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Accessibility Statement

BCcampus Open Education believes that education must be available to everyone. This means
supporting the creation of free, open, and accessible educational resources. We are actively committed
to increasing the accessibility and usability of the textbooks we produce.

Accessibility of This Textbook

This textbook is an adaptation of an existing textbook that was not published by us. Due to its size and
the complexity of the content, we did not have capacity to remediate the content to bring it up to our
accessibility standards at the time of publication. This is something we hope to come back to in the
future.

In the mean time, we have done our best to be transparent about the existing accessibility barriers and
features below:

Accessibility Checklist

Element | Requirements Pass?

Headings | Content is organized under headings and subheadings that are used sequentially. Yes
Images that convey information include alternative text descriptions. These descriptions are

Images > - - . . . L No
provided in the alt text field, in the surrounding text, or linked to as a long description.

Images Images and text do not rely on colour to convey information. Yes

Images that are purely decorative or are already described in the surrounding text contain
Images empty alternative text descriptions. (Descriptive text is unnecessary if the image doesn’t Yes
convey contextual content information.)

Tables Tables include row and/or column headers that have the correct scope assigned. Yes
Tables Tables do not have merged or split cells. Yes
Tables Tables have adequate cell padding. Yes
Links The link text describes the destination of the link. Yes
Links Links do not open new windows or tabs. If they do, a textual reference is included in the Yes
link text.
Links Links to files include the file type in the link text. Yes
Font Font size is 12 point or higher for body text. Yes
Font Font size is 9 point for footnotes or endnotes. Yes

Font Font size can be zoomed to 200% in the webbook or book formats. Yes
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Known Accessibility Issues and Areas for Improvement

The book relies heavily on screenshots from the AutoCAD software. These screenshots do
not have alt text. While many of the screenshots are described in the surrounding text, the
book has not been reviewed to ensure that the surrounding text is an adequate alternative for
all images in the book.

Let Us Know if You are Having Problems Accessing This Book

We are always looking for ways to make our textbooks more accessible. If you have problems
accessing this textbook, please contact us to let us know so we can fix the issue.

Please include the following information:

The name of the textbook
The location of the problem by providing a web address or page description.
A description of the problem

The computer, software, browser, and any assistive technology you are using that can help us
diagnose and solve your issue (e.g., Windows 10, Google Chrome (Version 65.0.3325.181),
NVDA screen reader)

You can contact us one of the following ways:

* Web form: BCcampus OpenEd Help
* Web form: Report an Error

This statement was last updated on November 3, 2021.

The Accessibility Checklist table was adapted from one originally created by the Rebus Community
and shared under a CC BY 4.0 License.
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For Students: How to Access and Use this Textbook

This textbook is available in the following formats:
* Online webbook. You can read this textbook online on a computer or mobile device in one
of the following browsers: Chrome, Firefox, Edge, and Safari.

* PDF. You can download this book as a PDF to read on a computer (Digital PDF) or print it
out (Print PDF).

* Mobile. If you want to read this textbook on your phone or tablet, you can use the EPUB
(eReader) file.

« HTML. An HTML file can be opened in a browser. It has very little style so it doesn’t look
very nice, but some people might find it useful.

For more information about the accessibility of this textbook, see the Accessibility Statement.

You can access the online webbook and download any of the formats for free here: Introduction to
Drafting and AutoCAD 2D. To download the book in a different format, look for the “Download this
book” drop-down menu and select the file type you want.

How can I use the different formats?

Internet . .
Format required? Device Required apps Features
. Computer, An Internet browser . . .
Online Yes tablet, (Chrome, Firefox, Edge, or Option to enlarge text, and compatible with
webbook . browser text-to-speech tools.
phone Safari)
PDF No Computer, | Adobe Reader (for reading | Ability to highlight and annotate the text. If
print copy on a computer) or a printer | reading on the computer, you can zoom in.
Computer, .
EPUB No tablet, An eReader app Qp‘uon to enlarge text, change font style,
size, and colour.
phone
Computer, | An Internet browser . .
HTML No tablet, (Chrome, Firefox, Edge, or Compatible with browser text-to-speech
. tools.
phone Safari)

Tips for Using This Textbook

» Search the textbook.

o If using the online webbook, you can use the search bar in the top right corner to
search the entire book for a key word or phrase. To search a specific chapter, open


https://opentextbc.ca/autocad2d/
https://opentextbc.ca/autocad2d/

x For Students: How to Access and Use this Textbook

that chapter and use your browser’s search feature by hitting [Cntr] + [f] on your
keyboard if using a Windows computer or [Command] + [f] if using a Mac
computer.

o The [Cntr] + [f] and [Command] + [f] keys will also allow you to search a PDF,
HTML, and EPUB files if you are reading them on a computer.

o If using an book app to read this textbook, the app should have a built-in search
tool.

+ Navigate the textbook.

o This textbook has a table of contents to help you navigate through the book easier.
If using the online webbook, you can find the full table of contents on the book’s
homepage or by selecting “Contents” from the top menu when you are in a chapter.

* Annotate the textbook.
o If you like to highlight or write on your textbooks, you can do that by getting a

print copy, using the Digital PDF in Adobe Reader, or using the highlighting tools
in eReader apps.
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Introduction

Learning Outcomes

When you have completed this introduction, you will be able to:

1. List the software and template files required to complete the AutoCAD 2D book.

2. Describe this book’s philosophy and explain how to use the book to learn how to apply the
AutoCAD commands and features to draw 2D drawings.

3. Describe the conventions and symbols used in the AutoCAD 2D book.

Software Requirements

Operating System Software Required

This book was designed to be used on AutoCAD software that was designed for the Windows
operating system.

AutoCAD Software Required

This book was written to be used with AutoCAD 2015, 2016, 2017, and 2018. You must have one of
these software packages installed on your computer to complete the lab exercises in the
book.

Template Files Required for the AutoCAD 2D book

To complete the lab exercises in this book, you must have the four template files, that accompany it, on
your hard drive. Module 2 will teach you how to use them.

About the Book

Philosophy of the AutoCAD 2D book

The AutoCAD 2D Self-paced book was written as a tool to guide and teach you to master AutoCAD.
No two students learn at the same pace, therefore the book was written with competency-based
modules. The competency-based modules are bite-size pieces that allow you to work at your own pace.
They can be used to learn by distance education, correspondence, online, instructor-lead classes, or by
individuals teaching themselves to use AutoCAD in their own home or office.
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Scope of the AutoCAD books

There are five AutoCAD Self-paced books. They are AutoCAD 2D, AutoCAD 3D, AutoCAD 2D
Advanced, AutoCAD 3D Advanced, and AutoLISP.

Suggested Prerequisites

To get the most from this book, it is suggested that you have a working knowledge of Windows
operating system. At the very least, you must have the ability to create folders plus move, copy,
rename, and delete files.

Book Structure and Components

The modules in the AutoCAD 2D book were written in a very logical step-by-step order. The following
information will help you get the most from this book.

The Modules

The modules in the book were written as bite-size pieces in a precise order and contain the information
that is required to learn AutoCAD 2D.

Do not skim through the modules. Read each page and ensure that everything is understood in each
module. Do not jump around inside the module or from module to module. Work methodically through
each module, page by page.

As you work your way through each module, try to understand all the information it contains. To
ensure that it is understood, you must be able to complete the lab exercises to prove it. Only when
everything in the module is understood and you can complete the lab exercises, in the specified time
limit, should you go to the next module.

Each module may contain Must Know’s, User Tips, Workalongs, Lessons, Key Principles, and Lab
Exercises.

Must Knows

Most modules contain user Must Knows. You must understand and retain each one of these principles
as you work your way through the modules. If you cannot understand any one of them, read back
through the module. Do not go on until you fully understand it. Here is an example:

(Do not attempt to understand this Must Know now. It is here as an example only.)

MUST KNOW: The Enter key or the Space bar are used to execute commands. If either one is pressed when
there is no active command, AutoCAD will repeat the last command. Right clicking the mouse will produce
the same results.

User Tips

User Tips are in the modules to help you draw in AutoCAD. They contain tips, tricks and ways to use
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commands that will help you draw faster and increase your productivity. Study them and try to use the
tips while completing the labs exercises. They are there to help you work smarter, not harder. Here is an
example:

(Do not attempt to learn this user tip now. It is here as an example only.)

USER TIP: The function key F3 toggles the AutoSnap feature off and on. Although there are other ways to
do this, try to get into the habit of using F3 as it will greatly improve your drawing speed.

Workalongs

A Workalong is an exercise that you complete by working along with the module, tutorial style, to
complete a drawing using AutoCAD. Completing the Workalongs will help you understand how the
commands and features being taught in that module work by actually using them in AutoCAD. This
will prepare you to complete the drawings in the lab exercises without any assistance.

(Do not attempt this workalong now, it is here for an example only.)

WORKALONG: Drawing Lines Using Cartesian Coordinates - Part 1
Step 1

Using the NEW command, start a new drawing using the template 2D English.
Step 2

Save and name the drawing AutoCAD 2D Workalong 04-1. Save it in the folder CAD Courses/AutoCAD 2D/
Lab Exercises.

Step 3

Enter the LINE command, as shown below, to draw the object shown in the figure. Keep in mind that you
enter what is in bold font, the author’s comments are in italics, and everything else are AutoCAD responses
or prompts. (Figure Step 3)
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START X1.735.Y4.0

Figure Step 3

Command: LINE

Specify first point: 1.75,4

(Always start with an absolute coordinate. It must be a X then a Y separated with a comma.)
Specify next point or [Undo]: @5,0

(Then change to relative coordinates. Note the @ first, then X and Y.)

Specify next point or [Undo]: @0,2

Specify next point or [Close/Undo]: @—2.5,0

Geometry and Drafting Lessons

Some modules contain drafting and/or geometry lessons. They are included to teach users who do not
have any previous drafting/design knowledge or experience. They may also be handy for drafters or
designers who need a refresher lesson.

If you already know and understand the theory in the lesson, you can skip it and go on to the next topic
in the module. Knowing the theory taught in the lessons will help you complete the lab exercises.
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(Do not attempt this geometry lesson now. It is here for an example only.)

Geometry Lesson: Circles
A circle is defined as a closed curve in which all points are the same distance from its center point. The center
point is a single XY coordinate.

A circle is 360 degrees and can be divided into four quadrants. All points on a circle are at a given distance
from is center point. The distance between any of the points and the center is called the radius.

Study the drawings in Figure 7-1, 7-2, 7-3, and 7-4 for a description of the geometry of a circle.

£

QUADRANT | QUADRANT
1 /

QUADRANT | QUADRANT

Figure 7-1 Geometry of a Circle — Part 1

Key Principles

Each module contains a list of Key Principles at the end. The Key Principles are principles that you
should have learned and understand in that module. It is important that you fully understand each one
as you will be required to use them in future AutoCAD work.

(Do not attempt to learn the key principles now. It is here for an example only.)

Key Principles in Module 4

1. The @ symbol means “The last absolute coordinate location,” or sometimes called the lastpoint.

2. To close the last line of a series of lines, enter either C (Close) or the absolute coordinate of the first.




6 Introduction

3. To delete existing drawing objects, you can either use the ERASE command or the Delete key on the.
4. Objects can either be selected before or after a command is.

5. To unselect an drawing object, press the Esc Sometimes it has to be pressed twice.

Lab Exercises

All lab exercises have a time limit allocated to them. To complete the lab exercise in the specified time
limit, you must be able to complete the drawing, check it for accuracy and make any corrections. If you
cannot complete it in the time allowed, redo the entire lab exercise. It is your way of proving that you
have mastered the module.

Almost all modules contain at least two lab exercises. It is strongly suggested that you complete all lab
exercises in the module.

Checking the Accuracy of Your Drawings

Almost all lab exercises have a key provided that you can use to check the drawing’s accuracy. This is
taught in Module 3: Checking the Accuracy of Your Drawings.

Competency Tests

Every fifth module is a timed competency test module. A Competency Test Module has multiple choice
questions and a comprehensive lab exercise to test your mastery of the last set of modules completed.
There is no key supplied with this module since it is meant to be checked by your instructor. If there are
any parts of this module that you have trouble completing or cannot complete it in the time allowed, go
back and reread the module or modules containing the information that you are having trouble with. If
necessary, redo any lab exercises to help you learn the material.

Book Conventions and Symbols

The following conventions and symbols are used in the book to help you understand the material.

New Terms: Red Italics

Words in red italics are new terms being introduced in that module. They will only appear in red italics
the first time they are appear and will be defined. Here is an example:

The current layer is the layer that AutoCAD will place all newly created drawing objects on.

Bolded Words and Numbers

In Workalongs, all words and numbers in bold font are input by the user. It is your way of knowing if it
is your input or an AutoCAD response. Here is an example:

Command: LINE
Specify first point: 1.75,4
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Specify next point or [Undo]: @5,0
Command:
AutoCAD Commands: Uppercase

AutoCAD commands are always in uppercase. Here is an example:

To construct a fillet, use the FILLET command. The rule of thumb to follow is, “If the arc you are
drawing is tangent to both objects it is connecting to, use the FILLET command to insert it.”

Picking Objects or Locations on the Drawing

To help understand when an object or a location is picked, the modules use the letter “P” along with a
number that indicates which pick it is in the sequence of picks.

(Do not attempt this workalong now. It is here as an example only.)

Command: FILLET P3 P2
Current settings: Mode = TRIM, Radius = 0.6000 B 4[]‘—’ JE]] D1
Select first object or [Polyline/Radius/Trim]: R

Specify fillet radius <0.6000>: .25

(Set the radius for the fillet.)

Select first object or [Polyline/Radius/Trim]: P1
Select second object: P2

(Pick the two lines to insert the fillet between.)
Command: FILLET

Current settings: Mode = TRIM, Radius = 0.2500
Select first object or [Polyline/Radius/Trim]: P3

Select second object: P4
Command:

Author’s Comments: Green, Italic Text and Green Textboxes

Comments by the author, to help explain what is happening in a command, are in green italics and
enclosed in parentheses.

(Do not attempt these commands now. They are here for an example only.)

Specify first point: 1.75,4

(Always start with an absolute coordinate. It must be X then Y with a comma between them.)
Specify next point or [Undo]: @5,0

(Then change to relative coordinates. Note the @ first, then X and Y.)

Specify next point or [Undo]: @0,2

Specify next point or [Close/Undo]: @-2.5,0

(Note the negative coordinate since we are going in the negative X direction.)

Specify next point or [Close/Undo]: @0,1.5

Specify next point or [Close/Undo]: C
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(You can use a C to close the last line and return to the first point.)
Command:

There are also author comments in the workalong or lab exercise to help you understand a principle or
to complete a task. These will appear in a green textbox and be labelled “Author’s comments.” Here is
an example:

AUTHOR’S COMMENTS: The Insertion scale for the all lab exercises in
the AutoCAD 2D book are shown in the Units column as shown in the
Figure 3-1.

Key Principles

Key Principles in Module Introduction 1

1. To complete the lab exercises in this book, you must have the four template files, that accompany
it, on your hard disk drive.

2. Do not skim through the modules. Read and understand everything in each module. Do not jump
around inside the module or from module to module. Work methodically through each module,

page by page.
3. The modules were written as competency-based bite-size pieces to allow you to work at your own

pace and learn to use AutoCAD. Do not go onto the next module until you fully understood the
module you are currently working on and have completed all lab exercises.

4. All lab exercises have a time limit allocated to them. To complete a lab exercise in the specified
time limit, you must be able to complete the drawing, check it for accuracy and make any
corrections. If you cannot do this in the time allowed, redo the entire lab exercise. It is your way
of proving that you mastered the module.

Do not memorize how to use AutoCAD — UNDERSTAND IT.
Have fun on your journey into the fascinating world of mastering AutoCAD.

Using AutoCAD is a never ending learning process and you will continue learning long after completing this
book
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Configure Your AutoCAD Software

Learning Outcomes

When you have completed this module, you will be able to:

1. Configure your AutoCAD software for the AutoCAD 2D book.

IMPORTANT — PLEASE READ BEFORE COMPLETING THIS MODULE

If you are working on the AutoCAD 2D course in an instructor-led educational institute and only completing
the workalongs and lab exercises on the computers at your school or college, skip this module. Go directly to
Module 1.

If you are working on the AutoCAD 2D book in an instructor-led educational institute and completing the
workalongs and lab exercises on your personal computer, do the following:

1. Go to the B.C. Open Collection and search for “AutoCAD 2D.” Download the Templates that are
listed under “Supplemental Materials.”

2. After you download the templates, complete the remainder of this module to configure your
personal AutoCAD software. Complete Steps 1 to 48 in the next Workalong. Do not start Module
1 until you completed all 48 steps.

This book was written to be used with AutoCAD running on a computer with Windows software.

WORKALONG: Configuring Your AutoCAD Software

Step 1

Start AutoCAD by clicking the desktop icon. In AutoCAD’s Graphic window, click the New icon
located in the upper left corner. It will open the Select Template dialogue box (Figure Step 1).

T 5 - I—

New
Creates a blank drawing file

Figure Step 1

Figure Step 1
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Step 2

In the Select Template dialogue box, click the template file: acad.dwt (or just acad on some computers)
to highlight it. Then click the Open button. This will display AutoCAD’s Graphic window. (Figure Step
2)

AUTHOR’S COMMENTS: Your dialogue box may not match the figure
exactly.

Look in: l . Template v] & @ X Bl Vvews v Tods ~
@ Name = Typ Preview
«*F . PTWTemplates File
. SheetSets File
= acad -Named Plot Styles.dwt Aut
-~ i [mm)2cad -Named Plot Styles3D.dwt Aut
5%' acad.dwt Aut
= ) acad3D.dwt Aut
£l [ acadISO -Named Plot Styles.dwt Aut
€ | m ! P
File name: acad.dwt R E]
Fies of type: | Drawing Template (*.dwt) =
Figure Step 2

Step 3

Disable all features on the Status bar by clicking any that display with a blue background as shown in
Figure Step 3A. All features should display with a gray background as shown in Figure Step 3B.
(Figure Step 3A and 3B)

#HiE Prtab G- N2 0= " BEaD-12 8~

Figure Step 3A

M Pra b G-\~

Figure Step 3B

1

" EmD-P 8~
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Step 4

In the Command Line window, located on the bottom of the Graphic window, enter the OPTIONS
command by typing it on your keyboard. This will open the Options dialogue box. (Figure Step 4)

N/ VTOPTIONS

SECURITYOPTIONS

N > - OPTIONS]

Model § ® 5%  9.2013,1.4420,00000 MODEL ifff i v +o L G v\~ O~ E
Figure Step 4
Step 5
In the Options dialogue box, enable the Profiles tab. (Figure Step 5)
o e —— e O
TR

Current profile: <<Unnamed Profile>> S Curent drawing: Drawing1.dwg
| Files | Display | Open and Save | Plot and Publish | System | User Preferences | Drafting | 3D Modeiing | Selection | Profies | Online

|
Available profiles:

R e~ L s v
—_ 2 O S O

Figure Step 5
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Step 6

Click the Add to List button. This will open the Add Profile dialogue box. Enter the name: Original for
the Profile name. (Figure Step 6A and 6B)

Profile name:
Qriginal
Description:

| profile: <zlinnamed Profie>>

HAvailable profiles:
<zUnnamed Profies> [ Set Cument
Onginal

| Addtolist..

Figure Step 6B

AUTHOR’S COMMENTS: | am having you create a profile named
Original so that you can go back to the way your AutoCAD was
configured when you started this book. You will not be using this
profile during the course, but at anytime (or when you complete the
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book) you can use this original profile to restore the original
configuration.
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Step7
Using what you learned in Step 6, create a new profile named: AutoCADbook. (Figure Step 7)

pmﬁg <<Unnamed Profiles> H Cument drawing: Drawing5.dwg
| Fles | Display | Open and Save | Plot and Publish | System | User Preferances | Drafting | 3D Modeling | Selection | Profies | Online |

Available profiles:

“<Unnamed Profiles:

Figure Step 7
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Step 8

Click the AutoCADbook profile to highlight it. While it is selected, click the Set Current button.
Ensure that the Current profile is AutoCADbook as shown across the top of the dialogue box. (Figure
Step 8)

=

--Gpﬁnn: —3 = .F,
Cument profile: AutoCADeBaok & Cument drawing: Drawing5.dwg
| Fies | Display | Open and Save | Plot and Publish | System [ User Preferences | Drafiing | 3D Modeling [ Selection | Profies [Online |
Avaslable profiles:
<zUnnamed Profiles> l = |
o |  Addolst. |
| Delte |

Figure Step 8

Step 9

Enable the display of the Files tab. Click the + on Customization Files to expand it. Click the + on the
Main Customization File to expand it. Click the file and location to highlight it as shown in the figure.
While it is selected, click the Remove button. (Figure Step 9)

Current profile; AutoCADeBook a Current drawing: Drawing5.dwg

Fies | Digplay | Open and Save | Plot and Publish | System | User Preferences | Drafting | 30 Madeling | Selection | Profiles | Online |
Search paths, file names, and file locations:
- [ Support File Search Path o [ Hrowse.. l
[ Working Support File Search Path i
- B Trusted Locations | Add.. |
- @ Devios Diver Fil Search Path e ——
[ Project Files Search Path
5% Customization Files = | Mova Lp |
= E M\am ston'uon File ._ = .I I .. | —— |
e A - "Uzer wally appdata waming \autodesk \autocad 201520 Ihenusupportacad. —_—
E Erterprise Customization File | o |
! % Custom lcon Location P
@[] Help and Miscelaneous File Names

Figure Step 9
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AUTHOR’S COMMENTS: Your dialogue box may not match the figure
exactly.

Step 10

Step 9 will remove the customization file and show a blank box as shown in the figure. Click the
Browse button to open the Select a file dialogue box. (Figure Step 10A and 10B)

& Cument drawing: Drawing5.dwg
Fies | Display | Open and Save | Plot and Publish | System | User Preferences | Drafting | 3D Modeling | Selection | Profiles | Online |

Search paths, file names, and file locations:
- @@ Support File Search Path | | Browse. |
i#-- @ Working Support File Search Path
- @ Trusted Locations |
- @ Device Driver Fle Search Path | Remove |
- ([f Project Files Search Path
- [y Customization Files
- [B) Main Customization File
N
&) Enterprise Customization File | Set Cument
-y Custom kcon Location
-] Help and Miscellaneous File Names

Move Uip

il

Mowe Down

0, L

Figure Step 10A



Loak in: | | upport

Figure Step 10B

Mame

L Actions

L. AuthorPalette

). Color

). Icons

A Profiles

. RegisteredTools
L. ToolPalette
Eepl acad bak.cuix
g acad.cuIX
Qac:‘m'lain.cubc
QMMchrGE.cuix
QAppMmagaer,:uix
Ll AutodeskSeek.cuix
b bim360.cuix
Ecﬂnl!nﬁﬂplamncuﬁ
Ecust‘cm.cu'n:
dewn.cui::

Type

File folder
File folder
File folder
File folder
File folder
File felder
File folder

AutoCAD Custom...
AutoCAD Custom...
AutoCAD Custom...
ButoCAD Custom...
AutoCAD Custom...
AuteCAD Custem...
AuteCAD Custem...
AutoCAD Custom...
AutoCAD Custom...
AutoCAD Custom...

File name: |

Fies oftype: | Customization files (" cubd)
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Step 11

In the Select a file dialogue box, pull down the Look in: box and find C drive. Click the folder: CAD

Courses. (Figure Step 11)

Lok in: [ﬁ_ns (=]

Jedaxi

Mame

1 Autodesk
L CAD Courses

J. Program Files
J. Program Files [x86)

Figure Step 11

Type

File folder
File folder
File folder
File folder

AUTHOR’S COMMENTS: If you used a different drive when you
downloaded the templates and menu from the website, you will have to

find that drive letter instead of drive C.

Step 12

Under CAD Courses, click the folder: AutoCAD 2D. (Figure Step 12)

v‘ﬁ@.ﬁxm Views v Tools -

Type

File folder

F

Figure Step 12




AutoCAD 2D 19

Step 13
Under the folder: AutoCAD 2D, click the folder: Menu. (Figure Step 13)

- @B @ XE Vews v Tooks

| Type
File folder
| Lab Exercises File folder
| Menu File folder
. Templates File folder

H

Figure Step 13

Step 14
In the folder: Menu, click the file: AutoCADbook.CUIX and then the Open box. (Figure Step 14)

J€B@XE v v Tk

e

Name Date modified Type
|l AutoCADeBook.CUIX 16/07/20141:42PM  AutoCAD Custom...

< |

File name: AutoCADeBook CUIX

Fies of type: | Customization files (" cubx)

Figure Step 14
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Step 15

You should now see the file location:

C:\CAD Course\AutoCAD 2D\Menu\AutoCADbook.CUIX. (Figure Step 15A and 15B)

a Cument drawing:
Files | Display | Open and Save | Plot and Publish | System | User Preferences | Drafting | 30 Modeling | Selection | Profies | Online |

] Curmrent profile:

AutoCADeBook

Drawing.dwg

T

Search paths, file names, and file locations:

- Support File Search Path

- Trusted Locations

E% Customization Files

[T Printer Support File Path

]% Color Book Locations
]% Data Sources Location

4

% Working Support File Search Path

- Device Driver File Search Path
“[B) Project Files Search Path

E| @ Main Customization File
i A o cad courses \autocad 2dmenuautotadebook o
@ Enterprse Customization File
% Custom lcon Location
o E Help and Miscellaneous File Names
]E Teat Editor, Dictionary, and Fort File Names
]E Print File, Spooler, and Prolog Section Names

]% Automatic Save File Location

L]

[ ’ Browse:...

| Add..

’_ Remove:

| Move Up

| Mowe Down

| Set Cument

Figure S

tep 15A

- [B Project Fies Search Path
[}3 E@ Customization Files
| EI @ Main Customization File

3 ¢ \cad courses\autocad 2d\menu'\autocadebook cuix

oK [ Gancel |[ Aoy ||

E Entemprise Customization File

% Custom lcon Location

Figure Step 15B
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Step 16

Click the small arrow in the Workplace Switching icon on the right end of the Status bar located along
the bottom of the Graphic window. (Figure Step 16)

Workspace Switching
WSCURRENT
EaD-L o-@ P 3=

Figure Step 16

Step 17

In the Workspace pull-up menu, click Workspace Settings. This will open the Workspace Settings
dialogue box. (Figure Step 17)

AutoCADeBook

v Drafting & Annotation
3D Basics
3D Modeling

Save Current As...
Workspace Settings...
Customize...

Display Workspace Label
iy B ~+ @ P =

Figure Step 17

AUTHOR’S COMMENTS: AutoCAD has two basic menu systems,
Toolbars and Ribbons. You can switch back and forth between them.
Along with using either the Toolbar or Ribbon menu, you should enable
the Pull-down menu and use it in conjunction with either menu. The
AutoCAD 2D book shows all three menus. | advise the beginner to use
the Toolbar menus while working on the AutoCAD 2D book and then
try the Ribbon menu after completing it. The AutoCAD 2D Advanced
book teaches more about Toolbar, Ribbon, and Pull-down menus as well
as how to create and edit them.

If you intend to use Toolbars menus to do this book, complete steps 18a and 19a. If you intend to
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use Ribbon menus to do this book, complete steps 18b and 19b.

AUTHOR’S COMMENTS: | suggest that you use Toolbar menus while
working on this book.




Step 18a (Toolbar Menus)
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In the Workspace Settings dialogue box, set My Workspace to: AutoCADbook. Enable Automatically
save workspace changes by clicking the radio button. Click OK to close the box. (Figure Step 18a)

Step 19a (Toolbar Menus)

o
My Workspace = [MoCADeBook vJ

Menu Display and Order

AutoCADeBook

Drafting & Annotation
3D Basics
3D Modeling

Move Up

When Switching Workspaces

(") Do not save changes to workspace

(@ Automatically save workspace changes

ok ][ Canced || Heb |

Figure Step 18a

Click the small arrow in the Workplace Switching icon again on the Status bar. Click the workspace:
AutoCADbook to set it as the current workspace. Make sure that the check mark is beside the
workspace: AutoCADbook as shown in the figure. (Figure Step 19a)

v AutoCADeBook
Drafting & Annotation
3D Basics
3D Maodeling

Save Current As...

Workspace Settings...

Customize...

Display Workspace Label
ALl &~ @ T @@=

Figure Step 19a
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Step 18b (Ribbon Menus)

If you intend to use Ribbon menus to do this book, complete Steps 18b and 19b. If you intend to
use Toolbar menus to do this book, skip to Step 20.

In the Workspace Settings dialogue box, set My Workspace to the workspace: Drafting & Annotation.
Enable Automatically save workspace changes by clicking the radio button. Click OK to close the box
(Figure Step 18b)

ﬁ My Workspace = | Drafting & Annotation  + |
Meru Display and Order

(] AutoCADeBook i Move Up

¥4 Drafting & Annotation
[¥]3D Basics
[¥] 30 Modeding

Figure Step 18b
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Step 19b (Ribbon Menus)

Click the small arrow in the Workplace Switching icon again on the Status bar. Click the workspace:
Drafting & Annotation to set it as the current workspace. Make sure that the check mark is beside the
workspace: Drafting & Annotation as shown in the figure. (Figure Step 19b)

AutoCADeBook

v Drafting & Annotation
3D Basics
3D Modeling

Save Current As...

Workspace Settings...

Customize...

Display Workspace Label
Va0 P 3=

Figure Step 19b
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Step 20

Click the Hamburger icon located on the far right side of the Status bar. This will display the
Customization menu. Enable or disable each item in the menu until it matches the figure. (Figure Step
20)

v Coordinates

v Model Space

v Grid
v Snap Mode

' Infer Constraints
v Dynamic Input

v Ortho Mode
v Polar Tracking
v Isometric Drafting

v Object Snap Tracking
v 2D Object Snap

¥ LineWeight

v Transparency

v Selection Cycling

+ 3D Object Snap

+ Dymamic UCS
Selection Filtering
Gizma
Annotation Visibility
AutoScale
Annotation Scale

v Workspace Switching
Annctation Monitor
Units
Quick Properties
Lock LT
Isolate Objects

« Graphics Performance

+ Clean Screen

E-Q R B=

Figure Step 20
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Step 21

AUTHOR’S COMMENTS: Enter the following commands in the
Command Line window located along the bottom of the Graphic
window.

Enter the MENUBAR command and set it to 1, as shown below.

Command: MENUBAR
Enter new value for MENUBAR <0>: 1
Command;

Step 22
Enter the NAVBARDISPLAY command and set it to 0, as shown below.

Command;: NAVBARDISPLAY
Enter new value for NAVBARDISPLAY <1>: 0
Command:

Step 23
Enter the VPCONTROL command and set it to OFF, as shown below.

Command: VPCONTROL
Enter new value for VPCONTROL <ON>: OFF
Command:

Step 24 (2015)
If you are using AutoCAD 2015 execute the following command:

Enter the NEWTABMODE command and set it to 0, as shown below.

Command: NEWTABMODE
Enter new value for NEWTABMODE <1>: 0
Command:

Step 24 (2016-2017)
If you are using AutoCAD 2016 or 2017 execute the following command:

Enter the STARTMODE command and set it to 0, as shown below.

Command: STARTMODE
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Enter new value for STARTMODE <1>: 0
Command:
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Step 25

Click Tools in the Pull-down menu. In the Pull-down menu, click Options. (Figure Step 25)

Draw Dimiension Modify Para
Workspaces ]
Palettes 3
Toolbars 3
Tablet 3
Customize »
[ Options...
Figure Step 25

Step 26

In the Options dialogue box, enable the Files tab. Expand Template Settings and Drawing Template
File Location. Highlight the current location by clicking it. Click the Remove button. (Figure Step 26)

Current profile: HAutoCADeBook E Current drawing: Drawing 1 .dwg

Files | Display | Open and Save | Plot and Publish | System | User Preferences | Drafiing | 30 Modeling | Selection | Profiles | Oriine |

Search paths, file names, and file locations:

i @ Color Book Locations

. [!]3 Template Settings

. 3-8 Drawing Template File Location
R ' Users \Wally\App Data \Loca Autodesk\AutoCAD 201 5\R20. (henuw’\ Template
-y Sheet Set Template Fie Location

%[ Default Template Fle Name for GNEW
. @ [ Default Template for Sheet Creation and Page Setup Ovemides
- @ Tool Palettes Fie Locations
i1 @8 Authorng Palette Fie Locations
- Log File Location
o) Action Recorder Settings
& @8 Plot and Publish Log File Location
[ Temporary Drawing File Location
EIE Temporary Extemal Reference File Location
- ) Testure Maps Search Path
& @ Web Fle Search Path
- @8 idrop Associated Fie Location

Figure Step 26
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Step 27
It will display an empty box as shown in the figure. (Figure Step 27).

Curert profile: AutoCADeBook

Fies | Display | Open and Save | Fiot and Publis

Search paths, fle names, and file locations:

i+ {2 Color Book Locations

- Data Sources Location

= iy Template Settings

! |—|g Drawing Template Fie Location
-
@ Sheet Set Template Fie Location
IIIIE@ Defzuk Tempiate File Name for Qf
- [8 Defaul Template for Sheet Creatic

4§ Tool Palettes File Locations

- §) Authorng Palette File Locations

i R | am Bla | mnaben

Figure Step 27
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Step 28
Click the Browse button. In the Browse for Folders dialogue box, locate the folder: (Figure Step 28)

Curment profile: AutoCADeBook & Curent drawing: Drawing1.dwg
Fies | Display | Open and Save | Plot and Publish | System | User Prefarances | Drafting | 30 Modeling | Selection | Profiles | Oriine |

Search paths, file names, and file locations:
- & Color Book Lo

Figure Step 28
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Step 29
Click OK and the new location will appear as shown in the figure. (Figure Step 29A and 29B)

Crexw
Options

Curment profile: AtoCADeBook G.nu'tdawhg: Drawing1.dwg
Files | Display | Open and Save | Plot and Publish | System | Liser Preferences | Drafting | 3D Modeling [ Seletion | Profiles | Oniine |

Search paths, file names, and file locations:

EE Data Sources Location
- iy Template Settings

= @ Drawing Template Fils Location

[ O \CAD Courses’ AutoCAD 200\ Templates
5@, Shest Set Template File Location | Movelp
- [ Default Template Fie Name for GNEW
- [ Default Templste for Sheet Creation and Page Setup Overides

- Tool Palettes File Locations -y —
[ Authoring Palette File Locations '
[} Action Recorder Settings

~§® Plot and Publish Log File Location

[ Temporary Drawing File Location

- Temporary Extemal Reference File Location
-, Texture Maps Search Path

-l Web File S=arch Path

B idop Associated File Location

Move Down

S B

-

=

B

Figure Step 29A

- [ Shest Set Template File Location

@[5 Defaut Template Fie Name for GNEW

- Defauk Tampiate for Shast Creation and Page Setup Ovenides
#1- @ Tool Palettes File Locations

Figure Step 29B
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Enable the display of the Display tab. (Figure Step 30)

Cument profila: AutoCADeBook

8 Cument drawing: Drawing5 dwg

| Fies | Display |Open and Save | Plot and Pubish | System | User Preferences | Drafting | 30 Modeiing | Selection | Profies | Oniine |
| Window Blemerts

Color scheme: | Light

]

[ Display scroll bars in drawing window
[] Use lange buttons for Toolbars
[¥] Resize dbban icons to standard sizes
[¥] Show ToalTips

[¥] Show shaorteut kevs in ToolTios

ElﬂmmchmﬂudToulTp:

7 Mumber of seconds to delay

[¥7] Show rollover Tool Tips
[/] Display File Tabs

s (Eas

Layout elemerts
[¥] Display Layout and Madel tabs
[ Display pantable area
[¥] Display paper background
[¥] Display paper shadow

[ Show Page Setup Manager for new layouts

[ Create viewpart in new layouts

Dispiay resoiution
=_i 20000 Arc and circle emocthness
) 8 Segmentsin a polyiine curve

j. 4 Cortour lines per suface

Display peformance
[ Pan and zoom with raster & OLE
@ [¥] Highight raster image frame only
IR (V] Apply sobd fil
F& [ Show test boundary frame onlly
[7] Draver true silhouettes for solids and sufaces
Crosshair size
100 : [
Fade contrel
Xief cisplay
— D
In-place edi and annotative representations
> ] - iyl

Figure Step 30

Step 31

In the Display resolution area, set the Arc and circle smoothness to 20000. (Figure Step 31)

Display resolution

Figure Step 31
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Step 32
Set the Crosshair size to 100. (Figure Step 32)

Crosshair size
100 ]

Figure Step 32

Step 33

Click the Colors button to open the Drawing Window Color dialogue box. Highlight 2D model space,

Uniform Background and then select the color White as shown in the figure. (Figure Step 33A and
33B)

Gk ] [
Figure Step 33A
r .
B Drawing Window Colors i 2|
Conbext: Interface element: Color:
[ Liniform badkground al LQ:""”‘ |
Sheet [ layout Crosshairs
30 parallel projection Viewpart control Ml Red
30 perspective projection Grid major lines [ vellow
Block editor (Grid mirvar lines =l | Green
Command line Grid awis nes @ cyan
Flot preview Autotrack vector m
2d Autosnap marker . Blue
3d Autosnap marker —|  EMagenta _
Dyrmm; dimension nes |:|—
Dral tool tip HEack
Drafting tool tip contour " colect Color
Window Elements ]
- estore dassic colors
Orevion Colar scheme: lLlsﬂ't - ]
[+][Top][X-ray] :
B
g

Figure Step 33B
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Step 34
Click Apply and Close.

Step 35
Enable the User Preferences tab. (Figure Step 35)

Current profile: AutoCADeBook i Cument drawing: Drawing5 dwg
Fies__| Diplay | Oen and Save | ot and Publeh | System| User Preferences |Braing | 30 Hodelng | Selection | Profes | Orine |
Windows Standard Behavior Prionty for Coordnate Diata Entry

[#] Double click editing 1 Running ebject snap

[¥] Shorteut menus in drawing area ) Keyboard entry

| Right-glick Customization... | ) Heyboand entry except scripts

o Associziive [h ==
Default settings when units are set to unitless:

& [¥] Make new dimensions associative

Lindo/Redo

[¥] Combine zoom and pan commands

[¥] Combine layer property change
[7] Display hypedink cursor, tooltip, and shorteut menu

[¥] Display background of fislds
| Field Update Seftings... |

Figure Step 35
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Step 36

Ensure that both boxes are enabled in the Windows Standard Behavior area. Click the Right-click
Customization button. Enable the box Turn on time sensitive right-click and set the Longer click
duration to 250 milliseconds. (Figure Step 36A and 36B)

Windows Standard Behavior
[¥] Double click ediing

[¥] Shorteut menus in drawing area

[ Right-cick Customization.., |

Figure Step 36A

f
& Right-Click Customization e

[+] Tum on time-sensitive right-click:
Quick dick for ENTER
Longer click to display Shortcut Menu

Lomger click duration: 250 miliseconds

Default Mode

K no objects are selected, right-click means
Repeat Last Command

(@) Shortcut Menu

Edit Mode

Iif one or more objects are selected, nght-click means
() Repeat Last Command

(@ Shortcut Menu

Command Mode

f a command iz in progress, nght-click means
ENTER
Shortcit Meru: always enabled

(@) Shortcut Menu: enabled when commiand options ane present

[foplydCose | | Cancdl || Heb |

Figure Step 36B

Step 37
Click Apply and Close.
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In the Insertion scale area, pull down the Source content units menu and select Inches. Do the same for

the Target drawing units menu to set both to inches. (Figure Step 38A and 38B)

Insestion scale
Default seftings when units are set to untless:
5_curnu content units:
| Inches v

Tanget drawing units:

|

Fest
71 Oy Millimeters
g Centimeters i
Meters
Kilomet
Fields Mwat::es

@IDiMis s

™|

Figure 38A

Irsestion scale
Default setiings when units are set to unitless:
Source content units:
|Inches v

[Inches z)

Figure Step 38B
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Step 39

Enable the Drafting tab. (Figure Step 39)

Cument profile: AutoCADeBook fg!.d.m; Dmmgs
| Fies | Display | Open and Save | Plot and Publish | System | User Preferences | Drafting |30 Modeling [ Selection | Profiles | Oniine |
PatoSnap Settings

AutoTrack Seltings
[+ Markoar [¥] Display polar tracking vector

[ Magnet [¥] Display full-screan tracking vector
[&) Dioplay AutoSnap tookip G FebTackionm

s
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Aperture Size

0o —+ 0
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[ Igriore hatch objects

[¥] Ignore dimension extension lnes i_LEﬂ!a!'l?h Settings. .
| lgriore negative Z object snapas for ic UCS
[77 Replace Z value with cument elevation

Figure Step 39
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Step 40

Click the Colors box. In the Color box, pull-down the list and click Select Color. Enable the Index

Color tab in the Select Color dialogue box, enter the number 253 and click OK. (Figure Step 40A, 40B,
and 40C)

AutoSnap Settings
[¥] Marker

[¥] Magriet
[¥] Display AutoSnap tookip

[7] Display AutoSnap aperure bax

Figure Step 40A
~ B
ﬁ Drawing Window Colors ﬂ
Context: I_l'lEﬁ:e element: Color:
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Sheet [layout Crosshairs |
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0 perspeciive projection Grid major lines [ vedow
Block editor Grid mirvor lines = B Green
Command line Grid axis lines | [ Cyan
Flot preview Autotradk vector
: M she
3d Autosnap marker —|  EMagenta
Dynamic dmmn hres [ white

Figure Step 40B
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I E Select Color ﬂ

ndexColor | TueCoor | ColorBooks |
mmmwlmm]
l---l-l_l=l-=-l-
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Figure Step 40C

Step 41
Click OK and then click Apply and Close.

Step 42

Set the AutoSNAP Marker Size and the Aperture Size to approximately the sizes shown in the figures.

If required, you can adjust these sizes, when required, as you work your way through the book. (Figure
Step 42)

AutoSnap Marker Size Apefure Size

. e

Figure Step 42

=3



Step 43

Enable the 3D Modeling tab. (Figure Step 43)

Cument profile: AutoCADeBook

3y Current drawing: Drawing5.dwg
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[¥] Show Z axis in crosshairs
[] Labed axes in standard crosshairs
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Figure Step 43

Step 44

Files | Display | Open and Save | Fiot and Publish | System | Uiser Prefierences | Drafting | 3D Modeling | Selection | Profiles | Online |

3D Objects
M Visual Style while creating 3D objects

| ByViewport

Deletion control while creating 30 cbjects

Retain defining geometry

Izolines on sufaces

6 inU 6
Madmum point clowd points per dewing
10000000 D

| Tesselsion.. | |  Mesh Prinitives..

| SufaceAnsyss. |
3D Navigation

Cynamic Input
7] Show Z field for pointer input

In the Display Tools in Viewport area, set it as shown in the figure. (Figure Step 44)
Display Tools in Viewport

Dizplay the ViewCube
[7] 2D Wireframe visua! style
[] All other visual shies
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Figure Step 44
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Step 45
Enable the Selection tab. (Figure Step 45)

Cument profie: AutaCADeBoak F& Cument drawing: Drawing5.dwg
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Figure Step 45

Step 46

Set the Pickbox Size and the Grip Size to approximately the sizes as shown in the figure. If required,
you can adjust these sizes, when required, as you work your way through the book. (Figure Step 46)

Pickbox size (Grip size
m B B —]

Figure Step 46

Step 47

Click the OK button on the bottom of the Options dialogue box to close it.
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Step 48

Your AutoCAD software is now configured for the AutoCAD 2D book. Your Graphic window should
closely match the figure. (Figure Step 48)
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Figure Step 48
Step 49

Go to Module 1.
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Part 1

45
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Module 1: AutoCAD’s User Interface

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe and configure AutoCAD’s interface including the Graphic window, crosshairs, Graphic
cursor, pickbox, Status bar, Model and Layout tabs, Pull-down menu, Toolbar menus, Ribbon
menus, dialogue boxes, windows, using of the mouse, Command Line window, and the Text
window.

2. List and describe the two basic AutoCAD menus systems; Toolbars and Ribbons.

AutoCAD’s Graphic Window

AutoCAD’s Graphic window is shown in Figure 1-1. The Graphic window is used most of the time
when you are working in AutoCAD.
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Figure 1-1

Crosshairs and Graphic Cursor

The crosshairs indicates your current location on the Graphic window or in 2D space. If you were

47
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drawing by hand, think of it as the point of your pencil. It is one of AutoCAD’s most important features
and is used extensively when you are creating drawings. See Figure 1-1, and 1-3.

When you move the crosshairs onto a menu item, it will change its display to the Graphic cursor as
shown in Figure 1-2. You use it to select menu items.

[

Figure
1-2

Pickbox

The pickbox is a small square located at the intersection of the crosshairs as shown in Figure 1-3. It is
used to pick drawing objects.

ri
LI

Figure 1-3

Status Bar

The Status bar, Figure 1-4, is positioned across the bottom of the Graphic window and becomes a very
important part of your day-to-day AutoCAD work.

Model ; Livoul] | Layoutd f # 9,365, 83307, 0.0000 MODEL il r L@ EE w100 D &

Figure 1-4

The coordinate location or the XYZ coordinates of the current location of the crosshairs is displayed
near the center of the Status bar. The coordinate location display can be enabled or disabled by clicking
it with the left mouse button. Toggle buttons for AutoCAD’s features are located immediately to the
right of the coordinate display. Many of these features will be taught in the AutoCAD 2D book.

