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WHAT IS AUTOCAD?

AutoCAD is a PC-based drafting and design software package developed and marketed by
Autodesk”, Inc. As of 2010, it has been around for approximately 28 years—several lifetimes
in the software industry. It has grown from modest beginnings to an industry standard, often
imitated, sometimes exceeded, but never equaled. The basic premise is simple and one of the
reasons for AutoCAD's success. Anything you can think of, you can draw quickly and easily.
For many years it helped if this “anything” was 2D in nature, as AutoCAD is essentially a
superb electronic 2D drafting board. In recent releases, however, its 3D capabilities finally
matured, and AutoCAD is now also considered an excellent 3D visualization tool.

The software has a rather steep learning curve to become an expert but a surprisingly easy one
to just get started. Most important, it is well worth learning. This is truly global software that
has been adopted by millions of architects, designers, and engineers worldwide. Over the years
Autodesk has expanded that reach by introducing add-on packages that customize AutoCAD
for industry-specific tasks, such as electrical, civil, and mechanical engineering. However,
underneath all these add-ons is still plain AutoCAD. This software remains hugely popular.
Learn it well, as it is still one of the best things you can add to your resume and skill set.

ABOUT THIS BOOK

This book is not like most on the market. While many authors certainly fancy their particular
text as being unique and novel in its approach, I rarely reviewed one that was clear to a beginner
student and distilled AutoCAD concepts down to basic, easy to understand explanations. The
problem may be that many of the available books are written by either industry technical
experts or teachers but rarely by someone who is actively both. One really needs to interact

with the industry and the students, in equal measure, to bridge the gap between reality and the
classroom.

Xvii

After years of AutoCAD design work in the daytime and teaching nights and weekends, I set
out to create a set of classroom notes that outlined, in an easy to understand manner, exactly
how AutoCAD was used and applied, not theoretical musings or clinical descriptions of the
commands. These notes eventually were expanded into the book that you now hold. The
rationale was simple: I need this person to be up and running as soon as possible to do a
job. How do we make this happen?

TEACHING METHODS

This book has its roots in a certain philosophy developed while attending engineering school
many years ago. While there I had sometimes been frustrated with the complex presentation
of what in retrospect amounted to rather simple topics. My favorite quote was, “Most ideas

in engineering are not that hard to understand but often become so upon explanation.” The
moral of that quote was that concepts can usually be distilled to their essence and explained
in an easy and straightforward manner. That is the job of a teacher: Not to blow away students
with technical expertise but to use experience and top-level knowledge to sort out what is
important and what is secondary and to explain the essentials in plain language.

Such is the approach to this AutoCAD book. I want everything here to be highly practical
and easy to understand. There are few descriptions of procedures or commands that are
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PREFACE

rarely used in practice. If we talk about it, you will likely need it. The first thing you must
learn is how to draw a line. You will see this command on the first few pages of Chapter 1.
It is essential to present the “core” of AutoCAD, essential knowledge common to just about
any drafting situation, all of it meant to get you up and running quickly. This stripped down
approach proved effective in the classroom and was carefully incorporated into this text.

TEXT ORGANIZATION

This book comes in two parts: Level 1 and Level 2:

Level 1 (Chapters 1-10) is meant to give you a wide breadth of knowledge on many
topics, a sort of “mile wide” approach. These ten chapters comprise, in my experience, the
complete essential knowledge set of an intermediate user. You then can work on, if not
necessarily set up and manage, moderate to complex drawings. If your CAD requirements
are modest or if you are not required to draft full time, then this is where you stop.

Level 2 (Chapters 11-20) is meant for advanced users who are CAD managers, full-time
AutoCAD draftspersons, architects, or self-employed and must do everything themselves.
The goal here is depth, as many features not deemed critically important in Level 1 are
revisited to explore additional advanced options. Also introduced are advanced topics
necessary to set up and manage complex drawings.

Throughout the book, the following methods are used to present material:

e Explain the new concept or command and why it is important.

e Cover the command step by step (if needed), with your input and AutoCAD responses
shown so you can follow and learn them.

® Give you a chance to apply just-learned knowledge to a real-life exercise, drawing, or model.

e Test yourself with end-of-chapter quizzes and drawing exercises that ask questions about

the essential knowledge.

You will not see an extensive array of distracting “learning aides” in this text. You will,
however, see some common features throughout, such as:

Commands: These are presented
in almost all cases in the form of

a command matrix, such as the
one shown here for a Line. You
can choose any of the methods for
entering the command.

Tips and tricks: These are seen
mostly in the first few chapters and
one is shown here. They are very
specific, deliberate suggestions to
smooth out the learning experience.
Do take note.

Step-by-step instructions: These
are featured whenever practical and
show you exactly how to execute the
command, such as the example with
Line here. What you type in and what
AutoCAD says are in the default font:
Courier New. The rest of the steps
are in the standard print font.

Keyboard: Type in line and press Enter
Cascading menus: Draw=> Line

Toolbaricon: Draw toolbar /

Ribbon: Home tab—>Line

TIP 1: The Esc (Escape) key in the upper left-hand
corner of your keyboard is your new best friend
while learning AutoCAD. It will get you out of just
about any trouble you get yourself into. If something
does not look right, just press the Esc key and
repeat the command. Mine was worn out learning
AutoCAD, so expect to use it often.

Step 1. Begin the Line command via any of the
previous methods.

e AutoCAD says: Specify first point:

Step 2. Using the mouse, left-click anywhere on the
screen.

e AutoCAD says: Specify next point or [Undol:
Step 3. Move the mouse elsewhere on the screen
and left-click again. You can repeat Step 2 as many
times as you wish. When you are done, click Enter or
Esc.



Learning objectives and time for In this chapter we introduce AutoCAD and discuss
completion: Each chapter begins the following:

with this, which builds a “roadmap”
for you to follow while progressing
through the chapter, as well as sets ~ The Create Objects commands
expectations of what you will learn if  The Edit and Modify Objects commands
you put in the time to go through the
chapter. Time for completion is based
on classroom teaching experience but By the end of the chapter you will ...
is only an estimate. If you are learning
AutoCAD in school, your instructor
may choose to cover part of a chapter
or more than one at a time.

Introduction and the basic commands

The View Objects commands, etc.

Estimated time for completion of chapter: 3 hours.

Summary, review questions, SUMMARY
exercises: Each chapter concludes REVIEW QUESTIONS
with these. Be sure to not skip these EXERCISES

pages and to review everything you

learned.

WHAT YOUR GOAL SHOULD BE

Just learning commands is not enough; you need to see the big picture and truly understand
AutoCAD and how it functions for it to become effortless and transparent. The focus after all
is on your design. AutoCAD is just one of the tools to realize it.

A good analogy is ice hockey. Professional players do not think about skating; to them it’s
second nature. They are focused on strategy, scoring a goal, and getting by the defenders. This
mentality should be yours as well. You must become proficient through study and practice,
to the point where you are working with AutoCAD, not struggling against it. It then becomes
“transparent” and you focus only on the design, to truly perform the best architecture or
engineering work of which you are capable.

If you are in an instructor-led class, take good notes. If you are self-studying from this text,
pay very close attention to every topic; nothing here is unimportant. Do not skip or cut
corners, and complete every drawing assignment. Most important, you have to practice, daily
if possible, as there is no substitute for sitting down and using the software. Not everyone
these days has the opportunity to learn while working and getting paid; companies want
ready-made experts and do not want to wait. If that is the case, you have to practice on your
own in the evening or on weekends. Just taking a class or reading this book alone is not
enough.

It may seem like a big mountain to climb right now, but it is completely doable. Once on
top, you will find that AutoCAD is not the frustrating program it may have seemed in the
early days but an intuitive software package that, with proficiency of use, becomes a natural
extension of your mind when working on a new design. That in the end is the mark of
successful software; it helps you do your job easier and faster. You can contact me at
Elliot.Gindis@gmail.com. Good luck!

PREFACE
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LEVEL 1
Chapters 1-10

Level 1 is the very beginning of your studies. No prior knowledge of AutoCAD is assumed,
only basic familiarity with computers and some technical aptitude. You are also at an
advantage if you have hand-drafted before, as many AutoCAD techniques flow from the old
paper and pencil days, a fact alluded to later in the chapters.

We begin Chapter 1 by outlining the basic commands under Create Objects and Modify
Objects followed by an introduction to the AutoCAD environment. We then introduce basic
accuracy tools of Ortho and OSNAP. Chapter 2 continues the basics by adding units and
various data entry tools. These first two chapters are the most important, as success here
ensures you will understand the rest and be able to function in the AutoCAD environment.

Chapter 3 continues on to layers, then each succeeding chapter continues to deal with one
or more major topics per chapter: Text and Mtext in Chapter 4, hatching in Chapter 5, and
dimensioning in Chapter 6. In these six chapters you are asked to not only practice what you
learned but apply the knowledge to a basic architectural floor plan. Chapter 7 introduces
Blocks and Wblocks, and Chapter 8 Arrays. At this point you are asked to draw another
project, this time a mechanical device. Level 1 concludes with basic printing and output in
Chapter 9, and finally advanced printing and output (Paper Space) in Chapter 10.

Be sure to dedicate as much time as possible to practicing what you learn; there really is no
substitute.



CHAPTER

AutoCAD Fundamentals

Part |

LEARNING OBJECTIVES

In this chapter, we introduce AutoCAD and discuss the following:
® |ntroduction and the basic commands.

The Create Objects commands.

The Edit/Modify Objects commands.

The View Objects commands.

The AutoCAD environment.

Interacting with AutoCAD.

Practicing the Create Objects commands.
Practicing the Edit/Modify Objects commands.
Selection methods—Window and Crossing.
Accuracy in drafting—Ortho.

Accuracy in drafting—OSNAPs.

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00001-8
© 2011 Elsevier Inc. All rights reserved.



Chapters 1-10

By the end of the chapter, you will have learned the essential basics of creating, modifying,
and viewing objects; the AutoCAD environment; and accuracy in the form of straight lines
and precise alignment of geometric objects via OSNAP points.

Estimated time for completion of chapter: 3 hours.

1.1 INTRODUCTION AND BASIC COMMANDS

AutoCAD 2011 is a very complex program. If you are taking a class or reading this
textbook, this is something you probably already know. The commands available to you,
along with their submenus and various options, number in the thousands. So, how do
you get a handle on them and begin using the software? Well, you have to realize two
important facts.

First, you must understand that on a typical workday, 95% of your AutoCAD drafting time
is spent using only 5% of the available commands, over and over again. So getting started is
easy; you need to learn only a handful of key commands, and as you progress and build
confidence, you can add depth to your knowledge by learning new ones.

Second, you must understand that even the most complex drawing is essentially made up of
only a few basic fundamental objects that appear over and over again in various combinations

on the screen. Once you learn how to create them and edit them, you will be able to draw
surprisingly quickly. Understanding these facts is the key to learning the software. We are
going to strip away the perceived complexities of AutoCAD and reduce it to its essential core.
Let us go ahead now and develop the list of the basic commands.

For a moment, view AutoCAD as a fancy electronic hand-drafting board. In the old days of
pencil, eraser, and T-square, what was the simplest thing that you could draft on a blank
sheet of paper? That of course is a line. In your notes, write the following header, “Create
Objects,” and below it add “line.”

So what other geometric object can we draw? Think of basic building blocks, those that
cannot be broken down any further. A circle qualifies and so does an arc. Because it is so
common and useful, throw in a rectangle as well (even though you should note that it is a
compound object, made up of four lines). So, here is the final list of fundamental objects the
way you should have them written down in your notes:

Create Objects
o Line

Arc

Circle
Rectangle

o O O

As surprising as it may sound, these four objects, in large quantities, make up the vast
majority of a typical design, so already you have the basic tools. We create these on the
AutoCAD screen in a bit. For now, let us keep going and get the rest of the list down on

paper.

So now that you have the objects, what can you do with them? You can erase them, which
is probably the most obvious. You can also move them around your screen and, in a similar
manner, copy them. The objects can rotate, and you can also scale them up or down in size.
With lines, if they are too long, you can trim them and, if they are too short, extend them.
Offset is a sort of precise copy and is one of the most useful commands in AutoCAD. Then
there is mirror, used as the name implies to make a mirror-image copy of an object. Finally
there is fillet, used to put a radius on two intersecting lines, among other things. We will
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learn a few more useful commands a bit later. But, for now, under the header “Edit/Modify
Objects,” list the commands just mentioned.

Edit/Modify Objects
Erase
Move
Copy
Rotate
Scale
Trim
Extend
Offset
Mirror
Fillet

o o0 0 o0 o0 o0 0 0 0 o0

Once again, as surprising as it may sound, this short list represents almost the entire set
of basic Edit/Modify Objects commands that you will need once you begin to draft. Start
memorizing them.

To finish up, let us add several View Objects commands. With AutoCAD, unlike paper
hand-drafting, you do not always see your whole design in front of you. You may need to
zoom in for a closeup or out to see the big picture. You may also need to pan around to view
other parts of the drawing. With a wheeled mouse, so common on computers these days, it is
very easy to do both, as we soon see. To this list we will add the regen command. It stands for
regenerate, and it simply refreshes your screen, something you may find useful later. So here is
the list for View Objects:

View Objects
O Zoom

o Pan

O Regen

So, this is it for now, just 17 commands making up the basic set. Here is what you need to do:

1. As mentioned before, memorize them so you know what you have available.

2. Understand the basic idea, if not the details, behind each command. This should be easy
to do, because (except for maybe offset and fillet) the commands are intuitive and not
cryptic in any way; erase means erase, whether it is AutoCAD, a marker on a whiteboard,
or a pencil line.

We are ready now to start AutoCAD, discuss how to interact with the program, and try them
all out.

1.2 THE AUTOCAD ENVIRONMENT

It is assumed that your computer, whether at home, school, or training class, is loaded with
AutoCAD 2011. It is also assumed that AutoCAD starts up just fine (via the AutoCAD icon
or Start menu) and everything is configured right. If not, ask your instructor, as there are just
too many things that can go wrong on a particular PC or laptop, and it is beyond the scope
of this book to cover these situations. If all is well, start up AutoCAD, and you should see
the screen depicted in Figure 1.1 (your particular screen may vary slightly, which we discuss
soon).

This is your basic “out of the box” AutoCAD screen for the Initial Setup Workspace. From
both the learning and teaching points of view, the new screen layout is a big improvement
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6 AutoCAD 2011.
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FIGURE 1.2
Workspace switching.

over older versions of AutoCAD, and Autodesk has done an admirable job in continuing to
keep things clean and simple.

Part of that success is due to AutoCAD’s major facelift, which began with Release 2009 a few years
ago. If you caught a glimpse of earlier versions, you may have noticed toolbars present. They are
still around, but what we have now, dominating the upper part of the screen, is called the Ribbon.
It is a new way of interacting with AutoCAD, and we discuss it in detail soon. Other screen
layouts or workspaces are available to you, including one with toolbars. They can be accessed
through the menu seen in Figure 1.2, which is located at the bottom right (or top left) of the
screen, depending on migrated settings. If you click on that menu, you will see the Workspace
Switching Menu, shown in Figure 1.3. Here, you can also switch to AutoCAD Classic, which
removes the Ribbon and loads the screen with toolbars and a palette, as seen in Figure 1.4.

So which workspace to use? Well, for now switch back to the Initial Setup Workspace with
the Ribbon. We will shortly discuss how to interact with AutoCAD and give you some
choices. Just before we do that though, let us go over the other features of the screen as seen
in Figure 1.5. Here is a brief description of what is labeled there.

® Drawing area. Takes up most of the screen and is usually colored black (white in this
text). It is where you work and your design appears. If you wish to change it to black
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to ease eye strain, you will need to right-click into Options... then choose Display
and Colors. We cover this in advanced chapters, so you should ask your instructor for
assistance in the meantime, if necessary.

e Command line. Right below the drawing area, usually colored white. It is where the
commands may be entered and also where AutoCAD tells you what it needs to continue.
You need to always keep an eye on what appears here, as this is one of the main ways that
AutoCAD communicates with you.

e UCS icon. A basic X-Y-Z (Z is not visible) grid symbol. Not important for now but will be
later in advanced studies and 3D. It can be turned off, as will be shown later.



LEVEL 1
Chapters 1-10

AutalAD 2011~ ROT FOSt RESALE | D asing Ldwg

o[ BOMR B ﬂabé—’béﬁ‘a%@mm (=] EE M= ﬁ%

B e Bl A " |y ES = - & [resreny | el e
o £ia 88 ). . Rl —— > Bu =By Bv.

Drow Hodfy - | Black ~ Froperses w|  Ubhtes - Chpboard
=

Cascading Drop-|/ FZo00ronyosan  BEBHAS] [ﬂ ‘ 2
Down Menus J 3 _

|Too'lbar (one of many) I '

Drawing Area

Paper Space/
Model Space Tabs

Command Line —
Drawing &
/ Construction Aids

15666, 04551, 00000, S

FIGURE 1.5
8 AutoCAD 2011 screen elements.

e Model Space/Paper Space tabs. Not important for now, but will be in Chapter 10,
“Advanced Output—Paper Space.”

Toolbar. Toolbars contain icons that can be pressed to activate commands. They are an
alternative to typing and the Ribbon, and most commands can be accessed this way.
AutoCAD has dozens of them.

Crosshairs. The mouse cursor. It can be full-size and span the entire screen, or a small
(flyspeck) size. You can change the size of the crosshairs if you wish, and full-screen is
recommended in some cases.

e Drawing and construction aids. These various settings assist you in drafting and
modeling. We introduce them as necessary. An additional set of advanced drawing aids
are on the far right of the screen.

Ribbon. A new way of interacting with AutoCAD'’s commands, to be discussed soon.
Tool palette. One of many in AutoCAD; they add more functionality, to be discussed later.
Cascading drop-down menus. Another way to access commands in AutoCAD.

1.3 INTERACTING WITH AUTOCAD

OK, so you have the basic commands in hand and ideally also a good idea of what you

are looking at on the AutoCAD screen. We are ready to try out the basic commands and
eventually draft something. So, how do we interact with AutoCAD and tell it what we want
drawn? There are six overall and four primary ways. The four primary ways (Methods 1-4)
follow, roughly in the order they appeared over the years. After them are the two outdated
methods that are mentioned only in passing as a historical side note.

Method 1: Type in the commands on the command line (AutoCAD v1.0-current).
Method 2: Select the commands from the drop-down cascading menus (AutoCAD v1.0-current).
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Method 3: Use toolbar icons to activate the commands (AutoCAD 12/13-current).
Method 4: Use the Ribbon tabs, icons, and menus (AutoCAD 2009-current).
Method 5: Use the screen side menu (outdated).

Method 6: Use a tablet (outdated).

Details of each method including the pros and cons follow. Most commands are presented
in all four primary ways, and you can experiment with each method to determine what you
prefer. Eventually you will settle on one particular way of interacting with AutoCAD or a
hybrid of several.

Method 1: Type in the Commands on the Command Line

This was the original method of interacting with AutoCAD and, to this day, remains the most
foolproof way to enter a command: good old-fashioned typing. AutoCAD is unique among
leading CAD software in that it has retained this method while almost everyone else moved
to graphic icons, toolbars, and Ribbons. If you hate typing, this will probably not be your
preferred choice.

However, do not discount keyboard entry entirely; AutoCAD has kept it for a reason. When
the commands are abbreviated to one or two letters (Line = L, Arc = A, etc.), input can be
incredibly fast. Just watch a professional typist for proof of the speed with which one can
enter data via a keyboard. Other advantages to typing are that you no longer have toolbars or
a Ribbon cluttering up precious screen space (there is never enough of it) and you no longer
have to take your eyes off the design to find an icon; instead, the command is actually at
your fingertips. Finally, this method is the only way to enter a few of the commands (mostly
in 3D). The disadvantage is of course that you have to type.

To use this method, simply type in the desired command (spelling counts) at the command
line, as seen in Figure 1.6, and press Enter. The sequence initiates and you can proceed.

A number of shortcuts are built into AutoCAD (try using just the first letter or two of a
command), and we will learn how to make our own shortcuts in advanced chapters. This
method is still preferred by many “legacy” users (a kind way to say they have been using
AutoCAD forever).

Method 2: Select the Commands from the Drop-Down Cascading
Menus

This method has also been around since the beginning. It presents a way to access virtually
every AutoCAD command, and indeed many students start out by checking out every one

of them as a crash course on what is available—a fun but not very effective way of learning
AutoCAD. The cascading menus (so named because they drop out like a waterfall) may be
hidden initially, but you can easily make them visible via the down arrow at the top left of
the screen (next to the printer symbol). Select Show Menu Bar and they will appear. Go ahead
and examine the cascading menus; these are similar in basic arrangement to other software
and you should be able to navigate through them easily. We refer to them on occasion in the
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following format: Menu—Command. So, for the sequence shown in Figure 1.7, you would
read Draw—Circle—3 Points.

Method 3: Use Toolbar Icons to Activate the Commands

This method has been around since AutoCAD switched from DOS to Windows in the
mid-1990s and is a favorite of a whole generation of users; toolbars are a familiar sight with
virtually any software these days. Toolbars contain sets of icons, organized by categories
(example, Draw toolbar, Modify toolbar, etc.). You press the icon you want and a command is
initiated. One disadvantage to toolbars, and the reason the Ribbon was developed, is that they
take up a lot of space and, arguably, are not the most effective way of organizing commands
on the screen. You can access toolbars by activating the AutoCAD Classic Workspace, or to have
the Ribbon and toolbars, do the following while in the Initial Setup Workspace:

1. Typein toolbar and press Enter.
O AutoCAD says: Enter toolbar name or [ALLI:
2. Type in draw and press Enter.
O AutoCAD says: Enter an option [Show/Hide/Left/Right/Top/Bottom/Float]
<Show >:
3. Type in s for Show and press Enter. The Draw toolbar appears, as seen in Figure 1.8.

To get more toolbars, you need not go through that procedure again. Simply right-click on
the new toolbar and a menu appears, as seen in Figure 1.9. Then, just select the additional
toolbars you want to see. Bring up Modify and Standard; those are the other two we will need
in the beginning. Dock them all off to the side or next to the Ribbon on top.

Method 4: Use the Ribbon Tabs, Icons, and Menus

This is the most recently introduced method of interacting with AutoCAD and follows a
new trend in software user interface design started by Microsoft and Office 2007 (seen in
Figure 1.10 with Word").
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FIGURE 1.10
MS Word® Ribbon example.

Notice how toolbars have been displaced by “tabbed” categories, where information is
grouped together by a common theme.

So it goes with the new AutoCAD. The Ribbon was introduced with AutoCAD 2009 and it is
here to stay. It is shown again in Figure 1.11.

Notice what we have here. A collection of tabs, indicating a subject category, is found at

the top (Home, Insert, Annotate, etc.) and each tab reveals an extensive set of tools (Draw,
Modify, Annotation, etc.). At the bottom of the Ribbon, additional options can be found

by using the drop arrows. In this manner the toolbars have been rearranged in what is, in
principle, a more logical and space saving manner. Additionally tool tips appear if you place
your mouse over any particular tool for more than a second. Another second will yield

an even more detailed tool tip. In Figure 1.12, you see the Home tab selected, followed

by additional options via the drop arrow, and finally the mouse placed over the Polygon
command. A few moments of waiting reveals the full tool tip for that command; pressing the
icon activates the command.

11
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Familiarize yourself with the Ribbon by exploring it. It presents some layout advantages,
and specialized Ribbons can be displayed via other workspaces. The disadvantage of this
new method is that it is a relatively advanced tool that presents many advanced features
right away and some confusion is liable to come up for a brand-new user. It is also not ideal
for longtime users who type, and some veterans in my update classes turn the feature off.
The Ribbon is the single biggest change to AutoCAD's user interface and represents a jump
forward in designer/software interaction, but the ultimate decision to use it is up to you.

Methods 5 and 6: Use the Screen Side Menu and Use a Tablet

These last two methods are rather archaic. Practically no one uses tablets or the screen side
menu, and some younger users do not even know what they are, since both fell out of favor
in the 1990s. If you are curious, ask your instructor what a screen side menu is (accessed
through Options, Display tab). A tablet was a piece of digital input hardware with an
overlaid command template. It disappeared a long time ago.

Before we try out our basic commands, let us begin a

TIP 1: The Esc (Escape) key in th? list of tips. These are a mix of good ideas, essential
upper left-hand corner of your keyboard is your habits, and time-saving tricks passed along to
new best fngnd while learning AutoCAD. It will get you every once in a while (mostly in the first
you out of just about any trouble you get yourself few chapters). Make a note of them as they are
into. If something does not look right, just press the important. Here is the first, most urgently

Esc key and repeat the command. Mine was worn out

. . needed one.
learning AutoCAD, so expect to use it often.

Finally in the interest of trying out the Ribbon,
cascading menus, toolbars, and typing all at once, go
into the AutoCAD Classic Workspace and remove all toolbars except the three mentioned
(Draw, Modify, and Standard). Then, using the cascading menus, bring up the Ribbon via
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Tools—Palettes—Ribbon. You should then see the screen in Figure 1.13, with toolbars
docked, no palettes, and even scroll bars removed (ask your instructor how—we will use far
more effective pan and zoom methods soon). Review everything learned thus far and proceed
to the first commands.

1.4 PRACTICING THE CREATE OBJECTS COMMANDS

Let us try the commands now, one by one. Though it may not be all that exciting, it is
extremely important that you memorize the sequence of prompts for each command, as
these are really the ABCs of AutoCAD. Remember: If a command is not working right, or
you see little blue squares (they are called grips, and we cover them very soon), just press
Esc to get back to the Command: status line, at which point you can try it over again. All four
methods of command entry will be presented: typing, cascading menus, toolbar icons, and
the Ribbon. Alternate each method until you decide which one you prefer. It is perfectly OK
to use a hybrid of methods.

>» Line

Keyboard: Typein line and press Enter
Cascading menus: Draw—>Line

Toolbaricon: Draw toolbar /

Ribbon: Home tab=>Line Ut

Step 1. Begin the Line command via any of the preceding methods.
O AutoCAD says: Specify first point:



14

LEVEL 1
Chapters 1-10

DeHORRPADDER S OARS BEDSEOD

r—‘_ AULGCAD 2011 - NOT FOR RESALE  Drawingldwy

Hemna :

S0 M BOR B BEREER DS A Huwo 5 Row © Moo gL —

@2 L6 e Ut Ot O gim D ——wiow @ e (0] = & D)
- | £d8a (-] 9 %S W x ) [ ratte | O e anrdates - | 1 Bylayer - B Soa) c &.

| o | Hadfy = | Lo+ Arrctation | Bk - | e ¥ Udtw v | Ciobosd

SE&L&N

SEPHAEET - IBHO 0O OGNO0LNN

u-_:u.ummmw'lamm CNLTeoos

=

Lines drawn.

Step 2. Using the mouse, left-click anywhere on the screen.
O AutoCAD says: Specify next point or [Undo]:

Step 3. Move the mouse elsewhere on the screen and left-click again. You can repeat Step 2 as
many times as you wish. When you are done, click Enter or Esc. You should have a bunch
of lines on your screen, either separate or connected together, as shown in Figure 1.14.

You need not worry about several things at this point. The first is accuracy; we will introduce
a tremendous amount of accuracy later in the learning process. The second is the options
available in the brackets, such as [Undo]; we will cover those as necessary. What is important
is that you understand how you got those lines and how to do it again. In a similar manner,
we move on to the other commands.

» Circle

Keyboard: Type in circle and press Enter
Cascading menus: Draw—> Circle>Center, Radius

Toolbaricon: Draw toolbar @

E Ribbon: Home tab—=>Circle @

Step 1. Begin the Circle command via any of the preceding methods.
O AutoCAD says: Specify center point for circle or [3P/2P/Ttr (tan
tan radius)]:
Step 2. Using the mouse, left-click anywhere on the screen and move the mouse out away
from that point.
O AutoCAD says: Specify radius of circle or [Diameter] <1.9801>:
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Circles drawn. 15

Step 3. Notice the circle that forms; it varies in size with the movement of your mouse. The
value in brackets in the previous step may also be different; left-click again to finish
the Circle command. Repeat Steps 1 through 3 several times, and your screen should
look like Figure 1.15.

The method just used to create the circle was called Center, Radius, and you could have
specified an exact radius size if you wished, by just typing in a value after the first click (try
it). As you may imagine, there are other ways to create circles—six ways to be precise, as seen
with the Ribbon and cascading menus (Figures 1.16 and 1.17).

Special attention should be paid to the Center, Diameter option. Often students are asked to
create a circle of a certain diameter, and they inadvertently use radius. This is less of a problem
when using the Ribbon or the cascading menus, but you need to watch out if typing or using
toolbars, as you will need to press d for [Diameter] before entering a value, otherwise guess
what it will be. We will focus much more on these bracketed options as the course progresses. You
will get a chance to practice the other circle options as part of the end of chapter exercises.

>» Arc

Keyboard: Type in arc and press Enter
Cascading menus: Draw—> Arc—>3 Points

Toolbaricon: Draw toolbar f

Ribbon: Home tab—=>Arc f
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FIGURE 1.16 FIGURE 1.17
Additional circle options  Additional circle options (cascading
(Ribbon). menus).

Step 1. Begin the Arc command via any of the preceding methods.
Step 2. © AutoCAD says: Specify start point of arc or [Center]:
Take the mouse and left-click anywhere on the screen. This is the first of three points
necessary for the arc.
Step 3. © AutoCAD says: Specify second point of arc or [Center/End]:
Click somewhere else on the screen to place the second point.
Step 4. oFinally AutoCAD says: Specify end point of arc:
Left-click a third, final time, somewhere else on the screen, to finish the arc.

Practice this sequence several more times to fully understand the way AutoCAD places the
arc. Your screen should look something like Figure 1.18.

The method just used to create the arcs is called 3 Point and, without invoking other
options, is a rather arbitrary (eyeball) method of creating them, which is just fine for some
applications. Just as with circles, there are, of course, other ways to create arcs—11 ways to be
precise, as seen with the Ribbon and cascading menus (Figures 1.19 and 1.20).

Not all of these options are used, and some you will probably never need, but it is worth
going over them to know what is available. You will get a chance to practice the other arc options
as part of the end of chapter exercises.

» Rectangle

Keyboard: Type inrectangle and press Enter
Cascading menus: Draw—>Rectangle

(|

Ribbon: Home tab—>Rectangle (-

Toolbaricon: Draw toolbar
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FIGURE 1.19 FIGURE 1.20
Additional arc options Additional arc options (cascading
(Ribbon). menus).



LEVEL 1
Chapters 1-10

Step 1. Begin the Rectangle command via any of the preceding methods.
O AutoCAD says: Specify first corner point or [Chamfer/Elevation/
Fillet /Thickness/Width]:
Step 2. Left-click, and move the mouse diagonally somewhere else on the screen.
Step 3. © AutoCAD says: Specify other corner point or [Area/Dimensions/

Rotation]:
Left-click one more time to finish the command.

You screen should look more or less like Figure 1.21.

TIP 2: To quickly erase everything on
the screen, type in e for “erase,” press Enter, then
type in al1. Then press Enter twice. After the first
Enter, all the objects are dashed, indicating they were
selected successfully. The second Enter finishes the
command by deleting everything. Needless to say, this
command sequence is useful only in the early stages
of learning AutoCAD, when you do not intend to
save what you are drawing. You may want to
conveniently forget this particular tip when you
begin to work on a company project. For now
it is very useful, but we will learn far more selective
erase methods later.

There are of course more precise ways to draw a
rectangle. In Step 3, you can press d for Dimensions
and follow the prompts to assign length, width, and
a corner point (where you want it) to your rectangle.
Try it out, but as with all basic shapes drawn so far,
do not worry too much about sizing and accuracy,
just be sure to understand and memorize the
sequences for the basic command—that is what is
important for now.

So now you have created the four basic shapes used
in AutoCAD drawings (and ended up with a lot of
junk). Let us erase all of them, and get back to a
blank screen. To do this, we need to introduce Tip
2, which is quite easy to just type. Notice the use of
the e abbreviation; we will see more of this as we
progress.
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Rectangles added.




CHAPTER 1

AutoCAD Fundamentals Part |

D b

FIGURE 1.22
Simple house sketch.

NN

FIGURE 1.23
Zoom and Pan icons.

So let us put all of this to good use. Create the drawing shown in Figure 1.22. Use the
Rectangle, Line, Circle, and Arc commands. Do not get caught up trying to make everything
line up perfectly, just do a quick sketch. Then you can tell everyone that you learned how to
draw a house in AutoCAD within the first half hour. Well, sort of.

At this point it is necessary to mention the Zoom and Pan commands. These are very easy if
you have a mouse with a center wheel (as most PCs do these days).

1.5 VIEW OBIJECTS
Zoom

Put your finger on the mouse wheel and turn it back and forth without pressing down. The
house you just created will get smaller (roll back) or larger (roll forward) on the screen.
Remember though, the object remains the same; you are just zooming in and out.

Pan

Put your finger on the mouse wheel, but this time press and hold. A hand symbol will
appear. Now move the mouse around while keeping the wheel depressed. You will be able
to pan around your drawing. Remember again, the drawing is not moving, you are moving
around it.

Regen

This is the easiest command you will learn. Just type in regen and press Enter. The screen
will refresh. One use for this is if you are panning over and AutoCAD does not let you go
further, as if you hit a wall. Simply regen and proceed.

While the mouse method is easiest, there are other ways to zoom and pan. One alternative is
using toolbars, and part of the Standard toolbar (which you should have on your screen) has
some Zoom (magnifying glass) and Pan (hand) icons for this purpose, as seen in Figure 1.23.
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FIGURE 1.24
Multiple object selection.

TIP 3: Type in 7 for “zoom,” press Enter,
then type in the letter e, then press
Enter again. This is called Zoom to Extents and
makes AutoCAD display everything you sketched, filling
up the available screen space. If you have a middle-
button wheel on your mouse, then double-click it for
the same effect. This technique is very important to fit
everything on your screen.

20

TIP 4: To perform the Undo command
in AutoCAD just type in u and press Enter. Do
not type the entire command—if you do that,
more options pop up, which we do not really need
at this point, so a simple u suffices. You can do
this as many times as you want to (even to the
beginning of the drawing session). You can also
use the standard Undo and Redo arrows shown in
Figure 1.24. Yes, AutoCAD has a Redo; it was once
called the Oops command. Oops still exists, but its
complexity has grown and we do not explore it at
the moment.

TIP 5: Hate to keep having to type,
pull a menu, or click an icon each time you
practice the same command? Well, no problem.
Simply press the space bar or Enter, and this will
repeat the last command you used. There, saved you
a few minutes per day for that coffee break.

Explore the icon options on your own, but one
particular Zoom option is critically important,
Zoom, Extents. If you managed to pan your little
house right off the screen and cannot find it, this
will come in handy, and a full tip on Zoom, Extents
is presented next.

What if you did something that you did not want
to do and wished you could go back a step or two?
Well, like most programs, AutoCAD has an Undo
command, which brings us to the fourth tip.

Now that you have drawn your house, leave it on your
screen and let us move on. We now have to go through
all the Edit/Modify Objects commands, one by one.
Each of them is critical to creating even the most basic
drawings, so go through each carefully, paying close
attention to the steps involved. Along the way, the
occasional tip will be added as the need arises.

Just to remind you: The Esc key will get you out of
any mistakes you make and return you to the basic
command line. Be sure to perform each sequence
several times to really memorize it. As you learn the
first command, Erase, you will also be introduced to
the picking objects selection method, which will be
similar throughout the rest of the commands. Also,
keep a close eye on the command line, as it is where
you and AutoCAD communicate, and it is a two-way
conversation.

Finally before you get started, here is another useful
tip that students usually appreciate early on to save
some time and effort.
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1.6 PRACTICING THE EDIT/MODIFY OBJECTS COMMANDS
>» Erase

Keyboard: Type in erase and press Enter
Cascading menus: Modify>Erase

Toolbaricon: Nodifv toolbar -é

Ribbon: Home tab—>Erase -é

Step 1. Begin the Erase command via any of the preceding methods.
O AutoCAD says: Select objects:

Step 2. Select any object from the house in the previous drawing assignment (Figure 1.22)
by taking the mouse, positioning it over that object (not in the empty space), and

left-clicking once.
Step 3. ©AutoCAD says: Select objects: 1 found

The object becomes dashed. You saw this before when we erased everything in Tip 2.

