1.66

To get a better understanding of the two different Polar Angle measurement settings,
study the following image. The illustration on the left is an example of the Absolute
setting. The 150° angle was drawn from point (A) to point (B). This angle is derived
from the absolute position of angle 0° (zero) set by default to the 3 o’clock position as
defined in the Drawing Units dialog box. In the illustration on the right, the same
line segment is drawn. However, this time the Relative to last segment setting is
used. Notice how the 120° angle is calculated. The angle is based on the last line seg-
ment, not on an angle calculated in relation to 0° (zero). This is the reason for the
parallel line segment at (C).

FIGURE 1.67

OBJECT SNAP TRACKING MODE

Object Snap Tracking works in conjunction with Object Snap. Before you can track
from an Object Snap point, you must first set an Object Snap mode or modes from
the Object Snap tab of the Drafting Settings dialog box. Object Snap Tracking can be
toggled ON or OFF with the OTRACK button, which is located in the Status Bar

shown in the following image.
iBile i Lisisliord

RS o i
FIGURE 1.68

The advantage of using Object Snap Tracking is in the ability to choose or acquire
points to be used for construction purposes. Acquired points are temporarily selected
by hovering the cursor over the point versus selecting with the mouse. Care must be
taken when acquiring points that the points are in fact not picked. They are used only
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for construction purposes. For example, two line segments need to be added to the
object, as shown in the following image on the left, to form a rectangle. Here is how
you perform this operation using Polar Tracking.

Open the drawing file 01_Otrack Lines. Notice in the Status Bar that POLAR, OSNAP, and
OTRACK are all turned on. Be sure that Running Osnap is set to Endpoint mode. Enter the

LINE command and pick a starting point for the line at “A.” Then, move the cursor directly @
to the left until the tooltip reads 180° as shown in the following image on the left. The start-

ing point for the next line segment is considered acquired.

ather than enter the length of this line segment, move your cursor over the top of the
Rather th the length of this 1 o y he top of th
corner at “B” to acquire this point (be careful not to pick the point here). Then move
your cursor up until the tooltip reads 90° as shown in the following image on the
right.

FIGURE 1.69

Move your cursor up until the tooltip now reads angles of 90° and 180°. Also notice
the two tracking paths intersecting at the point of the two acquired points. Picking
this point at “C” will construct the horizontal line segment as shown in the following
image on the left. Finally, slide your cursor to the endpoint at “D” to complete the
rectangle as shown in the following image on the right.

FIGURE 1.70

Pausing the cursor over an existing acquired point a second time removes the tracking TIP ‘
point from the object.

angle to 90°. Be sure POLAR, OSNAP, and OTRACK are all turned on. Enter the LINE com-
mand and connect all fittings with lines illustrated in the following image.

Open the drawing file 01_Otrack Pipes. Set Running Osnap mode to Midpoint. Set the polar TRY IT!
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FIGURE 1.71

USING TEMPORARY TRACKING POINTS

Another powerful construction tool includes the ability to use an extension path along
with the Temporary Tracking Point tool to construct objects under difficult situa-
tions, as illustrated in the following image.

FIGURE 1.72

An extension path is similar to a tracking path except that it is present when the Ob-
ject Snap Extension mode is activated. To construct the circle in relation to the two
inclined rectangles, follow the next series of steps.

Open the drawing file O1_Temporary Point. Set Running Osnap to Endpoint, Intersection,
Center, and Extension. Check to see that OSNAP and OTRACK are turned on and all other
@ modes are turned off. Activate the CIRCLE command; this prompts you to specify the cen-
ter point for the circle. Move the cursor over the corner of the right rectangle at “A” to ac-

quire this point as shown in the following image on the left. Move the cursor up and to the
left, making sure the tooltip lists the Extension mode.
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With the point acquired at “A,” move the cursor over the corner of the left rectangle at
“B” and acquire this point. Move the cursor up and to the right, making sure the tool-
tip lists the Extension mode, as shown in the following image on the right.

Move the cursor until both acquired points intersect as shown in the following image
on the right. The center of the circle is located 2 units above this intersection. Click
the Object Snap Temporary Tracking button and pick this intersection as shown in
the following image on the right.

|Al. (B)

FIGURE 1.73

Next, move the cursor directly above the temporary tracking point, as shown in the
following image on the left. The tooltip should read 90°. Entering a value of 2 units
identifies the center of the circle.

The completed construction operation is illustrated in the following image on the
right.

FIGURE 1.74

ALTERNATE METHODS USED FOR PRECISION DRAWING:
CARTESIAN COORDINATES

Before drawing precision geometry such as lines and circles, it is essential to have an
understanding of coordinate systems. The Cartesian or rectangular coordinate system
is a system constructed of an orthogonal axis intersecting at an origin that creates four
quadrants, allowing location of any point by specifying the coordinates. A coordinate
is made up of a horizontal and vertical pair of numbers identified as X and Y. The
coordinates are then plotted on a type of graph or chart. An example of a rectangular
coordinate system is shown in the following image. The coordinates of the origin
are 0,0. From the origin, all positive directions move up and to the right. All negative
directions move down and to the left.

d__
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The coordinate axes are divided into four quadrants that are labeled I, II, III, and IV,
as shown in the following image. In Quadrant I, all X and Y values are positive.
Quadrant II has a negative X value and positive Y value. Quadrant III has negative
values for X and Y. Quadrant IV has positive X values and negative Y values.

0

When you begin a drawing in AutoCAD, the screen display reflects Quadrant | of the Carte-
sian coordinate system, as shown in the following image. The origin 0,0 is located in the
lower-left corner of the drawing screen.

) v.axis
QUADRANT I CUADRANT I
K +Y +L +Y
X-AXIS
-
0.0
QUADRANT NI DUADRANT IV
A =Y +X =Y

FIGURE 1.75

For each set of (X,Y) coordinates, X values represent distances from the origin hori-
zontally to the right if positive and horizontally to the left if negative. Y values repre-
sent distances from the origin vertically up if positive and vertically down if negative.
The following image shows a series of coordinates plotted on the number lines. One
coordinate is identified in each quadrant to show the positive and negative values. As
an example, coordinate 3,2 in Quadrant I represents a point 3 units to the right and
2 units vertically up from the origin. The coordinate —5,3 in Quadrant II represents
a point 5 units to the left and 3 units vertically up from the origin. Coordinate —2,—2
in Quadrant III represents a point 2 units to the left and 2 units vertically down from
the origin. Lastly, coordinate 2,—4 in Quadrant IV represents a point 2 units to the
right and 4 units vertically down from the origin.
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FIGURE 1.76

ABSOLUTE COORDINATE MODE FOR DRAWING LINES

When drawing geometry such as lines, the user must use a method of entering precise
distances, especially when accuracy is important. This is the main purpose of using
coordinates. The simplest and most elementary form of coordinate values is absolute
coordinates. Absolute coordinates conform to the following format:

XY

One problem with using absolute coordinates is that all coordinate values refer back
to the origin 0,0. This origin on the AutoCAD screen is usually located in the lower-
left corner when a new drawing is created. The origin will remain in this corner unless
it is altered with the LIMITS command.