Model and Layout Tabs

The Model and Layout tabs, Figure 1-5, are used to toggle the display of Model space or one of the
layouts. This will be discussed in greater detail in Module 18.

Model Layoutl Layout? +

Figure 1-5

USER TIP: The size of the crosshairs can be changed. For the AutoCAD 2D book and most other AutoCAD
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work, it is best to have them full screen as shown in Figure 1-1.

AutoCAD’s Menu Systems

AUTHOR’S COMMENTS: AutoCAD has two basic menu systems,
Toolbars and Ribbons. You can switch back and forth between them.
Along with using either the Toolbar or Ribbon menu, you should enable
the Pull-down menu and use it in conjunction with either menu. The
AutoCAD 2D book shows all three menus. | advise the beginner to use
the Toolbar menus while working on the AutoCAD 2D book and then
try the Ribbon menu after completing it.

AutoCAD has two different menu systems that allows you to communicate with it. The two menu
systems that you can choose from are the Toolbar menus and the Ribbon menus. See Figure 1-6. You
can and should add the Pull-down menu to either the Toolbar or the Ribbon menu.
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Figure 1-6a The Toolbar Menus
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Figure 1-6b The Ribbon Menus
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Pull-down Menus

The Pull-down menus are located across the top of the Graphic window. When you click one of the
items on the menu, with the left mouse button, the menu will pull down as shown in Figure 1-7 and
1-8.
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Figure 1-7 Pull-Down Menu
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Figure 1-8 AutoCAD’s Pull-down and Toolbar Menus

A Pull-down Menu Flyout

If an item on the Pull-down menu has a small solid triangle at the end, it has a Flyout menu associated
with it. Place the Graphic cursor on the triangle to force the Flyout menu to display as shown in Figure
1-9.
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[®] Properties
,‘1’ Match Properties
B  Change to Bylayer _
Object k bBxternal Reference k

Clip ¥ Image ¥

Figure 1-9 Flyout Menu

Toolbar Menus

Toolbar menus are a series of icons that are located on a collection of menu bars. See Figure 1-10. The
display of each toolbar can be enabled or disabled at your discretion. If they were all displayed at the
same time, they would virtually fill the Graphic window. Therefore, their display must be enabled or
disabled, as required, by the current operation in the drawing.

Toolbars can float inside the Graphic window or they can be docked along any one of its four sides. If
the Graphic cursor is placed on an icon in a toolbar, a tooltip will display indicating the purpose of the
icon as shown in Figure 1-11. AutoCAD allows you to create or edit existing toolbar menus. This is
taught in the AutoCAD 2D Advanced book.

Figure 1-10 An
AutoCAD Toolbar

I
i’
0
@
[®
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=& 5l

Locate Point

Displays the coordinate

- ID

Press F1 for more help

Figure 1-11 A Toolbar Menu — Showing
a Tooltip

Docked and Floating Toolbar Menus

In Figure 1-8, the toolbars across the top of the Graphic window are docked and the ones in the centre
are floating.

Displaying Toolbar Menus

To enable or disable the display of a toolbar menu, place the Graphic cursor on any icon on a currently
displayed toolbar and right-click the mouse. A list of all the available toolbar menus will display as
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shown in Figure 1-12. Click the name on the toolbar menu to toggle its display. A checkmark beside
the toolbar’s name indicates that it is currently displayed in the Graphic window.
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¥ | Modify
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Refedit
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Render
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Surface Editing
Text

Figure 1-12 Toolbar Menu Pull-down
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Dialogue Boxes and Windows

When a menu item has 3 dots after it as shown in Figure 1-13 it indicates that there is more. When
clicked, it will open a dialogue box or a window.

Format

£5 Layer.
% Layer States Manager...
Layer tools ¥

"5 Multiline Style...

B Units..,
27 Thickness

Figure 1-13 Pull Down Menu —
More

Dialogue Boxes

AutoCAD uses many different dialogue boxes to speed the drawing process. A dialogue box is an
effective and efficient method for AutoCAD to allow you to modify or enter information, settings, and
sizes. While a dialogue box is open, no other work can be done in the current drawing. It must be
closed before continuing to the next command. If you close a dialogue box by clicking the X in the top
right corner, it will cancel your current input in the box. If you want to save your input, you must click
the OK button. A typical dialogue box is shown in Figure 1-14.

1.500000.2. 003506, 0.000000
3.000000<45,0.000000

Lighting
Linkts for specifying the ntensity of lighting:
[Genem
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Figure 1-14 A Dialogue Box
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Windows

AutoCAD uses many different windows to speed the drawing process. Compared to a dialogue box, a
window is a more efficient method for AutoCAD and you to communicate. Windows are interactive
and display data and information about the current drawing or objects in that drawing as the drawing is
being worked on. Unlike a dialogue box, a window updates automatically and can remain on the screen
as you work on the drawing. You must close a window by clicking the X in the upper corner. This will
not cancel you input. A typical window is shown in Figure 1-15.
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Color B Bylayer
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& StartZ 0.0000
End X 14,1941

Figure 1-15 AutoCAD’s Property Window

Command Line Window

The Command Line window is used, by you, to enter keyboard commands and user inputs. It is also
used by AutoCAD to output information to you. See Figure 1-16. It is one of the ways that you
communicate with AutoCAD and is a very important way for AutoCAD to communicate with you. It is
important for you to watch this window closely when you are drawing. It is used by AutoCAD to ask
for information, instruct you to what data it requires, or display answers to your inquiries. This will be
discussed in much greater detail in Module 2.

W Command: REGEN
Regenerating model.

NE

Figure 1-16 Command Line Window

Text Window

The Text window, Figure 1-17, displays all of the commands that were entered by you and AutoCAD’s
responses to those command for the duration that the current drawing is open. This is one way for you
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to look back at the commands, user input, and AutoCAD’s responses. To toggle the display of the Text
window, press F2.

first point:
next point or [Undo]:

next point or [Undo]:

next point or [Close/Undo]:

: ¢ CIRCLE

center point for circle or [3P/2P/Ttr (tan tan radius)]:
radius of circle or [Diameter]:

: regen Regemerating model.

Figure 1-17 AutoCAD’s Text Window

The Mouse

AutoCAD is programed to use the three buttons on a mouse as follows:

Left Button: This is the pick button. Use it to pick objects, pick menu items, or to select locations on
the drawing.

Middle Button: The middle button, or wheel, is used to zoom and pan around the drawing. This will
be discussed in detail in Module 9.

Right Button: The right button has two uses. If pressed and released quickly, it repeats the last
command. If pressed and held in, it displays the cursor menu. See Figure 1-18.

Enter
Cancel

Recent Input r
Radius

5y Pan
@q £oom

@ SteeningWheels

Bl QuickCalc

Figure 1-18 Cursor Menu
for the FILLET Command

The cursor menu displays differently depending on the current or last command entered. It can be a
very helpful menu once you become a more experienced user.
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WORKALONG: Learning to Use AutoCAD’s Interface Using Toolbar Menus

If you are using Ribbon menus, skip forward to WORKALONG: Learning to Use AutoCAD’s

Interface using Ribbon Menus.

Step 1

Launch AutoCAD. AutoCAD’s blank window will display. (Figure Step 1)

"Fie  Window  Vielp

Figure Step 1

AUTHOR’S COMMENTS: The blank window displays grey when there is
no active drawing. Your window should closely match the figure.

Step 2

Click the New icon located in the upper right corner as shown in the figure. This will open the Select

Template dialogue box. (Figure Step 2)
1| (]

[ S = M

New
- Creates a blank drawing file

Figure Step 2
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Step 3

In the Select Template dialogue box, click the template file: 2D English to highlight it. Then click the
Open button. This will open AutoCAD’s Graphic window. (Figure Step 3)

J € B @XE Yo v Took -

Mame Dat  Preview
fmi20 English.dwt 304
[m) 20 Metric.dwt 304
[} 2D Layout English.dwt 3041
[m120 Layout Metric.dwt 3040

Hename: 20 English dwt

| Fies of type: | Drawing Template ( dwt)

Figure Step 3

AUTHOR’S COMMENTS: The four templates are part of the AutoCAD
2D book and must be used to complete all workalongs and lab
exercises. If you do NOT see the four templates files shown in Figure
Step 3, you must go back and redo module Introduction 2. If you only
see the name and not the .dwt extension, that is OK. Do not continue
in this module until your dialogue box shows the four templates. If you

have trouble getting it to match and have an instructor, email him/her
for help.
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Step 4

Click the small arrow in the Workplace Switching icon again on the Status bar. Click the workspace:
AutoCADbook to set it as the current workspace. Make sure that the check mark is beside
AutoCADbook as shown in the figure. Your Graphic window should match the figure. (Figure Step 4A
and 4B)

¥ AutoCADeBook
Drafting & Annotation
3D Basics
3D Modeling

Save Current As...
Workspace Settings...
Customize...

Display Workspace Label

Do 0 P BT=E
Figure Step 4A
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Figure Step 4B

AUTHOR’S COMMENTS: Your Graphic window should closely match the
figure.

Step 5

Check to ensure that the Model tab is enabled. It is located on the bottom left corner of the window. If
it is not enabled, click it with the left mouse button. (Figure Step 5)

Model Layoutl Layoutd *

Figure Step 5
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AUTHOR’S COMMENTS: The Model tab should be enabled at all times,
while working on workalongs and lab exercises in the AutoCAD 2D

book, unless you are instructed otherwise. Module 18 will teach you
how work in the Layout tabs.

Step 6

Disable all features on the Status bar by clicking any that display with a blue background as shown in

Figure Step 6A. All features should display with a gray background as shown in Figure Step 6B.
(Figure Step 6A and 6B)
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AUTHOR’S COMMENTS: Important Unless otherwise instructed, each
time you start a workalong or lab exercise while working on the
AutoCAD 2D book, all features on the Status bar should be disabled as
shown in Figure Step 6B.
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Step 7
Click the coordinate display, located on the left side of the Status bar, to disable it shown in Figure Step
7A. Click it again to enable it as shown in Figure Step 7B. (Figure Step 7A and 7B)

13.6750, 0.0145, 0.0000 MODEL 3

Figure Step 7A

13.6750, 0.0145, 0.0000 MODEL fii

Figure Step 7B

AUTHOR’S COMMENTS: The coordinate display should be enabled
while working in AutoCAD. While it is not used very much in day-to-

day drawing, it can be very handy at times.

USER TIP: You can easily check to see if a feature on the Status bar is enabled or disabled by holding your
graphic cursor on the icon. A pop up window will display indicating the name of the feature and whether it is

currently on or off as shown in the figures.
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Step 8

Click the Draw item in the Pull-down menu to pull down the menu. Hold the Graphic cursor over the
flyout triangle at the end of the Circle command to force the flyout to display. (Figure Step 8)
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Figure Step 8
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Step 9

Move the Graphic cursor onto any toolbar icon and right click the mouse. This will pull down a list of
all available toolbar menus. The ones that are preceded with a checkmark are enabled and are currently
displayed in the Graphic window. Ensure that the toolbars Draw, Inquiry, Layers, Modify, Properties,
Standard, and Styles are the only ones enabled. Click on the name to toggle the display of the toolbar.
(Figure Step 9)
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Figure Step 9
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Step 10

Move the Graphic cursor onto the lines at the end of the Layers toolbar. Press and hold the left mouse
button down and drag the toolbar somewhere into the Graphic window and release the button. (Figure
Step 10A, 10B, and 10C)
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Figure Step 10C

AUTHOR’S COMMENTS: This step may be a little tricky the first few
tries. Practice it until you can do it easily.
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Step 11

Move the cursor onto bars at the end of the Layers toolbar and hold it for a few seconds. The toolbar’s
name, Layers, will display as a tooltip. (Figure Step 11)
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Figure Step 11

Step 12
Using what was taught in Step 9, drag all six toolbars into the Graphic window as shown in the figure.
(Figure Step 12A and 12B)
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Figure Step 12A
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Figure Step 12B

Step 13

Using what you learned doing Steps 9 and 12, drag all six toolbars back into position by docking them
to the locations shown in the figure. (Figure Step 13)
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Figure Step 13

AUTHOR’S COMMENTS: Dragging and docking the toolbar can be a
little tricky at first. Practice it until it is easy for you to do. The six
toolbars are now all docked.
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Step 14

Using what you learned earlier in the workalong, enable the display of the Modify II toolbar. It will
display as a floating toolbar. (Figure Step 14A and 14B)
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Figure Step 14B

Step 15

Move the Graphic cursor onto the top edge of the Modify II toolbar until the cursor displays as double
arrows. See Figure Step 15A. Press the left mouse button and while holding it down, drag the toolbar
upwards until it matches Figure Step 15C. (Figure Step 15 A, 15B, 15C)
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AUTHOR’S COMMENTS: Changing the shape of a toolbar can be a little
tricky at first. Practice it until it is easy for you to do.

Step 16

Using what was taught in Step 14 and 15, enable the display of the Object Snap toolbar and change its
appearance to match the figure. (Figure Step 16)

Figure Step 16

Step 17

Close the Object Snap and Modify II toolbars by clicking the X in the top right corner of each toolbar.

AUTHOR’S COMMENTS: As you can see, toolbars can easily be
displayed, have there shape changed, or moved around the Graphic
window as needed. You can enable their display, when required, in the
drawing process and closed them when the process is completed. While
working on the AutoCAD 2D book, leave the 6 toolbar displayed and
docked at all times as shown in Figure Step 13.
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Step 18

Click Format on the Pull-down menu and then click Units to open the Drawing Units dialogue box.
Click OK to close the dialogue box. (Figure Step 18A and 18B)
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Figure Step 18B

AUTHOR’S COMMENTS: Always close a dialogue box using the OK or
the Cancel button. If you close it by clicking the X in the top right
corner, you are cancelling all changes that you made while the box was
open. If you want to cancel the changes, click the Cancel button to
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close the dialogue box. When you click OK, you are closing it and
saving all the changes you made.

Step 19

Move the Graphic cursor onto the icons in the Standard toolbar. As you move it over the icons, tooltips
with the toolbar’s name will display. Find the Properties icon. Click it to open the Properties window.
(Figure Step 19A and 19B)
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Figure Step 19B

Step 20

Click the X in the top corner of the window to close it.
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AUTHOR’S COMMENTS: Windows are different than dialogue box as
they are interactive. Any changes made, while they are open, are saved
immediately. That makes it OK to close them by clicking the X.

Step 21

Press the function key F2. It will open the Text window as shown in the figure. (Figure Step 21)
.

Specify next point or [Close/Unde]: *Cancel®

ommand: R
REGEN Regenerating model.

ommand: UNITS

ommand: PROPERTIES

ommand |

Figure Step 21

AUTHOR’S COMMENTS: Your Text window may not match the figure
exactly.

Step 22

Press the function key F2 again to close the Text window.

Step 23

Click File on the Pull-down menu. Click Exit to close AutoCAD. If you are asked if you want to save
the drawing, click No. (Figure Step 23)
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Figure Step 23

Exit Ctrl+0)
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Step 24
Go to Module 2.
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WORKALONG: Learning to Use AutoCAD’s Interface using Ribbon Menus

If you are using Toolbar menus, go to Module 2.

Step 1
Launch AutoCAD. AutoCAD’s blank window will display. (Figure Step 1)

TR Wandow  Heip

Figure Step 1

AUTHOR’S COMMENTS: The blank window displays grey when there is
no active drawing. Your window should closely match the figure.
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Step 2

Click the New icon located in the upper right corner as shown in the figure. This will open the Select
Template dialogue box. (Figure Step 2)

Creates a blank drawing file

Figure Step 2

Step 3

In the Select Template dialogue box, click the template file: 2D English to highlight it. Then click the
Open button. This will open AutoCAD’s Graphic window. (Figure Step 3)

Lod-ch[]Tﬁl'dﬂu vliﬂﬁﬂﬁxam-hﬁu-
Marre Dot Preview

fl2D English.dwt e

[m) 20 Metric.dwt 04

[ 20 Layout English.dwt 3040
[m120 Layout Metric.dwt 304

Hename: 2D Englishdwt

Fles of type: | Drawing Template ("dwt)

Figure Step 3

AUTHOR’S COMMENTS: The four templates are part of the AutoCAD
2D book and must be used to complete all workalongs and lab
exercises. If you do NOT see the four templates files shown in Figure
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Step 3, you must go back and redo module Introduction 2. If you only
see the name and not the .dwt extension, that is OK. Do not continue
in this module until your dialogue box shows the four templates. If you

have trouble getting it to match and have an instructor, email him/her
for help.
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Step 4
Click the small arrow in the Workplace Switching icon again on the Status bar. Click the workspace:
Drafting & Annotation to set it as the current workspace. Make sure that the check mark is beside

Drafting & Annotation as shown in the figure. Your Graphic window should closely match the figure.
(Figure Step 4A and 4B)

¥ AutoCADeBook
Drafting & Annotation
3D Basics
3D Modeling

Save Current As...
Workspace Settings...
Customize...

Display Workspace Label

Do 0 P BT=E
Figure Step 4A
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Fle  Edit  View [nsert  Format Toolt Drew  Dimension Modify  Parametnic Window  Help
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Figure Step 4B

AUTHOR’S COMMENTS: Your Graphic window should closely match the
figure.

Step 5

Check to ensure that the Model tab is enabled. It is located on the bottom left corner of the window. If
it is not enabled, click it with the left mouse button. (Figure Step 5)

Model | Layoutl |, Layout? §'#

Figure Step 5



80 Module 1: AutoCAD’s User Interface

AUTHOR’S COMMENTS: The Model tab should be enabled at all times,

while working on workalongs and lab exercises in the AutoCAD 2D

book, unless you are instructed otherwise. Module 18 will teach you
how work in the Layout tabs.
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Step 6

Disable all features on the Status bar by clicking any that display with a blue background as shown in

Figure Step 6A. All features should display with a gray background as shown in Figure Step 6B.
(Figure Step 6A and 6B)

i F b G- 2" E-BuD-12 0~

Figure Step 6A

Wiy Prab@BNr2l0EBaD~12 &~

al

Figure Step 6B

AUTHOR’S COMMENTS: Important. Unless otherwise instructed, each
time you start a workalong or lab exercise while working on the

AutoCAD 2D book all features on the Status bar should be disabled as
shown in Figure Step 6B.

Step 7

Click the coordinate display, located on the left side of the Status bar, to disable it shown in Figure Step
7A. Click it again to enable it as shown in Figure Step 7B. (Figure Step 7A and 7B)

13.6750, 0.0145, 0.0000 MODEL il

Figure Step 7A

13.6750, 0.0145, 0.0000 MODEL fii

Figure Step 7B

AUTHOR’S COMMENTS: The coordinate display should be enabled
while working in AutoCAD. While it is not used very much in
day-to-day drawing, it can be very handy at times.

USER TIP: You can easily check to see if a feature on the Status bar is enabled or disabled by holding your
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graphic cursor on the icon. A pop up window will display indicating the name of the feature and whether it is
currently on or off as shown in the figures.

Sniap cursor to 2D reference points - O
Object Snap - OSNAP (F3)

NrsO-FE-BuD-to-@ 9

Snap cursor to 20 reference points - Off
Object Snap - OSNAP (F3)

N~2UO"SE-BEaD~-22-09'

Step 8

Click Format on the Pull-down menu and then click Units to open the Drawing Units dialogue box.
Click OK to close the dialogue box. (Figure Step 8A and 8B)

Format = Tools  Draw  Dime

Layer...

il

Layer States Manager...
Layer tools ¥

Multiline Style...

Units...

Thickness

B ¥

Figure Step 8A
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Length

Type:

| Decimal

Precision:
|0.000000
Inzation scale

Units to scale inserted content:
| inches

Lﬂsfmspe&yhgmwdm:
[Germ: |

OK || Cancel | [ Dimcion. || Hep

Figure Step 8B

AUTHOR’S COMMENTS: Always close a dialogue box using the OK or
the Cancel button. If you close it by clicking the X in the top right
corner, you are cancelling all changes that you made while the box was
open. If you want to cancel the changes, click the Cancel button to
close the dialogue box. When you click OK, you are closing it and
saving all the changes you made.

Step 9

Click the View tab on the Ribbon menu. Find the Properties icon. Click it to open the Properties
window. (Figure Step 9A and 9B)

View

B Mamed [ 1 éé
+_—._ !

b

2
= & r S —
..In
L3 2E Tool |Properties| Sheet Set =8
" [l Restore = Palettes Manager [J8 My
i 9

ewports Palettes «

Figure Step 9A
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2
T Mo selection |~ | % & %
LS General +

3D Visualization +

Plot style -
Plotstyle  ByColor
Plot style t.. None
Plot table... Mode
Plot table... Motz

View -
Center X
Center Y
Center £
Height
Width

Misc -

PROPERTIES

Annotatio... 1:1
UCS icon.. No

i

Figure Step 9B

Step 10

Click the X in the top corner of the window to close it.

AUTHOR’S COMMENTS: Windows are different than dialogue box as
they are interactive. Any changes made, while they are open, are saved
immediately. That makes it OK to close them by clicking the X.




AutoCAD 2D 85

Step 11

Press the function key F2. It will open the Text window as shown in the figure. (Figure Step 11)

Ispecify next point or [Close/Undo]: *Cancel*

ommand: R
REGEN Regenerating model.

ommand: UNITS

ommand: PROPERTIES

ommand : |

Figure Step 11

Step 12

Press the function key F2 again to close the Text window.

Step 13

Click File on the Pull-down menu. Click Exit to close AutoCAD. If you are asked if you want to save
the drawing, click No. (Figure Step 13)

TEdt  View  Insert  Format  Tools  Draw  Dimension
4 MNew.. Ctrl+M
Mew Sheet Set...
[ Open. Ctrl+ O

@ Open Sheet Set...

Exit Chrle)

Figure Step 13

Step 14
Go to Module 2.
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Key Principles

Key Principles in Module 1

1. The Graphic window is used most of the time when working in AutoCAD.

2. The crosshairs indicates your current location. Think of it as the point of the pencil. It is used
extensively while working in AutoCAD. It is one of the most important tools.

3. The pickbox is a small square located at the intersection of the crosshairs.

4. The Status bar is positioned across the bottom of the Graphic window and becomes a very
important part of your day-to-day AutoCAD work.

5. The Model and Layout tabs are used to enable the display of the model or a layout.

6. The Command Line window is used to enter keyboard commands and user inputs. It is also used
by AutoCAD to output information to you.

7. The Pull-down menu Is located across the top of the Graphic window. If an item on the Pulldown
menu has a small solid triangle at the end, it has a flyout menu associated with it.

8. The toolbar menus are a series of icons that are located on a collection of menu bars.

9. AutoCAD uses many different dialogue boxes to speed the drawing process. A dialogue box is an
effective and efficient method for AutoCAD to allow you to modify or enter information, settings,
and sizes.

10. AutoCAD uses many different windows to speed the drawing process. Compared to a dialogue
box, a window is a more efficient method for AutoCAD and you to communicate.

11. AutoCAD is programed to use the three buttons on a mouse. The left button is the pick button.

12. AutoCAD’s Text window displays all of the commands that were entered by you and AutoCAD’s
responses to those command for the duration that the current drawing is open. To toggle the
display of the Text window, press F2.
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Module 2: Getting Started

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe a drawing, a drawing template, drawing names, and drawing file extensions.

2. Apply the NEW, QSAVE, OPEN, SAVEAS, and CLOSE commands to start a new drawing, name
and save the current drawing into a specified folder, open a filed drawing, save the current
drawing with a different name, and close the current drawing.

3. Describe AutoCAD commands, option prompts, and defaults.
4. Describe how to execute, repeat, and abort commands.

5. Describe how the Space, Enter, and Esc keyboard keys are used in AutoCAD.

An AutoCAD Drawing

An AutoCAD drawing is a database file containing graphical and non-graphical data. The file must
have the extension .dwg. To be able to draw anything in AutoCAD, you must have an open drawing.
Multiple drawings can be opened at the same time and you can switch between them, as required. Only
one drawing can be current at a time. Thecurrent drawing is the drawing currently being affected by the
commands you are entering. It is also called theactive drawing.

Drawing Templates

Adrawing template is a drawing file that may contain layouts, defaults, blocks, and standards set by the
creator of the template. A template file must be used to start every new drawing. A template drawing is
simply an AutoCAD drawing saved as a template file and must have the extension .dwt. Creating
template files is taught in the AutoCAD 2D Advanced book.

Drawing Templates for the AutoCAD 2D book

There are four drawing template files that are an important part of the AutoCAD 2D book. One of these
templates must be used to start all new drawings for all workalongs and lab exercise throughout the
book. These templates are supplied to each user of the AutoCAD 2D book and should be saved in the
Templates folder as shown in Figure 2-1.

87
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& 05 () S Name

, CAD Courses ]
[ 2D English.dwt

, AutoCAD 2D _
[ 2D Metric.dwt
, eBook ]
= EED Layout English. dwt
) Lab Exercises 3 ]
@ED Layout Metric.dwt
, Menu
. Templates
Figure 2-1

AutoCAD 2D book Templates

AutoCAD File Extensions

AutoCAD uses many different file extension names. The file extensions used in the AutoCAD 2D book
are .dwg, .dwt, and .bak. See Figure 2-2. Many other AutoCAD file extensions are taught in the
AutoCAD 2D Advanced book.

AutoCAD creates a .bak file when a previously saved drawing is saved. When the current drawing is
saved, AutoCAD changes the extension of the existing drawing from .dwg to .bak and then creates a
new file with the extension .dwg. If a drawing file ever gets lost or corrupted, the extension name of the
.bak file can be changed to .dwg and opened in AutoCAD.

AutoCAD File Extensions
.dwg AutoCAD Drawing
_dwt AutoCAD Drawing Template
bak Back-up file

Figure 2-2 AutoCAD File Extension Names

The Drawing Name

Each drawing should be assigned a unique name. It is important for you to name a new drawing as soon
as possible after you start it. Getting into a habit of doing this will save you many hours of searching
the disk drive looking for existing drawings or redrawing lost drawings.

AutoCAD Command: NEW

The NEW command is used to start a new drawing. Shortcut: CNTL+N
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[CeHeRa8@XInEcd (&~ VAR ERFs® D[ D]

QHew
Standard Toolbar ' e d B

Creates a blank drawing file

T BI=]
View Insett  Tools raw Dimension
0y New.. Cti+N | D New ’
Mew Sheet Set...
& Open. Ctrl+0 E Open »
EXe: Filkdown AutoCAD Pull-down

AutoCAD Command: QSAVE

The QSAVE command is used to save the current drawing. Shortcut: CTRL+S

[CecleRegXOnEcg[a- - HAGR4 IEHISEE [ DF

Save (Chrl+5)

Saves the current drawing

Standard Toolbar N
. e d B
i s G P | S :
=
3 Mew.. Ctri+M @l
Mew Sheet Set... D
Mew ¥
Attach...
EI Save Ctrl+5S E? Open 4
B Saveds. Ctri+Shift+5
E Save
File Pull-down _

AutoCAD Pull-down
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AutoCAD Command: OPEN

The OPEN command is used to open a saved drawing. Shortcut: CTRL+O

[CeHehad XOiBRd[a -2 HaLalEFsBEDF

Open... (Ctri+0)
Standard Toolbar ' Ohe d B

Opens an existing drawing file

[SI=]
D Mew ]
Mew Sheet Set... '
fa] b
& Open.. Ctrl« 0 : IEI? a |
I@—'* Open Sheet Set... E .
File Pull-down '
AutoCAD Pull-down

AutoCAD Command: SAVEAS

The SAVEAS command is used to save the current drawing with a new name. Shortcut: CTRL+SHIFT+S

HBEEB

(=]
Inset  Tools Draw  Dimension D New ’
[ Mew.. Ctrl=N
o] v
| Attach... % e
|
|Ei Save Ctrl+5 E .
il_?,; Save As... Crl+Shift+5
(2 Export.. E Save As b

File Pull-down !
AutoCAD Pull-down
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AutoCAD Command: CLOSE

The CLOSE command is used to close the current drawing. Shortcut: none

Insert  Toolks Dimension

D Mew... Ctrl+M | D New ¥

: @ Open Sheet Set...

E 'Egl_| Load Markup Set... g;& Er[ﬁﬁi;g

|Cy Close

| Partial Load I | % Close b
File Pull-down :

AutoCAD Pull-down

MUST KNOW: When you save a drawing for the first time, AutoCAD adds the extension .dwg to the
drawing’s name. When you save a drawing that was previously saved, AutoCAD changes the extension of the
existing drawing file to .bak and creates a new drawing file with the extension .dwg. If a drawing file ever
gets lost or corrupted, the extension name of the .bak file can be changed to .dwg and opened in AutoCAD.
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WORKALONG: Creating, Naming, Saving, Opening, and Closing Drawings

Step 1
Launch AutoCAD.

Step 2

Click the New icon. This will open the Select template dialogue box. Select the template: 2D English
and then click Open (Figure Step 2)

Loak in: [ | Templates v] &« E]. @. ¥ E—_"_ Views ¥ Tools -

d Mame Dat:  Preview
@ [ml2D English.dwt 30/
2D Metric.dwt 3040
[ 2D Layout English.dwt 30/(
BED Layout Metric.dwt 30/

File name: 20 English .dwt

Files of type: [Dﬁl\\ﬂ'ﬂg Template (* dwt)

Figure Step 2

AUTHOR’S COMMENTS: If you do NOT see the four templates files
shown in Figure Step 2, you must go back and redo module
Introduction 2. If you only see the name and not the .dwt extension,
that is OK. Do not continue in this module until your dialogue box
shows the four template shown in Figure Step 2 with or without the
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extension. If you have trouble getting it to match and have an
instructor, email him/her for help.
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Step 3
Note the drawing name: Drawing1.dwg displays on the top bar of the Graphic window. (Figure Step 3)

mu'lu-dﬁk AutoCAD 2015 Drawingl.dwg

w Help Express

y Standard - | ﬁ Standard
el - | — Bylayer - | ByCalor
Figure Step 3

AUTHOR’S COMMENTS: AutoCAD automatically assigns this name.

Step4

Enter the QSAVE command to open the Save Drawing As dialogue box. Find and select the folder:
CAD Courses. Under it, select the folder: AutoCAD 2D and under that, the folder: Lab Exercise.
(Figure Step 4A, 4B, and 4C)

Fis m
i& | Save Drawing As .. X

Save in: [ﬂDS{C:} v] & E.]. @. ¥ E—_L Views + Tools -
E Mame . [« Preview
@ | 1. CAD Courses
A
[j Options
[] Update sheet and view

Figure Step 4A
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Savein: [}_,CﬂDchs&s v] & E. %. b 4 ﬂ Views ~+ Tools -

MName Dat  Preview

| | AutoCAD 2D 12/

Options
Ipdate sheet and view

thumbrnaile nos

Save in: [LMGC.P«DZD v] ‘I E_]f ﬁ x Eﬂ_ Mews + Tools -
o Mame - Dat:  Preview
| eBook 181
| | Lab Exercises 224t
L:T_ = L Menu 144
@ . Templates 157
Fi] Ciptions

Figure Step 4C
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Step 5

With Lab Exercises in the Save in box, enter the name: AutoCAD 2D Workalong 02-1 in the File
name: box. (Figure Step 5)

v]@ﬁ]@.xﬁl Views » Tools -

Dati  Preview

Optiongs

[7] Update sheet and view
thumbnails now

Copy Design Feed {log in to
Autodesk 360 to enable)

File name: AutoCAD 20 Warkalong 02-1.dwg

Files of type: | AutoCAD 2013 Drawing (*.dwg)

Figure Step 5

AUTHOR’S COMMENTS: | recommend that you save and name a new
drawing immediately after you start it and then save it every 15
minutes after that. If there is a power failure or your computer freezes,
the maximum amount of drawing time you can lose is 15 minutes. The
first time you save your drawing, you will be asked to assign a name.
Once it is named, you can save it quickly with the QSAVE command.
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Step 6
Note that the folder location and the drawing name:

C:\CAD Courses\AutoCAD 2D\Lab Exercises\AutoCAD 2D Workalong 02-1.dwg displays on the top
bar of the Graphic window. (Figure Step 6)

I Autodesk AutoCAD 2015 CACAD Courses\AutoCAD 2D\Lab Exercises\AutoCAD 2D Workalong 02-1.dwg
Modify ~ Parametric  Window  Help  Express

[ s G2 | 2] h.&ﬁ Standard - | %, |  Standard - | £5 | Standard
[ ——Bylayer v ——Bylayer || ByColor =

2L

Figure Step 6

Step 7

Check to ensure that the Model tab is enabled. If not, enable it by clicking it with the left mouse button.
(Figure Step 7)

Model Layoutl Layout? *

Figure Step 7

AUTHOR’S COMMENTS: Until you are instructed otherwise, the Model
tab should be enabled at all times while working on workalongs and lab

exercises in the AutoCAD 2D book. Module 18 will teach you how to
work in the layouts.

Step 8

Disable all features on the Status bar by clicking any that are enabled. Your Status bar should match the
figure. (Figure Step 8)

(e A T e e e =

Figure Step 8
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Step 9

Ensure that ByLayer is enabled in the first 3 boxes on the Properties toolbar or the Properties tab in the
Ribbon menu. (Figure Step 9)

Home | Insert

n/n D_D @ 9 B elayer -

. _ = ———bBylayer ot
Line Polyline Match =
= | Properties &= ———Bylayer i
[ Properties « =
Ribbon Menu
|| M ByLayer )| ——— Bvlaver vl brayer ]

Figure Step 9 Toolbar Menu

AUTHOR’S COMMENTS: Important Unless otherwise instructed, each
time you start a workalong or a lab exercise while working on the
AutoCAD 2D book, the Model tab should be enabled, all features on
the Status bar should be disabled, and ByLayer should be enabled in
the first three boxes on the Properties toolbar or Ribbon menu.

Step 10

Enter the CLOSE command to close the current drawing. If you are asked if you want to save the
drawing, answer Yes.
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Step 11

Using what you learned in the first part of the workalong, start a new drawing using the template: 2D
Metric. (Figure Step 11)

Look in: ’}_, Templates v] ¢ B @ ¥ B Vews v Toobs

MName Dat: Preview

2D English.dwt 30/C
2D Metric.dwt 30/C
[ 2D Layout English.dwt 30/
[ 2D Layout Metric.dwt 30/t

File name: 20 Metric dwt

Fles of type: | Drawing Template {*.dwt)

Figure Step 11
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Step 12

Save and name the drawing: AutoCAD 2D Workalong 02-2 in the folder: C:\CAD Courses\AutoCAD
2D\Lab Exercises. (Figure Step 12)

Savein: ’j,Lab Exercises vl & B @ ¥ E] Vews ~ Tools

- L
Mame Dati  Preview

AuteCAD 2D Workalong 02-1.dwg 154

File name: AutaCAD 20 Warkalong 02-2.dwg

Files of type: | AutoCAD 2013 Drawing (".dwa)

Figure Step 12
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Step 13

Enter the CLOSE command to close the current drawing. If you are asked if you want to save the
drawing, answer Yes.

Step 14

Enter the OPEN command to open the Select File dialogue box. In it, locate the folder: C:\CAD
Courses\AutoCAD 2D\Lab Exercises. (Figure Step 14)

Lookin: | ) AdoCAD 2D - @@ @ XE Yew v Tooh v

| | Name ’ Date modified Preview
g . eBook 19/12/2013 %:16 PM
| Lab Exercises 15/04/2014 3:15 PM
s | Menu 14/04/2014 819 PM
- o | Templates 16,/04/2014 845 PM
Figure Step 14

Step 15

With Lab Exercise in the Look in box, select the drawing: AutoCAD 2D Workalong 02-1. (Figure Step
15)

Lookin: | |. Lab Exercises ? B @ XE Yews v Took -

Mame Date modified Prenview
£S5 AutaCAD 20 Workalong 02-1.dwg (15/D4/2014 3:29 PM
EALHDC#D 20 Workalong 02-2.dwyg 15/M4/2014 5243 PM

Renane:  AutaCAD 20 Wodkalong 021 dwg

| Flescitype: | Drawing (*dwg)

Figure Step 15

USER TIP: If the Select File dialogue box does not open when you enter the NEW command, enter the
FILEDIA command and set the value to 1 as shown below:
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Command: FILEDIA
Enter new value for FILEDIA <0>: 1

Command:

Step 16
Enter the SAVEAS command. It will open the Save Drawing As dialogue box. In the File name: box,
enter the name: AutoCAD 2D Workalong 02-3. (Figure Step 16)

*_ Drawing As -

Savein: ’1,Lab Exercises & B @ ¥ Bl Vews ~ Tods

FS

Mame Preview

AutoCAD 20 Workalong 02-1.dwg
AutoCAD 2D Workalong 02-2.dwg

AutoCAD 20 Workalong 02-3.dwg

File name:

Fles of type: | AutoCAD 2007/L.T2007 Drawing (" .dwg)

Figure Step 16

Step 17
Enter the CLOSE command to close the current drawing. If you are asked if you want to save the

drawing, answer Yes.
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Step 18

Minimize AutoCAD and open File Explorer. Find the folder:

C:\CAD Courses\AutoCAD 2D\Lab Exercises. You should see three drawing files either with or
without the .dwg extension as shown in the figures. (Figure Step 18A and 18B)

48 05(C) 4 Name
4 CAD Courses
4 | AutoCAD 2D
eBook
Lab Exercises

; Menu

@ AuteCAD 20 Workalong 02-1.dwg

Fﬁ AutoCAD 20 Workalong 02-3.dwg

Templates

Figure Step 18A

48 05 (C) ~ Name
4 CAD Courses
4 | AutoCAD 2D
eBook
Lab Exercises

Menu

'_-‘ii AutoCAD 2D Workalong 02-1
FN AutoCAD 2D Workalong 02-2
I'ﬁ AutoCAD 20 Workalong 02-3

. Templates

Figure Step 18B

AUTHOR’S COMMENTS: You may see some .bak files in your list with
the same name as the drawing files. Note that drawing files have the
AutoCAD icon preceding the drawing name. Figure Step 18A and 18B
only shows the drawing files. If you see some .bak files, ignore them.

AutoCAD Commands

Most work in AutoCAD consists of you issuing instructions to AutoCAD. Those instructions are called
commands. Commands are usually entered using the Command Line window, a Pull-down menu, a
Toolbar menu, or a Ribbon menu. Figure 2-3 shows the LINE command being entered using all four
methods.

Regardless of the way you enter a command, AutoCAD does not know or care where the command
was initiated. To AutoCAD, all commands look alike, therefore you can choose which method you
want to use. There is no right or wrong method to enter a command. Throughout the AutoCAD 2D
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book, the different methods of entering commands is shown and the you can decided which method to
use.

Era=lel= IR

i Modeling 3
| AT [:/ Line
= " Ray

Construction Line

)
11

Line

]

Wirefram
Multiline

«o}  Polyline
| & 2N Dnhidina Home [ aramet

______ ERYaE

------ ‘ Line |Polyline Circle Arc

-

y'gMo line or arc to continue.
Specify first point: *Cancel®

-

5. - LINE _| Draw «

Figure 2-3 Different Methods of Executing the LINE Command

Executing Commands

Some menu items execute commands automatically but most of the time it is up to you to execute the
command. Executing a command is your way of telling AutoCAD that you are finished and AutoCAD
should do what was commanded. A command can be executed by either pressing the Enter key or the
Space Bar.

Repeating the Last Command

AutoCAD can be very repetitive. To work faster, the last command that was executed can be repeated
by pressing the Enter key, the Space bar, or by right clicking the mouse.

Option Prompts

After most commands are executed, AutoCAD will respond with an option prompt. An option prompt
is AutoCAD asking you a question in response to a command or requesting some user input. Figure 2-4
shows three commands and the option prompts returned by each one. Your input is shown in bold. In
the LINE command, AutoCAD’s option prompt is

“ Specify first point  and you respond 2,2. AutoCAD then prompts ¢ Specify next point or [Undo]: ‘. It
is important for you to watch the Command Line window to see what AutoCAD is asking from you
next.
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Command: LINE

Specify first point: 2,2

Specify next point or [Undo]: @2,0
Specify next point or [Undo]:

Command: FILLET

Current settings: Mode = TRIM, Radius = 02500
Select first object or [Undo/Polyline/Radius/Trim]: R
Specify fillet radius <0.0000=: 0.25

Select first object or [Undo/Polyline/Radius/Trim]:
Select second object:

Command: REGEN
Regenerating model.

Figure 2-4 Option Prompts

Defaults

AutoCAD sets defaults for almost everything. A default is the value AutoCAD uses, if you do not
supply one. Defaults are enclosed inside angle brackets ‘ <> ‘. If you want to use the default value,
simply respond by pressing the Enter key or the Space bar. See Figure 2-5.

Command: CIRCLE
Specify center point for circle or [3P/2P/Tir (tan tap radius)]:
{The default is Specify cenfer point for circle)
Specify radius of circle or [Diameter] <3.0000=:
{The default is radius of circle, size 3.0000)
Command:

Command: FILLET
Current settings: Mode = TRIM, Radius = 0.2500

{The default Mode is TRIM and Radius is 02500
Select first object or [Undo/Polyline/Radius/Trim]:

(The default is Select first object)

Command: TEXT
Current text style: "Standard” Text height: 0.2000 Annotative: Mo Justify: Left
{The default text style is Standard and height 0.2000)
Specify start point of text or [Justify/Style]:
{The default is Specify start point of text)
Specify height <0.2000=;
(The default height is 0.2000)
Specify rotation angle of text <0
(The default rotation angle is 0)

Text:

Figure 2-5 AutoCAD Defaults

Command Options

Command options are selections that you can choose from to change the default. Command options are
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enclosed inside ‘ [ ] ¢ as shown in Figure 2-5. An example of the defaults and options for the CIRCLE
command are as follows:

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]:
Specify center point for circle — is the default.

[3P/2P/Ttr (tan tan radius)] — are the options.

Cancelling or Aborting a Command

Commands can be cancelled or aborted by pressing the Esc key on the keyboard. Sometimes it must be
pressed twice to completely abort the command and return to the Command: prompt.

MUST KNOW: The Enter key or the Space bar are used to execute commands. If either one is pressed when
there is no active command, AutoCAD will repeat the last command. Right clicking the mouse will produce
the same results.

USER TIP: AutoCAD’s option prompts are a combination of upper and lower case letters. To help you work
faster, only enter the uppercase character(s) when entering an option. For example:

Command: LENGTHEN
Select an object or [Delta/Percent/Total/DYnamic]:
(For Delta, enter D, for Percent enter P, for Total enter T, and for DYnamic enter DY.)

WORKALONG: Entering, Executing, and Aborting Commands

Step 1

Using what you learned earlier in this module, start a new drawing using template: 2D English.

Step 2
Save the drawing with the name: AutoCAD 2D Workalong 02-4 in the Lab Exercises folder.

Step 3

Check to ensure that the Model tab is enabled. If it is not, enable it by clicking it with the left mouse
button. (Figure Step 3)

Model Layoutl Layout? *

Figure Step 3
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Step 4

Disable all features on the Status bar by clicking any that are enabled. Your Status bar should match the
figure. (Figure Step 4)

i FobL@G-N"2U0-E-BEa®-1 8-~
Figure Step 4

Step 5

Ensure that ByLayer is enabled in the first 3 boxes on the Properties toolbar or the Properties tab in the
Ribbon menu. (Figure Step 5)

Home | Insert
/ : 1._ 9 B Elayer o
= ——  Bylayer b
Line Polyline Match ™= i
= | Properties ==2| ——— ByLayer o
[ Properties = e
Ribbon Menu
|| ByLayer | ——8yer [ —Bae |
Figure Step 5

AUTHOR’S COMMENTS: You will not be drawing anything in this
module. You are learning how to enter commands and understand
AutoCAD’s prompts and defaults. You will be aborting all commands
after you enter them. Be patient, you will start drawing in Module 4.

Step 6

Look in the Command Line window. Note that when there is no active command, AutoCAD displays °
Type a command  prompt. The prompt is AutoCAD asking you to enter a command. (Figure Step 6)

b Command :

Figure Step 6
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AUTHOR’S COMMENTS: If the prompt does not display as shown in
Figure Step 6, press the Esc key until it does.
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Enter the LINE command by selecting Draw on the Pull-down menu. In the Draw Pull- down, select
Line. (Figure Step 7)

Step 8

il

= =

Draw Dirnension

WMOO® L

Maodeling

Line
Ray
Construction Line

Multiline

Polyline
30 Polyline
Polygon
Rectangle
Helix

Arc

Circle

Figure Step 7

TTT==T

Note in the Command Line window AutoCAD is now prompting ‘ Specify first point: ‘. (Figure Step

8)

Step 9

L8 Command: _line

S8 '~ LINE specify first point:

Figure Step 8

Press Esc to abort (cancel) the command. (Figure Step 9)

bl Specify first point: *Cancel®

Figure Step 9
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Step 10
At the Command: prompt, enter the CIRCLE command by typing it on the keyboard. (Figure Step 10)

TCIRCLE

e [>_| ~ CIRCLE

Figure Step 10

AUTHOR’S COMMENTS: Note that as you type the command, AutoCAD
will suggest possible commands. If you see the command you want and
it is blue, press the Enter key. If is grey, click it with the Graphic cursor
to complete the full command.