It means the objects were selected.
Step 4. © AutoCAD asks you again: Select objects:

Watch out for this step. AutoCAD always asks this, in case you want to select more objects,
so get used to it. You are done, however, so press Enter and the object will disappear.

Practice this several times, using the Undo command to bring the object back. Make sure you
keep it there, since you will need it to practice the next few commands on. You can of course
select more than one object, as this is the whole point of being asked to select again. As you
click on each one, it becomes dashed as seen in Figure 1.24. You can do this until you run
out of objects to select; there is no limit. To deselect any objects, hold down the Shift key and

click on them.

>» Move

Keyboard: Type in move and press Enter
Cascading menus: Modify=>Moye
+
«09
Toolbaricon: Modify toolbar .
*
+04
Ribbon: Home tab—>Move +

Step 1. Begin the Move command via any of the preceding methods.
O AutoCAD says: Select objects:

Step 2. Select an object by positioning the mouse over that object and left-clicking once.

©  AutoCAD says: Select objects: 1 found

The object becomes dashed.

o AutoCAD then asks you again: Select objects:

Unless you have more than one object to move, you are done, so press Enter.

Step 3. © AutoCAD says: Specify base point or [Displacement] <Displacement>:
That means left-click anywhere on or near the object to “pick it up”; this is where

you will be moving it from.
Step 4. © AutoCAD says: Specify second point or <use first point as
displacement>:

Move the mouse somewhere else on the screen and left-click to place the object in
the new location. This is where you will be moving it to. Notice that a dashed copy

of the object remains in its original location until you complete the command.
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FIGURE 1.25
Move command in progress.

Undo what you just did and practice it again. Figure 1.25 shows the Move command in progress.
The dashed circle remains there as a “shadow” until you place your circle in its new location.

>» Copy

Keyboard: Type in copy and press Enter
Cascading menus: Modify=>Copy
o
Toolbar icon: Modify toolbar
o
Ribbon: Home tab>Copy D

Step 1. Begin the Copy command via any of the preceding methods.
O  AutoCAD says: Select objects:

Step 2. Select an object by positioning the mouse over that object and left-clicking once.
o AutoCAD says: Select objects: 1 found
The object becomes dashed.

o AutoCAD then asks you again: Select objects:
Unless you have more than one object to copy, you are done, so press Enter.

Step 3. © AutoCAD says: Specify base point or [Displacement/mOde]

<Displacement>:
That means left-click anywhere on or near the object to “pick it up”; this is where
you will be copying it from.

Step 4. ©AutoCAD says: Specify second point or <use first point as displacement>:
Move the mouse somewhere else on the screen and left-click to copy the object to
the new location. This is where you will be copying it to. Notice that a dashed copy
of the object remains in its original location until you complete the command. You
can copy as many times as you want.

Undo what you just did and practice it again. Figure 1.26 shows the Copy command in
progress. The dashed circle remains there as a “shadow” until you copy your new circles into

their new locations.
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FIGURE 1.26
Copy command in progress.

>» Rotate

Keyboard: Type inrotate and press Enter
Cascading menus: Modify—>Rotate

Toolbaricon: Modify toolbar o

Ribbon: Home tab—=>Rotate o

Step 1. Begin the Rotate command via any of the preceding methods.

O AutoCAD says: Current positive angle in UCS: ANGDIR = counterclockwise
ANGBASE = 0, and on the next line: Select objects:

Step 2. Select any object as before, remembering to press Enter again after the selection. So
far, it is quite similar to Erase, Move, and Copy.
O AutoCAD says: Specify base point:
This means select the pivot point of the object’s rotation (the point about which
it will rotate). If you selected a circle for your object, try to stay away from the
center point, as your rotation efforts may be less than spectacular. Otherwise, click
anywhere on or near the object.

Step 3. © AutoCAD says: Specify rotation angle or [Copy/Referencel <0>:
Move the mouse around in a wide circle and the object also rotates. Notice how the
motion gets smoother as you move the mouse farther away. You can click anywhere
for a random rotation angle or you can type in a specific numerical degree value.

Figure 1.27 shows the Rotate command in progress.

» Scale

Keyboard: Type in scale and press Enter
Cascading menus: Modify—>Scale

Toolbaricon: Modify toolbar m

Ribbon: Home tab—>Scale 'lj_—l
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FIGURE 1.27
Rotate command in progress.

Step 1. Begin the Scale command via any of the preceding methods.
O AutoCAD says: Select objects:
Step 2. Select any object as before, remembering to press Enter again after the first selection.
Step 3. © AutoCAD says: Specify base point:
This means select the point from which the scaling of the object (up or down) will
occur. For now, click somewhere on or near the object or directly in the middle of it.
Step 4. © AutoCAD says: Specify scale factor or [Copy/Reference] <1.000>:
Move the mouse around the screen. The object will get bigger or smaller. You can
randomly scale it or enter a numerical value. For example, if you want it twice as big,
enter 2; half size will be . 5.

Figure 1.28 shows the Scale command in progress.

» Trim

Keyboard: Type in trim and press Enter
Cascading menus: Modify=>Trim

Toolbaricon: Modify toolbar e

Ribbon: Home tab=>Trim o

To practice this command you first need to draw two intersecting lines, one horizontal and
one vertical, similar to a plus sign. Once this is done, go ahead and perform the sequence
that follows.
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FIGURE 1.28
Scale command in progress.

Step 1. Begin the Trim command via any of the preceding methods.
O AutoCAD says:
Current settings: Projection = UCS, Edge = None
Select cutting edges...
Select objects or <select all>:

Step 2. Using the mouse, left-click on one of the lines. You can choose the vertical or
horizontal, it does not matter. This is your cutting edge. The other line, the one you
did not pick, will be trimmed at the intersection point of the two lines. The cutting
edge line becomes dashed.
O AutoCAD says: Select objects or <select all>: 1 found
Press Enter.

Step 3. © AutoCAD says: Select object to trim or shift-select to extend
or[Fence/Crossing/Project/Edge/eRase/Undo]:
Go ahead and pick anywhere on the line that you did not yet select and it will be
trimmed.

You can repeat Step 3 as many times as you want, but we are done, so press Enter. Practice
this several times by pressing u then Enter and repeating Steps 1 through 3. Remember two
things to avoid mistakes: Pick the cutting edge first, and do not forget to press Enter before
picking the line to be chopped.

You can also do a trim between two or more lines, as shown in Figure 1.29. This is
something we need in the first major project, so practice both types of trims. In both cases,
the lines selected as cutting edges are now dashed, and the lines about to be trimmed have
the cursor (small box) over them.

>» Extend

Keyboard: Type in extend and press Enter
Cascading menus: Modify—>Extend

-/

Ribbon: Home tab=>Extend =/

Toolbaricon: Modify toolbar

To practice this command, we first need to draw two intersecting lines, just as for trim,
but then use the Move command to relocate the vertical line directly to the right of the
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FIGURE 1.29
Trim commands in progress.

|

FIGURE 1.30
Extend command in progress.

horizontal line, a short distance away, so we can extend the horizontal line into the vertical.
Once this is done, go ahead and perform the Extend command.

Step 1. Begin the Extend command via any of the preceding methods.
o AutoCAD says:

Current settings: Projection = UCS, Edge = None
Select boundary edges...
Select objects or <select all>:

Step 2. At this point, left-click the vertical line. This is the target into which you will extend
the horizontal line. It becomes dashed.
O AutoCAD says: Select objects: 1 found
Press Enter.

Step 3. ©AutoCAD says: Select object to extend or shift-select to trim or
[Fence/Crossing/Project/Edge/Undo]:
Go ahead and pick the end of the horizontal line that is closest to the vertical line. It
is the arrow that will extend into the vertical line target.
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Step 4. You can repeat Step 3 as many times as you want, but we are done, so press Enter. Practice
this several times by pressing u then Enter and repeating Steps 1 through 3. In Figure 1.30,
the dashed vertical line is the “target” and the solid horizontal line is the “arrow.” The
cursor (box) is positioned to extend the arrow into the target by clicking once.

>» Offset

Keyboard: Type in offset and press Enter
Cascading menus: Modify=> Offset

Toolbaricon: Modify toolbar &

Ribbon: Home tab=>Offset &

This command is one of the more important ones you will learn. Its power lies in its
simplicity. This command creates new lines by the directional parallel offset concept, where
if you have a line on your screen, you can create a new one that is a certain distance away
but parallel to the original. To illustrate it, first draw a random vertical or horizontal line
anywhere on your screen.

Step 1. Begin the Offset command via any of the preceding methods.

O AutoCAD says: Specify offset distance or [Through/Erase/lLayer]
<Through>:

Step 2. Enter an offset value (use a small number for now, 2 or 3). Then press Enter.

Step 3. ©AutoCAD say: Select object to offset or [Exit/Undo] <Exit >:

Pick the line by left-clicking on it; the line becomes dashed.
O AutoCAD says: Specify point on side to offset or [Exit/Multiple/
Undo] <Exit>:

Step 4. Pick a direction for the line to go, which will be one of the two sides of the original
line. You can keep doing this over and over by selecting the new line and then the
direction (see Figure 1.31). If you want to change the offset distance, you must repeat
Steps 1 through 3.

The significance of the Offset command may not be readily apparent. Many students,
especially ones that may have done some hand-drafting, come into learning AutoCAD with
the preconceived notion that it is just a computerized version of pencil and paper. While

FIGURE 1.31
Offset command in progress.
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this is true in many cases, in others, AutoCAD represents a radical departure. When you
begin a new drawing on paper, you literally draw line after line. With AutoCAD, surprisingly
little line drawing occurs. A few are drawn, and then the Offset command is employed
throughout. Learn this command well, you will need it.

>» Mirror

Keyboard: Type in mirror and press Enter
Cascading menus: Modify—>Mirror

Toolbaricon: Nodifv toolbar ‘dlh

Ribbon: Home tab—>Mirror Alh

This command, much as the name implies, creates a mirror copy of an object over some
plane. It is surprisingly useful because often just copying and rotating is not sufficient or
takes too many steps. To learn this command, you have to think of a real-life mirror, with
you standing in front of it. The original object is you, the plane is the door with the mirror
attached (which can swing on a hinge), and the new object is your mirrored reflection. To
practice this command, draw a triangle by joining three lines together, as seen in Figure 1.32.

Step 1. Begin the Mirror command via any of the preceding methods.
O AutoCAD says: Select objects:

Step 2. Select all three lines of the triangle and press Enter.

o AutoCAD says: Specify first point of mirror Tine:

Step 3. Click anywhere near the triangle and move the mouse around. You will notice the new
object appears to be anchored by one point. This is the swinging mirror reflection.
O AutoCAD says: Specify second point of mirror Tine:

Step 4. Click again near the object (make the second click follow an imaginary straight
line). You will notice the new object disappear. Do not panic; rather check what the
command line says.

O AutoCAD says: Delete source objects? [Yes/No] <N>:

Step 5. The response in Step 4 just asked you if you want to keep the original object. If you
do (the most common response), then just press Enter and you are done. Figure 1.32
illustrates Step 3.

--------------------------------------

FIGURE 1.32
Mirror command in progress.
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> Fillet

Keyboard: Type in fillet and press Enter

Cascading menus: Modify—=>Fillet

Toolbaricon: Modify toolbar (—"l

Ribbon: Home tab=>Mirror Q

Fillets are all around us. This is not just an AutoCAD concept but rather an engineering
description for a rounded edge on a corner of an object or at an intersection of two objects.
These edges are added to avoid sharp corners for safety or other technical reasons (such as a
weld). By definition, a fillet needs to have a radius greater than zero, but in AutoCAD a fillet
can have a radius of zero, allowing for some useful editing, as we see soon. To illustrate this
command, first draw two perpendicular lines that intersect.

Step 1.

Step 2.

Step 3.

Step 4.

Begin the Fillet command via any of the preceding methods.

O AutoCAD says:

Current settings: Mode = TRIM, Radius = 0.0000

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

Let us put a radius on the fillet. Type in r for “radius” and press Enter.

o AutoCAD says: Specify fillet radius <0.0000>:

Enter a small value, perhaps 0.5 or 1. Press Enter.

O AutoCAD says: Select first object or [Undo/Polyline/Radius/Trim/
Multiplel:

Select the first (horizontal) line, somewhere near the intersection. It becomes
dashed.

O AutoCAD says: Select second object or shift-select to apply corner:
Select the second (vertical) line, somewhere near the intersection. The lines have a
fillet added to them of the radius you specified.

These are the steps involved in adding a fillet with a radius. You can also do a fillet with a
radius of zero, so repeat Steps 1 through 4, entering 0 for the radius value. This is very useful
to speed up trimming and extending. Intersecting lines can be filleted to terminate at one
point, and if they are some distance apart, they can be filleted to meet together. All this is
possible with a radius of zero. Try it. Figure 1.33 summarizes everything described so far. The

1and 2

indicate a suggested order of clicking the lines for the desired effect.

Well, this is it for now. We covered the basic commands. These commands form the basis
of what we call basic CAD theory. All 2D computer-aided design programs need to be

able to perform these functions in order to work, though other software may refer to them
differently, such as Displace instead of Move or Join instead of Extend. Be sure to memorize
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FIGURE 1.33
Fillet command summary.
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CROSSING WINDOW

FIGURE 1.34
Crossing/Window.

these commands and practice them until they become second nature. They are truly the
ABCs of basic computer drafting, their importance cannot be overstated, and you need to
master them to move on.

1.7 SELECTION METHODS

Before we talk about the accuracy tools available to you, we need to briefly cover a more
advanced type of selection method called Window/Crossing. You may have already seen

this by accident: When you click randomly on the screen without selecting any objects and
drag your mouse to the right or left, a rectangular shape forms. It is either dashed or solid
(depending on settings, these shapes may have a green or blue fill) and goes away once you
click the mouse button again or press Esc. This happens to be a powerful selection tool.

e Crossing: A crossing appears when you click and drag to the left of an imaginary vertical
line (up or down) and is a dashed rectangle. Any object it touches will be selected.

o Window: A window appears when you click and drag to the right of an imaginary vertical
line (up or down) and is a solid rectangle. Any object falling completely inside it will be
selected.

Figure 1.34 shows what both the Crossing and the Window look like. Practice selecting
objects in conjunction with the Frase command. Draw several random objects, start up the
Erase command, and instead of picking each one individually (or doing “erase, all”), select
them with either the Crossing or Window and make a note of how each functions. This is a
very important and useful selection method.

1.8 DRAWING ACCURACY—PART 1
Ortho (F8)

So far, when you created lines, they were not perfectly straight. Rather, you may have lined
them up by eye. This of course is not accurate enough for most designs, so we need a better
method. Ortho (which stands for “orthographic”) is a new concept we now introduce that
allows you to draw perfectly straight vertical or horizontal lines. It is not a command but
rather a condition you impose upon your lines prior to starting to draw them. To turn on
the Ortho feature just press the F8 key at the top of your keyboard, or click to depress the
ORTHO button at the bottom of the screen. Then begin drawing lines. You will see your
mouse cursor constrained to only vertical and horizontal motion. Ortho is usually not
something you just set and forget about, as your design may call for a varied mix of straight
and angled lines, so do not be shy about turning the feature on and off as often as necessary,
and sometimes right in the middle of drawing a line.
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1.9 DRAWING ACCURACY—PART 2
OSNAPs

While drawing straight lines, we generally like those lines to connect to each other in a very
precise way. So far we have been eyeballing their position relative to each other, but that is
not accurate and is more reminiscent of sketching, not serious drafting. Lines (or for that
matter all fundamental objects in AutoCAD) connect to each other in very distinct and
specific locations (two lines are joined end to end, for example). Let us develop these points
for a collection of objects.

ENDpoint
These are the two locations at the ends of any line. Another object can be precisely attached
to an endpoint. The symbol for it is a square, as illustrated in Figure 1.35.

ENDPOINTS

[ [

FIGURE 1.35
Endpoints.
MiDpoint
This is the middle of any line. Another object can be precisely attached to a midpoint. The
symbol for it is a triangle, as illustrated in Figure 1.36. 31
MIDPOINT
A
1X
FIGURE 1.36
Midpoint.
CENter

This is the center of any circle. Another object can be precisely attached to a center point. The
symbol for it is a circle, as illustrated in Figure 1.37.

CENTER

FIGURE 1.37
Center.
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QUADrant

These are the four points at the North (90°), West (180°), South (270°), and East (0°,
360°) quadrants of any circle. Another object can be precisely attached to a quadrant point.
The symbol for it is a diamond, as illustrated in Figure 1.38.

QUADRANTS

FIGURE 1.38
Quadrants.

INTersection
This is a point that is located at the intersection of any two objects. You may begin a line or
attach any object to that point. The symbol for it is an X, as illustrated in Figure 1.39.

—=— INTERSECTION

FIGURE 1.39
Intersection.

PERPendicular

This is an OSNAP point that allows you to begin or end a line perpendicular to another line.
The symbol for it is the standard mathematical symbol for a perpendicular (90°) angle, as
illustrated in Figure 1.40.

PERPENDICULAR

FIGURE 1.40
Perpendicular.

These are the six fundamental OSNAP points we mention for now. There are others of
course, such as Node, Extension, Insertion, Tangent, Nearest, Apparent Intersection, and
Parallel, but those are used far less often, and with the exception of Near and Node, they are

not discussed in detail.
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So how do you use the OSNAPs that we developed so far? There are two methods. The first
is to type in the OSNAP point as you need it. For example, draw a line. Then, begin drawing
another line, but before clicking to place it, type in end and press Enter. AutoCAD adds the
word of, at which point you need to move the cursor to roughly the end of the first line. The
snap marker for endpoint (a square) appears, along with a tool tip stating what it is. Click to
place the line; now your new line is precisely attached to the first line.

In the same manner, try out all the other snap points mentioned (draw a few circles to practice
Quad and Center). In all cases, begin by typing 11ine, then one of the snap points, followed by
Enter. Then bring the mouse cursor to the approximate location of that point and click.

1.10 OSNAP DRAFTING SETTINGS

As you may imagine, there is a faster way to use OSNAP. The idea is to have these settings
always running in the background so you need not type them in anymore. To set them up,
you need to type in osnap or select Tools—Drafting Settings... from the cascading overhead
menu. The OSNAP dialog box appears. First, make sure the Object Snap tab is selected

from the four available, then select the Clear All button, finally check off the six settings
mentioned previously, and press OK.

So now you have set the appropriate settings, but you still need to turn them on. For that

we need to mention another F key. If you press F3 or press the OSNAP toggle button at the

bottom of the screen, the OSNAP settings become active. Go ahead and do this, then begin

the same line drawing exercise; see how much easier it is now as the snap settings appear on

their own. This is the preferred way to draw, with them running in the background. Feel free

to press F3 anytime you do not need them anymore; OSNAP is also not something that you

may want all the time. Figure 1.41 shows the Drafting Settings dialog box, with the discussed

OSNAP points checked. 33
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FIGURE 1.41
OSNAP dialog box.
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SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 2:

e (Create Objects

o]
o]
o]
o]

Line

Arc
Circle
Rectangle

e Edit/Modify Objects

o o0 o0 o0 o0 0 00 0 0 o0

Erase
Move
Copy
Rotate
Scale
Trim
Extend
Offset
Mirror
Fillet

e View Objects

o]
o]
O

Zoom
Pan
Regen

e AutoCAD drawing environment

O

Drawing Area, Command Line, Cascading Menus, Toolbars, Ribbon

® Selection methods

o]
o]
o]
o]

Direct Object Selection
Select: All

Crossing

Window

e Ortho (F8)
e OSNAP (F3)

o o0 0 0 0 ©

ENDpoint
MIDpoint
CENter
QUADrant
INTersection
PERPendicular

Additionally, you should understand and know how to use the following tips introduced in
this chapter before moving on to Chapter 2:

TIP 1:

TIP 2:

TIP 3:

The Esc (Escape) key in the upper left-hand corner of your keyboard is your new

best friend while learning AutoCAD. It will get you out of just about any trouble

you get yourself into. Mine was worn out learning AutoCAD, so expect to use it

often.

To quickly erase everything on the screen, type in e for “erase,” press Enter, then type
in al11. Then press Enter twice. After the first Enter, all the objects will be dashed,
indicating they were selected successfully. The second Enter finishes the command by
deleting everything.

Type in z for “zoom,” press Enter, then type in the letter ¢, then press Enter again. This
is called Zoom to Extents and makes AutoCAD display everything you sketched, filling
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up the available screen space. If you have a middle-button wheel on your mouse, then
double-click it for the same effect. This technique is very important to fit everything
on your screen.

TIP 4: To perform the Undo command in AutoCAD just type in u and press Enter. Do not
type the entire command—if you do that, more options pop up, which we do not
really need at this point, so a simple u suffices. You can do this as many times as you
want to (even to the beginning of the drawing session). You can also use the standard
Undo and Redo arrows shown in Figure 1.24.

TIP 5: Hate to keep having to type, pull a menu, or click an icon each time you practice the
same command? Well, no problem. Simply press the space bar or Enter, and this will
repeat the last command you used.

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 1.

List the four Create Objects commands covered.

List the ten Edit/Modify Objects commands covered.

List the three View Objects commands covered.

What four main methods are used to issue a command in AutoCAD?

What is the difference between a selection Window and Crossing?

What is the name of the command that forces lines to be drawn perfectly straight horizontally and
vertically? Which F key activates it?

What six main OSNAP points are covered? Draw the snap point’s symbol next to your answer.
What command brings up the OSNAP dialog box?

9. Which F key turns the OSNAP feature on and off?

oo wbhdR

® N
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]
EXERCISES

1. Draw the following sets of lines (in bold on left) and practice the 2-Point, 3-Point, and the Tan, Tan,
Tan circle options. You may use the Ribbon, cascading menus, or typing. In all cases use OSNAPs to
connect the circle precisely to the drawn lines. The result you should get is shown in dashes on the
right. (Difficulty level: Easy; Time to completion: <5minutes)

f”_-\\

2-Point :: ‘;— {(*result)
L\
/ ™

3-Point  — — 4 ! (‘result)
\\\ dr"

/ \ / \ -

Tan,Tan,Tan '\\ ! Cmg
M f.-’
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2. Draw an arc using the Start, Center, End option (a commonly used one) as follows. First draw the
three lines shown in bold on the left, then the arc. Be sure to use OSNAPs. The result you should get
is shown in dashes on the right. (Difficulty level: Easy; Time to completion: <5minutes)

"

-\\End e, ’

\
Center e :; (*result)
I

3. Draw a simple door using the 3-Point arc method. First draw, copy, rotate, and position the lines as
seen in Steps 1 through 3, then add the arc as shown in Step 4 (use Ortho and OSNAPs throughout).
You may have to try it a few times to get it to look right. Finally, erase the bottom line. (Difficulty level:
Easy; Time to completion: <5 minutes)

4
’f

(*result)

Step 1 Step 2 Step 3 Step 4 Step 5
(Line) (Copy) (Rotate) (3-Point Arc) (Erase)

36
4. Draw the following sets of electrical connection shapes. You will need only the basic Create and
Modify commands, including Rectangle, Circle, Line, Offset, Fillet, and Mirror, as well as OSNAPs
and Ortho. Specific sizes are not important, but make your drawing look similar, and use accuracy in
connecting all the pieces. (Difficulty level: Easy; Time to completion: 15 minutes)

QO QOO0 00
CO000000
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5. Draw the following house elevation using what you learned. You will need only the basic Create and Modify
commands. The overall sizing can be approximated; however, use Ortho (no crooked lines) and make sure
all lines connect using OSNAPs. (Difficulty level: Intermediate; Time to completion: 15minutes)

6. Draw the following sets of shapes. You will need only the basic Create and Modify commands, but
you will use almost every one of them, including multiple cutting edges trim. The overall sizing is
completely arbitrary, and your design may not look exactly like this one, but be sure to draw all the
elements you see here and use OSNAP precision throughout. (Difficulty level: Intermediate; Time to
completion: 15 minutes)

T T e
— —

TN
NI

37
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7. Draw the following side view of a car using what you learned. You will need only the basic Create
and Modify commands. The overall sizing (including multiple fillets needed on most corners) can be
approximated; however, use accuracy and make sure all lines connect using OSNAPs. (Difficulty level:
Intermediate; Time to completion: 20 minutes)

TS
/_\ ™
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LEARNING OBJECTIVES

You learned a great deal in the first chapter, in fact almost everything you need to get
started drafting a design. This chapter serves as a “clean up” and concludes the basic
introduction to AutoCAD, as there are just a few more topics to get to. Here, we discuss
the following:

® Using grips

Setting units

Using Snap and Grid

Understanding the Cartesian coordinate system
Distance entry tools:

o Direct Distance Entry

o Relative Distance Entry

o Dynamic Distance Entry

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00002-1
© 2011 Elsevier Inc. All rights reserved.
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® |nquiry commands:

o Area

o Dist

o List

o ID

Explode command
Polygon command
Ellipse command
Chamfer command
Templates

Setting limits
Save

Help files

By the end of the chapter you will have learned the necessary basics to begin drafting
an architectural floor plan; after an introduction to layers in Chapter 3, you will begin
to do so.

Estimated time for completion of chapter: 2 hours.

2.1 GRIPS

Let us begin Chapter 2 with grips, a natural progression from learning the OSNAP points.
These are relatively advanced editing tools, but chances are you already made them appear
by accident by clicking an object without selecting a command first. That is OK; just press
Esc and they go away. But what are these mysterious blue squares? Take a close look; after
learning OSNAPs, these should look familiar.

Grips are control points, or locations on objects where you can modify that object’s size,
shape, or location. (They are quite similar to the “handles” that you find in Photoshop® or
Illustrator® if you ever used those applications.) Try them out by clicking on any line, circle,
arc, or rectangle (as in Figure 2.1). The form becomes dashed and the grips pop up. When
your mouse hovers over one of them, the grip turns pink. If you click on it, it becomes red,
meaning it is active (or hot). Now move the mouse around. The object changes in one of
several ways. A line or circle can be moved around if the center grip is selected. A circle can
be scaled up or down in size if the outer quadrants are selected. Arcs can be made larger or
their length increased. Other grips, such as the endpoints of a line or corners of a rectangle,
change (or stretch) the shape of that object if activated and moved.

2.2 UNITS AND SCALE

We have not yet talked about any sort of drawing units such as feet, inches, or centimeters.
When you practiced the Offset command, you entered a value, such as 2 or 3, but what did
it mean? Well, as you inadvertently discovered, the default unit system in AutoCAD (until
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FIGURE 2.1

Grips on circles, rectangles, arcs, and lines.

you change it) is a simple decimal system of the type we use in everyday life. However it

is unitless, meaning that the 2 or 3 you entered could have been anything, including feet,
inches, yards, meters, miles, or millimeters. Think about it; it is an easy and powerful idea,
but it is up to you to set the frame of reference and stick to it. So if you are designing a city
and 1 is equal to a mile, then 2 is two miles and 0.5 is half a mile. AutoCAD does not care;
it gives you a system and lets you adapt it to any situation or design. Then you just draw in
real-life units or, as we say in CAD, 1-to-1 units. This is the Golden Rule of AutoCAD. Always
draw everything to real-life size. Do not scale objects up or down.

A decimal system of units is OK for many engineering applications, but what about
architecture? Architects prefer their distances broken down to feet and inches, because it
is always easier to understand and visualize a distance of 22’-6" than 270". To switch to
architectural units, type in units and press Enter, or select Format—Units... from the
cascading menus, and the dialog box in Figure 2.2 appears.

Simply select Architectural from the drop-down menu at the upper left and ignore the rest of
the options in the dialog box; there is no need to change anything else at this point. Now, as
you draw and enter in units, they will be recognized as feet or inches. To enter in 5 feet (such
as when using the Offset command), type 5'. To enter in 5 inches, there is no need for an
inch sign, just type in the number 5; AutoCAD will understand. To mix feet and inches, type
in 5’6, which is of course 5’-6"; there is no need for a dash either.

41
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=¥ Drawing Units

‘. Decimal Degrees

FIGURE 2.2
The Drawing Units dialog box.

2.3 SNAP AND GRID

These two concepts go hand in hand. The idea here is to set up a framework pattern on the
screen that restricts the movement of the crosshairs to predetermined intervals. That way,
drawing simple shapes is easy because you know that each jump of the mouse on the screen
is equal to some preset unit. Snap is the feature that sets that interval, but you need the

grid to make it visible. One without the other does not make sense, and usually they are set
equal to each other. Snap and Grid are not used that often in the industry, but it is a great
learning tool and we will do some drawings at the end of this chapter using them. It also
helps knowing about this feature, as it is often inadvertently activated by pressing the Snap
or Grid buttons at the bottom of the screen.

TO SET SNAP

Type in snap.
o AutoCAD say: Specify snap spacing or [ON/OFF/Aspect/Style/Typel <0'-0
1/2">:

Type in 1, setting the Snap to 1 inch.
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FIGURE 2.3
Figure drawn with Snap and Grid.

43
TO SET GRID
Type in grid.
O AutoCAD say: Specify grid spacing(X) or [ON/OFF/Snap/Major/aDaptive/
Limits/Follow/Aspect] < 0'=0 1/2">:>:

Type in 1, setting the grid to 1 inch.

The Snap and Grid are now set, though you may have to Zoom to Extents (Tip 3) to see
everything. In previous versions of AutoCAD, the grid was hard-to-see dots. In AutoCAD
2011, it is reminiscent of graph paper, as seen in Figure 2.3. Try drawing a line; you will
notice right away that the cursor “jumps” according to the intervals you set. F9 turns Snap
on and off, while F7 takes care of Grid, and you can always toggle back and forth using the
drawing aids buttons at the bottom of the screen. Figure 2.3 is a screen shot of Snap and
Grid in use while drawing a simple shape.

2.4 CARTESIAN COORDINATE SYSTEM

AutoCAD, and really all CAD programs, rely on the concepts of axes and planes to orient
the drawings in space. In 2D drafting, you are always drawing somewhere on AutoCAD’s X-Y
plane, which is made up of the intersections of the X and Y axes. When you switch to 3D,
the Z axis is made visible to allow drawing into the third dimension. The X, Y, and Z axes are
part of the Cartesian coordinate system, and we need to briefly review this bit of basic math,
then illustrate exactly why it is helpful to know it. Figure 2.4 illustrates the 2D coordinate
system, made up of the X and Y axis and numbered as shown.
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Y-Axis

54
4--

34 Point defined by
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-—— 1 1+ X-AXis

FIGURE 2.4
The Cartesian coordinate system.

This system is important not only because you may want to know where in space your
drawing is, but so you can create objects of a given size by entering their X and Y values.
Moreover, we refer to this system often for a variety of other construction needs and distance
entries, including inserting drawings into the point 0,0, so review it to familiarize yourself
with it again, as likely you may not have seen this in a while. Next, we introduce the various
distance entry tools. Whether you choose to use manual distance inputs or the newer
“dynamic” methods, knowing the Cartesian coordinate system will help you understand
what is going on.

2.5 DISTANCE ENTRY TECHNIQUES

AutoCAD has a number of precise ways to enter distances and angles and thereby create
initial layouts. These techniques come in two flavors: the older “manual” method, where you
enter data via keyboard, and the newer “dynamic” method, where you enter the values on
the screen via what is known as a heads-up display. Most students probably gravitate toward
the newer method, and indeed it offers many advantages, not the least of which is faster data
input. We consider this the primary method in this text, and present the manual method
only as an alternate, though in at least one case, it is a bit more straightforward.

Direct Distance and Angle Entry

Erase anything that may be on your screen and turn off all drawing aids, including Snap,
Grid, and anything else you may have on. Now press the DYN drawing aid, as seen in
Figure 2.5.

This DYNAMIC INPUT allows you to specify distances and angles directly on the screen.
Begin drawing a line and you will see the display in Figure 2.6, though of course your values
may be different.

Notice what AutoCAD is allowing you to do. The 7.9361 value in Figure 2.6 is surrounded
by a box, meaning it is editable. All you have to do is enter a desired value, so enter a small
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FIGURE 2.5
DYNAMIC INPUT.

FIGURE 2.6
DYNAMIC INPUT while drawing a line.

value such as 5, but do not press Enter yet. What if you wanted to change the angle of the
line? Simply press the Tab key and tab over to the 32 degree value, and enter something else,
perhaps a 45. Then, finally press Enter; your line 5 units long at 45 degrees is done. The line
command continues of course and you can repeat this as much as needed.

Using the manual method, you can do the same exact thing without the DYN input. Simply
click the line anywhere, point the mouse in the direction you want the line to go, and enter
a value on the keyboard. If all lines are at right angles (90°) to each other, then leave Ortho
on and “stitch” your way around by just pointing and clicking. This is a very useful method
after you do a basic room or building survey and return to the office to enter the data into
AutoCAD. You can also enter data one click at a time by following the coordinate points.
Begin the line command, then instead of clicking, type in the following values, pressing
Enter after each one:

0,00,22,22,44,44,26,2 6,0 then c for “close”

These are the X and Y values for the lines to follow; and if you typed correctly, then the shape
in Figure 2.7 should emerge on your screen.

This is a rather slow method of entering data, but it is good for practice and to really
understand the Cartesian points. We do not use this regularly in actual design work.

Relative Distance and Angle Entry

Relative distance frees you from the 0,0 point and allows you to draw any rectangular shape
of any size, anywhere on the screen. With DYNAMIC INPUT, this makes little difference,
as seen next. To draw a 5 X 3 rectangle, make sure DYN is on, begin the command, and
click anywhere to start the rectangle. You will see fields to enter the values for the height

45
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2.4

0.2 2.2

4,4

4.2 6,2

0,0
FIGURE 2.7

Point-by-point distance entry.
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FIGURE 2.8
DYNAMIC INPUT while drawing a rectangle.

6,0

and width (Figure 2.8). The upper right corner of the rectangle is not visible because the

crosshairs obscure part of it.

As before, enter a new value in the first text field (5) and Tab over to the next field, entering
the other value (3). As you press Enter, the 5 X 3 rectangle is set.

Using the manual method, you can do the same exact thing without the DYN input, and

it may even be a bit faster, but you do have to learn a new trick. The @ sign is what frees

you from 0,0 so you need to enter it prior to the values. Turn off the DYN, and begin the
Rectangle command as before by clicking anywhere. Then type in the following: @5,3 and
press Enter. The same 5 X 3 rectangle appears. The manual method is sometimes preferred in

this one type of shape creation.

Now that you know about the @ symbol and what it does, you can also draw lines at an angle
using the manual method, something that was briefly ignored in the manual Direct Distance
Entry discussion. You will however need to add a new symbol, <, to indicate the angle. The
format is as follows: @Distance<Angle. Therefore, to create a line that is 10 units long at
45°, you start the Line command and type in: @10<45.

As you can see, the DYNAMIC INPUT is preferred and recommended, but it is still good to
know about the manual methods if you just need a quick shape drawn or if you are stuck on
a computer with an older version of AutoCAD—still very much a possibility.
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FIGURE 2.9
DYNAMIC INPUT while drawing an arc (a) or a circle (b).
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Specify offset distance or B
® Through
Erase
Laver

FIGURE 2.10
DYNAMIC INPUT with extra menus on offset.

DYNAMIC INPUT, meanwhile, can be used for just about anything, including the basic
commands you have learned thus far, as described next.

Other Uses of DYN

While most users turn on DYN when they need to enter data for basic line work and shapes,
its use extends out to just about any shape on which you work. Figure 2.9 shows DYN with
an arc (a) and a circle (b).

You may have noticed also that some of the “heads up” menus show a down arrow. You
can use the down arrow on your keyboard to drop down the menu and reveal other menu
choices, which of course mimic what is available in the parentheses on the command line.
Figure 2.10 is one example with the Offset command.



48

Chapters 1-10

= (g | B 1A

FIGURE 2.11
Inquiry toolbar.

It is up to you if you would like to use the DYN feature throughout your lessons in AutoCAD;
in fact, it is recommended in some situations. However, it is not good for getting a point
across in a textbook, as this information tends to add clutter and lessen clarity in screen
shots, obscuring the main message, so you will not see it much from here on.

2.6 INQUIRY COMMANDS

Our next topic in AutoCAD fundamentals is the Inquiry commands set. These were upgraded
in AutoCAD 2010, but the fundamental Inquiry tools remain area, distance, list, and ID.