RELATIVE COORDINATE MODE FOR DRAWING LINES

With absolute coordinates, the horizontal and vertical distance from the origin at 0,0
must be kept track of at all times in order for the correct coordinate to be entered.
With complicated objects, this is difficult to accomplish, and as a result, the wrong
coordinate may be entered. It is possible to reset the last coordinate to become a new
origin or 0,0 point. The new point would be relative to the previous point, and for this
reason, this point is called a relative coordinate. The format is as follows:

@x)Y

In this format, we use the same X and Y values with one exception: the At symbol or
@ resets the previous point to 0,0 and makes entering coordinates less confusing.

POLAR COORDINATE MODE FOR DRAWING LINES

Another popular method of entering coordinates is the polar coordinate mode. The
format is as follows:

@Distance <Direction

—_——
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As the preceding format implies, the polar coordinate mode requires a known dis-
tance and a direction. The @ symbol resets the previous point to 0,0. The direction
is preceded by the << symbol, which reads the next number as a polar or angular direc-
tion. The following image illustrates the directions supported by the polar coordinate
mode.

v 270
. d 45 22 | 38
. s N\ 7
180 ~== * =0 180 - * - )
> \ » -
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270 90

FIGURE 1.77

COMBINING COORDINATE MODES FOR DRAWING LINES

So far, the preceding pages concentrated on using each example of coordinate modes
(absolute, relative, and polar) separately to create geometry. While the examples fo-
cused on each individual mode, it is important to note that maximum productivity is
usually obtained through use of a combination of modes during a drawing session. It
is fairly common to use one, two, or three coordinate modes in combination with one
another. In the following image, the drawing starts with an absolute coordinate,
changes to a polar coordinate, and changes again to a relative coordinate. The user
should develop proficiency in each mode in order to be most productive.

TRY IT!

O

Create a new drawing file starting from scratch. Turn Dynamic Input off for this Try It! exer-
cise. Use the LINE Command prompts below and the following image to construct the
shape. When finished, you can turn Dynamic Input back on.

Command: L (For LINE)

Specify first point: 2,2 (at “A”)Absolute

Specify next point or [Undo]: @3<90 (to “B”)Polar
Specify next point or [Undo]: @,2 (to “C”)Relative
Specify next point or [Close/Undo]: @6<0 (to “D”)Polar
Specify next point or [Close/Undo]: @5<270(to “E”)Polar
Specify next point or [Close/Undo]: @3<180(to “F”)Polar
Specify next point or [Close/Undo]: @390 (to “G”)Polar
Specify next point or [Close/Undo]: @<180 (to “H”)Polar

Specify next point or [Close/Undo]: @3,-3 (back to “A”)
Relative

Specify next point or [Close/Undo]: (Press ENTER to exit this
command)
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FIGURE 1.78

CONSTRUCTING CIRCLES
The CIRCLE command constructs circles of various radii or diameter. This

command can be selected from any of the following:

e From the Draw Toolbar of the AutoCAD Classic Workspace
¢ From the Ribbon > Home Tab > Draw Panel

* From the Menu Bar (Draw > Circle)

e From the keyboard (C or CIRCLE)

Choosing Circle from the Ribbon or Menu Bar displays the cascading menu shown
in the following image. All supported methods of constructing circles are displayed in
the list. Circles may be constructed by providing either a radius or diameter. This
command also supports circles defined by two or three points and construction of a
circle tangent to other objects in the drawing. These last two modes will be discussed
in Chapter 5, “Performing Geometric Constructions.”

_‘DE* H& m—-—-—“‘

FIGURE 1.79
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Circle by Radius Mode

Use the CIRCLE command and the Radius mode to construct a circle by a radius

value that you specify. After selecting a center point for the circle, the user is
prompted to enter a radius for the desired circle.

TRY IT!

©

Create a new drawing file starting from scratch. Use the CIRCLE Command prompts below
and the illustration in the following image on the left to construct a circle by radius.

Command: C (For CIRCLE)

Specify center point for circle or [3P/2P/Ttr (tan tan
radius)]: (Mark the center at “A”)

Specify radius of circle or [Diameter]: 1.50

Circle by Diameter Mode

Use the CIRCLE command and the Diameter mode to construct a circle by a dia-

meter value that you specify. After selecting a center point for the circle, you are
prompted to enter a diameter for the desired circle.

TRY IT!

©

Create a new drawing file starting from scratch. Use the CIRCLE Command prompts below
and the illustration in the following image on the right to construct a circle by diameter.

Command: C (For CIRCLE)

Specify center point for circle or [3P/2P/Ttr (tan tan
radius)]: (Mark the center at “A”)

Specify radius of circle or [Diameter]: D (For Diameter)
Specify diameter of circle: 3.00

FIGURE 1.80

Dynamic Input and Circles

When using Dynamic Input mode for constructing circles, notice the appearance of a
Dynamic Radius readout when you drag your cursor as shown in the following image.
Simply enter the desired radius or press the DOWN ARROW key twice on your keyboard
to select the Diameter option, press ENTER, and provide a diameter value.
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FIGURE 1.81

CONSTRUCTING POLYLINES

.~ Polylines are similar to individual line segments except that a polyline can con-
sist of numerous segments and still be considered a single object. Width can also be
assigned to a polyline, unlike regular line segments; this makes polylines perfect for
drawing borders and title blocks. Polylines can be constructed by selecting any of
the following:

e From the Draw Toolbar of the AutoCAD Classic Workspace
e From the Ribbon > Home Tab > Draw Panel

e From the Menu Bar (Draw > Polyline)

e From the keyboard (PL or PLINE)

Study the following images and their corresponding command sequences that follow
to use the PLINE command.

—_——

Create a new drawing file starting from scratch. Follow the Command prompt sequence and
illustration below to construct the polyline.