Step 11

Press Enter to execute the command. Note how AutoCAD prompts © Specify center point for circle or
[3P/2P/Ttr (tan tan radius)]: ‘ (Figure Step 11)

L8 Command: CIRCLE
e (=) - CIRCLE Specify center point for circle or [3P 2P Ttr (tan tan radius)]:

Figure Step 11

AUTHOR’S COMMENTS: The AutoCAD prompt means the following:
Specify center point for circle - The default.

[3P/2P/Ttr (tan tan radius)] - This is the option prompt. If you do not
want to use the default, you can enter 3P, 2P or T to select one of the
options.

Step 12

Enter a T and press Enter. Take note of the new prompt ¢ Specify point on object for first tangent of
circle: ‘. (Figure Step 12)
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bl Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: T

()~ CIRCLE Specify point on object for first tangent of circle:

Figure Step 12
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Step 13

Press Esc to abort the command. (Figure Step 13)

» 8 Command: CIRCLE
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: T

Specify point on object for first tangent of circle: *Cancel*

| Fpe d Command

Figure Step 13

Step 14

Enter the ARC command by typing it in on the keyboard. Press the Space bar to execute command.
Press Esc to abort the command. (Figure Step 14)

Command: ARC
Specify start point of arc or [Center]: *Cancel*

¥~ Type a command

Figure Step 14

AUTHOR’S COMMENTS: Note that a command can be executed by
either pressing the Enter key or the Space bar.

Step 15

Press Enter without entering a command. Note how AutoCAD will repeat the last command. (Figure
Step 15)

oY .'FJ' ARC Specify start point of arc or [Center]:

Figure Step 15

Step 16

Press Esc to abort the command to return to the Command prompt. (Figure Step 16)

ARC
Specify start point of arc or [Center]: *Cancel*

¥~ Type o command

Figure Step 16
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Step 17
Enter the QSAVE command by either typing it on the keyboard. (Figure Step 17)

Command: QSAVE

- T

Figure Step 17

AUTHOR’S COMMENTS: Note how some commands do not prompt you
for anything.

Step 18
Enter the CLOSE command to close the drawing. (Figure Step 18)

Y Mew.. Ctrl+M
Mew Sheet Set...

= Open.. Ctrl+0

@ Open Sheet Set...

Eﬂ Load Markup Set... —
L&

Close

Partial Load

Figure Step 18

MUST KNOW: Command options are selections that you can choose from to change the command default.
Command options are enclosed inside square brackets ° [ ] “.Select first object [Polyline/Radius/Trim] — Enter
either a P, R or T to change the default.

AUTHOR’S COMMENTS: To sum up:

1. Either the Enter key or the Space bar can be used to execute a
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2. If there is no active command, AutoCAD will repeat the last
command if you press the Enter key, the Space bar, or right clicks the

3. The Esc key will abort (cancel) any command or process and return
you to the Command: prompt.

4. Most AutoCAD command prompts contain a default and an option

5. A default is the value AutoCAD uses, if you do not supply one.
Defaults are enclosed inside angle brackets * < > ‘. If you want to use
the default value, simply respond by pressing the Enter key or the
Space

(«

6. Option prompts are enclosed inside square brackets ‘[ ] “

MUST KNOW: The Esc key is a very important when drawing in AutoCAD. When pressed, it will abort or
cancel any command or process and return you to the command prompt. You will be using this key frequently
while working in AutoCAD.

Key Principles

Key Principles in Module 2

1. An AutoCAD drawing is a database file containing graphical and non-graphical data and must have the
extension .dwg.

2. A drawing template is a drawing file that may contain layouts, defaults, blocks, and standards set by the
creator of the template and must be used to start a new drawing.

3. The AutoCAD file extensions taught in the AutoCAD 2D book are .dwg, .dwt, and .bak. .dwg is a drawing
file. .dwt is a template file. .bak is a backup file.

4. Regardless of the way commands are entered, AutoCAD doesn’t really know or care where the command
was initiated.

5. A default is the value AutoCAD uses, if you do not supply one. Defaults are enclosed inside angle brackets
¢ <> ‘. If you want to use the default value, simply respond by pressing the Enter key or the Space bar.

6. In an AutoCAD command prompt, the options are enclosed inside square brackets ‘ [ ] ‘.

7. The Enter key or the Space bar are used to execute a command. If there is no active command and either
the Enter key or Space bar are pressed, the last command will repeat. The same thing can be achieved by right
clicking the mouse.

8. The Esc key will cancel or abort any AutoCAD command or process.
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Lab Exercise 2-1

Time allowed: 30 minutes.

Step 1
Start a new drawing using the template: 2D English.



116 Module 2: Getting Started

Step 2 IMPORTANT STEP

Unless otherwise instructed, each time you start a workalong or a lab exercise in the AutoCAD 2D
book, the Model tab should be enabled. (Figure Step 2)

Maodel | Layoutl Layout? *

Figure Step 2

Step 3 IMPORTANT STEP

Unless otherwise instructed, each time you start a workalong or a lab exercise in the AutoCAD 2D
book, all features on the Status bar should be disabled as shown in the figure. (Figure Step 3)

pil e A s e S =
Figure Step 3

Step4

If any icons in the Status bar are enabled as shown in Figure Step 4, click them until they are disabled
as shown in Figure Step 3. (Figure Step 4)

i FmabLG-\~2 0SB -1 8-~
Figure Step 4

Step 5 IMPORTANT STEP

Unless otherwise instructed, each time you start a workalong or a lab exercise in the AutoCAD 2D
book, the first three box of the Properties toolbar or the Properties tab in Ribbon menu should be set
ByLayer . (Figure Step 5)

Home Insert
D/’ : 1._ 9 B 5ylayer =
= ——Bylayer =
Line Polyline Match = s
= | Properties =5 ——— Bylayer b
[ Properties « =
Ribbon Menu
|| M Bylayer ¥ ||| ————— Bylayer vl ——Bylayer  ~]

Figure Step 5 Toolbar Menu

Step 6

Save and name the drawing with the name: AutoCAD 2D Lab 02-1. Save the drawing in the folder:
C:\CAD Courses/AutoCAD 2D/Lab Exercises. Using the CLOSE command, close the drawing.




AutoCAD 2D 117
Step7

Complete the following:

* A Using the NEW command, start a new drawing using the template: 2D Metric
* B Save and name the drawing with the name: AutoCAD 2D Lab 02-2

* C Save the drawing in the folder:

C:\CAD Courses/AutoCAD 2D/Lab Exercises

» D Using the CLOSE command, close the
Step 8
Complete the following:

* A Using the OPEN command, open the drawing: AutoCAD 2D Lab 02-2
* B Using the SAVEAS command, save and name the drawing: AutoCAD 2D Lab 02-3

* D Using the CLOSE command, close the drawing.

Step 9

Minimize AutoCAD and open File Explorer. Locate the folder:

C:\CAD Courses/AutoCAD 2D/Lab Exercises. It should contain 7 drawing files, with or without the
extension .dwg, as shown in the figure. (Figure Step 9A and 9B)

a4, 05(C) 4 Name
4 CAD Courses
4 AutoCAD 2D

, eBook

FSN AutoCAD 2D Lab 02-1.dwg
FS AutoCAD 2D Lab 02-2.dwg
ESN AutoCAD 2D Lab 02-3.dwg
ﬁ AutoCAD 20 Workalong 02-1.dwg
E AutoCAD 2D Workalong 02-2.dwg
@ AutoCAD 2D Workalong 02-3.dwg
@ AutoCAD 20 Workalong 02-4.dwg

Lab Exercises
Menu

. Templates

Figure Step 9A
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4 & o5(C)
4 3 CAD Courses
4 AuteCAD 2D
. eBook
Lab Exercises
Menu

. Templates

Figure Step 9B

Mame

S AutoCAD 2D Lab 02-1
FS AutoCAD 2D Lab 02-2
FS AutoCAD 2D Lab 02-3
FS AutoCAD 2D Workalong 02-1
FS AutoCAD 2D Workalong 02-2
FS AutoCAD 2D Workalong 02-3
FS AutoCAD 2D Workalong 02-4

AUTHOR’S COMMENTS: You may see some .bak files in your list with
the same name as the drawing files. Note that drawing files have the
AutoCAD icon preceding the drawing name. Figure Step 9 only shows
the drawing files. Your list may show some .bak files, ignore them.
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Module 3: Checking the Accuracy of Your Drawings

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe how you can check the lab exercise drawings you complete in the AutoCAD 2D book
for accuracy.

AUTHOR’S COMMENTS: It is extremely important to create all
drawings with 100% accuracy. This cannot be stressed strongly enough
as it is essential that each object in the drawing is positioned and sized
perfectly. Most lab exercises in the AutoCAD 2D book can be checked
for accuracy by overlaying the drawing with a key. This helps you to
know when your drawing is accurate and will display any objects that
are drawn incorrectly. As you become more experienced drawing in
AutoCAD 2021, you will not require the use of keys. Interface varies
slightly for each release.

WORKALONG: Checking the Accuracy of Your Drawings

Step 1

Using the NEW command, start a new drawing using the template: 2D English.

Step 2

Save and name the drawing: AutoCAD 2D Lab 03-1. Save it in the folder: CAD Courses/AutoCAD
2D/Lab Exercises.

Step 3

Check to ensure that the Model tab is enabled. If it is not, enable it by clicking it with the left mouse
button. (Figure Step 3)

119
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Maodel Layoutl Layout? *

Figure Step 3

AUTHOR’S COMMENTS: The Model tab should be enabled at all times,
while working on workalongs and lab exercises in the AutoCAD 2D
book, unless you are instructed otherwise. Module 18 will teach you
how work in the Layout tabs.

Step 4

Ensure that all features on the Status bar are disabled by clicking any that are enabled. Your Status bar
should match the figure. (Figure Step 4)

=P G- A BN D BT -0
Figure Step 4

AUTHOR’S COMMENTS: Unless otherwise instructed, each time you
start a workalong or lab exercise while working on the AutoCAD 2D
book, all features on the Status bar should be disabled.

Step 5

Ensure that ByLayer is enabled in the first 3 boxes on the Properties menu. (Figure Step 5)

| W ByLayer - | — Bylayer hd | — Bylayer - | ByColor

Properties Toolbar

I Home | Insert

> @, B oEw= g

Polyline  Circle Match —Bylayer - Grn:

= o

* | Properties ==2| ———Bylayer r
Draw ~ Properties = s | Gn

Home Ribbon
Figure Step 5
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AUTHOR’S COMMENTS: Unless otherwise instructed, each time you
work on a workalong or a lab exercise while working on the AutoCAD

2D book, ByLayer should be enabled in the first three boxes on the
Properties toolbar or Ribbon menu.

Step 6

Click Format on the Pull-down menu and click Units to open the Drawing Units dialogue box. (Figure
Step 6A and 6B)

Format | Tools

Layer...

% Layer States Manager...
[¢# Point Style...

57 Multiline Style...

B Units...
¢o?  Thickness
Figure Step 6A
Length Angle :-I
Type: Type:
[Dedmal v] [Decimal Degrees v]
Precision: Precision:
| 0.0000 -| |0 -
[ Clockwise

Insertion scale
|Units to scale insertted content:

Inches - ]

Sample Output

1.5000,2.0039,0.0000
3.0000<45,0.0000

Lighting
|Units far specifying the intensity of lighting:
[Gena‘ic - ]

| ok || cancel || Diection.. || Hebp

Figure Step 6B
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Step7

Pull down the Insertion scale list and select Inches. Click OK to close the Drawing Units dialogue box.
(Figure Step 7)

Insertion scale
|Units to scale inserted content:

linches ~|
Unitless
R
Feet

Miles
Millimeters
Centimeters
Meters
Kilometers
Microinches 4
Mils
Yards

Arnatrome

Figure Step 7
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Step 8

Click Insert on the Pull-down menu and select Block. This will open the Insert dialogue box. (Figure
Step 8A and 8B)

Insert | Format
i3 Block..
@ DWG Reference...
DWF Underlay...
DGN Underlay...
PDF Underlay...
Figure Step 8A
ﬁ Inzert X
Name:  AutoCAD 20 Lab 03-2 - ﬁ
Path:
Locate using Geographic Data
Insertion poirt Scale Rotation
Specify On-screen [ Specify On-screen [] Specify On-screen
*: |0.0000 X 1.0000 Angle:
r:|0.0000 i |1.0000 Block Unit
e 7 (10000 Unit:  Inches
Factor:
Unifarm Scale acior- - 1.0000
[/ Explode [ oK || Cancel | [ Heb
Figure Step 8B

AUTHOR’S COMMENTS: The dialogue box in your AutoCAD may not
match the figure exactly.
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Step 9

Click the small triangle at the end of the Name: pull-down list to pull down the list of block names.
(Figure Step 9)

WC Y o CAD 20 Lab 03-1 -

AutoCAD 2D Lab 03-1 .
Path:  AutoCAD 2D Lab 04-1
| AutoCAD 2D Lab 05-1

= AutoCAD 2D Lab 07-1

. MitoCAD 2D Lab D81
;“'“’ AutoCAD 2D Lab 082
PEC A toCAD 2D Lab 08-3 n

. - AutoCAD 2D Lab 032

|0 AutoCAD 2D Lab 10-1
AutoCAD 2D Lab 12-1
' [J AutoCAD 2D Lab 13-1
AutoCAD 2D Lab 14-1

_ - AutoCAD 2D Lab 15-1
< |0 AutoCAD 2D Lab 17-2

Figure Step 9
Step 10
Select the name: AutoCAD 2D Lab 03-1. (Figure Step 10)
w Insert EE
Name: A 4oCAD 2D Lab 03-1 - "— g
Path: g
Locate using Geographic Data
Insertion point Scale Rotation
Specify On-screen [7] Specify On-=screen [7] Specify On-screen
# |0.0000 X 1.0000 Angle:
! |0.0000 T |1.0000 Block Unit
Z (p.oooo Z 10000 it Inches
Factor:
Uniform Scale sl L LEL
| Explode [ ok |[ cancel | [ Hep
Figure Step 10

AUTHOR’S COMMENTS: Always select the name of the current
drawing.
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Step 11
Ensure that the three Specify On-screen boxes are disabled as shown in the figure. (Figure Step 11)
Insertion point Scale Ruotation
[7] Specify On-screen [7] Specify On-screen [7] Specify On-screen
X 0.0000 X 1.0000 Angle:
¥ 00000 |1.0000 Block Unit
: Uit
Z: 0.0000 Z: [1.0000 i
Factor:
Uniform Scale =eior - 1.0000
Figure Step 11

AUTHOR’S COMMENTS: After you do this step once, it will keep the
same settings unless you intentionally change it.

Step 12
Ensure that the Insert dialogue box matches the figure and click the OK button. (Figure Step 12)

rw Insert Iﬁﬂ

Name:  AytoCAD 20 Lab 03-1 - g
Path: g
Locate using Geographic Data
Insertion point Scale Rotation
[7] Specify On-screen [] Specify On-screen [ Specify On-screen
X 0.0000 X 1,0000 Angle: g
Y. 0.0000 r:(1.0000 Block Unit
7 00000 > [1.0000 Uit Inches
Factor:
Uniform Scale e LU
[/ Explode [ ok ][ cancel || Hebp

L.

Figure Step 12
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AUTHOR’S COMMENTS: This is just a demo, therefore there is nothing
for you to do but learn the process of checking your drawing for

accuracy with a key. You will be checking your first drawing for
accuracy in Module 4.
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Step 13

This will insert a magenta colored key on your drawing. (Figure Step 13)

AUTHOR’S COMMENTS: If you see double objects or places where the
red objects and the key’s magenta objects do not match, your drawing
is inaccurate. If there is only one object, even though it may share the
colors magenta and red, your drawing is accurate. If the drawing is
inaccurate, disable the key’s display and correct the drawing. Enable
the key’s display and recheck it for accuracy. When your drawing
matches the key, save and close the drawing and go on to the next lab
exercise or module. Module 5 will teach you how to disable and enable
the key’s display.

Figure Step 13

Step 14

Save and close the drawing.
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Key Principles

Key Principles in Module 3

1. AutoCAD drawings must be drawn 100% accurate.
2. You can check the accuracy of most lab exercise drawings in the AutoCAD 2D book using a key.

3. The name of the key that you select to check your drawing for accuracy is always the same as the
name of the current drawing.

4. Your drawing is not accurate if the magenta objects in the key do not match your drawing objects.
If you only see one object, either magenta or red, your drawing is 100% accurate.
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Module 4: Drawing Lines Using Cartesian Coordinates

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe the geometry of points and lines.

2. Describe the Cartesian Coordinate System.

3. Define and explain the terms lastpoint, absolute coordinates, and relative coordinates.
4

. Apply the LINE command to draw lines using the XY Cartesian Coordinate System using both
absolute and relative coordinates.

Geometry Lesson: Points and Lines

A point is defined as a single XY coordinate. It does not have a width, height, or depth. A line is the
shortest distance between two XY coordinates. Lines can be horizontal, vertical, or inclined. Lines that
are the same distance apart are called parallel lines. Perpendicular lines are at right angles to each
other or 90 degrees apart. See Figure 4-1 and 4-2.

POINT INCLINED
LINE
X3Th
HORIZONTAL
X4,Y6 LINE

LINE \ VERTICAL

LINE

X2,Y4

Figure 4-1 Points and Lines

129
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PERPENDICULAR LIMES

PARALLEL LINES

Figure 4-2 Parallel and Perpendicular Lines

The Cartesian Coordinate System

To accurately draw an AutoCAD two dimensional (2D) drawing, you must enter XY coordinate
locations. These XY coordinates are based on the Cartesian Coordinate System.

=y

g 1
WeB XD
a X2.Y4
B
(-X+Y) T LX)
| 2 1
X0,Y0 | I
| i
-X =ttt —t—t—t—t—t +X
65 4 3 24 | 1 23 4 56
' 2 + ’g
! (-X-Y) 3 + (+X-Y)
(B | |
X6,Y-4 !
S5 1+ [
ol o =~ X4.Y-8

Figure 4-3 The Cartesian Coordinate System

The Cartesian Coordinate System consists of two numbered lines crossing perpendicular to one another
at their zero values. The horizontal axis is the X axis and the vertical axis is the Y axis. See Figure 4-3.
A coordinate value is assigned to each location on the current construction plane. Throughout the
AutoCAD 2D book you will be working on the same construction plane. Construction planes are fully
explained in the AutoCAD 3D book.
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When you are using a AutoCAD 2D command, each coordinate value consists of a pair of numbers, the
first is the X coordinate and the second is the Y coordinate, written X,Y. The X and Y values must be
separated by a comma. For example, X2,Y4 (entered in AutoCAD as 2,4) is the location 2 units to the
right (positive) and 4 units up (positive) from X0,Y0 or 0,0.

The values can be either positive or negative. Positive numbers are default so the plus sign is not
required. If the value is negative, the minus sign must precede the number. For example if entered in a
an AutoCAD command, -3,5 is X minus 3 and Y positive 5.

Cartesian coordinates can be entered in a AutoCAD command as either absolute coordinates or relative
coordinates.

Absolute Cartesian Coordinates

Absolute Cartesian Coordinates are always referenced to the absolute origin 0,0. The Absolute
Cartesian Coordinate 3,4 (X3Y4) is 3 units to the right and 4 units upwards from 0,0 (X0YO0).

Negative values can also be used. The Absolute Cartesian Coordinate -4,2 (X-4,Y2) is 4 units to the left
and 2 units upwards from 0,0 (X0YO0).

Relative Cartesian Coordinates

Relative Cartesian Coordinates are incremental to the lastpoint. To indicate to AutoCAD that the
coordinate being entered is relative, the @ symbol must precede the coordinate value. For example,
@2,6, which means  from the lastpoint go 2 units in the positive X and 6 units in the positive Y ‘.
Another example using negative values @4,-2 which means ‘ from the lastpoint go 4 units in the
positive X and 2 units in the negative Y.

Lastpoint

The lastpoint is the last XY location that was used in an AutoCAD command. The lastpoint is very
important to you when drawing in AutoCAD. AutoCAD remembers the lastpoint entered and saves it
in the @ symbol. The @ symbol means ‘ The last absolute coordinate location ‘.

USER TIP: When you start a drawing, the first XY location is always specified using an absolute coordinate.
After that, relative coordinates are used. It would be too difficult to draw using all absolute coordinates.

AutoCAD Command: LINE

The LINE command is used to draw lines.

Shortcut: L
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I/ ->2Correo8y BbA A %Y

‘ Line

Creates straight line segments

Draw Toolbar

Home | I

Draw = Dimension  Modify

Modeling / _, ”

/ i Line |Polyline Circle  Arc
< Ray Draw =
Draw Pull-down Home Ribbon

WORKALONG: Drawing Lines Using Cartesian Coordinates - Part 1

Step 1
Using the NEW command, start a new drawing using the template: 2D English.

Step 2

Save and name the drawing: AutoCAD 2D Workalong 04-1. Save it in the folder: CAD Courses/
AutoCAD 2D/Lab Exercises
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Step 3

Enter the LINE command, as shown below, to draw the object shown in the figure. Keep in mind that
you enter what is in bold font, the author’s comments are in italics, and everything else are AutoCAD

responses or prompts. (Figure Step 3)
+‘ 1.0 j=—2.5—]

N 1.0

]

5.0

)

START X1.75,Y4.0
Figure Step 3

Command: LINE

Specify first point: 1.75,4

(Always start with an absolute coordinate. It must be a X then a Y separated with a comma.)
Specify next point or [Undo]: @5,0

(Then change to relative coordinates. Note the @ first, then X and Y.)

Specify next point or [Undo]: @0,2

Specify next point or [Close/Undo]: @-2.5,0

(A negative coordinate is used since the line is going in the negative X direction.)

Specify next point or [Close/Undo]: @0,1.5

Specify next point or [Close/Undo]: @-1,1

(When both the X and Y coordinates have a value other then zero, the line will be inclined.)

Specify next point or [Close/Undo]: @-1.5,0
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Specify next point or [Close/Undo]: C
(You can use a C or 1.75,4 to close the last line and return to the first point.)

Command:

AUTHOR’S COMMENTS: Rather then just entering the coordinate
values, try to understand the values you are entering by studying the
Figure Step 3.

Step4
Your completed drawing should match the figure. (Figure Step 4)

Figure Step 4

AUTHOR’S COMMENTS: If you have trouble drawing this object the
first try, do not be concerned. Start it over again, from scratch, until
you can complete it. The more practice you get drawing, the easier it
will get.
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Step 5

Save and close the drawing.

MUST KNOW: When drawing inclined lines using Cartesian Coordinates, the value of both the X and the Y
coordinates cannot be zero. See example below.

18 =T —

Y1.0 1.0

X—1.2

START X4Y3

Figure 4-4 Drawing Inclined Lines Using Cartesian Coordinates

Command: LINE

Specify first point: 4,3

Specify next point or [Undo]: @0,2
Specify next point or [Undo]: @-1.5,1
Specify next point or [Close/Undo]: @-1,0
Specify next point or [Close/Undo]:
Command:

Note to draw the inclined line, you have to enter a X value and a Y value that is not zero. In this example,
@-1.5,1 If either X or the Y is zero, then the line would be either horizontal or vertical. See Figure 4-4.

In Module 10, you will be taught how to draw incline lines using Polar Coordinates.
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WORKALONG: Drawing Lines Using Cartesian Coordinates - Part 2

Step 1
Using the NEW command, start a new drawing using the template: 2D English.

Step 2

Save and name the drawing: AutoCAD 2D Workalong 04-2. Save it in the folder: CAD Courses/
AutoCAD 2D/Lab Exercises

3.5

0.75 pe——2.0—0.75

N

2.0
o+5 l ,

- 6.0 -
START X7,Y5

Figure Step 3
Step 3
Enter the LINE command, as shown below, to draw the object shown in the figure. (Figure Step 3)
Command: L
(L is the shortcut for the LINE command)
Specify first point: 7,5
Specify next point or [Undo]: @0,2
Specify next point or [Undo]: @-2,0

Specify next point or [Close/Undo]: @.75,1



AutoCAD 2D 137

(You can draw an inclined line by entering a number other then zero for
both the X and Y.)

Specify next point or [Close/Undo]: @-3.5,0
Specify next point or [Close/Undo]: @-.75,-1
Specify next point or [Close/Undo]: U

(When you make an input error, enter a U to go back one step. More than one U can be entered to step
back further. Ensure that you press the ENTER or SPACE after each one.)

Specify next point or [Close/Undo]: @.75,-1

Specify next point or [Close/Undo]: @-2,0

Specify next point or [Close/Undo]: @0,-2

Specify next point or [Close/Undo]: @1,0

Specify next point or [Close/Undo]: @0,.5

Specify next point or [Close/Undo]: @4,0

Specify next point or [Close/Undo]: @0,-.5

Specify next point or [Close/Undo]: 7,5

(The object was closed by entering the absolute coordinate of the first point.)

Specify next point or [Close/Undo]: Command:

Step 4
Your completed object should match the figure. (Figure Step 4)

.

Figure Step 4

AUTHOR’S COMMENTS: If you have trouble drawing this object the
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first try, do not be concerned. Start it over again, from scratch, until
you can complete it. The more practice you get drawing, the easier it
will get.

Step 5

Save and close the drawing.

USER TIP: When entering a decimal number the ends in a zero, for example 4.0, enter the number up to the
zero only. In this case, 4. If the number is 3.6700, all you have enter is 3.67. AutoCAD will automatically
adds the zeros.

Deleting Objects

To delete existing drawing objects, you can either use the ERASE command or the Delete key.

Using the ERASE Command

When deleting drawing objects using the ERASE command, the drawing objects can either be selected
before or after the command is entered. If the command is entered before selecting the objects, select
the objects when prompted by the ¢ Select Object * prompt, as shown below. If the objects are selected
before entering the ERASE command, there is no prompt.

Command: ERASE
Select Object:

Command:

Using the Delete Key
When deleting objects using the Delete key, select the object or objects before pressing the key.

AutoCAD Command: ERASE

The ERASE command is used to permanently remove drawing objects from the drawing.

Shortcut: E
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IZ5dcEv0nRr JCo~A00 &g

Erase

Removes objects from a drawing

Modify Toolbar
Modify Parametric Window
Properties ’ Home In nage Output Addins A
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W ] Fillet -
& FErase Line Polyli ° s (B B & T
o Copy

] Scale DB Array -
Madify Pull-down Madily >
Home Ribbon

BL Match Properties / ) Rotate =/~ Trim « }
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WORKALONG: Deleting Drawing Objects

Step 1

Open the drawing: AutoCAD 2D Workalong 04-1.

Step 2

Using the SAVEAS command, save the drawing with the name: AutoCAD 2D Workalong 04-3.
(Figure Step 2)

w Save Drawing As

==

Save in: ’ . Lab Exercises v] L= r__’]. @. ¥ E.l Views - Tools -
@ Mame . Datr  Preview
AutoCAD 2D Lab 02-1.dwg 31/
AutoCAD 2D Lab 02-2.dwg 31/
i AutoCAD 2D Lab 02-3.dwg 314
b bt AutoCAD 2D Lab 03-1.dwg Ev]
AutoCAD 20 Workalong 02-1.dwg AKX
- AutoCAD 20 Workalong 02-2.dwg ALK . o
H AutoCAD 2D Workalong 02-3.dwg npfplt e e
AutoCAD 2D Workalong 02-4.dwg 1A || Keep a copy of this document
AutoCAD 2D Workalong 04-1.dwg qagp | | ey ek ol aocmen
l‘ L AutoCAD 20 Workalong 04-2.dwg 311

Fename: AutoCAD 2D Warkalong 04-3 dwg =

Fles of type: | AutoCAD 2007/LT2007 Drawing (*.dwa) v

e,

Figure Step 2
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Step 3

Enter the ERASE command as shown below. Move the pickbox onto the horizontal line and select it by
pressing the left mouse button. Move the cursor onto the vertical line and select it. Press the Enter key
to execute the command. (Figure Step 3A, 3B, and 3C)

Command: ERASE
Select objects: 1 found
Select objects: 1 found, 2 total Select objects:

Command:

Figure Step 3A

Figure Step 3C

AUTHOR’S COMMENTS: When you select a drawing object inside a
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command they will highlight and appear dashed.

MUST KNOW: The lastpoint is the last XY location that was used in an AutoCAD command. The lastpoint
is very important to you when drawing in AutoCAD. AutoCAD remembers the lastpoint entered and saves it
in the @ symbol. The @ symbol means ‘ The last absolute coordinate location °.

Step 4
To delete drawing objects without entering a command, move the pickbox onto the lines,
as shown in the figure, and select them by clicking the left mouse button. They will highlight and

appear dashed with small blue squares on them. When the lines display as shown in the figure, press
the Delete key on the keyboard. (Figure Step 4A and 4B)

E { |
Figure Step 4A

AN

S I

Figure Step 3A
Completed Drawing

AUTHOR’S COMMENTS: The small blue squares that display on a
selected object when selected are called grips. You will learn more
about them later in the book and how to use them in the AutoCAD 2D
Advanced book.
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AUTHOR’S COMMENTS: If you want to unselect one or more drawing
objects, press the Esc key. Sometime you have to press it twice to
totally unselect the selected objects.

Step 5

Save and close the drawing.

MUST KNOW: To enter a positive number in AutoCAD, enter the number only. Positive is the AutoCAD
default. If the number is negative, the ‘ — ‘ sign must precede the number. For example, if the number is 4.0,
enter 4. If the number is -4.0, enter -4.

Key Principles

Key Principles in Module 4

first point.

1. The Cartesian Coordinate System consists of two numbered lines crossing perpendicular to one
another at their zero values. The horizontal axis is the X axis and the vertical axis is the Y axis.

2. Absolute Cartesian Coordinates are always referenced to the absolute origin 0,0.

3. The @ symbol means ‘ The last absolute coordinate location ‘ or sometimes called the lastpoint.
Relative Cartesian Coordinates must be preceded with @ symbol.

4. To close the last line of a series of lines, enter either ¢ C ¢ (Close) or the absolute coordinate of the

5. To delete existing drawing objects, you can either use the ERASE command or the Delete key.
6. Objects can either be selected before or after a command is entered.

7. To unselect a selected drawing object, press the Esc key. Sometimes it has to be pressed twice.

Lab Exercise 4-1

Time allowed: 30 minutes.

Drawing Name

Template

Units

AutoCAD 2D Lab 04-1

2D English

Inches

Step 1

Start a new drawing using the template shown above.
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Step 2

Save and name the drawing: AutoCAD 2D Lab 04-1 in the folder: CAD Courses/AutoCAD 2D/I.ab
Exercises.
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Step 3
Using the LINE command, draw the object shown in the figure. (Figure Step 3A and 3B)

AN

L

Figure Step 3A
Completed Drawing

o 3( )] -—ZO S{)——]

i H.\“\ ‘

S0
: =
U

= 20— 40—

e 110 -

START X45,Y130

Figure Step 3B
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Step 4

Enter the UNITS command. In the Drawing Units dialogue box, set the Insertion Units to Inches.
(Figure Step 4)

rw Drawing Units w1

Length Angle

Tvpe: Type:

[Decimal v] [Decimal Degrees v]

Precision: Precision:

(0000 3 @ -
[ Clockwise

Insertion scale

|nits to scale inserted contert:
|Unitless

Inches

Feet

Miles

H e S —
Certimeters
Meters
Kilometers
Microinches y of lighting:
Milg

Yards
Angstroms
Manometers
Microns

— Decimeters

M Dekameters
Hectometers

Figure Step 4

AUTHOR’S COMMENTS: You can find the Insertion scale in the Units
column in the table under the lab exercise title.
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Check your drawing with the key. The key name is the same as the drawing name. (Figure Step 5)

‘ w Insert

S5

LEW Y, ¢ CAD 20 Lab [4-1

L:j [ Browse... ]

AutoCAD 20 Lab 031

G (U A toCAD 20 Lab 04-1 |

i

| o AutoCAD 2D Lab 05-1
2 putoCAD 2D Lab 07-1
Insertior AUtoCAD 2D Lab 08-1 S
MSEMon o toCAD 2D Lab 08-2 fon
[ Spec o toCAD 2D Lab 08-3 reen [”] Specify On-screen
 — AutoCAD 2D Lab 09-2 _
X 0 AutoCAD 2D Lab 10-1 Angle: g
AutoCAD 2D Lab 12-1
Y: gAutoCAD 2D Lab 13-1 _
AutoCAD 2D Lab 14-1 Block Unit
7. —AutoCAD 2D Lab 15-1 Unit:  fnches
0 AutoCAD 2D Lab 17-2
Factar:
niform Scale BN |1.0000
I:l E!D|ude [ oK ] [ P— ] [ Help
Figure Step 5

3.

AUTHOR’S COMMENTS: If you have trouble doing this, redo Module

Step 6

Your drawing should match the figure. (Figure Step 6)
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Figure Step 6

AUTHOR’S COMMENTS: Step 5 will insert a magenta colored overlay
key on your drawing. If you see double objects or places where your
objects and the magenta objects do not match, your drawing is
inaccurate. If you only see one object, even though it may share the
colors magenta and red, your drawing is accurate.

AUTHOR’S COMMENTS: If you have trouble completing this drawing
the first try, do not be concerned. Start it over again, from scratch,
until you can complete it. The more practice you get drawing, the
easier it will get. When you get to Module 8, you will be taught how to
fix a drawing so that you do not have to start over.

Step 7

Save and close the drawing.

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the
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lab exercise drawing without using the following hint. If you get stuck
and can not complete it on your own, use the following hint to help
you.
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Hint 1
See Figure Hint 1.

@-30,0 @10,15 @-20,0 @-30,25

@-50,0 @10,—15
@0,20
@0,15 @30,0
45,130
or C @—-30,0 @0,30
@0,10 ©@40,0
*@200
45,130 ——= ’ @0,-10 @50,0

Figure Hint 1

Lab Exercise 4-2

Time allowed: 30 minutes.

Drawing Name Template Units
AutoCAD 2D Lab 04-2 2D Metric Millimeters
Step 1

Start a new drawing using the template shown above.

Step 2

Save and name the drawing: AutoCAD 2D Lab 04-2 in the folder: CAD Courses/AutoCAD 2D/L.ab
Exercises.
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Step 3
Using the LINE command, draw the object shown in the figure. (Figure Step 3A and 3B)

AN

L

Figure Step 3A
Completed Drawing

o 3( )] -—ZO S{)——]

i H.\“\ ‘

S0
: =
U

= 20— 40—

e 110 -

START X45,Y130

Figure Step 3B
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Step 4

Enter the UNITS command. In the Drawing Units dialogue box, set the Insertion Units to Millimeters.
(Figure Step 4)

rw Drawing Units ﬁ‘

Length Angle

Tvpe: Type:

[ Decimal - ] [ Decimal Degrees - ]

Precision: Precision:

| 0.0000 s | | la -
[ Clockwise

Insertion scale
|nits to scale inserted contert:

‘ Wil = I
|Unitless

Inches

Feet

Miles

Certimeters
Meters
Kilometers
Micrainches v of lighting:
Milg
Yards
Angstroms
Manometers e

Micronz Direction. .. ][ Help ]
— Decimeters

e Dekameters
Hectometers

Figure Step 4
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Check your drawing with the key. The key name is the same as the drawing name. (Figure Step 5)

-

,
w Insert X
ACLCHIR 3 CAD 20 Lab D4-2 2 [LBowse. |
AutoCAD 2D Lab 04-2 '
Path:  AwoCAD 2D Lab 05-2
| on ALtoCAD 2D Lab 07-2
2 AutoCAD 2D Lab 09-1
Insarion AtoCAD 2D Lab 10-2 _——
Fs AutoCAD 2D Lab 12-2 e
PEC A oCAD 2D Lab 13-3 reen pecify On-screen
 — AutoCAD 2D Lab 14-2 _
X 0 autoCAD 2D Lab 152 Angle:
AuteCAD 2D Lab 17-1 |
Y. 00000 T 11,0000 sy
. i b |
Z: [0.0000 Z: [1.0000 Milimeters
or T
Unifarm Scale ECHOr- 11,0000
DEthdE: [ 0K ] [ P— ] [ HEIp
-
Figure Step 5

AUTHOR’S COMMENTS: If you have trouble doing this, redo Module 3.

Step 6

Your drawing should match the figure. (Figure Step 6)

il

b

Figure Step 6
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AUTHOR’S COMMENTS: Step 5 will insert a magenta colored overlay
key on your drawing. If you see double objects or places where your
objects and the magenta objects do not match, your drawing is
inaccurate. If you only see one object, even though it may share the
colors magenta and red, your drawing is accurate.

AUTHOR’S COMMENTS: If you have trouble completing this drawing
the first try, do not be concerned. Start it over again, from scratch,
until you can complete it. The more practice you get drawing, the
easier it will get. When you get to Module 8, you will be taught how to
fix a drawing so you do not have to start over.

Step 7

Save and close the drawing.

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the
lab exercise drawing without using the following hint. If you get stuck
and can not complete it on your own, use the following hint to help
you.

Hint1
See Figure Hint 1.
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@-30,0 @10,15 ©@-20,0 @-30,25

@-50.0 @10,—15
@0.20
@0.15 @30.0
45,130
or C ©@—30.0 @0.30
©0.10 ©40.0
45,130 *@2010

— @0,-10 @>50,0

Figure Hint 1
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Lab Exercise 4-3

Time allowed: 30 minutes.

Drawing Name

Template

Units

AutoCAD 2D Lab 04-3

2D English

Inches

Step 1

Start a new drawing using the template shown above.

Step 2

Save and name the drawing: AutoCAD 2D Lab 04-3 in the folder: CAD Courses/AutoCAD 2D/I.ab

Exercises.

Step 3

Using the LINE command, draw the object shown in the figure. (Figure Step 3A and 3B)

1.98’<7

H—‘w‘ga

leg——

START X11.5,Y11.5

P

™

N

pd

|
/ 1.65 !
T

1.98L

Figure Step 3A

+‘1,98




AutoCAD 2D 157

K >4

Figure Step 3B
Completed Drawing

Step 4

Enter the UNITS command. In the Drawing Units dialogue box, set the Insertion Units to Inches.

Step 5
Check your drawing with the key.

Step 6

Save and close the drawing.
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Module 5: Layers

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe AutoCAD’s layering system.

2. Apply the LAYER command to create, toggle on/off, thaw/freeze, lock/unlock, select color, and
set the current layer in the current drawing.

Layers

AutoCAD’s layering system is one of its most important features. Layers allow you to organize,
segregate, set the drawing object’s color and linetype, control the visibility, and manage plotting of the
drawing.

Think of layering as being able to draw on transparent overlays with each overlay containing relevant
or grouped objects as shown in Figure 5-1. When all of the overlays are stacked together as shown in
Figure 5-2, you can see and work on all of them. At any time, while you are working on drawing or
printing it, you can control the layer’s visibly.

159
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Figure 5-1 Layers Seen as Overlays

There is no limit to the number of layers that can be created in an AutoCAD drawing. Layers can be
named by you or you can allow AutoCAD to automatically name them. A color, linetype, lineweight,

and plot style can also be assigned. In this module, only naming and assigning a color to layers will be
taught.

In addition to what was just discussed, the visibility of each layer can be controlled by toggling layers

off or on and freezing or thawing them. A layer can also be locked to prevent objects on them from
being modified.
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4.00]
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Figure 5-2 Stacked Layers

AutoCAD’s Special Layer

AutoCAD has a special layer, named 0 (the number zero). Each new drawing created in AutoCAD will
automatically contain this layer. It cannot be deleted or renamed. The importance of layer 0 will be
discussed further in future modules.

The Current Layer

The current layer is the layer that AutoCAD will place all newly created drawing objects on. One layer
is current at all times. The current layer can be turned off but never frozen. You can change which layer
is the current layer at any time.

ByLayer vs ByObject

AutoCAD assigns the color, linetype, and lineweight properties to drawing objects either ByLayer or
ByObject. In the AutoCAD 2D book, all work is done ByLayer. An easy way for you to check if you
are working ByLayer is to look at the first three boxes in Properties menu as shown in Figures 5-3 and
5-4.
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J Home | Insert

D_D @ : ! 2 B GElayer - %

Polyline  Circle Match ByLayer || L

3 - | Properties =2 ———Bylayer -

Draw « Properties ¥ | G

Figure Step 5-3 Home Ribbon

i | W Bylayer || [———— Bylayer =||[—— Bylayer [ =||| EyColor =l
Figure 5-4 Properties Toolbar

The three properties boxes should always display the words ByLayer as shown in the figure.

Simply, ByLayer means that when a drawing object is inserted into the drawing or an existing drawing
object is regenerated, it looks in the drawing’s database to see what color, linetype, and lineweight it
should display. If it is set ByLayer, it checks what layer the drawing object resides on and displays the
color, linetype, and lineweight assigned to that layer. Most company standards require the color,
linetype, and lineweight properties of their drawings to be drawn Bylayer.

It is important to know the different between a layer that is Off and a layer that is Frozen. A layer that
is Off does NOT display but WILL regenerate. A layer that is Frozen does NOT display and will NOT
regenerate. The importance of this will become apparent in future AutoCAD 2D modules.

Study the following four properties and their symbols:

On/Off:

Toggles the drawing object’s display on that layer on or off. In other words, visible or not visible. J

Freeze/Thaw:

Toggles the layer to be frozen or thawed. The drawing objects on a frozen layer are not visible and do
.\\_‘;n

not regenerate. The objects on a thawed layer are visible and will regenerate. &

Lock/Unlock:

Toggles the layer locked or unlocked. Drawing objects on a locked layer are visible but cannot be

modified or deleted. Drawing objects on an unlocked layer are visible and can be modified or deleted.
5]

]

Color:

Sets the color for the layer. All drawing objects on that layer, with the property ByLayer, will display
B red

the color assigned to the layer. B blue
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AutoCAD Command: LAYER

The LAYER command is used to open the Layer Property Manager window.
Shortcut: LA

I G 4 0 oF W Object == %H

Layer Properties Manager

Manages layers and layer properties

Layer Toolbar
Format ools  Draw  Dime
‘ Layer...
% Layer States Manager...
Layer tools 3
| @ Color...

Format Pull-down

Line Polyline Layer
Properties| £ £, £, <5 £ M:

Layers =
Home Ribbon

MUST KNOW: The current layer can be turned off but CANNOT be frozen. To freeze it, set one of the other
layers as the current layer.

WORKALONG: Working with Layers

Step 1
Using the NEW command, start a new drawing using the template: 2D English.

Step 2

Save and name the drawing: AutoCAD 2D Workalong 05-1. Save it in the folder: CAD Courses/
AutoCAD 2D/Lab Exercises
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Step 3

Enter the LAYER command to open the Layer Properties Manager window. (Figure Step 3)

x|
[T}
wmm|

Current layer: 0

Filters

=-5 Al

All Used Layers

[ Invert filter

QQ] LAYER PROPERTIES MAMAGER

Figure Step 3

<«

<«

Status Mame On  Freeze Lock
« 0 T
= Defpoints & B -
&  Key P % &
il Tl

All: 3 layers displayed of 3 total layers

A .

Search for layer
o
Color Linetype Lineweight
B white Continuous Defal
B white Continucus Defal
B mag... Continuous Defal

AUTHOR’S COMMENTS: Take note of layer O (zero). It exists in all
AutoCAD drawings and cannot be deleted or renamed. The other two
layers are part of the template drawings, ignore them for now. Note the
Check Mark icon beside layer 0. This indicates it is the current layer.

Step 4

Click the small arrow in the upper right of the Filters area to close it. (Figure Step 4)

[
4
-+

Current layer: 0

p—

ad

| 5. Name

o 0
2= Defpoints

= Key

Figure Step 4

0.
i
i
i

W R ST S

- Fre...

L... | Color Linetype

o Il white Continuous
o Il white Continuous
oi° I magenta Continuous

q.'

Search for layer
<
Lineweight  Transparency  Plot Style
—— Default 0 Color 7
—— Default 0 Color_7
—— Default 0 Celer_B
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AUTHOR’S COMMENTS: You can leave the Filter Area closed for the
duration of this book. Layer filters are taught in the AutoCAD 2D
Advanced book.

Step 5

Click the New Layer icon. AutoCAD will create a new layer and automatically name it: Layer1.
(Figure Step 5A and 5B)

x

b -
gl m| B (F S G

Current layer 0

#*| Status  Mar Mew La}rer [Al+MN)
4 g Creates a new layer. The list displays a layer named LAYERL. The

e = Deff name is selected so that you can enter a new layer name
%] = Key| immediately. The new layer inherits the properties of the
% currently selected layer in the layer list (color, on or off state, and
= s0 on).
Figure Step 5A
x
0 Current layer: 0 Search for layer Q
w oW F PSSk <
# | Status  Mame 4 0On Freeze Lock Color Linetype Lineweight Transparency  Plot Style
o 0 " :Ci oi* W white Continuous —— Default 0 Color 7
s - Layerl 4 L Continuous Default 0
] = Defpoints i i o° [l white Continuous —— Default 0 Color 7
% o Key & i oi* [l mag.. Continuous —— Default 0 Color_&
=
v
E
(W E]
(=8
o
e«
(=8
&
= {2 4 i P
E S
= @ v All: 4 layers displayed of 4 total layers

Figure Step 5B
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Step 6
Rename the layer to: Object. (Figure Step 6.)