You can also now measure the radius, angle, volume, and mass properties, but the last two

are not covered. All these commands provide information in one form or another and

are indispensable in a sophisticated drawing. The Area command is particularly useful to
architects and interior designers, to get areas of rooms and spaces, and we start with it. All
commands, as before, can be accessed through the usual four ways: typing, cascading menus,
toolbars, and the Ribbon. The toolbar used is the Inquiry toolbar, as seen in Figure 2.11, and
should be brought up on screen using the right-click method described in Chapter 1.

>» Area

Keyboard: Type in area and press Enter
Cascading menus: Tools=>Inquiry—>Area

Toolbaricon: Inquiry toolbar ==

>
Ribbon: Home tab—>Measure ==

Area calculations are performed in two ways: either on an object or, more commonly, point
by point (such as the area of a room). Draw a rectangle of any size, and we will go over both
methods, although with a rectangle, you would use only the Object method, saving the
point-by-point method for a more complex floor plan.

POINT BY POINT

This is used when measuring an area defined by individual lines (not an object).

Step 1. Make sure your units are set to Architectural, and you have a rectangle on your screen.
Step 2. Begin the Area command via any of the methods described in Chapter 1.
O AutoCAD says: Specify first corner point or [Object/Add area/
Subtract areal] <Object>:
Step 3. Activate your OSNAPs (F3), and click your way around the corners of the rectangle
until the green shading covers the entire area to be measured (four clicks total).
o AutoCAD says several lines to you:
Specify next point or [Arc/Length/Undo]:
Specify next point or [Arc/Length/Undo]:
Specify next point or [Arc/Length/Undo/Totall <Total>:
Specify next point or [Arc/Length/Undo/Totall <Total>:
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FIGURE 2.12

Angle (a) and Radius (b) measurements.

Step 4. When done, press Enter, and you get a total for area and perimeter. Mine said:
Area = 67.9680, Perimeter = 34.2044
Yours almost certainly says something different.

OBJECT

This is used when you have an object (not an area defined by individual lines) to measure.

Step 1. Begin the Area command via any of the previous methods.
O AutoCAD says: Specify first corner point or [Object/Add area/
Subtract area] <Object>:

Step 2. Press the letter o for object.
O AutoCAD says: Select objects:

Step 3. Select the square and you get the same area and perimeter measurements.

Practice the radius and angle measurements on your own. They are quite straightforward
in process: start up the command, select the lines of the rectangle for the angle, getting the

information seen in Figure 2.12(a), or select a circle you have drawn and get the information

seen in Figure 2.12(b). DYN activates as you do this (even if you do not have it on).

» Distance

Keyboard: Type in dist and press Enter
Cascading menus: Tools=>Inquiry—=>Distance

—s
Toolbaricon: Inquiry toolbar ==

—
Ribbon: Home tab=>Measure =

The Distance command gets you the distance between any two points. Although we practice

on the corners of a rectangle, the command works on any two points, as selected by a mouse

click, even an empty space.

Step 1. Make sure your units are set to Architectural, a rectangle is on your screen, and your
OSNAPs are activated.

49
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FIGURE 2.13
Distance command results via toolbar or Ribbon.

Step 2. Begin the Distance command via any of the previous methods. (See the note that
follows Step 4.)
O AutoCAD says: Specify first point:

Step 3. Select a corner of the rectangle.
o AutoCAD says: Specify second point or [Multiple points]:

Step 4. Select the other corner across the rectangle. AutoCAD then gives you some
information. Mine said:
Distance = 13.5521, Angle in XY Plane = 0, Angle from XY Plane =0
Delta X = 13.5521, Delta Y = 0.0000, Delta Z = 0.0000
Yours will say something different.

Note: There is an important difference in procedures if you use the icons or the Ribbon. In
those cases, DYN activates and you get a graphical representation of the distance, as seen in

Figure 2.13. If you type or use cascading menus, then you get the command line results seen
in Steps 1 through 4.

>» List

Keyboard: Type in list and press Enter
Cascading menus: Tools>Inquiry -2 List

Toolbaricon: Inquiry toolbar g

Ribbon: Home tab—>Properties E

The List command gives you information about not just the geometric properties of the
object but also its CAD properties, such as what layer it is on, the subject of the next chapter.
It is an extremely useful command that clues you in on what you are looking at (whether a
beginner or an expert, you will sometimes ask yourself this question).

Step 1. Make sure you have something on your screen to investigate.
Step 2. Begin the List command via any of the previous methods.
O AutoCAD says: Select objects:
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FIGURE 2.14

List command.

Select your object (it becomes dashed) and press Enter. The command line pops up
in mid-screen. Look it over and close it (X, upper right) when done. What mine said
about the rectangle is shown in Figure 2.14.
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> ID

Keyboard: Type inid and press Enter
Cascading menus: Tools=>Inquiry—>1ID Point

Toolbar icon: Inquiry toolbar @

Ribbon: Home tab—> Utilities—=>ID Point I&

This command is the simplest of all. It tells you the coordinates of a point in space, such as
the intersection of two lines. This is useful for inserting blocks (to be covered later) and just
plain old figuring out the general location of a design, something needed for Xrefs way ahead
in advanced chapters.

Step 1. Make sure you have something on your screen to ID.

Step 2. Begin the ID command via any of the previous methods.
O AutoCAD says: Specify point:

Step 3. Using OSNAPs select a point, such as the corner of a rectangle. AutoCAD gives you
the X, Y, and Z coordinates. Here is what I got; you will get different values:

X =11.1504 Y = 6.7753 Z = 0.0000

This concludes the section on Inquiry commands. We are now in the home stretch and will
explore some commands that do not quite fit in anywhere else.
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FIGURE 2.15

Unexploded and exploded rectangles, side

by side.

2.7 MISCELLANEOUS TOPICS
>» Explode

Keyboard: Type in explode and press Enter
Cascading menus: Modify->Explode

Toolbaricon: Nodifv toolbar ﬁﬂ

Ribbon: Home tab ﬁ'ﬂ

Explode is used to make complex objects simpler. That means a rectangle becomes four
separate lines, and other objects we have yet to study (blocks, Mtext, dimensions, hatch) are
simplified into their respective components. This command is mentioned in almost every
chapter, as virtually all AutoCAD entities can be exploded and many should never be. To try
it out, we yet again need a rectangle of any size. Make sure you are using the actual Rectangle
command, not just four lines.

Step 1. Begin the Explode command via any of the previous methods.
O AutoCAD says: Select objects:

Step 2. Pick the rectangle and it becomes dashed.
o AutoCAD says: 1 found
Press Enter and the rectangle will be exploded. Click any of its lines and you will
notice the line is independent, as seen in Figure 2.15. Keep in mind that you cannot
explode circles, arcs, and lines, as those are already the simplest objects possible.
There is a way to reverse Explode (besides an immediate Undo), but it applies to
only simple compound objects, such as a rectangle. If you explode a hatch pattern
and save your work, that is it, no going back. This is why you will see appropriate
warnings when we get to those chapters.

>» Polygon

Keyboard: Type in polvgon and press Enter
Cascading menus: Draw—>Polygon

Toolbaricorn: Draw toolbar O

Ribbon: Home tab—> Draw O

The Polygon command is useful, and we need it in later chapters for a project. It is also easy to do
and can be introduced early on, though it is not nearly as important as the primary four objects
(line, arg, circle, and rectangle); and due to that, it was not introduced in the first chapter.
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FIGURE 2.17
FIGURE 2.16 Inscribed and circumscribed
Basic pentagon. pentagon.

A polygon, strictly speaking, is any shape with three or more sides to it. Of course, in those
cases when it has three sides (triangle), you can draw it with existing techniques. Same

thing with four sides (square or rectangle). However, what about five sides or more, such as
pentagon or hexagon? Here, a Polygon command is needed, as it is a real chore to draw these
shapes using just the Line command (just try figuring out all the correct angles).

However, drawing polygons presents a complication you may not have with simpler shapes.
With a rectangle, you specify the height and width and that is it, but how do you do that
with, let us say, a pentagon? Figure 2.16 is a picture of one. What is the height? What is the

width? It is not an easily measured shape. 53

The solution that drafters came up with a long time ago (many of AutoCAD's techniques are
just adaptations of pencil and paper board-drafting methods used for decades) is to enclose
the shape in a circle of a known radius or diameter.

You can also enclose the circle inside the polygon. With this technique it is easier to specify a
size—you just say “I need a pentagon that fits inside a circle of 10 in. diameter.” This is where
the terms inscribed and circumscribed come from. Figure 2.17 is a diagram of two pentagons,
both inscribed in and circumscribed about a circle—note the tangencies. In one case, the
points of the polygon touch the circle; in the other case, its sides touch it.

Let us go through the steps in making this polygon.

Step 1. On a blank screen draw a circle with a radius of 5. Note that we do not need this step
to create a polygon, but for your first try, it is a great help in visualizing what you are
doing.

Step 2. Begin the polygon command via any of the previous methods.

O AutoCAD says: Enter number of sides <4>:
Step 3. Enter the number 5 for five sides (making it a pentagon), and press Enter.
Step 4. 0 AutoCAD says: Specify center of polygon or [Edge]:

With your OSNAPs on, click to select the center of the circle.

Step 5. ©AutoCAD says: Enter an option [Inscribed in circle/Circumscribed
about circle] <I>:

Step 6. Now that you know what these terms mean, go ahead and press Enter to select I for
“Inscribed in circle” (the default value). You can just as easily select C as well.

Step 7. © AutoCAD says: Specify radius of circle:

Enter the value 5. A screen shot of the result is in Figure 2.18.
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FIGURE 2.19
Drawing challenge star.

FIGURE 2.18
Step 7 results.

You can now erase the circle, since it was just a guide. In the future you will not need it; just
click to place the polygon anywhere on the screen. Go ahead and practice this command
again, but this time selecting a different number of sides (six or more) and also using the
circumscribed option. This new command leads us into the first challenge exercise.

\
ok
/( DRAWING CHALLENGE—STAR

Try this exercise based on what you learned. Draw a perfect five-sided star such as the one
shown in Figure 2.19.

Think about everything we talked about up to this point. Only four commands are needed to
create the star. Take a few minutes to try to draw it. If you cannot get it, do not despair, about
a third of my students through the years typically did not get it right away either. The answer
is at the end of Chapter 8.

>» Ellipse

The Ellipse command is easy to do and is needed when we draw furniture in Chapter 4, so
we include it here. The command can be executed in one of two ways: Center and Axis, End.
You can also create a partial ellipse by defining just a section of it.

Keyboard: Type in ellipse and press Enter
Cascading menus: Draw—=>Ellipse>Center

Toolbaricon: Draw toolbar O

Ribbon: Home tab—> Draw &=

Step 1. Begin the Ellipse command via any of the previous methods.
O AutoCAD says: Specify axis endpoint of ellipse or [Arc/Center]:]:
Click anywhere on the screen.

Step 2. © AutoCAD says: Specify other endpoint of axis:
With Ortho on (not required but good to have), click again somewhere off to the left
or right of the first point. Then move the mouse back toward the center as the ellipse
is formed, as seen in Figure 2.20.

Step 3. © AutoCAD says: Specify distance to other axis or [Rotation]:
Click anywhere again to complete the ellipse. You can also specify a rotation angle
along the major axis (the line between click 1 and 2). This would be as if the ellipse
were rotating away (or toward) you.
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1st click i 2nd click

FIGURE 2.20
Ellipse after Step 2.

FIGURE 2.21
Ellipse, arc variation.

For a variation on this, try the Arc submenu of the ellipse, which is essentially similar in

execution until the final step, when you trace how much of the ellipse you want to see, as 55
shown in Figure 2.21.

» Chamfer

Keyboard: Type in chamfer and press Enter
Cascading menus: Modify—> Chamfer

. . /
Toolbar icon: Modify toolbar '-—-l
: el

Ribbon: Home tab—> Draw

You may have already seen or tried the Chamfer command, as it sits right next to Fillet in

the cascading menus and the Modify toolbar. It is not as critical as Fillet and not used as
frequently, so it was not included in the main set of commands, but we introduce it now. A
chamfer is a beveled edge connecting two surfaces. Think of it as a fillet that is angled instead
of round. Chamfers may have a 45° corner, but this is not required; AutoCAD allows for
asymmetrical chamfers.

To try out the command, draw two perpendicular lines similar to the fillet exercise in
Chapter 1, as shown in Figure 2.22.

Step 1. Begin the Chamfer command via any of the previous methods.
o AutoCAD says:
(TRIM mode) Current chamfer Distl = 0.0000, Dist2 = 0.0000

Select first Tine or [Undo/Polyline/Distance/Angle/Trim/mEthod/
Multiplel:
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FIGURE 2.22 FIGURE 2.23
Chamfer setup. Chamfer.

No distance has been entered yet, and any attempt at chamfer results in a chamfer
radius zero. Press d for Distance.

Step 2. © AutoCAD says: Specify first chamfer distance <0.0000>:
Enter a small value, such as 1.

Step 3. © AutoCAD says: Specify second chamfer distance <1.0000>:
Here the 1 is not needed again, so just press Enter.

Step 4. © AutoCAD says: Select first line or [Undo/Polyline/Distance/Angle/
Trim/mEthod/ Multiplel:
Select the first line.

Step 5. © AutoCAD says: Select second line or shift-select to apply corner:
Select the second line.

The chamfer is created, as seen in Figure 2.23. Zoom in if needed to see it. If the chamfer

fails, it is possible that you selected values too large for the available lines. Another way to
create a chamfer is using the length of one line segment together with an angle, using the

Angle option. Experiment with both.

Templates

Templates are something of a mystery for a beginner AutoCAD student. What exactly are they?
While templates can get complicated in what they contain, all a template really is, is a file
with some information embedded in it and all the proper settings set but no actual design. So
it is a blank page with some intelligence built in and everything set up and ready for you to
draw. These templates can be saved under a *. dwt extension, but you really need not concern
yourself with this. What is important is being able to open a new file and know what you are
looking at. Using the cascading menu File—New..., you will default to the screen in Figure
2.24. Open up the highlighted acad.dwt and you have a blank file, end of story.

Limits

This is yet another topic that causes confusion. Limits are not technically necessary, but many
textbooks persist in having you set them up. All they are is an indication of the size to which
your drawing area is preset. Remember, however, that it is limitless, so all limits refer to is the
area you can work on without a regen. If you draw a shape that is way beyond your limits,
you simply regenerate the screen (Zoom—Extents) and the limits move to just beyond this
new shape, so setting them is rather redundant. If you would like to set them anyway, just
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FIGURE 2.24
acad.dwt template.
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FIGURE 2.25

AutoCAD main menu with Save As selected.

type in 1imits, press Enter, and set the lower left corner to 0,0, then the upper right corner
to perhaps 100, 50’, or anything else you wish.

Save

Needless to say, you need to save your work; AutoCAD will eventually lock up, crash, and
die. If not, Windows will, or there will be a power failure, and there is never a guarantee of a
Save, so it is just a good habit to get into. Starting in the next chapter, you need to start saving
your work. To do so, you can type in save and press Enter or press the graphic of a disk at
the top of the screen. Another way is to drop down the arrow located next to the big red A at
the upper left of the screen (Figure 2.25) and choose Save or Save As. You then get the usual
Save dialog box (Figure 2.26) from which you should know how to proceed.
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FIGURE 2.26
Save As.

Help Files

Finally we get to our last topic, the Help files. AutoCAD, like any software, has extensive
Help files, and indeed that is one way (though not recommended) to attempt to learn the
software. A better application of Help is to explore it once you know how to use AutoCAD
and need assistance with a particular aspect of a command. Tool tips that appear with every
command (unless you turn them off) in various levels of detail also can be considered a part
of the Help files.

Generally, as with any software, you get to the Help files via the F1 key. There is a bit of

a twist here though. By default (this is new to AutoCAD 2011), pressing F1 gets you to
Autodesk’s online help. This is OK if you have an internet connection at your terminal, and
the online Help will be more up to date and have more features. However, AutoCAD has
extensive Help files built into the software and they are already installed, so there may not
be a need to go online. This default setting can be deactivated in Options... System tab. Ask
your instructor for assistance if needed. If accessed locally, the Help files are still viewed
through a browser (they are *.htm] files) and the home page looks like Figure 2.27.

As you can see, a tremendous amount of useful information is found here, with tutorials
and reference material covering a good deal of the software, including advanced topics such
as 3D and AutoLISP. Pressing Index at the top left takes you to a comprehensive AutoCAD
command listing (Figure 2.28), where you can browse for a command. Once you type it in,
all occurrences of it will be highlighted. Then you can click the relevant one and be able to
read about the commands operation. Figure 2.29 shows how to create an arc via the Help
files. The index is context sensitive.

Review everything presented so far; in Chapter 3, we introduce the layers concept and put
all the preceding together to begin drawing a floor plan. Remember that learning AutoCAD
is cumulative, and you need everything we have covered so far, no more and no less, to
successfully deal with the upcoming material, so make sure you understand it all before
moving on.
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FIGURE 2.27
AutoCAD 2011 Help files.
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SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 3:

e Using grips
O Activating them, using Esc to get out
® Setting units
O Architectural and Engineering (Decimal) units
e Using Snap and Grid
o Setting both, turning them on and off
e Understanding the Cartesian coordinate system
o XandY axes, ordered pair (X,Y)
e Distance entry tools
o Direct Distance Entry
O Relative Distance Entry
o Dynamic Distance Entry
e Inquiry commands
O Area
o Dist
o List
o ID
e Explode command
® DPolygon command
o Circumscribed and inscribed
e Ellipse command
® Chamfer command
e Templates
O acad.dwt
e Setting limits
Save
e Help files (F1)
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REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 2.

o0k wbdpP

10.
11.
12.

13.
14.
15.
16.
17.
18.

How do you activate grips on AutoCAD’s geometry?

How do you make grips disappear?

What are grips used for?

What is the command to bring up the Units dialog box?

The Snap command is always used with what other command?

Correctly draw a Cartesian coordinate system grid. Label and number each axis appropriately, with
values ranging from —5 to +5.

On the preceding Cartesian coordinate system grid, locate and label the following points: (3,2) (4,4)
(—2,5) (—=5,2) (—3,—1) (—2,—4) (1,-5) 2,—2).

What are the two main types of distance entry?

How do you use DYNAMIC INPUT?

List the four primary Inquiry commands covered.

What command simplifies a rectangle into four separate lines?

What is the difference between an inscribed and a circumscribed circle in the Polygon
command?

What is a chamfer as opposed to a fillet?

What template should you pick if you want a new file to open?

What is the idea behind limits?

Why should you save often?

What is the graphic symbol for Save?

How do you get to the Help files in AutoCAD?
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EXERCISES

1.

Open a new file, set units to Architectural, and set both your Snap and Grid to 1”. Then draw the
following shape. Keep in mind the spacing between each dot is now 1”. You would be wise to use the
mirror command to complete this faster. The linework in this example has been darkened slightly for
clarity. (Difficulty level: Easy; Time to completion: 5 minutes)
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2. Open a new file and set units to Architectural. Then draw the following figure using the DYNAMIC
INPUT (DYN) drawing aid. When done, use the Area command to find its area. (Difficulty level: Easy;

Time to completion: 5 minutes)

~ 40" -
| |
b= 10" =]
I T 30"
1 5“
L AREA = 7?77 e
¥
35" - 20" e
1 ]
ey 70" |
62 3. Open a new file and set units to Architectural. Draw the following shapes using the manual Relative

Distance Entry (the @ sign) method. The first number is always the X; the second is the Y. Repeat the
exercise using the DYN method instead. Sizes: 24" X 36", 17.5” X 3", 12" X 12", 3" X 40" (Difficulty
level: Easy; Time to completion: 5 minutes)

-—FS“-*——

- 24" - ‘

——— | F H ——

3"

40"
36“

12" —]

12"




CHAPTER 2
AutoCAD Fundamentals Part Il

4. Open a new file and set units to Architectural. Draw the following figure using basic Circle, Line,
Offset, and Fillet commands. (Difficulty level: Easy; Time to completion: 5 minutes)

" 3ll »
R2" ,—R3" /_
ot — 2" -
+
R1" 1" Fillet —

5. Open a new file and set units to Architectural. Draw the following mechanical piece. All dimensions
and centerlines are for reference only; we have not yet covered how to create them. (Difficulty level:
Easy; Time to completion: 10 minutes)

=g 2_00" —_— 63
~=—1.00" -
3.25", TYP
2 PLACES
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6. Open a new file and set units to Architectural. Draw the following mechanical piece. All dimensions
and centerlines are for reference only; we have not yet covered how to create them. (Difficulty level:

Intermediate; Time to completion: 20 minutes)

e 8.00" -
- : 6.75" -

———————— 4 Q" ——— =~

71.75"

@1.50"

200 b
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1.00"J

0.75"

64
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7. Open a new file and leave the units as Decimal. Draw the following simplified nut and bolt diagram.
You have all the needed information but may have to carefully project some parts of the side view. You
need the Polygon, Circle, Line, Trim, Chamfer, and other commands. (Difficulty level: Intermediate;
Time to completion: 10-15 minutes)
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8. Open a new file and set units to Architectural. Draw the following bookshelf. The spacing of the
shelves and the size and rotation of the books can be anything you want. All dimensions are for
reference only. (Difficulty level: Intermediate; Time to completion: 15 minutes)
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LEARNING OBJECTIVES

Layers are an essential concept and need to be introduced before a serious drawing is
attempted. In this chapter, we introduce layers and discuss the following:

What are layers?

Why use them?

Creating and deleting layers
Making a layer current
Assigning layer colors

Index color

True color

Color Books

Layer Freeze/Thaw

Layer On/Off

Layer Lock/Unlock

Loading and setting linetypes
Properties Palette

Match Properties

Layers toolbar

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00003-3
© 2011 Elsevier Inc. All rights reserved.
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Here, you learn all the remaining tools to begin creating a floor plan, which we start at the
end of the chapter.

Estimated time for completion of chapter: 3 hours (lesson and project).

3.1 INTRODUCTION TO LAYERS

Layers are our first major topic after the previous chapters of basics. It is a very important
concept in AutoCAD, and no designer or draftsperson would ever consider drawing anything
more complex than a few lines without using them.

What Are Layers?

“Layers” is a concept that allows you to group drawn geometry in distinct and separate
categories according to similar features or a common theme. This allows you to exercise
control over your drawing by (among other things) applying properties to those groups,
such as assigning colors or making them visible or invisible for clarity.

So, for example, all the walls of a floor plan will exist on the Walls layer, all the doors on

the Doors layer, windows on the Windows layer, and so on. You can think of layers as
transparency sheets in an anatomy textbook, with each sheet showing a unique and distinct
category of data (skeleton, muscle, circulatory system, etc.), but when viewed all at once they
show the complete picture of a person. Similarly in AutoCAD, there can be any number of
layers (often the problem is using too many), with all of them holding their respective data
and combining into the complete design.

Why Use Them?

As just stated, the key word here is control. Each layer can be assigned certain properties, such
as color or linetype, or it can be manipulated to make it visible or invisible, as well as locked
or unlocked to prevent editing. If all your geometry were lumped together on one layer, as
some beginners do, then whatever you do to one set of objects, you do to all; certainly not
what you want.

Let us take a look at the Layers Properties Manager. Open a new file and type in Tayer or just
1a, and what you see is shown in Figure 3.1.

Let us take a look at all the layer features one by one.

1

I:: [Current layer: 0 ISNrch for layer Q,
5 ®| D R e P
£ Fiters «|[ status | mame | on |Fresze |Lock | color | Linetype | Lineweight | Plot Style | Pot | New P Fresze | Description | Transparency |

™ Invert filter «

] [] white Continuous Default

[ Layer Properties Manager

l|M: 1 layers displayed of 1 total layers

FIGURE 3.1

AutoCAD 2011 Layer Properties Manager.
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Creating and Deleting Layers

Each new layer needs to be initially typed in according to what you need or the company
standard. To do that, you need to highlight (click on) the layer 0 gray band. When it turns blue,
simply press Enter once; the blue ribbon bar will jump to another line and create Layer 1.
Another way to get a new layer is to press a button at the top of the layer box (two icons to the
left of the red X) that looks like a sheet of paper with a sparkle next to it. Either way, once you
do that, just type in the layer name followed by Enter. Some helpful tips:

e [f you notice that you made a spelling mistake after you already pressed Enter, you can
just click back into the layer name once or twice until the cursor enters Edit mode and
retype.

e Do not attempt to change the 0 layer’s name. It is the default layer and cannot be deleted
or renamed.

e Ifyou want to delete a layer (perhaps an accidentally made one), simply highlight the
layer, and click the red X and then Apply at the bottom right of the layer box. If the layer
contains nothing it will be deleted.

Following this procedure create three layers:

® A-Doors
e A-Walls
e A-Windows

What you should see is in Figure 3.2.

Making a Layer Current

This is simply the active layer on which you can draw at any given moment. You are always
on some layer (even if you are not immediately sure which one exactly). So, logically, if you
are about to draw a wall, you should be in the A-Walls layer and so on. To specify what layer
to have as current either click on the green check mark button (to the right of the red X) or
double-click the layer name itself. Go ahead and make A-Walls current.
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FIGURE 3.3
Select Color, Index Color.

Assigning Layer Colors

Assigning colors to layers is very important and should be done as you create them or soon
after. The reasons to have color are twofold. On the most basic level, a colorful drawing is
more pleasant to look at on the screen, but more important, it is easier to interpret and work
with. If, for example, your walls are green and you keep this in mind, then your eye is able to
quickly see and assess the design. Likewise, yellow doors are easy to spot. This color separation
greatly aids in drafting. Imagine a scenario where your building floor plan is made up of all
white lines; you would be unable to tell one line from another. As that drawing grew more
complex, all the lines would melt into one monochrome mess. Finally, colors are assigned
pen thicknesses (an advanced topic) and contribute to more professional-looking output. We
address this in Level 2.

To assign colors, let us turn our attention back to the Layer dialog box. Highlight, by clicking
once, layer A-Walls. Now follow the blue ribbon across until you see a box with the word
white next to it. It will be under the Color column. Click on it, and the Select Color dialog
box pops up, as seen in Figure 3.3.

INDEX COLOR

Let us take a tour of this Index Color tab. The two large 24 X 5 stripes of colors you
immediately see at the top make up the AutoCAD Color Index (ACI), and it contains 240
colors. Do not be too quick in selecting one of those right away. Take a look below; there are
two smaller color stripes. The rainbow-like stripes 1 through 9 are the ones in which we are
most interested. If you take a close look, they are the primary colors and the 240 colors above
them are just different shades of the primaries. You should always use up those nine colors
first—they are very distinct from each other—and only then move on to the others. Also this
makes setting pen weights easier later down the road, as you need not scroll through dozens
of colors to find the ones you used.
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FIGURE 3.4
Select Color, True Color.

The colors from left to right are Red—Yellow— Green—Cyan (not Aqua)—Blue—Magenta
(not Maroon), then white and two shades of gray, 8 and 9. The color stripe below that
contains just additional shades of gray, and we do not need them for now. So, finally, pick
a color for the A-Walls layer (green is what many architects use for walls), click on it, then
press Enter; you are taken back to the Layer dialog box to assign more colors to more layers.
Yellow is recommended for A-Doors and red for A-Windows.

TRUE COLOR

There is more to colors, of course. Go back to the Select Color dialog box. Now click the
second tab called True Color. Here is where some experience in graphic design may come

in handy. The main color window you are looking at now contains over 16 million colors
and should be familiar to you if you used Photoshop, Illustrator, PaintShop®, or any of those
types of design programs. You can now move your mouse around, selecting colors based on
the HSL method. That is hue (the actual colors, moving across), saturation (moving up or
down), and luminance (brighter or darker, moving the slider up or down next to the main
window). You may also use the RGB (red, green, blue) model of color selection by using the
drop-down selector at the upper right. Whichever color you settle on will be shown by both
color models. Play around with all the buttons to get a feel for them. Designers rarely use
these colors for 2D work (where you want objects to be bright and visible), but do pick these
more subtle colors for realistic-looking 3D models. Figure 3.4 is a screen shot of what this
tab looks like.

COLOR BOOKS

Here is where things get even fancier. Color Books are Pantone colors. If you are an architect
or an interior designer, you already know what these are. If you are shaking your head and
have never heard of Pantone, then do not worry about it, chances are you will not need to
use them. Simply scroll through the palettes and select a color. Figure 3.5 is a screen shot of
the Color Books tab.
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FIGURE 3.5
Select Color, Color Books.

Layer Freeze/Thaw and On/Off

Here we come to a very important part of the Layers dialog box. Freeze and Thaw are
opposites of the same command, one that will make a layer disappear from view. The
command freezes or thaws the layer for the entire drawing. Pick a layer, highlight it, follow
the band across to the Freeze column and underneath you will find a yellow “sun” icon. If
you click on it, that layer “freezes” and the icon becomes a blue “snowflake.” Clicking again
undoes the action. So what does freeze mean? It makes the layer (or rather all the objects
on that layer) disappear from view, but remember, they are not deleted, only invisible.

You will use this feature routinely in drawings to control what is displayed. The On/Off
feature represented by the light bulb (yellow to blue and back) is essentially the same as
Freeze/Thaw, with some subtle (and minor) details, so we do not go into them. You can use
either method, though stay with Freeze/Thaw just to keep things consistent.

Layer Lock/Unlock

This layer command, represented by the padlock, does exactly that; it locks the layer so you
cannot edit or erase it. The layer remains visible but untouchable. The unlocked layer’s icon
is blue and looks “unlocked,” while a locked layer’s padlock turns yellow and changes to a
“locked” position. Play around with all the buttons we mentioned thus far to get a feel for
them. When done, make sure everything is reset (not locked or frozen) and click on the X in
the upper corner of the Layer box to close it.

3.2 INTRODUCTION TO LINETYPES

Linetypes are the different lines that come with AutoCAD. As a designer, architect, or
engineer, you may need a variety of lines to convey different ideas in your design. Just like in
hand-drafting, where you created Dashed, Hidden, Phantom, and other line types to show
cabinets, demolition work, or hidden geometry in part design, in AutoCAD you load the
lines and use them as necessary.
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FIGURE 3.6
Linetype Manager and Load/Reload Linetypes.

The idea here is to load them all in the beginning then assign the linetypes to either a layer
or sometimes just a few items. You can also load them as needed, but it is recommended
getting this out of the way so you have them at your fingertips.

Step 1. Type in 1inetype and press Enter or choose Format—Linetype. . . from the
cascading menu. The Linetype Manager pops up.

Step 2. Press Load. . . . The Load or Reload Linetypes box comes up. Figure 3.6 is a screen
shot of both dialog boxes.

Step 3. Position your mouse in the white empty space between the two columns (Linetype
and Description) of the Load/Reload Linetypes box and right-click. The Select All/
Clear All menu pops up.

Step 4. Press Select All and every linetype in the left column turns blue (selected).

Step 5. Press OK (and possibly a Yes to All as well) and the dialog box disappears. All the
linetypes are loaded now, so press OK again in the Linetype Manager and that is it.

We now use the loaded linetypes and assign a linetype to a layer.

Step 1. Go back to the Layers dialog box.

Step 2. Create a new layer called Hidden and assign a linetype to it (the “hidden” linetype,
naturally).

Step 3. Make sure the Hidden layer is highlighted with the blue bar and move your mouse
to the right until it matches up with the header category Linetype. It should say
Continuous right now.

Step 4. Click on the word Continuous and the Select Linetype (Figure 3.7) dialog box comes
up with all your linetypes preloaded. If we did not load them earlier, the box would
have been practically empty and we would have had to do the loading at that point.

Step 5. So, now all we have to do is scroll up and down the list to find the appropriate
linetype (Hidden in this case), select it, and press OK.

Make a note of the important linetypes for future reference: Center, Dashed, Divide, Hidden,
and Phantom are some of the key ones. Ignore the ones named ACAD_ISO... for the simple
reason that their names are not descriptive enough to recognize at a glance. Also make a
note of why there are three types of the same linetype (such as DASHED, DASHED?2, and
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FIGURE 3.7
Select Linetype.

DASHEDX2). By checking the appearance carefully, you will see that the scale is different.
Finally let us get back to the Layers dialog box. If you set your Hidden layer to Current, then
everything you draw will be a dashed line.

We conclude with one final important note on linetypes. If you cannot see the linetype, and
it appears as a solid line when it should be something else, chances are the scale is too small.
Type in Ttscale (linetype scale) and enter a larger number. This is mentioned again as a
reminder in a future tip.

3.3 INTRODUCTION TO PROPERTIES

Sometimes, you need to change objects from one layer to another (perhaps because of an
error in originally placing it on the correct layer or a later decision to change to another
layer). Also, you may need to change the color, linetype, or other properties of objects.
AutoCAD has a collection of tools to change the properties of objects, with the three most
common methods being the Properties palette, the Match Properties tool, and the Layer
toolbar. We explore each in order.

>» Properties Palette

Keyboard: Type in ddchprop and press Enter
Cascading menus: Modify = Properties

Toolbaricon: Standard toolbar @
Ribbon: Home tab—>Properties—arrow

There are two other ways to bring up the Properties palette:

e Double-click on any geometry object (line, arc, etc.) or

® Press Ctrl+1.

Once you do any of these, the Properties box in Figure 3.8 appears.

Look at the palette in detail from top to bottom. There are a number of categories (General,
View, etc.) and a number of features that can be modified in those categories (Color, Layer,
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FIGURE 3.8 75
Properties palette.

Linetype, etc.). Also there are two columns, a gray one on the left and a mix of gray (inactive)
and white (active) fields on the right. To use this palette first draw several lines on your
screen, each of which is on a different layer. Then follow these steps:

Step 1. First, make sure you have selected one or more items to change. They become
dashed. If you selected two items, only those properties common to both that can
be changed are available.

Step 2. In the Properties box, find the category you want changed, color, for example.

Step 3. Click on the right-hand column directly across from that property.

Step 4. An arrow drops down. Click on it and view the choices within that category.

Step 5. Select the different property that you want the new objects to have, such as a new
color.

Step 6. Close the Properties box (the X in the upper corner) and press Esc once or twice; the
objects have that property. The Properties toolbar is a quick, easy way to change a
number of properties but there is another way, shown next.

» Match Properties

This is a really great way to very quickly match up the properties of one object with the
properties of another. The procedure is simple. Start the command (methods in the table
that follows), select the first object whose properties you like, and then click on another
object that you want to have those properties.
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Match Properties matches almost anything: layers, colors, linetypes, linetype scales, text sizes,
hatch patterns, and many more factors. Finally, we have the Layers toolbar, which has its own
method of layer changes and deserves its own separate discussion.

Layers Toolbar

The Layers toolbar is shown in Figure 3.9. Add it to your visible toolbars on the screen, and
use it throughout the remainder of the chapters.

To change layers using this toolbar, simply select whatever you would like to change to
another layer (what you selected becomes dashed), then drop down the Layer menu in the
toolbar and pick the new layer on which you want the highlighted geometry to go, and it
changes. You may have to press Esc to deselect the layer(s) afterward.

This toolbar is also useful for freezing, turning off, and locking layers, as seen in Figure 3.10.
And, it is a great visual reference to determine what layer is current, which of course is the
layer being shown. The toolbar has some useful icons, though the only one we covered so far
was the one all the way to the left that brings up the Layer Properties Manager.

This is it for basic layers and associated topics. You should know the following:

What layers are and why they are needed.

How to open the Layer dialog box.

How to enter a new layer, delete it, and change its name.

How to make a layer current.

How to assign a color to a layer and all the color options.

How to Freeze/Thaw, turn Off/On, and Lock/Unlock the layers.
How to select and set linetypes.

How to use the Properties dialog box.

How to use Match Properties.

How to use the Layers toolbar.

B

FIGURE 3.9
Layers toolbar.
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FIGURE 3.10
Layers toolbar in use.
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What we have not covered yet:

e The left side of the Layer Properties Manager (Filters and Layer States)—to be covered in
Level 2.
e Several other Layer features—Lineweights, Plot Style, Plot, and the like.

For now, it is time to put everything to good use and draw a full apartment floor plan.
Review everything thus far and begin the assignment in the next section.

3.4 IN CLASS DRAWING PROJECT: FLOOR PLAN LAYOUT

This is your first major drawing assignment. You now get a chance to put together everything
you learned so far and apply it to a realistic drawing situation. Although this floor plan is
very simple compared to major architectural or engineering projects created in the industry,
it still features components of a professional drawing, just fewer of them, so you do not get
overwhelmed right away. Follow all instructions carefully and proceed slowly. Speed comes
later, when all the commands become second nature. Our goal is to draw the floor plan
shown in Figure 3.11.