.~ Command: PL (For PLINE)

Specify start point: (Pick a point at “A” in the following
image)

Current 1Tine-width is 0.0000

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Widthl: W (For Width)

Specify starting width <0.0000>: 0.10

Specify ending width <0.1000>: (Press ENTER to accept the
default)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]l: (Pick a point at “B”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Widthl: (Pick a point at “C”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Widthl: (Pick a point at “D”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Widthl: (Pick a point at “E”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]l: (Press ENTER to exit this command)

TRY IT!
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FIGURE 1.82
TRY IT! Create a new drawing file starting from scratch. Follow the Command prompt sequence and
illustration below to construct the polyline object. Turn on either the Polar Tracking or
@ Ortho mode and then utilize the Direct Distance mode of entry to construct this object
from the dimensions given. Try constructing the same object using absolute, relative, and

polar coordinates.

.. Command: PL (For PLINE)
Specify start point: 2,2 Current Tine-width is 0.0000

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor to the right and type 8 (To “B”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor up and type 1 (To “C”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor to the right and type 1 (To “D”)
Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor up and type 2 (To “E”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor to the Teft and type 2 (To “F”)
Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor down and type 2 (To “G”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor to the Teft and type 6 (To “H”)
Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor up and type 2 (To “I”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor to the Teft and type 2 (To “J”)
Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor down and type 2 (To “K”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Width]: Move cursor to the right and type 1 (To “L”)

Specify next point or [Arc/Close/Halfwidth/Length/Undo/
Widthl: C (To close the shape and exit the PLINE command)

A ]

FIGURE 1.83
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Dynamic Input and Plines

Using Dynamic Input for polylines is similar to lines. As you move your cursor while
in the PLINE command, you can observe the appearance of your pline through the
Dynamic Distance and Dynamic Angle features, as shown in the following image. As
with all dynamic input modes, pressing the DOWN ARROW on your keyboard displays
options for the PLINE command that you can cycle through.

Dynamic Command Prompt
Distance .
Down Arrow
- .
[ - 1o s IG 4
P
. Options

Dynamic Angle
FIGURE 1.84

ERASING OBJECTS
Throughout the design process, as objects such as lines and circles are placed in a
drawing, changes in the design will require the removal of objects. The ERASE com-
mand deletes objects from the database. The ERASE command is selected from any
of the following:

e From the Modify Toolbar of the AutoCAD Classic Workspace

* From the Ribbon > Home Tab > Modify Panel

e From the Menu Bar (Modify > Erase)

¢ From the keyboard (E or ERASE)

Menu Bar
Ribbon | Lo S

lrsert  Arnotate Poametr Y

FIGURE 1.85

In the following image on the left, line segments “A” and “B” need to be removed in
order for a new line to be constructed, closing the shape. Two ways of erasing these
lines will be introduced here.

When first entering the ERASE command, you are prompted to Select objects to
erase. Notice that your cursor changes in appearance from crosshairs to a pickbox, as
shown in the following image on the right. Move the pickbox over the object to be
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selected and pick this item. Notice that it will be highlighted as a dashed object
to signify it is now selected. At this point, the Select objects prompt appears again.
Additional objects may be selected at this point. Once all the objects are selected,
pressing enter performs the erase operation.

Command: E (For ERASE)

Select objects: (Pick 1ine “A,” as shown on the right in the
following image)

Select objects: (Press ENTER to perform the erase operation)

B e I l-; Pick Box

| | I_

FIGURE 1.86

The second method of erasing is illustrated in the following image on the left. Instead
of using the ERASE command, pick the line without any command issued from the
Command prompt. The line highlights and square boxes appear at the endpoints and
midpoints of the line. With this line segment selected, press DELETE on the key-
board, resulting in removal of the line from the drawing.

With both line segments erased, a new line is constructed from the endpoint at “A” to
the endpoint at “B,” as shown in the following image on the right.

£ 1]

-

FIGURE 1.87

SAVING A DRAWING FILE
You can save drawings using the QSAVE and SAVEAS commands. The QSAVE
command can be selected from the following:

e From the Quick Access Toolbar

e From the Application Menu (Save)

e From the Standard Toolbar of the AutoCAD Classic Workspace

¢ From the Menu Bar (File > Save)

» From the keyboard (QSAVE)

The SAVEAS command can be selected from any of the following:

e From the Quick Access Toolbar
e From the Application Menu (Save As)
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¢ From the Menu Bar (File > Save As)
e From the keyboard (SAVEAS)

These commands are found on the Application Menu, as shown in the following im-
age on the left.

3! =X

m.

FIGURE 1.88

Save

Selecting Save from the Application Menu , as shown in the previous image, ac-
tivates the QSAVE command, which stands for Quick Save. If a drawing file has never
been saved and this command is selected, the dialog box shown on the right in the
previous image is displayed. Once a drawing file has been initially saved, selecting
this command causes an automatic save and the Save Drawing As dialog box is no

longer displayed.

Save As

Using the SAVEAS command always displays the dialog box shown on the right in
the previous image. Simply click the Save button or press ENTER to save the drawing
under the current name, which is displayed in the field. This command is more pop-
ular for saving the current drawing under an entirely different name. Simply enter the
new name in place of the highlighted name in the field. Once a drawing is given a
new name through this command, it also becomes the new current drawing file.

The ability to exchange drawings with past releases of AutoCAD is still important to
many industry users. When the Files of type field is selected in the following image, a
drop-down list appears. Use this list to save a drawing file in AutoCAD 2007, 2004,
2000, and even R14 formats. The user can also save a drawing file as Drawing Stan-
dard (.dws), a Drawing Template (.dwt), and a Drawing Interchange Format (.dxf).
The Drawing Interchange Format is especially useful with opening up an AutoCAD
drawing in a competitive CAD system.

—_—— 7
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FIGURE 1.89

EXITING AN AUTOCAD DRAWING SESSION

It is good practice to properly exit any drawing session. One way of exiting is by
choosing the Exit option from the Application Menu, as shown in the following im-
age on the left. You can also use the CLOSE command to end the current AutoCAD
drawing session.

Whenever an AutoCAD drawing session is exited, a built-in safeguard provides a
second chance to save the drawing, especially if changes were made and a Save
was not performed. You may be confronted with three options, illustrated in the
AutoCAD alert dialog box shown in the following image on the right. By default,
the Yes button is highlighted.

L

«!