X
K Current layer: 0
| m|F PSR
#>| Status  MName 4 On Freeze Lock Color
oW 0 0 G g W white
i 7 Object # :Ci o Il white
] - Defpoints i - o Il white
= :
= & Key g £ o® 1l mag...
=
i
.
(=9
o
Figure Step 6
Step 7

Linetype

Continucus
Continucus
Continucus
Ceontinucus

Lineweight

—— Default
—— Default
—— Default
—— Default

a
<

Plot Style

0] Color_7

a Color_7

i Color_7

0

Search for layer

Transparency

Color_b

Set the color of layer: Object by clicking the color name white. This will open the Select Color
dialogue box. Enable the Index Color tab. Select the color red by clicking it or enter the name in the
Color box. Click OK to close the dialogue box. (Figure Step 7A and 7B)

Current layer: 0

14
plom R P S

#* | Status

..'.-* =31

Mame & On  Freeze

=

L ]

Defpoints

[uad
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= =
2
Figure Step 7A

yoal

Lock Color

Linetype

H f B white Continucus

DbJ ect ; white Continuous Default

H f B white Continucus

Lineweight

Tra
Default 0

Default 0




al 0. Fre.. | l.. | Color | linetype Linewei... | Trans...

w Select Color ! M

i

Index Calor | True Colar I Color Books |

AutoCAD Color Index (ACI):
I s )

l-----I-----I-----I-----
| W -..--.---.-

|:| . .... ByLayer ByBlock
HEE

Color:
red

Figure Step 7B
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MUST KNOW: Unless otherwise instructed while working in the AutoCAD 2D book, select the colors from
the Standard Color Palette in the Index Color tab as shown in the figure on the right. The colors included in
this palette are the common colors and are named. White and black are the same color to AutoCAD. White
will display black on a white background and black will display white on a black background.

Color:

red




168 Module 5: Layers

Step 8
Click layer: Object to highlight it. Click the Set Current icon. (Figure Step 8A and 8B)

»
7 Current layer. 0 Search for layer aQ
|
;HUS Mame a 0 Set Current (Alt+O) arency Plot Style
0 Color_7
Db Sets the selected layer as the current layer. Objects that you i
B create are drawn on the current layer. { CLAYER systern variable)
] i Defpoints W Color_7
% P Key & Nes o' [l mag.. Continuous Default 0 Color_G
=
Figure Step 8A
X
o Current layer: Object search for layer Q
w o m|H PSSk o
*| Status  Mame 4 On Freeze Lock Color Linetype Lineweight Transparency Plot Style
A 0 & 2ot o' [ white Continuous —— Default 0 Color_7
i o COhject & St o' Mlred Continuous —— Default 0 Color 1
0] i Defpoints . :Ci oi* W white Continuous —— Default 0 Color 7
% o Key i §es o® [ mag.. Continuous —— Default 0 Color_ 6
=
i
&
[¥T)
(=8
Q
&
=1
&
= | ) | n 3
ﬂ SR
Z W A4 layers displayed of 4 total layers

Figure Step 8B

AUTHOR’S COMMENTS: The Green Check Mark icon in the Status
column indicates that the current layer is Object as you can see in
Figure Step 8B.
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Toggle the on/off, thaw/frozen, and lock/unlock properties of the layers by clicking the icons to match
the figure. Close the window by clicking the X in the top left corner. (Figure Step 9A and 9B)
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Figure Step 9B

Current layer: Object
P M e

Marme On
0

Ohbject
Defpoints
Key

Lol el e

Current layer: Object

Ewm| g &S %o

Marne On
0

Object
Defpoints
Key

D < DD

Freeze

e

&
&

Freeze

o
&

Lock

BB b B B

Lock

Eb Eb B B

T

@@ > All: 4 layers displayed of 4 total layers

Color
B white
B r=d
B white
B mag...

Color
B white
M r=d
B whit=
B mag...

Linetype

Continucus
Continuous
Continuous
Centinuous

Linetype

Continuous
Continuous
Continuous
Continuous

Lineweight

Default
Default
Default
Default

Lineweight

Default
Default
Default
Default

Search for layer Q

< o
Transparency Plot Style
0] Color_T
0 Color_1
0 Color_7
0 Color_G

Search for layer aQ

<o
Transparency  Plot Style
0] Color_T
0 Color_1
0 Color_7
0 Color &

AUTHOR’S COMMENTS: Once you have created the layers in the
drawing, you can use the Layer toolbar menu, to change the current
layer or to toggle the layer properties. This is much faster than using
the Layer Properties Manager window. The Layer toolbar’s display
should always be enabled and located across the top left side of the
Graphic window.
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Step 10

Take note how the current layer will display in the Layer toolbar. In this case, it is Object. (Figure Step
10)

[&[25T Am obec ‘12 5 4l

Figure Step 10

Step 11

Pull down the layer list by clicking the small triangle on the right side. Change the current layer to 0 by
clicking the layer name. (Figure Step 11A and 11B)

(%) B Defpoints
() M Key
o ﬁ '-_| . B Object -
Figure Step 11A
[[050 Fmo & 5 4]
Figure Step 11B

Step 12

Pull down the layer list again and this time toggle the layer properties so that all four layer are on,
thawed, and unlocked. (Figure Step 12)

Figure Step 12

Step 13
Change the current layer to: Object. (Figure Step 13A and 13B)

Q'H‘L_' i M Defpoints
@O G Key
Q0 of m T -

Figure Step 13A
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Figure Step 13B

Step 14

Save and close the drawing.
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MUST KNOW: It is important to know the difference between a layer that is Off and a layer that is Frozen.
A layer that is Off does NOT display but WILL regenerate. A layer that is Frozen will NOT display and will
NOT regenerate. This is important as you will learn as you work your way through the book.

=T

I Current layer: Object
# | Status Mame On  Freeze
b & Defpoints & I:i
S| |= - Key ¥ K
-% o  Object 0L
x|
i Current layer: 0
* | Status Mame On Freeze Lock Color
a 0 0 iF o W white
o = Defpoints 7 Ses o° Il white
] - Key i 2ot o [l mag.
% = Oibject & yol o Il red

USER TIP: To quickly set the current layer in the Layer Property Managers window, double click the Status
icon beside the layer name as shown in the figures below.

MUST KNOW: AutoCAD does not know the difference between the colors black and white. On a black
background, the color black will display white and on a white background, the color white will display black.

modules.

MUST KNOW: AutoCAD has a special layer named 0 (the number zero). Each new AutoCAD drawing will
contain layer 0 . It cannot be deleted or renamed. It has other special attributes as you will see in future
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USER TIP: In Module 3, you were shown how to insert a key onto your drawing to check it’s accuracy. The
key resides on the layer Key. If you are required to work on your drawing after you inserted the key, toggle

layer Key off. To re-check your drawing after you finish the editing, toggle layer Key on as shown in the
figures below.

B(US Smo ER T
"IJ" T .i F
(eRe AT Defpoints
@ O o Key
@ G oF M Object -
Key Off
sp|W ot ofmo 1S s 4l
b g i Il -
Q{I'L_' ﬁ'_’?. Defpoints
@ O o M Key
(e =Ty | Object -
Key On

MUST KNOW: The current layer is the layer that any newly created drawing object will reside on. It is

important to always be aware of what the current layer is before creating drawing objects. The current layer
cannot be frozen.

Key Principles

Key Principles in Module 5

1. AutoCAD'’s layering system is one of the most important AutoCAD features. Layers allow you to

organize, segregate, set the drawing object’s color, control the visibility, and manage plotting of
the drawing.

2. The current layer is the layer that any newly created drawing object will reside on.

3. AutoCAD has a special layer named 0 (the number zero). Each new drawing created in AutoCAD
will automatically contain layer 0. It cannot be renamed or deleted.

4. A layer that is Off, does NOT display but WILL A layer that is frozen does NOT display and will
NOT regenerate.

5. The current layer can be turned off but not frozen.




Lab Exercise 5-1

Time allowed: 30 minutes.
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Drawing Name Template Units
AutoCAD 2D Lab 05-1 2D English Inches
Layering Scheme
Layer Name Objects on Layer Color
Object All lines Red
Step 1

Start a new drawing using the template shown above.

Step 2

Save and name the drawing: AutoCAD 2D Lab 05-1. Save it in the folder: CAD Courses/AutoCAD

2D/Lab Exercises.

Step 3

Create a new layer and name it: Object. Set its color red, as shown in the Layering Scheme above.
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Step 4

Draw the object shown in the figure. All lines should be on layer: Object and display red. (Figure Step
4A and 4B)

\STHF\.'T X2.25,Y9.75

*-IG.?S-—
R

\ 1.00

+1.504| 1.00 B

e

4 |
/ 0.75
1.00

4,75

Figure Step 4A

Figure Step 4B
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Enter the UNITS command. In the Drawing Units dialogue box, set the Insertion Units to Inches.

(Figure Step 5)

ﬁ Drawing Units

=

Length
Type:

Angle
Type:

[Decimal v]

[ Decimal Degrees L ]

Precision:

Precision:

| 0.0000 -

o

)

Insertion scale
|Units to scale inserted content :

[Inches -
|nitless I

Feet

Miles
Millimeters
Certimeters
Meters
Kilometers

Mils
Yards
Angstroms

[T Clockwisze

Microinches y of lighting:

Manometers
Microns

—— Decimeters

Hectometers
Gigameters

Aetrmmnminal

Figure Step 5

L e —— —

AUTHOR’S COMMENTS: You can find the Insertion scale in the Units

column in the lab exercise title.
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Step 6

Check your drawing with the key. The key name is the same as the drawing name. (Figure Step 6)

rﬁ Insert ﬁ1
(CLE 0CAD 20 Lab 05 [+ [ Browss.. | @

AutoCAD 2D Lab 03-1
Path:  AutoCAD 2D Lab 04-1 |
N /.0 CAD 20 Lab 05-1
2 ALtoCAD 2D Lab 07-1
insertiop AUtoCAD 2D Lab 08-1 =~
" AtoCAD 20 Lab 082 fon

[ Spec a5 CAD 2D Lab 08-3 reen [| Specify On-screen

| AutoCAD 2D Lab 092 | _
0 AutoCAD 2D Lab 10-1 Angle:
| AutoCAD 2D Lab 12-1
Y. {AwtoCAD 2D Lab 13-1

x

AutoCAD 20 Lab 14-1 | Block: Unit
7. —AutoCAD 2D Lab 15-1 | Uniit: T
0 AtoCAD 2D Lab 17-2
Unifarm Scale Factor:  1,0000
["] Explode E DK ] [ — ] [ =

b

Figure Step 6

AUTHOR’S COMMENTS: If you have trouble doing this, redo Module 3.

Step 7

The drawing should match the figure. (Figure Step 7)
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Figure Step 7

AUTHOR’S COMMENTS: Step 6 will insert a magenta colored overlay
key on your drawing. If you see double objects or places where your
objects and the magenta objects do not match, your drawing is
inaccurate. If you only see one object, even though it may share the
colors magenta and red, your drawing is accurate.

AUTHOR’S COMMENTS: If you have trouble completing this drawing
the first try, do not be concerned. Start it over again, from scratch,
until you can complete it. The more practice you get drawing, the
easier it will get. When you get to Module 8, you will be taught how to
fix a drawing so you do not have to start over.

Step 8

Pull down the layer list and turn layer: Key off. (Figure Step 8A and 8B)
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gegei o
il
m|

=90y Defpoints
- o' H Key
2 o'W Object

Lelole @

o

L]

Figure Step 8A

Figure Step 8B

AUTHOR’S COMMENTS: If you had made errors on the drawing you
first have to turn layer Key off. Then you can make the changes to the
drawing. After you make the changes, turn layer Key back on , as done
in Step 9, to check the accuracy of your changes.
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Step 9
Pull down the layer list and turn layer Key on. (Figure Step 9A and 9B)
£ | QUL GO M=
Q i} [} i i g
\*Re d =T Defpoints
G L B o'W Key
& i B o M Object ¥

Figure Step 9A

Figure Step 9B

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hint. If you get stuck and
cannot complete it on your own, use the following hint to help you.
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Hint 1
225975 — g @4,0
C or
229900
@./5,—1
@—1,.75
@-1.5,0 \ @-.5,0
©0,1.5 Q0,1
@1,.75
@.5,0
@0,1.5 @0,-2
@1.5,0
@0,—1
©—4.0 9-.75,—1
Figure Hint 2
Lab Exercise 5-2
Time allowed: 40 minutes.
Drawing Name Template Units
AutoCAD 2D Lab 05-2 2D Metric Millimeters

Layering Scheme

Layer Name Objects on Layer Color
Object All lines Red
Step 1

Start a new drawing using the template shown above.
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Step 2

Save and name the drawing: AutoCAD 2D Lab 05-2. Save it in the folder: CAD Courses/AutoCAD
2D/Lab Exercises.

Step 3

Create the layer: Object, color red, as shown in the Layering Scheme above.

Step 4

Draw the object shown in the figure. All lines should be on layer: Object and display red. (Figure Step
4A and 4B)

START 170X, 240Y

- 130 -

M
O

B

40 —-—
| N 2/
L
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i !
140 15
!
|
40
Y 1

Figure Step 4A
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Step 5

Enter the UNITS command. In the Drawing Units dialogue box, set the Insertion Units to Millimeters.

(Figure Step 5)

Figure Step 4B
Completed Drawing

”
w Drawing Units

==

Length
Type:

Angle
Type:

[ Decimal

[ Decimal Degrees

2

Precision:

Precision:

|0.0000

s | (@

2

Insertion scale

[ Clockwise

|Units to scale inserted content :
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v]

Unitless
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Feet
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Meters
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Microns

— Decimeters
" Dekameters
Hectometers

Figure Step 5

v of lighting:

AUTHOR’S COMMENTS: You can find the Insertion scale in the Units
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column in the lab exercise title.

Step 6

Check your drawing with the key. The key name is the same as the drawing name. (Figure Step 6)

[ w Insert

=2

L=, o CAD 2D Lab 05-2

L:J [ Browse... ]

AutoCAD 20 Lab 04-2

| o AutoCAD 2D Lab 072
2 putoCAD 2D Lab 091

G R A toCAD 2D Lab 05-2 |

Da

insertior AutoCAD 2D Lab 10-2 o

S o o AutoCAD 2D Lab 122 g "
PEC AutoCAD 2D Lab 13-3 reen pecify On-screen
./ AutoCAD 2D Lab 142 _
X 0p0CAD 2D Lab 152 Angle:
AutoCAD 20 Lab 17-1 |
- T Block Unit
Z 00000 = 0000 Unit: Millimeters
Uniform Scale Factor:  1.0000
|:|Emlude f = ] [ — ] [ =
Figure Step 6

Step 7

Your drawing should match the figure. (Figure Step 7)

Figure Step 7
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AUTHOR’S COMMENTS: Step 6 will insert a magenta colored overlay
key on your drawing. If you see double objects or places where your
objects and the magenta objects do not match, your drawing is
inaccurate. If you only see one object, even though it may share the
colors magenta and red, your drawing is accurate.

AUTHOR’S COMMENTS: If you have trouble completing this drawing
the first try, do not be concerned. Start it over again, from scratch,
until you can complete it. The more practice you get drawing, the
easier it will get. When you get to Module 8, you will be taught how to
fix a drawing so you do not have to start over.

Step 8

Save and close the drawing.

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hint. If you get stuck and
cannot complete it on your own, use the following hint to help you.
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Figure Step Hint 1
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C or
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@0,40
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Module 6: Competency Test 1 Open Book

Learning Outcomes

When you have completed this module, you will be able to:

1. Within a one-hour time limit, complete a written exam and a lab exercise without the aid of a key.

The AutoCAD 2D book was written with competency based modules. What that means is that you
have not completed each module until you have mastered it. The Competency Test module contains
multiple choice questions and a comprehensive lab exercise to test your mastery of the set of modules
that you completed. There are no answers or keys supplied in a Competency Test module since it is
meant to be checked by your instructor. If there are any parts of this module that you have trouble
completing, you should go back and reread the module or modules containing the information that you
are having trouble with. If necessary, redo as many lab exercises required until you fully understand the
material.

If you are completing this book:

» Without the aid of an instructor, complete the written test and the lab exercise.

* In a classroom with an instructor, the instructor will give instructions on what to do after this
module has been completed.

Multiple Choice Questions

Select the BEST answer.

1. What two keyboard keys, when pressed, execute a command or accept an AutoCAD default?
A. Esc and Space Bar
B. Enter and Esc
C. Enter and Space Bar
D. F2 and Enter
E. Space Bar and F6
2. To AutoCAD, what does the @ symbol mean?
A. A default
B. An option

187
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C. Abort
D. Execute
E. The last absolute coordinate

3. What keyboard key opens and closes the Text window?
A. F1
B. F2
C. F3
D. F4
E. F6

4. What is the main purpose of the left mouse button?
A. To execute a command
B. The pick button
C. The abort button
D. Repeats the last command
E. The menu button

5. What is the name of AutoCAD’s special layer that exists in all new drawings and cannot be
deleted?

A. 0 (zero)
B. Object
C. 2
D. Special
E. Layer1
6. What keyboard key aborts an AutoCAD command?
A. F2
B. Ctrl
C. Esc
D. F6
E. Shift
7. When a drawing object is inserted in a drawing, what layer will AutoCAD place it on?
A. Layer 0 (zero)
B. The last layer used
C. The current layer
D. The object layer
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E. The displayed layer
8. Which layer cannot be frozen?
A. Layer 0 (zero)
The last layer used
Any layer that is currently displayed
The object layer

MY 0w

The current layer
9. Which one of the following inputs the relative coordinate location X2Y4?
A. 2,4
B. 4,2
C. <2,4>
D. @2,4
E. #2,4

10. What is the name of the file that contains the AutoCAD defaults and standards set by the
creator?

A. The template file
The object file
The backup file
The text file

MY 0w

The readme file

Lab Exercise 6-1 OPEN BOOK

Drawing Name Template Units

AutoCAD 2D Lab 06-1 2D English Inches

Layering Scheme

Layer Name Objects on Layer Color
Object All lines Red
Step 1

Start a new drawing using the template shown above.

Step 2
Save and name the drawing: AutoCAD 2D Lab 06-1.
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Step 3

Create layer: Object, color red, as shown in the Layering Scheme above.

Step 4

Draw the object shown in the figure. All lines should be on layer: Object and display red. (Figure Step
4A and 4B)

Figure Step 4A
Completed Drawing
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2.00
START x3.5,Y9.5\U.50 0.50
r_\/ HO,EIG T |
Y
1.50
0.50 l
/ 0.30
0.30 —= |=— W
1.50 5.00
—= 0.80 |=— l
—! 1.00 -—\ !
~ 0.70
0.10— i
}7 TYP.
}
1.00
0.75 |
P < 5t ]
0.20 TYP.d ‘lo.m—f
TYP.
1.00 =
3.00
Figure Step 4B

AUTHOR’S COMMENTS: TYP means typical. This simply means that
there is at least one other dimension that is the same. In this drawing,

the opposite side of the slot on the bottom of the object is the same
size as the dimensioned one.

Step 5

Save and close the drawing.

AUTHOR’S COMMENTS: There is no key for this lab.
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Part 2
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Module 7: Circles and Arcs

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe the geometry of circles and arcs.
2. Apply the CIRCLE and ARC commands to draw circles and arcs.

3. Describe how to undo a command or redo an undo.

Geometry Lesson: Circles

A circle is defined as a closed curve in which all points are the same distance from its center point. The
center point is a single XY coordinate.

A circle is 360 degrees and can be divided into four quadrants. All points on a circle are at a given
distance from is center point. The distance between any of the points and the center is called the radius.

Study the drawings in Figure 7-1, 7-2, 7-3, and 7-4 for a description of the geometry of a circle.

195
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QUADRANT | QUADRANT

_|_

QUADRANT | QUADRANT

Figure 7-1 Geometry of a Circle — Part 1
AREA = Pl X RADIUS SQUARED

Pl = 3.1416
CIRCLE = 360 DEGREES

CIRCUMFERENCE=PI X DIAMETER
Figure 7-2 Geometry of a Circle — Part 2



T = TANGENT POINT

CENTER

Figure 7-3 Geometry of a Circle — Part 3

CIRCLE INSERTED
WITH THE TTR OPFTION

Figure 7-4 Geometry of a Circle — Part 4

AutoCAD 2D 197
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Geometry Lesson: Arcs

An arc is defined as an open curve in which all points are the same distance from its center point. Study
the drawings in Figure 7-5 and 7-6.for a description of the geometry of an arc.

START ANGLE

CENTER
(CENTER POINT)

Figure 7-5 Geometry of an Arc — Part 1

INCLUDED ANGLE

_|_

BY DEFAULT,
AutoCAD ARCS

ARE CONSTRUCTED
COUNTERCLOCKWISE
THIS IS THE POSITIVE
DIRECTION

END POINT

INCLUDED ANGLE

CENTER \ START POINT

Figure 7-6 Geometry of an Arc — Part 2

AutoCAD Command: CIRCLE

The CIRCLE command is used to draw circles.
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Shortcut: C

[ G r/ooge - IEODEA S

Circle

Creates a circle using a center point and a radius

Draw Toolbar

Muodeling r \

Arc 3
Circle r @ Center, Radius
@ Donut @l Center, Diarmeter
i 3
Spiens (:) 2 Points
Hlipes : O 3 Points
Block r
=% Tan, Tan, Radius
[ Table.. % Tan, Tan, Tan
Drint b

Draw Pull-down

Line Polyline| Circle | Arc

-* -

Draw =

Home Ribbon

AutoCAD Command: ARC

The ARC command is used to draw arcs.

Shortcut: A

 EREIERREEE TR

Arc

Creates an arc using three points

Draw Toolbar
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Draw = Dimension
Modeling E
% Helix |
Arc 3 J"'“ 3 Points
: b
Circle +/": Start, Center, End
({©) Donut {7 Start, Center, Angle
F [
Spline {7 Start, Center, Length
Ellipse r
e ¥ +!’}° Start, End, Angle
}_"‘ Start, End, Direction
E Table... i
¢ Start, End, Radius
Point k

Draw Pull-down

Line Polyline Circle | Arc

Draw -

Home Ribbon

MUST KNOW: When you are drawing arcs, it is best to specify the center point first and the start point
second. The radius and the direction of the arc can be entered at the same time. Enter the angle or the end
point to complete the arc.

X3Y4

20 R

@0,—2 {

Figure 7-7 Constructing an Arc
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Command: ARC

Specify start point of arc or [Center]: C

Specify center point of arc: 3,4

Specify start point of arc: @0,-2

(Specifying the radius and the direction for the start point.)
Specify end point of arc or [Angle/chord Length]: A
Specify included angle: 180

Command:
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WORKALONG: Drawing Circles and Arcs

Step 1

Start a new drawing using the template: 2D English.

Step 2

Save and name the drawing: AutoCAD 2D Workalong 07-1.

Step 3

Create layer: Object, color red. Set it as the current layer. (Figure Step 3)

X
T
4+

Current layer: Object

rI-E-rI-.—.| P W O o PR

Search for layer

a
LS

@ LAYER PROPERTIES MANAGER

#»| Status MName « On Freeze Lock Color Linetype Lineweight Transparency Plot Style
= 0 & Th o Il white Continuous —— Default 0 Color 7
& Defpoints ¢ 1F o Il white Continuous —— Default 0 Color_7
A Key & L o [l magenta Continuous —— Default 0 Color_B
o Object & LF o Il red Continuous —— Default 0 Color 1

2| g m

@@= All: 4 layers displayed of 4 total layers

4

Figure Step 3
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Step 4

Using the figures and what you already leaned, draw the two lines shown in Figure Step 4B. (Figure
Step 4A and 4B)

Lo DIA.

1.00 DIA.

0.65 DIA.

0.75 DIA.

B

1.0

[—— " ——— ——

et R s et RO S

START 2.5X,5Y

Figure Step 4A

Figure Step 4B
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AUTHOR’S COMMENTS: Draw the two lines using the LINE command
twice.

USER TIP: By default, AutoCAD draw arcs counterclockwise which is the positive arc angle. If you use the
Angle option, AutoCAD allows you to draw an arc by entering a negative angle.

Step 5

Enter the ARC command, as shown below, to draw the arc. (Figure Step 5)
Command: ARC

Specify start point of arc or [Center]: C

(If possible, always draw arcs starting with the center point first.)

Specify center point of arc: 2.5, 5

(Enter the center point.)

Specify start point of arc: @4,0

(Enter the start point. Here the trick is to give AutoCad the start point and the radius of the arc at the
same time)

Specify end point of arc or [Angle/chord Length]: A
Specify included angle: 90
(Enter the angle of the arc. In this case, it is 90 degrees.)

Command:
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Figure Step 5

USER TIP: Arcs can be drawn in either counterclockwise or clockwise direction by holding down the CTRL
key, while in the ARC command, to reverse the direction.

Step 6

Enter the CIRCLE command, as shown below, to draw the four circles to complete the drawing.
(Figure Step 6A and 6B)

Command: CIRCLE

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: 3.5,6

(Since this is the first circle, enter an absolute coordinate for the center point.)
Specify radius of circle or [Diameter]: D

(Circles are usually dimensioned with diameters rather then a radius, enter D)
Specify diameter of circle: 0.65

Command: CIRCLE

(Press Enter or Space bar as that will repeat the last command.)

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @1,0

(Notice here, since AutoCAD always remembers the lastpoint, use an @. The lastpoint was the center
of the first circle placed.)
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Specify radius of circle or [Diameter] <0.3250>: D

Specify diameter of circle <0.6500>: 0.75

Command: CIRCLE (Press Enter or Space bar as that will repeat the last command.
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @0,1.5

(Use an @ from the center of the last circle drawn.)

Specify radius of circle or [Diameter] <0.3750>: D

Specify diameter of circle <0.7500>: 1

Command: CIRCLE

(Press Enter or Space bar. That will repeat the last command and save you entering it again.)
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @-1,0

Specify radius of circle or [Diameter] <0.5000>: D

Specify diameter of circle <1.0000>: 0.5

Command:

O

Figure Step 6A

J@
OO

Figure Step 6B




AutoCAD 2D 207
Step7

Save and close the drawing.

WORKALONG: Drawing Circles Using the TTR Option

Step 1
Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 07-2.

Step 3
Create layer: Object, color red. Set it as the current layer. (Figure Step 3)
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@~ All: 4 layers displayed of 4 total layers

Figure Step 3
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Step 4

Using the dimensioned drawing as a guide and what you already learned, use the LINE command to
draw the four outside lines. (Figure Step 4A and 4B)

2.0 DIA.~\
2.3 DA‘\

2.0 DIA.

4.0

X1.25,Y4.5

Figure Step 4A

Figure Step 4B
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Step 5

Enter the CIRCLE command and the TTR option, as shown below, to insert the 2 inch diameter circle.
(Figure Step 5A and 5B)

Command: CIRCLE
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: TTR
Specify point on object for first tangent of circle: P1

(Using the graphic cursor, move it on the top horizontal line. When the tangent snap icon appears,
press the left mouse button.)

Specify point on object for second tangent of circle: P2
(Move the cursor on the vertical line. When the tangent icon appears, pick it.)
Specify radius of circle <0.7000>: 1

(Enter the radius of the circle. Be careful, since circles are usually dimensioned in diameters you will
have to divide it in half.)

Command:

2]

Figure Step 5A

Figure Step 5B
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AUTHOR’S COMMENTS: TTR means ‘ Tangent Tangent Radius ‘. Do not
enter the P1 or P2 on the keyboard. They simply mean Pick 1 and Pick
2. To pick, move the Graphic cursor to the desired location, wait for the

tangent Autosnap marker to display and when it dose, press the left
mouse button.

Step 6

Enter the CIRCLE command and the TTR option, as shown below, to insert the 2.5 inch diameter
circle. (Figure Step 6A and 6B)

Command: CIRCLE
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: TTR

Specify point on object for first tangent of circle: P3 Specify point on object for second tangent of
circle: P4 Specify radius of circle <1.0000>: 1.25

Command:

P3

P4

Figure Step 6A

N

Figure Step 6B
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AUTHOR’S COMMENTS: Keep in mind that you do not enter the P3 or
P4 on the keyboard. They simply mean Pick 3 and Pick 4 of this
workalong.
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Step 7

Enter the CIRCLE command and the TTR option, as shown below, to insert the middle 2 diameter
circle. (Figure Step 7A and 7B)

Command: CIRCLE

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: TTR
Specify point on object for first tangent of circle: P5

Specify point on object for second tangent of circle: P6

Specify radius of circle <1.2500>: 1

Command:
PG
-,
Figure Step 7A
Figure Step 7B
Step 8

Save and close the drawing.

MUST KNOW: A very useful feature in AutoCAD is being able to undo a command or redo an undo. All of
the commands in the current drawing session can be undone, one at a time. The last undo only can be
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reversed with a redo.To undo the last command, enter the U command, press CTRL+Z, or click the icon as
shown in the figure on the right.

Command: U

If more then one U is entered, it will step back one command at time. This is useful if you made an error
several commands earlier.

Command: U
Command: U

Command: U

4

=

OedHR2gs

] \/

Undo

Reverses the most

Enter the REDO command, press CTRL+Y, or click the icon as shown in the figure on the right to redo the
undo. The redo will undo the last undo only.

Command: REDO

b

OeHBgo G- |@- R E

Redo

Reverses the

Drafting Lesson: Reading Dimensions for Circles and Arcs

Circles and arcs are dimensioned as follows:

Circles are dimensioned with their diameter. For example: 2.0 DIA.
Arcs are dimensioned with their radius.

For example: 1.5 R

When there is more than one circle of the same diameter, it is only dimensioned once. For example: 0.5
DIA., 4 PLACES

Sometimes multiple arcs are dimensioned as typical (TYP.). For example: 2.0 R TYP. Typical simply
means that there is at least one more arc of the same size. See Figure 7-8
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0.5 DIA., 4 PLACES
/ 1.5 R

-

2.0 DIA.
248 W CTYR:

Figure 7-8 Reading Dimensions

Key Principles

Key Principles in Module 7

A circle is 360 degrees and can be divided into four quadrants.
All points on a circle are at a given distance from is center point.
An arc is defined as an open curve in which all points are the same distance from its center point.

By default, AutoCAD draws arcs counterclockwise.

L R

When drawing arcs it is best to specify the center point first, the start point that sets the radius
second, and an angle to locate the endpoint third.

6. A very useful feature in AutoCAD is being able to undo a command or redo an undo.

Lab Exercise 7-1

Time allowed: 40 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 07-1 2D English Inches
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Layer Name Objects on Layer Color
Object All lines, circles and arcs Red
Step 1

Start a new drawing using the template shown above.

Step 2

Save and name the drawing with the name shown above.

Step 3

Setup the layers using the Layering Scheme shown above.

Step 4

Draw the object shown in the figure. In this drawing, all objects should be on layer: Object and display

red. (Figure Step 4A and 4B)

Figure Step 4A
Completed Drawing
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—— | —— () 50
0.50 DIA.
- 4.0 DIA
o R
! D
0.90 {
* 0.75
_|_
" 0.75 DIA.
1.29 K
= (./5 |-
START X4.5,Y/7
Figure Step 4B

Step 5

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Inches.

Step 6
Check the drawing’s accuracy with the key.

Step 7

If there are any errors, turn layer: Key off and correct the drawing. If necessary, start a new drawing
and draw it again.

Step 8

Turn layer Key on. If the drawing still inaccurate, go back to Step 7.

Step 9

Turn layer Key off.



Step 10

Save and close the drawing.
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AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

(3| (= | (D | () | &8 | E5

et | SO | % | AR | B8 | AT

STEP 1 STEP 2 SIEP 5 STEP 4 SIEF O SIEP B

i (D Fi

|| || ( ¢ || ( | ||

D | @ | &

SIEP 7 SIEP 8 STEP 9 STERP 10 SIEP 11 STEP 12

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hint. If you get stuck and
cannot complete it on your own, use the following hint to help you.
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Hint 1
(Figure Hint 1)

o b

sl NEW X COORDINATE 4.5+0.75=5.25

MEW Y CODRDINATE 7.0-0.75=6.25

=10.75 X5.25,Y6.25
START X457
Figure Hint 1
Lab Exercise 7-2
Time allowed: 40 minutes.
Drawing Name Template Units
AutoCAD 2D Lab 07-2 2D Metric Millimeters

Layering Scheme

Layer Name Objects on Layer Color
Object All lines, circles and arcs Red
Step 1

Start a new drawing using the template shown above.

Step 2

Save and name the drawing with the name shown above.

Step 3

Setup the layers using the Layering Scheme shown above.
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Step 4

Draw the object shown in the figure. In this drawing, all objects should be on layer: Object and display

red. (Figure Step 4A and 4B)

O O
O O

Figure Step 4A
Completed Drawing

START X105,Y200

20 DIA.

| ' 20
60 : |
l 4Q
X85.Y170 10 DIA.,
4 PLACES
50 R

Figure Step 4B
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Step 5

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Millimeters.

Step 6
Check the drawing’s accuracy with the key.

Step 7

If there are any errors, turn layer Key off and correct the drawing. If necessary, start a new drawing and
draw it again.

Step 8

Turn layer: Key on. If the drawing still inaccurate, go back to Step 7.

Step 9

Turn layer: Key off.

Step 10

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.
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sl

STEP 1 STEP 2 SIEP 3 STEP 4 STEP 5 STEP 6
o o o o o o
STEP 7 STEP 8 STEP 9 SIEP 10 STEFP 11 STERP 12

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Draw the two circles using the TTR option. (Figure Hint 1)

Hint 2

USE CIRCLE TIR
TO INSERT

Figure Hint 1

Draw the four smaller circles using the @ as shown below. (Figure Hint 2)
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X83,Y170

Figure Hint 2

Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: 85,170
Specify radius of circle or [Diameter]: D

Specify diameter of circle: 10

Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @40,0
Specify radius of circle or [Diameter] <5.0000>:

Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @0,20
Specify radius of circle or [Diameter] <5.0000>:

Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @-40,0
Specify radius of circle or [Diameter] <5.0000>:

Command:
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Module 8: Object Snap

Learning Outcomes

Describe object snap, AutoSnap, and manual object snap modes.
List the object snap modes for a line, a circle, and an arc.
Apply the OSNAP command to set the object snap modes for AutoSnap.

Describe how to enable and disable object snap and its importance when creating drawings.

o> BN

Use object snap to complete drawings.

Object Snap

Object snap allows you to immediately locate and attach to predefined object snap modes (locations)
on existing drawing objects. All drawing objects have at least one object snap mode. In this module, the
object snap modes for the drawing objects line, circle, and arc are taught. Many more will be taught
throughout the AutoCAD 2D book.

Using object snap allows you to draw quickly and accurately using the existing geometry in the
drawing. This is done without having to know the coordinate locations of those objects. Object snap is
one of the most important features in any CAD system.

Study Figure 8-1, 8-2, and 8-3. They show the object snap modes and their locations for a line, a circle,
and an arc. A line has 3 snap mode locations that can be snapped to while circles and arcs have 5 each.
When requested, AutoCAD can find and snap to these exact locations.

Object Snap Modes - Circle
Mode Abbreviations Icon Marker The AutoCAD Object

-

Center Cen @) @

Quadrant Quad @ <>

Figure 8-1 Object Snap Modes for a Circle

223
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Object Snap Modes - Line

Mode Abbreviations Icon Marker The AutoCAD Object
Endpoint End o |:|
o
Midpoint Mid ),/ &

Figure 8-2 Object Snap Modes for a Line

Object Snap Modes - Arc
Mode Abbreviations lcon Marker The AutoCAD Object
Endpoint End o []
Midpoint Mid ’a/ &
Center Cen O] O
Quadrant Quad @ 9

Figure 8-3 Object Snap Modes for an Arc
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AutoSnap

AutoSnap is a visual aid to help you see and use object snap modes (locations) more efficiently. It
allows you to set the object snap modes that AutoSnap will find automatically when object snap is
enabled. Object snap can be enabled or disabled anytime by pressing F3. While a command is active,
AutoSnap displays a marker and a tool tip when the cursor is moved over an object snap mode location
that it has been set to find. In Figure 8-4, AutoSnap is indicating that it found the endpoint of the line.
Note that the Graphic cursor does not have to be located exactly at the endpoint of the line. It only has
to be close.

AL

Figure 8-4




226 Module 8: Object Snap

Geometry Lesson: Finding the Center of a Square or Rectangle

Using geometry, the center of a square or a rectangle can easily and accurately be located without
knowing its size or doing any math. To do this, either one of the following methods can be used.

Method 1

Step 1

Draw a construction line between any two diagonal corners by snapping to the endpoints.

Step 2

The midpoint of the construction line that you inserted in Step 1 is the center of the square or rectangle.
Step 3

In this step, a circle is inserted at the midpoint of the line. The circle is located exactly in the center of
the square or rectangle.

o

Method 1
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Method 2

Step 1

Draw a line between the midpoints of two opposite sides of the rectangle or square.

Step 2

Draw another line between the midpoint of the other opposite sides of the rectangle or square.
Step 3

The midpoint of either line and the intersection of the two lines is the center of the rectangle or square.
Actually, one line would have been enough to find the center.

i
N

i & 2
L

Method 2

Geometry Lesson: Using Construction Objects

The best way to construct most drawings is to draw construction objects as an aid. There will be more
and more drawings like this in future lab exercises. Construction objects are objects that are drawn by
you to be used for construction only and will not be part of the finished drawing. It is important to save
those objects for later use or to see how the construction was preformed.
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From this point forward, in all workalongs and lab exercises, create a layer and name it Construction,
color 253. Draw all construction objects on this layer and do not delete them. When you complete the
drawing, freeze layer Construction. When required, simply thaw layer Construction to display the
construction objects. See Figure 8-5. The drawing on the left has layer Construction thawed while the
drawing on the right has layer Construction frozen.

@) O

I W

Figure 8-5
Construction Objects

AUTHOR’S COMMENTS: Some drawings do not require any
construction objects to be drawn while others have a lot.

Using Construction Objects

AUTHOR’S COMMENTS: There are many ways to draw using AutoCAD
and it seems that each CAD operator has his/her own drawing method.
There is no right or wrong way to draw as long as the drawing is
complete and accurate. Layers are used extensively by companies to
keep the drawings standardized and consistent within the company.
Layers are also used when plotting the drawings to achieve lineweight
as you will see later in the AutoCAD 2D book.

| recommend using a construction layer. The construction layer contains
drawing objects that are used to construct the object being drawn but
in the end are not part of the actual drawing itself.

After you complete the drawing, freeze the construction layer so it
cannot be seen by others. If in the future, you have to make revisions
to the drawing simply thaw the construction layer and use the
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construction objects. That means you do not have to redraw them,
which will save you time. Some drawings do not have any construction
objects while other have a lot of them.

As an AutoCAD instructor, it also help me to see how student’s are
constructing drawings. This is especially true for online students. When
| cannot observe a student drawing, | use the construction layer to help
me see the student’s drawing techniques.

When | draw in AutoCAD, | draw all objects on the layer Construction
and complete the drawing. After | complete the drawing, | change the
layers of the objects | want to be part of the finished drawing. The
objects that remain on layer Construction are the construction objects.
There are many ways to draw and each person has to choose his/her
method that works the best for them. As you work your way through
the book, you will learn many techniques and drawing methods. Over
time, you will develop your own method of drawing that suits you best

AutoCAD Command: OSNAP

The OSNAP command is used to open the Drafting Settings dialogue box which allows you to set object snap
mode defaults for Autosnap. The function key F3 toggles osnap off and on.

Shortcut: OS

Workspaces »
CAD Standards b |
Wizards 3

If'ﬁ' Drafting Settings...

[ Group

Tools Pull-down

Object Snap Settings...

sO0~ZF~-Ba®2-L

Right click Status Bar
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Snap cursor to 2D reference points - On
Object Snap - OSMNAP (F3)

LifiEr P b G-\~ 0-FE-BaD-1

Left click Status Bar

o -

WORKALONG: Using Object Snap

Step 1

Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 08-1.
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Step 3
Create layer: Object, color red and layer: Construction, color 253. (Figure Step 3)

X

i Current layer. 0 Search for layer &

ﬁrl-u-rl'.-| VW O o PR Co B o -
#>| Status  MName 4 On Freeze Lock Color Linetype Lineweight Transparency Plo

o 0 * Se s o Il white Continuous —— Default 0 Col

= & Construction ST ot 253 Continuous —— Default 0 Col

] = Defpoints & LF o Il white Continuous —— Default 0 Col

% = Key & L oi* [l magenta Continuous —— Default 0 Col

= P Object o L5 ot Il red Continuous —— Default 0 Col

i

E

(AN

(=9

]

&

(=8

&

o R 1 b

E —)

= @ Al:S layers displayed of 5 total layers

Figure Step 3

Step 4
Enter the OSNAP command to open Drafting Settings dialogue box.
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Step 5

Step 4 will open the Drafting Settings dialogue box. Enable the Object Snap tab. In the Object Snap
modes area, enable the modes to match the figure. Click OK to close the dialogue box. (Figure Step 5)

i Drafting Settings et

Snap and Grid  Polar Tracking Obiect Snap 3D Object Snap  Dynamic Input  Quic| * | ¥

Object Snap On (F3) Object Snap Tracking On (F11)
Object Snap modes
O Endpairt = BExtension Select Al
FiY Midpairtt 0y [insertion Clear Al
o Certer b [ Pempendicular
L] Geometric Center T[] Tangert
B MNode % [ ] MNearest
i Quadrant B [ Apparent intersection
3 [ Intersection 4[] Parallel

m To track from an Osnap point, pause over the point while in a
H command. A tracking vector appears when you move the cursor.

< To stop tracking. pause over the point again.
Options... Cancel Help
Figure Step 5

AUTHOR’S COMMENTS: Autosnap is now set to look for the object
snap modes Endpoint, Midpoint, Center, Quadrant, Intersection, and
Extension. These settings can be changed at anytime. | do not suggest
enabling too many or all of the snap modes at one time as this may
cause confusion when drawing.
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Step 6

Enable object snap by pressing the function key F3. Notice how the Object Snap icon in the Status bar
will display enabled as shown in Figure Step 6A. Press F3 again and note how the Object Snap icon
displays disabled as shown in Figure Step 6B.

iy PrabLB N~ O-E-BaBD~1O~a~
Figure Step 6A

i

ot [P ED S e, e e e B N L e

Figure Step 6B

Step 7

Set layer: Construction as the current layer. (Figure Step 7)

[l x P |
i Current layer: Construction Search for layer Q_
PRI RS o 1
| % | Status Name . On  Freeze Lock Color Linetype Lineweight Transparency Plo|
o 0 7 - o Il white Continuous —— Default 0 Col |
- o Construction i Df o [ 253 Continuous —— Default 0 Col |
[ - Defpoints . 1ok o Il white Continuous —— Default 0 Cal
%j = Key & LF oi* [l magenta Continuous —— Default 0 Col |
= e Ohbject o LF o Il red Continuous —— Default 0 Co
L
L
i

Figure Step 7
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Step 8

Using the dimensioned drawing as a reference, enter the LINE command and draw the 4 lines to form
the outer rectangle. (Figure Step 8A and 8B)

— 3.0 -—

0.25 DIA,,
e 1.0—= 4 PLACES

a
i

* 2.0
é 1.0
B(O START X5.5Y6
0.75 DIA.

Figure Step 8A

Figure Step 8B

AUTHOR’S COMMENTS: Since layer Construction is the current layer,
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the lines in your drawing should be colored gray.

Step 9

Press F3 to enable object snap. Check to ensure that it is enabled by checking its status in the Status
bar.

Step 10

Enter the LINE command and move the cursor on the top horizontal line. Move it approximately to the
midpoint of the line. When the AutoSnap marker displays the midpoint icon and the tool tip, pick it.
Figure Step 10)

Figure Step 10

AUTHOR’S COMMENTS: Note that each object snap mode marker
displays a different icon. For midpoint, it is a triangle.
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Step 11

Move the cursor to the bottom horizontal line and do the same as Step 10. Press Enter to exit the
command. You now have a vertical line from the midpoint of the top line to midpoint of the bottom
line. (Figure Step 11A and 11B)

Figure Step 11A

Figure Step 11B

AUTHOR’S COMMENTS: Note that you do not have to have Graphic
cursor exactly at the object’s snap mode location. As long as the
AutoSnap marker is displayed when you pick it, AutoCAD will snap
exactly to that location. It takes a little practice to using object snap.
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Step 12

Enter the CIRCLE command. To locate the center of the circle, move the cursor to the midpoint of the
vertical line that you drew in Step 11. When the midpoint icon and the tool tip displays, pick it. Enter a
D, for diameter, and then 0.75 to complete the circle. (Figure Step 12A and 12B)

Figure Step 12A

Figure Step 12B

AUTHOR’S COMMENTS: The circle is located exactly in the center of
the rectangle.
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Step 13

Enter the LINE command and for the first point snap to the center of the circle. For the second point,
snap to the endpoint in the top right corner. (Figure Step 13A, 13B, and 13C)

(__

Figure Step 13A

Figure Step 13B

Figure Step 13C

USER TIP: The function key F3 toggles object snap enabled, or disabled. Although there are other ways to
do this, try to get into the habit of using F3 as it will greatly improve your drawing speed.
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Step 14

Repeat Step 13 three additional times to draw 3 lines from the center of the rectangle to each of the
corners of the rectangle. (Figure Step 14)

Figure Step 14

Step 15

Enter the CIRCLE command. For the center location of the circle, snap to the midpoint of one of the
diagonal lines. Enter the radius of 0.125 or the diameter of 0.25. (Figure Step 15A and 15B)

Figure Step 15A

Figure Step 15B
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Step 16

Repeat Step 15 three times to draw a circle at the midpoint of each inclined line. (Figure Step 16)

Figure Step 16

Step 17

Enter the LINE command and for the first point, snap to the top quadrant of the top left circle. For the
second point, snap to the top quadrant of top right circle. (Figure Step 17A, 17B, and 17C)

O O

Figure Step 17A

| Quadrant

Figure Step 17B
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Figure Step 17C

AUTHOR’S COMMENTS: Zoom in on the drawing if you have to snap to
the quadrant.