This is a simple one-bedroom apartment. The kitchen is on the upper left, bedroom on the
upper right, bathroom on the lower right, and the living room right in the middle. There are
two closets, six windows, and six doors (kitchen has no door). The dimensions are only for
you to look at and use, not draw in yet, as we still have not learned them. The numbers in
the boxes are the door opening sizes. All walls are 5 in. thick.

Outlined next is a complete discussion on how to start drawing the floor plan, intended for

those students studying AutoCAD by themselves without an instructor. If you are taking a

class, your instructor will assist you but should essentially follow the same format. Once

you learn all the steps involved and build confidence, aim to draw it again in less than 60, L
then 30, and finally less than 10 minutes, starting from a blank screen. This may sound

unreasonable now, but that is the required industry speed and you will be able to get to that

quite soon with some practice. An outline of steps with additional information (if needed)

follows.

Basic file preparation

1. Open a brand-new AutoCAD file using the acad.dwt template. Save it as YourName_
AptProjectl.dwg. We start from the very beginning for practice purposes.

2. Set your units to Architectural using the Units command.

3. Set up layers: A-Walls (green), A-Windows (red), and A-Doors (yellow).

4. Load all your linetypes (we need them later). If you were to save and close this file
right now and use it later for another project, then it would be called a template, as first
explained in Chapter 2.

Starting the floor plan

Now that the basic file is set up, how would you start a drawing from the very beginning?
Well, there are a few ways. We could certainly draw line by line, but that is not too efficient.
Think back to your set of tools learned thus far. The best approach is to draw two rectangles.
One represents the outer walls and the other represents the inner walls.

5. Draw a rectangle that is 25'-1" wide and 24’-10" tall. Be careful. Use the correct method
of manual Relative Distance Entry or Dynamic Input, your choice. You can even just
use the Rectangle command, indicating the dimensions as allowed by one of the sub-
options. If you do it manually, you will start a rectangle, press Enter, left-click anywhere
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FIGURE 3.11
Floor plan layout.
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in the screen, and then type in @25'1, 24’10 exactly as written. If you use DYN, start the
rectangle and enter the values on screen, using the Tab key to hop between the first and
second values. If you use the Rectangle Dimension option, start the Rectangle, press d,
and enter its length and width when prompted. Once again, make sure the units are
Architectural or you will immediately run into problems.

Offset the rectangle 5” to the inside to create the inner walls (Offset command).

Explode both wall rectangles. This is needed to break apart the rectangles for use as the
basis for the interior walls. You should now have a total of eight individual lines, as seen
in Figure 3.12.
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FIGURE 3.12
Floor plan, Step 7.
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Drawing the inner wall geometry

As mentioned in Chapter 1, one of the biggest misconceptions beginners have about drafting
in AutoCAD is that they will spend lots of time drawing line after line. That expectation is
natural; after all, in hand-drafting that is exactly what you would do—pick up the pencil

and T-square and draw lines connecting them in intricate ways to create a design. Not so

in AutoCAD. You still draw lines occasionally, but most of the time, you use the Offset
command to create new geometry, such as in this case. For example, we use the inner main
walls as a basis for the room walls and offset as needed.

8.

10.

11.

Offset the inner left vertical wall 11'-10" to the right to create part of the kitchen

wall. Then right away offset 5” for the thickness of the wall. Repeat with the inner top
horizontal wall (offset 7'-10") to get the lower part of the kitchen. Offset 5” to the right
for thickness. Figure 3.13 illustrates this graphically.

Fillet the two sets of walls to create a sharp corner. This is where the Fillet command’s
advantage really shows. Follow it carefully, and select the two inner wall lines first, then
the outer.

Create a 2'-10" opening for the kitchen door. Once again use the Offset command.
Offset the inner wall 4'-8" to the right as shown on the plan. Then offset again 2'-10"
to frame the opening. Next trim it out by selecting all the lines using a crossing, pressing
Enter, and clicking on the lines you do not need. You will use this technique to create
the windows the same way.

Trim out the extra line where each inner wall meets the main wall. Figure 3.14 shows
you what you should see so far (be sure to ask your instructor if something is not
working out).
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FIGURE 3.15
Door and window symbols.

FIGURE 3.16
Creating the door symbol.
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Drawing the rest of the inner walls

If you understood the previous steps, then you should have a basic idea of what is needed to
draw the rest of the floor plan. It really is mostly similar. You of course have to get creative
on occasion, but just stop and think of the basic tools you have available. If it seems overly
complicated, you are doing it wrong. After the kitchen, go on to do the bathroom in the
lower right corner, then the bedroom and entrance. Here are some additional tips to help
you along:

e C(Create the openings for the doors and windows, but do the actual doors and windows
last. Be sure to use the correct layers.

e To create a door, first redo Exercise 3 of Chapter 1. Further instructions follow.

® To create windows, draw a rectangle with a line through it. Position into the window
opening. Both a door and a window are shown in Figure 3.15.

Some additional information on how to create the doors and windows is presented next.

The easiest way to create a door is to draw a rectangle of the needed size. The door sizes
vary somewhat throughout the floor plan, but the thickness is always 2". Start the Rectangle
command and click once where the door will go (use OSNAP accuracy). Then, relative to
that point, determine what to type in using Relative Distance Entry or Dynamic Input. Be
careful, as negative numbers may be involved.

So, in this example (Figure 3.16), a 36" door is created by placing a rectangle at the upper
right corner of the wall and typing in @-2, 36. Make a note of why it is a negative 2. If you
are using Dynamic Input, you still have to use negative numbers; you just type on the screen
and do not need the @ sign, but the rest still applies.
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FIGURE 3.17
Creating a door swing.

FIGURE 3.18
Creating a simple window.

To create the door swing, you can carefully position a three-point arc (as in the Chapter 1
exercise) or, as an alternative, create a circle based at the hinge point and with a radius of 36",
as seen in Figure 3.17.

Then, just trim the unneeded three quarters of the circle by using the top of the door and the
left wall as cutting edges.

The window is much easier to do. As stated before, just draw a rectangle in the window
opening and add a straight line across, then insert into the opening (Figure 3.18). Once
again it bears repeating, for both the doors and the windows, be sure to be on the correct
layer for each.
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SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 4:

Layers

O Basic concept and purpose
o Creating and deleting

o Current layer

Layer colors

O Setting and changing colors
o Index color

o True color

o Color Books

Layer Freeze/Thaw

Layer On/Off

Layer Lock/Unlock

Linetypes

o Loading and selecting
Properties palette

Match Properties

Layers toolbar

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 3.

B

©P NGO RON

B R R
N B O

What is a layer?

What are some of the main reasons for using layers in AutoCAD (list at least two)?
What typed command brings up the Layers dialog box?

List two ways to create a new layer.

How do you delete a layer?

How do you make a layer current?

What are the three available Color tabs?

What does freezing a layer do?

What does locking a layer do?

What are some of the linetypes mentioned in the text?

What are three ways to bring up the Properties toolbar?

What two other ways to change properties or layers were discussed?

EXERCISES

1.

In a new file, load all linetypes, then open the Layer dialog box, and set up the following layers, colors,
and linetypes. Then lock all E-layers, make A-Walls-New current, and freeze A-Text. (Difficulty level:
Easy; Time to completion: 7-10 minutes)

A-Walls-Demo, Gray, Hidden
A-Walls-New, Green, Continuous
A-Windows-New, Red, Continuous
A-Doors-Demo, Gray, Hidden
A-Doors-New, Yellow, Continuous
A-Shelves, Blue, Hidden
A-Furniture, Magenta, Continuous
A-Text, Cyan, Continuous
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A-Dims, Cyan, Continuous
A-Carpeting, Gray, Continuous
E-Outlets-Duplex, Red, Continuous
E-Switches, Red, Continuous
E-Switches-3way, Red, Continuous

2. Inanew file, leave units as Decimal; load all linetypes; set up layers M-Bracket, Hidden, and Center;
and assign them proper linetypes and colors of your choosing. Then draw the following mechanical
object. All dimensions are for your reference only; we will learn how to create them in Chapter 6.
(Difficulty level: Easy; Time to completion: 12—15minutes)
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3. Inanew file, leave units as Decimal; load all linetypes; set up layers M-Part, Hidden, and Center; and
assign them proper linetypes and colors of your choosing. Then draw the following mechanical object.
All dimensions are for your reference only; we will learn how to create them in Chapter 6. (Difficulty
level: Intermediate; Time to completion: 20-25 minutes)

0.88" 3/4 DRILL, 2 HOLES
. /

L
R0O.25" \
.
285" — @275 NB—-———— - * @3.75"
B
R A ey S
1
— ),‘__}7 125"
-t 6.60" e




CHAPTER 3
Layers, Colors, Linetypes, and Properties

4. In anew file, leave units as Decimal; load all linetypes; set up layers M-Part, Hidden, and Center; and
assign them proper linetypes and colors of your choosing. Then draw the following pipe assembly. All
dimensions are for your reference only; we will learn how to create them in Chapter 6. (Difficulty level:
Intermediate; Time to completion: 20 minutes)
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5. Often in design work you need to draw standard parts, because no CAD files are available. Such is
the case with the following electrical termination blocks, breakers, and thermostat equipment. In a
new file, leave units as Decimal and set up layer E-Part, assigning it any color you wish. Then draw
the electrical hardware. All dimensions are for your reference only; we will learn how to create them in
Chapter 6. Most of the internal geometry you will have to estimate. Be sure to use the Copy command
wisely to avoid duplication of drawing effort. (Difficulty level: Intermediate; Time to completion:

45 minutes)
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6. Valves are an important part of piping and instrumentation diagrams (P&IDs). In a new file, set up the
units as Architectural and set up layers M-Part, Hidden, and Center, assigning them proper linetypes
and colors of your choosing. Then draw the valve shown. All dimensions are for your reference only;
we will learn how to create them in Chapter 6. Be sure to use the Mirror command wisely to avoid
duplication of drawing effort. (Difficulty level: Intermediate; Time to completion: 60 minutes)
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In a new file, set up Architectural units, the correct layers (only A-Walls and A-Doors are needed),
and draw the following floor plan. Dimensions, text, and the solid hatch pattern are for clarity and
construction purposes only. We will learn them in an upcoming chapter. (Difficulty level: Intermediate/

Advanced; Time to completion: 60 minutes)
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Spotlight On:
Architecture

AutoCAD is the undisputed CAD software of choice among most architects, and indeed the
software finds its widest application in architecture and related fields. Therefore, it makes
sense to feature architecture in our first Spotlight On feature.

Architecture is the art and science of designing and constructing buildings and other physical
structures for human shelter or use. It is a far-reaching field that encompasses not only
construction and layout of structures but also some civil engineering, landscape design,
interior design, and project management.
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Architects are often described as a cross between engineers and artists. They not only
need extensive knowledge of statics, strength of materials, and construction methods and
codes but also artistic flair and well-developed aesthetics. Although architects often work
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with specialists to complete projects, many are well versed in electrical, plumbing, HVAC,
landscape, and lighting design. Add to that the necessary ability to manage projects and
deal with clients as well as financial and legal matters, and one can see that architecture is a
demanding and multifaceted profession.

It is also not an easy profession in which to get started. In the United States, a student needs
to complete a Bachelors of Architecture followed by a Masters of Architecture. Depending on
individual programs and how they are structured, this can take anywhere from five to seven
years. The student then has to gain work experience, often while earning a relatively low salary,
before being eligible to sit for the Architect Registration Examination (ARE), to be licensed

in the state of his or her residence. While earnings for partners and senior architects can be
substantial, it does take quite a while to get established and build a reputation and client base.

EBIU-@TIII

[}

Virtually all architects today have switched to computer-aided drafting, and a group of
CAD drafters is a common site in most offices. Drafting is time consuming, so most senior
architects focus on bringing in new business and creating top level concepts and designs,
leaving the details and drafting to junior architects and CAD designers (sometimes the
same person). This works out well, as junior architects have an opportunity to learn by
doing actual useful work while “learning the ropes” of the business. Acquiring cutting-edge
AutoCAD skills is therefore a great way to get your foot in the door of the profession.

According to the 2006-2007 Occupation Outlook Handbook, published by the U.S. Department
of Labor, the median salary of architects in the United States was $62,960, with the middle
50% earning between $46,690 and $79,770. For 10 years’ experience, the base compensation
level increases significantly to an average range of $62,608-$79,919; that range reaches
$72,678-%$96,928 for architects with 15 years’ experience.

Senior architects and partners typically have earnings that exceed $100,000 annually. It is not
unusual for an officer or equity partner to earn a base salary of $235,000, with a bonus of
$200,000. Due to the major stake in ownership that equity partners may have, they can earn
incomes approaching, and occasionally surpassing, seven figures.

So how do architects use AutoCAD, and what can you expect? A typical medium-sized project, such
as a residential home, will feature a set of plans that may include

® A-1 Site Plan: The property surrounding the structure.

® A-2 Demo Plan: What needs to be demolished to make room for the new design, if
applicable.

® A-3 Construction Plan: The actual design, which may have multiple floors.

® A-4 RCP: The reflected ceiling plan, which may include lighting.

® A-5 Electrical Plan: The outlets, switches, panels, and lighting, if not on the RCP or a
separate plan.

® A-6 Kitchen Elevations: Shows cabinets and appliances.

® A-7 Bathroom Elevations: Shows bath, shower, sink, and other features.

e A-8 Window and Door Schedule: Lists all doors/windows, and sizing, quantity, and the like.



A-9 Cellar: Shows basement or cellar plan, if needed.

A-10 Roof: Shows construction of roof beams, rafters, braces, joists, and other elements.
A-11 Wall Sections: Shows the various walls used, and their internal structure.

GN-1 General Notes: Describes the overall job and any special instructions to the contractor.
GN-2 Plumbing Riser Diagram: Describes flow of pipes and plumbing features.

S-1 Framing Plan: Describes the construction of the house frame.

S-2 Structural Details: Additional details of design; may be multiple pages.

Extensive use of AIA layering, or an in-house system based on it, is employed, as seen in
Figure 1. Figures 2 and 3 go into more detail.

SPOTLIGHT ON:

Architecture

FIGURE 2
Architectural details. (Images courtesy of RM Architect, PC www.rma-nyc.com)
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FIGURE 3
Residential architectural floor plan. (Images courtesy of RM Architect, PC www.rma-nyc.com)

You should also expect to see extensive use of advanced Level 1 and Level 2 concepts, such as

e Xrefs: The main plan is externally referenced to the electrical and RCP plans, Chapter 17.

e Paper Space: Each of the plans is a separate Layout tab, Chapter 10.

e Attributes: Found in the titleblocks, door and window schedules, and other elements,
Chapter 18.

Architectural drafting is a demanding and skill-intensive endeavor. Many jobs are started
with a survey of existing structures, if any exist. If the project calls for a brand-new building,
not a renovation, then only a site plan is needed and the design may be created right away.
Typically a building core is laid out (which then becomes the Xref), and the architect then
works on designing the internal details of the building. When the overall design is set, other
systems are added, such as electrical, plumbing, HVAC, security, fire protection, mechanical,
and much more. Corporate and commercial jobs are typically more involved than residential
ones, and some of the previously mentioned subsystems are applicable mostly to those.
Finally, extensive construction notes, details, and schedules need to be developed. The final
document set may feature 20-30 sheets, or more.

Several factors make architectural drafting challenging:

® A complex building design may use virtually all of AutoCAD'’s tools and concepts; you
need to be well versed in all of them. This means mastering every topic in Levels 1 and 2
of this book.

e There is a need for extreme accuracy, as the original design plans of the building structure are
the anchor for the rest of the design. Mistakes made early on will come back to haunt you.



e There is rarely a luxury of excess time. Architects bid on a job and must work within a set
budget. A slow draftsperson who is not proficient (or efficient) takes too long to create
the drawings and diminishes profits. Working fast and accurately is a must. Rarely do you
learn the basics and are allowed to mature “on the job” anymore; it is just too expensive
for a small architecture office.

In spite of these challenges, or maybe because of them, architectural drafting is enjoyable
and rewarding, especially if you are a new graduate and picking up knowledge in your
profession along the way. Even if you just do non-design drafting, the pay is good (salaries
vary from $35,000 to $55,000 and up), and you will acquire some frightening AutoCAD
skills very quickly in this fast-paced environment. Most of today’s AutoCAD experts
(including the author) can trace their roots to using AutoCAD in architecture; it is the cutting
edge of computer-aided drafting.

SPOTLIGHT ON:
Architecture
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CHAPTER

Text, Mtext, Editing,
and Style
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LEARNING OBJECTIVES

Text allows your design to communicate beyond what just a line drawing can. In this
chapter, we introduce Text, Mtext, Style, and Editing and discuss the following topics:

Text

Properties and applications of Text
Editing all types of text

Mtext

Properties and applications of Mtext
Mtext formatting

Mtext symbols

Style

Spell Check

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00004-5
© 2011 Elsevier Inc. All rights reserved.
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At the end of this chapter you will be able to annotate your floor plan as well as add
additional features, such as furniture and stairs.

Estimated time for completion of chapter: 2 hours (lesson + project).

4.1 INTRODUCTION TO TEXT AND MTEXT

Adding text to your AutoCAD drawing is the next logical step once you learn how to create
and edit basic designs. After all, the purpose of most drawings is to describe how to build
something or show what a design looks like. Text goes a long way in assisting in this and,
along with dimensions, is usually the next item to be added to a new design.

Text in AutoCAD comes in two versions: regular Text (single line text) and Mtext (multiline
text). We look at how to create and edit both types. We then look at how to choose and set
fonts and conclude the chapter by adding text to the previously designed floor plan.

4.2 TEXT

The first type of Text command we cover is regular Text. This is your basic text creation
command, and it creates a text field anywhere you click on the screen, into which you can
type whatever you need to. It does have a carriage return that goes to another line upon
pressing Enter, so you need to press Enter twice to get out of the field. While an unlimited
number of lines of text can be typed, typically regular text is used for only a single line as
multiple lines of text are not joined together in paragraph form and cannot be formatted to
any extent. Let us summarize:

e Text is used mostly when only one or several lines are needed.

e The text cannot be formatted or any effects added, beyond underlining and few other
minor effects.

e Multiple lines of text are not in paragraph form, rather they remain individual lines.

Open a new file, bring up the Text toolbar (Figure 4.1), and let us create a few sample lines.

Keyboard: Type in text and press Enter
Cascading menus: Draw—>Text—=>Single Line Text

Toolbaricon: Text toolbar AI

Ribbon: Home tab—=>Multiline Text—=> AI

Step 1. Begin the text command via any of the previous methods.
o AutoCAD says:
Current text style: “Standard” Text height: 0.2000 Annotative: No
Specify start point of text or [Justify/Stylel:
Step 2. Left-click anywhere on the screen.
O AutoCAD says: Specify height <0.2000>:
Step 3. Enter a new height if desired, say 1.0, and press Enter.
O AutoCAD says: Specify rotation angle of text <0>:
You can rotate the text, but there really is no need to, so just type in 0 for now, and
press Enter.

[AALE ARIRGH

FIGURE 4.1
Text toolbar.
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Step 4. A text field opens up with a blinking cursor. Go ahead and type something, pressing
Enter once to go to the next line or twice to finish. Figure 4.2 shows what the basic
text looks like. If yours is a different size, you may have to zoom in or out to fit it
nicely on the screen.

The text is still rather simple; we have not yet addressed font, sizing, or any effects. Notice
that the text is on three separate lines. You can move, copy, or erase any of the two lines
without affecting the other. So how would you edit this text?

Editing Text

Editing, or changing, what the text says is very simple and is the same procedure for both Text
and Mtext, so we go over it right away and you can apply it from now on. The easiest way to
edit the text is to double-click on it, which opens the text field. This is such an overriding and
best method that we do not present a command matrix, as the only other way is to type in
ddedit (or use the appropriate Edit... icon; see Figure 4.3), but this method is rarely used.
However, remember ddedit for Chapter 6. It is the only way to change dimension text values,
so you will need it eventually, just not yet. When you are done editing, just press Enter again.

Here is a trick with regular text that you will not hear about much anymore. If you want to
underline it, type in %%u just before the text string you want underlined. This old code dates

i

FIGURE 4.3
Edit... icon.
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back to DOS days, and it will automatically and immediately add an underline to your basic
text. You can also experiment with %%c, %%p, and %%d. See what those three do. None of this
is needed with Mtext, as discussed next.

4.3 MTEXT

Mtext is multiline text. In other words, this is the command you use when you anticipate
typing in a paragraph as opposed to one or two lines, and more important, you require some
advanced formatting and effects. As of AutoCAD 2010, it even has Spell Checker built in.
Many designers use Mtext for all their text needs, just in case formatting needs to be applied
to even just one word. The only downside is that it takes a few seconds longer to set up and
the features make it a more complex command. The idea here is to define an area where your
text will go. Once you do that, the new paragraph fits into that area.

Let us summarize the Mtext features and try the command:

Used primarily for writing paragraphs.

Has extensive formatting and editing features.
Has an extensive symbol library and Spell Check.
Can accept extensive text importing

Keyboard: Type in mtext and press Enter
Cascading menus: Draw—>Text—>Multiline Text...

Toolbaricon: Text toolbar A
Ribbon: Home tab->Multiline Text> A

Step 1. Begin the Mtext command via any of the previous methods
O AutoCAD says: Current text style: “Standard” Text height: 0.2000
Annotative: No
Specify first corner
Step 2. Left-click anywhere on the screen, noticing the abc next to the crosshairs. A rectangle
with an arrow appears, as shown in Figure 4.4. Continue to move your mouse down
and across to the right, making the rectangle bigger. This is your text field; make it as
large or small as you need it to be to hold all the text. As you do this,
o AutoCAD says: Specify opposite corner or [Height/Justify/Line
spacing/Rotation/ Style/Width/Columns]:
Click again when you have defined the field.

ahe

W

FIGURE 4.4
Mtext field.
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Here AutoCAD 2011 throws you a bit of a twist. If you are not using the Ribbon, you will
see the text field with a toolset just above it (but not attached to it), as seen in Figure 4.5,
where you can type in your text, pressing Enter to go to the next line. To finish up, press
OK in the upper right of the toolset or just click anywhere outside the field. We will go over

some of the tools in a moment, but what if you have the Ribbon up?

If you are using the Ribbon, the formatting duties are transferred completely to the Text

Editor tab, and all you see below it is the text field, no toolset, as seen in Figure 4.6 (though

you can bring it back, as shown later). The functionality is essentially the same, only the
presentation differs. We cover Mtext’s extensive formatting tools in the next section.

Formatting Mtext

First of all, notice something: If you click on Mtext, it remains a paragraph, a big difference
from a few lines of regular text. To edit Mtext, as already mentioned, you do the same thing

as for regular text; that is, double-click on it, use the icon, or type in ddedit. Now, on to
formatting. Mtext has a lot of additional features, and once you input the text, you can

modify it significantly. There is some intent here to mimic MS Word’s text editing abilities,
and although AutoCAD cannot really come close to a dedicated word processing program,
the available tools are still quite extensive. We take a look at the non-Ribbon toolset first and
cover the tools again (in less detail, since you already will know them) using the Ribbon'’s

Text Editor.
frextFormatting ]
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FIGURE 4.5
Text formatting (no Ribbon).
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FIGURE 4.6
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Text Formatting

Group 1 Group 2

FIGURE 4.7

Text formatting groups.

Text Formatting
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FIGURE 4.8
Mtext sample.

Looking at the Text Formatting toolbar from left to right, as shown in Figure 4.7, we have the
following groups:

Group 1. This is where you set name, font, and size, although this is generally done using
style, to be discussed later. You can also make the text annotative, to be covered in
Level 2.

Group 2. These are the standard Bold, Italic, Underline, Overline, and Undo/Redo buttons. This
is also where you set color, though that is usually done by layer. The Ruler icon
turns off the Ruler grid, the OK button closes the field, and the down arrow brings
up additional options, to be covered soon.

Group 3. Here you find a tool for making columns and some of the associated settings,
paragraph justification tools, as well as tools to change line spacing, numbering, and
fields.

Group 4. Here you find tools to change from upper to lower case (and vice versa), symbols (to
be discussed soon), oblique, width factor, and tracking tools.

You may be familiar with most of these if you ever typed a document in MS Word"”. Just like in
Word, you can highlight the text to which you want the changes to apply. Experiment with the
buttons to see what they all do. Notice also how Arial is the default font in AutoCAD 2011.

There is more to the Mtext command than just the main toolbar seen in Figure 4.8, although
it does contain most of the often used commands. Two additional menus are accessed by
either right-clicking while inside the Mtext box or pressing the @ symbol icon in Group 4. We
cover this @ menu first; it introduces a vast array of available symbols.

Here is what the menu looks like (Figure 4.9). Look at it closely; it has interesting and useful
options. In engineering and science, one typically encounters many industry- or trade-specific
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FIGURE 4.10
Character map.

symbols. AutoCAD provides a significant database of them for your use. Browse through and
try them all by clicking and making them appear in your text field.

In case none of those symbols is what you are looking for, there are more. At the bottom of
the menu, click on Other.... A character map appears, as shown in Figure 4.10.
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FIGURE 4.11
Mtext right-click menu.

It is similar to the character map used by MS Word and functions the same way. This is

basically a database of available letters (in English and several other languages) as well as
symbols and characters. The choices change somewhat from font to font. To use this tool,
simply click on a symbol you want (it will temporarily increase in size so you can examine it
closer), and press the Select button. Then, minimize the Character Map box (or close it if you

do not need it any more), and right-click to paste back into your Mtext field.

Character maps are generally for symbols not found in the main list of the drop-down table

(Figure 4.9). If you see the symbol you want there first, use it.

To introduce the final menu, right-click in the Mtext field and you will see the menu in

Figure 4.11.

Some of these menu choices duplicate what is already seen in the main Mtext menu bar, and
you can access all the symbols through here as well. Aside from some Cut and Paste choices,

this menu just presents an alternate way of making option selections.

As mentioned before, Ribbon users are presented with essentially the same formatting tools
but in a rearranged manner. Figure 4.12 is the Ribbon's Text Editor again with the various

drop-down menus “thumbtacked” (by clicking the tack symbol) on the drawing canvas:

e Style: Annotative and size can be changed here.

e Formatting: Bold, italics, underline, overline, font, color, background mask (color),

oblique, spacing, and width factor can be changed here.
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FIGURE 4.12
Ribbon Text Editor, thumbtacked.

Paragraph: Justification, line spacing, bullets, and numbering can be changed here.
Insert: Columns, symbols, and fields can be changed here.

Spell Check: You can run the Spell Checker and set dictionaries and settings here.
Tools: Find and Replace, Import Text, and AutoCAPS are found here.

Options: Here you can make the Editor toolbar come back (AutoCAD never really gets
rid of anything), add the Ruler grid, and use the Undo/Redo. You can also change the
background of the Editor to opaque.

® C(Close: Closes the Editor, similar to the OK button.

4.4 STYLE

The idea behind the Style command is very straightforward. Pick a font, give it a name and a
size, and use it throughout your drawing. Drawings typically use only one font throughout
the main design, and perhaps another fancier one in the title block area for logos and other
designations, so it makes sense to set one style and stick to it. You have already perhaps
changed the font while learning the Mtext command, but it was only for that instance. You
need to make sure that font is set globally, meaning for the entire drawing.
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Prior to AutoCAD 2009, changing the font right away was a necessity, as the default font
(Simplex) was unattractive and rarely used in practice. With AutoCAD 2011 and the previous
two releases, the default font is Arial (though the default size is still 0.2), so you may want to
stay with this popular font and not change it. If you need to, however, here is the procedure.

Keyboard: Type instvle and press Enter
Cascading menus: Format—>Text Style...

Toolbaricon: Text toolbar &’
Ribbon: Annotate tab=> Arrow

Whichever method you use, the Text Style dialog box of Figure 4.13 appears.

Taking a look at this dialog box, let us say Arial is not what we want here; we would like to
set a RomansS font that is 6” high instead. To do this, we need to go through the following
three steps:

Step 1. Press the New... button and type in the name and size of the font: RomanS_6.

Step 2. Pick romans . shx from the Font Name: drop-down menu.

Step 3. Highlight the 0.0000 in the Height field and type in 6 (no need for the inch
symbol). Press Apply and Close.

All text that you type from now on will be RomanS 6” font. To create another font just repeat
these steps. To size your font up and down, you can also create new font styles, but in this
case it may be more practical to just use the Scale command.



104

LEVEL 1
Chapters 1-10

= Text Style ’

Current text style: Standard
2 Font =
A nate E e Font Stgle: | Set Current [
atandar —
5t [T Aval ~]  [Regulsr = _
HNew...
e |
~Size———
I~ Annotative ) Height
I | Match test oriertation |u.unan T
o [ayout : :
4l styles =l ~ Effects
|1_amn
I Backwards : =
AaBbCcD Qb g
[T | Verical In

ey | [ Cancel | el |

FIGURE 4.13
Text Style dialog box.

The additional options in the Style dialog box are not used that often but review them just in
case. A list follows. All effects can be previewed in real time in the Preview box in the lower right.

Upside down: Flips the text upside down.

Backwards: Flips the text backwards.

Vertical: Stacks the text vertically.

Width Factor: Widens the text if (>1), narrows text if (<1).

0blique Angle: Leans the text to the right if positive (+) and to the left if negative (-).
Annotative: An advanced topic for Level 2.

4.5 SPELL CHECK

This section briefly describes AutoCAD's in-place, stand-alone spell checking abilities. Yes,
AutoCAD does have a Spell Checker, and why not? For the price the software costs, it better.
It is very easy to use, so let us try it out on the misspelled phrase shown in Figure 4.14.

The first thing you notice is that the misspelled word (jumped) is underlined by a dotted red
line. If you right-click on the word while in Editing mode, you get the in-place spell check with
suggestions (Figure 4.15). Simply select the word you want to correct to and AutoCAD obliges.

Now what if you already have a significant amount of text (perhaps from an import) and
need to spell check it? Then you can use the stand-alone utility, as described next.

Keyboard: Type in spell and press Enter

Cascading menus: Tools=>Spelling
ABC

Toolbaricon: Text toolbar ¥

ABC
Ribbon: Annotate tab=>Check Spelling v

Using any of these methods, the Check Spelling dialog box appears, as seen in Figure 4.16.
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The quick brown fox jmped over the lazy dog

FIGURE 4.14
Misspelled word.

The quick brown fox jr

d over the |lazy dog
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FIGURE 4.15
In-place Spell Checker.

¥ Check Spelling

FIGURE 4.16
Check Spelling.
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FIGURE 4.17
Check Spelling initiated.

Using the drop-down menu of the Check Spelling dialog box, you can select specific
paragraphs or lines of text, or just press Start to initiate Spell Checker for all the text in the
drawing. In any case, Check Spelling appears as in Figure 4.17.

Much like with the MS Word spell checker, you can run through some options, such as
ignoring the word, changing it, or adding it to the dictionary so it is not flagged again (good
for names and acronyms). There is even a variety of languages available. When done, Spell
Checker tells you, and you can close it.

4.6 IN CLASS DRAWING PROJECT: ADDING TEXT AND
FURNITURE TO FLOOR PLAN LAYOUT

Let us now apply what you learned to our floor plan. Shown in Figure 4.21 is the same floor
plan you have worked on in Chapter 3, with the addition of text in the rooms and closets
(with dashed lines indicating closet shelves) as well as new furniture and appliances.

Some general tips:

e Make up your own layers and colors for each set of data, making sure the names are logical.
For example, call kitchen appliances something along the lines of A-Appliances and so on.

e None of the furniture is drawn to scale, so approximate but draft everything correctly,
connecting all lines with OSNAP and using Ortho for straight lines. Most shapes are
based on rectangles.

® Save your work often.

Also some specific drawing tips:

e All kitchen furniture on the left is formed using basic rectangles, drawn to no particular
size. To create the range top burners with the four even circles, you need to draw one as
shown in the following sequence using two circles and two lines, then mirror it using
midpoints of the range itself, as seen in Figure 4.18.

e To create the table you could use a rectangle with a small guideline sticking out of the left
vertical side. That could be the anchor for the second point of the arc. Then a Mirror and
an Explode command allows you to erase the unneeded parts, as seen in Figure 4.19.

® You may occasionally need a new OSNAP point called nearest. It creates shapes (usually
new lines) along random spots of previous geometry. In a sense near is the exact opposite
of the precise end, mid, and other points you learned. Near simply shadows a line or any
object and allows you to begin a new object anywhere along that perimeter. We do not
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FIGURE 4.18
Constructing the range top.

FIGURE 4.19
Constructing the table.
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FIGURE 4.20
Near OSNAP.

generally leave near running along with the other

OSNAP points, as it makes using them more difficult; TIP 6: If you draw your hidden lines
rather, just type it in (NEA) or use the toolbar as for the closet shelving and they look solid not
needed. An hourglass figure appears; just click on dashed, then the problem may be incorrect linetype
wherever you want to start the stair line. Figure 4.20 scaling, a common error to watch out for. Type in
is a screen shot of NEAr in action. Itscale, press Enter, and input a new value (a larger
e Draw rectangles around each of the room text fields; one, since your floor plan is bigger than the default
we need this later for hatch. original space of 8.5” X 11”). Do this a few times
e The bathtub is done using the basic Ellipse until you get it to look just right.

command, introduced in Chapter 2.

Finally we have two more tips. Tip 6 has to do with 1tscale, something briefly mentioned in Chapter 3. Tip 7
shows you how to get rid of the UCS icon, something many students ask about. Figure 4.21 shows the floor plan
with furniture and appliances.
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TIP 7: Want to get rid of that pesky
Universal Coordinate System icon hanging out
in the drawing area? It is somewhere near the lower
left-hand corner of your screen, looks like a big L, and
has a Y and an X on its tips. To make it go away, type
UCSICON, press Enter and then type in OFF. Of course,
if it does not bother you and you actually like it there,

then ignore this whole tip.

KITCHEN

BEDROOM
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@ LIVING/DINING ROOM ! I

FIGURE 4.21
Floor plan layout 2.
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SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 5:

Text

O

Creating basic text

Mtext

O

Creating basic Mtext

Mtext formatting options

o o0 0 0O 0 ©

E
o

O

Bold
Underline
Italics
Justification
Symbols
Other

diting text
Double-click
ddedit

Style

o]
o]
o]
o]
o]

Font name
Font type
Font size
Width factor
Oblique angle

Spell Checker

Tips 109

Tip 6: If you draw your Hidden lines for the closet shelving and they look solid not dashed,

then the problem may be incorrect linetype scaling, a common error to watch out for.
Type in LTSCALE, press Enter, and input a new value (a larger one, since your floor
plan is bigger than the default original space of 8.5” X 11”). Do this a few times until
you get it to look just right.

TIP 7: Want to get rid of that pesky Universal Coordinate System icon hanging out in the

drawing area? It is somewhere near the lower left-hand corner of your screen, looks
like a big L, and has a Y and an X on its tips. To make it go away, type UCSICON, press
Enter and then type in 0FF. Of course, if it does not bother you and you actually like it
there, then ignore this whole tip.

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 4.

1.

© P NGO RON

2
°

What are the two types of text in AutoCAD? State some properties of each, and describe when you
would likely use each type.

What are the two methods to edit text in AutoCAD?

What feature allows you to add extensive symbols to your Mtext?
What are the three essential features to input when using Style?
What is the width factor?

What is an oblique angle?

How do you initiate Spell Check?

What new OSNAP is introduced in this chapter?

How do you get rid of the UCS icon?