FIGURE 1.90

If changes were made to a drawing but no Save was performed, the user can now save
them by clicking the Yes button before exiting the drawing. Changes to the drawing
will be saved and the software exits back to the operating system.

If changes were made but the user does not want to save them, clicking the No button
is appropriate. Changes to the drawing will not be saved and the software exits back to
the operating system.

If changes are made to the drawing and the Exit option is chosen mistakenly, clicking
the Cancel button cancels the Exit option and returns the user to the current drawing.
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TUTORIAL EXERCISE: 01_GAGE BLOCK.DWG

FIGURE 1.91

Purpose

This tutorial is designed to allow you to construct a one-view drawing of the Gage Block
using Polar Tracking and Direct Distance mode.

System Settings
Use the current default settings for the limits of this drawing, (0,0) for the lower-left
corner and (12,9) for the upper-right corner.

Suggested Commands

Open the drawing file called 01_Gage Block. The LINE command will be used entirely for
this tutorial in addition to the Polar Tracking and Direct Distance modes. Running Object
Snap should already be set to the following modes: Endpoint, Center, Intersection, and
Extension.

STEP 1

Begin this tutorial by first turning Polar Tracking on. This can be accomplished by clicking
Polar in the Status Bar located at the bottom of your display screen. Then activate the
LINE command and follow the next series of prompt sequences to complete this
object.

Command: L (For LINE)
Specify first point: 1,1

Specify next point or [Undo]: Move cursor to the right
and type 7.5

Specify next point or [Undo]: Move cursor up and type 3
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Specify next point or [Close/Undo]: Move cursor to the Teft

and type 1.5

Specify next point or [Close/Undo]: Move cursor up and
type 1.75

Specify next point or [Close/Undo]: Move cursor to the Teft
and type 1.5

Specify next point or [Close/Undo]: Move cursor down and type
1.5

Specify next point or [Close/Undo]: Move cursor to the left
and type 1.5

Specify next point or [Close/Undo]: Move cursor up and
type 1.5

Specify next point or [Close/Undo]: Move cursor to the Teft
and type 1.5

Specify next point or [Close/Undo]: Move cursor down and
type 2

Specify next point or [Close/Undo]: Move cursor to the left
and type 1.5

Specify next point or [Close/Undol: C (To close the shape)

TUTORIAL EXERCISE: O1_ANGLE BLOCK.DWG

FIGURE 1.92

This tutorial is designed to allow you to construct a one-view drawing of the Angle Block
using a combination of Polar Tracking, Direct Distance mode, and relative coordinates.

System Settings

Use the current default settings for the limits of this drawing, (0,0) for the lower-left
corner and (12,9) for the upper-right corner.
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Suggested Commands

Open the drawing file called O1_Angle Block. The LINE command will be used entirely for
this tutorial in addition to the Polar Tracking and Direct Distance modes. Running Object
Snap should already be set to the following modes: Endpoint, Center, Intersection, and
Extension.

STEP 1

Begin this tutorial by first checking that Polar Tracking is turned on. Then activate the
LINE command and follow the next series of prompt sequences to complete this
object.

Command: L (For LINE)

Specify first point: 3,1

Specify next point or [Undo]: Move cursor to the right and
type 5

Specify next point or [Undo]: @1.5,2.25

Specify next point or [Close/Undo]: Move cursor up and
type 1.25

Specify next point or [Close/Undo]: Move cursor to the Teft
and type 2

Specify next point or [Close/Undo]: Move cursor down and
type 1.25

Specify next point or [Close/Undo]: Move cursor to the Teft
and type 2.75

Specify next point or [Close/Undo]: @1.75,2
Specify next point or [Close/Undo]: @1.75,-3.25

Specify next point or [Close/Undo]: Move cursor to the right
and type 1.75

Specify next point or [Close/Undol: C (To close the shape)
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TUTORIAL EXERCISE: 01_ANGLE PLATE.DWG

FIGURE 1.93

This tutorial is designed to allow you to construct a one-view drawing of the Angle Plate
using Polar Tracking set to relative mode and Direct Distance mode.

System Settings

Use the current default settings for the limits of this drawing, (0,0) for the lower-left
corner and (12,9) for the upper-right corner.

Suggested Commands

Open the drawing file called O1_Angle Plate. The LINE command will be used entirely for
this tutorial in addition to the Polar Tracking and Direct Distance modes. Polar Tracking
will need to be set to a new incremental angle of 15°. Also, Polar Tracking will need to be
set to relative mode. Running Object Snap should already be set to the following modes:
Endpoint, Center, Intersection, and Extension.

STEP 1

Right-click Polar in the Status Bar at the bottom of the display screen and pick Settings
from the menu as shown in the following image on the left. When the Drafting Settings
dialog box appears, verify the Polar Tracking tab is selected. While in this tab, set the In-
cremental Angle to 15° under Polar Angle Settings area. Then set the Polar Angle mea-
surement to Relative to last segment, as shown in the following image on the right.
Click the OK button to save the settings and exit the Drafting Settings dialog box.
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FIGURE 1.94

STEP 2

After setting the angle increment and relative mode under the Polar Tracking tab of the
Drafting Settings dialog box, activate the LINE command and follow the next series of
prompt sequences to complete this object.

Command: L (For LINE)
Specify first point: 3,1

Specify next point or [Undol: (Move your cursor to the right
until the polar tooltip reads 0° and enter 5)

Specify next point or [Undo]: (Move your cursor until the po-
lar tooltip reads 45° and enter 2.5)

Specify next point or [Close/Undol: (Move your cursor until
the polar tooltip reads 330° and enter 3)

Specify next point or [Close/Undol: (Move your cursor until]
the polar tooltip reads 60° and enter 3)

Specify next point or [Close/Undol: (Move your cursor until
the polar tooltip reads 75° and enter 3.75)

Specify next point or [Close/Undol: (Move your cursor until
the polar tooltip reads 75° and enter 3.5)

Specify next point or [Close/Undo]: (Move your cursor until
the polar tooltip reads 30° and enter 1.75)

Specify next point or [Close/Undo]l: (Move your cursor until
the polar tooltip reads 270° and enter 6.5)

Specify next point or [Close/Undol: (Move your cursor until
the polar tooltip reads 120° and enter 2.5)

Specify next point or [Close/Undo]l: C (To close the shape)

STEP 3

When finished with this problem, change the Increment angle under Polar Angle Settings
back to 90° and the Polar Angle measurement back to Absolute, as shown in the follow-
ing image.
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TUTORIAL EXERCISE: O1_PATTERN.DWG
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FIGURE 1.96
Purpose

This tutorial is designed to allow you to construct a one-view drawing of the Pattern
using Polar Tracking techniques.