Step 18

Repeat Step 17 three additional times to draw 3 more lines. Ensure that you snap to the quadrant of the
circle to locate the end of each line. (Figure Step 18)

Figure Step 18

Step 19

Without entering a command, individually select the objects that you want to reside on layer Object.
While the objects are selected, pull down the Layer toolbar list and click layer: Object. After you select
the name, click inside the Graphic window and then press Esc to clear the selected objects. (Figure Step
19A and 19B)
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Figure Step 19A

Figure Step 19B

AUTHOR’S COMMENTS: The objects you selected in Step 19 should
display red. If they do not display red, redo Step 19. This process is a
little tricky so it may have to practice it a few times to complete it
successfully.

Step 20

Pull down the layer list again and freeze layer: Construction. Your drawing is complete and should
appear as shown in the figure. (Figure Step 20A and 20B)

i () LT Il Object -
N[ T Otjed 'NCETI T
E;I'}:' E g: ?S-!i[",-.'[!-_'r: I';f:l & ﬁ] . Construction
a,i g: Eﬁlpﬂi"“ E i o Il Defpoints
) | 4t o Il Object

Figure Step 20A
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Figure Step 20B
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Step 21

Save and close the drawing.

USER TIP: Whenever possible, disable object snap. When it is enabled at the wrong time during the drawing
process, it can cause drawing problems. It is important to use object snap whenever necessary, but it is also
important to disable it when you do not require it. It can be toggled enabled or disabled with the F3 key.

Manual Object Snap Modes

Object snap modes can be entered manually inside any command that uses them. This can be a handy
feature for modes that are not used very often and are not enabled in AutoSnap. It also overrides the
current settings to force AutoCAD to find the snap mode you entered. i.e.

Command: LINE
Specify first point: end of

(Inside the LINE command, you must start the next line at the end of an existing Line. Instead of using
AutoSnap, enter the mode end on the keyboard to AutoCAD’s prompt. When a line is picked, AutoCAD
will snap to the closest endpoint on that line.)

or
Command: CIRCLE
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: mid of

(In the CIRCLE command, the snap mode mid is entered and AutoCAD responds of. Pick an existing
object and AutoCAD will snap to its midpoint.)

USER TIP: When manually entering object snap modes, the Object Snap toolbar can be used rather than
typing the object snap modes. A tool tip will open as you pass your cursor over each icon to see which mode
each one represents.

[~ 17 /XX~ 08D|L /5 - AR

Object Snap Toolbar

-




AutoCAD 2D 245

v .~ Endpoint
v /.:/ Midpoint
v () Center
W [&] Geometric Center
¥ © Node
vy €3 Quadrant
v 7 Intersection
v — Extension
4 Insertion
_I_ Perpendicular
*D Tangent
b Nearest
v Apparent Intersection

,// Parallel

Object Snap Settings...
AN~20-F@8=D- 12

Right Click Status Bar

Key Principles

Key Principles in Module 8

1. Object snap is one of the most important features in any CAD system. Use object snaps to quickly
and accurately draw using existing geometry in the drawing.

The function key F3 toggles object snap between enabled or disabled.
Use geometry and object snap rather than math to find the centers of squares or rectangles.

Disable object snap when you are not using it.

S

Draw construction objects on layer Construction and freeze that layer after you complete the
drawing.

6. You can override or force AutoCAD to snap to an object snap location on an object by manually
entering the osnap mode in the command line.
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Lab Exercise 8-1

Time allowed: 30 minutes.

Drawing Name Template Units
AutoCAD 2D Lab 08-1 2D English Inches
Layering Scheme
Layer Name Objects on Layer Color
Construction Construction objects 253
Object 1 All lines and arcs Red
Object 2 All circles Blue
Step 1

Start a new drawing using the template shown above.

Step 2

Setup the layers using the Layering Scheme shown above.
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Step 3

Draw the object shown in the figure using the layering scheme. In this drawing, place the lines and arcs
on layer: Object 1 and the circles on layer: Object 2. Lines and arcs should display red and the circles
should display blue. (Figure Step 3A and 3B)

0.5 DIA., /\

2 PLACES

Figure Step 3A

Figure Step 3B
Completed Drawing
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Step4

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Inches.

Step 5

Check the drawing’s accuracy with the key.

Step 6

If there are any errors, turn layer Key off and correct the drawing. If necessary, start a new drawing and

draw it again.

Step 7

Turn layer Key on. If the drawing still inaccurate, go back to Step 6.

Step 8

Turn layer Key off.

Step 9

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

;/ \\'II
e |

A

/N

| / o\ | /)

STEP 1 STEP 2 STEF 3 >IEP 4 STEP 5 STEP 6
/N /\ A /’/\ A /\
/ N\ | / /7 N\ | /N ) N
II' IIII | III| 2 1 1\I *‘/ '@I

STEP 7 STEP 8 STEP 9 STEP 10 STEP 11 STEP 12
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AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Use object snap modes and snap to as many locations as possible rather then entering XY coordinates
on the keyboard. (Figure Hint 1)

Command: ARC

Specify start point of arc or [Center]: C

Specify center point of arc: (end) P1

Specify start point of arc: (end) P2

Specify end point of arc or [Angle/chord Length]: A

Specify included angle: 60

Command:
3 ]
P1 P2
Figure Hint 1

Hint 2

Use object snap modes and snap to as many locations as possible rather then entering XY coordinates
on the keyboard. (Figure Hint 2)

Command: LINE
Specify first point: (end) P3

Specify next point or [Undo]: (end) P4
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Specify next point or [Undo]:

Command:
P3

P4
Figure Hint 2

Hint 3

There should be two construction objects in this drawing. (Figure Hint 3)

Figure Hint 3
Lab Exercise 8-2
Time allowed: 40 minutes.
Drawing Name Template Units

AutoCAD 2D Lab 08-2 2D English Inches
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Layer Name Objects on Layer Color

Construction Construction objects 253

Object 1 All lines and arcs Red

Object 2 All circles Blue
Step 1

Start a new drawing using the template shown above.

Step 2

Setup the layers using the Layering Scheme shown above.

i

START X16.5,Y12.5

12.0 ~—
6.0 —
t— 7 (] — e (] ]
% |
TS iy
N N 3.5
2.0
| 1)
2.0 J
N /L M
NV %

A

/1.5 R, TR
4 PLACES

Figure Step 3A

/Z.D DIA.

+
\— 1.0 DIA., 4 FPLACES

ARC STARTS AT MIDPOINT OF ARC AND
ENDS AT MIDPOINT OF ARC

BOTH SIDES
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Figure Step 3B
Completed Drawing

Step 3

Draw the object shown below using the layering scheme. In this drawing, place the lines and arcs on
layer: Object 1 and the circles on layer: Object 2. The lines and arcs should display red and the circles
blue. (Figure Step 3A and 3B)

Step 4

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Inches.

Step 5

Check your drawing with the key. The key name is the same as the drawing name.

Step 6

If you have any errors, turn layer Key off and correct your drawing. If you cannot correct it, start it over
from the beginning.

Step 7

Turn layer Key on to check your drawing. If it is still inaccurate, go back to Step 6.

Step 8

Turn layer Key off and freeze layer: Construction

Step 9

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method




AutoCAD 2D 253

and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

— I e k /\‘. — :/IM &‘. 6‘./\

= . - Al ¥ 7| ¥E=N

STERP 1 STEP 2 STERP 3 STERP 4 STEP 5 STEP 6
AN | R | R N
lecd | REEIC DQC DE)(]

2lEF 7 SfEP 8 SIEF 9 SlEP 10 ofEP 11 olEP 12

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.
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Hint 1

The arcs on the corners can be drawn using the command shown below. (Figure Hint 1)
Command: ARC

Specify start point of arc or [Center]: C

Specify center point of arc: (end) P1

Specify start point of arc: @-1.5,0

(This sets the radius and the direction of the start point.)

Specify end point of arc or [Angle/chord Length]: (end) P2

Command:

(Repeat on the other three corners. Keep in mind that arcs are constructed counterclockwise in
AutoCAD.)

o 1

-

(D
N/

Figure Hint 1
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Hint 2

The arcs on the sides can be drawn using the command shown below. (Figure Hint 2)
Command: ARC

Specify start point of arc or [Center]: C

Specify center point of arc: (mid) P3

Specify start point of arc: (mid) P4

Specify end point of arc or [Angle/chord Length]: (mid) P5

(Do the same on the other side. Ensure that you construct the arc counterclockwise.)

Command:

P3

o
[

Po

P4

Figure Hint 2
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Hint 3

The figure shows the construction objects in this drawing. (Figure Hint 3)

Figure Hint 3

Lab Exercise 8-3

Time allowed: 40 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 08-3 N/A Inches

Layering Scheme

Layer Name Objects on Layer Color

Construction Construction objects 253

Object 1 All lines and arcs Red

Object 2 All circles Blue
Step 1

Open the drawing: AutoCAD 2D Lab 08-2.

Step 2
Using the SAVEAS command, save it with the name: AutoCAD 2D Lab 08-3.
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Step 3

Turn off all the layers except for layer: Key. If the magenta key from Lab 08-2 displays, select it and
press the delete key. Turn all of the other layers back on.

Step4

Complete the object by adding and erasing objects to match the figure. (Figure Step 4A and 4B)
/—0.25 DIA. TYP., 4 PLACES

EQUAL—=l=— EOUALA—‘
TYP. / TYP. !
1_!;3 E‘ EI-‘EDUAL TP
i < “EQUAL TYP.
' =} 1,19 f=

i
1

.
O
O

\

-

-—--b

e, EQUAL TYP. /'
il 4" - &

i

O
O
)

*
1.29
! t

0.75 DIA. TYP., 2 PLACES
Figure Step 4A

Figure Step 4B
Completed Drawing
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Step 5

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Inches.

Step 6

Check your drawing with the key. The key name is the same as the drawing name.

Step 7

If you have any errors, turn layer Key off and correct them.

Step 8

Turn layer Key off and freeze layer Construction

Step 9

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

% T »Eo 0 o 0 o _© 9 _0 q‘\o o A~
[Jl\r] [J o4 Kr] DOOOG Q OODG IOOD\rD X OOOK/B
e == —

SIEF 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6

===
o_o o_o
g)oool\tg Q\/‘IO o B
==== —————
SIEF 7 SlEP 8 SIEP % SIEP 10 STEP 11 STEP 12
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AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Locate the larger circle as shown in the figure. (Figure Hint 1)
DRAW A CONSTRUCTION LINE FROM MWIDFOINT TO MIDPOINT
/ERASE THE CONSTRUCTIOM LINE AFTER YOU DRAW THE CIRCLI;\
/ /F‘LACE THE CENTER OF THE CIRCLE \

AT THE MIDPQINT OF LINE

Figure Hint 1

Hint 2

Locate the smaller circle as shown in the figure. (Figure Hint 2)

DRAW A LINE
FROM QUAD
TO MIDPOINT

/)@‘
PLACE THE CENTER OF THE CIRCLE
AT THE MIDPOINT OF LINE

Figure Hint 2
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Hint 3

The figure shows the construction objects in this drawing. (Figure Hint 3)

o y o
L= P, L=
~ . ~
¥ U L ¥

Figure Hint 3

Lab Exercise 8-4

Time allowed: 40 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 08-4 2D English Inches
Layering Scheme

Layer Name Objects on Layer Color

Gasket All drawing objects Blue
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Step 1

Draw the top view of the simple gasket shown in the dimensioned drawing using the layering scheme.
(Figure Step 1A, 1B, and 1C)

Figure Step 1A
Simple Gasket

05 DIA. 1YP, 6 HOLES

%*05 N TYR.

4.0 {+ :
t ~— 0.5 TYP.
2.0
| OO
r

START X2,Y2

Figure Step 1B
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Figure Step 1C
Completed Drawing
Step 3

Set the insertion units and check your drawing with the key. Turn layer Key off and freeze layer
Construction.

Step 4

Save and close the drawing.
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Module 9: Controlling the Drawing

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe the drawing terms; limits, extents, scale, units, and regeneration.

2. Apply the ZOOM, PAN, REGEN, and VIEWRES commands and explain how you use them to
control the drawing.

Controlling the Drawing

To control the drawing and improve your drawing speed, it is important for you to understand the
drawing terms; limits, extents, scale, units, and regeneration and how they relate to the current drawing.

Drawing Limits

An AutoCAD drawing has an unlimited amount of model space available to draw in. The drawing
limits are a user defined rectangular or square shape of 2D model space. The size of the drawing limits
can be changed, as required, at anytime.

Drawing limits were important before layouts were added to AutoCAD in AutoCAD 2000. They are
not that important to AutoCAD 2000 and newer users but are still part of the software.

Figure 9-1 The Drawing Limits

Drawing Extents

The drawing extents is defined as the smallest rectangle that will fit around all existing drawing objects
in the current drawing that are visible (on a thawed layer). It is possible to draw outside the drawing
limits and therefore objects that are outside the limits may not be visible in the normal drawing display.

263
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By being able to display the drawing extents, all visible (thawed) drawing objects that exist in the
current drawing will display in the Graphic window. Being able to display the drawing extents is very
important.

Since Model space is very large, objects are sometimes placed, by accident, somewhere out in space. If
this happens in a drawing, it can severely derogate the performance of the drawing. Sometimes the only
way to work on a drawing that is derogated is to find the erroneous objects and delete them. They can
easily be found by displaying the drawing extents.

F=5s 1

1 O 1

Figure 9-2 The Drawing Extents

Drawing Scale

The general rule for all AutoCAD drawings is to always draw the object at full scale or full size.
Scaling is done in the viewports in the layouts. This is taught in Module 18.

Drawing Units

AutoCAD drawings are unitless. If a unit of 1 is entered into a drawing and the units selected by the
creator for that drawing are inches, then 1 means 1 inch. From that point forward all units entered into
that drawing must be entered as inches. In another drawing, the operator creating the drawing picks the
units to be millimeters. All numbers entered in that drawing must be entered in millimeters.

To sum up, when a drawing is first started, the creator must make a decision as to what units will be
used for that drawing. From that point on, all numbers entered into that drawing must be entered in
those units.

Zooming

Zooming is the process of moving the drawing objects closer or further away from your eyes without
actually changing the size of the objects or their location in model or paper space. It is an important
tool for you and is used extensively in the drawing process. Drawings can be very large and therefore
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you must be able to zoom in to be able to see in greater detail and zoom out again to work on the
overall drawing.

The most efficient method to zoom a drawing is to locate the Graphic cursor in the center of the area to
be zoom and then rotate the wheel on the mouse forward or backward. While the AutoCAD command
ZOOM can be also used to zoom the drawing, using the wheel to zoom will greatly increase your
drawing speed.

Panning

Panning is the process of moving the existing drawing objects around the Graphic window without
actually physically moving any of the drawing object’s current location in model or paper space.

The most efficient method to pan a drawing is with the wheel on the mouse. Press and hold the wheel
down and them move the mouse to pan the drawing. A Pan Hand cursor will replace the Graphic cursor
when you hold the mouse wheel down. While the AutoCAD command PAN can be used to pan the
drawing, using the wheel will greatly increase your drawing speed.

Regenerating the Drawing

AutoCAD stores all existing drawing objects and their properties in a database format in the .dwg file.
When a drawing is opened, AutoCAD reads the .dwg file and constructs the drawing objects, one at
time, displaying them in the Graphic window.

There are times when working on a drawing that it must be reconstructed from the .dwg file. This is
called regeneration. The command used to do this is REGEN. There are many reasons for regeneration
and they will become clear in future modules. Since some commands do not automatically regenerate,
it is up to you to manually execute the REGEN command to force the display of any changes that
happened when those commands was executed.

AutoCAD Command: ZOOM

The ZOOM command is used to move the existing drawing objects closer or farther away from the user’s
eyes without changing the drawing object’s physical size.

Shortcut: Z
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View [nze Forma ool Draw

[ # Redraw

Zoom k '@q Realtime
k|
@ e @Q Previous
SteeringWheels [ :
| == _ El Window
ShowMotion ra D mis
: =
Kkt d EI'-'_'Q Scale
. k" Center
a
Walk and Fly s Object
e
Clean 5Screen Ctrl+0 +CJ, B
Viewports . o Out
| Nam.ed Views Ty Al
30 Views 3 f yq Extents
I I"'.-"}*. “reate (T armora 1

View Pull-down
PRI

Ffoom Extents

Zooms to display the drawing extents

Zoom Toolbar
R

Zoom Window

Zooms to increase or decrease the apparent size of objects in the
current viewport

Zoom Toolbar

AUTHOR’S COMMENTS: If you have a mouse with a wheel as the
center button, you can use it to zoom in and out of your drawing by
first locating the Graphic cursor in the center of the area to be zoomed
and then rotating the wheel forward or backward. While the AutoCAD
command ZOOM can be used to zoom the drawing using the wheel will
greatly increase your drawing speed. If you don’'t have a wheel mouse,
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you must use the ZOOM command and its options to accomplish the
same thing.

AutoCAD Command: PAN

The PAN command is used to move the drawing objects around the Graphic window without

physically moving them.
Shortcut: P
View | Inse Format Too raw
! ¥  Redraw |
Zoom B
Pan 3 : {'}‘ Realtime
(@) SteeringWheels WM Point
B ShowMotion 4@] Left
Orbit L3 :
Camera k fﬁ Elsht
Walk and Fly e *{'_"] -
L

View Pull-down

[CeHEREEXDDERS G -» [WaBABEFSED[Df

Pan Realtime

Moves the view planar to the screen
Standard Toolbar

AUTHOR’S COMMENTS: If you have a mouse with a wheel as the
center button, you can use it to pan your drawing by holding wheel
down and moving the mouse. While the AutoCAD command PAN can be
used pan the drawing using the wheel will greatly increase your
drawing speed. If you don’t have a wheel mouse, you must use the PAN
command and its options to accomplish the same thing.
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AutoCAD Command: LIMITS

The LIMITS command is used to set the drawing limits.

Shortcut: none

Layer...
Layer States Manager...

Thickness

G ahd

Drawing Limits

[[I] Rename..

Format Pull-down

AutoCAD Command: REGEN

The REGEN command is used to reconstruct the drawing objects from the .dwg file and display them in the
Graphic window.

Shortcut: RE

| # Redraw

Fegen
[ £% Regen All

View Pull-down

AutoCAD Command: VIEWRES

The VIEWRES command sets the number of vectors that AutoCAD uses when it displays circles

and arcs in the Graphic window.

Shortcut: none

MUST KNOW: AutoCAD drawings are unitless. The creator of the drawing makes the decision of what
units will be used for that drawing. From that point forward, all numbers entered in that drawing must be in
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those units.

MUST KNOW: The general rule for all AutoCAD drawings is to draw the object at full scale or full size.
Scaling is done in the viewports in the layouts.

AUTHOR’S COMMENTS: The only objects AutoCAD can construct in
any drawing are lines and points. Circles and arcs are constructed using
many lines connecting two XY coordinate points that are calculated
each time the drawing is regenerated. The more lines AutoCAD uses to
construct the circles and arcs, the smoother or more circular they will
display. The VIEWRES command sets the zoom percentage of the lines
that AutoCAD uses when it constructs or regenerates the circles and
arcs in the drawing. When VIEWRES is set to 20000, the maximum, the
circles and arcs will appear very smooth. On the other hand, it will take
AutoCAD much longer to calculate that many points for each circle and
arc in the drawing. You have to take all of this into account when you
are setting the viewres for the drawing.

WORKALONG: Using the LIMITS, ZOOM, PAN, REGEN, and VIEWRES Commands

Step 1
Open the drawing: AutoCAD 2D Workalong 08-1.

Step 2
Using the SAVEAS command, save the drawing with the name: AutoCAD 2D Workalong 09-1.

Step 3

Enter the ZOOM Extents command, as shown below. The drawing should appear as shown in the
figure. (Figure Step 3)

Command: ZOOM
Specify corner of window, enter a scale factor (nX or nXP), or
[All/Center/Dynamic/Extents/Previous/Scale/Window/Object] <real time>: E

Command:
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Figure Step 3

AUTHOR’S COMMENTS: | find it easier to enter the ZOOM Extents
command on the keyboard. It is fast if you use the shortcuts Z and E.

Step4

Practice zooming the drawing in and out by rotating the wheel on the mouse.

Step 5

Move the crosshairs to approximately the center of the object and push the middle wheel down and
hold it. A Hand icon will replace the crosshairs. While holding the wheel down, pan the drawing
around.

Step 6

Enter the ZOOM Extents command to zoom the drawing to its extents. Step 7 Enter the LIMITS
command, as shown below, to set the drawing limits.

Command: LIMITS

Reset Model space limits:

Specify lower left corner or [ON/OFF] <0.0000,0.0000>:
Specify upper right corner <12.0000,9.0000>: 8.5,11

Command:

AUTHOR’S COMMENTS: It is always best to set the lower left corner
of the drawing limits to 0,0. Doing that, help keeps the drawing objects
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in the positive quadrant. In other words, both X and Y are positive.

Step 8

Use the CIRCLE command, as shown below, to draw a 1 diameter circle with its center at X20,Y22.
Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: 20,22

Specify radius of circle or [Diameter]: D

Specify diameter of circle: 1

Command;
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Step 9

Enter the ZOOM Extents command. Your drawing should appear as shown in the figure. (Figure Step
9)

O

Figure Step 9

Step 10

Use the CIRCLE command, as shown below, to draw a 1 diameter circle with its center at X-35,Y-35.
Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: -35,-35

Specify radius of circle or [Diameter]: D

Specify diameter of circle: 1

Command:
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Step 11

Enter the ZOOM Extents command. Your drawing should appear as shown in the figure. (Figure Step
11)
o

L
Figure Step 11

AUTHOR’S COMMENTS: Notice how the ZOOM Extents command
zooms the drawing so that it displays all of the existing objects in the
drawing.

Step 12

Delete the two circles that you inserted in Steps 8 and 10. Enter the ZOOM Extents command again.
The drawing should match the figure. (Figure Step 12)
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Figure Step 12
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Step 13
Enter the VIEWRES and REGEN commands, as shown below. (Figure Step 13)

Command: VIEWRES

Do you want fast zooms? [Yes/No] <Y>:' Y

Enter circle zoom percent (1-20000) <2000>: 20000
Command: REGEN

Regenerating model

"
-

Figure Step 13

AUTHOR’S COMMENTS: Always answer Yes to fast zooms in the
VIEWRES command. The circles will now display using 20,000 vectors.
Since the VIEWRES command does not automatically regenerate the
drawing, the REGEN must be executed after it to reconstruct the
drawing objects to display the new resolution.

Step 14

Save and close the drawing.

USER TIP: Since the ZOOM Extents command is used a lot during the drawing process, there is a shortcut
to execute this command. Move the cursor to somewhere on the Graphic window and double click the wheel
or middle button on the mouse.When attempting to find all the existing objects by displaying the drawing
extents, ensure that all layers are thawed and on.
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USER TIP: If you have a mouse with a wheel as the center button, use it to zoom in and out of the drawing
by rotating the wheel forward or backward. Using the wheel to zoom, rather than commands, will increase
your drawing speed. If your computer is not equipt with a wheel mouse, you must use the ZOOM
command.The wheel can also be used to pan the drawing. Move the crosshairs to the part of the drawing to be
panned and press down on the wheel. A Pan Hand icon will display as the Graphic cursor. While holding
down the wheel, move the mouse to pan the drawing. Using the wheel to pan will also increase your drawing
speed. If your computer does not have mouse with a center wheel, you must use the PAN command.

MUST KNOW: At times, the current drawing must be regenerated from the .dwg file. Drawing regeneration
is accomplished with the REGEN command. If you are in doubt about the current appearance of the drawing,
you should regenerate it.

USER TIP: The ZOOM Previous command allows you to step back through the previous zoomed states.
This allows you to quickly zoom in on an object, draw or edit, and then return back to the previous zoomed
state.

EECIEREYCIENNE

G- |OvRRRERDERSEE| DY

‘ Zoom Previous }

Zoom Previous

. ¥ Redraw

Regen
LE‘;’ Regen All
Zoom 3 @q Realtime
[
o Ch Previous

L_d Window

View Pull-down

USER TIP: The ZOOM Extents command is a very important command and if used when required, can
prove to save you a lot of time and effort. When you are opening a drawing for the first time, especially one
that was drawn by someone other than you, the first thing you should do is to ensure that all layers are on and
thawed. Then execute the ZOOM Extents command. Doing this will display all existing drawing objects in
the Graphic window which will show you the size and scope of the drawing before you begin working on it.
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AUTHOR’S COMMENTS: Do not use a calculator to complete any lab
exercise in the AutoCAD 2D book. By using geometry principles,
drawing techniques, object snapping, and construction objects,
AutoCAD will do all the math for you.

Key Principles

Key Principles in Module 9

1. The drawing extents is the smallest rectangle that will fit around all the existing drawing objects
in the drawing.

2. Always draw all objects in Model space at full size or full scale.

3. AutoCAD drawings are unitless. The operator who creates the drawing makes the decision what
units will be used for that drawing.

4. When a drawing is regenerated, AutoCAD reconstructs the drawing from the .dwg file. Drawings
regenerate when they are opened but you can force an open drawing to regenerate with the
REGEN command.

Lab Exercise 9-1

Time allowed: 40 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 09-1 2D Metric Millimeters

Layering Scheme

Layer Name Objects on Layer Color

Construction Construction objects 253

Object All objects Red
Step 1

Setup the layers using the Layering Scheme shown above.
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Step 2
Draw the object shown in the figure using the layering scheme. (Figure Step 2A, 2B, and 2C)
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Figure Step 2A

AUTHOR’S COMMENTS: Do not use a calculator to complete this lab
exercise or any other lab exercise in the AutoCAD 2D book. By using
geometry principles, drawing techniques, object snapping, and
construction objects, AutoCAD will do all the math for you.
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Figure Step 2B
Completed Drawing
1/2 THE
RADIUS
1.35 DIA.
4 PLACES
Figure Step 2C
Detail

Step 3

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Millimeters.

Step 4

Check the drawing’s accuracy with the key.
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Step 5

If there are any errors, turn layer Key off and correct the drawing.

Step 6
Turn layer: Key on. If the drawing still inaccurate, go back to Step 7.

Step 7
Turn layer: Key off.

Step 8

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.
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AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
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cannot complete it on your own, use the following hints to help you.
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Hint 1
See the figures. (Figure Hint 1A and 1B)

MIDPOINT OF LINE IS
/YEQUAI_ DISTANCE

DRAW CONSTRUCTION LINES FROM
CENTER OF CIRCLE TO MIDPOINTS

Figure Hint 1A

Figure Hint 1B



AutoCAD 2D 283

Hint 2

Construction lines for circle B. (Figure Hint 2)

CENTER AT MIDPOINT

LINE FROM QUAD
TO QUAD

Figure Hint 2
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Hint 3

Construction to draw circle D. (Figure Hint 3)

SIEP 1 DRAW 4 LINES FROM
CENTER TO QUAD.

STEP 2 DRAW 4 LINES FROM
MIDPOINT TO MIDPOINT

aslEF 5
Figure Hint 3

Hint4

Construction objects in the drawing. (Figure Hint 4)

Figure Hint 4
Construction Lines




Lab Exercise 9-2

Time allowed: 30 minutes.
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Drawing Name Template Units
AutoCAD 2D Lab 09-2 2D English Inches
Layering Scheme
Layer Name Objects on Layer Color
Construction Construction objects 253
Object All objects Red
Step 1

Setup the layers using the Layering Scheme shown above.

Step 2

Draw the object shown in the figure using the layering scheme. (Figure Step 2A and 2B)

AUTHOR’S COMMENTS: This is a very small object. You will have to
zoom in to work on it.
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Figure Step 2A

Figure Step 2B
Completed Drawing
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AUTHOR’S COMMENTS: Do not use a calculator to complete this lab
exercise or any other lab exercise in the AutoCAD 2D book. By using
geometry principles, drawing techniques, object snapping, and
construction objects, AutoCAD will do all the math for you.

Step 3

Set the viewres to 10,000 and regenerate your drawing.

Step 4

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Inches.

Step 5

Check your drawing with the key. The key name is the same as the drawing name.

Step 6

If you have any errors, turn layer: Key off and correct your drawing.

Step 7

Turn layer: Key on to check your drawing. If it is still inaccurate, go back to Step 7.

Step 8

Turn layer: Key off and freeze layer: Construction.

Step 9

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.
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@)

STEP 1 STEP -2

SIEP 5

STEFP 4

STEP 5

STEFP B

SIER 7 STEF 8

SIEP 9

STEP 10

STEP 11

STEP 12

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Draw two construction lines from end of arc to end of arc as shown in the figure. (Figure Hint 1)

Figure Hint 1
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Hint 2

Draw two circles locating their centers at the midpoint of the construction lines that you drew in Hint
Step 1. Construction an arc from center of the circle on the right side to the center of the circle on the
left side. Draw a circle at the midpoint of the arc. (Figure Step Hint 2)

Figure Hint 2

Hint 3

Erase the construction arc you drew in Hint Step 2. Draw a construction arc from the center of the
circle to the center of the circle. Draw a circle at the midpoint of the arc. You will have to repeat this

three more times. (Figure Hint 3A and 3B)

H

Figure Hint 3A

Figure Hint 3B
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Hint4

Insert four construction lines from the end of arc to the end of arc. Draw a construction line from the
midpoint of line to midpoint of line on both sides. (Figure Hint 4)

N Sl

Figure Hint 4
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Hint 5

Draw a circle at the midpoint of the line on both sides. Erase the construction line and draw a new
construction line from the quad of the circle to the midpoint of the line. It is important to draw from the
quad to the midpoint. Insert a circle at the midpoint of the line. Erase the construction line and repeat as
shown in the figures. (Figure Hint 5A and 5B)

Figure Hint 5A

N L

Figure Hint 5B
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Module 10: Drawing Lines Using Polar Coordinates

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe the geometry of angles.
2. Describe the Polar Coordinate System.

3. Apply the LINE command to draw lines using the Polar Coordinate System.

Geometry Lesson: Angles

An angle is formed by two intersecting lines. When measuring an angle in a drawing, AutoCAD
defines zero degrees at 3:00 o’clock with the positive angle in the counterclockwise direction and a
negative angle in the clockwise direction. Study angle geometry in Figure 10-1, 10-2, and 10-3. These
principles are used extensively to construct drawings in AutoCAD.

(+) POSITIVE ANGLE

180°

360" - O 3 0O'CLOCK < l > 0°'—3 O'CLOCK

—180°
(—) NEGATIVE ANGLE STRAIGHT ANGLE
_\909 MORE THAN 90
\ LESS THAN 90° \
RIGHT ANGLE ACUTE ANGLE OBTUSE ANGLE

Figure 10-1 Angles — Part 1

293
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A+B=180

5

S A+B=90" teo_ AHE=TE
B San: 3
4 3
COMPLEMENTARY ANGLES SUPPLEMENTARY ANGLES

Figure 10-1 Angles — Part 2

All angles are express in either positive or negative degrees. AutoCAD will accept either. Since
positive is the default, the positive sign does not have to precede the number but a negative angle must
be preceded by the negative sign.

135°+225°=360" 15+ A5 =250

+135°
+3195°

0'-3 0'CLOCK =03 0'CLOCK
—45°

—225°
Figure 10-3 Angles — Part 3
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WORKALONG: Working With Angles
Step 1
Study Figure 10-1, 10-2, and 10-3. Using what you learned and without drawing in AutoCAD, find the

answers for the angles A to M. After you find a solution to all of the angles, check your answers with
the solutions at the end of the module.

'_'--..__‘_

/i\

Figure Step 1A

N\
I N
oS

Figure Step 1C
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AUTHOR’S COMMENTS: It is sometime easier to sketch the figure and
calculate the angle using paper and pencil.

£

Figure Step 1D

Figure Step 1E
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-

Figure Step 1F

an
NG

Figure Step 1G

M:
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The Polar Coordinate System

The Polar Coordinate System is a two-dimensional coordinate system in which each point on a plane is
determined by a distance from a reference point and an angle from a reference direction. In AutoCAD,

you use it when you are given a distance and an angle from a known coordinate location. All angles are
measured with 0 degrees at 3:00 o’clock. The angles are positive in the counterclockwise direction and
negative in the clockwise direction. See Figure 10-4.

(+)POSITIVE

90 (-270)
@5<140 ! X

or @s5«<-220
1T ~. @6<45
g /(for @6<-315

[ 1400 "\ :
1 ¢ zzun}
’ \

45e
3150}
180 (-180) - 3 O'CLOCK
—120"
(240°) ﬁug_
\/(aq_uﬂ}
@6<240 JA . 1 g g1 @5<-60
or @6<-120 e L or @5<300
270 (-90)

/

(-)NEGATIVE
Figure 10-4 The Polar Coordinate System

A polar coordinate is entered into AutoCAD as a distance, a less than symbol, and an angle. In all
cases, the @ symbol must precede the distance. i.e.

@6<45

means ‘ from the last point, go 6 units at an angle of 45 degrees, positive, starting at 3 o’clock .
AutoCAD always assumes positive as default, therefore, the positive sign can be omitted. i.e.

@5<-60
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Workalong and complete the following steps to solve the angles and polar coordinates. If necessary, use

paper and pencil. Do not use AutoCAD.

Step 1

Study the figure and solutions for numbers 1 to 6. Solve the answers for numbers 7 to 11. (Figure Step

1)

ekl

-~
o L)
y 3C
-
-
-

YR

30 180—150=30

A B f

Figure Step 1

180-110=70

AUTHOR’S COMMENTS: The answers are at the end of the module. Do
not look at the answers until you think you have correctly solved each

one.
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Object A Solution:

1. Find the polar coordinate A TO B:

@2<0

2. Calculate the first angle:

180 — 150 = 30 degrees

3. Find the polar coordinate B TO C:

@2<30

4. Copy the 30 degree angle to the next corner.

5. Calculate the second angle:

180 — 110 = 70 degrees

6. Add the two angles: 30 +70=100
7. Find the polar coordinate C TO D: @ <

8. Copy the angle 100 to the next corner.

9. Calculate angle DD: DD =

10. Find angle EE: EE =

11. Find the polar coordinate D TO E: @ <
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Step 2

Study the figure and find the solutions for numbers 1 to 11. (Figure Step 3)
180-"22=D0D

E
o1 %
180—27=BB
B "
}
1557 180—77= AA

A B

Figure Step 2

AUTHOR’S COMMENTS: The answers are at the end of the module. Do
not look at the answers until you think you have correctly solved each
number.
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Object B Solution:

1.

Find polar coordinate A TO B

@ <

2.

Calculate angle AA:

3.

Find polar coordinate B TO C

@ <

. Copy angle AA to the next corner

. Calculate angle BB

. Find angle CC

. Find polar coordinate C TO D

@ <

8.

Copy angle CC to the next corner

9.

Calculate angle DD

10. Find angle EE

11. Find polar coordinate D TO E

@ <

WORKALONG: Using the Polar Coordinate System - Part 2

Step 1

Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 10-1.

Step 3

Create layers: Object and Construction. (Figure Step 3)

x|
I Current layer: Object
LR AR

# | Status  Marne

o 0

s - Construction
E’f A Defpoints
%[ = Key
= o Object
("]
L

Figure Step 3

On

= 2D =D 2D =D

Freeze

e

Lock

BEEEE

Color

B white
W 253

B white
B magenta
M r=d

Linetype

Centinucus
Continuous
Continuous
Continuous
Continuous

Search for layer

Lineweight

—— Default
—— Default
—— Default
—— Default
—— Default

o)
Transparency
1]

0
0
]
0

= .

e

Pla
.J'Hl
i e’
Col
=

o
L

Col
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Set layer: Object as the current layer and enter the LINE command, as shown below, to draw the object.

(Figure Step 4A)

START 2.5X;4.5Y

Figure Step 4A

B

LINE | DISTANCE
A-B 3
B-C 2
C-D 2
D-E 15
E-F 1
F-G 2
G-H 15

Command: L

Specify first point: 2.5,4.5
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(Start with an absolute Cartesian Coordinate.)
Specify next point or [Undo]: @3<0

(A to B is a horizontal line which is zero degrees.)
Specify next point or [Undo]: @2<90

(B to Cis a vertical line at 90 degrees.)

(Figure Step 4B)

/ — 0" (3 0'CLOCK
A 5 ( )

Figure Step 4B

AUTHOR’S COMMENTS: Refer to the dimensioned drawing in Figure
Step 4 when you construct this drawing and try to understand the polar
coordinates that you are entering.

Specify next point or [Close/Undo]: @2<45
(C to D is 45 degrees positive.)

(Figure Step 4C)
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D
/<&45°
: | — o (3 0'cLOCK)

I

E 135
‘/ 1385
90" 90
/ 45°

Figure Step 4C

Specify next point or [Close/Undo]: @1.5<100

(Dto E)

(Figure Step 4D)

1GF

= 0" (3 O'CLOCK)

180"
125°
55°

— O (3 O’CLOCK)

Figure Step 4D

Specify next point or

[Close/Undo]: @1<180
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(E to F is a horizontal line at 180 degrees.)

(Figure Step 4E)

180"

5 23

- 0" (3 O’CLOCK)

D

Figure Step 4E

MUST KNOW: AutoCAD measures angles starting with 0 degrees at 3:00 o’clock. Positive angles are
measured in the counterclockwise direction and negative angles are measured in the clockwise direction.

(+) POSITIVE ANGLE

360" - 0" 3 Q'CLOCK

(—) NEGATIVE ANGLE

Specify next point or [Close/Undo]: @2<225
(F to G)

(Figure Step 4F)
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180°
43°

180: 225°
F E

_|_

— 0" (3 O’CLOCK)

:-‘-.._\_'-h

=
U

133

G

Figure Step 4F

Specify next point or [Close/Undo]: @1.5<165
(G to H)

Specify next point or [Close/Undo]: C

(Use Close for Hto A)

Specify next point or [Close/Undo]:
Command:

(Figure Step 4G)
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i 120° . BLD
45 OR 60"
163° 163°

- 0" (3 0'CLOCK)

60;/6

Figure Step 4G

Step 5
Your completed drawing should match the figure. (Figure Step 5)

Figure Step 5
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Step 6

Save and close the drawing.

Object Snap Mode - Intersection

Modes Abbreviations lcon Marker The AutoCAD Object

Intersection Int
X

Figure 10-5 Object Snap Mode — Intersection

WORKALONG: Using the Object Snap Mode - Intersection

Step 1
Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 10-2.

Step 3

Create the layers: Object and Construction. Set layer: Construction as the current layer. (Figure Step 3)

x s 1

o Current layer: Construction search for layer Q

o m|H PSR ol o
# | Status  Marne On Freeze Lock Color Linetype Lineweight Transparency Plo

Py 0 . L o Il white Continuous —— Default 0 Col

s w Censtruction o ?Ci ot 253 Continuous —— Default 0 Co

] g Defpoints 7 L o Il white Continuous —— Default 0 Col

% = Key 7 - o’ [l magenta Continuous —— Default 0 Col

= & Object I o S o Il red Continuous —— Default 0 Col

("]

E

[

a

2

[

(=9

n: - -

»”Jd? 2| 4 i b

=Z @~ All:5 layers displayed of 5 total layers

Figure Step 3
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2.0
1.0 DIA.
A
|
2.0
2.0
! !
- 4.0 -
START X2,Y5

Figure Step 4A

Step 4

Refer to the figures and enter the LINE command, as shown below, to draw four construction lines.
(Figure Step 4A and 4B)

Command: L

LINE Specify first point: 2,5

Specify next point or [Undo]: @4<0

Specify next point or [Undo]: @2<90
Specify next point or [Close/Undo]: @1<90
Specify next point or [Close/Undo]: @3<180
Specify next point or [Close/Undo]: @1<180
Specify next point or [Close/Undo]: @1<270

Specify next point or [Close/Undo]: C
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Figure Step 4B

AUTHOR’S COMMENTS: Note how | drew the rectangle by drawing
lines from endpoint to endpoint of the object’s geometry. This

workalong is teaching you a drawing technique that will help you
improve your drawing speed.

Step 5

Ensure that osnap is enable and then draw an additional construction line by snapping to the endpoint
of the existing line and 1 unit in the -X direction. (Figure Step 5A and 5B)

Figure Step 5B

Figure Step 5B
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AUTHOR’S COMMENTS: As | commented in Step 4, | drew the
rectangle by drawing lines from endpoint to endpoint of the object’s
geometry. In this step, | can now snap to endpoint of line that is 2
inches long. Even though you cannot see the endpoint of the line, osnap
will find it easily by move the graphic cursor over the line.

Step 6

Set layer: Object as the current layer. Enter the LINE command and enable osnap. Draw the perimeter

lines of the object by snapping to the endpoints of the construction lines. (Figure Step 6A, 6B, 6C, 6D,
6E, 6F, 6G, 6H, and 6J)

Figure Step 6A

Figure Step 6B
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Figure Step 6C

Figure Step 6D

Figure Step 6E

Figure Step 6F
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/

Figure Step 6G

Figure Step 6H

Figure Step 6J



AutoCAD 2D 315

Step 7

On layer: Construction , draw two construction lines by snapping to the endpoint of the existing lines as
shown in the figure. (Figure Step 7)

Figure Step 7

Step 8

Enter the CIRCLE command and draw a 1 diameter circle locating its center point by

snapping to intersection of the two construction lines you drew in Step 7. (Figure Step 8A and 8B)

Figure Step 8A

Figure Step 8B
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Step 9

Freeze layer: Construction. (Figure Step 9)

Figure Step 9

Step 10

Save and close the drawing.

Key Principles

Key Principles in Module 10

1. The Polar Coordinate System is used to draw lines using a distance and an angle from a known
coordinate location.

2. By default, an AutoCAD polar coordinate measures angles starting 0 degrees at 3:00 o’clock.

3. In a polar coordinate, positive angles are measured counterclockwise and negative angles are
measured clockwise.

4. A polar coordinate is entered into AutoCAD as a distance, a less than symbol, and an angle. In all
cases, the @ symbol must precede the distance.

Lab Exercise 10-1

Time allowed: 30 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 10-1 2D English Inches
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Layering Scheme

Layer Name Objects on Layer Color

Construction Construction objects 253

Object Lines Red
Step 1

Start a new drawing using the template shown above.

Step 2

Setup the layers using the Layering Scheme.

Step 3

Draw the object shown in the figures using the layering scheme. (Figure Step 3A and 3B)

80°

ﬁ F £
\ ]

140° 120°

-

QO"\ /1 357(3 D

START X1.6,Y4.5
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POINTS UNITS
A-B 2
B-C 1
C-D 3
D-E 4
E-F 2
F-G 1
G-H 15
H-1 15
A-l 2

Figure Step 3A

Fig Step 3B
Completed Drawing

Step 4

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Inches.

Step 5

Check your drawing with the key. The key name is the same as the drawing name.

Step 6

If you have any errors, turn layer: Key off and correct your drawing. If you cannot correct it, start it
over from the beginning.

Step7

Turn layer: Key on to check your drawing. If it is still inaccurate, go back to Step 6.
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Step 8
Turn layer: Key off.

Step 9

Save and close the drawing.

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
can not complete it on your own, use the following hints to help you.

Hintl

See the figure for the polar coordinates. (Figure Hint 1)

@1.5<140
@1.5<180 ©2<180 @4<90
@1<240
@2 <90
@1<45

/ @3<0
1.6,4.5

16,45 —==  @2<0

Figure Hint 1
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Hint 2

Draw the line from J to I by snapping to the endpoints. (Figure Hint 2)
P2

ba

Figure Hint 2

Hint 3
The solutions to the angles at G and F are shown in the figures. (Figure Hint 3A and 3B)

140

15@{140>\/

Figure Hint 3A
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n 60°
180°
240 .
180 60
1@<240 F \ g
1.20F
Figure Hint 3B
Lab Exercise 10-2
Time allowed: 40 minutes.
Drawing Name Template Units
AutoCAD 2D Lab 10-2 2D Metric Millimeters
Layering Scheme
Layer Name Objects on Layer Color
Construction Construction objects 253
Object Lines Red

Step 1

Start a new drawing using the template shown above.

Step 2

Setup the layers using the Layering Scheme.
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Step 3

Draw the object shown in the figures using the layering scheme. (Figure Step 3A and 3B)

START X300,Y200

POINTS | AB |B-C |C-D |D-E|E-F |F-G|G-H |[H-1|1I-J

UNITS 30 45 45 60 60 45 a0 120 | 90
Figure Step 3A

Figure Step 3B
Completed Drawing

Step 4

Enter the UNITS command. In the Units dialogue box, set the Insertion Units to Millimeters.