What can you do if you cannot see the dashes in a Hidden linetype?
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EXERCISES

1. Open a blank file and create a new style called RomanS_2; choose font: RomansS, height: 2”, and
width factor: 0.88. Then create the following table using basic linework (distances between horizontal
lines are 4”). Finally, fill it in with the data shown using your choice of Text or Mtext commands.
(Difficulty level: Easy; Time to completion: 20 minutes)

LIST OF MAIN PARTS

ITEM| QTY DESCRIPTION SZE | DWG. NUMBER
1 | 1 |SKID ASSEMBLY A1 | 83006

2 | 1 [STRAINER ASSEMBLY A1 | 83008

3 | 1 |GENERATOR ASSEMBLY A1|59470-001
4 | 1 | GENERATOR ASSEMBLY D1 |59470—002
5 | 2 | POWER SUPPLY (OIL IMMERSED) B1|58717-001
6 | 1 | POWER SUPPLY (OIL IMMERSED) B1|58717-002
7 | 1 |LOCAL CONTROL PANEL ASSEMBLY D1|83017—001
8 | 2 |LOCAL CONTROL PANEL ASSEMBLY A1|88017-002
9 | 1 [INSTRUMENT AIR ASSEMBLY A1|23022

10 1 AIR PUMP Al | 86584

2. Draw the following set of P&ID (piping and instrumentation diagram) symbols. They are not to scale
and are approximated. Then enter the legend as shown next to the symbols. Use the Arial font of
appropriate size. (Difficulty level: Intermediate; Time to completion: 40-60 minutes)
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SYMBOL LEGEND
r VENT Y DRAIN, FLOOR
——  BALVALVE @ INTERLOCK LOGIC
TURBINE ELEMENT
—IN— cHEcKVALVE
A 3.wAY SOLENOID VALVE D e
[SIII SOLENOID ACTUATOR
—>—  REDUCER
£ DIAPHRAGM ACTUATOR
(YD)  INSTRUMENTS SHARING COMMON
[B—  PNEUMATIC ACTUATOR HOUSING
[% NEEDLE VALVE NORMALLY OPEN B soreen

—p—p—  INSTRUMENT AIR 20 PSI
s—s  FILLED CAPILLARY

ELECTRICAL LINE, POWER/CONTROL
DIAPHRAGM SEAL ——— INSTRUMENT ELECTRICAL LINES (SIGNAL DIGITAL)

REGULATOR VALVE,
SELF CONTAINED, INTERNAL
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3. Open a new file, set up Architectural units, create the proper layers and colors, and draw the following
floor plan. The dimensions are only for construction purposes and the solid hatch is for clarity.
(Difficulty level: Intermediate; Time to completion: 60-90 minutes)

— 21 ] P 11! o |

ALLWALLS ARE &' 410
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LEARNING OBJECTIVES

Hatch patterns allow you to indicate a variety of surfaces, from wood to concrete, on
your design. In engineering, they are also used to indicate cross section surfaces.
In this chapter we introduce the Boundary Hatch and discuss the following;:

e Hatch fundamentals

Picking patterns

Picking area or objects to hatch
Adjusting scale and orientation
Working with hatch patterns
Gap tolerance

Gradients and solid fills

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00005-7
© 2011 Elsevier Inc. All rights reserved.
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At the end of this chapter, you will be able to add hatch patterns to your floor plan.

Estimated time for completion of chapter: 2 hours (lesson + project).

5.1 INTRODUCTION TO HATCH

This is a chapter on the concept of Boundary Hatch or just Hatch for short. This is simply
a tool for creating patterns and adding fills to your design. These are not merely decorative,
rather they serve an important function of indicating types of materials, ground and floor
coverings, and cross sections. As such, this topic is quite important and is the next logical
concept to master in AutoCAD.

We cover hatch patterns in two sections. The first is with the Ribbon turned off, which
makes the Hatch command default to the classic dialog box seen in Figure 5.1. It is easier
for a beginner to visualize hatch concepts via this method. It was also the only way to access
Hatch up until AutoCAD 2011, good to know if you are using an older version of AutoCAD.
With the 2011 release, Hatch can be accessed with the Ribbon only (if it is turned on).

The Ribbon essentially duplicates the Hatch dialog box, with maybe a few more bells and
whistles; we cover this approach as well.

Hatch patterns are not an AutoCAD invention. In the days of hand-drafting, there was also a
need to visually indicate what sort of material one was looking at. Architects and engineers

P Hatch and Gradient
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FIGURE 5.1
Hatch and Gradient dialog box.



CHAPTER 5
Hatch Patterns

created easy to understand repeating patterns that somewhat, if not closely, resembled the
actual material or at least gave you a very good idea of what it was. Just a few of the uses of
hatch patterns follow:

Architecture

® Brick: An important and popular pattern to render the exterior and (sometimes) interior
of buildings. AutoCAD has numerous brick patterns available.

e Herringbone, parquet: Important for flooring designations.

e Honeycomb: Insulation designation.

Civil Engineering

e Concrete, sand, clay, earth, gravel: All used in designating surfaces in civil and site plan
design.

Mechanical Engineering

e Various ANSI diagonal patterns: Used to designate the visible inside of an object cut in
Cross section.

With AutoCAD, creating these patterns is easy, as they are all pre-drawn and saved in a
library that is called up anytime you use the command. Often a designer can purchase or
download additional patterns, if the basic ones are inadequate. You can even make your own
and save them for future use, although this is a tedious process and is only briefly covered in
Appendix D.

5.2 HATCH PROCEDURES

At the most basic level, AutoCAD’s Hatch command requires only four steps: 115

Step 1. Pick the hatch pattern you want to use.

Step 2. Indicate where you want the pattern to go.

Step 3. Fine-tune the pattern by adjusting scale and angle (if necessary).
Step 4. Preview the pattern and accept it if OK.

Memorize the four steps and their sequence; this will help you when looking at the Hatch
command dialog box.

Before we get into the details, it goes without saying that you first need something to hatch.
The command will not work on a blank screen or a bunch of unconnected lines. You need
a closed area (although later on we violate that rule), and the easiest to do is a circle or
rectangle. Open a new file and draw either of the two shapes. Follow the steps carefully as
described next. All advanced Hatch functions flow from these basics.

Step 1. Pick the Hatch Pattern You Want to Use

Keyboard: Type in hatch and press Enter
Cascading menus: Draw—>Hatch...

Toolbaricon: Draw toolbar

Ribbon: Home tab=>Hatch

With the Ribbon turned off (Tools— Palettes—Ribbon), begin the Hatch command using
any of the previous methods. The Hatch and Gradient dialog box appears (Figure 5.1). At
the bottom right of the dialog box is an arrow that expands or collapses additional options.
Make sure it is expanded, as seen in the figure.
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Hatch Pattern Palette.
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FIGURE 5.3

Other Predefined tab.

Now select a pattern. The choices are listed in the upper left of the dialog box under the
heading Type and pattern. Below that are three fields called Type, Pattern:, and
Swatch:. Leave Type as predefined and move down to the next one. If you use Pattern:,
then you select the pattern by name; if you pick Swatch:, patterns are selected visually, a
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FIGURE 5.4
Step 1 completed.

much better option. Click on the diagonal lines to the right of Swatch: (or the little box
with the three dots to the right of Pattern:) and a new box, called the Hatch Pattern Palette,
appears (Figure 5.2).

Take a look through the tabs: ANSI, ISO, Other Predefined, and Custom. We have a use for
some of the ANSI patterns, not so much for the ISO ones, and Custom is where the custom-
defined patterns go if you are inclined to create them. Click on the Other Predefined tab, and
Figure 5.3 is what you see.

Scroll up and down the patterns. You will notice some of the ones mentioned at the start of
this chapter. Go ahead and pick one that you like, preferably one that is distinct and stands
out; AR-HBONE is a good choice and is used in this example. When you click on it, the
pattern is highlighted blue. Go ahead and click on OK. We are done with Step 1. The new
pattern choice is reflected in the Swatch area, as seen in Figure 5.4.

Step 2. Indicate Where You Want the Pattern to Go

There are two ways to indicate where to put the pattern, either by directly picking the object
that will contain the pattern or by picking a point inside that object. The difference is very
simple. If the object actually is an object made of joined-together lines and is one piece (such
as your rectangle or circle), then it can be picked directly. If not, and the “object” is really just
a collection of connected lines defining an area, then the best way is to pick a point in the

117
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middle of that area; and indeed this is the more common situation. The pattern then behaves
like a bucket of paint spilled in the middle of the room. It flows outward evenly and stops
only when it hits a wall. Once again, no holes or gaps are allowed yet; that is addressed later.

In the Boundaries section of the dialog box (top middle), observe the two choices just
discussed and pick either one. The AutoCAD procedure is outlined next.

ADD: PICK POINTS
If you pick this option AutoCAD says:

Pick internal point or [Select objects/remove Boundaries]:
Click somewhere inside the object and AutoCAD says:

Selecting everything...
Selecting everything visible...
Analyzing the selected data...
Analyzing internal islands...

Press Enter and you will return to the Hatch dialog box with Step 2 completed.

ADD: SELECT OBJECTS
Alternatively, if you pick this option AutoCAD says:

Select objects or [picK internal point/remove Boundaries]:

Click on the object itself (not the empty space) and press Enter. You will return to the Hatch
dialog box with Step 2 completed.

Successfully picking a boundary can sometimes be tricky business. The existence of gaps,
118 no matter how small, can be a source of occasional frustration to designers; and until just

recently, it used to be difficult to tell where those gaps were hiding in order to fix them. As

of AutoCAD 2010, red circles now appear where the gaps are, aiding you in locating them,

but this all can be avoided in the first place by not doing sloppy drafting (i.e., not connecting

lines together properly). It is a sign of advanced AutoCAD skills when a complex area

hatches right the first time.

In cases where boundary selection is not successful, complex areas can often be broken down
to smaller ones by using lines to divide the area into smaller pieces and the non-problematic

portions hatched first, though this is a last resort. A few releases ago, AutoCAD added the Gap
Tolerance command that ignores gaps up to a preset limit. This is a great tool, which we cover
shortly, along with the entire gap issue in general, but it is somewhat of a “band-aid” and still
does not address the underlying sloppy drafting, but merely allows you to get away with it.

Remember “Garbage in = Garbage out”; it is essential to master the fundamentals of
AutoCAD drafting early on. The Hatch command is an “early warning” to students. If they
are having problems using it smoothly, they need to go back and refine their basic drafting
(linework and accuracy) skills.

Step 3. “Fine-Tune” the Pattern by Adjusting Scale and
Angle (if Necessary)

You are almost done and, at this point, could probably just press OK and finish the hatch
pattern; however, press Preview instead. It is found at the bottom left of the dialog box and
is generally a good habit to get into. What you see is your hatch pattern (if it is the right size)
with the object’s border in dashed lines (Figure 5.5).

If everything looks right (as it does in this example), AutoCAD says what to do next:
Pick or press Esc to return to dialog or <Right-click to accept hatch>
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FIGURE 5.5
Hatch preview.

~Angle and scale

O [ T | |
I~ Double I | Relative to paper space |
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S0 penwidts | =l
FIGURE 5.6

Angle and scale.
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Go ahead and right-click or press Enter.

Sometimes, however, the pattern is too big or too small. You can usually tell it is too big
by either not being able to see it or seeing a small part of it. If it is too small the problem is
worse, because you may not be able to finish the pattern at all. Instead, AutoCAD tells you
the following:

Hatch spacing too dense, or dash size too small. Pick or press Esc to
return to dialog or <Right-click to accept hatch>:

Nothing appears. In either case, press Esc once and you return to the dialog box. Under the
Angle and scale, change the scale to a larger or smaller number (by typing it in) and preview
it again. You may need to do this several times until the hatch pattern is just right. In the
same manner, you may adjust the angle of the entire pattern if desired. Angle and scale is
shown in Figure 5.6.

Step 4. Preview the Pattern and Accept It if OK

Finally you are done. Do one more preview and press OK. The sample hatch pattern should
look like Figure 5.7. Yours may or may not be similar depending of course on what pattern
and scale you selected, as well as what shape you used.

5.3 WORKING WITH HATCH PATTERNS

In this section, we mention some of the additional tools and concepts that pertain to hatch
patterns. First of all, the most basic question at this point is, how do you edit a hatch pattern
after you've created it? It is very easy: To edit a hatch pattern, simply double-click on it. Make
sure you get one of the lines of the pattern, not just empty space. You will see grips and the
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Editing the hatch pattern.

FIGURE 5.8
(Figure 5.1). If you are using the Ribbon (to be discussed shortly), you need to click only

different from previous releases of AutoCAD, where you were taken to the Hatch dialog box
once to edit the pattern.

standard Properties Palette (Figure 5.8); here you can change whatever you need to. This is



CHAPTER 5
Hatch Patterns

Hatch | Gradere]
i~ Type and pattern-

Type: [Fredefined =] =

Pattern: [arteone =] .|

Color:

Swalch:

Custom patterr;

~Angle and scale
jo |

FIGURE 5.9
Hatch (blue) and background (yellow) color selection.

Exploding Hatch Patterns

This may be one of the worst things you can do. Never explode hatch patterns; depending
on the size, they turn into hundreds of pieces that cannot be put back together again in the
same editable form. All the reasons designers give for exploding hatch patterns (making
them fit, trimming them, moving the containment border, etc.) can be addressed with
additional hatch tools.
121

Hatch Pattern Layers and Colors

Hatch patterns should be on a generic A-Hatch layer or whatever layer name best describes
what the pattern represents (A-Carpet, M-Cross-Sec, C-Gravel, etc.). Choose any color you
want for the hatch patterns, though you should not go with anything too bright, as it may
overwhelm the design. Shades of gray are common for cross sections in mechanical design,
as are various shades of rusty orange for brick. As a side note, hatch patterns can be easily
erased by the usual erasing methods. The patterns can also be moved, copied, rotated, and
mirrored, though there is rarely a reason to do so.

In AutoCAD 2011, you can now assign a color directly to a hatch pattern regardless of what
layer (and associated color) it is on. You can also assign a background color (solid, not a
gradient). To do this you can select both the hatch color and the background color (Figure
5.9) from two drop-down menus at the top left of the Hatch dialog box. The same steps can
be performed with the Ribbon. The result of the steps shown in Figure 5.9 is shown in
Figure 5.10.

Advanced Hatch Topics

Except for Gap Tolerance, we do not cover the rest of the options in much detail but
summarize some of them in an overview. Feel free to explore on your own; this is an
important part of learning AutoCAD and greatly enhances your confidence with the
software.

HATCH ORIGIN

This allows you to begin hatch patterns from a precise location (origin) as opposed to a
random fill-in. AutoCAD chooses the origin on the pattern itself, and you get to choose to
what point on the object that origin is aligned. Try it out.
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FIGURE 5.10
Hatch pattern with background.

A closed boundary cannot be determined.

the display area.

Red circles are temporarily displayed to identify possible gaps in the boundary, These circles can
commands,

There might be gaps between the boundary cbiacts, or the boundary obiects might be outside of
be removed with the REDRAW or REGEN

T Do nok ehow thic meseage again

FIGURE 5.11
Boundary Not Closed alert.

OPTIONS

o Annotative: Will not be covered until Level 2.

® Associative: Keep this checked. This simply means that if you move the border, the hatch
moves with it; very useful in case of future updates.

e (Create separate hatches: If there are multiple separate areas to hatch, this option keeps
them separate; sometimes useful, sometimes not.

e Draw order: This is exactly what it sounds like; it gives you options on how you want to
stack the hatch and its boundary. Check out the options in the drop-down menu.

e Inherit Properties: This option lets you borrow the features of another hatch pattern and
use them in a new pattern you are creating, saving you some effort and time in picking
out a pattern from scratch.

ISLANDS

This gives AutoCAD guidance in how to interpret boundaries inside boundaries (e.g., a chair
in the middle of your floor). It simply tells AutoCAD to ignore them or, if not, how to deal
with them. Try drawing another rectangle inside your first one and running through the
options represented by the pentagon shapes.

GAP TOLERANCE

This is a simple and popular new tool that was mentioned earlier. Simply set the tolerance to a
value big enough to span anticipated holes or gaps in your design and hatch as usual. Initially,
if your tolerance is set to 0 units and you try to hatch an area with a gap, you get Figure 5.11.



& The hatch boundary is not closed. What do you want to do?

< Continue hatching this area

The area will be hatched even though one or more gaps cxist.

= Do not hatch this area

FIGURE 5.12
Open Boundary Warning.

FIGURE 5.13
Hatch with gap tolerance.

Close the alert and press Esc to continue. Then, returning to the main dialog box, set a value
for the gap tolerance (you can use 10 for starters) and re-hatch the area. You get another
warning (which can be eliminated from future occurrence by checking off ATways perform
my current choice), as seen in Figure 5.12.

Select Continue hatching this area and AutoCAD temporarily closes the gap to
continue the Hatch command. After successful completion, the gap shows again but the
hatch remains, as seen in Figure 5.13. Some designers have used the command to ignore
door openings when hatching carpeting in floor plans. You can try this as well on your floor
plan later.

5.4 GRADIENT AND SOLID FILL

At the top left of the Hatch and Gradient dialog box, click on the Gradient tab. The left side
of the box changes while the right-hand side stays essentially the same, as shown in Figure
5.14. The gradient option is just a solid fill with some flair. You can choose the desired
pattern, in one or two colors, and adjust the Shade, Tint, Orientation, and Angle of the
gradient. The rest of the steps are similar; Pick point or Select object, Preview, and done.

Shown in Figure 5.15 is a possible use for gradient in rendering a brick wall. A brick pattern
was created and a brick-colored fill on top of each other. Note that you may need to use
Tools—Draw Order— Bring to Front from the cascading menu to position the brick above

the gradient fill (or the gradient fill behind the brick, depending on what you pick first). Try it.

Solid Fill

This fill is the first choice in Other Predefined (shown in Figure 5.16) and deserves special
mention as our final topic.

This solid fill is similar to a gradient but with no fancy color mixing, just one color. It is very
handy as a fill for walls, some types of cross sections, or any location where you want a dark
area. It becomes even more useful when paired up with a lineweight feature called screening,
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- Options-

o Annotative(E)

" Associative

" Create separate hatches
Diraw order:

|Send Behind Boundary |
Layer:

Transparancy:

[ o—

I Use Current ﬂ

lUse Current j

Objecttype:  [Poblre 7|

— Boundary set=

I Current viewport ™ I (LS I New

 Gap lolerance
Tolerance:

|'I 0.0000 uniits

= Irhetit options
' Use curent arigin

(" Uszs source hatch origin

| Preview |

:ﬁl Inhert Propetiies

Cancel Help

FIGURE 5.14
Gradient tab.

FIGURE 5.15
Brick wall using hatch and gradient.

which is discussed in detail in Chapter 19. It has to do with being able to fade out (or

screen) the intensity of any color (typically down to 30%) and is perfect for indicating “area

of work” on key plans, some types of carpeting, and even pavement on civil engineering

drawings.

A way to mimic this now without screening is to change the solid fill's color to Gray 9; a soft
gray haze is then seen that is distinct and visible, yet not overwhelming. If you are wondering

how the walls were filled in on the apartment drawing, this is how.
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FIGURE 5.17

Ribbon hatch.

AUEACAD 2011 - NOT FOR RESALE  Drawing2dwy

FIGURE 5.18
Selecting patterns.

The previous steps using the Hatch dialog box are essentially duplicated using the Ribbon.
Bring it back by typing in Ribbon (or Tools—Palettes—Ribbon via the cascading menus).
Draw a shape to hatch and begin the command in the same manner as before (typing,
Ribbon, toolbars, or drop-down menus); you will see the Ribbon switch to Figure 5.17. Here
you still have to pick the pattern by dropping down the menu, as seen in Figure 5.18. Note
how all the hatch patterns are present and you have no tabs anymore.
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FIGURE 5.19
Wall hatching.

You can then hover your mouse over the area and get an “instant preview” of the pattern
to get an idea of what you have. When you move the mouse away, the pattern disappears.
Selection of boundaries is all the way on the left, under Boundaries, and the fine-tuning is
in the middle of the Ribbon under Properties. Here, you can select the Scale, Angle (with
instant rotation via a slider), and Background Colors. The rest of the features, such as Gap
Tolerance, Origin, and others, are found under Origin and Options on the right.

Which method you use is entirely up to you, though if you have the Ribbon up all the time,
it makes more sense to continue using it for the Hatch command as well.

5.5 IN CLASS DRAWING PROJECT: ADDING HATCH TO
FLOOR PLAN LAYOUT

Go ahead and add hatch to the rooms of your floor plan, including the walls. Some tips follow.

To add hatch to rooms, freeze the A-Doors layer and instead draw temporary lines closing
off the door entrances. After hatching, remove the lines. You may also be able to use gap
tolerance set to at least 3 feet, but that is not recommended.

Make sure the hatch patterns are on the proper layers, whatever they may be (carpeting or
just hatch_1, hatch_2; you decide). You do not have to pick the hatch patterns shown, but
make sure they are reasonable and at the proper scale.

To fill in the apartment walls, freeze everything except the A-Walls and the hatch layer.

Then use the solid fill, color 9 as described earlier. If you created everything properly, there
should be no gaps or breaks in the wall islands. Check to make sure the windows are drawn
correctly, meaning the wall has to have an actual closed gap, into which the window is
inserted. Figure 5.19 shows what everything should look like prior to wall hatching (1) and
right after (2). The apartment is shown in Figure 5.20.
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FIGURE 5.20
Floor plan with hatch.

SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 6.

Hatch
Picking pattern

KITCHEN |

)
L’

BEDROOM

LIMNG/DINING ROOM

Selecting area or object
Scale and orientation adjustments

Preview

BATHROOM
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e Editing a hatch
O Double-click

e Additional options
o Islands
o Inherit properties
O Associative
O Draw order

e Gap tolerance

e Gradients and fill

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 5.

List the four steps in creating a basic hatch pattern.

What two methods are used to select where to put the hatch pattern?

What commonly occurring problem can prevent a hatch being created?

What is the name of a tool recently added to AutoCAD to address this problem?
How do you edit an existing hatch pattern?

What is the effect of exploding hatch patterns? Is it recommended?

What especially useful pattern to fill in walls is mentioned in the chapter?

NookrewbNR

EXERCISES

1. In anew file, create the following shapes and hatch patterns. Sizing and patterns are arbitrary, but
do try to duplicate what is shown as closely as possible. (Difficulty level: Easy; Time to completion:
3-5minutes)
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2. In anew file, create the following shapes and hatch patterns. Sizing and patterns are arbitrary, but
do try to duplicate what is shown as closely as possible. (Difficulty level: Easy; Time to completion:

3-5minutes)
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3. Open a new file and set units to Architectural. Create the following stair layout and hatch patterns. Any
sizes and dimensions that are not given can be estimated, as can the scale of the patterns. (Difficulty

level: Intermediate; Time to completion: 20-30 minutes)

—~ 24"

@ |/

24
X,
RS

o= 4

I—

-

<o
=

"0.C.

30°

- 24" MIN
wh 3
B a
B -

f~—— CONCRETE PIER

S 315" approx.

t

129



LEVEL 1
Chapters 1-10

130

4. Open a new file and set units to Architectural. Create the following layout of a set of cylinders.
Dimensions are provided, but sizing is of secondary importance to creating the hatch patterns. Notice
how gradients are used to depict curvature inside the pipe cross sections; a good trick to add realism
to 2D drawings. (Difficulty level: Intermediate; Time to completion: 20 minutes)
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In this chapter we will introduce the first part of AutoCAD’s extensive dimensioning
capabilities and discuss the following:

Linear (horizontal and vertical) dimensions
Aligned dimensions

Diameter dimensions

Radius dimensions

Angular dimensions

Continuous dimensions
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Baseline dimensions
Leader and Multileader
Arc Length dimensions
Ordinate dimensions
Jogged dimensions

o ddedit

o ddim

Dimension units
Dimension font
Dimension arrowheads
Dimension overall size

At the end of this chapter you will be able to add dimensions to your floor plan.

Estimated time for completion of chapter: 3 hours (lesson + project).

6.1 INTRODUCTION TO DIMENSIONS

Dimensioning in AutoCAD is a major topic, one that is so extensive that it is split into two
separate discussions. Here, we address the basics of what dimensions are, which ones are
available, and how to use and edit them. In Chapter 13, we look at extensive customization
and additional options. AutoCAD permits significant sophistication with dimensioning;
here, we cover only what is used most often to get you going quickly. In Chapter 13, we also
introduce a brand-new addition to the dimensioning family: parametric dimensioning and
the concept of constraints and dimension-driven design.

So what are dimensions? They are simply visible measurements of something for the
purposes of conveying information to the audience that will be looking at your design.

It is how you describe the size of the design and where it is in relation to everything else.
Dimensions can be “natural,” meaning they display the actual value, or “forced,” when they
display an altered value, such as when you dimension an object with a break line. The break
line indicates that a chunk was taken out to conserve space, yet the dimension still needs to
state the true value, which is entered manually.

6.2 TYPES OF DIMENSIONS

The first step in learning dimensions is to know what is available, so you can use the
appropriate type in any situation. The primary and secondary dimensions available to you
are shown next. Commit them to memory, as you may need many, if not most of them, on a
complex project.

Primary dimensions are the dimensions used most often by the typical architectural or
engineering designer:

Linear (horizontal and vertical)
Aligned

Diameter

Radius

Angular

Continuous

Baseline

Leader.
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FIGURE 6.1
Dimension toolbar.

Secondary dimensions are used less often or are quite specialized but still need to be
mentioned:

® Arc Length
e Ordinate
e Jogged

Let us take the primary list, one by one. Look them over and understand for what each is
used. Then draw the appropriate shape to practice with, and add the new dimension by
following the step-by-step instructions. We will, as always, use typing, toolbars, cascading
menus, and the Ribbon. Open a new file and bring up the Dimension toolbar (Figure 6.1),
adding it to the toolbars already on your screen.

Note an important point if typing dimensions: You need to type in dim and press Enter. This
gets you into the dimension subset. The command line then says Dim: and you can type in
whatever dimension you want to create (usually abbreviating by typing only the first few
letters, as shown) and press Enter again. The command then executes normally. So there is
an advantage to using other input methods here rather than typing, though the differences in
effort and speed are rather small. Remember also that you need to press Esc to get out of this
subset and back to the regular command line.

Linear Dimensions
These are any dimensions that are strictly horizontal or vertical (Figure 6.2).

133

Keyboard: Type in dim, press Enter, type in hor, press Enter
Cascading menus: Dimension—> Linear

Toolbaricon: Dimension toolbar H

Ribbon: Annotate tab=>Dimension—=>Linear 1

Step 1. Create a small to medium size rectangle or square, as seen in Figure 6.2, and begin
the Linear Dimension command via any of the previous methods.
Step 2. © AutoCAD says: Specify first extension line origin or <select
object>:
Turn on your OSNAPs, and using ENDpoint, select the left corner of the rectangle/
square.
Step 3. © AutoCAD says: Specify second extension line origin:
Again, using ENDpoint, select the right corner of the rectangle/square (we are
doing the horizontal one first).
Step 4. The Dimension appears.
O AutoCAD says: Specify dimension Tine location or [Mtext/Text/Angle/
Horizontal/Vertical/Rotated]:
Move the mouse up and down and click where you want the dimension to
go, usually a short distance from the object. It sets and the value is shown by
AutoCAD saying Dimension text = 4.4681 (your value will likely be different
of course).
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|—~— Horizontal ——‘

Vertical

FIGURE 6.2
Linear dimensions.

%

Aligned

o

FIGURE 6.3
Aligned dimension.

Note an important distinction with typing. Instead of setting the value in Step 4, AutoCAD
throws in one more step, allowing you to alter the dimension on the spot (forcing it). You
can enter a new value or press Enter to accept the natural one.

The previous linear dimensions are by far the most common in most drawings and are also
the basis for the continuous and baseline dimensions, to be covered later on. Be sure to also
run through the vertical version of the linear dimension, selecting the upper and lower right
(or left) corners of the rectangle/square. Next is the aligned dimension, which gives a true
distance of a slanted surface.

Aligned Dimension

This is a dimension that measures a slanted line or object (Figure 6.3).

Keyboard: Type in dim, press Enter, type in align, press Enter
Cascading menus: Dimension—> Aligned

Toolbaricon: Dimension toolbar A”"

Ribbon: Annotate tab—>Dimension—=>Aligned ‘\’

Step 1. Create a small to medium size rectangle or square and chop off a corner, as seen in
Figure 6.3. Then begin the Aligned Dimension command via any of the previous
methods.
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(@) Diameter

FIGURE 6.4
Diameter dimension.

Step 2. © AutoCAD says: Specify first extension line origin or <select
object>:
Turn on your OSNAPs and using ENDpoint, select the upper left start of the
slanted line.

Step 3. © AutoCAD says: Specify second extension Tine origin:
Again, using ENDpoint, select the lower right end of the slanted line.

Step 4. The Dimension appears.

o AutoCAD says: Specify dimension Tine location or [Mtext/Text/

Angle]: 135
Move the mouse up and down and click where you want the dimension to
go, usually a short distance from the object. It sets and the value is shown by
AutoCAD saying Dimension text = 2.9255 (your value will likely be different
of course).

Again, note an important distinction with typing. Instead of setting the value in Step 4,
AutoCAD throws in one more step, allowing you to alter the dimension on the spot (forcing
it). You can enter a new value or press Enter to accept the natural one.

The next two dimensions, diameter and radius, are essentially similar, though we cover them
separately for clarity. Note the primary difference: the symbol indicating diameter (@) and the
symbol for radius (R) prior to the value. Although you can set this up, by default there is no
line crossing the circle half-way (for radius) or all the way (for diameter), so you have to read
the values carefully and look for the appropriate symbol to know what you are looking at.
Also note the location of the values: They are at roughly the 10, 2, 4, and 8 o’clock positions
relative to the circle. Do not just stick them anywhere; hand-drafting rules still apply in CAD.

Diameter Dimension

This is a dimension that measures the diameter of a circle or an arc (Figure 6.4).

Keyboard: Type in dim, press Enter, type in dia, press Enter
C‘ascading menus: Dimension—=> Diameter

Toolbaricon: Dimension toolbar ®

Ribbon: Annotate tab—=>Dimension—=>Diameter ®
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(R) Radius

FIGURE 6.5
Radius dimension.

Step 1. Create a small to medium size circle, as seen in Figure 6.4. Then begin the Diameter
Dimension command via any of the previous methods.

Step 2. © AutoCAD says: Select arc or circle:
Pick the circle and the Dimension appears attached to your mouse.

Step 3. © AutoCAD says: Dimension text = 3.1357 (your value will likely be different of
course)
Specify dimension Tine location or [Mtext/Text/Angle]:
Position your mouse somewhere to the upper right of the circle (rarely inside,
usually outside) at 2 o’clock or at any of the other accepted positions and click.
The value and dimension set.

Again, note an important distinction with typing. Instead of setting the value in Step 3,
AutoCAD throws in one more step, allowing you to alter the dimension on the spot (forcing
it). You can enter a new value or press Enter to accept the natural one.

Radius Dimension
This is a dimension that measures the radius of a circle or an arc (Figure 6.5).

Keyboard: Type in dim, press Enter, type in rad, press Enter
Cascading menus: Dimension—>Radius

Teolbaricon: Dimension toolbar ®

Ribbon: Annotate tab—=>Dimension—=>Radius @

Step 1. Create a small to medium size circle, as seen in Figure 6.5. Then begin the Radius
Dimension command via any of the previous methods.
Step 2. © AutoCAD says: Select arc or circle:
Pick the circle and the dimension appears attached to your mouse.
Step 3. 0 AutoCAD says: Dimension text = 1.5679 (your value will likely be different of
course).
Specify dimension Tine location or [Mtext/Text/Angle]:
Position your mouse somewhere at the upper right of the circle (rarely inside,
usually outside) at 2 o’clock or at any of the other accepted positions and click.
The value and dimension set.
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FIGURE 6.6
Angular dimension.

Again, note an important distinction with typing. Instead of setting the value in Step 3,
AutoCAD throws in one more step, allowing you to alter the dimension on the spot (forcing
it). You can enter a new value or press Enter to accept the natural one.

Angular Dimension

This is a dimension for angles between two lines or objects (Figure 6.6).

Keyboard: Type in dim, press Enter, type in ang, press Enter
Cascading menus: Dimension—=>Angular

Toolbaricon: Dimension toolbar ﬁ-

Ribbon: Annotate tab—>Dimension—=>Angular /—‘l

Step 1. Create two lines spread out at a random angle, as seen in Figure 6.6. Then begin the
Angular Dimension command via any of the previous methods.
Step 2. © AutoCAD says: Select arc, circle, line, or <specify vertex>:
Pick both lines, one after the other.
Step 3. © AutoCAD says: Specify dimension arc Tine location or[Mtext/Text/
Angle/Quadrant]:
Drag the mouse out and move it around, selecting the best position for the new
dimension, and click when you find a spot you like. Be careful, as the supplement
of the degree value shows if you move behind the lines.
o AutoCAD says: Dimension text = 60 (your value may of course be different).

Again, note an important distinction with typing. Instead of setting the value in Step 3,
AutoCAD throws in one more step, allowing you to alter the dimension on the spot

(forcing it). You can enter a new value or press Enter to accept the natural one and position
the text.

Angular completes the basic set of new fundamental dimensions. Next we have continuous and
baseline, which are not really new, as we will see, but rather an extension (or automation) of the
linear dimension learned earlier. We then conclude with a leader—not so much a dimension
but a useful member of that family.

CHAPTER 6
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FIGURE 6.7
Continuous dimensions.

FIGURE 6.8

Setup for Continuous Dimensions.

Continuous Dimensions

These are a continuous string of dimensions (Figure 6.7).

A short explanation is in order, as continuous and baseline dimensions give new students
some initial problems. Continuous dimensions are nothing more than a string of familiar
horizontal or vertical ones. The idea here is to create one of those two types of linear
dimensions, then start up Continuous where you left off and let AutoCAD quickly fill them
in as you pick contact points. It is really the same as using Linear over and over again, but
faster and more accurate since it is automated.

The easiest way to practice the Continuous Dimensions is to draw a set of squares attached
to each other. These represent a simplified view of building and room walls. Basically draw
one random-sized square and copy it, endpoint (lower left corner) to endpoint, until you
have what is shown in Figure 6.8.

The next step is to draw one horizontal (it can also be vertical) linear dimension as you
already have done. Locate it about where you would like the entire string to go, as seen in
Figure 6.9.

This is the essential first step in creating both continuous and baseline dimensions. Now you
can practice Continuous as outlined next.

Keyboard: Type in dim, press Enter, type in cont, press Enter
Cascading menus: Dimension—=> Continue

Toolbaricon: Dimension toolbar rﬂ
Ribbon: Annotate tab—=>Continue H-l
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FIGURE 6.9
First step of Continuous Dimensions.
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FIGURE 6.10
Continuous Dimensions result.

Step 1. Once you have the squares and one linear dimension, start up the Continuous
command via any of the previous methods.
O AutoCAD says: Specify a second extension line origin or [Undo/
Select]
{Select>:
Step 2. A new Dimension appears. Pick the next point (corner) along the string of rectangles
and click on it (always using OSNAP points, no eyeballing).
o AutoCAD says: Dimension text = 1.9709 (your value may of course be
different).
You can continue this until you run out of objects to dimension; at that point, just
press Esc. Your result is shown in Figure 6.10.

As you are already aware, the difference between typing and the other methods once again is
the opportunity to enter a value other than what is given (force the dimension) when typing.
You then have to repeat the Continuous command (in other words, retype cont) to carry on.

Baseline Dimensions

These are continuous stacks of dimensions (Figure 6.11).

The Baseline Dimension, as mentioned before, is very similar. The goal is to make a neat
stack of evenly spaced dimensions that all start at one point (the base in baseline). To begin,
erase the previous continuous dimensions (leaving the squares), and once again draw one
linear dimension, as seen in Figure 6.12.

Keyboard: Type in dim, press Enter, type in base, press Enter
Cascading menus: Dimension—> Baseline

Toolbaricon: Dimension toolbar l::

Ribbon: Annotate tab—>Baseline I::
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FIGURE 6.11
Baseline dimensions.
— 2" o
FIGURE 6.12
First step of Baseline Dimensions.
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FIGURE 6.13
Baseline Dimensions result.

Step 1. Once you have the squares and one linear dimension, start up the Baseline
command via any of the previous methods.
o AutoCAD says: Specify a second extension line origin or [Undo/
Select]
{Select>:
Step 2. A new Dimension appears. Pick the next point (corner) along the string of rectangles
and click on it (always using OSNAP points, no eyeballing).
o AutoCAD says: Dimension text = 3.9417 (your value may of course be
different).
You can continue this until you run out of objects to dimension; at that point just
press Esc. Your result is shown in Figure 6.13.
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FIGURE 6.14
Leader.
FIGURE 6.15
Leader Step 3.
Leader and Multileader
This is an arrow and label combination pointing at something (Figure 6.14).
While a leader is not a true dimension by definition, it is still a very common and necessary 141

member of the dimension family. The values shown by the leader can be not only numerical
but also text comments from the designer, concerning the part or object to which it is pointing.