System Settings

Use the current default settings for the limits of this drawing, (0,0) for the lower-left
corner and (12,9) for the upper-right corner.

Layers
Create the following layer with the format:

Name Color Linetype

Object Green Continuous
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Suggested Commands

Open the drawing file called O1_Pattern. The L INE command will be used entirely for this
tutorial in addition to the Polar Tracking mode. Running Object Snap should already be
set to the following modes: Endpoint, Center, Intersection, and Extension. Dynamic Input
has been turned off for this exercise.

STEP 1

Open the drawing file O1_Pattern. Activate the Drafting Settings dialog box, click the Po-
lar Tracking tab, and change the Increment angle setting to 10° as shown in the following
image on the left. Verify that POLAR, OSNAP, and OTRACK are all turned on.

STEP 2

Activate the LINE command, select a starting point, move your cursor to the right, and
enter a value of 4 units as shown in the following image on the right. Notice that your line
is green because the current layer, Object, has been assigned the green color.

Command: L (For LINE)
Specify first point: 3,1

Specify next point or [Undo]l: (Move your cursor to the right
and enter 4)

FIGURE 1.97

STEP 3

While still in the LINE command, move your cursor directly up, and enter a value of
3 units as shown in the following image on the left.

Specify next point or [Undol: (Move your cursor up and enter 3)

STEP 4

While still in the LINE command, move your cursor up and to the right until the tooltip
reads 10°, and enter a value of 2 units as shown in the following image on the right.

Specify next point or [Close/Undo]: (Move your cursor up and
to the right at a 10° angle and enter 2)
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FIGURE 1.98

STEP 5

While still in the LINE command, move your cursor up and to the left until the tooltip
reads 100°, and enter a value of 2 units as shown in the following image on the left.

Specify next point or [Close/Undo]: (Move your cursor up and
to the Teft at a 100° angle and enter 2)

STEP 6

While still in the LINE command, first acquire the point at “A.” Then move your cursor
below and to the left until the Polar value in the tooltip reads 190°, and pick the point at
“B” as shown in the following image on the right.

Specify next point or [Close/Undo]l: (Acquire the point at “A”
and pick the new point at “B”)

FIGURE 1.99

STEP 7

While still in the LINE command, move your cursor directly up, and enter a value of
1 unit as shown on the left in the following image.

Specify next point or [Close/Undo]l: (Move your cursor up and
enter1)

STEP 8

While still in the LINE command, first acquire the point at “C.” Then move your cursor to
the left until the tooltip reads Polar: < 180°, and pick the point at “D” as shown on the
right in the following image.

Specify next point or [Close/Undo]: (Acquire the point at “C”
and pick the new point at “D”)
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FIGURE 1.100

STEP 9

While still in the LINE command, complete the object by closing the shape as shown in
the following image.

Specify next point or [Close/Undo]: C (7o close the shape and
exit the LINE command)

FIGURE 1.101
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TUTORIAL EXERCISE: 01_TEMPLATE.DWG

- 6 00 -
- 5.00 -

1.00 =

FIGURE 1.102

Purpose

This tutorial is designed to allow you to construct a one-view drawing of the template
using Relative Coordinate mode in combination with the Direct Distance mode. The Di-
rect Distance mode can also be used to perform this exercise.

System Settings

Use the current default settings for the limits of this drawing, (0,0) for the lower-left
corner and (12,9) for the upper-right corner.

Layers
The following layer has already been created:

Name Color Linetype

Object Green Continuous

Suggested Commands

The LINE command will be used entirely for this tutorial, in addition to a combination of
coordinate systems. The ERASE command could be used (however, using this command
will force the user to exit the LINE command), although a more elaborate method of cor-
recting mistakes while using the LINE command is to execute the Undo option. This op-
tion allows the user to delete (or undo) previously drawn lines without having to exit the
LINE command. The Object Snap From mode will also be used to construct lines from a
point of reference. The coordinate mode of entry and the Direct Distance mode will be
used throughout this tutorial exercise.
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STEP 1

Open the drawing file 01_Template.dwg. Then use the LINE command to draw the outer
perimeter of the box using the Direct Distance mode. Because the box consists of hori-
zontal and vertical lines, Ortho mode is first turned on; this forces all movements to be in
the horizontal or vertical direction. To construct a line segment, move the cursor in the
direction in which the line is to be drawn and enter the exact value of the line. The line is
drawn at the designated distance in the current direction of the cursor. Repeat this pro-
cedure for the other lines that make up the box, as shown in the following image.

Command: L (For LINE)
Specify first point: 2,2

Specify next point or [Undol: (Move the cursor to the right and
enter a value of 6.00 units)

Specify next point or [Undo]: (Move the cursor up and enter a
value of 3.00 units)

Specify next point or [Close/Undo]: (Move the cursor to the
left and enter a value of 6.00 units)

Specify next point or [Close/Undol: C (To close the shape)

camll -

FIGURE 1.103

STEP 2
The next step is to draw the stair step outline of the template using the LINE command
again. However, we first need to identify the starting point of the template.

Absolute coordinates could be calculated, but in more complex objects this would be dif-
ficult. A more efficient method is to use the Object Snap From mode along with the Ob-
ject Snap Intersection mode to start the line relative to another point. Both Object Snap
selections are found on the Object Snap Toolbar. Use the following command sequence
and image as guides for performing this operation.

Command: L (For LINE)

Specify first point: From
3| Base point: Int

of (Pick the intersection at “A” as shown in the following
image)

{Offset>: @1.00,0.50

The relative coordinate offset value begins a new line a distance of 1.00 units in the
X direction and 0.50 units in the Y direction.

Continue with the LINE command to construct the stair step outline shown in the fol-
lowing image. Use the Direct Distance mode to accomplish this task. In this example, Di-
rect Distance mode is a good choice to use, especially since all lines are either horizontal
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or vertical. Use the following command sequence to construct the object with this alter-
nate method.