Step 5

Check your drawing with the key. The key name is the same as the drawing name.

Step 6

If you have any errors, turn layer: Key off and correct your drawing. If you cannot correct it, start it
over from the beginning.
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Step 9

Save and close the drawing.

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hint. If you get stuck and
cannot complete it on your own, use the following hint to help you.

Hint 1
See the figure for the polar coordinates. (Figure Hint 1)
129

@45<180

@120<0

Figure Hint 1

Lab Exercise 10-3

Time allowed: 40 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 10-3 2D Metric Millimeters
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Layering Scheme

Layer Name Objects on Layer Color
Angle Bracket All drawing objects Blue
Step 1

Draw the front view of the angle bracket shown in the dimensioned drawing using the layering scheme.
(Figure Step 1A, 1B, and 1C)

Step 2
All objects should be on layer Angle Bracket and display blue.

Figure Step 1A
Angle Bracket

6 DIA.,
2 PLACES

8 DIA.,
2 PLACES

START X150,Y100 /

Figure Step 1B



AutoCAD 2D 325

Figure Step 1C
Completed Drawing

Step 3

Set the insertion units and check your drawing with the key. Turn layer: Key off and freeze layer:
Construction.

Step 4

Save and close the drawing.

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints.
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Hint 1

This figure shows my construction drawing objects. Your construction drawing objects do not have to
match as there are may ways to construct an object. I use circles rather an arcs, whenever possible, as
they are easier to construct. (Figure Hint 1)

s

Figure Hint 1
Angle A = 40 degrees
Angle B = 125 degrees w o
105 108
285"
Angle C = 150 degrees
Angle D = 30 degrees e
Angle E = 215 degrees G=180-105= 75 H=285-105=180
Angle F = 35 degrees
120
Angle G = 75 degrees 135 135
45 \l 18015 \'
Angle H = 105 degrees N

Angle J = 135 degrees K=135-15=120

Angle K = 120 degrees

Angle L = 211 degrees
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Angle M = 324 degrees

Object A Solution:

1. Find the polar coordinate A TO B: @2<0
2. Calculate the first angle: 180 — 150 = 30 degrees
3. Find the polar coordinate B TO C: @2<30

4. Copy the 30 degree angle to the next corner.

5. Calculate the second angle: 180 — 110 = 70 degrees
6. Add the two angles: 30 + 70 = 100 degrees
7. Find the polar coordinate C TO D: @3<100

8. Calculate angle DD: 180 — 100 = 80 degrees
9.  Find angle EE: 100 + 80 = 180 degrees
10. Find the polar coordinate D TO E: @2<180

Object B Solution:

1.  Find polar coordinate A TO B @3<0
2. Calculate angle AA: 180 — 135 = 45 degrees
3. Find polar coordinate B TO C @3<45

4. Copy angle AA to the next corner

5. Calculate angle BB 180 — 105 = 75 degrees
6.  Find angle CC 45 + 75 = 120 degrees
7. Find polar coordinate C TO D @2<120

8. Copy angle CC to the next corner

9. Calculate angle DD 180 — 120 = 60 degrees

10. Find angle EE120 + 60 = 180 degrees

11. Find polar coordinate D TO E @3<180




328 Module 10: Drawing Lines Using Polar Coordinates



AutoCAD 2D 329

Module 11: Competency Test 2 Open Book

Learning Outcomes

When you have completed this module, you will be able to:

1. Within a one-hour time limit, complete a written exam and a lab exercise without the aid of a key.

The AutoCAD 2D book was written with competency based modules. What that means is that you
have not completed each module until you have mastered it. The Competency Test module contains
multiple choice questions and a comprehensive lab exercise to test your mastery of the set of modules
that you completed. There are no answers or keys supplied in a Competency Test module since it is
meant to be checked by your instructor. If there are any parts of this module that you have trouble
completing, you should go back and reread the module or modules containing the information that you
are having trouble with. If necessary, redo as many lab exercises required until you fully understand the
material.

If you are Completing this book:

» Without the Aid of an Instructor, complete the written test and the lab exercise.

* In a Classroom with an Instructor, the instructor will give instructions on what to do after this
module has been completed.

Multiple Choice Questions

Select the BEST answer.

1. What object snap mode is used to snap to the center point of a line?
A. Halfpoint
B. Center
C. Quadrant
D. Midpoint
E. Endpoint
2. What scale should almost all objects be drawn in an AutoCAD drawing?
A. 1:50
B. 1:10

329
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C. 1:2
D. Full Scale
E. Youdon’t draw in scale in AutoCAD

3. What is the name of the visual aid that helps the user locate object snap modes more
efficiently?

A. Snapmode

B. AutoSnap

C. SnapAuto

D. AutoCADSnap
E. AutoMode

4. What coordinates are the best to set the lower left corner of the limits of the drawing?

A. 0,0

B. 2,2

C. 4,4

D. 6,6

E. 8,8

5. What is the smallest rectangle that will fit around all of the existing objects in the drawing
called?

The drawing border
The drawing grid

The drawing mode

o 0w

The drawing extents
E. The drawing size

6. What command sets the number of vectors that AutoCAD uses when it regenerates circles
and arcs?

A. VIEWRES
B. REGEN
C. CIRCLE
D. ARC
E. VIEW
7. What function key toggles Autosnap on and off?
A. F1
B. F2
C. F3



D. F4
E. F5
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8. What is the name of the four object snap mode locations that are located around the
circumference of a circle?

A. Center
Midpoint
Endpoint

Points

MY 0w

Quadrants

9. Which one of the following best describes the polar coordinate @10<125?

A. From the last point, go 12.5 units at an angle of negative 10 degrees

B. From the last point, go 10 units at an angle of negative 125 degrees

C. From the last point, go 125 units at an angle of positive 10 degrees

D. From the last point, go 10 units at an angle of positive 125 degrees

E. From the last point, go 125 units at an angle of negative 10 degrees

10. What polar coordinate would draw the same angle as @5<225?

A. @5<-125
@5<-225
@5<-135
@5<-145
@5<-165

MY 0w

Lab Exercise 11-1 OPEN BOOK

Drawing Name Template Units
AutoCAD 2D Lab 11-1 2D Metric Millimeters
Layering Scheme
Layer Name Objects on Layer Color
Construction Construction objects 253
Object Line, circle and arcs Red
Step 1

Setup the layers using the Layering Scheme shown above.
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Step 2

Draw the object shown in the figure using the layering scheme. (Figure Step 2A and 2B)

T

LA

15
TYP.
9 PLACES / 20
/
| 55R A—
50
5 DIA.,
5 PLACES
'\ 50R
.
31

START X35,Y1.235
Figure Step 2A

AUTHOR’S COMMENTS: Do not delete the construction lines.
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Figure Step 2B

Step 3

Draw all construction objects on layer: Construction.

AUTHOR’S COMMENTS: Draw the construction lines (shown as dashed
lines in the drawing for clarity) by snapping to the endpoints of the
lines, endpoint of the 60 radius arc and the center of the 5 diameter
circle. Locate the 10 diameter circles with their center located at the
intersections of the construction lines.

Step 4

When complete, freeze layer: Construction.

Step 5

Save and close the drawing.

AUTHOR’S COMMENTS: There is no key for this lab.
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Part 3

335
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Module 12: Fillets

Learning Outcomes

When you have completed this module, you will be able to:

Describe tangency and explain how to locate the point of tengency.
Describe a fillet.
Apply the FILLET command to construct fillets between two drawing objects.

Describe the object snap mode Tan.

oS BN

Apply the LINE command using the object snap mode Tan to draw lines tangent to arcs and
circles.

Geometry Lesson: Tangency

A point of tangency is the theoretical point where a line joins an arc, two arcs join each other, or two
circles join each other making a smooth transition. A line is tangent to a circle or an arc when it passes
touching only one point on the circle or arc. The tangent point is located where a line drawn
perpendicular from the center of the circle or arc touches the line. Study Figure 12-1.

POINT OF
TANGENCY

T IS THE SYMBOL
FOR TANGENT POINT

90
IS THE SYMBOL FOR
A RIGHT ANGLE OR 90

Figure 12-1
Tangency — Part 1

337
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A fillet is a tangent arc. A tangent arc must be tangent at both ends where it connects to existing lines or
arcs. Figure 12-2 shows five examples of fillets.

THIS IS A FILLET

THIS IS A FLLET<

THIS IS A FILLET

THIS IS A FILLET

THIS IS A FILLET
Figure 12-2

Tangency — Part 2

AutoCAD Command: FILLET

The FILLET command is used to draw a tangent arc. It inserts an arc tangent to the two existing
drawing objects selected in the command.

Shortcut: F

fs5h @B -+ ddn af

Fillet

Rounds and fillets the edges of ohjects
Modify Toolbar
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Modify " Parametric Window

Properties
@ Match Properties

++  Join

ﬂ Chamfer

7] Fillet

p“J Blend Curves
Modify Pull-down

|

n/ | {:) Rotate - Trim = _‘,Z'
Line Polyline Ab Mirror H =

B Scale EE Array - it
Modify -

Home Ribbon

WORKALONG: Using the FILLET Command

Step 1
Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 12-1.
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Step 3

Create layers: Object and Construction. Set layer: Object as the current layer.

—~ 2.0 -

0.75 R,
X2.Y10 1.5 /2 PLACES

- ~ T
1.5 2.0
f A >, L
0.5 R,
2 PLACES %
1.0 R, 155 TYP.
4 PLACES
il r
\+
1.2 R
1.0 DIA.
Figure Step 4A
Drawing Outside the Box

AUTHOR’S COMMENTS: Up to this point in the book, you have been
drawing lines knowing the exact location and length of the lines. In this
module, you will learn how to draw lines without knowing their exact
length. You must know the exact start point of the line and the line's
direction. You guess at its length either drawing it longer or shorter
than its actual length. It is best to draw it longer. You then trim or
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extend the lines to their exact length using the FILLET command. This
workalong will teach you how to do this.
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Step 4

Using the LINE command and referring to the figures, draw the 6 lines to match the figure. (Figure
Step 4A and 4B)

Figure Step 4B

Step 5
Using the LINE command, draw the vertical line. (Figure Step 5A and 5B)

Figure Step 5A
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,/ X2Y10

wayd
| a

Figure Step 5B

AUTHOR’S COMMENTS: To draw this line, you must know its start
point. Figure Step 5B shows how | solved the start point of the line.
Since you don't know the exact length of the line, guess at the length

and try to draw it longer. | drew it 3.5 inches. Ensure you understand
how | solved for the start point.

Step 6

Using the LINE command, draw the inclined line. First you have to solve the angle. Guess at the length

and try to make it longer. After you know the angle and the length, snap to end point of the existing to
start the line. (Figure Step 6A and 6B)
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Figure Step 6A
225" |
180°-135"=45"
45" |-
—=145" —=1 45"
125 135
- g
Figure Step 6B

AUTHOR’S COMMENTS: Figure Step 6B shows the three steps | used
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to solve the angle of the line. Draw it longer than required since you
don't know its exact length. | drew it 2.0 inches long.

Step7

Using the principles you just learned, use the LINE command to draw the two lines on the left side of
the object. (Figure Step 7)

Figure Step 7

Step 8

Enter the FILLET command, as shown below, and select the two vertical lines to insert the fillet
(tangent arc). (Figure Step 8A, 8B, and 8C)

Command: FILLET

Current settings: Mode = NOTRIM, Radius = 0.5000

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: T
Enter Trim mode option [Trim/No trim] <No trim>: T

Select first object or [Undo/Polyline/Radius/Trim/Multiple]:

Command: (This commands simply sets the FILLET command to trim objects when filleted. You only
have to do this the first time you use the FILLET command or if you re-set it to NOTRIM.)

Command: FILLET
Current settings: Mode = TRIM, Radius = 0.0000
Select first object or [Undo/Polyline/Radius/Trim/Multiple]: (Pick left vertical line)

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: (Pick right vertical line)



346 Module 12: Fillets

Select second object or shift-select to apply corner:

AN

Figure Step 8A Figure Step 8B

Command:

S

Figure Step 8C

AUTHOR’S COMMENTS: When the lines selected in the FILLET
command are parallel, AutoCAD will automatically calculate the radius
of the arc for you, regardless of the current radius setting. Note how
the radius is set to zero in this example.

Step 9

Enter the FILLET command, as shown below, to insert a 0.5 radius fillet between the two lines. (Figure
Step 9A. 9B, and 9C)
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Command; FILLET

Current settings: Mode = TRIM, Radius = 0.0000

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: R

Specify fillet radius <0.0000>: 0.5 (Set the radius for the fillet.)

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: (Pick right vertical line)

Select second object or shift-select to apply corner: (Pick the horizontal line)

Command:
m
N 7 N /] N /]
Figure Step 9A Figure Step 9B Figure Step 9C

AUTHOR’S COMMENTS: Since this fillet is inserted between lines that
are not parallel, you must set the radius of the fillet. In this case, 0.5.

Step 10

Using what you learned in Step 9, insert the 0.5 radius fillet on the other side to match the figure.
(Figure Step 10)
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Nl

Figure Step 10



AutoCAD 2D 349

Step 11

Using what you learned in Step 9 and 10, insert the two 0.75 radius fillets on top left and right corners.
(Figure Step 11)

Figure Step 11

AUTHOR’S COMMENTS: Ensure that you set the radius in the FILLET
command to 0.75 before you select the lines to fillet.
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Step 12
Insert the four 1.0 radius fillets to match the figure. (Figure Step 12)

CLD

Figure Step 12

Step 13

Enter the CIRCLE command and draw 1.0 diameter circle by snapping to the center of the arc to locate
the its center. The completed drawing should match the figure. (Figure Step 13A and 13B)

CL

Figure Step 13A

L




&/

Figure Step 13B

AutoCAD 2D 351

AUTHOR’S COMMENTS: The circle and arc share the same center
point. Ensure that AutoSnap is set to locate centers and Osnap is

enabled. Use the CIRCLE command and snap to the center of the arc to
locate the center of the circle.

Step 14

Save and close the drawing.

Object Snap Mode - Tangent
Mode Abbreviation Icon Marker The AutoCAD Cbject
Tangent Tan
b '\j
Figure 12-3

Object Snap Mode — Tangent
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WORKALONG: Drawing Tangent Lines

Step 1
Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 12-2.

Step 3

Create the layers: Object and Construction. Set Layer: Construction as the current layer.

Step 4

Referring to the figures, draw the 2 radius circle with its center at 10,10. (Figure Step 4A and 4B)

1.0 R

START X10,Y10

19 K

Figure Step 4A
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Figure Step 4B

Step 5

Using polar coordinates, enter the LINE command, two times, to draw two construction lines. Start
each line starting at the center of the circle and ending at the center of the other two circles. (Figure
Step 5)

Figure Step 5
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Step 6

Draw circles locating their centers at the endpoints of the lines you drew in Step 5. (Figure Step 6)

Figure Step 6
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Step 7

Enter the LINE command, as shown below, to draw a line tangent to the two circles. Enter the TAN
object snap mode manually by typing it in on the keyboard. (Figure Step 7)

Command: LINE
Specify first point: TAN to P1
Specify next point or [Undo]: TAN to P2 Specify next point or [Undo]:

Command:

P2

]

Figure Step 7
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AUTHOR’S COMMENTS: Notice how you have to enter TAN for both
ends of the line. It is a very common error to forget to enter it at the
second end. Do not use AutoSnap, enter them manually by typing TAN
on the keyboard and then press Enter. Note the AutoSnap marker when
AutoCAD is finding the tangent location on the circle.

Step 8

Using what you learned in Step 7, enter the LINE command and draw a line tangent to the two circles
as shown in the figure. (Figure Step 8)

o

P4

Figure Step 8

Command: LINE
Specify first point: TAN to P3

Specify next point or [Undo]: TAN to P4
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Specify next point or [Undo]:

Command:

AUTHOR’S COMMENTS: Note the AutoSnap Marker icon that displays
when you use the TAN object snap mode.

Step 9

Using what you just learned, insert the two tangent lines as shown in the figure. (Figure Step 9)

Figure Step 9



358 Module 12: Fillets

Step 10

Using the FILLET command, insert a 3.0 radius fillet as shown in the figures. (Figure Step 10A , 10B,
and 10C)

Figure Step 10A

Figure Step 10B
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Figure Step 10C
Step 11

Change the layer of the objects from layer: Construction to layer: Object to match the figure. (Figure
Step 11)

N

Figure Step 11
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Step 12

Freeze layer: Construction. (Figure Step 12)

Figure Step 12
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Step 13
Insert a 2.0 radius fillet to complete the drawing. (Figure Step 13)

Figure Step 13

Step 14

Save and close the drawing.

WORKALONG: Drawing Construction Techniques

Step 1

Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 12-3.

Step 3

Create layers: Object and Construction. Set layer: Construction as the current layer.
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Step 4

Referring to the figures, enter the LINE command and draw the lines shown in the figures in two steps.
(Figure 4A, 4B, and 4C)

2.0 =] 5 -

-
< |

{

START 1.5X,4.2Y
Figure Step 4A

Figure Step 4B Figure Step 4C

AUTHOR’S COMMENTS: Draw the vertical line on the left side any
length over 4 inches. The length is not important at this time.
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Step 5

Enter the LINE command, as shown below, to draw two lines. (Figure Step 5)
Command: L

Specify first point:<Osnap on> (end) P1

Specify next point or [Undo]: @2<150

(Since you don’t know the length of the line, draw a line of any length at the correct angle.)
Specify next point or [Undo]:

Command: L

Specify first point: (end) P2

Specify next point or [Undo]: @3<210

(Draw any length line at the correct angle.)

Specify next point or [Undo]:

Command:

2

/ ~

P 1

Figure Step 5
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Step 6

Enter the FILLET as shown below. Set the radius to 0 to create perfect corners. (Figure Step 6A and
6B)

Command: FILLET

Current settings: Mode = TRIM, Radius = 0.3500

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: R
Specify fillet radius <0.3500>: 0

(Set the radius to zero.)

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: P3
Select second object or shift-select to apply corner: P4
Command: F

(F is the shortcut for the command FILLET.)

Current settings: Mode = TRIM, Radius = 0.0000

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: P5

Select second object or shift-select to apply corner: P6

o
A mP4
25 NP3

P

Command:

Figure Step 6A Figure Step 6B

AUTHOR’S COMMENTS: By setting the fillet radius to zero, the FILLET
command will trim the lines to create perfect corners.
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Step 7

Change the layer of the necessary lines to reside on layer: Object. Freeze layer: Construction. (Figure
Step 7)

Figure Step 7

Step 8

Save and close the drawing.

USER TIP: To insert an arc at the end of two parallel lines, use the FILLET command.Regardless of what
radius is currently set in the FILLET command, AutoCAD will draw a tangent arc using the one-half distance
between the lines as the radius. The lines do not have to be the same length.

Command: FILLET

Current settings: Mode = TRIM, Radius = 0.0

(Notice how the radius is set to zero. It can be any size.)

Select first object or [Polyline/Radius/Trim]: P1

(The first line you pick will retain it’s original length and the second one will be trimmed or extended.)
Select second object: P2

Command

Before
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USER TIP: By setting the radius of the FILLET command to zero, the FILLET command will square the
lines to make a perfect corner. The lines can be too short or too long or a combination of the two as shown in
the figure on the right.

M P4
P1

Before After

Key Principles

Key Principles in Module 12

1. Point of tangency is the theoretical point where a line joins an arc, two arcs join each other, or two
circles join each other making a smooth transition.

2. A fillet is a tangent arc. To construct a fillet, use the FILLET command. The rule of thumb to
follow is ‘ If the arc you are drawing is tangent to both objects it is connecting to, use the FILLET
command. If the arc is tangent to one or neither of the objects, use the ARC command ‘.

3. Use the LINE command and the TAN object snap mode to draw lines tangent to two circles or
arcs. Make sure that you apply it to both ends of the line.

4. By setting the radius of the FILLET command to zero, the FILLET command will square two
lines to make a perfect corner.

Lab Exercise 12-1

Time allowed: 30 minutes.

Drawing Name

Template

Units

AutoCAD 2D Lab 12-1

2D English

Inches
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Layer Name Objects on Layer Color

Construction Construction objects 253

Object Lines, circle and arcs Red
Step 1

Draw the object shown in the figures using the layering scheme. (Figure Step 1A and 1B)

Figure Step 1A

START X4.5,Y/7.5

0.25 DIA.

1.0 DIA,,
3 PLACES

AUTHOR’S COMMENTS: Do not delete the construction lines.
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Step 2

i

_--""_'_F-

.
—

Figure Step 1B
Completed Drawing

£
@A L

T

Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step 4

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

5|

N

STEP 3

STEP 2

STEP 4

STEP S

STEFP 6

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
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exercise drawing without using the following hint. If you get stuck and
cannot complete it on your own, use the following hint to help you.
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Hint 1
The dashed line shown in the dimensioned drawing indicates that the lines should be constructed

tangent to the small circle from the circles on either end of the object. After the lines are inserted
tangent to both circles, you can then insert the fillet. (Figure Hint 1)

~ DASHED LINES

Ca

Figure Hint 1



Lab Exercise 12-2

Time allowed: 30 minutes.

AutoCAD 2D 371

Drawing Name Template Units

AutoCAD 2D Lab 12-2 2D Metric Millimeters
Layering Scheme

Layer Name Objects on Layer Color

Construction Construction objects 253

Object Lines, circles and arcs Red
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Step 1

Draw the object shown in the dimensioned drawing using the layering scheme. (Figure Step 1A and
1B)

50 DIA.
30 R
10 R,
4 PLACES
|
75 R, \
3 PLACES
| [ { —71 140
20 / -
+\
L 50
30 -—230 —*
b 1 ]
J\ S
25 S R, 25 —=
2 PLACES
- 100 -
START X60,Y110
Figure Step 1A

AUTHOR’S COMMENTS: Do not delete the construction lines
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TRy

\/I
AN

L | SO

Figure Step 1B
Completed Drawing

Step 2

Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step 4

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.
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0 0, @ @
bl | kel | delek | L | R | B

STEP 1 STEP 2 STERP 5 STEP 4 STEP 5 STEP B

oclololalolo
b | a | @ | a8 2

SIERP 7 S1EF 8 STEP 9 STEP 10 STERP 11 STER 12

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Draw a construction line from the midpoint of the line across the bottom of the slot 95 units in the
positive Y direction. Draw a circle with its center at the end of the line. (Figure Hint 1)

— e
Figure Hint 1

Hint 2

Since you don’t know the exact length of the lines shown in the figure, draw them any length but in the
correct direction. When you insert the fillets, the line will automatically be trimmed. (Figure Hint 2)
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L

e

A _
Figure Hint 2
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Module 13: Object Properties

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe object properties, linetype, and linetype scale.
2. Describe how to assign and edit linetypes ByLayer and set their linetype scale.

3. Apply the PROPERTIES and LTSCALE commands to display and edit properties of drawing
objects and set the linetype scale of objects.

4. Describe how to select objects using a pick, a window, and a crossing window.

377
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Object Properties

AutoCAD stores all existing objects and their properties in
a database file called the drawing file. The name of the file
is the drawing name that you assigned to the drawing and
AutoCAD automatically assigns the extension .dwg. The
drawing file stores all existing drawing objects along with
the properties of each object in a database. The drawing
objects that have been taught up to now are lines, circles,
and arcs. Figure 13-1 displays the properties of a line.

When an existing drawing is opened, AutoCAD reads the
drawing file and uses it to construct the objects from the
database and displays the objects in the Graphic window.
The REGEN command does the same thing for the current
drawing.

The PROPERTIES command opens the Properties
window. Properties of existing drawing objects can be
modified using commands or they can be edited in the
Properties window. It is faster and easier to edit the
properties in the Properties window but not all of the
properties can be edited using it. AutoCAD grays the
boxes of the properties that cannot be changed in the
window. See Figure 13-1.

Without entering a command, one or more objects in the
current drawing can be selected using the pick box. The
selected object(s) will highlight and the data will appear in
the Properties window. If more then one object is selected,
only the properties which are common to all of the selecte
objects will display. To unselect objects, press the Esc key.

x|

T Line

* Ge

3D
Ge

[@ PROPERTIES

Figure 13-1

neral

Color

Layer
Linetype
Linetype sca..
Flot style
Lineweight
Transparency
Hyperlink
Thickness

Visualization

ometry
Start ¥
Start Y
Start £
End X
End Y
End Z
Delta X
Delta ¥
Delta Z
Length
Angle

d Properties of a Line

| @+ 4

@ BylLayer
Construction

ByLayer
1.0000

]

=

ByLayer

ByLayer

0.0000

14,2025
6.4499
0.0000
16,8747
71.9786
0.0000

......

Figure 13-2 shows the Properties window where only one line was selected by the user. This can be
seen in the box located in the top left corner of the window. This box will display what object(s) is
currently selected and its properties are displayed below in the window.
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x

(1] |Line v| & & -q:-é

3 | General - |
Color @ Bylayer
Layer Construction
Linetype BylLayer
Linetype sca... 1.0000
Flot style ByColor
Lineweight ByLayer
Transparency Bylayer
Hyperlink

Figure 13-2

The Properties Dialogue Box

Linetypes

A linetype is a repeating pattern of dots, dashes, text, objects, or blank spaces displayed on a drawing
object. Up to this point in the book, the default linetype Continuous has been assigned to all objects.
See Figure 13-3. A continuous linetype displays solid. In this module, linetypes will be assigned
ByLayer. The template files that you are using are only loaded with the Continuous linetype. Before a
linetype can be assigned to a layer, it must be loaded into the current drawing’s database. All loaded
linetypes will remain in the drawing file for future use. If required, they can be purged out of the
drawing file. Purging is taught in Module 34.

x

» Current layer: Construction Search for layer Q

| H RS TR S
#| Status  MName 4 On Freeze Lock Color Linetype Lineweight Transparency Plo

& 0 I o o Il white Continucus Default 0 Col

o Construction * ] o 253 Continuous Default 0

] P Defpoints & LF o Il white Continuous Default 0 Col

% i Key o Ii o' [l magenta Continuous Default 0 Col

= A Object o L o I red Continuous Default 0 Col

i

=

(WE]

(=9

[

=

(=9

&

=] 4 | ] P

5 E—

Z @ = All:5 layers displayed of 5 total layers

Figure 13-3
Continuous Linetype




380 Module 13: Object Properties

AutoCAD Command: PROPERTIES

The PROPERTIES command opens the Properties window.

Shortcut: CTRL+1
[ ESREAIXDBEGS G -2 VAR [IERFSRE|EE

Properties (Ctrl+1)

Controls properties of existing objects

Standard Toolbar

Tools " Draw  Dimenczion

Workspaces L
Palettes k|3 Ribbon I
Toolbars r Properties Ctri+1

E Command Line Ctrl+9 Layer

Tools Pull-down
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x
I | Line - i & & —d:—é
# | General - |
Color B Bylayer
Layer Construction
Linetype BylLayer
Linetype sca... 1.0000
Plot style ByColor
Lineweight BylLayer
Transparency Bylayer
Hyperlink
Thickness 0.0000
| 3D Visualization + |
| Geometry - |
Start X 14,2025
Start ¥ £.4499
Start £ 0.0000
End X 16.8747
End Y 7.9736
End Z 0.0000
© Delta X 26722
& Delta ¥ 15287
é Delta £ C'.ZI?CI 0
o Length 3.0786
Angle 30
Properties Window
I = 7
I_E_'I?El Mamed @
loin — : .
Tool |Properties| Sheet
[ Restore | Palettes Mana
wports _ Palettes =
View Ribbon

AutoCAD Command: LTSCALE

The LTSCALE system variable is used to set the global linetype scale for the drawing.
Shortcut: LTS
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MUST KNOW: The AutoCAD drawing file contains all of the data that relates to the drawing in a database.
When an existing drawing is opened, AutoCAD uses the drawing file to construct the drawing objects in the
Graphic window. When the current drawing is saved, AutoCAD updates the drawing file. AutoCAD adds the
extension .dwg to the user assigned drawing name. For example, if you name the drawing House Plan,
AutoCAD will name the file House Plan.dwg, when the file is saved.

MUST KNOW: Before AutoCAD displays the linetype on a drawing object, it multiplies the scale factor set
in LTSCALE times the linetype scale property that is assigned to the drawing object.

For example, if the LTSCALE is set to 5 and the drawing object’s linetype scale property is set to 2,
AutoCAD will display the object with the linetype scale of 10. In other words, it will display the linetype 10
times larger then its normal display.

It is best to set the LTSCALE to 1 and set the drawing object’s linetype scale property to the setting to display
the desired linetype and that makes it easier for you to set the linetype scale.

For example, if the LTSCALE is set to 1 and the objects linetype scale property is set to 10, AutoCAD will
display the drawing object with the linetype scale of 10 or 10 times its normal display.

USER TIP: The Quick Properties window will open automatically when a drawing object is double clicked
with the left mouse button. This saves you one step when editing or inquiring about the object’s properties.

WORKALONG: Working with Linetypes and Linetype Scales

Step 1
Start a new drawing using template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 13-1.
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Step 3

Open the Layer Properties Manager window and create the layers: Hidden, Object 1, and Object 2.
(Figure Step 3)

X

G Current layer: 0 Search for layer &

w o m|FH PSS &K o
# | Status  Mame 4 On Freeze Lock Color Linetype Lineweight Tran

o 0 & Ses o [l white Continuous —— Default 0

= o Defpoints & :CI o Il white Continuous —— Default 0

] = Hidden & Sof o Il white Continuous —— Default 0

% o Key & 2ot oi* [l magenta Continuous —— Default 0

= = Obect 2 & Sel o Il white Continuous —— Default 0

E &= Object 1 o Se3 o Il white Continuous —— Default 0

=

(¥T)

Figure Step 3

Step4

Click layer: Hidden to select it. Select Continuous. This will open the Select Linetype dialogue box.
(Figure Step 4)

@ > All6 layers displaye

X

. Current layer: 0 Search for layer 0,

| o m|F PG R o
# | Status  Mame 4 On  Freeze Lock Color Linetype Lineweight Tran

o 0 & Sel o Il white Continuous Default 0

- ¥ Defpoints o :CI o Il white Centinuous Default 0

] P Hidden ' — ' ~ e

% = Key

= - Obect 2

E & Object 1 Loaded linetypes

E Linetype Appearance Description

& Continuous —— Sdlidline

(=

&

-~ [adlieH

=

Figure Step 4
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AUTHOR’S COMMENTS: As you can see, the only linetype currently
loaded in the drawing is Continuous.

Step 5

Click the Load button to open the Load or Reload Linetypes dialogue box. The name in the File box
will be one of the following: (Figure Step 5).

ACAD.LIN - English

ACADISO.LIN — Metric

w Load or Reload Linetypes [ﬁ
File... Bcad in

Available Linetypes

Linetype Description =
ACAD_ISO02WI00 sJdash _ _ _ =
ACAD_ISOIWI00 ISBdadi anace: - o o wen o w
ACAD_1SO04WI00 150 long-dash dot : : ! o
ACAD_ISO0WI00 150 long-dash double-dot
ACAD_ISODEWI00 IS0 long-dash tripledaot
ACAD_ISO0AWI00 |56t s
ACAD_1SO08W100 IS0 long-dash short-dash _ . -

' 1 F

OK | | Cancel | | Hebp
Figure Step 5

AUTHOR’S COMMENTS: There is an english and a metric linetype file.
The template that was used to start the drawing dictates the file that
the dialogue box will display.

USER TIP: It easier to load all the linetypes into your current drawing rather then selecting them
individually. To do this, click any linetype to select it and then press Ctrl+A. This will select all linetypes.
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~
w Load or Reload Linetypes

File.. acad lin

Available Linetypes

Linetype
ACAD_|1SO0ZW100
CAD_[SO03W100

CAD_1S004W100

Description b
sOdash __ __ __ __ _ __ __ __ __ ____ __ _ lﬂ
|50 dash space __

|50 long-dash dot

Step 6

Scroll down until you find the linetype: DASHDOT. Select it as shown in the figure. (Figure Step 6)

P
w Load or Reload Linetypes

==

File... acad lin

Awailable Linetypes

Linetype Description -
CENTERXZ Center (2x) —_ —
Dashdot . . . ..
DASHDOTZ Blashidat () ocon - anerenin - o —
DASHDOTXZ Diash dot (2x) ey =
DASHED Bashed: o o v v susosomese s 5w we w
DASHEDZ Dashed (& __ _ _ _ ___ _________
DASHEDXZ Dashed (2x) -

< | 1 | 3

oK | | Cancel | | Hep |

Figure Step 6
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Step 7

While holding down the Ctrl key, scroll down until you find the linetypes: HIDDEN and PHANTOM?2.
Select them. They will highlight as shown in the figure. Click OK to close the dialogue box. (Figure
Step 7).

w Load or Reload Linetypes w
File... acad lin

Available Linetypes

Linetype Description i
HIDDEM biddens ) . L e o e
HIDDENZ Blidden [ o conpsnnimmmimarinn
HIDDEMNX2 Hidden (2 |
HOT_WATER_SUPPLY Hot water supply — HW — HW — HW —
PHANTOM Phatom, | wooean o s
PHANTOM2 Phantom (&) |E]
PHAMTOMXZ Phantom {2x) -
1 | i | b

[ ok | [ Cancel | [ Hep |

Figure Step 7

AUTHOR’S COMMENTS: You must hold the Ctrl key down to select
more then one linetype at the same time.
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Step 8

The linetypes you selected in Step 7 will display in the Select Linetype dialogue box. Click OK to close
the dialogue box. (Figure Step 8)

- =
@ Select Linetype M
Loaded linetypes
Linetype Appearance Description

DASHDOT N Dashdot. ... .o

HDDEM e — Hdden _ _ _ _ _ _ _ _

PHANTOM2Z —--—--— Fhantom (&) __ ___  ___

€| i | b

| ok | | cancel | | load. | | Hebp
s

Figure Step 8

AUTHOR’S COMMENTS: There are now 4 linetypes loaded in this
drawing.
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Step 9

In the Layer Properties Manager window, click layer: Hidden and click the linetype: Continuous. In the
Select Linetype dialogue box, select the linetype: HIDDEN and then click OK. (Figure Step 9)

e A M L AW R L P R -
2 & &
E 5. Mame 4| Q. Fre.. L. Color Linetype Linewei..  Tran
w0 & D: o i white Continuous — Defa.. 0
Lay||.= Defpoints § 4+ o B white Continuous —— Defa.. 0
=~ Hidden Lo 1 o white  Continugus —— Defa... 0
ﬁ Select Linetype . ﬁ
-
Loaded linetypes
Linetype Appearance Description
Continuous ———————— Solid line
- DASHDOT — . — . — .. Dash dot
«
—'| [PHANTOM2Z —--—--— Phantom (&) __ __
o nfl
Figure Step 9

Step 10

Using what you just learned, change the linetype for layer: Object 1 to linetype: DASHDOT and layer:
Object 2 to the linetype: PHANTOMZ2. (Figure Step 10)

x

l* Current layer: 0 Search for layer Q

w o wm|E PSSRk S

* | Status  Mame 4 On Freeze Lock Color Linetype Lineweight

o 0 * S8 o Il white Continuous —— Default

e P Defpoints & 2ot o Il white Continucus —— Default

] A Hidden & £ o Il white HIDDEMN —— Default

% o Key o II oi* [l magenta Continuous —— Default

= £ Object 1 " 2ol o Il white DASHDOT —— Default

E‘ & Object 2 0 3+ o Ewhite  PHANTOM2 — Default

&

(=8

]

Figure Step 10
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Step 11

Change the colors of the layer: Hidden to blue and layer: Object 1 to red to match the figure. (Figure
Step 11)

x i~ 5 |
o Current layer: 0 Search for layer Q
# | Status  Mame On Freeze Lock Color Linetype Lineweight

o 0 & Ses o [l white Continuous —— Default

= o Defpoints & K:i o Il white Continucus —— Default

] = Hidden & L o Il blue HIDDEM —— Default

% o Key & 2ot ot [l magenta Continuous —— Default

= P Chject 1 & Sel o Il red DASHDOT —— Default

i & Object 2 0 3+ o Ewhite  PHANTOM2 — Default

=

Figure Step 11
Step 12

Draw three 2-inch diameter circles on layer 0 locating their centers at the coordinates shown in the
figure. (Figure Step 12)
X2,Y9

X4.5,Y6.5

X774

Figure Step 12
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Step 13

Open the Properties window and select the top left circle. While it is selected, change it to layer:

Hidden as shown in the figure. (Figure Step 13)

x
e |C|’r4:|e = Ia & _q;é
3 | General = |
Color @ Bylayer
R e
Linetype 0
Linetype scale |Defpoints
ot 2
Lineweight Key
Transparency Ubjectl
Hyperlink ObjectZ
& Thickness 0.0000
E | 3D Visualization +|
2 | Geometry = |
= Center X 20.2543
i A AnAn
Figure Step 13

Step 14

Select the center circle. In the Properties window, change it to layer Object 1. (Figure Step 14)

b 4
4
e

PROPERTIES

[ig]

|C|'rcle v| & & 4
| General E |
Color B Bylayer
Layer \Objectl [+
Linetype 0
Linetype scale | Defpoints
Plot style Hidden
Lineweight Key
Transparency
Hyperlink ObjectZ
Thickness 0.0000
| 3D Visualization + |
| Geometry = |
Center X 22,7543

Ll " i

L= Tatalnl

Figure Step 14
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Step 15

Select the bottom right circle. In the Properties window, change it to layer: Object 2. Your drawing
should now appear as shown in figure. (Figure Step 15A and 15B)

LY " X o /,.-
x
b |Circle B A N——
4 | General = | {/ \
Coler B Eylayer . 2
Layer (Object2 -] I '|
Linetype 0 \ /
Linetype scale |Defpoints -\x j.
Plot style s
Lineweight
Transparency Al
Hyperlink
E Thickness
= | | 3D Visualization +| : | -
(=
=]
G t -
& | ezme r:; 25.2543 | N s
""Enfer ar A n:nnn "iﬁ"’"
Figure Step 15A
-
7 '\.\
\ /7
S~

..

Figure Step 15B
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Step 16
Select the top left circle. In the Properties window, change the Linetype scale property to 0.750. (Figure
Step 16)
X
T |Cir4:|e v| @ % _‘1}5
3 | General - |
Byla
Color . WLaYEr » el
Layer Hidden Y "
Linetype @~  ————: BylLayer £ y
Linetype scale ‘ - *
Plot style ByColor \
Lineweight ByLayer 5 !"’
Transparency  Bylayer . - -
Hyperlink
E Thickness 0.0000 it
= | | 3D Visualization + | Va
(=9 :
E | Geometry = | ll'
(=9
I P ¥ N TREAY
Figure Step 16
Step 17

Select the middle circle. In the Properties window, change the Linetype scale property to 0.500. (Figure
Step 17)
' [

Figure Step 17

! /

X s

I |Cir4:|e v B -2 -ﬂlé I—

# | General - | .-
Color B Bylayer . k. B
Layer Objectl -'# \
Linetype — - — Bylayer - *
Linetype scale
Plot style ByColor : f
Lineweight ByLayer N g &
Transparency  Bylayer
Hyperlink

o Thickness 0.0000

E | 3D Visualization + |

E | Geometry - |

= |
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USER TIP: Understanding and using object properties to edit and inquire about drawing objects is very
important to your drawing speed and production. Whenever possible, use the Properties window to edit
objects rather than using AutoCAD commands to do the same thing.

Step 18
Select the bottom circle. In the Properties window, change the Linetype scale property to 1.500. (Figure
Step 18)
! I
e

I Circle - '-Tj <+ -'11@ 'rlr

£ General - —_—
Color @ Eylayer
Layer Object2 ol
Linetype — --— Bylayer
Linetype scale |1.5000
Plot style ByColor .
Lineweight ByLayer \ ¢
Transparency  Bylayer A P
Hyperlink ~—

o Thickness 0.0000

E 3D Visualization +

-

Figure Step 18

AUTHOR’S COMMENTS: You can see that by changing the Linetype
scale property of the object, It changes it’s appearance.

Step 19

Enter the LTSCALE system variable as shown below and ensure that it is set to 1.
Command: LTSCALE
Enter new linetype scale factor <1.0000>:

Command:

AUTHOR’S COMMENTS: If it is not set to 1, enter 1 to the prompt.
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AUTHOR’S COMMENTS: If possible, always leave the LTSCALE system
variable set to 1.

Step 20

Your completed drawing should appear as shown in the figure. (Figure Step 20)

-

If \\
/ \
! y
L !
\ /
\\‘-";
-,

7/ A

| }

\ !

~ T— ”
\ !
\ ’
L

Figure Step 20

Step 21

Save and close the drawing.
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Selecting Objects

After entering a command that requires you to select one or more objects, AutoCAD will display the
Select object: prompt. To draw faster, it is important for you to be able to select objects in the most time
efficient method since many commands require object selection. There are many methods of selecting
objects and they will be taught in future module. In this module, the pick, window, and crossing
window methods are taught. See Figure 13-4.

Methods of Selecting Objects

Method Abb. Description Display

pick N/A | Allows you to pick one object at a time

using the graphic cursor. The graphic

cursor will display as the pickbox. Pick is

the default.

Command: ERASE g

Select objects: P1 P2 P3 1

window W Selects all objects that are totally inside a
window defined by two user picked
corners. A window will always appear with

a solid line forming a blue box. When the
two points are picked from left to right, a
window will automatically be used.
Command: ERASE

Select objects: W

cross C Selects all objects that are totally inside
window and the ones that cross a window defined | ________
by two user picked corners. A crossing i i

window will always have a dashed line ; ]
forming a green box. When the two points : !
are picked from right to left, a crossing i !
window will automatically be used. : !

Command: ERASE : i
Select objects: €

Figure 13-4 Selecting Objects Using Pick, Window, and Cross Window
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WORKALONG: Selecting Objects

Step 1
Open the drawing: AutoCAD 2D Lab 12-2. (Figure Step 1)

Figure Step 1

Step 2

Using the SAVEAS command, save and name the drawing:

AutoCAD 2D Workalong 13-2.

Step 3

Enter the ERASE command as shown below. When you are prompted to Select objects, select the circle
with the pickbox and press the Enter key. (Figure Step 3A and 3B)

Command: ERASE
Select objects:

Command:
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Figure Step 3A

Figure Step 3B

AUTHOR’S COMMENTS: It is important to understand that when you
select objects by selecting them with the pickbox, only one object is
selected per pick. If there are more then one circle with the same
diameter at the same location, there would still be a circle remaining
after you execute the ERASE command.
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Step 4

Enter the ERASE command. When prompted to Select objects, select two locations to form a window.
You must select the locations on opposite corners from left to right. A window is colored blue and has a
solid line around it. Press Enter to execute the command. (Figure Step 4A and 4B)

AUTHOR’S COMMENTS: A window must be selected from left to right
and will select only the objects that are located totally inside the
window. In this case, the arc. The lines that are not totally inside the
window will not be selected.

Figure Step 4A

Figure Step 4B
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AUTHOR’S COMMENTS: It is important to understand that when you
select objects using a window, all of the objects that are totally inside
the window are selected. If there is more then one arc with the same
radius at the same location, all of them would also be erased.
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Step 5

Enter the U command to undo that last command. The arc you just erased will redisplay on the
drawing. (Figure Step 5)

Figure Step 5

MUST KNOW: It is very important to understand how objects are selected. If you use the pick method to
select the objects, AutoCAD will select only one object, even though two or more objects are located exactly
at the same location. If you select the objects using either the window or cross window method, AutoCAD
will select all of the objects, even though two or more objects are located exactly at the same location.
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Step 6

Enter the ERASE command. When you are prompted with the Select objects prompt, select two
locations moving from right to left. The two locations must be the opposite corners of the crossing
window. Press Enter to execute the command. (Figure Step 6A and 6B)

&

Figure Step 6A

Figure Step 6B

AUTHOR’S COMMENTS: A crossing window must be selected from
right to left and will select all of the objects that the window crosses
and all of the objects that are located totally inside the crossing
window. In this case, the arc and the two lines.
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Step 7

Enter the U command as many times as required to display the drawing as shown in the figure. (Figure
Step 7)

Figure Step 7

MUST KNOW: It is very important to understand how objects are selected. If you use the pick method to
select the objects, AutoCAD will select only one object, even though two or more objects are located exactly
at the same location. If you select the objects using either the window or cross window method, AutoCAD
will select all of the objects, even though two or more objects are located exactly at the same location.
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Step 8

Without entering a command and using what you learned earlier, place a window as shown in the
figure. All of the objects that are totally inside the window will highlight and display grips. Press the
Delete key to delete the objects. (Figure Step 8A, 8B, and 8C)

¢

Figure Step 8A Figure Step 8B Figure Step 8C

Step 9

Enter the U command to undo that last command. The arcs and line you just erased will redisplay on
the drawing.

Step 10

Without entering a command and using what you learned earlier, place a crossing window as shown in
the figure. All of the objects that cross the window and all of the objects that are totally inside the
window will be selected and display grips. Press the Delete key to delete the objects. (Figure Step 10A,
10B, and 10C)

4 A

C

—t——y

Figure Step 10A
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Figure Step 10B

Figure Step 10C

Step 11

Enter the U command to undo that last command.