Leaders are so important that AutoCAD has given them a major rework in recent releases.
We go over the two main options in increasing order of complexity, starting with the basic
Leader command, followed by the more feature-rich Multileader, with its Add, Remove,
Align, and Collect options.

LEADER COMMAND

Step 1. Draw a small box on your screen, making sure Ortho is off. Type in the command
leader and press Enter.
O AutoCAD says: Specify leader start point:
Step 2. Click with OSNAP precision on your shape, perhaps a midpoint on the top side, as
seen in Figure 6.14.
o AutoCAD says: Specify next point:
Step 3. Move your mouse at a 45° angle away from the first point and click again at a
reasonable distance away. You created the leader line and arrowhead seen in Figure 6.15.
o AutoCAD says: Specify next point or [Annotation/Format/Undo]
<Annotation>:
Step 4. Turn Ortho back on and draw a short line to the right, clicking when done; this is
your horizontal landing, as seen in Figure 6.16.
o AutoCAD says: Specify next point or [Annotation/Format/Undo]
<Annotation>:
Step 5. You are done, so press Enter.
o AutoCAD says: Enter first Tine of annotation text or <options>:
Type something in, pressing Enter if you wish to do another line, and Enter again if
you are done, as seen in Figure 6.17.
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FIGURE 6.16
Leader Step 4.

Rectangle
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FIGURE 6.17
Leader Step 5.
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FIGURE 6.18
Multileader toolbar.

MULTILEADER

This method is relatively new and is meant to add more flexibility and usefulness (and
inadvertently some complexity) to the Leader command. You need to bring up the
Multileader toolbar, seen in Figure 6.18.

There is something new to Multileader that you did not have with the basic one. You can set
up a multileader style, so all leaders have the exact look you want. In our sample case, we
give our multileader a bubble in which to add text. Press the very last button on the right
(mleader with a paint brush) and the dialog box in Figure 6.19 appears.

Press New... and give the multileader a name, such as Sample Style, and press Continue. You
are taken to the Modify Multileader Style dialog box (Figure 6.20). Examine the three tabs,
Leader Format, Leader Structure, and Content, carefully. Most of the options are reasonably
self-explanatory, and you will see some of them again later on. Under the Content tab, select
Multileader type: as Block and Source block: as Detail Callout. Finally press OK, Set Current,
and Close.

Now let us try out our new multileader style.

Keyboard: Type in mleader
Cascading menus: Dimension—>Multileader

Toolbar icon: Dimension toolbar /0

/0
Ribbon: Annotate tab—>Multileader s«

Step 1. Start the Multileader command via any of the previous methods.
O AutoCAD says: Specify leader arrowhead Tocation or [leader Landing
first/Content first/Options] <Options>:

Step 2. Click anywhere and extend your mouse (Ortho off) at 45° to the right.
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== Multi r Style Manager

FIGURE 6.19
Multileader Style Manager.

143

FIGURE 6.20
Modify Multileader Style.

O AutoCAD says: Specify leader landing location:

Click again to place the multileader and bubble. You will see something like Figure 6.21.
Step 3. © AutoCAD says: Enter view number <VIEWNUMBER>:

Enter in some value.

o AutoCAD says: Enter sheet number <SHEETNUMBER>:

Enter in another value.

Once you do this, you will see the final result (Figure 6.22), the appearance of which can of
course be fine-tuned.

Now that you have one leader on the screen, it is easy to experiment with other interesting
options. Move across the toolbar, starting first with the Add Leader (Figure 6.23), and get rid
of it via Remove Leader. Then, after adding it back in, create a new set of leaders and line them
up using the Align Multileaders (Figure 6.24), which aligns the leaders with one that you pick
as the primary. Finally, Collect Multileader (Figure 6.25) combines them into one string.
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FIGURE 6.21
Leader.

e

FIGURE 6.22
Multileader with Block.

I

FIGURE 6.23
Add Leader.

=13

FIGURE 6.24
Align Multileaders.
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Collect Multileaders.
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FIGURE 6.26
Arc Length.

Secondary Dimensions

It was mentioned that there are some secondary dimensions, meaning they are not used as 145
often. We briefly mention them here, and you may want to go over them on your own in
detail, especially if you feel one or more of them may be extremely useful to you:

e Arc Length
e Ordinate
e Jogged

Arc Length, as you may have guessed, measures the length of an arc. Simply select the toolbar
icon and click the arc you want to measure (Figure 6.26).

Ordinate dimensions (Figure 6.27) measure horizontal or vertical distances from a datum
point (0,0 in this case). They are used in manufacturing to prevent accumulation of errors
that can occur using continuous measurements. Draw the shapes shown in Figure 6.27,
positioning the lower left corner of the rectangle at 0,0, and begin the Ordinate Dimension.
Then click major points along the way in either horizontal or vertical directions to get precise
values at that location from the origin.

Jogged dimensions are useful when the radius or diameter dimension'’s center is off the sheet
of paper and cannot be shown directly, so a “break line” of sorts is used. You simply select the
arc or circle then the center location override and a jogged dimension appears (Figure 6.28).

There are other dimension options we have not yet explored. We come back to some of them
in Level 2. For now we must move on and learn how to do editing.

6.3 EDITING DIMENSIONS

You should now be quite familiar with the types of dimensions available and how to apply
them to basic shapes. The next step is to be able to edit them or change their values, if
needed. This is a very simple and short topic.
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FIGURE 6.27
Ordinate.
R6.73"
FIGURE 6.28
Jogged.

You already learned that you can edit text and Mtext by double-clicking on it. The text in the
dimensions is essentially editable Mtext, so you would be tempted to double-click on the
text to edit it. Not so fast though. If you do that, then the Properties dialog box pops up. You
saw it in Chapter 3. Figure 6.29 shows what it looks like again when the dimension text is
double-clicked.

While this is useful later on, in advanced topics, it does not let you edit the dimensions.
However, in Chapter 4, we covered ddedit and mentioned it was also useful for editing. Go
ahead and create a horizontal dimension again on your square, type in ddedit, and press
Enter. The Mtext editing box pops up (Figure 6.30) and you can now type in any value you
need. Edit as usual and click on OK when done.

Here is a useful tip. If you want to reset your forced dimension value back to its natural value
and you forgot what it was, just typein <  >.These two “alligator teeth” brackets restore
the natural value. Type them in instead of the forced value and click on OK. Try it yourself.
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FIGURE 6.30
Mtext edit of dimensions.

6.4 CUSTOMIZING DIMENSIONS

We have one more topic to cover on our way to basic proficiency in dimensioning.

It is customization, and as mentioned at the start of the chapter, it is an extensive subject,
also necessitating it being split into the fundamentals here and advanced customization

in Chapter 13. The goal here is to learn what experience has shown to be the most important
four customization tools. This allows you to be productive in most of the drafting situations
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FIGURE 6.31

Dimension Style Manager.

you are likely to encounter. Later, you will add to this knowledge by learning tools used by
CAD administrators and senior designers. So what customization is necessary at this level?

We need to learn how to

Change the units of the dimensions.
Change the font of the dimensions.

To be able to change any of these we need to introduce a new tool, the Dynamic Style dialog
box or dimstyle for short. It is a “one-stop-shopping” dialog box for dimension modification

that you eventually need to learn well.

» ddim

Change the arrowheads of the dimensions.
Change the fit (size) of the dimensions.

Keyboard: Type in dimstyvle or ddim

Cascading menus: Dimension—=>Style...

P
Toolbaricon: Dimension toolbar ¥4

Ribbon: Annotate tab—>Dimensions—=arrow

Use any of the previous methods to bring up the Dimension Style Manager, as seen in

Figure 6.31.

In Chapter 13, we create a brand-new dimension style and heavily modify it. For now, we
just go ahead and change the current one to reflect the changes suggested in the previous
list. Go ahead and press Modify... from the menu on the right. You will see the Modify

Dimension Style: Standard dialog box (Figure 6.32).

The dialog box may or may not open to the Lines tab as seen in Figure 6.25, but regardless
take a look at the available tabs at the top. As noted before, we cover every command and
option under those tabs in Chapter 13 and return to them again when we learn Paper Space.

Let us focus right now on what we need to change.
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FIGURE 6.32
Modify Dimension (Lines tab).
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FIGURE 6.33
Selecting Architectural units.

STEP 1. CHANGE THE UNITS OF THE DIMENSIONS

Pick the Primary Units tab and simply select the drop-down menu at the very top left, where

it says Unit format. The default value is Decimal; change it to Architectural and select the
appropriate Precision in the menu just below it. That is all we need from that tab for now. Notice
how the preview window on the upper right reflects your choice of units, as seen in Figure 6.33.
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FIGURE 6.34

Setting a new font.

STEP 2. CHANGE THE FONT OF THE DIMENSIONS

To do this you need to click on the Text tab. You then see Text style: on the upper left. If you
just opened a new AutoCAD file to practice dimensions, you probably do not have a font set
and get only Standard as your choice if you click the down arrow. Fortunately, Standard is
now an attractive Arial font, not the ugly Simplex it used to be, so changing fonts is optional
but still useful to know. For example, the RomanS font is a popular alternative.

Something else to keep in mind is that, in a real working drawing, you would likely set your
text style (using sty1e) before you work on any dimensions (an important point, take note).
Then you would just select the font from the list. The idea here is to match up your regular
font used in text and Mtext with the font used in dimensioning (another important point).
In general, you should stick to one font in a given drawing and just vary the size as needed.
The titleblock is exempt from this, as that may have special fonts, logos, and the like.

AutoCAD of course anticipates that you may not have set a font style when you first set

up dimensions and allows you to do this from the Text tab by bringing up the Style box
when you click the button just to the right of the Text style menu (with the three dots, ...).
Go ahead and set a different font if you wish, Roman$ 0.25” perhaps, and the new setting
appears, as seen in Figure 6.34.

STEP 3. CHANGE THE ARROWHEADS OF THE DIMENSIONS

The default for all dimensioning is the standard arrowhead. You can easily change that to
any other type, including the Architectural tick, popular with architects. You can even create a
custom arrowhead (not something we try to do here).

Click over to the Symbols and Arrows tab. In the upper left corner under the Arrowheads

section, you will see First:. That is the first arrowhead type, and if you change it, AutoCAD
assumes you want the second one to be the same and changes it as well. Simply click the

down arrow and select the Architectural tick. Leave everything else the same. The result is

shown in Figure 6.35.
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Changing the arrowheads.
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FIGURE 6.36
Use overall scale of:.

STEP 4. CHANGE THE FIT (SIZE) OF THE DIMENSIONS

This function is quite deceptive. Located in the Fit tab, just underneath the preview window,
it features only a few lines and is shown in Figure 6.36.

The idea here is to increase the size of the dimensions proportionately so everything scales
up evenly and smoothly in step with the size and scale of your overall drawing. This concept,
however, opens up a number of questions (chief among them, what value do you enter

into there and why?), which we are not ready to discuss yet but will in Chapter 18 (“Paper
Space”). So for now do not enter anything, just be aware of how to do it when needed. When
you get to dimensioning the floor plan, just enter 15 in that space.

This is it for now; just click on OK and AutoCAD returns you to the Dimension Style
Manager, where you can just press Close. Try creating a dimension and see what it looks

like now. Figure 6.37 shows a set of horizontal dimensions before the changes we just went
through and another one afterward. The difference is obvious. For now, this is all you need
to make professional-looking dimensions. Review and memorize everything you learned and
go on to the floor plan in Figure 6.38, adding dimensions to complete the drawing.



152

LEVEL 1
Chapters 1-10

- 2.0000 —=|

Before

A —

After

FIGURE 6.37
Dimensions before and after.

6.5 IN CLASS DRAWING PROJECT: ADDING DIMENSIONS
TO FLOOR PLAN LAYOUT

Let us now apply what we learned to the floor plan. Open the file and freeze all the layers
except the walls and windows. If you really want to get fancy, put the wall solid hatch on its
own (visible) layer and freeze the regular floor hatch layer so the carpeting and floors do not
show. Next create a new layer for the dimensions, A-Dim. Finally set up the dimensions: Use
Architectural units, Arial 6” font, leave the arrowheads as they are, and change the fit to 15.
Dimension the floor plan any way you want; what is shown in Figure 6.38 is a guide but not
the only way.
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FIGURE 6.38
Adding dimensions to floor plan.

SUMMARY

You should understand and know how to use the following concepts and commands before

moving on to Chapter 7:

e Dimensions
o Linear (horizontal and vertical)
o Aligned
o Diameter
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Radius
Angular
Continuous
Baseline
Leader and Multileader
Arc Length
Ordinate
Jogged
e Editing dimension values
O ddedit
O The effect of < >
e ddim command
© Dimension units
o Dimension font
o Dimension arrowheads
o Dimension overall size

o 0O o0 0 0 0 0 O

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 6.

List the 13 types of dimensions discussed.

What command is best for editing dimension values?

What is the difference between forced and natural dimensions?

How do you restore a natural dimension value when you forgot what it was?
List the four items that needed to be customized in our dimensions.

What command brings up the Dimension Style Manager?

What type of arrowhead do architects usually prefer?

NooaRwNhR




EXERCISES

1. In anew file draw and dimension the following mechanical part. (Difficulty level: Easy/Moderate; Time
to completion: 20-25 minutes)
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2. In anew file draw and dimension the following mechanical part. Any dimensions not given can be
estimated. (Difficulty level: Moderate; Time to completion: 30-35 minutes)
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LEARNING OBJECTIVES

In this chapter we introduce the concept of Blocks and discuss the following:
Creating Blocks

Retain, Convert, and Delete options

Redefining Blocks

Inserting Blocks

Purge

Creating Wblocks

Creating Dynamic Blocks
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At the end of this chapter you will be able to create Blocks, Wblocks, and Dynamic Blocks as
well as insert symbol libraries and purge your drawing.

Estimated time for completion of chapter: 1-2 hours.

7.1 INTRODUCTION TO BLOCKS

This chapter is about a very useful AutoCAD concept that will greatly simplify your workload.
Groups, Blocks, Wblocks, and Dynamic Blocks are all members of the same family. They
exist around the idea that objects can and should be grouped together if possible, to allow
for easier handling and storage for future reuse. We do not look at groups, as they are rarely
used, but instead focus on Blocks and Wblocks, with an additional discussion of their more
sophisticated cousins, Dynamic Blocks.

Let us formally define a Block. It is a collection of objects that are grouped and held together
under some identifying name. These objects can then be copied, moved, erased, and just
about anything else, all as one unit. Think of Blocks as electronic “glue” that binds the
objects they contain to each other.

The benefit of this should be apparent. If you have an office table with eight chairs around
it, and you need to move them all around many times while optimizing a room layout, it

is a lot easier to click a Block once than attempt to select all nine pieces using Window or
Crossing or one at a time. Imagine an engineering example involving a simple gear with all
its intricately designed teeth. Dozens if not hundreds of lines and arcs may make up the gear.
It would be not just wise, but mandatory, to form them all into a single Block.

There is however another very important reason. That is the concept of reuse and symbol
libraries. Blocks can be saved and reused for future drawings that may need the same exact

158 object. That way you never have to draw the same thing twice, an AutoCAD Golden Rule. A
collection of these objects cataloged in some orderly fashion becomes a symbol library, an
indispensable part of just about any designer’s toolset. Likely candidates for these libraries
include door, window, and furniture symbols; bolts, standard parts, and fasteners; really just
about anything that can be used in more than one design or drawing.

Difference Between Blocks and Wblocks

Ideally you are sold on the importance of Blocks, and we can go through the specifics. The
differences between Blocks and Wblocks are blurred; they are alike in many ways. The key
difference is that Blocks are internal to the file you are working on and Wblocks are external.
This means that Blocks are saved inside whatever file is open and you are working on. As
such, their main use is for grouping things together and temporary reuse in that particular
AutoCAD drawing. While they can certainly be moved between files (Clipboard Copy/Paste
is a great tool), this is not really what they are for.

Whlocks (write Blocks) are intended for creating symbol libraries. Wblocks are saved externally,
anywhere you want to put them, and become independent, stand-alone AutoCAD drawings,
which you can open and work on if needed. Both types of Blocks can of course be easily
inserted back into drawings, and we cover that procedure in detail.

Creating a Block

To create a Block you first need something to make a Block out of. Once you draw
something, only three things need to be done after that. You need to

1. Select the objects.
2. Give the Block a name.
3. Select a base point.
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FIGURE 7.1
Basic lounge chair.
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FIGURE 7.2
Block Definition.

Let us try this out. Draw a chair as shown in Figure 7.1. It is made up of three rectangles and
three lines. Use accuracy tools.

We need to now group them all together into one object.

Keyboard: Type in block and press Enter
Cascading menus: Draw=>Block>Make...

Toolbaricon: Draw toolbar Q

Lo

Ribbon: Insert tab->Create Creste

Start the Block Creation command via any of the previous methods. The Block Definition
dialog box appears, as seen here in Figure 7.2.

Step 1. Press the Select objects button at the top of the middle column. Select the entire
chair and press Enter.

Step 2. Enter a name for this Block in the top left field under Name.
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Block Definition, completed.

Step 3. Pick a base point with the Pick point button at the upper left. Select a corner or
midpoint somewhere on the object. The significance of this becomes more apparent
when we insert the object back into the file.

There are of course a few other items in the dialog box under Settings, Behavior, and Description,
but they are not usually needed (though feel free to enter a description). Annotative is covered
in advanced chapters. The one setting of importance, however, is the Retain, Convert to Block,
Delete choices under the Select objects button. They are explained next and appear with almost
similar wording in Wblock as well.

RETAIN

This means that the Block is created and stored in memory, but the original object (the chair
you are looking at) remains in separate pieces, useful if you wish to make several Blocks of
the chair, one after the other, each slightly different yet based on the same original.

CONVERT TO BLOCK

This option is what you are likely to use the most. It creates the Block and stores it in
memory and also makes a Block out of the original object. Use it when you are sure one
Block is all you need to make out of this one object and you have a need for it right away.

DELETE

Here the Block is created and stored in memory, but the original is deleted from the drawing.
This is useful when you are making a Block for future use but have no need for it now.

The common theme with all three of these choices is that, whichever way you use, the Block
gets created and saved to memory. The only real choice is what to do with the original.

Finally you are ready to click on OK. The Block Definition dialog box should look like
Figure 7.3. Notice the small preview window in the upper middle of the dialog box.
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FIGURE 7.4
Chair as a Block.
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FIGURE 7.5
Insert.

The chair is now a Block, which can be proven by clicking on it once with the mouse. You
will notice that only one blue grip point appears (wherever it is you picked the base point;
see Figure 7.4). If you now erase it, the entire chair will disappear. Go ahead and erase it; we
need to do this to introduce two new commands before we discuss Wblock.

7.2 INSERT

As mentioned before, the process of making the Block adds it into the memory. Then you
can insert it back into the drawing when needed.

Keyboard: Type in insert and press Enter
_Cascading menus: Insert>Block...

Toolbaricon: Draw toolbar @

Ribbon: Insert tab—>Insert inset

Start up the Insert command via any of the previous methods and the Insert dialog box

appears, as seen in Figure 7.5. Notice the chair cued up and ready to go (as it is the only
Block so far).
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Look over the options such as Insertion Point, Scale, Rotation, and Block Unit, but at this
point you need not really do anything extra. Go ahead and click on OK, and the chair
appears attached at the insertion point to the mouse. The point of attachment was specified
when you made the Block. Click anywhere on the screen and the Block becomes part of the
drawing. This process can be repeated as often as necessary as long as the Block remains in

memory.

There is something important to remember concerning redefining Blocks. If a Block is saved
under a certain name and another Block is created and saved under the same name, the first
Block is redefined, a sort of overwriting process. Sometimes this is bad, as you are destroying
the old Block. Sometimes however this is desirable, such as when you are looking to update
the appearance of the Block. When there are many Blocks in the drawing under the same
name, all are updated in this manner.

7.3 PURGE

Between introduction of the Block and Wblock concepts is a good time to take an
intermission of sorts and discuss a command called Purge. Purge is a very useful tool to
“clean up” your drawing of unwanted and often unseen geometry and data. It is especially
useful when it comes to Blocks and Wblocks, hence its inclusion here.

Conceptually, here is the idea. A complex AutoCAD drawing often grows in size and
becomes weighed down, similar to an iceberg floating in the ocean. Much like the (mostly
hidden under the surface) mountain of ice, what you see on-screen may only be a small
fraction of what actually is present in the file.

The reason why becomes apparent when you think about the drafting process for a moment.
If you create 50 layers for anticipated future use but end up needing only 40 of them, the
other 10 are uselessly hanging out in your Layer dialog box. Same thing with unused fonts
or linetypes (remember loading all of them but using only a few). Layers, linetypes, and
fonts really take up little space, but with Blocks and Wblocks it is a whole different

story.

Whblocks are miniature drawings all to themselves, and while many are just simple doors

or window symbols, others can be quite large (such as entire furniture sets or appliances in
an architectural layout). Worse yet, these Blocks rarely come alone; they bring friends, lots
of them. I have seen and worked with complex multistory sprawling building layouts that
feature not dozens but hundreds of Blocks. They all take up room in a file, ballooning it up to
a rather huge size.

If all these Blocks are needed, then fine; this is a necessary evil. But if not—say a type of chair
was deleted from the specs—they need to be removed. Erasing them all is easy enough, but
are you done? Are they all gone for good? Unfortunately, no. They may not be visible but
they are still there weighing down your file, slowing down computer performance and just
about everything else. This is where Purge comes into play.

Purge gets rid of items that are not actually used in the drawing file and permanently deletes
them. You can use the command to selectively purge items or purge all at once. The two
main points to remember are

e Purge will not get rid of objects that are visible and present in the drawing—it is not an
Erase command.

e DPurge is permanent (unless you immediately undo it), so be careful of what you purge. If
you anticipate eventually needing something, do not purge it out.
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FIGURE 7.6
Purge.
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Let us give the command a try.

Keyboard: Type in purge and press Enter

Cascading menus: File—> Drawing Utilities=>Purge...
Toolbaricon:...none

Ribbon: none

First of all, erase the chair from your screen. Then start up the Purge command via one of the
two methods and the dialog box in Figure 7.6 appears.

As you can see from looking at the list of items in the dialog box, quite a few items are
eligible for purging. Some were already mentioned, like Layers and Linetypes, while others
you may not have heard of, like Materials and Shapes. Either way, what is important is
whether or not the item has a plus sign next to it. If it does, you can click the plus sign and
expand the folder to see what specific items are in those general categories. In our case, you
will see the chair Block under the Blocks category. You will also see Annotative under some
of the other categories. We look at Annotative in later chapters, so for now just ignore it and
we purge Annotative alongside the chair Block.

The actual process of purging is easy. You can either select each item one at a time (usually
done only when you want to selectively purge), or you can click Purge All at the bottom. Be
sure the Purge nested items box is checked and the one above it is not, as seen in Figure 7.6.
When all the items are purged, there are no more plus signs and the buttons gray out as well.
Press Close after you are done and that is it.

Experienced users purge often and keep little useless junk in the file unless absolutely
necessary. Purging is certainly something that should be done prior to saving the file for the
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day, emailing it, or archiving it for storage and record keeping. Be careful though, and do not
get rid of needed items. Always think before purging.

7.4 WBLOCKS

Pretty much everything said about Blocks applies to Wblocks as well, and as a result, this
section is short, as you have seen this before. The central idea to keep in mind is that a
Whblock is external, and as such, you need to tell AutoCAD where to put the Wblock as you
make it. Let us try this out. Clear your screen and make sure all items are purged out from the
previous exercise. Now go ahead and draw another furniture object, perhaps a sofa this time.

The only way to start up this command is via typing wb1ock and pressing Enter. Once you do
that, the dialog box in Figure 7.7 appears.

For the screen shot in this figure, a specific path has not been selected, but you can do that by
clicking the button with the three dots, ..., to the right of File name and path: and browsing
around until you find where you want the file to go. Be sure to also change the name of the
file at the end of the string, so it does not just say New Block. Then select the sofa and pick
one of the three options to Retain, Convert, or Delete the original. When done press on OK
and the Wblock is created and dropped off where you indicated in the path.

Inserting Wblocks

Go ahead and insert your sofa back in using the Insert command. The procedure is essentially
the same, except that now you naturally have to browse for the file. The Browse button is just to
the right of the Name field. Look around for your Block and when you find it, click on it and
press OK. It will insert just as with the previous Block command.

7.5 DYNAMIC BLOCKS

Dynamic Blocks were introduced relatively recently to AutoCAD (in Release 2006). Like
many new features, they are not necessarily a radically new concept. Rather, they are an
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evolution of the regular Block or Wblock. The idea here is to be able to modify a Block in
response to design conditions. A simple example is of a door. If you insert a Block of a

3’ door, rotated at 45°, and later realize that you need a 3’-6” door, rotated to a closed
position, you can change that in place without redefining the Block or inserting another one.

So what we are doing essentially is adding a level of intelligence and automation to the 165
standard Block concept. This is especially useful when it comes to scaling, stretching, and

otherwise modifying the sizes, as that is cumbersome to do with regular Blocks (as opposed

to rotating them, which is easy).

To accomplish all this, the designer needs to modify a regular Block by adding Parameters
and Actions. Three things make up a Dynamic Block: the Geometry itself, at least one
Parameter, and at least one Action associated with that parameter. The result is a Block
that has one or more special grip points, each defined with a certain modifying property
(e.g., Stretch, Rotate, Scale). The Block can then be modified in place as needed. Create a
Block called sample chair and save it. Then follow the procedures outlined.

Keyboard: Type in bedit and press Enter
Cascading menus: Tools=>Block Editor

Toolbaricon: Standard toolbar Eg

Ribbon: Insert tab=>Insert 53

Regardless of which method you use to start the command (you can also just double-click on
the Block itself), you will see the dialog box in Figure 7.8. Select the Block you want to work
with, which in this case is the only one available.

After you select the “sample chair,” you are taken to the main editing screen, called a Block
Editor (recognizable by its yellow background), shown in Figure 7.9. This is where the
settings are applied.

A Block Authoring Palette also appears. Sets of parameters and actions are available from
this palette, and the Block can be set up to have any of those. When done, Close Block Editor
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FIGURE 7.10
Dynamic Block 1.

is pressed (top right of screen) to return to the regular drawing space. So what can we do
here? Well, let us add two actions and parameters to the chair that will give it some scaling and
rotational abilities.

Open the Parameter tab on the palette and pick the Linear parameter. That after all is the way
Scale works, by linearly scaling up an object. Pick first the upper left corner start point, then
the upper right corner endpoint of the chair (sort of like adding a horizontal dimension).
The result is shown in Figure 7.10.

While you are there, add a rotation as well by running through the required Base Point,
Radius, and Angle prompts. The result is shown in Figure 7.11.
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Dynamic Block 3.

= Block - Save Parameter Changes?
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FIGURE 7.13
Block—Save Parametric Changes.

Now you can add actions associated with those parameters. Pick the Actions tab and pick
Scale. Then select the Parameter and the Objects (the chair) as prompted. Repeat the same
steps for the Rotation. The result is shown in Figure 7.12. Notice the new (faded) Scale and
Rotate symbols.

Close the Block Editor (button at upper right) and you are prompted to save your work, as
seen in Figure 7.13.
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FIGURE 7.14
Dynamic Block 4.

FIGURE 7.15
Dynamic Block 5.

Finally you are back where you started. Click on the new Block and you will notice the
dynamic grips, as seen in Figure 7.14. You can now use these to change the size and rotation
of the Block, as seen in Figure 7.15 with scaling.

There are of course a few more tricks to these Dynamic Blocks, chief among them being the
new Parametric tools, but we address those in the advanced level.

So how do dynamic Blocks fit into the big picture? Are they as useful as they seem? In my
opinion the results are mixed. The idea is certainly a good one, but the effort involved to

add meaningful and extensive dynamic intelligence to a large group of different Blocks

is considerable. Existing libraries of Blocks have sufficed for most users, who diligently

built them up over the years, and experience has sometimes shown that there has been a
reluctance to redefine these libraries. A lack of time and money to tinker with AutoCAD (as
opposed to using AutoCAD for billable drafting work) has always been a problem. In a sense,
it may be a shame, as Dynamic Blocks, by allowing multiple variations on a single Block,
may actually reduce the size of libraries. A door may just be a door, adjustable to any size on
the go, instead of 20 doors for every conceivable situation. It is a useful, if underused, idea.



SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 8:

Block

O Select objects

o0 Name the Block

o Select a base point
Whblock

O Select objects

o Select path and enter Block name
O Select a base point
Options

O Retain

o Convert to Block
o Delete

Insert command
Purge command
Dynamic Blocks

O Parameters

O Actions

CHAPTER 7
Blocks, Wblocks, Dynamic Blocks, and Purge

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 7.

oo ks whR

What are Blocks and why are they useful?

What are the differences between Blocks and Whblocks?
What are the essential steps in making a Block? A Wblock?
How do you bring the Block or Wblock back into the drawing?

Explain the purpose of Purge.

169

Explain the basic idea behind Dynamic Blocks. What steps are involved?
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EXERCISES

1. Inanew file, create the following architectural table, chair, keyboard, phone, and screen and make a
Block out of the individual pieces as well as the overall “assembly.” Nested Blocks such as these are
quite common in AutoCAD design. Insert the Block back into the file. Dimensions not given (most of
them) can be approximated, and naming Blocks is up to you, just make them descriptive. (Difficulty
level: Easy; Time to completion: 15-20 minutes)

} 3u10" :
Block 1-{.. = | +—Block 3
~— @
>
Block 2 | []
. Block 6
| > | e /" (overall desk/chair)
- - \\
- Block 4
(overall)
o~ 1-8"
//
Block 5 —
(overall) - /

2. In anew file, create the following set of doors and make a Wblock out of each, dropping them off in a
folder named Doors. Insert each back into the file. Repeat the process using Dynamic Blocks and the

170 Scale Action, Linear Parameters. (Difficulty level: Easy; Time to completion: 5-10 minutes)
—
——
g
—
1 ] -— 1" — l-— o
T2 L 12
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Spotlight On:
Mechanical
Engineering

Mechanical engineering is the science of designing and manufacturing mechanical systems
or devices. It is one of the oldest and most widespread engineering specialties, and is often
the profession one has in mind when thinking of a typical engineer. Mechanical engineering
is also by far the most diverse of the engineering specialties and “mechies” can be found
working in fields as wide-ranging as aerospace, automotive, naval, rail, power, infrastructure,
robotics, manufacturing, consumer products, and much more. It is truly a profession that
keeps our society moving.

Mechanical engineers need a mastery of a wide variety of engineering sciences, structures,
materials, vibrations, machine design, control systems, and electrical engineering, to name a
few. They also need to be well versed in business practices, cost analysis, and risk assessment,
as design and production of just about anything is closely tied to these. Mechanical engineers
have been the driving force behind development of high-end software tools, such as Finite
Element Analysis (FEA) for structural work.
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Education for mechanical engineers starts out similar to the other engineering disciplines.
In the Unites States, all engineers typically have to attend a four-year ABET-accredited school
for their entry level degree, a Bachelor of Science. While there, all students go through

a somewhat similar program in their first two years, regardless of future specialization.
Classes taken include extensive math, physics, and some chemistry courses, followed by
statics, dynamics, mechanics, thermodynamics, fluid dynamics, and material science.

In their final two years, engineers specialize by taking courses relevant to their chosen

field. For mechanical engineering, this includes structures, controls, vibration analysis,
thermodynamics, and machine design, among others.

Upon graduation, mechanical engineers can immediately enter the workforce or go on to
graduate school. Though not required, some engineers choose to pursue a Professional
Engineer (P.E.) license. The process first involves passing a Fundamentals of Engineering
(EE.) exam, followed by several years of work experience under a registered P.E., and finally
sitting for the P.E. exam itself. Mechanical engineering is also an excellent undergraduate
degree for entry into law, medicine, or business school. Just some of the careers you can
pursue with an engineering bachelor’s followed by a ].D., M.D., or an MBA include patent
attorney, biomedical engineer, and manager or CEO of an engineering firm. If you can
handle the education requirements, the mechanical engineering degree may truly be one of
the most useful ones in existence.

Mechanical engineers can generally expect starting salaries (with a bachelor’s degree) in the
$54,000-$58,000/year range, which is somewhat toward the higher end among engineering
specialties. This of course depends highly on market demand and location. A master’s
degree is highly desirable and required for many management spots. The job outlook for
mechanical engineers is excellent, as the profession is so diversified that there is always a
strong demand in some of the sectors, even if others are in a downturn.

So how do mechanical engineers use AutoCAD and what can you expect? Industry-wide,
AutoCAD enjoys significant amount of use, even as its share shrinks as companies switch to
low-cost 3D solutions such as SolidWorks and Inventor.

In truly high-end design (automotive and naval, for example), the dominant software
applications continue to be CATIA, NX, and Pro/Engineer and AutoCAD does not compete
with these. However, this still leaves many applications where AutoCAD is appropriate, such
as small part design, schematics, and overall layout of systems. Many companies also do not
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FIGURE 1
Typical piping diagram.
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FIGURE 2
Tuning peg assembly.

manufacture but rather assemble modular pieces into new products; here, too, AutoCAD is
the appropriate low-cost solution. Let us take a look at a few examples.

The acronym P&ID stands for piping and instrumentation diagrams, a major mechanical
engineering field, commonly referred to as process control. Engineers use principles of fluid
flow, material science, and hydrodynamics to design piping and valves that regulate fluid
flow. This can be anything from a chemical plant to an electro-chlorination system to waste
treatment. Usually systems are assembled out of standard industry parts, so AutoCAD is the
appropriate tool to put them together into a design. Figure 1 shows a typical piping diagram.

Small device assemblies are another example of mechanical design. If the parts are standard
and no manufacture is necessary, only assembly drawings, then AutoCAD can be used to
depict the ideas. Figure 2 shows an AutoCAD drawing of a tuning peg assembly.
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LEARNING OBJECTIVES

In this chapter we introduce the concept of an array and discuss the following:
e Creating a Polar Array

® Object, Center, Quantity, Degrees

e Creating a Rectangular Array

® Object, Rows and Columns, Distances

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00008-0
© 2011 Elsevier Inc. All rights reserved.
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At the end of this chapter you will be able to create polar and rectangular arrays. You then
start a new in class mechanical project.

Estimated time for completion of chapter (lesson + project): 3 hours.

Arrays are a very useful tool in AutoCAD to create patterns of objects. These patterns can

be of a circular or linear type, hence the “Polar Array” and “Rectangular Array” discussions
that follow. In a strict sense, this tool is not something entirely new, but merely automates
what you can do (albeit tediously) by regular commands learned in Chapter 1 and is a huge
time-saver.

8.1 POLAR ARRAY

A polar array is a collection of objects around some common point arranged in a circle (or
part thereof). An example in architecture is a group of chairs arranged around a conference
table. The idea is to draw the table, then one chair, and after positioning the chair exactly
where it will be in relation to the table, use Polar Array to copy it around the table to create,
let us say, ten of them. The Array command copies and rotates them into position and spaces
them out evenly—a task that would have taken a while to do one chair at a time.

In mechanical engineering, an example may be teeth of a sprocket gear. You draw the circle
representing the wheel of the gear; put in one tooth properly drawn, detailed, and centered
on top; then Array to get the full gear. Figure 8.1 shows illustrations of what was just
discussed. There are of course many other examples.

A9 &
8\

g
O ¥ ;

D
&

ARCHITECTURAL EXAMPLE MECHANICAL EXAMPLE
(Chairs and Table) (Sprocket Gear)
FIGURE 8.1

Example of arrays.

Steps in Creating a Polar Array

First of all, we need to create something to array. So go ahead and draw a circle of any size

to represent the table just discussed, and then create a convincing-looking chair. You may
want to make a block out of it after you are done for convenience. Next position it at the top
of the table (Figure 8.2). Be sure to line it up perfectly on the vertical axis (or else the array
will be skewed off center) and move it back a bit from the table with Ortho on. So now what
does AutoCAD need to know?

It needs to know what object to array (that would be the chair, not the table).

It needs to know the center point of the array (center of the table).

It needs to know how many objects to create (let’s stick to ten or so).

It needs to know if the pattern goes all the way around (that is, is it 360° or less).
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FIGURE 8.2
Chair and table—initial setup.
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FIGURE 8.3
Array dialog box with Steps 3—6 completed.