Specify next point or [Undo]: (Move the cursor to the right and
enter a value of 4.00 units)

Specify next point or [Undo]: (Move the cursor up and enter a
value of 2.00 units)

Specify next point or [Close/Undo]: (Move the cursor to the
left and enter a value of 1.00 units)

Specify next point or [Close/Undo]: (Move the cursor down and
enter a value of 0.75 units)

Specify next point or [Close/Undol: (Move the cursor to the
left and enter a value of 1.50 units)

Specify next point or [Close/Undo]l: (Move the cursor down and
enter a value of 0.75 units)

Specify next point or [Close/Undo]: (Move the cursor to the
left and enter a value of 1.50 units)

Specify next point or [Close/Undol: C (To close the shape)
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FIGURE 1.104

END OF CHAPTER PROBLEMS FOR CHAPTER 1

Please refer to the Student Companion site from CengageBrain for electronic support files.
In addition to extra information supplied in this chapter, end-of-chapter problems are also
available to provide additional practice. Refer fo the Introduction section of this text, for
information of how to download or access these files.
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CHAPTER

Drawing Setup and
Organization

Chapter 2 covers a number of drawing setup commands. The user will learn how to assign
different units of measure with the UNITS command. The default sheet size can also be
increased on the display screen with the LIMITS command. Controlling the grid and
snap will be briefly discussed through the Snap and Grid tab located in the Drafting Set-
tings dialog box. The major topic of this chapter is the discussion of layers. All options of
the Layer Properties Manager palette will be demonstrated, along with the ability to as-
sign color, linetype, and lineweight to layers. The Layer Control box and Properties Tool-
bar will provide easy access to all layers, colors, linetypes, and lineweights used in a
drawing. Controlling the scale of linetypes through the L TSCALE command will also be
discussed. Advanced layer tools such as Filtering Layers and creating Layer States will be
introduced. This chapter concludes with a section on creating template files.

SETTING DRAWING UNITS

The Drawing Units dialog box is available for interactively setting the units of a draw-
ing. Choosing Units from the Drawing Ultilities heading of the Application Menu
activates the dialog box illustrated in the following image.
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By default, decimal units are set along with four-decimal-place precision. The follow-
ing systems of units are available: Architectural, Decimal, Engineering, Fractional,
and Scientific (see the left side of the following image). Architectural units are dis-
played in feet and fractional inches. Engineering units are displayed in feet and deci-
mal inches. Fractional units are displayed in fractional inches. Scientific units are
displayed in exponential format.

Methods of measuring angles supported in the Drawing Units dialog box include
Decimal Degrees, Degrees/Minutes/Seconds, Grads, Radians, and Surveyor’s Units
(see the middle of the following image). Accuracy of decimal degree for angles may be
set between zero and eight places.

Selecting Direction in the main Drawing Units dialog box displays the Direction
Control dialog box shown in the following image on the right. This dialog box is
used to control the direction of angle zero in addition to changing whether angles
are measured in the counterclockwise or clockwise direction. By default, angles are
measured from zero degrees in the east and in the counterclockwise direction.

NSdel s . TS BT -

FIGURE 2.2

ENTERING ARCHITECTURAL VALUES FOR DRAWING LINES

The method of entering architectural values in feet and inches is a little different from
the method for entering them in decimal places. To designate feet, you must enter the
apostrophe symbol (') from the keyboard after the number. For example, “ten feet”
would be entered as (10'), as shown in the following image. When feet and inches
are necessary, you cannot use the Spacebar to separate the inch value from the foot
value. For example, thirteen feet seven inches would be entered as (13'7), as shown
in the following image. If you do use the Spacebar after the (13') value, this is inter-
preted as the enter key and your value is accepted as (13'). If you have to enter feet,
inches, and fractions of an inch, use the hyphen (-) to separate the inch value from the
fractional value. For example, to draw a line seventeen feet eleven and one-quarter
inches, you would enter the following value in at the keyboard: (17'11-1/4). See the
following image. Placing the inches symbol (") is not required since all numbers
entered without the foot symbol are interpreted as inches.

10

FIGURE 2.3
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Open the drawing file 02_Architectural. Verify that the units setting is in architectural units TRY IT!
by activating the Drawing Units dialog box. With the following image as a guide, use the

Direct Distance mode of entry with Polar Tracking to construct the shape using architec- @
tural values.

Command: L (For LINE)

Specify first point: 4',2' (Enter absolute coordinate)

Specify next point or [Undol: (Move your cursor to the right
and enter a value of 10')

Specify next point or [Undol: (Move your cursor up and enter a
value of 4'6)

Specify next point or [Close/Undo]l: (Move your cursor to the
right and enter a value of 13'7-1/2)

Specify next point or [Close/Undo]: (Move your cursor up and
enter a value of4'9-1/2)

Specify next point or [Close/Undo]l: (Move your cursor to the
left and enter a value of 7')

Specify next point or [Close/Undo]l: (Move your cursor up and
enter a value of 3')

Specify next point or [Close/Undol: (Move your cursor to the
left and enter a value of 16'7-1/2)

Specify next point or [Close/Undo]l: C (7o close the shape and
exit the LINE command)

16'7-1/2

49112

137112
4'6

10’

4'2
FIGURE 2.4

SETTING THE LIMITS OF THE DRAWING

By default, the size of the drawing screen in a new drawing file measures 12 units in
the X direction and 9 units in the Y direction. This size may be ideal for small objects,
but larger drawings require more drawing screen area. Use the LIMITS command for
increasing the size of the drawing area. Select this command by picking Drawing
Limits from the Format heading of the Menu Bar as shown in the following image;
you can also enter this command directly at the Command prompt by typing
“Limits.” Illustrated in the following image is a single-view drawing that fits on a
screen size of 24 units in the X direction and 18 units in the Y direction. Follow the
next command sequence to change the limits of a drawing.
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FIGURE 2.5

Command: LIMITS
Reset Model space limits:

Specify Tower-left corner or [ON/OFF] <0.0000,0.0000>:
(Press ENTER to accept this value)

Specify upper-right corner <12.0000,9.0000>: 24,18

Changing the limits does not change the current viewing area in the display screen.
Before continuing, perform a ZOOM-AIl to change the size of the display screen to
reflect the changes in the limits of the drawing. You can find ZOOM-All under View
in the Menu Bar. It can also be accessed from the Zoom icon on the Navigation Bar
or through the Ribbon from the View tab and Navigate panel.

& Command: Z (For ZOOM)

A11/Center/Dynamic/Extents/Previous/Scale/Window/
Object <real time>: A (For all)

USING GRID IN A DRAWING

Use grid to get a relative idea as to the size of objects. Grid is also used to define the
size of the display screen originally set by the LIMITS command. The lines or dots
that make up the grid will never plot out on paper even if they are visible on the dis-
play screen. You can turn the grid on or off by using the GRID command or by press-
ing F7, or by single-clicking the GRID icon, located in the Status Bar at the bottom
of the display screen. By default, the grid is displayed in 0.50-unit intervals similar to
the following image on the left. Illustrated in the following image on the right is a
grid that has been set to a value of 0.25, or half its original size.