Step 12

Save and close the drawing.

Geometry Lesson: A Compound Fillet

A compound fillet is two or more tangent arcs used to create a continuous curve. Study Figure 13-5.
Note the small dashed line. It is a drafting standard to indicate that the 3 R (Radius) arc is tangent to the
line and small circle as shown in Step 1. The 1 R tangent arc is then inserted tangent to 3 R arc and the
large circle as shown in Step 2. Since they are tangent arcs, you would use the FILLET command, two
times, to draw them.
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3

Figure 13-5
A Compound Fillet

Step 1 Step 2

USER TIP: Always leave the setting for LTSCALE to 1 and set the drawing object’s linetype scale property
to the setting to display the desired linetype.

Key Principles

Key Principles in Module 13

1. AutoCAD stores all existing drawing objects and their properties in a database file called the
drawing file. The name of the file is the drawing name with the extension .dwg.

2. A linetype is a repeating pattern of dots, dashes, text, objects, or blank spaces displayed on the
object. It is an appearance only and does not change the object in any way.

3. The individual linetype scale property multiplies the scale factor it is set to times the existing
scale factor of the global linetype scale (LTSCALE). It is best to set LTSCALE to 1 at all times.

4. If you use the pick method to select the objects, AutoCAD will select only one object, even
though two objects are exactly located at the same location. If the same objects are selected using
either the window or cross window method, AutoCAD will select all objects even if they are at
the exact same location.
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Lab Exercise 13-1

Time allowed: 30 minutes.

Drawing Name

Template Units
AutoCAD 2D Lab 13-1 2D English Inches
Layering Scheme
Layer Name Objects on Layer Color
Construction Construction objects 253
Object All objects Red
Step 1

Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)

7.0 |
0.8 R ‘
0.75 DIA,
2 PLACES %G
1.0 R 50 R
LG R 50 ‘
35°
( e {
) 1
' 40
0.6 -
START X5,Y7
50 R 3.0 R
4.0
1.0 R
1.0 DIA.
Figure Step 1A

1.23 R

AUTHOR’S COMMENTS: Do not delete the construction lines.
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Figure Step 1B
Completed Drawing

Step 2
Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step 4

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.




408 Module 13:

Object Properties

D

STEP 1 SIEP 2 SIEP 3 STEP 4
.
( = 9
o~
SIEr o STEP 6 1P 7 SIeP 8

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

See the following step:

Step 1

Draw the lines, circles and arcs as shown in the figure. (Figure Hint Step 1)

Figure Hint Step 1
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Step 2
Draw two horizontal lines, of any length, starting at the ends of the arc on the left. (Figure Hint Step 2)

Figure Hint Step 2

Step 3

Insert a 1 radius fillet between the horizontal line and the circle. (Figure Hint Step 3)

Figure Hint Step 3

Step 4

Insert a 2 radius fillet between the two circles on the top right and another one between the horizontal
line and circle on the bottom left. (Figure Hint Step 4)
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Figure Hint Step 4
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Step 5

Insert a 3 radius fillet between the two circles on the bottom right. (Figure Hint Step 5)

Figure Hint Step 5

Step 6
Using the Properties window, change the layer of the arcs to layer: Object. (Figure Hint Step 6)

Figure Hint Step 6

Step 7

Freeze layer: Construction. (Figure Hint Step 7)

SN

G O

o/

Figure Hint Step 7
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Step 8

Using the FILLET command, insert three fillets, using the applicable radius, between the arcs. (Figure
Hint Step 8)

Figure Hint Step 8
Lab Exercise 13-2
Time allowed: 20 minutes.
Drawing Name Template Units
AutoCAD 2D Lab 13-2 N/A N/A

Layering Scheme

Layer Name Objects on Layer Color Line Type

Outline Outline of object Red Phantom 2

Circle Full circles Green Border 2

Slot The slot Blue Dashed 2
Step 1

Open the drawing: AutoCAD 2D Lab 13-1.

Step 2
Using the SAVEAS command, save the drawing with the name: AutoCAD 2D Lab 13-2.

Step 3

Open the Layer Property Manager window and change the linetypes of the layers to match the layering
scheme shown above.
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Step 4

Using the Properties window, change the layers of the objects to match the layering scheme shown
above.

Step 5

Change the linetype scale of each object to match the figure. (Figure Step 5)

6
P "~

Figure Step 5

AUTHOR’S COMMENTS: You will have to guess at the linetype scale
and then adjust it. Do your best to match the figure, by eye, as closely
as you can.

Lab Exercise 13-3

Time allowed: 30 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 13-3 2D Metric Millimeters
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Layering Scheme

Layer Name Objects on Layer Color
Construction Construction objects 253
Object All objects Red
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Step 1

Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)

70 DlA.
200
20 DIA,, 50 DIA.
2 PLACES 150 R 55 DIA.

15 R, TYP. f‘mo R
-....________ — =7
. 7
\

150 R

900 R START X300,Y200

Figure Step 1A

AUTHOR’S COMMENTS: Do not delete the construction lines.

Step 2

Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step 4

Save and close the drawing.

Figure Step 1B
Completed Drawing

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
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construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

"/:E* — 1
i ¥ g ©) g = 9)
STEP 1 STEP 2 STEP 3 STEP 4
B o r— | — .
g — Q)| —©)| 6 _ ©
& R || e
STEP 5 STEP 6 STEP 7 STEP 8

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

See the following steps:

Step 1

Draw the lines and circles as shown in the figure. (Figure Hint Step 1)




AutoCAD 2D 417

Figure Hint Step 1
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Step 2

Enter the FILLET command and set the radius to 400. For the first object, select the large circle on the
left. For the second object, select the middle circle on the right. (Figure Hint Step 2A, 2B, and 2C)

Figure Hint Step 2A
Figure Hint Step 2B
Figure Hint Step 2C

Step 3

Using what you learned in Step 2, insert the compound bottom fillet. You will have to change the
radius to 500. (Figure Hint Step 3)

Figure Hint Step 3
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Step 4

Enter the FILLET command and set the radius to 150. For the first object, select the fillet inserted in
Step 2. For the second object, select the large circle on the right. Figure Hint Step 4A, 4B, and 4C)

S

Figure Hint Step 4A

Figure Hint Step 4B

Figure Hint Step 4C

Step 5
Using what you learned in Step 4, insert the fillet on the bottom. (Figure Hint Step 5)

Figure Hint Step 5
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Step 6

Insert a 25 radius fillet between the circles on the left. (Figure Hint Step 6)

Figure Hint Step 6

Step 7

Change the layer of the fillets to layer: Object. (Figure Hint Step 7)

O

Figure Hint Step 7

Step 8

Freeze layer: Construction. (Figure Hint Step 8)

e ——

O

5

Figure Hint Step 8




Step 9

Insert two 15 radius fillets between the arcs on the left. (Figure Hint Step 9)

O
Q
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Figure Hint Step 9

Lab Exercise 13-4
Time allowed: 20 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 13-4 N/A N/A

Layering Scheme

Layer Name Objects on Layer Color Line Type

Circles All circles Blue Dashed

Arcs All arcs Magenta Phantom
Step 1

Open the drawing: AutoCAD 2D Lab 13-3.

Step 2

Using the SAVEAS command, save the drawing with the name: AutoCAD 2D Lab 13-4.

Step 3

Open the Layer Property Manager window and change the linetypes of the layers to match the layering

scheme shown above.
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Step 4

Using the Properties window, change the layers of the objects to match the layering scheme shown
above.

Step 5
Change the linetype scale of each object to match the figure. (Figure Step 5)

P )
.--‘/’ / — . A
A ———" ()
\\.../ ‘\ \\__’/ /I !
' \..____//
I ——
s T~
'/"\‘ "_/"
\\\__/ ,»/
Figure Step 5

AUTHOR’S COMMENTS: You will have to guess at the linetype scale
and then adjust it. Do your best to match the figure, by eye, as closely
as you can.
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Module 14: Trimming and Extending

Learning Outcomes

When you have completed this module, you will be able to:

1. Describe the geometry of regular polygons.

2. Apply the TRIM and EXTEND commands to shorten and lengthen drawing objects at selected
cutting edges.

Geometry Lesson: Regular Polygons

A polygon is defined as any plane figure bounded by straight lines. A regular polygon is a polygon that
has equal angles, equal sides, and can be inscribed or circumscribed around a circle. AutoCAD has a
command to automatically construct polygons and it will be taught in a future module. For now, it is
important for you to be able to construct polygons using geometry.

The first nine regular polygons are shown in Figure 14-1.

423
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e

TRIANGLE SQUARE PENTAGON HEXAGON
3 SIDES 4 SIDES 3 SIDES & SIDES
HEPTAGON OCTAGON NONAGON DECAGON DODECAGON
7 SIDES & SIDES 9 SIDES 10 SIDES 12 SIDES
Figure 14-1
Regular Polygons

Any regular polygon can be inscribed in or circumscribed around a circle as shown, using a hexagon, in
Figure 14-2.

INSCRIBED
IN A CIRCLE

CIRCUMSCRIBED
AROUND A CIRCLE

Figure 14-2
Inscribed and Circumscribed Regular Polygon

It is important to understand and know the geometry involved to construct a triangle, square, hexagon,
and octagon as shown in Figure 14-3. Study each one and try to understand how they are constructed
and the angles used to construct them.
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: A+B+C=180° / \

D+E=90° D C
L

B 54  90°—A=D ~

90°—D=E
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A+B+C+D=360

TRIANGLE SQUARE
- 22.5
U O A
<60 5 Sl 29 5
60T 60° S A4S N S 44
ok 45° 45
4 o f ) f
45° 45" 22.5°
60" L 60
45 1 45
BX60 =360 8X45° = 360°
HEXAGON OCTAGON
Figure 14-3

Geometry of Four Regular Polygons

The following are the steps used to draw a hexagon in an AutoCAD drawing. See Figure 14-4.

Step 1

Draw 6 lines on layer Construction from the center to each corner, 60 degrees apart.

Step 2

Draw six lines snapping from the end of one line to the end of the next line.
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Step 3

Turn layer Construction off.

2.0

sleP 1 SHEP 4 SEEE 3
Figure 14-4
Drawing a Hexagon

Trimming and Extending

Not every object can be drawn using exact coordinates or locations as has been taught to this point in
the book. There are times where it is essential that objects be drawn to approximate lengths and sizes
and then trimmed or extended to their exact size and location. This does not mean that you can guess at
the size and location of the objects. Objects must still be drawn with 100 percent accuracy. The length
can be approximated and then adjusted using the TRIM or EXTEND commands. These two commands
are a big part of you becoming more productive.

In AutoCAD 2021 there have been changes to the Trim and extend commands and the default settings
will not produce the expected results in the following tutorials. The default MODE setting, QUICK,
will give access to the [cutting edges/Crossing/mode/Project/erase] options, which should be set as
explained later in this tutorial. Then, as a last step, the mode should be set to standard. This will
produce the expected behavior of TRIM and EXTEND. If you do not see the above options, set the
MODE to Quick, make the setting changes and then restore the MODE setting to Standard.

USER TIPS: With both the TRIM and EXTEND commands, a very common beginner’s error is picking the
wrong objects first. Always select the cutting edge object(s) first, press the Enter or Space next, and then
select the objects to be trimmed or extended.

AutoCAD Command: TRIM

The TRIM command is used to shorten objects to meet the edges of other objects. It is not required for the
object being trimmed to intersect with the object forming the cutting edge.

Shortcut: TR
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I£3AcB ¢+ 0RO~ d0n &f
Trim
Trims objects to meet the edges of other objects
Modify Toolbar
: Properties
[EL  Match Properties
dz"“ Lengthen
=f=  Trim
= Extend
Modify Pull-down
/ D C} Rotate [+~ 'I'rlm - /‘
M Fillet - S0
Line Paolyline dlll et '—-l : &
ol Scale EH Array = (i
I f‘-“ﬂdif}' -
Home Ribbon

AutoCAD Command: EXTEND

The EXTEND command is used to lengthen objects to meet the edges of other objects. It is not required for
the object being extended to intersect with the object forming the cutting edge.

Shortcut: EX
[¢5haBRBHs»ORL+ oo+ a0 &R

Extend
Extends objects to meet the edges of other objects

Modify Toolbar
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Darametric

Properties
@ Match Properties

=t | Trim
- Extend
[ Break
Modify Pull-down
' Home | Inser = Mar 1age 'E}utput Add-ins
n/u D O Rotate [<* Trim |- ‘f
Mirror iy
Line Polyline b =f===Tiim [
E Scale fri
Modify | —--/ Extend
Home Ribbon

WORKALONG: Using the TRIM and EXTEND Commands

Step 1
Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 14-1.

Step 3

Create the layers: Object and Construction. Set layer: Construction as the current layer.
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Step 4

Using the figures as a reference, enter the LINE command, as shown on the below, to draw the
construction lines shown in Figure Step 4B. (Figure Step 4A and 4B)

f riao —— =]

1D S || %

——
M2
]

5 -] ) t—— 7 ) ——

1

-t et
o
+_
O
wl
o
O

1.0

—

L XLD DIA.
] .0 1.0 1.0 ==

!

X2.9Y4.5
Figure Step 4A

Command: L

Specify first point: 2.5,4.5

Specify next point or [Undo]: @1,0
Specify next point or [Undo]: @2,0
Specify next point or [Close/Undo]: @1,0
Specify next point or [Close/Undo]: @0,4

Specify next point or [Close/Undo]: @0,1
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Specify next point or [Close/Undo]: @-3,0
Specify next point or [Close/Undo]: @2<220
Specify next point or [Close/Undo]:
Command: L

Specify first point: (end) P1

Specify next point or [Undo]: @0,5
Command: L

Specify first point: (end) P2

Specify next point or [Undo]: @1<145

(The length of this line can be any length but the direction must be accurate. I purposely drew it shorter
to demonstrate the EXTEND command.)

Command:

\] P2

1=
P1
Figure Step 4B

AUTHOR’S COMMENTS: Notice how the object is drawn with a series
of construction lines that go from point to point on the object rather
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than from corner to corner. This is done so that the endpoints of the
lines can be used as snap point later in the construction.

Step 5
Enter the TRIM command as shown below. (Figure Step 5).

Command: TRIM

Current settings: Projection=UCS, Edge=None

Select cutting edges ...

Select objects or <select all>:

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: E
Enter an implied edge extension mode [Extend/No extend] <No extend>: E

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]:

Command:

AUTHOR’S COMMENTS: The Edge option in the TRIM command should
be set to Extend most of the time. Once it is set on your computer, it
will stay that way until you change it.

Command: TRIM

Current settings: Projection=UCS, Edge=Extend
Select cutting edges ...

Select objects or <select all>: P3 1 found

Select objects: P4 1 found, 2 total

(These lines are the cutting edges.)

Select objects:

(Press enter or space.)
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Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P5
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P6
(These are the lines to trim. Select the line close to the end to be trimmed.)

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]:

Command:
PE L P4
P \
P 3[]
Figure Step 5
Step 6

Enter the EXTEND command, as shown below, to extend the line to top line in object. (Figure Step 6A
and 6B)

Command: EXTEND

Current settings: Projection=UCS, Edge=Extend
Select boundary edges ...

Select objects or <select all>: P7 1 found

(The cutting edge.)

Select objects:

(Press enter or space.)

Select object to extend or shift-select to trim or [Fence/Crossing/Project/Edge/Undo]: P8
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(The line to extend. Select the line close to the end that is to be extended.)
Select object to extend or shift-select to trim or [Fence/Crossing/Project/Edge/Undo]:

Command:

Figure Step 6A

Figure Step 6B

Step7

Draw three construction lines starting at the midpoint of the bottom line. (Figures Step 7)
Command: L

Specify first point: (mid) P9

Specify next point or [Undo]: @0,1

Specify next point or [Undo]: @0,1.5

Specify next point or [Close/Undo]: @0,1.5

Specify next point or [Close/Undo]:

Command:
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7

A

P9

Figures Step 7

AUTHOR’S COMMENTS: Notice how the three lines are drawn end to
end even though they look like one line. This is done to establish the
endpoints so that they can be snapped onto later to construct the
object.

Step 8

Enter the LINE commands, as shown below, to insert the construction lines for the hexagon. Each line
starts at the end of the construction line drawn in Step 7. (Figure Step 8)

Command: L

Specify first point: (end) P10

Specify next point or [Undo]: @.5<30
Specify next point or [Close/Undo]:
Command: L

Specify first point: (end) P10

Specify next point or [Undo]: @.5<90



Specify next point or [Close/Undo]:
Command: L

Specify first point: (end) P10

Specify next point or [Undo]: @.5<150
Specify next point or [Close/Undo]:
Command: L

Specify first point: (end) P10

Specify next point or [Close/Undo]: @.5<210
Specify next point or [Close/Undo]:
Command: L

Specify first point: (end) P10

Specify next point or [Undo]: @.5<270
Specify next point or [Close/Undo]:
Command: LINE Specify first point:
Command: L

Specify first point: (end) P10

Specify next point or [Undo]: @.5<330
Specify next point or [Close/Undo]:

Command:
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7

Mm

Figure Step 8

Step 9

Enter the LINE command, as shown below, to construct the lines for the hexagon. Ensure that you have
Autosnap enabled and you snap to the endpoints of the lines. (Figure Step 9)

Command: L

Specify first point: (end) P11

Specify next point or [Undo]: (end) P12
Specify next point or [Undo]: (end) P13
Specify next point or [Close/Undo]: (end) P14
Specify next point or [Close/Undo]: (end) P15
Specify next point or [Close/Undo]: (end) P16
Specify next point or [Close/Undo]: (end) P11
Specify next point or [Close/Undo]:

Command:
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i P11 \

P12 P16
P13
P15
P14
Figure Step 9

Step 10
Enter the LINE and CIRCLE commands, as shown below, to draw the slot. (Figure Step 10A and 10B)

Command: L

Specify first point: (end) P17

Specify next point or [Undo]: @1,0

Specify next point or [Undo]:

Command: L

Specify first point: (end) P17

Specify next point or [Undo]: @-1,0

Specify next point or [Undo]:

Command: C

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: (end) P18
Specify radius of circle or [Diameter]: D

Specify diameter of circle: .5

Command: C

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: (end) P19
Specify radius of circle or [Diameter] <0.2500>:

Command; L
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Specify first point: (quad) P20

Specify next point or [Undo]: (quad) P21
Specify next point or [Undo]: Command: L
Specify first point: (quad) P22

Specify next point or [Undo]: (quad) P23
Specify next point or [Undo]:

Command:

<

F18
<

r
LT

-

-]

@

Figure Step 10A
P20 P21
s Pt
S S
P2z P23
Figure Step 10B

AUTHOR’S COMMENTS: Ensure that you snap to the object snap mode
shown before each pick in the command.

Step 11

Enter the commands, as shown below, to draw the construction objects for the bottom arc. (Figure Step
11A and 11B)

Command: C

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: (end) P24



Specify radius of circle or [Diameter]: D
Specify diameter of circle: 1

Command: L

Specify first point: (cen) P25

Specify next point or [Undo]: (end) P26
Specify next point or [Undo]:
Command: L

Specify first point: (cen) P25

Specify next point or [Undo]: (end) P27
Specify next point or [Undo]:

Command:

T
S

P24

Figure Step 11A

F26

P25

P27

=

Figure Step 11B
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AUTHOR’S COMMENTS: | find it easier to draw circles rather than
arcs. Then | trim them to construct the required arc.

Step 12
Enter the TRIM command, as shown below, to create the slot. (Figure Step 12A and 12B)

Command: TRIM

Current settings: Projection=UCS, Edge=Extend

Select cutting edges ...

Select objects or <select all>: P28 1 found

Select objects: P29 1 found, 2 total

Select objects:

(Press enter or space.)

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P30
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P31
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]:

Command:

P28 _

LT

O 4
P30 P31

—

29

Figure Step 12A
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Figure Step 12B
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Step 13

Enter the TRIM command, as shown below, to create the bottom arc. (Figure Step 13A and 13B)
Command: TRIM

Current settings: Projection=UCS, Edge=Extend

Select cutting edges ...

Select objects or <select all>: P32 1 found

Select objects: P33 1 found, 2 total

Select objects: P34 1 found, 3 total

Select objects:

(Press enter or space)

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P35
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]:P36
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P37
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]:

Command:

32
P35 NP36

33 P34
P37

Figure Step 13A
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R

Figure Step 13B

Step 14

Enter the TRIM command, as shown below, to trim the line on the top right. (Figure Step 14A and
14B)

Command: TRIM

Current settings: Projection=UCS, Edge=Extend

Select cutting edges ...

Select objects or <select all>: P38 1 found

Select objects:

(Press enter or space)

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P39
Select object to trim or shift-select to extend or

[Fence/Crossing/Project/Edge/eRase/Undo]:

Command:
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X

Figure Step 14A

7@y N

P39

P3

Figure Step 14B




Step 15
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Change the layer of the objects that you want to reside on layer: Object. (Figure Step 15)

Step 16

F ol

3N\

Figure Step 15

Freeze layer: Construction. Your completed drawing should appear as shown in the figure. (Figure Step

16)

Step 17

Save and close the drawing.

r

Figure Step 16
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MUST KNOW: The Edge option in the TRIM and EXTEND commands should always be set to Extend as
shown below. Step 5 will show you how to set it. See also the 2nd paragraph in the notes on Trim an Extend.

Command: TRIM

Current settings: Projection=UCS, Edge=Extend

USER TIP: The TRIM and EXTEND commands areinterchangeable. If you enter either command, you can
change over to the other command by holding down the Shift key. i.e.
Command: TRIM (See Figure Step 1.)

P4 i I=0ed

—

\F'3

Current settings: Projection=UCS, Edge=None

Select cutting edges ...Select objects or <select all>: P1 1 found
Select objects: P2 1 found, 2 total

Select objects: P3 1 found, 3 total

Select objects: P4 1 found, 4 total

Select objects:

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: E
(Enter the Edge option.)

Enter an implied edge extension mode [Extend/No extend] <No extend>: E

(Set it to Extend. This allows you to trim or extend when the objects do not physically touch.)

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P5
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P6
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P7

(Press and hold down the Shift key to change to the EXTEND command.)
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Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P8
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P9
Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]: P10

Select object to trim or shift-select to extend or [Fence/Crossing/Project/Edge/eRase/Undo]:

Command:
P7 P8 P9
e r———
P10
P6
o
Figure Step 2 Completed Drawing

Key Principles

Key Principles in Module 14

1. To improve your drawing productivity, draw the location and direction of objects with 100
percent accuracy but at an arbitrary length. Adjust the length with the TRIM or EXTEND
commands.

2. With both the TRIM and EXTEND commands, select the cutting edge objects first, press the
Enter or Space key, and then select the object(s) to trim or extend.

3. The TRIM and EXTEND commands are interchangeable by holding down the Shift key to
change from one command to the other.

Lab Exercise 14-1

Time allowed: 40 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 14-1 2D English Inches
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Layering Scheme

Layer Name Objects on Layer Color
Construction Construction objects 253
Object 1 All objects Red




Step 1

AutoCAD 2D 449

Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)

h1da B TIF:
1.00 DIA.

.10 R TYP.

2.50—
1,25 —= D:25
3 PLACES
/ —
140° /——\ 1.00
1 |

0.220 R—

START X2.7,Y4.2
Figure Step 1A

.00
5.00
1.00
~—2.00—= 1.00 [~ |
i
ED\ 0.75
TYE. -/ i |
o
1.00 |-
4.00

AUTHOR’S COMMENTS: Do not delete the construction lines.
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T
C )
g
‘\H____________/r
/ 5
\ N,
Figure Step 1B

Step 2

Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step4

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.
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D- D-

A o
STEP 1 STER 2 STEP 3 STEP 4 STEP 5 STEP 6
STEP 7 STEP 8 STEP 9 STEP 10 STEP 11 STEP 12

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Draw the lines in the correct location and direction but to any length and then trim or extend them.

(Figure Hint 1)

/

Figure Hint 1
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Hint 2

The lines in Figure Hint 2A must be drawn tangent to tangent (see Module 12) while the lines in Figure
Hint 2B can be draw either tangent to tangent or quad to quad. (Figure Hint 2A and 2B)

O

Figure Hint 2A Figure Hint 2

Hint 3

The figure shows the construction lines. (Figure Hint 3)

/ﬂ
Teget

ARy
AN’

L

Figure Hint 3
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Lab Exercise 14-2

Time allowed: 30 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 14-2 2D Metric Millimeters

Layering Scheme

Layer Name Objects on Layer Linetype Color

Construction Construction objects Continuous 253

Circle 1 Outside circle Center? Red

Circle 2 Inside circles Continuous Red

Slots Slots Dashdot2 Blue
Step 1

Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)

—e 157
20 DIA. TYP. 30

30 DIA.

START
X105,Y185

110 DIA.
75 DIA.

Figure Step 1A
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AUTHOR’S COMMENTS: Do not delete the construction lines.

T \ ~
b f'; of S \\

; ,r'- .f" i \

/ ; ! \
|II ]II l,lr /‘ _'-\ Ill
II LY E i | r/ \\l\ll I ||
| |. | ] |
IIII Q\u_-- y . / \Ij I|I|

\ i .;_f f— :I

\\ "' gt ~ L/ s //
\ T o s

Figure Step 1B
Completed Drawing

Step 2

Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step 4

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
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and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

=
Rt

SIEF: | S1EP 2 SIEP 5 STEP 4 SIEF- O STEP 6

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Step 1

Draw only four construction lines at the correct angle as shown in the figure. Extend them to other side
of the large circle. That will save you from drawing all 8 lines. (Figure Step 1A and 1B)

Figure Step 1A
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Figure Step 1B
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Step 2

Draw 8 circles locating their centers at the intersection of the lines and circle. (Figure Step 2)

Figure Step 2

Step 3

Draw 2 large circles by showing AutoCAD the radius by snapping to the intersection of the small circle
and line. (Figure Step 3)

Figure Step 3
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Step 4
Trim the large circles. (Figure Step 4)

Figure Step 4
Step 5
Trim the slots. (Figure Step 5)
Figure Step 5
Lab Exercise 14-3
Time allowed: 40 minutes.
Drawing Name Template Units
AutoCAD 2D Lab 14-3 2D Metric Millimeters

Layering Scheme

Layer Name Objects on Layer Color

Concrete Block All objects Blue
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Step 1

Draw the top view of the concrete block shown in the figure using the layering scheme. (Figure Step
1A, 1B, and 1C)

- 400 -
6 R, TYP.
[ + |
X 35 TYP. +
) 4 N
16 R, K15 R, *
TYP. TYP.
200
— =175
\. A Y, TS
+ +—L
|
| 35 t=—130 TYP.—= 35 [= 175 TYP.J
TYP.

START X100,Y100
Figure Step 1A
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Figure Step 1B Concrete Block

L

Figure Step 1C Completed Drawing

Step 2

Set the insertion units and check your drawing with the key. Turn layer: Key off and freeze layer:
Construction.

Step 3

Save and close the drawing.
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Module 15: Offsetting Objects

Learning Outcomes

When you have completed this module, you will be able to:

1. Apply the OFFSET command to insert objects parallel to existing objects.
2. Apply the ID command to establish temporary reference locations.

3. Describe and apply the object snap mode Perpendicular.

Offsetting

The OFFSET command allows you to create a drawing object parallel to an existing drawing object at
a specified distance from the original object. OFFSET is a powerful command and if used when
applicable, will change the way you construct objects and improve your drawing productivity. The
drawing objects lines, circles, and arcs can be offset plus many others that you will be learning later in
the book.

AutoCAD Command: OFFSET

The OFFSET command is used to create a drawing object parallel to an existing drawing object at a specified
distance from the original object.

Shortcut: O

[s35 4@ ¢ OB+~ voa+ A0 &

Offset

Creates concentric circles, parallel lines, and parallel curves

Modify Toolbar

461
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Modify = Parametric

2 Properties

o, Copy
ﬂlh Mirrar
gt Offset
Array L

Modify Pull-down

i Home “ ' ns
n/ D_D C} Rotate - Trim &

AN

Mirror ("] Fillet - ¢5v
Line Polyline ‘d":'l '_-I &
E Scale EE Array -
Modify -
Home Ribbon

\

J

AutoCAD Command: ID

The ID command is used to return the coordinate location for a point in Model or Paper space.

Shortcut: none

EEIEE

Locate Point

Displays the coordinate values of a location

Inquiry Toolbar
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Workspaces

Isolate

Inquiry
Update Fields

118

Block Editor

#ref and Block In-f
Data Extraction...
Data Links

o

HEL

Action Recorder

Load Application..,

Tools Pull-down

Distance
Radius
Angle
Area
Yolume

Region/Mass Properties

List
ID Point

) B DI

Home | Inse

P

Line Polyline

Home Ribbon

hl — ¥
(lassnsss
- &
Measure %
- %

s | Groups «

Q Point Style...
{1 Utilities

Cbject Snap Mode - Perpendicular

Mode

Abbreviations lcon

Marker

The AutcCAD Object

Perpendicular

perp .L|

[,

Figure 15-1

Object Snap Mode — Perpendicular

MUST KNOW: Using the ID command to set a reference point or the lastpoint is a useful drawing tool.
Once you pick an ID point, ignore the actual coordinates. On the next command, use an @ to locate a

coordinate location from the ID point.
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WORKALONG: Offsetting Objects

Step 1

Start a new drawing using the template: 2D English.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 15-1. (Figure Step 2)
0.50—" 2. 7D ———=t=] 20 —=

0.75 R 125 R
—0.25 TYP.
i 1.00 DIA.
.

' 0.50

()
'\._.J/

/\’

* 05,:, o 0.50 R, TYP.
1.00 |_—0.25 DIA.
! 4 PLACES
i
Df5 START X4.Y4
r {}150 /
0.50 —= = —  =—0.50
.~ 950— == 2.00—

Figure Step 2
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Step 3

Create the layers: Object and Construction. Set layer: Construction as the current layer.

MUST KNOW: When a drawing object is offset, the newly constructed offset drawing object will reside on
the same layer as the original object, regardless of the current layer. If you want the newly created object to
be on a different layer than the original object, you will have to change it’s properties after it is offset.

Step4

Enter the LINE command, as shown below, to create the outline of the object. (Figure Step 4)
Command: L

Specify first point: 4,4

Specify next point or [Undo]: @-2.5,0

Specify next point or [Undo]: @0,5.5

Specify next point or [Close/Undo]: @4.5,0

Specify next point or [Close/Undo]: @0,-2.5

Specify next point or [Close/Undo]: @-2,0

Specify next point or [Close/Undo]: C

Command:

Figure Step 4
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Step 5

Enter the commands, as shown below, to draw the circles and fillets. (Figure Step 5A and 5B)
Command: C

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: (mid) P1

Specify radius of circle or [Diameter] <0.1000>: (end) P2

(When possible, it is always better to show AutoCAD a distance rather then entering it on the
keyboard.)

Command: C

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: (mid) P1
Specify radius of circle or [Diameter] <0.7500>: D

Specify diameter of circle <1.5000>: 1

Command: F

Current settings: Mode = TRIM, Radius = 0.0000

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: R
Specify fillet radius <0.0000>: 0.75

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: P3
Select second object or shift-select to apply corner: P4
Command: F

Current settings: Mode = TRIM, Radius = 0.7500

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: R
Specify fillet radius <0.7500>: 0.5

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: P5
Select second object or shift-select to apply corner: P6

Command:
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Figure Step 5A

/"

Figure Step 5B

Step 6
Use the TRIM command to trim the circle. (Figure Step 6)

P

0,

Figure Step 6

AutoCAD 2D 467
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Step 7
Enter the OFFSET commands, as shown below. (Figure Step 7)

Command: OFFSET

Current settings: Erase source=No Layer=Source OFFSETGAPTYPE=0
Specify offset distance or [Through/Erase/Layer] <Through>: 0.5

(Set the offset distance.)

Select object to offset or [Exit/Undo] <Exit>: P10

(Select the object to offset.)

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P11
(Select which side of the object to offset it on.)

Select object to offset or [Exit/Undo] <Exit>: P12

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P13
Select object to offset or [Exit/Undo] <Exit>:P14

Command: OFFSET

Current settings: Erase source=No Layer=Source OFFSETGAPTYPE=0
Specify offset distance or [Through/Erase/Layer] <0.5000>: 1.5

(Set the offset distance.)

Select object to offset or [Exit/Undo] <Exit>: P14

(Select the object to offset.)

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>:P15
(Select which side of the object to offset it on.)

Select object to offset or [Exit/Undo] <Exit>:

Command: OFFSET

Current settings: Erase source=No Layer=Source OFFSETGAPTYPE=0

Specify offset distance or [Through/Erase/Layer] <1.5000>: 2.75
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Select object to offset or [Exit/Undo] <Exit>: P16
Specify point on side to offset or [Exit/Multiple/Undo]
<Exit>:P17

Select object to offset or [Exit/Undo] <Exit>:

Command:
P10
O
/ P14
H
+P11
P12 +
b +p1z PO
1N P17
F16& + .'/—
Figure Step 7
Step 8

Using the FILLET command, insert a 0.5 radius fillet on all four corners. (Figure Step 8)

o

Figure Step 8

Step 9
Enter the OFFSET command, as shown below. (Figure Step 9)
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Command: O

Current settings: Erase source=No Layer=Source
OFFSETGAPTYPE=0

Specify offset distance or [Through/Erase/Layer] <Through>: 0.5
Select object to offset or [Exit/Undo] <Exit>: P26

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P27
Select object to offset or [Exit/Undo] <Exit>: P28

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P29
Select object to offset or [Exit/Undo] <Exit>: P30

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P31

Select object to offset or [Exit/Undo] <Exit>:

Command:
P31
+ P29
P26 [ " =+ I P28
P27
-
P30
Figure Step 9
Step 10

Using what you already learned, trim the lines to finish the bottom cutout. (Figure Step 10A and 10B)
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Figure Step 10A

/’

L L

Figure Step 10B
Step 11
Enter the OFFSET command, as shown below, to offset the inside feature. (Figure Step 11A and 11B)
Command: O
Current settings: Erase source=No Layer=Source OFFSETGAPTYPE=0
Specify offset distance or [Through/Erase/Layer] <Through>: 0.25
Select object to offset or [Exit/Undo] <Exit>: P32
Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33
Select object to offset or [Exit/Undo] <Exit>: P34
Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33
Select object to offset or [Exit/Undo] <Exit>: P35
Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33

Select object to offset or [Exit/Undo] <Exit>: P36
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Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33

Select object to offset or [Exit/Undo] <Exit>: P37

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33

Select object to offset or [Exit/Undo] <Exit>: P38

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33

Select object to offset or [Exit/Undo] <Exit>: P39

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33

Select object to offset or [Exit/Undo] <Exit>: P40

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P33

Select object to offset or [Exit/Undo] <Exit>:

Command:
p34 P92 P40
L1
P33 P39
P35
- P38
P36 P37

Figure Step 11A

)

Figure Step 11B

=X

—

required draw a circle instead. Then trim the circle to complete the re

USER TIP: It is faster to draw circles than it is to draw arcs. To improve your drawing speed, when an arc is

quired arc.

Step 12
Use the ID command to establish a lastpoint. Enter the CIRCLE

command immediately following to

insert the four circles using the lastpoint as a reference. (Figure Step 12)
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Command: ID

Specify point: (end) P41

X =1.5000

Y =4.000

Z =0.0000

(The ID command establishes a known reference point or an @ or lastpoint.)
Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @0.75,1.25

(Now the @ can be used to measure the center of the circle from the end of the line selected in the ID
command.)

Specify radius of circle or [Diameter]: D

Specify diameter of circle: 0.25

Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @1,0
Specify radius of circle or [Diameter] <0.1250>: (Accept the default.)
Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @0,1
Specify radius of circle or [Diameter] <0.1250>: (Accept the default.)
Command: C

CIRCLE Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @-1,0
Specify radius of circle or [Diameter] <0.1250>: (Accept the default.)

Command:

AUTHOR’S COMMENTS: Using the ID command to set a reference
point is a very useful tool for you. Once you pick an ID point, ignore
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the actual coordinates. On the next command, use an @ to locate a
coordinate location from the ID point. Make sure you understand the

concept.
O
O O
P41
Figure Step 12
Step 13

Change the layer of the objects that you want to reside on layer: Object.

Step 14

Freeze layer: Construction and your drawing should appear as shown in the figure. (Figure Step 14)
("
O

Figure Step 14
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Step 15

Save and close the drawing.

WORKALONG: Drawing Construction Techniques

Step 1

Start a new drawing using the template: 2D English.
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Step 2

Save and name the drawing: AutoCAD 2D Workalong 15-2. (Figure Step 2)

2.00

0.25

1.00 DIA.
N

FROM THE CENTER, LINE
IS PERPENDICULAR TO
THE INCLINED LINE

0.25 R

/
P
-

- 4.50 -
Figure Step 2

Step 3

START X6.5,Y5

Create the layers: Object and Construction. Set layer: Construction as the current layer.
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Step 4

Using Figure Step 2 as an reference, draw lines to construct the perimeter of the object. (Figure Step 4)

‘\\

Figure Step 4

Step 5

Using what you already learned, trim the lines to complete the outline. (Figure Step 5)

Figure Step 5
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Step 6

Enter the ID command, as shown below, to establish a lastpoint. Draw the circle using the reference
point you established with the ID command. (Figure Step 6)

|
|
|
|
|
|
|
|
|

= L0 e

Figure Step 6
Command: ID

pecify point: (end) P1

X =2.0000
Y =5.5000
Z =0.0000

(The lastpoint or the @ being established.)
Command: C
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @1,1.5

(The center of the circle is now located using the reference point established in the ID command above.
These commands must be entered back to back.)

Specify radius of circle or [Diameter] <2.6770>: D
Specify diameter of circle <5.3539>: 1

Command:
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Step 7

Enter the OFFSET command, as shown below, to insert the inside offsets. (Figure Step 7)
Command: O

(Shortcut for the OFFSET command)

Current settings: Erase source=No Layer=Source OFFSETGAPTYPE=0

Specify offset distance or [Through/Erase/Layer] <0.00>: 0.75

(Setting the offset distance.)

Select object to offset or [Exit/Undo] <Exit>: P2

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: P3

(First the object is selected (P2) and then the side of the object (P3) to place the offset. The location for
P3 can be anywhere as long as it is above the line to be offset.)

Select object to offset or [Exit/Undo] <Exit>:

(With what you already learned, finish the other two offsets as shown in Figure Step 7.)

Command:
P&
~ P7
X
— HiP4
+ F'5+
P3
=
P2
Figure Step 7
Step 8

Enter the CIRCLE command, as shown below, to insert a circle by snapping its center to the
intersection of the offset lines. (Figure Step 8)

Command: C
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Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: (int) P8
(Snap to locate the center of the circle at the intersection of the two offset lines.)
Specify radius of circle or [Diameter] <0.5000>: .25

Command:

F’Bé\

Figure Step 8
Step 9
Draw a line between the centers of the circles. (Figure Step 9)
Command: L
Specify first point: (cen) P9
Specify next point or [Undo]: (cen) P10
(Draw a construction line by snapping to center point of the circles.)
Specify next point or [Undo]:

Command:



P10

Figure Step 9

Step 10

Extend the construction line to the circle’s circumference. (Figure Step 10A and 10B)

Command: EX

Current settings: Projection=UCS, Edge=Extend
Select boundary edges ...

Select objects or <select all>: P11 1 found
Select objects:

(Press enter or space.)

Select object to extend or shift-select to trim or

[Fence/Crossing/Project/Edge/Undo]: P12

Select object to extend or shift-select to trim or [Fence/Crossing/Project/Edge/Undo]:

Command:

AutoCAD 2D 481
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]
P11
P12 i\
Figure Step 10A
Figure Step 10B

AUTHOR’S COMMENTS: The construction line was drawn from center
to center and then extended to the circumference of the circle to
locate the tangent point for the arc to be inserted. A line between
centers locates the tangent point of the arcs.

Step 11

Draw a circle snapping to the center of the large circle for its center location and snapping to the
intersection of the construction line and the lower circumference of the small circle for the radius.
(Figure Step 11)
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\

P14 g\

2

Figure Step 11

AUTHOR’S COMMENTS: If possible, always show AutoCAD a
measurement instead of entering the number on the keyboard. Always
snap to exiting geometry when you do this.
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Step 12

Using the same principle that you learned in Step 11, insert the other two circles. Ensure that you snap
one circle to the center of the small circle and the other to the intersection of the tangent line and circle
circumference. (Figure Step 12A and 12B)

_

Figure Step 12A

AUTHOR’S COMMENTS: Circles were used rather then arcs because it
is easier to draw circles than arcs. Once the circle is drawn, it can
easily be trimmed to complete the arc. This is a much faster drawing
technique.

Figure Step 12B

AUTHOR’S COMMENTS: In Step 11 and 12, you are showing AutoCAD
the radius of the circles by snapping to the intersection of the
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construction line and circle. Whenever you can, always show AutoCAD
and distance rather then typing it on the keyboard.

Step 13

Draw a circle locating its center at the intersection of the large circle’s centerline and the horizontal
construction line. (Figure Step 13)

Command: C
Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: (int) P15
Specify radius of circle or [Diameter]: .25

Command:

Figure Step 13
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Step 14

Using what you already learned, trim the circles to complete the slot. (Figure Step 14)

Figure Step 14

Step 15

Enter the LINE command, as shown below, to draw a line from the center of the larger circle and
snapping perpendicular to the inclined line. (Figure Step 15)

Command: L

Specify first point: (cen) P16

Specify next point or [Undo]: perp to P17

(It is much faster to type in the osnap mode perp then setting it in Autosnap.)
Specify next point or [Undo]:

Command:
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Figure Step 15

Step 16

Using what you already learned, offset the lines to create top feature. (Figure Step 16)

-

Figure Step 16
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Step 17

Trim the lines to complete the top cutout. (Figure Step 17)
—
Figure Step 17

Step 18

Change the layer of the objects to layer: Object. Freeze layer: Construction to complete the drawing.
(Figure Step 18)

Figure Step 18

Step 19

Save and close the drawing.
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Key Principles

Key Principles in Module 15

1. The OFFSET command is a very useful command. When used at the right times, it will improve
your drawing speed and change the way you construct objects in AutoCAD.

2. When a drawing object is offset, the newly constructed offset drawing object will reside on the
same layer as the original object, regardless of the current layer.

3. The ID command can be used to established a known reference point or an @. The reference
point can then be used, in the next command, to measure from.

Lab Exercise 15-1

Time allowed: 40 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 15-1 2D English Inches

Layering Scheme

Layer Name Objects on Layer Color

Construction Construction objects 253

Object All objects Red
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Step 1
Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)
FROM THE MIDPOINT,

LINE IS PERPENDICULAR
TO THE INCLINED LINE

—10.75 r 1.75 ﬁ 2.087 =— 0.433
- ¢
D.75 / T ; \ Q.75
1.25 80", TYP.
T | T
500 0.125 R, TYR.
——= 375 R
1_
1.DD 1,0[}
1.00
iy 0.25 R,
%—— 4 PLACES
1.00
b
I
— 1.05 P—— 220 —=—2.0D
- 8.00 -

START X4.35,Y4

AUTHOR’S COMMENTS: Do not delete the construction lines.
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|
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L |
\ J
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7~

Figure Step 1B Completed Drawing
Step 2
Set the insertion units and check the drawing’s accuracy.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step 4

Save and close the drawing.

AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.
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B

-

e

s

s

Y

STEP 1 STEP 2 SIEP 3 STEP 4 STEP § STEP 6
SIEP 7 STEP 8 SIEP 9 STEP 10 SIEP 11 SIEP 12

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1

Draw the line perpendicular to inclined line and then offset the inclined line. Draw a circle with its
center located at the intersection of the lines. Offset the perpendicular line using the radius of the circle
as the distance and trim. (Figure Hint 1)

Hint 2

P

Figure Hint 1

Insert offset lines as construction lines to locate the centers of the three circles. Then draw the lines
tangent to the circles. (Figure Hint 2)
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Figure Hint 2
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Hint 3

The figure shows the construction lines. (Figure Hint 3)

o \

N
S
Figure Hint 3
Lab Exercise 15-2
Time allowed: 60 minutes.
Drawing Name Template Units
AutoCAD 2D Lab 15-2 2D Metric Millimeters

Layering Scheme

Layer Name Objects on Layer Color

Construction Construction objects 253

Object All objects Red




AutoCAD 2D 495

Step 1

Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)
230.49

1
150 —— 130 DIA.
5 R,
P, ‘ =il 75 DIA.
2.50 \=| 25 A 120 DIA.
H S—

Z3))

\Lf

Er
3
-
WA,

_‘\_ el e
\
\li 25 | 25 | 25 | 25 e

START X407.53,Y203.5

25 R

10 DIA.,
10 R 10 PLACES

15 R
Figure Step 1A

AUTHOR’S COMMENTS: Do not delete the construction lines.

Step 2

Set the insertion units and check the drawing’s accuracy.

Step 3

Turn layer Key off and freeze layer Construction.

Step 4

Save and close the drawing.
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AUTHOR’S CONSTRUCTION TECHNIQUES: The following steps are the
construction technique suggested by the author to help you learn how
to construct objects using AutoCAD. It is only the suggested method
and if you can complete the drawing accurately using a different
construction technique, that is what is important. You may want to
compare your construction technique with the authors.