It is good to learn these steps and realize what you need to do before even starting up the
Array command; that way you have a clear idea of what buttons to push and what data to
enter once you have the dialog box in front of you. We used this approach when learning
Hatch, Block, and Wblock and will continue to do so.

Step 1. Once you have the table and chair drawn, follow the steps shown to create the polar
array. Start up the Array command via any of the methods shown.

Keyboard: Type in array and press Enter
Cascading menus: Modify—> Array...
oo
Toolbaricon: Modify toolbar B0
oo
Ribbon: Home tab—>Modify OO0

Step 2. You will see the Array dialog box shown in Figure 8.3.

Step 3. Use the Select objects button (upper right) to select the chair.

Step 4. Just below to the left is the button to select the center of the table (use OSNAPs).
Step 5. Below that is where you fill in the Total number of items: (let us do 10).

Step 6. Finally, below that is Angle to fill (we go with the full 360°).



178

Chapters 1-10

H H
H B
H H
H =
H H

H
H

H
H

T

—
H

FIGURE 8.4
Rectangular array.

Notice how one of the items we did not specify is the angle between the objects. That is
something AutoCAD figures out for you and it spaces the objects accordingly.

Step 7. Be sure the Rotate items as copied button is checked.

Step 8. Important: Before you press OK, press Preview <, which allows you to see the
results of what you did without committing to the final array. If you want to modify
some feature of the array, then press Esc and return to the main dialog box, and
if not, then press Enter, and you are done. You should see an array similar to the
example in Figure 8.1.

Note that the entire array is not a block, just a collection of objects, and to redo the whole
thing, you need to erase all the copies, leaving just the table and the original chair and repeat
everything. That is why the Preview button is so important. Do not be so quick to press OK
right away.

8.2 RECTANGULAR ARRAY

Here the idea is basically the same. We are looking to replicate objects but this time in rows
(horizontal) and columns (vertical). An example, as shown in Figure 8.4, may be columns
of a warehouse. If they are spread out evenly, then this is the perfect tool for this. You simply
draw one I-beam with furrowing and array it up and across the appropriate area.

Steps in Creating a Rectangular Array

The first thing to do is to draw a convincing-looking I-beam (everything to scale this time)
surrounded by furrowing, as in Figure 8.4. Let us make the furrowing rectangle 20” wide by
26" tall with the I-beam inside. What does AutoCAD need to know?

e It needs to know what object to array (that would be the column).
® [t needs to know how many rows and columns to create.
® It needs to know the distance between the rows and the columns.

Step 1. Start up the Array command just as in the previous polar array exercise. The Array
dialog box appears as before. Be sure to pick the other choice, Rectangular Array, this
time (Figure 8.5).
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Array dialog box with Steps 1—4 completed.

Step 2. Use the Select objects button (upper right) to select the column.

Step 3. Just below you can enter the number of rows and columns. Let us do five Rows and
five Columns.

Step 4. Below that you can enter the offset distance for the rows and columns. That is the
distance between two similar points on two sample objects. So, for example, you
can say it will be 10 feet centerline to centerline of two columns. That is why it was
important to draw them to scale, so you know how much to offset. Let us enter 72
for the Row offset: and 72 for the Column offset:. Leave the Angle of array: as is.

Step 5. Finally, preview the array (it may be partially off the screen) and press OK if all
is well.
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In general, polar arrays are used more often than the rectangular ones, though both are
important to know.

8.3 IN CLASS DRAWING PROJECT: MECHANICAL DEVICE

Let us now put what we learned to use. We draw a mechanical gadget (a suspension strut of
sorts), created years ago for my classes. Though what it is exactly is still debatable, the gadget
proved to be an excellent drawing example and features quite a bit of what we covered in
this and preceding chapters as well as a few minor nuances of AutoCAD drafting that, once
learned, raise your skill levels considerably. The trick is to make your drawing look exactly
like the example. If you approximate and cut corners, you miss out on some of the important
concepts that give a more professional look to your drawings.

A full page view of the completed device is found toward the end of the chapter (in Figure
8.15). Take a good look at it and decide on a strategy to draw it. Over the course of the next
few pages, we develop a step-by-step process to actually do it. Follow the steps carefully,
though do not worry about the thick border; that is a polyline, to be covered in Level 2. The
title block is just a simple collection of lines and text.

Step 1. For starters open a new file, give it a name (Save As...), and set up your layers. We
need, at a minimum:
M-Part, Color: Green (for most of the parts of the device).
M-Text, Color: Cyan.
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Hex 20.400"
©0.200"
FIGURE 8.6
Bolt layout.
@1.750"

@0.375"

FIGURE 8.7
Bolt array.

M-Dims, Color: Cyan (for the dimensions).

M-Hidden, Color: Yellow, Linetype: Hidden (for all hidden lines).
M-Center, Color: Red, Linetype: Center (for the main centerlines).
M-Hatch, Color: 9 (a gray for cross section cutaways).

You may also want additional layers for the spring and the title block. You can decide on the
exact layers and their colors; the preceding is just a guide. Also, the images in this chapter
remain black and white, for clarity on a white page.

Step 2. Set up all the necessary items for smooth drafting (if desired), such as the Text Style
(Arial, .2"), the Dim Style, and Units (either Architectural or Mechanical is fine),
and get rid of the UCS icon if you do not like it.

Step 3. To begin the drawing itself, we need to start with the hex bolts. Go ahead and draw
one of them according to the information in Figure 8.6. Be very careful, all sizes
are diameters not radiuses; you must tell AutoCAD this by pressing d for diameter
while making a circle. This has tripped up many of my students in the past. Also do
not forget to make layer M-Part current. If the bolt is anything but green in color,
you missed this step. The dimensions are only for your reference for now; there’s
no need to draw them.

Step 4. Now make a block out of the bolt, calling it Bolt—Top View.

Step 5. Complete the rest of the top view by drawing the remaining circles and positioning
the bolt at the top, as shown in Figure 8.7. Use accuracy (OSNAPs), though the
bolt can be any distance from the top of the circle. Be careful to use diameters as
indicated.

Step 6. Array the bolt around the top view four times, as shown in Figure 8.8.

Step 7. You now have to project the main body of the part based on this top view. The best
way is by drawing two horizontal guidelines, of any length, starting from the top
and bottom quadrants of the big circle, then an arbitrary vertical line to mark the
beginning of the part on the right, as shown in Figure 8.9.
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FIGURE 8.8
Array completed.
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FIGURE 8.9
Projection lines.
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FIGURE 8.10
Body of part.

Step 8. Trim or fillet the main vertical guideline and continue offsetting based on the given
geometry to “sketch out” the basic outline of the shape, as seen in Figure 8.10. Do
not yet add dimensions; they are for construction only.

Step 9. Continue adding the basic geometry to the side view, as well as hidden and
centerlines, as shown in Figure 8.11. Set LTSCALE to .4.
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FIGURE 8.13
Drawing the spring.

Step 10. Add the bolt projections, as seen in Figure 8.12 (the depth into the side view can
be approximated). Finally, add hatch patterns, using the Angle option to reverse
the hatch directions, which is a common technique in mechanical design to
differentiate the parts from each other in a cross section.

Step 11. Now, how do you do the spring? Well, this is where the Circle/Ttr comes in. Draw
one circle at the upper left of the area where it is supposed to go with the correct
diameter (see the main diagram). Then, one way of proceeding is to draw a straight
arbitrary line down from the center of that circle, rotate the line 15° about that
center point, then offset 0.1 in each direction, erase the original line, extend the two
new ones to the bottom (if necessary), and repeat the process, as seen in Figure 8.13.
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FIGURE 8.15
Mechanical project—final.

Once a set is done, you can then mirror the rest over and trim carefully to create the

impression of a coiled spring.

Step 12. Finally add dimensions and a title block by simple use of rectangles, as seen in
Figures 8.14 and 8.15. The title block and its contents are typical of a mechanical

engineering drawing.
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FIGURE 8.16
Drawing challenge.

8.4 DRAWING A STAR

As promised, the technique of drawing the star from Chapter 2 is as follows. Create the
pentagon next; noticing that it is a five-point geometric shape, draw lines from endpoint to
endpoint connecting those vertices. Then erase the pentagon and use trim to erase the inner
lines, as shown in the progression in Figure 8.16.

The reason students do this simple exercise is to underscore a very important point. AutoCAD
is used across a vast array of industries, each with its own symbols and unique objects. It would
be impossible for the software to include all of them in its database. Instead AutoCAD gives
you basic tools and leaves it up to your creativity and skill to create the shape you need. So,
when at a loss as to how to draw something you imagined in your mind, stop and think about
the basics that you learned and how you can put them together into something new.

SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 9:

e Dolar array
o What to array
o Center point of array
© How many objects to create
Angle to fill
® Rectangular array
o What to array
How many rows
How many columns
What distance between rows
What distance between columns

o}

o O O ©

]
REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 8.

1. List the two types of arrays available to you.

2. What four steps are needed to create a polar array?

3. To array chairs around a table, where is the center point of the array?
4. What three steps are needed to create a rectangular array?
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EXERCISES

1. Inanew file, draw the image found on the opening page of Chapter 8, reproduced here with dimensions.
You should be able to draft everything shown, including the dimensions. (Difficulty level: Moderate; Time to
completion: 10-15 minutes)

8.65” x | 30

12 Hexagons

87"

@6”
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2. In anew file, draw the following five row by five column rectangular array. The chairs are 20" by 20"
and the offset between them is 50”. The array is also at a 45° angle. (Difficulty level: Easy; Time to
completion: 10 minutes)
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3. Inanew file, draw the following gear array. Begin with circles of indicated diameter. Then focus on
creating the first tooth as seen in the detail. Make sure it is centered and aligned. Finally, array the
tooth (24 teeth are used in the example) and clean up the design with trimming. (Difficulty level:
Moderate; Time to completion: 20 minutes)
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LEARNING OBJECTIVES

In this chapter we introduce the Plot dialog box and the Page Setup Manager and go
through all the associated options to produce a print or a plot, including the following;:

What printer or plotter to use
What paper size to use

What area to plot

At what scale to plot

What pen settings to use
What orientation to use
What offset (if any) to use
The Page Setup Manager

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00009-2
© 2011 Elsevier Inc. All rights reserved.
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Upon the completion of this chapter you will be able to recognize and set up all the features
needed to print or plot any type of drawing from any AutoCAD workstation.

Estimated time for completion of chapter: 1 hour.

9.1 INTRODUCTION TO PRINTING AND PLOTTING

In almost every situation the on-screen AutoCAD design is plotted or printed, and indeed
the fundamental “product” of most design work is paper output. This output is then used to
manufacture or build the design; it also may be needed for sales or archiving purposes.

Because designers and their clients want something tangible to look at and use, all design
work in AutoCAD must be created with the ultimate goal of displaying it on a piece of paper,
not just on-screen. This fact influences the evolution of a drawing from the outset, and a
skilled AutoCAD designer selects paper size, output scales, and line weights early in the
process so the inevitable output proceeds smoothly. We eventually talk about all of these
and more.

Professional-looking output in AutoCAD is no accident and comes with its own set of
challenges. Though you may be able to walk up to an expertly set up drawing and just select
File—Plot...—OK, such situations result only from a thorough understanding of what

is involved. More important, if the requirements call for a different output of the same
drawing (e.g., for an informal check of a small section of the drawing versus a final full-size
submission to the client), you must know what to change and by how much.

AutoCAD allows for a wide array of output, and the devil is in the minute details. Output

spans this chapter as well as part of Chapter 10 (“Advanced Output—Paper Space”) and

Chapter 19 (“Advanced Output and Pen Settings”). Our goal right now is only to familiarize
188 you with the essentials and what AutoCAD needs to know to print or plot a drawing.

Take note as you go through this that, although some specifics (such as type of printer or
plotter) may be unique to your particular office, home, or school, most of what you need to
know stays constant from situation to situation and from one release of AutoCAD to another
(even if the location of the buttons and menus change); therefore, it is important that you
memorize and understand the essential concepts.

9.2 THE ESSENTIALS

You need to give AutoCAD the following information when setting up a drawing for printing
or plotting:

What printer or plotter to use.
What paper size to use.

What area to plot.

At what scale to plot.

What pen settings to use.
What orientation to use.
What offset (if any) to use.

There are of course some other subtleties, but we focus on these essential ones for now. Note
that we do not look at the actual Plot dialog box until later, as you truly need to understand
what buttons you are pushing and why before you actually do that.

What Printer or Plotter to Use

This is where you select what output device you will use. In most architecture offices,
engineering companies, and schools, you will have a plotter (color or black and white) for
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C-, D-, and E-sized drawings (paper sizes are discussed next), and a LaserJet printer (color

or black and white) for A- and B-sized drawings. Your typical AutoCAD station usually is
networked to access both, as requirements may change daily. You need to select which device
is getting the drawing (AutoCAD does not care—it will print a floor plan of a sports stadium
on a postcard if you let it). This choice is of course tied in with the scale and the ultimate
destination of the printed drawing (check plot or to a client). We discuss this in more detail
later.

What Paper Size to Use

You would think that paper sizing is a cut-and-dried, straightforward matter (somewhere a
professional printing company manager is laughing), but this is certainly not the case. Paper
comes in a bewildering array of international sizes and standards in both inches and metric
(millimeter) sizing. Some common standards include ANSI, ISO, JIS, and Arch. For the
purposes of this discussion, we need to simplify matters and present all paper as existing in
the following basic sizes as viewed in Landscape mode, meaning the first (larger) value is the
horizontal size:

A size: 11”7 X 8.5" sheet of paper (letter).
B size: 17" X 11" sheet of paper (ledger).
C size: 22" X 17" sheet of paper.
D size: 36" X 24" sheet of paper.
E size: 48" X 36" sheet of paper.

Generally speaking, these are the maximum paper dimensions. Some standards list

essentially the same sizes but with the border accounted for, so a D-size sheet is 34" X 22"

and so on. Note that legal (14" X 8.5") size paper, while it certainly can be used, is not

common in engineering or architecture. 189

As a side note, we can now define precisely the difference between printing and plotting.

Printing usually refers to the output of drawings on A- or B-sized paper, which is easily done
on most office Laser]Jet printers. Most home printers can do only A size, but this of course
varies with the size (and cost) of the printer.

Plotting usually refers to output of drawings on C-, D-, or E-sized paper, which has to be done
on plotters, as a LaserJet generally cannot accept paper of this size.

Memorize the paper sizes presented here, as it is pretty much the industry standard as far

as AutoCAD design is concerned. You will hear these sizes asked for and referred to come
printing time, and if there is any deviation from these sizes, rest assured it will not be
anything radical, as there is only so much flexibility in what printers and plotters can accept
(at least among the models that small companies and schools can afford).

What Area to Plot

What “area to plot” can be taken quite literally, as in what do you want to see on the printed
paper? The essential choices boil down to really two. Do you want to see the entire drawing
(usually) or parts thereof (sometimes). Your choices in that regard include the following.

EXTENTS

This option prints everything visible in the AutoCAD file. However, this means everything
visible to AutoCAD (and not necessarily to you), so if you have a floor plan with some stray
lines that you did not notice located some distance away, AutoCAD shrinks the important
floor plan to make room for those unimportant stray lines. This is exactly the same as typing
in Zoom—Extents (from Chapter 1). So it is a very good idea to Zoom to Extents prior to
printing. Remember this acronym: WYSIWYG—what you see is what you get. If you see it



LEVEL 1
Chapters 1-10

on the screen, it will print unless prior arrangements are made (Freeze the layer, etc.) or the
geometry is on the Defpoints layer. For a carefully drawn layout, Extents is the only choice
when you want to see the entire drawing.

WINDOW

As you may have guessed, this is for those situations where you want to see just a piece of the
drawing. You simply select that choice and click the Window button that appears to the right
of it and draw a selection window around what you want to see.

DISPLAY AND LIMITS

The remaining two choices are of little use in most situations. Limits plots the entire drawing
from 0,0 to the preset limits (something most users do not set anyway), and Display plots
the view in the current viewport in the Model tab or the current Paper Space view in a Layout
tab (something we have not covered yet). One can generally use Window in those situations,
but Display is fine as well if you want only the current viewport printed.

At What Scale to Plot

Of all options in Plot, this one causes the most confusion to a beginner AutoCAD user,

for the simple reason that scale is closely tied in with a very important topic: Paper Space.

The essential idea here is that while, yes, you can assign a scale from the Plot dialog box,

in reality this is not usually done for most drawings, except simple and small mechanical

pieces, such as bolts and brackets. What is done instead is that a title block is set up in Paper

Space and the design (in Model Space) is scaled by means of viewports (much more on this

in Chapter 10), so then in the Plot dialog box you can select 1:1 (one-to-one) and a properly
190 set up drawing prints to scale.

What if you do not care about scale and just want a print to look over? Here, the pendulum
swings in the other direction and things become very easy. Just check off the Fit to Paper box
above the scale and the drawing will fit on whatever paper you are using, with no regard to
scale whatsoever. While this technique is not for final prints of to-scale architectural layouts,
it is used very often for non-scaled work, such as electrical wiring schematics, network
design, conceptual layouts, and of course check plots.

What Pen Settings to Use

This is a topic that has an entire chapter all to itself (Chapter 19), and we do not go into
detail here. Suffice it to say, if there is one thing that instantly screams “amateur,” it is lack
of Pen Settings. The concept is simple, critically important in hand-drafting, yet sometimes
overlooked in the computerized world of AutoCAD. It deals with the fact that linework in
a drawing is not all the same size. Primary features (such as walls on a floor plan) should
appear darker on a print, while secondary features (furniture, for example) should appear
slightly lighter. This was the reason for the existence of 2H, 4H, and other pencil leads (for
those old enough to remember), and the reason today for the existence of pen settings.

With AutoCAD, different colors represent the different pencil leads, and a strict standard
needs to be followed as to what drawing features have what color assigned to them. In this
manner, drawings come out with different shades of linework, something that is noticed
by the eye, and as a result the drawings are much more readable and professional looking.
These settings are created, customized, adjusted, and saved under the ctb extension, for all
to use according to company standards set by management.

For now, select monochrome.ctb as your ctb file, and the entire set of customization tools
are presented in Chapter 19 as promised.
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What Orientation to Use

This is simply a question of whether you want the drawing to be oriented Portrait or
Landscape; in other words, do you want the longer side of the sheet of paper oriented
up/down or across. This should be familiar to just about every computer user who has
printed anything from a word processor or other software.

One twist here is that you can check off a box to plot upside down. A useful application for
this option, as I noticed one day, appears when you are printing many sets of similar-looking
(but different) drawings. If you want to know which drawing is coming out of the plotter
without waiting until it plots completely, send it in backwards. That way the title block

(with the identifying drawing number) comes out first and that question is instantly
resolved.

What Offset to Use

This refers to whether or not you need to shift your drawing around to account for a border
and stapling area on the left (or elsewhere). If you check off Center the plot, it will be
automatically centered on the paper, and in most cases this is what you would do.

Miscellaneous

There are a number of other features in Plot. For example, you can plot to a file (*.p1t) and
take it with you to another computer; this is useful for large volume drawing duplication at
stores that have no AutoCAD, only printers, such as Kinko’s®. You can also turn on a plot
stamp so information such as date and time of the printing can appear in the border. Some
plotting features are unique to 3D and solid modeling. We explore some of these topics

as well in Chapter 19. Finally there is a Preview window and a Number of copies to print

selection, the function of those being self-explanatory. 101

9.3 THE PLOT DIALOG BOX

Let us now take a close look at the Plot dialog box and identify the locations of all the
features described earlier. Open up the floor plan from the earlier chapters and bring up Plot
via any of the following methods.

Keyboard: Typein plot and press Enter. Also Ctrl-P
Cascading menus: File->Plot...

Toolbaricon: Standard toolbar @

Ribbon:Outout tab—>Plot @

The Plot Model dialog box appears, as seen in Figure 9.1. If it is not full size, press the small
arrow at the bottom right to expand it fully. The features we discussed are in Figure 9.2.

Go through all of the settings, referencing the explanations in the previous discussion until
you completely understand what each one does. Set the final settings as shown next.

e What printer or plotter to use: Set whatever printer is available at your location (it will
likely differ from what you see here). If you have a plotter, ignore it for now and use a
printer instead, as we are using A size for this exercise.

e What paper size to use: Select from the drop-down list. We want any A size available;
Letter (8.5 X 111in.) or similar is fine.

o What area to plot: Select Extents.

e At what scale to plot: Check off Fit to paper for this exercise.
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| > Plot - Model

Expand
FIGURE 9.1
Plot Model dialog box.
192
What pen
settings to use
What printer or
plotter to use
What scale
to plot at
What paper
size to use
What area
to plot What orientation
to use
What offset
to use
FIGURE 9.2

Plot features.
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E=Plot - Model

FIGURE 9.3

Plot features selected.
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e What pen settings to use: Select monochrome. ctb, and click on Yes if prompted to use
this for all layouts.

e What orientation to use: Select Portrait.

e What offset (if any) to use: Check off Center the plot.

Do not press OK yet. The Plot box should look like Figure 9.3.

Preview

Much like the situation with creating an array or hatch, a Preview button is available. With
printing and plotting drawings, it is crucially important to preview the drawing before
sending it to Plot. Paper and ink cost money, and everyone regardless of skill level makes
mistakes in setting up printing. This really should become a habit, as errors can be costly,
especially on large print jobs. On an industry-wide scale, this simple Preview button actually
saves tons of paper and gallons of ink. I caught not only printing setup errors but even
linework drawing errors during the Preview process.

Go ahead and press Preview... (lower left corner) and the Preview screen in Figure 9.4
appears. You can zoom and pan around using standard mouse techniques, and when you are
ready to send the drawing to the printer (or return to Plot for adjustments), right-click and
select Exit or Plot, respectively.

Go ahead and plot. If everything was set up correctly and your computer is connected to the
printer, the floor plan should print as seen in Figure 9.5.
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FIGURE 9.4
Plot Preview.
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FIGURE 9.5
Final output.
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If something does not look right anywhere in the process, review the entire set of steps, one
by one, returning to the Preview screen to check up on the effect of the changes.

9.4 PAGE SETUP MANAGER

There is one last topic to learn in this chapter. The settings on the print job you just sent are
not saved in memory. Try it by typing in plot again. Unless it has been saved somehow, you
have to reset them all again. The technique to “save” your settings involves another feature of
Plot called Page Setup Manager.

The idea here is as follows. You need to enter all the data for a print job in another similar-
looking Print dialog box and save it under a descriptive name. Then save the drawing with
these settings, and when you do the actual plot, the name you saved under appears under
Page setup (upper left corner). Then, no more entering settings one item after another, just
select the Page setup (it may already be cued up), preview, and print.

This has two advantages. The first is obvious: It speeds things up a lot by keeping all the
drawing’s print settings ready for use. The second may not be as obvious. Because you can
save as many setups as you want, you can have one drawing set up for multiple printers or
multiple settings.

For example, your office may need the final output sent in color to a D-sized plotter at a

certain scale, but in-house checks are done on 17” X 11” sheets, in black and white and no
scale. You can easily set up two distinct setups and name them Client_Layout and Check_
Layout. On occasion, I have used up to a dozen setups on one drawing, each with its own

purpose: presentation, archiving, optimized for color, check plots, and so forth.

195
A question usually arises when this topic is presented. Does this need to be done every time

a new drawing is created from a blank file? The answer is yes, but it is something that needs
to be done only once and saves you much time down the road. Obviously, using templates
negates the need to do this at all, as all settings carry over.

The Page Setup Manager is found using the cascading drop-down menu: File—Page Setup
Manager... or the Output tab on the Ribbon and is shown in Figure 9.6.

Press the New... button and the New Page Setup appears, as shown in Figure 9.7. Enter the
name of the new setup and press OK.

You are then taken to the now familiar-looking Page Setup dialog box. Upon completion of
the settings, a preview (yes, still needed), and a press of the OK button, you are redirected to
the Page Setup Manager ready for another setup if needed. If not, press Close.

To see the benefit of this, go to Plot and select the name of the setup from the Page setup in
the upper left corner; all your settings appear. Plot the drawing and save it. You never have to
enter settings again (unless something changes, like the arrival of a new printer). So finally,
after learning all this new material, you can now reduce printing to a pressing of the Preview
and the OK buttons—our goal all along.

As stated before, there is still a lot we have not covered and we revisit this topic again in
Chapters 10 and 19. Printing is something you usually receive assistance with at a new

job, training center, or consulting gig. However, the most you should expect to be told is
what printer is commonly used (up to ten connected to one computer is not unheard of)
and what is the standard ctb file in use. The rest is up to you, and with the knowledge you
gained in this chapter, you should be proficient in all printing matters just shy of the level of
AutoCAD management and administration.



LEVEL 1
Chapters 1-10

[#® Page Setup Manager

FIGURE 9.6
Page Setup Manager.

196 =¥ New Page Setup

Sample Setup 1

["<none>
<Default output device>
<Previous plot >

FIGURE 9.7
New Page Setup.

SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 10.

e What printer or plotter to use
o Differences between plotting and printing



CHAPTER 9
Basic Printing and Output

® What paper size to use

o]
o]
o]
o]

A size
B size
C size
D size

e What area to plot

O
O
O
O

Extents
Window
Display
Limits

e At what scale to plot

o]
o]
o]

1:1
Fit to paper
Other scale

e What pen settings to use

O

ctb files

e What orientation to use

O

Portrait or Landscape

e What offset (if any) to use

O
O

Center the plot
X orY offset

® Preview
® Page Setup Manager

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 9.

® NGO R ODNER

List the seven essential sets of information needed for printing or plotting.
List the five paper sizes and their corresponding measurements in inches.
What is the difference between printing and plotting?

List the four plot area selection options.

What scale setting ignores scale completely?

What is the extension of the Pen Settings file?

Explain the importance of Preview before printing and plotting.

Why is the Page Setup Manager useful?

]
EXERCISE

1. Open the mechanical device drawing from earlier chapters and practice printing with a variety of
scales and other settings. (Difficulty level: Easy; Time to completion: 10 minutes)

Select printer.

Select paper size; stay with A size.

Select Extents for the area. Also try again with Window; observe the results in Preview.
Try a variety of scales such as 1:1, 1:2, and so on; observe the results in Preview.

Pick the monochrome. ctb file.

Try both Landscape and Portrait orientation.

Center the plot.

197
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LEARNING OBJECTIVES

In this chapter we introduce and thoroughly cover the concept of Paper Space.
We specifically introduce

The primary reasons for using Paper Space

Entering Paper Space and setting up title blocks (Layouts)
Viewports and their properties

Viewport scale assignments

Controlling what is visible in viewports

Setting up text and dim styles based on the viewport scale

The new Annotation feature that simplifies setup of Text and dims

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00010-9
© 2011 Elsevier Inc. All rights reserved.
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By the end of the chapter, you will be well versed in applying this critical concept to your
design work.

Estimated time for completion of chapter: 3 hours.

10.1 INTRODUCTION TO PAPER SPACE

Paper Space is an extensive and critically important topic in AutoCAD. Learning it is a rite
of passage for all AutoCAD designers, and proper setup and use of Paper Space is a mark of
an expert user. The topic is not necessarily difficult but can be somewhat tedious, requiring
care and attention from the designer who really has to “dot the Is and cross the Ts” to assure
everything is done right. It is also a topic that needs to be understood well in theory, first
and foremost. The actual “button pushing” process to set things up is much easier when you
understand what Paper Space is and why it is used. The result of learning all this, however,

is a professional drawing set that is accurate and easy to read, understand, and print. This is
a necessity and a goal well worth striving for. We explore Paper Space from all angles, one
step at a time. Read and understand each section before moving on to the next. Paper Space
knowledge is cumulative.

What Is Paper Space?

When you create a design of a building with pencil and paper, this design needs to be drawn
to a certain scale, as opposed to full-size, for the simple reason that it would not fit on a
piece of paper if you did not do this. This is the reason why architects carry with them an
architectural scale, a portion of which is shown in Figure 10.1.

Then they can simply pick the appropriate scale for the size of their intended design (/5" =
1'-0" is common), and now due to the fact that 8 feet are represented by 1 inch, the building
floor plan can fit nicely on a large sheet of paper.

In AutoCAD however, you do not draw “to scale.” Because you now have an infinite size
canvas upon which to create your design, everything is drawn one to one or “life-size,”
meaning that, if you were to jump into your design through the computer monitor, you
would find yourself in proportion to (and would be able to freely walk around inside) your
building.

This is the Golden Rule of AutoCAD, and indeed in all cases of computer-aided design, and
marks a significant departure in philosophy and method from the previous hand-drafting
approach. In fact, attempting to draw “to scale” results in severe complications and potential
for error when creating, and later changing, the design and is simply not done in practice.

FIGURE 10.1
Architectural scale.
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Drawing one to one, however, creates a whole new set of problems. How do you output a
design that may be dozens or hundreds of feet across, onto a paper that is generally only 3 or
4 feet wide? Furthermore, this design has to be framed by a title block or title page that itself
has to be drawn one to one, so as to not violate the Golden Rule. The solution is elegant,
simple in principle, and has stood the test of time.

The idea is as follows. Draw the design in one area of AutoCAD, called Model Space,

then draw the title block in another unconnected and unrelated area, called Paper Space.
Finally, connect the two together via a clever concept, called a viewport, which is simply a
“window” looking in from Paper Space onto Model Space. This viewport is then assigned
an appropriate scale; and if everything is drawn (and then printed) one to one from Paper
Space, then the design comes out to scale and the problem is resolved.

This in essence is Paper Space: nothing more than a technique to separate the two worlds
and then reconcile them in a meaningful way to get around the tricky problem of a finite size
piece of paper holding a much larger design.

Be sure you understand the previous few paragraphs completely. The reasons behind
everything outlined from here on will be easier to see once you have a good idea of why
we are doing what we are doing.

10.2 PAPER SPACE CONCEPTS

The devil, as they say, is in the details, and the study of Paper Space involves a number of
separate concepts, each of which is an important part of the complete picture and needs to
be looked at closely:

Layouts: Entering Paper Space and setting up title blocks.

Viewports: Viewports and their properties. 201
Scaling: Viewport scale assignments.

Layers: Controlling what is visible in viewports.

Text and dims: Setting up text and dim styles based on viewport scale.

Annotation: A new feature that simplifies setup of text and dims.

Summary: Putting it all together.

These topics are listed roughly in the order a designer would go through them as he or she
sets up and does the project. As an example drawing, we continue using the architectural
floor plan that you have been working on since the start of Level 1. It happens to fit nicely
on a D-size (36" X 24") sheet of paper at /4" scale to illustrate the concepts. If you want to
use another design, perhaps one drawn in one of the end-of-chapter exercises or one your
instructor assigned to you, by all means use that. If you stick with the apartment floor plan,
then thaw all the layers. It is messy, but we fix that later. Let us begin with the first topic,
layouts.

Layouts

The first step involves switching over to Paper Space and familiarizing yourself with the
Layout tabs. They are found at the bottom of your drawing area, resemble Microsoft Excel
tabs, and say Model, followed by Layout 1 and Layout 2, as seen in Figure 10.2.

Go ahead and switch over into Paper Space by clicking on Layout 1. You will notice a
different environment, as shown in Figure 10.3. For starters, the UCS icon is a triangle and
the Layout 1 tab is highlighted. Your background color is white, and finally you have a
variety of background features (rectangles, shadows, viewports, and others). We will modify
this environment in a minute, but in the meantime click on the Model tab and jump back
into Model Space. You now know how to enter and exit Paper Space.
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Layout tabs.
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Paper Space.

There really is no need for Paper Space to look any different from Model Space. There is nothing
special about Paper Space whatsoever. Remember, it is just a technique in AutoCAD to create two
separate worlds. You can actually draw in Paper Space as if it is your regular drawing area with no

adverse effects, but of course that would defeat the whole purpose of what we are doing,

Based on this, it is highly recommended that the Paper Space shadow and other features are

turned off. Indeed most experienced users prefer their Paper Space to look as close to Model

Space as possible. It is ultimately up to you if you want to do this, but all screen shots in the

remainder of this chapter feature the plain Paper Space environment. To do this you need to

right-click to Options..., then select the Display tab and take a look at the Layout elements

(lower left). Go ahead and uncheck all but the very first choice, as seen in Figure 10.4, and set
the Sheet/Layout color to black in Colors... (though in the textbook the background remains
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FIGURE 10.4
Paper Space preference settings.
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FIGURE 10.5
Paper Space, modified.

white to conserve ink and for clarity). It is also a good idea to set your crosshairs to 100 for
reasons soon to be explained. Ask your instructor for assistance if needed. Finally, click on OK.

After this modification, Paper Space should look like what is seen in Figure 10.5 (except of course
for the screen color, which should be black, as preferred by most users). Notice that now the
only indication that you are in Paper Space is the triangle UCS icon and the highlighted Layout

1 tab. Also the viewport rectangle was erased. Note that some students may already have had this
environment, or a variation of it, set up and could have skipped the previous few steps.

So what are these Layout tabs in real life? They are literally sheets of paper when the job is
completed and ready for printing. The design (done in Model Space) is “presented” in Paper
Space with each Layout being one sheet of the total drawing set, that is, the Architectural,
Mechanical, Electrical, Details, and so on.

If you are thinking that we need to learn how to make title blocks at this point and perhaps
create more Layouts, then you are correct. We create a title block from a built-in AutoCAD
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template. This may or may not be the way you will be doing it at your job. If you are in an
architecture office, there may be a pre-drawn title block that you can just retrieve and paste
in, but for our learning purposes we create a new one.

Select the Layout 1 tab (left-click) then right-click to bring up the menu shown in Figure 10.6.

We will work with this menu for the next few pages. Let us first of all try creating a title
block from a template by clicking the From template... choice. You get the dialog box in

Figure 10.7. Pick the Tutorial-iArch.dwt template and click on Open.

New layout

From template. ,

Rename

Activate Frevious Layout

Activate Model Tab

Plat...

Export Layout to Model...

KD
& Command: *Cancel®
Command: *Cancel?®

Cormand:

32,0372, 7.165€, 0.0000

204 FIGURE 10.6
Layout tab menu.
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Another small dialog box, Insert Layout(s), appears, as shown in Figure 10.8. It is simply
informing you that the layout is a D-size one. Click OK.

Notice what happened: You have a new tab, called D-Size Layout, positioned right after

the other three layouts. Click on it and you see a decent title block, much improved in
AutoCAD 2010 versus older releases (AutoCAD 2011 continues to use it). It is a reasonable
representation, minus the fancy logos, of what a typical architectural office may use. Inside
the title block is a blue rectangle through which you may or may not see your building; this
is the viewport, and we cover this topic next. For now, go ahead and delete it. We will make
our own soon. Also, explode the title block as we want to modify it.

What you have now is shown in Figure 10.9 (except that your screen background likely is
colored black).

| ¥ Insert Layout(s)

FIGURE 10.8

205
Insert Layout(s).
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FIGURE 10.9
Basic Tutorial-iArch.dwt title block.
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The next step is to modify the Layout tabs by renaming them to something more descriptive
and removing the unnecessary ones. Right-click on the new D-Size Layout tab to get the
menu to appear again. Select the Rename choice and the tab’s name becomes editable; type
in Architectural Layout. Let us now get rid of the Layout 1 and Layout 2 tabs, as they
are empty and not needed. Begin by clicking on Layout 1, then right-click to get the menu
up again. Select Delete and press OK when the warning box pops up. Repeat the procedure
for Layout 2. After these steps we have only the following two tabs remaining, Model and
Architectural Layout, as seen in Figure 10.10.

Take a moment to look over the title block in the Architectural Layout tab. As a reminder once
again, delete the original viewport (the blue rectangle), as we will make our own from scratch.
Then explode the title block if you have not done so yet. Modify anything you may want to
look different (for example, delete the USER, REVDATE, and the FNAME text in the lower left
corner and added sheet A1 in the lower right corner of the title box), but this is optional.

Now we need to create more of these title sheets, for the Mechanical and Electrical layouts.
Go back to the menu (right-click on the Architectural Layout tab) and select the Move or
Copy... choice. The dialog box in Figure 10.11 appears.