TRY IT!

O

Open the drawing file 02_Grid. Use the following command sequence and illustrations for
using the GRID command.

Command: GRID

Specify grid spacing(X) or [ON/OFF/Snap/Major/aDaptive/
Limits/Follow/Aspect] <0.5000>: On

Command: GRID

Specify grid spacing(X) or [ON/OFF/Major/aDaptive/Limits/
Follow/Snap/Aspect] <0.5000>: 0.25
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FIGURE 2.6

One advantage of using a grid is the ability to create objects where scale is not important _
such as electrical symbols. You only want to make sure that all of the symbols are propor-

tional to each other. This technique of using a grid will be covered in Chapter 16. o

SETTING A SNAP VALUE

It is possible to have the cursor lock on to or snap to a grid dot, as illustrated in the
following image on the left; this is the purpose of the SNAP command. By default, the
current snap spacing is 0.50 units. Even though a value is set, the snap must be turned
on for the cursor to be positioned on a grid dot. You can accomplish this by using the
SNAP command (as shown in the following sequence), by pressing F9, or by single-
clicking SNAP icon in the Status Bar at the bottom of the display screen.

Some drawing applications require that the snap be rotated at a specific angular value
(see the following image on the right). Changing the snap in this fashion also affects
the cursor. Use the following command sequence for rotating the snap.

Open the drawing file 02_Snap. Use the command sequence below and the illustration in TRY IT!
the following image for using the SNAP command. @

Command: SN (For SNAP)

Specify snap spacing or [ON/OFF/Aspect/Style/Type]
<0.5000>: On

Command: SN (For SNAP)

Specify snap spacing or [ON/OFF/Aspect/Style/Type]
<0.5000>: R (For Rotate)

Specify base point <0.0000,0.0000>: (Press ENTER to accept
this value)

Specify rotation angle <0>: 30

FIGURE 2.7
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TIP

¢

To affect both the grid and the snap, set the grid to a value of zero (0). When setting a new
snap value, this value is also used for the spacing of the grid.

CONTROLLING SNAP AND GRID THROUGH THE DRAFTING
SETTINGS DIALOG BOX

Right-clicking the Snap or Grid icons in the Status Bar displays the menu as shown
in the following image on the left. Clicking Settings displays the Drafting Settings
dialog box shown in the image on the right. Use this dialog box for making changes
to the grid and snap settings. The Snap type area controls whether the isometric grid
is present or not.

FIGURE 2.8

TIP

For the grid to display as dots instead of lines, as in Figure 2.7, check the “2D model space”
box in the Grid Style area of the Drafting Settings dialog box.

For the grid to display the Limits of a drawing, uncheck the “Display grid beyond Limits”
box in the Grid Behavior area of the Drafting Settings dialog box.

CONTROLLING DYNAMIC INPUT

Right-clicking the Dynamic Input icon, located in the Status Bar, and picking Set-
tings launches the Dynamic Input tab of the Drafting Settings dialog box, as shown
in the following image. Various checkboxes are available to turn on or off the Pointer
Input (the absolute coordinate display of your cursor position when you are inside a
command) and the Dimension Input (the display of distance and angle information
for commands that support this type of input). You can also control the appearance of
the Dynamic prompts. This can take the form of changing the background color or
even assigning a level of transparency to the display of the Dynamic Input.

Clicking the Settings button under Pointer Input and Dimension Input launches the
dialog boxes that allow you to change settings to further control Pointer and Dimen-
sion Inputs.
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FIGURE 2.9

THE ALPHABET OF LINES

Engineering drawings communicate information through the use of lines and text,
which, if used appropriately, accurately convey a project from design to construction.
Before you construct engineering drawings, the quality of the lines that make up the
drawing must first be discussed. Some lines of a drawing should be made thick; others
need to be made thin. This is to emphasize certain parts of the drawing and it is con-
trolled through a line quality system. Illustrated in the following image is a two-view
drawing of an object complete with various lines that will be explained further.

The most important line of a drawing is the object line, which outlines the basic shape
of the object. Because of their importance, object lines are made thick and continuous
so they stand out among the other lines in the drawing. It does not mean that the
other lines are considered unimportant; rather, the object line takes precedence over
all other lines.

The cutting plane line is another thick line; it is used to show where a part would be
sliced to expose interior details. It stands out by being drawn as a series of long dashes
separated by spaces. Arrowheads determine the viewing direction for the adjacent
view. This line will be discussed in greater detail in Chapter 9, “Creating Section
Views.”

The hidden line is a thin weight line used to identify edges that although can’t be
actually seen in the view, help describe the part shape. It consists of a series of dashes
separated by spaces. Whether an edge is visible or invisible, it still must be shown with
a line.
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The dimension line is a thin line used to show the numerical distance between two
points. Typically, the dimension text is placed within the dimension line, and arrow-
heads are placed at opposite ends of the dimension line.

The extension line is another thin continuous line used as a part of the overall dimen-
sion. Extension lines provide a means to move dimension lines away from the object
into a clear area where they can easily be seen and interpreted.

When you use the cutting Plane line to create an area to cut or slice, the surfaces in the
adjacent view are section lined using the section line, a thin continuous line.

Another important line used to identify the centers of symmetrical objects such as
cylinders and holes is the centerline. It is a thin line consisting of a series of long
and short dashes. Centerlines are often used with dimensions to help locate features
on a part.

The phantom line consists of a thin line made with a series of two short dashes and
one long dash. It is used to simulate the placement or movement of a part or compo-
nent without actually detailing the component.

The long break line is a thin line with a “zigzag” symbol used to establish where an
object is broken to simulate a continuation of the object.