Figure Step 1B
Completed Drawing

P — N
@ D)
STEP 3 S =
D) D)
STEP 6 STEP 7

— | [ED )

SIEF 9 STEP 10 SiER 11 STERP 12 STEP 13
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AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hint. If you get stuck and
cannot complete it on your own, use the following hint to help you.

Hint 1

See the figure and the following seven steps:

Figure Step 1

Step 1

Draw a construction line from the center of the bottom circle to the center of the upper circle.
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Step 2

Extend the line to the upper circumference of the circle.

Step 3

Draw circles using the intersection of the tangent line and circle to show AutoCAD the radius.



Step 4

Draw the bottom circle at the intersection of the construction circle and line.

Step 5

Trim the circles.

Step 6

Draw the inner circles.

Step 7

Offset the arcs and trim to complete. (Figure Hint 1)

Lab Exercise 15-3

Time allowed: 40 minutes.

AutoCAD 2D 499

Drawing Name Template Units
AutoCAD 2D Lab 15-3 2D English Inches
Layering Scheme
Layer Name Objects on Layer Color
Construction Construction objects 253
Door All lines Blue
Step 1

Set the LIMITS as follows:
The lower left corner to: 0.0,0.0

The upper right corner to: 100,150

Step 2

Enter the ZOOM Extents command.



500 Module 15: Offsetting Objects

Step 3

Draw the object shown in the figures using the layering scheme. (Figure Step 3A, 3B, and 3C)

== 5.5 25.0—

5.5
i
34.5 —— 0.5
TYP.
! 80.0
22.0
— | | ’]_l:j
v
.0

9

l

START X20.,Y20 TYP. TYP.

36.0 ————

Figure Step 3A



AutoCAD 2D 501

Figure Step 3B
Exterior Door

Figure Step 3C
Completed Drawing
Step 4

Set the insertion units and check your drawing with the key. Turn layer: Key off and freeze layer:
Construction.

Step 5

Save and close the drawing.
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Module 16: Competency Test 3 Open Book

Learning Outcomes

When you have completed this module, you will be able to:

1. Within a one-hour time limit, complete a written exam and a lab exercise without the aid of a key.

The AutoCAD 2D book was written with competency based modules. What that means is that you
have not completed each module until you have mastered it. The Competency Test module contains
multiple choice questions and a comprehensive lab exercise to test your mastery of the set of modules
that you completed. There are no answers or keys supplied in a Competency Test module since it is
meant to be checked by your instructor. If there are any parts of this module that you have trouble
completing, you should go back and reread the module or modules containing the information that you
are having trouble with. If necessary, redo as many lab exercises required until you fully understand the
material.

If you are Completing this book:

» Without the Aid of an Instructor, complete the written test and the lab exercise.

* In a Classroom with an Instructor, the instructor will give instructions on what to do after this
module has been completed.

Multiple Choice Questions

Select the BEST answer.

1. Objects can be trimmed and extended in the same command. After it is trimmed or extended,
depending on the initial command entered, which key can be pressed to apply the opposite
command?

A. Shift
B. Alt
C. Esc
D. Cul
E. Space

2. What extension does AutoCAD automatically add to the users assigned drawing name when
a drawing is saved?

503
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A.

m Y 0w

drw
.dgw
drg

dwg
.dgn

3. Which one of the following statements best describes a good use for the ID command?

A.
B.
C.
D.
E.

To extend an object to where it intersects another
To trim an object to where it intersects another
To insert a tangent

To change the properties of an

To set a reference

4. What command is used to change the global linetype scale for the current drawing?

A.

MY 0w

LINE
PLINE
LTSCALE
LINETYPE
POLYGON

5. Which one of the following best describes a crossing window when selecting objects?

A.
B.
C.
D.
E.

Selects all objects totally inside the window but not the ones that it crosses.
Selects all objects that it crosses and the ones outside the window.

Selects all objects totally inside the window and the ones it crosses.

Selects only the objects that totally cross the window.

Selects all the objects that are outside the window.

6. What type of AutoCAD drawing object does the FILLET command insert?

A.
B.
C.
D.
E.

circle
pline
arc
line

point

7. What command is used to insert a tangent arc between two lines?

A.
B.
C.

POLYGON
FILLET
LINE



D.
E.

TRIM
EXTEND
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8. What layer will the newly constructed drawing object reside on when it is created using the
OFFSET command? Select the BEST answer.

9. Which one of the following statements best describes the OFFSET command?
A.
B.
C.
D.
E.

A.

MY 0w

It won’t be on any layer.

The same layer as the object being offset.

On the layer you specify in the command.

The current Layer

Layer zero

Creates an object perpendicular to an existing object at a specified distance.

Creates an object tangent to an existing object at a specified distance.

Creates an object parallel to an existing object at a specified distance.

Creates an object where it intersects an existing object at a specified distance.

Creates an object at the same location as the existing object.

10. What command is used to insert a line tangent to two circles?

A. FILLET

B. INSERT

C. LINE

D. EXTEND

E. POLYGON

Lab Exercise 16-1 OPEN BOOK
Drawing Name Template Units
AutoCAD 2D Lab 16-1 2D English Inches
Layering Scheme

Layer Name Objects on Layer Color
Construction Construction objects 253
Object All objects Red
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Step 1
Draw the object shown in the figure. (Figure Step 1A and 1B)

Figure Step 1A
Completed Drawing
START X18,Y13
10 R 11.42
2 PLACES 0.50 DIA. 4 PLACES
f J.8587 } 3.00
| | /—O.?s R
\ J
. 130°
15¢°

I 4.50 1.75 —=

A\®
jﬁm

7.4173

Figure Step 1B

Step 2

Draw all construction objects on layer: Construction. When complete, freeze layer: Construction.

Step 3

Save and close the drawing.

AUTHOR’S COMMENTS: There is no key for this lab. Do not delete the
construction objects.
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Part4

507
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Module 17: Inquiry and Measurement

Learning Outcomes

When you have completed this module, you will be able to:

Describe the geometry of a right angle triangle.

Describe a point, point styles, and object snap mode node.

Apply the system variable SNAPANG to rotate the graphic cursor.
Apply the ORTHO, POINT, DIVIDE, and MEASURE commands.

Apply the UNITS, DIST, and PROPERTIES commands to set the display units, make inquiries
about drawing objects, measure distances, and angles.

oS BN

Geometry Lesson: A Right Angle Triangle

Figure 17-1 and 17-2 show the geometry of a right angle triangle. Understanding this theory will help
you to complete your AutoCAD drawings.

AREA=1/2 (X*Y)
AutoCAD LINE

delta vy

delta X
RIGHT ANGLE TRIANGLE

Figure 17-1
Geometry of a Right Angle Triangle

509
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IF Y=3 & X=4 THEN Z MUST = 5

SEMI-CIRCLE

G

ANY POINT "C” ON THE SEMI-CIRCLE TO
POINT "A” AND "B” WILL CREATE A RIGHT ANGLE TRIANGLE

Figure 17-2
Geometry of a Right Angle Triangle

Geometry Lesson: Using Circles to Measure

When a measurement is required along an inclined line as shown in Step 1, Figure 17-3, the OFFSET
command cannot easily be used to make that measurement. The best method of making the
measurement is by drawing a construction circle with a 1 unit radius. Use the end of the inclined line as
the center location for the circle. All points on the circumference of the circle will be the radius
distance (1 unit) from the center of the circle as shown in the Step 2. Draw the 0.60 diameter circle
locating its center at the intersection of the construction circle and the inclined line as shown in the Step
3.

1.0

0.60 DIA.

Step 1 Step 2 Step 3
Figure 17-3
Using Circles to Measure

Points

A point is an AutoCAD drawing object that is one pixel in size. Its only geometry property is one XY
coordinate.
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Point Style

Since a point is nothing more then one pixel in size, it will not display very well in the drawing. If it is
located under an existing drawing object, it will not be visible at all. Points can be set to display with an
assigned style to make them easier to see and use. The point style for the current drawing is set with the
Point Style dialogue box. To open the Point Style dialogue box, select Point Style in the Format Pull-
down menu, See Figure 17-4 and 17-5. The size of the points can be set relative with the screen size or
an absolute size. To display the points style at the correct size, when the point size is set relative to the
screen, the drawing must be regenerated using the REGEN command.

Format ools  Draw  Dime
Layer...
Layer States Manager...

Multileader Style
Plot Style...
Point Style...
Multiline Style...

Figure 17-4
Point Style

L ALV IE v

O
[ ]
]

Point Size:  5.0000

(@) Set Size Relative to Screen
(") Set Size in Absolute Units

| Ok || Cancel || Hep

Figure 17-5
Point Style Dialogue Box
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Object Snap Modes - Node
Mode Abbreviations lcon Marker The AutoCAD Object
Node Nod =
X .
Figure 17-6

Object Snap Mode — Node

AutoCAD Command: POINT

The POINT command is used to insert a point.
Shortcut: PO
I /20000 /e~ an- BEDAA%E

Point |

Creates multiple point objects

Draw Toolbar

Madeling 2

Line

Ray

Table...

Point k Single Point
Hatch... = Multiple Point

Gradient... «%  Divide
Boundary... ,(“Q Measure

Region |
Draw Pull-down

DEE & H NN
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Home  Inset  Annotate  Parametric 3

/D@

: . . ) %, C
Line Polyline Circle  Arc

-~ - |Bs

SN AVl Tl PV
B OHAE0

{0 Draw

Home Ribbon

Rotating the Crosshairs

The crosshairs can be rotated to any angle. Its default rotation angle is 0 degrees, as shown in Figure
17-7. When the rotation angle is 0 degrees, the X axis is horizontal and the Y axis is vertical. There are
times when it can be very helpful if the crosshairs are rotated to an angle other than 0 degrees, as
shown in Figure 17-8. The SNAPANG system variable is used to set the rotation angle of the
crosshairs.

]

M
[

Figure 17-7
Crosshairs in The Normal Position
Rotated 0 degrees
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Figure 17-8 Crosshairs Rotated 45
degrees

MUST KNOW: It can be very confusing if SNAPANG is set to 90, 180, or 270 degrees since the crosshairs
looks just like the default or 0 degrees. You can check its setting by entering the SNAPANG system variable
on the command line and ensure it is set to 0.

The DIVIDE Command

The DIVIDE command is used to divide a drawing object by inserting points on the object at calculated
XY locations. It does not change the object in any way, it simply inserts points on it. It is important that
the current layer is set to layer Construction when the DIVIDE command is used. That way, the points
can be easily isolated from the object it is dividing. On lines and arcs, the DIVIDE command starts
calculating from the endpoint of the selected object.

The DIVIDE command works different when dividing circles. Since a circle does not have an endpoint,
the DIVIDE command will place the first point where the positive X axis of the crosshairs intersects
the circle.

The MEASURE Command

The MEASURE command is used to divide a drawing object by inserting points on the object at
specified distances along the object. It does not change the object in any way, it simply inserts points on
it. It is important that the current layer is set to layer Construction when the MEASURE command is
used. That way, the points can easily be isolated from the object being measured. The MEASURE
command always starts the first measurement from the closest endpoint to the location where the object
is selected.

The MEASURE command works different when measuring circles. Since a circle does not have an
endpoint, the MEASURE command will start measuring at the point where the positive X axis of the
crosshairs intersects the circle.
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AutoCAD Command: ORTHO

The ORTHO command is used to lock the crosshairs to allow it to move only horizontal or vertical. When
enabled, it applies to most commands. The current Ortho mode is displayed on the Status bar. The function
F8 key toggles ortho mode off and on.

Shortcut: F8

Restrict cursor orthogonally - On
ORTHOMODE (F8)

Rl e e G e e

AutoCAD Command: DIVIDE

The DIVIDE command is used to insert points an equal distance apart by dividing the length of the drawing
object selected by the number of divisions entered. The object being divided is not changed in any way by the
command.

Shortcut: DIV

Modeling 3
/ Line
] Table.. ,

Point 2 Single Point
E} Hatch... = Multiple Point
= Gradient... % Divide
u Boundary... ,.('( Measure

Draw Pull-down
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Hume :

Wi @ \f D

Line Polyline Circle  Arc

NN S S
2 RMAEO

{0 Drraw
Home Ribbon

AutoCAD Command: MEASURE

The MEASURE command is used to insert points on a drawing object at a specified distance. The object
being measured is not be changed in any way by the command.

Shortcut: ME

Modeling 2
/ Line
] Table.. ‘

Point » Single Point
B} Hatch... = Multiple Point
b Gradient... % Divide
u Boundary... ,.{( Measure
[T Region I

Draw Pull-down

Line Polyline Circle  Arc
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WORKALONG: Using the POINT, DIVIDE and MEASURE Commands

Step 1

Start a new drawing using the template: 2D English.

Step 2

Save and name the drawing: AutoCAD 2D Workalong 17-1. (Figure Step 2)

LINE FROM MIDFOINT OF TOP
LINE TO MIDPQINT OF BOTTOM LINE

h 2.50
/\ 5
NS
50 e
o oy &
0.40 DIA. € %
3 PLACES S <L
O 23 \
= Q 0y
iz h s
o e <
A o ! 5.00
[ -;-fs\ 5\
_?, b
o [
0.50 - 2
3.00 + ') (3
T : >
'3;
1.00 | 0.50 %}f 2.00
l )i « 0.50 \ %
+ e + G
o] P \g | ©
P !
p o
7 oo N\ 0.125 DIA.
L T S—— 12 PLACES
s X6.75,Y4.0
Figure Step 2
Step 3

Create the layers: Object and Construction. Set layer: Construction as the current layer.
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Step 4

Using what you learned earlier in the book, refer to Figure Step 2 and draw lines around the perimeter
of the object. (Figure Step 4)

Figure Step 4

Step 5

From the Format Pull-down menu, select Point Style . This will open the Point Style dialogue box.
Select the point style (center with black background) as shown in the figure. Set the Point Size to 3%
and enable Set Size Relative to Screen. (Figure Step 5A and 5B)

Format | Too Crraw Dime
Layer...
Layer States Manager...

Multileader Style
Plot Style...
Point Style...

v &R ghal

Multiline Style...
Figure Step 5A
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(& PuintSt)riE‘ ==

O
[ ]
&

Foint Size:  3.0000

i@ Set Size Relative to Screen
(71 Set Size in Absolute Units

OK || Cancel || Help

Figure Step 5B

AUTHOR’S COMMENTS: Setting the point relative to the screen means
that regardless of the zoom factor of the screen, the points will always
display the same size. You must execute the REGEN command to force

AutoCAD to display the points size relative to the current zoom factor.

Step 6

Enter the DIVIDE command, as shown below, and select the inclined line on the right. (Figure Step 6A
and 6B)

Command: DIVIDE
Select object to divide: P1
Enter the number of segments or [Block]: 8

Command:
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F1

Figure Step 6A

Figure Step 6B

AUTHOR’S COMMENTS: Since the line is divided into 8 segments,
seven points are inserted along the line. Points are not inserted at the
ends of the lines.
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Step 7

As taught earlier in the book, use the OSNAP command to open the Drafting Settings dialogue box.
Enable the Node object snap mode. (Figure Step 7)

! .
& oosrs

| Snap and Grid | Polar Tracking | Object Snap I

|
Object Snap On {F3)

Ohject Snap modes
O Endpairt
Midpairit
Certer
Mode
Quadrant

oo o8 o
- BHOKod PR

Intersection
. Extension

Y command. A tracking vector apg

'Q Ta track from an Osnap pairt, ps
L]
To stop tracking, pause over the

Figure Step 7

AUTHOR’S COMMENTS: A node is the object snap mode for a point.

Step 8

Press F8 to enable Ortho mode. Check to ensure that it is enabled by checking the Status bar. (Figure
Step 8)

Restrict cursor orthogonally - On
ORTHOMODE (F8)

i . P o4 L:@v\{\-itlvaﬁﬁ‘w (<
Figure Step 8
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AUTHOR’S COMMENTS: When Ortho mode is enabled, the LINE
command will only draw horizontal or vertical lines assuming that the
crosshairs is set to the default angle.
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Step 9

Enable object snap and draw 8 horizontal lines by snapping to the points (nodes) as the first point of
each line. The length of the lines is not important. (Figure Step 9)

X

Figure Step 9

AUTHOR’S COMMENTS: You must enter the LINE command 8 times to
draw the 8 lines. To work faster, press the Enter or Space key to renter
the last command.

Step 10

Draw 7 vertical lines by snapping to the points (nodes) as the first point of each line. The length of the
lines is not important. Disable Ortho mode. (Figure Step 10)

b
]

Figure Step 10
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Step 11

Trim the lines to form the steps as shown in the figure. (Figure Step 11)

Figure Step 11

Step 12

Draw a line by snapping to midpoint on the top left inclined line and the midpoint of the bottom line.

AUTHOR’S COMMENTS: Ensure that you snap to midpoint of both
lines.

Step 13

Using the DIVIDE command, divide the line into four segments. (Figure Step 13)
}

)

Figure Step 13



AutoCAD 2D 525

Step 14

Set layer: Object as the current layer. Enter the CIRCLE command and draw the three 0.40 diameter
circles by snapping to the points (nodes) to locate the center of each circle. (Figure Step 14)

}_

Figure Step 14

Step 15

Set layer: Construction as the current layer.

Step 16

Draw a construction line from the top corner to the bottom corner as shown in the figure. Ensure that
you snap to the endpoints of the lines. (Figure Step 16)

Figure Step 16
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Step 17

Draw a 0.5 radius construction circle with its center located at the top corner as shown in the figure.
Trim the line. (Figure Step 17A and 17B)

.
T
N
Ty
L
Figure Step 17A
a_

Iy
ey

T
=

Figure Step 17B
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Step 18

Enter the MEASURE command, as shown below, to insert points every 0.4325 units along the line.
(Figure Step 18)

Command: MEASURE
Select object to measure: P2
Specify length of segment or [Block]: 0.4325

Command:

Fai i}
WL

b
]

P2

£
WL

Fa
L

Figure Step 18

AUTHOR’S COMMENTS: Ensure that you select the line (P2) closest to
the end of the line that you want to start the measurement from.
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Step 19

The drawing should now appear as shown in the figure. To demonstrate how the point size relative to
the screen works, zoom in on your drawing until it fills the screen. Then execute the REGEN
command. Notice how the point style size for the points changes. Zoom back out and execute the
REGEN command again. (Figure Step 19)

. oY
W

P
L

i
]

£
L

sl
W

Figure Step 19
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Step 20

Set layer: Object as the current layer. Insert 12 — 0.125 diameter circles. One with its center located at
the end of the line and the others with their centers located on the points that you inserted with the
MEASURE command in Step 18. (Figure Step 20)

P Y
L

P )
~J

i
o

P )
=

£
L

Figure Step 20

AUTHOR’S COMMENTS: It helps if you zoom in close to insert the
circles.




530 Module 17: Inquiry and Measurement
Step 21

Set layer: Construction as the current layer. Enter the ID command, as shown below, and snap to the
endpoint of the bottom line to establish a reference point. (Figure Step 21)

N

Command: ID
Specify point: (end) P3
X =1.7500 Y = 4.0000 Z = 0.0000

Command:

5

Figure Step 21

AUTHOR’S COMMENTS: | used the ID command in Step 21 to establish
a reference point. | used that reference point in Step 22 to insert the
first point. | inserted it using the @ (the ID reference point or
lastpoint) location and measured from it. Ensure that you understand
how the reference point was used. Note that it must used in the next
command entered after the ID command is executed.
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Step 22

Enter the POINT command, as shown below, to draw 3 points at the locations of the center of
polygons. (Figure Step 22)

Command: POINT

Current point modes: PDMODE=34 PDSIZE=-3.0000 Specify a point: @.75,1.5
Command: POINT

Current point modes: PDMODE=34 PDSIZE=-3.0000 Specify a point: @0,-1
Command: POINT

Current point modes: PDMODE=34 PDSIZE=-3.0000

Specify a point: @2.25,0

Command:

£
WL

P
o

Pl
=

P
= o

P Y
J

&

+ +

Figure Step 22
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Step 23

Draw three 0.5 diameter circles using the points as the location of the center of the circles. Ensure that
you snap to the node when locating the center of each circle. (Figure Step 23)

T

Figure Step 23

Step 24
Using the DIVIDE command, divide the top left circle into 6 segments. (Figure Step 24)

Figure Step 24

AUTHOR’S COMMENTS: Note how the first point is located along the X
axis of the cursor. Six segments was used since a hexagon has six sides.
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Step 25

Enter the SNAPANG system variable as shown below to change the angle of the cursor to 90 degrees.
Command: SNAPANG
Enter new value for SNAPANG <0>: 90

Command:

Step 26
Enter the DIVIDE command and divide the bottom left circle into 6 segments. (Figure Step 26)

Figure Step 26

AUTHOR’S COMMENTS: Note how the first point is located along the X
axis that has been rotated 90 degrees.

Step 27

Enter the system variable SNAPANG as shown below to change the angle of the crosshairs to 22.5
degrees.

Command: SNAPANG
Enter new value for SNAPANG <90>: 22.5

Command:
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Step 28

Enter the DIVIDE command and divide the bottom right circle into 8 segments. (Figure Step 28A and
28B)

Figure Step 28A

Figure Step 28B

AUTHOR’S COMMENTS: Note how the first point is located along the X
axis that has been rotated 22.5 degrees. 22.5 degrees is one-half of 45
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degrees which is the angle between the corners of an octagon. Eight
segments were used since an octagon has 8 sides.
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Step 29

Use the SNAPANG system variable, as shown below, to change the angle of the crosshairs to 0
degrees.

Command: SNAPANG
Enter new value for SNAPANG
<22.5>: 0

Command:

AUTHOR’S COMMENTS: Ensure that you always set the SNAPANG
system variable back to zero when you have finished working with it.

Step 30

On layer Object, draw the lines for the hexagons and the octagon by snapping from point to point (node
to node) as shown in the figure. (Figure Step 30)

Figure Step 30
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Step 31

Change the layer of any objects that you want to reside on layer Object. Freeze layer Construction.
Your completed drawing should appear as shown in the figure. (Figure Step 31)

Figure Step 31

Step 32

Save and close the drawing.

MUST KNOW: The MEASURE command inserts points at a specified distance. It starts measuring at the
end of the object nearest where it is selected. It may not end up with an equal distance at the other end of the
object. Make sure that the current layer is Construction before you execute this command to ensure that the
points will be easily to isolate from the object it is measuring.

Making Inquiries

The DIST and PROPERTIES commands are used to measure distances, find sizes, and locations of
drawing objects. Before using these commands, it is important to understand the importance of the
UNITS command.

Displaying Units

AutoCAD stores the drawing object’s properties and locations to a very high degree of accuracy. When
the drawing object’s properties are displayed, either on the Command Line or in the Properties window,
AutoCAD uses the setting in the Drawing Units dialogue box to display these properties rounded off as
per the current settings. The answers are always displayed in drawing units but the precision and format
of the answers is controlled by the settings in the Drawing Units dialogue box.
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AutoCAD Command: UNITS

The UNITS command is used to open the Drawing Units dialogue box. It is used to set the way AutoCAD
displays inquiries or drawing object properties.

Shortcut: UN

Format " Tools Draw Dirne
Layer...

££  Layer States Manager...

= ¥ g

Layer tools L

8 Multiline Style...

EE Units...

“#? Thickness
Format Pull-down

AutoCAD Command: DIST

The DIST command is used to measure distances between two XY coordinate locations.
Shortcut: DI

=% E =

Distance

Measures the distance between two points

Inquiry Toolbar

Tools Traw Vodify Para

Workspaces k

Palettes 4

Toolbars k|

Isolate [ [

Ingquiry b || Distance
=% Update Fields £) Radius

Tool Pull-down
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Home Ribbon

Home | Insert
/ ) =\ s (0¥
! ]
| | - @,
Line Polyline Measure
- .
[ | Groups = |f, ;
ey Distance
@ Radius
e

Geometry Lesson: Finding the Shortest Distance Between the Circumference of Two

Circles

To find the shortest distance between the circumference of two circles, draw a construction line from
the center of one circle to the center of the other as shown in Step 1. Measure the distance between the
intersections of the lines and circles as shown in Step 2. If the line is trimmed as shown in Step 3, the
length of the line is the shortest distance between the circle’s circumference. See Figure 17-9.

Step 1 Step 2 Step 3

Figure 17-9
Finding the Shortest Distance Between the Circumference of two Circles
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WORKALONG: Using Inquiry Commands

Step 1

Open the drawing: AutoCAD 2D Workalong 17-1 . Using the SAVEAS command, save the drawing
with the name: AutoCAD 2D Workalong 17-2. (Figure Step 1)

Figure Step 1
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Enter the UNITS command. It will open the Drawing Units dialogue box. Set the dialogue box to

match the figure. (Figure Step 2)

Insertion scale

|Units to scale inseted content:

Inches - ]

Sample Output

1.500000,2.003506,0.000000
3.000000<45.00,0.000000

Lighting

|Units for specifying the intensity of lighting:

[Geneﬁc - ]

| Length Angle |
Type: Type:
[Dec:imal v] [Decimal Degrees v]
Precision: Precision:
| 0.000000 »|  |ddd |
[ Clockwise

| ok || cancel ||

Direction...

Figure Step 2

Step 3

Enter the DIST command, as shown below, to measure the distance between the center of the circle and
the end of the line as shown in the figure. Ensure that you snap to the center of the circle and the

endpoint of the line. (Figure Step 3)
Command: DIST

Specify first point: (cen) P1
Specify second point: (end) P2

Command:
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Figure Step 3

Step 4

Press F2 to open the Text window. The answer to the DIST command will display as shown in the
figure. (Figure Step 4)
[ AutoCAD Text Window - AutoCAD 2D Example 17-1.dwe L=
Edit
|Command: DIST

x

specify first point:
Specify second point or [Multiple points]:
Distance = 1.393831, Angle in XY Plane = 354.2895188,

Angle from XY Plane = O.6000000
Delta X = 1.386719, Delta ¥ = -8.148625,

Delta Z = @.0008008

ommand:

Figure Step 4

AUTHOR’S COMMENTS: The measured distance is 1.393831 units. The

angle of the line is 174.21 degrees. For an explanation of delta X and
delta VY, see the Geometry Lesson: A Right Triangle.

AUTHOR’S COMMENTS: Note that AutoCAD displays the answers to
the DIST command to 6 decimal places. That is the precision that was
set in the Length Precision in the Drawing Units dialogue box in Step 2.

Step 5

Press F2 to close the Text window.



AutoCAD 2D 543
Step 6

Draw a construction line from the center of circle to center of circle as shown in the figure. Ensure that
you snap to the centers of the circle at both ends. Enter the DIST command as shown below to measure
the shortest distance between circumferences of the circles by snapping to intersection of the
construction line and the circles. (Figure Step 6)

Command: DIST
Specify first point: (int) P3
Specify second point: (int) P4

Command:

PJ

P4

O

~
Figure Step 6

.
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Step 7

Press F2 to open the Text window. The answer to the DIST command will display as shown in the
figure. (Figure Step 7)

[} AutoCAD Text Window - AutoCAD 2D Example 17-1dwg

ommand: DIST

Specify first point:

Specify second point or [Multiple points]:

Distance = 8.622819, Angle in XY Plane = 291.2731655, Angle from XY Plane = @.B800888
Delta X = ©.225968, Delta ¥ = -8.588388, Delta Z = ©.600080

ommand :

Figure Step 7

Step 8

Trim the construction line as shown in the figure. (Figure Step 8)

O
O

-0

Figure Step 8

MUST KNOW: AutoCAD stores the accuracy of the drawing object’s properties to a very high degree. The
UNITS command is used to set the format and precision which instructs AutoCAD how to display answers in
the Properties window and to the users inquiry commands.
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Open the Properties window. Without entering a command, select the line. The Properties window will
display the length of the line. (Figure Step 9)

% [
T Line

% | General

3D Visualization

Geom E.tr]r

Start X
Start ¥
Start Z
End X
End ¥
End Z
Delta ¥
Delta ¥
Delta £
Length
Angle

PROPERTIES

[T

Figure Step 9

Fd

@+ 4

3.43524953
6.09262225
0.00000000
3.20928172
6.67300275
0.00000000

LLLLLLLLLL

+

AUTHOR’S COMMENTS: The length of the line (0.622819) and the
angle of the line (111.27 degrees or 111.27 + 180.00 = 291.27) should
match the answers in the DIST command in Step 7.
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Step 10
Set the Drawing Units dialogue box, as shown in the figure. (Figure Step 10)

Length Angle

Type: Type:

| Decimal »|  |Dea/Min/Sec - |

Precision: Precision:

(0.00000000 ~|  [Dd06EE8E ]
[T Clockwise

Insertion scale
Units to scale inserted contert:

Inches - ]

Sample Output

1.50000000,2.00:350625,0.00000000
300000000454 0°0.00" 000000000

Lighting
Units for specifying the intensity of lighting:

[Geneﬂc - ]

| ok || cameel ||

Figure Step 10

AUTHOR’S COMMENTS: Note that the Length Precision is set to 8
decimals and the Angle Type is set to display in Degree/Minutes/
Seconds with a Precision of no decimals.
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Draw a line from the center of the circle to the vertex on the hexagon as shown in the figure. (Figure

Step 11)

Figure Step 11

Step 12

After trimming the line, select it. Check its length and angle in the Properties window. (Figure Step 12)

x [
T Line

3% | General
3D Visualization

Geometry
Start X
Start Y
Start £
End X
End ¥
End Z
Delta X
Delta Y
Delta £
Length
Angle

PROPERTIES

iG]

Figure Step 12

BLER

271650635
4.625300000
0.00000000
3.686042704
4.89879177
0.00000000

0.96992159

n 7370177

0.00000000

1.00782430

15d45'48"

+

AUTHOR’S COMMENTS: Your answers and the ones in the figure
should match. Note the angle is now displayed in the Degree/Minutes/
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Seconds. If you drew the line from the vertex of the hexagon to the
center of the circle, the angle will be 15d45'48”. Both answers are
correct since each line always has two angles depending which
direction the line was drawn.
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Step 13

Turn layer: Construction off. Enter the ID command and snap to the center of the circle. Press F2 to
open the Text window. (Figure Step 13A and 13B)
a:

A

4

L/
(G
O

O

Figure Step 13A

X = 3.13671875 ¥ = 6.859375688

Figure Step 13B
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Step 14

Select the circle as shown in the figure. Take note that the Properties window displays the XY center
location plus the radius, diameter, circumference, and area of the circle. (Figure Step 14)

T

'ROPERTIES

Circle

General

3D Visualization

Geometry
Center. X
Center Y
Center £
Radius
Diameter

Circumfere...

Area

Mormal X
Mormal Y
Mormal £

Figure Step 14

B

3.13671875
6.85937500
0.00000000
0.20000000
0.40000000
1.25663706
0.12566371

P = T TeTs
1LO0000000

ULAUUUUIUIUIU

=z 1

AUTHOR’S COMMENTS: Note that the Length Precision is set to 8

decimals.
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Step 15

With the Properties window open, select the line as shown in the figure. Figure Step 15)

x [ .
1] :Line v |a & —%
| % [Genera + |
Eﬁ ;u.’.isu aiizatiun +
: Geomefr}r == 0
Start X 3.78125000
Start Y 8.62500000
Start £ 0.00000000
End X 1.75000000
End Y 7.00000000
EndZ 0.00000000
Delta X -2.03125000
Delta ¥ -1.62500000
UEﬁ Delta £ 0.00000000
| Length 2.60126922
o 218d39'35"
g Angle 2
Figure Step 15

Step 16

Save and close the drawing.

Geometry Lesson: Finding the Centroid of any Triangle

To find the centroid (geometrical center) of any triangle, draw construction lines from each vertex to
the midpoint of the opposite line of the triangle. The centroid of the triangle is the intersection of the
three lines. See Figure 17-9.

Figure 17-9
Finding the Center of a Triangle
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Key Principles

Key Principles in Module 17

1. A point is an AutoCAD drawing object that is one pixel in size.
2. A node is the object snap mode for a point.

3. AutoCAD stores the accuracy of the drawing object’s properties and locations to a very high
degree. The UNITS command is used open the Drawing Units dialogue box where the you can set
the format of how AutoCAD displays these properties and locations.

4. The DIVIDE command insert points on the object by dividing the object’s length or perimeter
into an equal number of segments specified by the user.

5. The MEASURE command inserts points on an object at a user specified distance.

Lab Exercise 17-1

Time allowed: 45 minutes.

Drawing Name Template Units

AutoCAD 2D Lab 17-1 2D Metric Millimeters

Layering Scheme

Layer Name Objects on Layer Color

Construction Construction objects 253

Object All objects Red
Step 1

Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)

AUTHOR’S COMMENTS: Do not delete the construction lines. HOR =
Horizontal and VER = Vertical.
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150 DIA. 130 DIA.

40 DIA.

75 DIA.

S DIA.
> FLACES

Ve

15 DIA.

START X103,Y170

Figure Step 1A

Figure Step 1B
Completed Drawing
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Step 2

Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

Step 4

Using either the DIST command or the Properties window, find the following answers with the
precision of 8 decimal places:

A. Length of arc A:

B. Distance from the center of circle C to center of circle E.

C. Shortest distance from corner B to the circumference of circle C.

D. The circumference of circle D:

(Check your answers on the key)

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.

Hint 1
Using the DIVIDE command, divide the large circle into 26. (Figure Hint 1)

Figure Hint 1
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Hint 2

Rotate the cursor 7.5 degrees and divide the 40 diameter circle into 5. (Figure Hint 2)

Figure Hint 2

Hint 3
Rotate the cursor 30 degrees and divide the 75 diameter circle into 6. (Figure Hint 3)

Figure Hint 3
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Hint4

Draw 6 — 20 diameter circles locating their centers on the points. (Figure Hint 4)

RO
Q=D

Figure Hint 4
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Hint 5

To draw the polygons, rotate the cursor to the appropriate angle as shown in the list below. (Figure Hint
5A and 5B)

Triangle = 90 degrees
Square = 45 degrees
Pentagon = 90 degrees
Hexagon = 90 degrees
Heptagon = 90 degrees

Octagon = 22.5 degrees

Figure Hint 5A
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oO0oab

Figure Hint 5B
Lab Exercise 17-2
Time allowed: 50 minutes.
Drawing Name Template Units
AutoCAD 2D Lab 17-2 2D English Inches
Layering Scheme
Layer Name Objects on Layer Color
Construction Construction objects 253
Object All objects Red
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Step 1

Draw the object shown in the figure using the layering scheme. (Figure Step 1A and 1B)

Step 2

Set the insertion units and check your drawing with the key.

Step 3

Turn layer: Key off and freeze layer: Construction.

AUTHOR’S COMMENTS: Do not delete the construction lines.

=]

CO000Q0Q0C0O0O000QQO0O0O0O0QCQO0OO0O0OO0

=]
COO0O0CO0OO0O0O0OO0OO0O0C00000O0

Figure Step 1A
Completed Drawing
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NOTE: ALL FILLETS / Do i, T
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Figure Step 1B

AUTHOR’S CONSTRUCTION HINTS: Do your best to complete the lab
exercise drawing without using the following hints. If you get stuck and
cannot complete it on your own, use the following hints to help you.
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Hint 1
Using the DIVIDE command, divide the inclined line into 12. (Figure Hint 1)

Figure Hint 1

Hint 2

Construct the steps using ortho mode. (Figure Hint 2)

i

Figure Hint 2
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Hint 3

Trim the steps and change the layer they reside on to layer: Object. Offset the inclined line and draw a
circle to measure the distance along the inclined line. (Figure Hint 3)

o

Figure Hint 3

Hint4

Draw the triangle by offsetting the three outsides 0.75 inches as shown in the dimensioned drawing.
Using the Geometry Lesson: Finding the Centroid of any Triangle, find the centroid of the triangle and
draw a 0.35 diameter circle using the intersection of the lines to locate its center. (Figure Hint 4)

b ]

Figure Hint 4
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Hint 5
Offset the outside lines of the triangle 0.20 inches towards the center. (Figure Hint 5)

<

Figure Hint 5

Hint 6
Offset the inside lines 0.10 inches on each side. (Figure Hint 6)

Figure Hint 6
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Hint7

Trim all lines and the circle. Fillet all corners using a radius of 0.05 inches. The fillets should always be
inserted last. (Figure Hint 7)

/IR

Figure Hint 7

Hint 8
Change the layer of all objects to layer: Object. (Figure Hint 8)
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o
Q0000000000000 0000

Figure Hint 8
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Module 18: Layouts - Part 1

Learning Outcomes

When you have completed this module, you will be able to:

Describe Model space and Paper space and explain how they are used in AutoCAD.
Describe a Layout and explain how they are used in an AutoCAD drawing.
Apply the MSPACE and PSPACE commands to change the working space.

Describe a viewport and explain how to create, edit, lock, and set the viewport scale.

oS BN

Apply the MVIEW command to create viewports on layout drawings.

Model and Paper Space

Up to this point in the book, you have been drawing Model space. In this module, Paper space and
layouts will be introduced. The ideal way to work in AutoCAD is to draw all real objects in Model
space and draw all objects that not real, in Paper space.

Model space is a limitless three-dimensional space where the real objects of the model are drawn. For
example, if you are drawing a house, everything that is part of the house such as the walls, windows,
doors, etc. are drawn in Model space. All parts of the house would be drawn at full scale or full size,
exactly as they exist in real life.

Paper space is a virtual two-dimensional space where all objects that are related to the plotted piece of
paper, called a layout, are drawn. Objects drawn in Paper space are things like the titleblock, border,
dimensions, notes, labels, and bills of material. Paper space is also drawn at full size but the units are
the same units as the paper, such as inches or millimeters. The Model space units and the Paper space
units do not have to be the same in a drawing.

Layouts

A layout represents a sheet of paper on which one or more scaled views of the model is created
complete with such thing as dimensions, notes, border, and titleblock. Layouts are drawn in Paper
space. They are an important and essential AutoCAD feature and should be used to plot all AutoCAD
drawings.

As many layouts as required can be created in a drawing. The AutoCAD 2D book supplies pre- drawn
layouts in two template files named ‘ 2D Layout English.dwt ¢ and ¢ 2D Layout Metric.dwt . You can

565
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create your own layouts and save them in a drawing or template file. Creating your own templates is
taught in the AutoCAD 2D Advanced book.

Model and Layout Tabs

The Model and Layout tabs are located along the bottom of the Graphic window as shown in Figure
18-1 and 18-2. There is only one Model tab in each drawing but there can be an unlimited number of
Layout tabs. You can create your own layouts tabs. This taught in the AutoCAD 2D Advanced book.

Model Maodule Layout A Meodule Layout B

Figure 18-1
Model — Enabled

Model Module Layout A | Module Layout B

Figure 18-2
Module Layout A Layout — Enabled

When the Model tab is enabled, all drawing objects drawn by you will be Model space objects and
exist in Model space. When one of the Layout tabs is enabled, as shown in Figure 18-2, the layout
drawing will be displayed. In a Layout tab, you can work in either Paper space or Model space.

The Working Space

The current space, which is either Model or Paper, is called the working space. When the MODEL icon
is enabled, the working space is Model and when the PAPER icon is enabled, the working space is
Paper.

When a Layout tab is enabled, the working space can be changed back and forth between Model or
Paper space by toggling the PAPER/MODEL icon in the Status bar. See Figures 18-3 and 18-4. Click
the MODEL icon to change the working space to Paper space or click the PAPER icon to change the
working space to Model space.

MODEL #f &+ J +

Figure 18-3
Model Space is Currently
the Working Space

PAPER F +o b ¢

Figure 18-4

Paper Space is
Currently the Working
Space

The Paper Space Icon

When a Layout tab is enabled and the working space is Paper, the Paper space icon, as shown in Figure
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18-5, will display. When the icon is displayed, it is indicating to you that Paper space is the working
space and all objects drawn will be Paper space objects and exist in Paper space only.

If this icon does not display, even when a layout is displayed, all objects drawn will be Model space
objects and exist in Model space only.

Figure
18-5
The
Paper
Space
Icon

AutoCAD Command: MSPACE

The MSPACE command is used to change the current working space to Model space.

Shortcut: MS

AutoCAD Command: PSPACE

The PSPACE command is used to change the current working space to Paper space.

Shortcut: PS

Viewports

A viewport is a rectangular or square hole cut through the sheet of drawing paper (the layout) so that
the model can be viewed through it. See Figure 18-6. It is a 2D Paper space drawing object. The view
of the model can be orientated and scaled. A layout can have an unlimited number of viewports cut
through it, all viewing the same model at different scales and orientations.

Each viewport will display all visible objects that exist in Model space. If the model is changed after a
viewport is created, the viewport will automatically display the changes since it is merely viewing the
model. The orientation and scale of a viewport can be adjusted at any time. After a viewport is set, the
display can be locked so that it cannot be accidentally changed. If changes are required, the viewport
display must be unlocked before they can be made. It is best to insert the viewport on its own layer and
turn that layer off before the drawing is plotted to avoid plotting the viewport drawing object.

Paper space objects like dimensions, notes, titleblocks, borders, and text are then drawn in Paper space
on the sheet of paper. They are drawn full size using the same units as the paper is measured.
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|
[

[ ] AuoCAD SELFPACED LEARNNG MODULES

Figure 18-6
A Viewport

AutoCAD Command: MVIEW

The MVIEW command is used to create a viewport on a layout. It is a Paper space command and the
viewport it creates is a Paper space drawing object.

Shortcut: MV

WORKALONG: Working With Layouts

Step 1

Start a new drawing using the template: 2D Layout English.

AUTHOR’S COMMENTS: Ensure that you select the correct template.




AutoCAD 2D 569

The templates that you have being using to this point in the book will
not be used from this module on. The new templates that you will be
using are named: 2D Layout English and 2D Layout Metric.

Step 2
Save and name the drawing: AutoCAD 2D Workalong 18-1.

Step 3

Using what you learned to this point in the book, draw the object shown in the figure on layer: Object.
Draw any construction objects on layer: Construction. (Figure Step 3)
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Figure Step 3

AUTHOR’S COMMENTS: You will notice that the drawing already
contains the layers that you require to complete the lab exercises. They
were created in the template file and will save you creating most layers
in the drawings in the remaining drawings in this book.
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Step 4

Freeze layer: Construction. The drawing should appears as shown in the figure. (Figure Step 4)

Figure Step 4

Step 5

Enter the OPTIONS command to open the Options dialogue box. In the Display tab, compare the

settings in the Layout elements area and change them, if necessary, to match the figure. Click OK to
close the dialogue box. (Figure Step 5)

Layout elements
Digplay Layout and Mode! tabs
[T Display printable area
[/] Display paper background
Dizsplay paper shadow
[ Show Page Setup Manager for new layouts
[7] Create viewport in new layouts

Figure Step 5

MUST KNOW: Model space is a limitless three-dimensional space where the real objects of the model are

drawn full scale while Paper space is a virtual two-dimensional space where all objects related to the plotted
paper drawing are drawn.
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Step 6

Enable layout: Module Layout A by clicking it. Your Graphic window should match the figure. (Figure
Step 6)

ACAD SELFPACED LEARNING MODUES

|M1'= |9|:a.= |mam |_-_

[ 4]k | Bl Model 3 Module Layout A f Module Layout B £ Module Layout C £ Module Layout D

Figure Step 6

AUTHOR’S COMMENTS: A layout is a piece of paper that can be
plotted. The model is located behind the paper but cannot be seen until

a hole (viewport) is cut in the paper using the MVIEW command. The
paper size in Module Layout A is A size or 8 1/2X11 inches.

Step 7

Paper space should be the working space. To check that, ensure that the PAPER icon is enabled on the
Status bar. (Figure Step 7)
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PAPERR f +u b G~~~ [~
Figure Step 7
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Step 8

Set layer: Viewport as the current layer. Enter the MVIEW command, as shown below, to create a
viewport on the layout. (Figure Step 8)

Command: MVIEW

Specify corner of viewport or [ON/OFF/Fit/Shadeplot/Lock/Object/Polygonal/Restore/L Ayer/2/3/4]
<Fit>: P1

Specify opposite corner: P2

Command:
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1

2

[ ] AutoCAD SELF-PACED LEARNING MODULES

ORAWN OATE SCALE DRAWING HC. SHEET

Figure Step 8

AUTHOR’S COMMENTS: Selecting two opposite corners in the MVIEW
command creates a viewport. The locations for P1 and P2 can be
selected by eye. Their exact locations are not important. Imagine the
viewport as cutting a hole in the piece of paper to view the model
located behind the paper. Since a viewport is a drawing object, you can
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delete it and recreate it if you want to change its size or location.
Ensure that you are in Paper space to delete a viewport. The AutoCAD
2D Advanced book teaches you how to resize viewports.

Step 9

Change the working space to Model by clicking the PAPER icon on the Status bar. After you do that, it
will display MODEL as shown in the figure. (Figure Step 9A and 9B)

MODEL i} 88 v F +u b G~ N\~ 2
Figure Step 9A
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Figure Step 9B

AUTHOR’S COMMENTS: Note that when the working space is Model,
the crosshairs will only display inside the viewport (the hole in the

paper).




Step 10
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Enter the ZOOM Extents command to display all model objects in the viewport. (Figure Step 10)
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Figure Step 10
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Step 11
Change the working space to Pape