ORGANIZING A DRAWING THROUGH LAYERS

As a means of organizing objects, a series of layers should be devised for every draw-
ing. You can think of layers as a group of transparent sheets that combine to form the
completed drawing. The illustration in the following image on the left displays a
drawing consisting of object lines, dimension lines, and border. An example of orga-
nizing these three drawing components by layers is illustrated in the following image
on the right. Only the drawing border occupies a layer called “Border.” The object
lines occupy a layer called “Object,” and the dimension lines are drawn on a layer
called “Dimension.” At times, it may be necessary to turn off the dimension lines
for a clearer view of the object. Creating all dimensions on a specific layer allows
you to turn off the dimensions while viewing all other objects on layers that are still
turned on.
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FIGURE 2.1

THE LAYER PROPERTIES MANAGER PALETTE

The Layer Properties Manager palette is the tool used to create and manage layers.
This palette is activated through the following methods: clicking the Layer Properties
Manager button from the Layers Toolbar located in the AutoCAD Classic Work-
space, by choosing Format followed by Layer from the Menu Bar, as shown in the
following image on the left; or clicking the Layer Properties Manager button from
the Ribbon, as shown in the following image on the right.
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FIGURE 2.12

The Layer Properties Manager palette, illustrated in the following image, is divided
into two separate panes. The first pane on the left is the Tree View pane used for
displaying layer filter, group, or state information. The main body of the Layer Prop-
erties Manager is the List View pane on the right. This area lists the individual layers
that currently exist in the drawing.
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FIGURE 2.13

The layer information located in the List View pane is sometimes referred to as layer
states and they allow you to perform the following operations: turning layers on or off;
freezing or thawing layers; locking or unlocking layers; assigning a color linetype,
lineweight, transparency, and plot style to a layer or group of layer as shown in the
tollowing image. A brief explanation of each layer state is provided below:
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FIGURE 2.14

Status—Wohen a green checkmark is displayed, this layer is considered current.
Name—Displays the name of the layer.

On/Off—Makes all objects created on a certain layer visible or invisible on the
display screen. The On state is symbolized by a yellow light bulb. The Off state
has a light bulb icon shaded black.

Freeze—This state is similar to the Off mode; objects frozen appear invisible
on the display screen. Freeze, however, is considered a major productivity tool
used to speed up the performance of a drawing. This is accomplished by not
calculating any frozen layers during drawing regenerations. A snowflake icon
symbolizes this layer state.

Thaw—This state is similar to the On mode; objects on frozen layers reappear
on the display screen when they are thawed. The sun icon symbolizes this layer
state.

Lock—This state allows objects on a certain layer to be visible on the display
screen while protecting them from accidentally being modified through an
editing command. A closed padlock icon symbolizes this layer state.
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Unlock—This state unlocks a previously locked layer and is symbolized by an
open padlock icon.

Color—This state displays a color that is assigned to a layer and is symbolized
by a square color swatch along with the name of the color. By default, the color
white is assigned to a layer.

Linetype—This state displays the name of a linetype that is assigned to a layer.
By default, the Continuous linetype is assigned to a layer.

Lineweight—This state sets a lineweight to a layer. An image of this line-
weight value is visible in this layer state column.

Transparency—This state sets an objects visibility. Applies a transparency
level between 0 and 90 for all objects on that layer.

Plot Style—A plot style allows you to override the color, linetype, and line-
weight settings made in the Layer Properties Manager dialog box. Notice
how this area is grayed out. When working with a plot style that is color depen-
dent, you cannot change the plot style. Plot styles will be discussed in greater
detail later in this book.

Plot—This layer state controls which layers will be plotted. The presence of
the printer icon symbolizes a layer that will be plotted. A printer icon with a
red circle and diagonal slash signifies a layer that will not be plotted.

New VP Freeze—Creates a new layer and automatically freezes this layer in
any new viewport.

Description—This state allows you to enter a detailed description for a layer.

CREATING NEW LAYERS

Four buttons are available at the top of the Layer Properties Manager palette as
shown in the following image. Use these buttons to create new layers, have new layers
frozen in all viewports (Chapter 19), delete layers, and make a layer current.

Creale Layer —» <—Set Current

~ »

New Layer VP \
Freeze in all Viewports Delete Layer

FIGURE 2.15

Clicking the New Layer button of the Layer Properties Manager palette creates a new
layer called Layer1, which displays in the layer list box, as shown in the following
image. The layer name is automatically highlighted, so to change it to something
more meaningful, you simply type in the new name.

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



765 AutoCAD 2011 Tutor for Engineering Graphics

o

x

g comme dNEW Layer
B Button—>»

(( § gt Vi . broe e

FIGURE 2.16

Ilustrated in the following image is the result of changing the name of the layer from
Layer1 to Object.
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FIGURE 2.17

\ TIP

Before picking the New Layer button, select a layer that has properties similar to the one
you want to create because they will be repeated in the new layer.

You can also be descriptive with layer names. In the following image, a layer has been
created called “Section” (this layer is designed to control section lines). You are
allowed to add spaces and other characters in the naming of a layer. Because of space
limitations, the entire layer name may not display. Move your cursor over the top of
the layer name to view the full description, as shown in the following image.
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If more than one layer needs to be created, it is not necessary to continually click the
New Layer button. Once a new layer is created and you type in the new name, instead
of hitting ENTER, simply type in a comma (,) to display another new layer. Con-
tinue creating new layer names followed by a comma until all the layers are created.
Instead of using a comma, you could press ENTER twice and achieve the same

results.
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FIGURE 2.19

DELETING LAYERS

To delete a layer or group of layers, highlight the layers for deletion and click on the
delete button as shown in the following image on the left. The results are displayed in
the following image on the right with the selected layers being deleted from the
palette.

-Delete Layer Button

l‘/

FIGURE 2.20

Only layers that do not contain any drawing geometry or objects can be deleted. _

AUTO-HIDING THE LAYER PROPERTIES MANAGER PALETTE 0

While the Layer Properties Manager palette can display on the screen preventing you
from working on detail segments of your drawing, it is possible to collapse or Auto-
hide the palette. Right clicking on the title strip will display a menu as shown in the
following image on the left. Click on Auto-hide will turn this feature on. This feature
can also be set with a toggle button on the title strip. The results are displayed in the
following image on the right. When you move your cursor away from the palette, it
collapses allowing your drawing to fill the entire screen. Moving your cursor over the
title strip of the palette will display it in its entirety.
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ASSIGNING COLOR TO LAYERS

Once you select a layer from the list box of the Layer Properties Manager palette and
the color swatch is selected in the same row as the layer name, the Select Color dialog
box shown in the following image is displayed. Three tabs allow you to select three
different color groupings. The three groupings (Index Color, True Color, and Color

Books) are described as follows.

Index Color Tab
This tab, shown in the following image, allows you to make color settings based on

255 AutoCAD Color Index (ACI) colors. Standard, Gray Shades, and Full Color

Palette areas are available for you to choose colors from.

FIGURE 2.22

True Color Tab

Use this tab to make color s