" Command: *Cancel®
Cormand: *Cancel®

Command :
-2.4527, -0,1561, 0,0000

FIGURE 10.10
Model and Architectural Layout tabs.
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FIGURE 10.11
Move or Copy.
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Be sure to do two things. First of all, check off the Create a copy box at the bottom left and
also click on the (move to end) choice, which simply places the new title sheet next in

line after the existing Architectural Layout and may be important later when it come to the
printing order. The order can be seen in Figure 10.12. Finally click on OK and observe what
happens with the tabs. A new one appears, saying Architectural Layout (2), and it is a perfect
copy of the previous existing tab. Go ahead and rename it (as outlined earlier) to Mechanical
Layout. Repeat the whole procedure to create a third tab, called Electrical Layout, and finally a
fourth tab, called Landscaping Layout. The final result is in Figure 10.12.

Review this entire section; it is an important first step to learning Paper Space and is a
common procedure needed to set up a project that has multiple pages (which is pretty much
the case every time). It should be clear as to what each sheet (tab) represents. Next we work
on the sheets to set up viewports so the design can be viewed at the proper scale.

Viewports

Viewports, as mentioned in the Paper Space introduction, are simply windows from the Paper
Space world looking into the Model Space world. It is as if we ripped a hole in the fabric of
Paper Space and observed what was behind there. We assign scales to these viewports later on
and in this manner reconcile the Paper and Model Spaces. For now we need to first learn how
to create and modify the viewports and go over some of their properties. Your new layouts
already have a premade viewport (the blue rectangle), but as mentioned earlier, you should
have now erased it; we will learn to create new ones from scratch.

To go through the following steps, we need a drawing of the floor plan in Model Space. Open
up the file of the apartment plan that you have been working on and look over the drawing,
cleaning it up if necessary. Thaw all the layers and Copy/Paste it (using Ctrl-C and Ctrl-V, not
the AutoCAD commands) from that file into your new file where you just set up the Paper
Space tabs. This is important to learn to do, as you often will need to copy items out of one
file into another when working on real projects. Finally, freeze the Dimensions layer, leaving
only the walls, windows, doors, furniture, appliances, and the carpeting hatch, if desired. The
sample file shown here was modified slightly to include both furniture and carpeting all at
once. You are now ready to set up the Mview window.

207

Click on the Architectural Layout tab, entering Paper Space, type in mview, and press Enter.
This is the key command for creating new viewports. Alternatively you can use the cascading
menus View— Viewports— 1 Viewport. Note here that you can create more than one viewport at
a time, but we do only one for now.

O AutoCAD says:
Specify corner of viewport or
[ON/OFF/Fit/Shadeplot/Lock/0Object/Polygonal/Restore/LAyer/2/3/4]1 <Fit>

Command: *Cancel®
Command: TCancel®

Comnand

-8 5340, -3 4091, 0.0000

FIGURE 10.12
All tabs.
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New viewport.

Then simply click and drag the mouse across your screen, effectively drawing a large rectangle
from one side of the sheet to the other (avoiding the actual title block in the lower right corner).
AutoCAD says: Specify opposite corner: asyou are doing this and Regenerating model
as you complete the viewport. You should now be able to see the design inside the “rectangle”
you created, as shown in Figure 10.13.

You can create more viewports in the other layouts if you like for practice, but we focus on
this one, in the Architectural Layout.

FLOATING MODEL SPACE

Double-click inside the viewport. Its border becomes thicker and you notice your mouse

is “inside” the viewport, as shown in Figure 10.14. The advantage of having 100 width
crosshairs is evident here, as the viewport “clips” the ends of the crosshairs and it becomes
clear that you are in this mode. Pan and zoom while inside the viewport and you notice the
design shifts around while the Paper Space title sheet stays still. This Floating Model Space
mode is sort of a “no man’s land” between Model and Paper spaces and is critical in scaling
the design, as we shall soon see. For now double-click anywhere outside of the viewport to
get back to Paper Space. Be careful not to double-click on the actual viewport itself. That
takes you to the vpmax mode (maximum viewport size), which can be used for editing

but is not needed here. If you do accidentally double-click on it, press the button shown in
Figure 10.15 to get back (bottom right of the screen).

Practice jumping in and out of the viewport several times; this is very important for the rest
of the chapter. Note also the big picture discussed so far. You are in Paper Space and created
the viewport to look onto the design in Model Space. When you are inside the viewport,

you are technically in Model Space, but still in Paper Space as well. You need this for scaling
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Floating Model Space.

FIGURE 10.15 209
Minimize viewport.

purposes only. Design work on either the floor plan or the title sheet or block is done in their
respective spaces.

Next we need to learn how to modify the viewport(s). Note that they are not static displays
but rather dynamic tools you can and should mold and shape to your needs as outlined in
the next section.

MODIFYING THE VIEWPORT

First, make sure you are in Paper Space, and then click once on the viewport (not inside of
it, but on the lines of the actual viewport rectangle). The viewport becomes dashed and grips
appear. Using them you can resize the viewport to any size desired by clicking on any grip,
activating it (it turns red), and adjusting the viewport's size and shape. In general you can

Scale the viewport(s) up and down to any size.
Adjust the viewport(s) to any shape.

Move the viewport(s) anywhere you'd like.
Erase the viewport(s).

Copy the viewport(s) as many times as needed.
Make new ones as needed.

Take a few minutes to go through all these features. Make your viewport smaller, then copy
it several times. Move all four around the screen, then erase one. Finally create it again with
Mview. In the end try to have what is shown in Figure 10.16 and in general make sure you
understand viewport manipulation, the Mview command, and getting in and out of Floating
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Four random viewports.

Model Space. When you are inside the viewport, do not forget to also scale the drawing up or
down and zoom to extents. We focus on a precise scale later.

POLYGONAL VIEWPORT

The shape of the viewport need not be rectangular or square; it can be any shape necessary
by using the Polygonal option. To practice this, click over to the Mechanical Layout and
create a new viewport using the Mview command; however, before clicking to draw the
actual viewport, select P for Polygonal in the lengthy menu.

O AutoCAD says: Specify start point: and after the first click Specify next
point or [Arc/Length/Undo]:

Click your way around in some random fashion (do not overlap the clicks) and press C for
Close to close the viewport. What you get after creating a starburst sort of pattern is shown in
Figure 10.17. You can see the design inside the oddly shaped viewport.

Of course this is not really what this tool is for. Rather it is to make viewports that weave
their way around possible revision blocks or notes on the drawing, thereby freeing you from
being forced to use a rectangle and wasting space. An example is shown in Figure 10.18, and
this is often the case in real-life designs, making Polygonal viewports very important for
creating an efficient layout.

There are a few other important items to cover with viewports, such as locking them and
making them invisible, but we introduce these features a bit later, as the need arises. What we
need to look at next is the “core” of Paper Space: scaling the viewports and their contents.

Scaling

Here we finally put everything together, because really what we have done so far was just
the “setup.” We have our design in Model Space and our title block/sheet in Paper Space,
connected together by one or more viewports. Now we need to give these viewports a scale,
which was our goal all along.
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Polygonal Viewport 2.

To make things simple, let us just have one viewport in our Architectural Layout, so delete
any others you may have, including polygonal ones, and leave one large viewport similar to
Figure 10.13.

So, what is scaling? Well, you may have already guessed it has something to do with
zooming. After all, as the design is zoomed in and out (while in Floating Model Space), the
scale continuously changes and is always something. So scaling the design properly is just a
matter of knowing how much to zoom it in the viewport. The big question of course is, how
much? Another way to put it is, what scale factor do we apply?

211
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There are two ways to assign scale to this or any viewport. The first one is a technique used
for just about every AutoCAD release up until the last few. It is a bit more involved but really
gets you to understand what is going on. Then we cover the other, easier method.

Method 1: Double-click inside the viewport, type in zoom, and press Enter. You see
Specify corner of window, enter a scale factor (nX or nXP), or
[A11/Center/Dynamic/Extents/Previous/Scale/Window/0bject] <real
time>:

Here is where you used to pick E for extents and see the entire drawing fill up your screen.
However did you notice the enter a scale factor (nX or nXP) choices? This is what we are
interested in right now, specifically nXP.

What nXP means is that you need to enter a ratio relative to Paper Space (which is the 1:1
“anchor,” so to speak) and then the design scales to that ratio. So what is it? Well for !/,” =
1'-0" the n is !/,5 (followed by the xP). So type in 1/48xp and press Enter. The design zooms
to precisely !/,” = 1'-0" scale, as shown in Figure 10.19.

Now this seems to be too small. No problem, just type in zoom and press Enter again. Then
type in 1/24xp and press Enter again. The design will zoom to 2" = 1'-0", as shown in
Figure 10.20, which seems to be a better size for this design and title sheet.

So where did 1/48xp and 1/24xp come from? They are just ratios developed from the
fact that there are 12 inches in 1 foot and the scale is 1/4 or 1/2. Therefore, for 1/4, it

is 1/48 (/g inch scale X 1/12 inches in a foot = 1/48 relative to the 1:1 Paper Space).
For 1/2 itis 1/24 (!/, inch scale X 1/12 inches in a foot = 1/24 relative to the 1:1 Paper
Space) and so on. There are other scales such as '/4", /5", 3/s", °/s", and others; they can
all be derived in a similar manner. There is of course a faster and easier way to set up

viewport scales.

Method 2: Double-click back out to Paper Space and bring up the Viewports toolbar, shown
in Figure 10.21.

o
==

FIGURE 10.19
Design zoomed to ¥4” = 1’-0" scale (1 /48xp).
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Now click the viewport once (not inside of it, but on the lines of the actual viewport rectangle).
When the viewport becomes dashed, the scale associated with that viewport is shown in the white
field on the right side of the Viewport toolbar. Click the down arrow and you see a wide variety of
choices. Pick the scale you want and the viewport takes on that scale, as shown in Figure 10.22.

m
T

FIGURE 10.20
Design zoomed to ¥%2” = 1’-0" scale (1 /24 xp).
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FIGURE 10.21
Viewports toolbar.
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FIGURE 10.22
Viewport scaling, Method 2.
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Layers

We have done a lot already in setting up the drawing in Paper Space. We now turn our
attention to several important details that are either new or change significantly when
dealing with Paper Space.

One of those is Layers. While the fundamental Layer concepts do not change, a new ability is
added to the Layers dialog box. It turns out that, when viewports are present, you can freeze

and thaw layers in those viewports independent of each other and the main drawing. This is
very significant, as you want to be able to display different items as you go from viewport to

viewport.

Perhaps the most important example of that is when you jump between the Architectural,
Mechanical, and Electrical Layouts. Each tab is a new viewport, yet all views of the design
originate from one actual copy of that design. In each layout, you need to see only what is
relevant to that layout, and it would be a major problem if you could turn layers on and off
only in the main Model Space drawing. Then each tab would display the exact same thing.

Fortunately this is not the case, and in each viewport, you can turn layers on and off

as needed to get the design points across. Therefore the Architectural Layout has only
Architectural layers and so on. It is the same idea with multiple viewports on one layout
(such as the case with detail sheets). Each viewport is truly a world unto itself. To see an
example of this let us create four viewports in the Architectural Layout, as shown in
Figure 10.23. The scales assigned are random.

Double-click into the top left viewport and bring up layers. The Layers dialog box (with some
extra columns) appears, as shown in Figure 10.24. All relevant columns have been expanded
for maximum visibility of the contents. Look for the VP Freeze column (circled); this is the

214 only column in which we are interested.

In that column, you can freeze all the unneeded layers for that layout without affecting either
the main layout or the other viewports. Go ahead and freeze the A-Floor-Hatch layer. The
result is shown in Figure 10.25. Note how the neighboring viewports are not affected by

[BATHROOM

FIGURE 10.23
Four viewports for Layers demo.



what you did in the top left one. Now click over to the top right one and freeze the A-Doors
layer only. Click over to the bottom left viewport and freeze the A-Floor-Hatch, and the
A-Appliances_Furniture layers. Finally, in the bottom right viewport, freeze everything except
the walls and windows. Note the distinctly different layer settings in each viewport; they are
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completely independent.

LOCK VP

We now cover two other notable features of viewports. The first is the ability to lock the
viewport, which simply means you cannot change the viewport's scale and all zooming
attempts fail (the entire Paper Space drawing zooms instead). This can be useful to prevent
accidental zooming while inside the viewport and should be set after the design is laid out
and set up. To do this, bring up the Properties box (refer to previous chapters if you forgot
how). Then click the viewport once, and select (under Misc.) the Display locked option,
setting it to Yes, as shown in Figure 10.26.
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FIGURE 10.24

Layers dialog box with VP Freeze columns.
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VP Frozen layers.
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Center ¥ 57,9545
Center Y 14,2806
Center Z 10,0000
Height 11.9777
Width 13.6147
On Yes
Clipped No

No -
Annotation scale
Standard scale )
Custam scale 0.0373

LICS per viewport Yas
E Layer property ove... |No

Wisual style 2D Wireframe

Shade plot ﬂsDH__Jl_g!ﬂ
Linked to Sheet View |No

FIGURE 10.26
Locking the Viewport.

FREEZE VP

This next feature allows you to either “freeze” the viewport or simply prevent it from
printing. The reason for this is that generally you do not want a big fat rectangle on your
final plots that will go to the client. This is especially true of the main layouts that feature
just one large viewport. The visible viewport rectangle can be mistaken for part of the border
and is unnecessary. Even with detail sheets, each of which may display many details, the
trend is to just separate them adequately but not have any rectangles visible. If you “didn’t
do it by hand in the old days” then there is no need to introduce it in AutoCAD.

Having said this, however, some designers prefer to see the viewports all the time and have
them disappear only upon printing. So you have several options in this regard.

First of all, we need to put the viewports on an appropriate layer if they are not already.
Designers generally create a _VP layer for them. Notice a trick here. The VP layer has an
underscore in front of it. This forces the layer (or any layer that has that underscore) to rise to
the top of the layer list, above the 0 layer. This makes it easy to find the title block and sheet
or the VP layers (as long as you do not overdo it and stick too many up there). Go ahead

and change the color of the layer to gray and freeze it. Then finally change all the viewports
(using Properties) to that frozen _VP layer. If you did everything correctly, then the viewport
boxes disappear, as shown in Figure 10.27.

There are other alternatives of course for those who want to see the viewports but not print
them. You can put them on the Defpoints layer. This layer does not print (it is the definition
points from dimensions). Another method is to just put a slash through the printer icon in
the Layers dialog box corresponding to the viewport layer, which leads to the same result.

We are getting to the end of Paper Space, and two major topics are left: Text and dims and
the Annotation tools.
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FIGURE 10.27
Viewports frozen.

Text and dims

This topic is probably the most confusing one in Paper Space and really requires the AutoCAD

designer to not only understand everything thoroughly but also work carefully and deliberately. 217
In practice, much of this is done only once and saved as part of a template, but for educational

purposes, we assume you are being tasked with the Text and dims setup from scratch and must

know all the steps.

Our goal here is quite straightforward: We want all the text and dimensions to be the same
size when printed, regardless of in what scale viewport they appear. This uniformity is a basic
requirement of a professional drawing. Architects and engineers specify something to the
effect of: “I want the text height to be 4" on all drawings, both in layouts and in all details,”
and it is up to the AutoCAD designer to ensure that this happens. With hand-drafting this
was not an issue; the text and dims were drawn all at once using the same size template.

With AutoCAD, due to our use of Model Space and Paper Space, things are not so simple. The
basic fact remains that all text and dimensions have a certain fixed measurable size when drawn
in Model Space and appear as different sizes when viewed through the various scaled viewports,
just as the design itself does. Some designers try to simplify everything by dimensioning the
design in Paper Space to achieve uniformity (AutoCAD lets you do this), but this is not correct.
The dimensions and all text must remain with the design in Model Space. The reasons for this are
many, not the least of which is that any movement of the design misaligns everything.

So the text and dims need to stay where they are supposed to be, and we need to understand
how to properly size text and dimensions based on the anticipated scale of the viewport in
which they appear. This all really just boils down to a game of “match-up.” The basic theory
is as follows. You already know that viewport scale is a function of zooming. Therefore, when
you have uniform text in Model Space and view the same set of text through the 14" = 1'-0”
versus the 12" = 1'-0" scale viewport in Paper Space, the text in the 4" viewport appears two
times as large, as the viewport is a larger scale. To counter this effect, you need to make sure
that the text that appears in that 12" viewport is drawn to be half as big, so it appears uniform
with the 14" text (just as an example).
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VIEWPORT DRAWING TEXT SCALE
SCALE HEIGHT EAGTOR | WAL SCALE
18 | 316 | 1/4

[ Architectural

112"=1-0" 1 15 2 3 3
1"=1-0" 1.5 2.25 3 12 4.5
3/4"=1-0" 2 3 4 16 6
12" =1-0" 3 4.5 6 24 0
38" =1-0" 4 6 8 32 12
14" =1-0" 6 9 12 48 18
18 =1-0" 12 18 24 96 36
1/16"=1-0" 24 36 48 192 72
132"=1-0" 43 72 96 384 144
| Engineering

1"=10' 15 22.5 30 120 45
1"=20' 30 45 60 240 90
1"=30' 45 67.5 20 360 135
1"=20' 60 00 120 480 180
1"=50' 75 1125 | 150 600 225
1"=60' 90 135 180 720 270

FIGURE 10.28
Text and scale standardization chart.

The trick is to be consistent and careful, so that the wrong size text does not appear with the
wrong viewport scale. So, how is this done in practice? How do you know what size text and
dims are appropriate for a particular scale? We have tables for this, such as the one shown in
Figure 10.28.

To use this chart, you have to know what scale viewports you are using. With the main
layouts, such as the Architectural or Mechanical, done earlier, it is very easy. These layouts
typically feature only one viewport of a known scale (/3" = 1’-0” is commonly used);
therefore, if the architect desires all text output to be 3/,4" in height (also a common size),
then by reading the chart from left to right until we meet the 3/,4" column, we arrive at a
height of 18 inches, which is to be used for all text in that drawing. For the !/,” = 1’-0" scale,
that same text size is now 9 inches, half as big, since the new scale, !/,” = 1'-0" is twice as
large. Ideally, this all makes sense to you.

With details, which may come in all the scales listed, the procedure is no different; you just
have to be very careful in knowing ahead of time what scale viewport you will be using, to
use the appropriate text height. All this comes with experience, and after much practice, you
will be able to quickly assess the necessary scale of a given detail to ensure that all aspects
of it are visible and clear to whoever is reading the plans. This will be the only factor in
determining the appropriate text size.

The chart shows not only the text height but also the dimension sizes under the SCALE
FACTOR column. Here, you retrieve the appropriate size (24 in the /4" = 1’-0"” example) and
enter that value in the Use overall scale of: text field under the Fit tab of the DDIM dialog
box. Also shown is the appropriate scale for linetypes (9 in the case of 14" = 1’-0"). You need
this to ensure you can see a hidden line, for example, under this scale.

Most of the information contained in Figure 10.28 needs to be entered into AutoCAD in
the form of text styles and dim styles. This is the job of the CAD manager on initially setting
up an architectural or engineering office’s CAD standards. Yes, it is as tedious as it sounds;
the chart is abbreviated and does not contain every scale used, so the work is substantial.
Fortunately it needs to be done only once, and a template is formed for all users to follow
from there on out. Enforcing this usually turns out to be the hardest part of all, as the
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=__ 331_4!! __I
I 16-8" |

m..wi;ﬁf This is 1/4" text and dims This is 1/8" text and dims

FIGURE 10.29
" " and 14” text and dimensions.

1_4" ! 16'-8" l ;_ 331_4- %
This is 1/2" text and dims This is 1/4" text and dims This is 1/8" text and dims
Viewport Scale: 1/2°=1%0" \Viewport Scale: 1/4"=1-0" Viewport Scale: 1/8"=1-0"

FIGURE 10.30
Paper Space text and d i ms uniformity.

“system” is only as good as the people who follow it. You must be careful to use the proper
style (usually called Arial_.25, for example), and be sure to set that style as current while
working on the relevant design or detail. The payoff comes later in the process, when you
view the design in Paper Space. Uniformity and professionalism is the final goal.

PRACTICE

Step 1. Go to the Style dialog box and create three new text styles, all Arial fonts. They are 219
set up for a final text height of %/4” and are viewed through three viewports of the
following scales:

o 14" = 1'-0" (therefore, size: 6").
o 14" = 1'-0" (therefore, size: 12").
o /g = 1'-0" (therefore, size: 24").

Step 2. Go to the Ddim dialog box and create three new dim styles. All must use the
appropriate text from the previous procedure (therefore, the 14" = 1'-0” dimension
style uses the Arial_.5 style of 6” height, etc.). Then set the fit as shown on the chart
and reproduced here:

o 14" = 1'-0" (therefore, Use overall scale of: 24").
o 14" = 1'-0" (therefore, Use overall scale of: 48").
o 17" = 1'-0" (therefore, Use overall scale of: 96").

Step 3. One by one, in Model Space, set each text and dimension style as current and create
one set of text and one set of random dimensions next to each other, as shown in
Figure 10.29.

This may take you a few minutes to set up and execute. Be sure to work carefully, checking
and rechecking all your settings. As expected, the three scales go up in size X2 for each jump
from 4" to V4" to '/s". We now want to see them uniform in size in Paper Space.

Go into Paper Space and create three viewports next to each other. Use the tools learned
previously to set the first one to the 12" = 1’-0”, the second to ¥4” = 1’-0”, and the third to
s = 1'-0". Pan around until the appropriate text/dims combination is in the respective
viewport (you may have to go to Model Space and move them apart slightly). The result is
shown in Figure 10.30.

Notice the complete uniformity of the text and dims in Paper Space (as opposed to how they
looked in Model Space in Figure 10.29). This is the essence of what we are doing here. If you
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FIGURE 10.31
Annotative style.

can set up these three viewports and all the text/dims correctly, you can do any drawing. Be
sure to review and learn everything thus far presented. Ask your instructor for assistance if
needed.

Annotation

This final Paper Space feature we briefly discuss is relatively new and first appeared in
AutoCAD 2008. Called Annotation, its purpose is to present an alternate approach to the
methods of the previous section “Text and dims.” The new approach is different in that it
allows you to set multiple scales for the same text, so the proper scales are visible in the
proper viewports with no further input from the user. Several items can be annotated: styles,
dimensions, blocks, and hatches. We explore text as outlined in the following procedure, but
it is similar with dimensions.

Open a brand-new file, type in sty1e, and press Enter. The familiar Style dialog box comes
up. Create a new style, calling it Arial_Anno, font Arial. Check off the Annotative box under
Size and leave the Paper Text Height as 0. The new text has a triangular symbol next to it, as
seen in Figure 10.31. Be sure to set it as Current.

Now switch to Model Space and create a line of text. The first time you do this a dialog
box, such as shown in Figure 10.32, pops up. Set the scale at which you anticipate this text
to show up in (such as inside a /4" = 1'-0" viewport, as done here). Go ahead and set the
previously mentioned scale and press OK. Finish typing the text.

Now switch to Paper Space and create a viewport and set it to the ¥4"” scale. Expand or
contract it to fit nicely around the text, as shown in Figure 10.33.

Now copy that viewport to the right and change its scale to '/s". The text will briefly shrink to
a smaller size then balloon back up to the same size you set ('4"), as shown in Figure 10.34.

This is the essence of Annotation. The Annotation Scale is adjusted at the bottom right of
the taskbar, as shown in Figure 10.35, so when new text is being created, you need to set its
anticipated viewport scale right away.



CHAPTER 10
Advanced Output: Paper Space

FIGURE 10.32
Select Annotation Scale.

This is a sample text

1/4" scale viewport —/

FIGURE 10.33
Annotation text in sample viewport.
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This is a sample text This is a sample text

1/4" scale viewport —/ 1/8" scale viewport —/

(Text size remains the
same, even though the
viewport scale changed)
FIGURE 10.34
Annotation text in sample viewports.

FIGURE 10.35
Annotation Scale.

This is a sample text

ol Nis is a sample text

FIGURE 10.36
Annotative text copy.
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You can also set different annotation scales to the same text if you anticipate it being visible
in two or more viewports of different scale. Click on the text and a “double” of it pops up
(Figure 10.36). This double is not a true copy but a temporary twin. At this point, go ahead
and set the new annotation scale from the popup list in Figure 10.35 and move the text to a
new position (usually right on top of where the old one was).

Everything done here with text can be done with dimensions and the other items listed
previously. Experiment with this tool to see exactly what AutoCAD's designers had in mind.
It is not necessarily easier than the previous method but may be somewhat simpler—
opinions vary. Note the Annotation Visibility option (scale symbol with a light) next to

the Annotation Scale list. This shows all objects in all scales; the symbol next to it is for
automatic scale addition.

Summary

We have gone over a lot of information in this Paper Space chapter. Ideally you have absorbed
all of it and are able to use this valuable and important tool. Many use it improperly or not at
all, and being an expert in Paper Space sets you apart from the crowd and adds a true level of
professionalism to your designs. This summary serves as a capstone to the chapter and presents
the big picture once again, now that the details have been mastered.

Do not think of Paper Space as a rigid or fixed system, where buttons are pushed and
results pop out. While an element of this is present, the proper way of looking at it is as a
flexible and loose collection of tools that allow you to shape and mold the presentation of
your design in a way that is efficient, clear, professional, and of course pleasing to the eye.
There is no one way to do things. Rather there is a constant tug of war between (sometimes
conflicting) requirements. For example, you have to consider

o The size of the design: This is the first and foremost concern. Your design takes priority
over everything else, so focus on that in Model Space, creating your architectural layout or
engineering device, as per client need.

® The size of the available plotter and paper: After the design is completed, output is
considered. What do you have to work with? Most companies have a plotter capable of
36" X 24" plots. Some have the larger 48" X 36" plotters. Know your paper options. The
larger plotters take E-sized paper, the smaller only up to D size. You cannot print on what
you do not have unless you outsource to a print shop.

e The scale needed to clearly see all facets of the design: This is the next important
step. Take a look at how your design will look on the D- or E-size sheets. Can you see
everything? Are any parts of the design not clearly visible? Generally a 25" X 25’ building
(such as the one used as an example in this chapter) fits nicely on a D-size sheet at 12" =
1'-0" scale. If it is much bigger, then you can either switch to an E-size sheet (if possible)
or switch to another scale. Another scale, however, makes the small details of the design
hard to see, so an option is to stay at the previous scale and “split” the drawing into
halves or quarters and use match lines for alignment.

As you can see, many variables come into play in setting up Paper Space properly, and
with experience all this will be in your head at the start of a project and you will know
instinctively what paper, scale, and viewports to go with, based on the size and expected
overall shape of the design.

As of completion of this chapter, you have graduated from a beginner to intermediate level

of AutoCAD knowledge. Ideally, you understood everything up to now and have not skipped
any exercises or reading. If so, then good job. If all you need AutoCAD for is basic drafting or
just knowing enough to oversee other full-time AutoCAD designers, then you may stop here,
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you have what you need. If your work requires expert level knowledge, you need to go on to
Chapters 11 through 20. See you there.

SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Level 2 and Chapter 11.

Paper Space

Layouts

Viewports

Scaling a design inside of a viewport
Working with layers in individual viewports
Scaling text and dims in viewports

The Annotative concept

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 10.

© o N RwNR

What is Paper Space?

What are layouts?

How do you create, delete, rename, and copy layouts?
What are viewports?

How do you create, scale, and shape viewports?

How do you scale a design inside of a viewport?

How do you turn layers on and off in individual viewports?
How do you scale text and dims in viewports?

Describe the Annotative concept.
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EXERCISES

1.

Set up a total of five title blocks in Paper Space using the Tutorial-iMfg.dwt template file that
follows. Name the tabs:
*  Front View

¢ Side View

e Section A-A
¢ Section B-B
e Section C-C

Delete any extra tabs.
(Difficulty level: Easy; Time to completion: <10 minutes)
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2. Bring up the floor plan you did in Chapter 4 (Exercise 3) or redraw it. Then go into Paper Space
and create an Arch Layout tab, followed by several viewports, as in the following figure. Assign the
viewports a scale as shown. Freeze the Dims layer in the two detail viewports. (Difficulty level: Easy;

Time to completion: 10-15 minutes)

| 366"

1

ara

ALLWALLS ARE 6"
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Now that you have completed Level 1, beginner to intermediate, you should have the basic
skills necessary to work on a drawing of moderate complexity with a certain amount of speed
and accuracy. Level 2 is the second part of your journey in becoming proficient in AutoCAD.
The goal at the end of this level is for you to know most of the practical information about
AutoCAD 2011 in two dimensions. This will allow you to not only work on very complex
drawings but also set up and manage them. Then, with some additional work experience,
you will have the skills of a CAD manager or administrator, a necessity in many engineering
or architectural firms, even if your job is not just AutoCAD.

Starting with the next chapter, this textbook does not feature any of the basic introductions
concerning AutoCAD and what it is. It is assumed you have already read through all the
introductory information and are familiar with all the material in Chapters 1-10. There are
no further explanations or reviews of earlier material, so if you need to review anything from
Level 1, do so before proceeding. With this book, we dive into the new material right away
and do not look back, as there is much more to cover.

Level 2 consists of several parts. Chapters 11 through 13 are all about advanced features of
basic concepts: lines, layers, and dimensions. We add significant depth to these Level 1 topics.
Chapters 14 through 16 cover a broad set of topics that introduce a variety of advanced
features, such as interacting with other software, the Design Center, Express tools, the CUI, and
many shorter topics. This then clears the way for some remaining “big ideas” in AutoCAD:
External References, Attributes, and Advanced Output and Pen Settings, which make up
Chapters 17 through 19. These are very important topics, especially External References, as they
are critical to many architectural designs. We complete Level 2 with isometric design, which is
a very useful tool in its own right.

The pace of the course picks up somewhat as well, and more responsibility is placed on

228 you to follow up and do your own research into additional AutoCAD functions. We also
introduce a drawing project that spans the entire level from Chapters 11 to 20. It is a more
in-depth floor plan that, while still greatly simplified, attempts to replicate a real-life
architectural layout. There also are fewer generic drawings to do, in favor of more topic-
specific exercises at the end of each chapter. One constant remains: You still need to practice
to ensure success.
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LEARNING OBJECTIVES

In this chapter we revisit the line concept and expand on it by discussing the following:
Polyline and Pedit

Xline

Ray

Spline

Mline, Mistyle, and Mledit

Sketch

By the end of the chapter you will learn how to use and apply these new types of lines and
be able to incorporate them into future design work.

Estimated time for completion of chapter: 2-3 hours.

11.1 INTRODUCTION TO ADVANCED LINEWORK

We begin Level 2 where we started in Level 1, with the simple Line command. At the time
this was enough to start with, and no mention was made of the Line command'’s six relatives.
Experience has shown that this is a sure way to scare off brand-new students. Now that you
are more advanced and I hope have built up skill and confidence, we can come back and go
in-depth.

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00011-2
© 2011 Elsevier Inc. All rights reserved.



230

LEVEL 2
Chapters 11-20

As it turns out, while the Line command is useful for most drawing situations, it is inadequate
or inconvenient for a small but important number of other applications. Here we look at
other variants of the Line including the Pline (Polyline), the Xline (Construction Line), its
close relative the Ray, a special case of the polyline called a Spline, an Mline (Multiple Line),
and the most unusual one of all, the Sketch command.

11.2 PLINE (POLYLINE)

A pline is a regular line with some unique properties:

® DProperty 1: A pline’s segments are joined together.
® DProperty 2: A pline can have thickness.

These two properties add tremendous importance and versatility to the old Line command,
which created only unjoined segments that maintained a constant zero thickness. Figure 11.1
provides an illustration of the first property. The upper case W is drawn with four line segments.
As you can see, they are all separate, with only the left segment clicked on, and the grips reflect
that. The W below it is drawn using the Pline command and is all one unit, as seen by clicking it
once. Notice the slightly compressed center grips.

One example of applying this feature may include drawing lengthy runs of cabling or piping.
Then, if the run needs to be deleted, only one click is necessary to remove all the segments.
Let us try to draw a pline.

Keyboard: Type in pline and press Enter.
Cascading menus: Draw-> Polyline

Toolbaricon: Draw toolbar ":)

Ribbon: Home tab—>Polyline o)
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Step 1. Start the Pline command via any of the previous methods.
Step 2. © AutoCAD says: Specify start point:
Step 3. Left-click anywhere on the screen.
O AutoCAD says: Current Tine-width is 0.0000
Specify next point or [Arc/Halfwidth/Length/Undo/Width]:
Step 4. Ignoring the lengthy menus for now, click around until you get the same W shape
seen earlier.
O AutoCAD says: Specify next point or [Arc/Close/Halfwidth/Length/
Undo/Width]:

When done, press Enter or Esc. Then click your new pline to see that it is all one unit, not
separate lines.

Pedit

What if you wanted to apply thickness to the pline or create a pline out of a bunch of lines?
For this you need Pline’s companion command called Pedit or Polyline Edit. Let us try this
out on the pline you created and give it thickness. You need to add another toolbar to your
collection, called Modify IT (Figure 11.2).

Keyboard: Type in pedit and press Enter.
Cascading menus: Modify>Object2>Polyline

Toolbaricon: Modify II toolbar &

Ribbon: Home tab—>Modify panel > Edit Polyline... &
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Step 1. Start the Pedit command via any of the previous methods.
Step 2. © AutoCAD says: Select polyline or [Multiple]:
Step 3. Click any of the W polyline segments.
O AutoCAD says: Enter an option [Close/Join/Width/Edit vertex/Fit/
Spline/Decurve/Ltype]
Step 4. Press w for Width, and press Enter.
O AutoCAD says: Specify new width for all segments:

Type in a small value, say 0.25, and press Enter. The pline adopts the new width for all
segments, as shown in Figure 11.3. You can press Esc to completely exit out of the Pedit
command.

Draw the W once again out of ordinary lines. The procedure to create a pline out of lines is
as follows:

Step 1. Start the Pedit command via any of the previous methods.
Step 2. © AutoCAD says: Select polyline or [Multiple]:
Step 3. Click any of the W line segments.
o AutoCAD says: Do you want to turn it into one? <Y>
Press Enter to accept “yes.”

[BFoszvs< 2y

FIGURE 11.2
Modify Il toolbar.
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FIGURE 11.3
Pline with thickness (Property 2).

FIGURE 11.4
Pline with the Spline option.

Step 4. © AutoCAD says: Enter an option [Close/Join/Width/Edit vertex/Fit/
Spline/Decurve/Ltype gen/Undo]:
Select j for Join, and select all relevant lines, pressing Enter when done. The
collection of separate lines is now a polyline and you may press w for Width as
before. Press Esc to completely exit out of the Pedit command.

Another notable option in the Pedit command is Sp1ine, and if you press s while in the
Pedit command, your W will look like Figure 11.4.

To undo this you can press d for Decurve (another Pedit option). Spline is an important case
of a polyline. We look at Spline as a separate command later in the chapter.

Exploding a Pline
Plines can be easily exploded using the Explode command. The effect is twofold:

® The pline loses its thickness.
® The pline is broken into individual lines.

To put it back together requires the Pedit command, so Explode and Pedit are inverses of
each other. Be careful though and do not explode plines unless absolutely necessary, as there
may be many individual lines to account for once exploded.

Additional Pline Options

A few more options are worth mentioning with the Pline command. First of all, you can start
out drawing a pline with a preset width (or half width). Here is the command sequence for
that, presented in a shortened “actual” format, as seen from the command line by the user.

Command: pline (typed or via any of the previous methods)

Specify start point:
Current Tine-width is 0.0000
Specify next point or [Arc/Halfwidth/Length/Undo/Width]:w
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FIGURE 11.5
Pline with varying
width.

FIGURE 11.6
Pline of 0.2 width with Arc option.
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FIGURE 11.7
New grip menu.

Specify starting width <0.0000>:.25

Specify ending width <0.2500>:.25

Specify next point or [Arc/Halfwidth/Length/Undo/Width]:
Specify next point or [Arc/Close/Halfwidth/Length/Undo/Width]:

As you can see, the W option was chosen and a width of 0.25 was entered for both start and
end. If those lengths are not similar, you get something akin to Figure 11.5, a zero start width
followed by a 0.75 end width.

Another option is 1 for Length. This is similar to Direct Distance Entry from Level 1. Finally
there is a for the Arc option. This creates arcs on the fly and is very useful for drawing
organic-looking shapes for everything from landscape design to furniture to cabling and
wiring, as shown in Figure 11.6.

Finally, AutoCAD 2011 introduces some additional tools to work with plines (including
unexploded rectangles, which are plines by definition). These tools come in the form of a
new menu that appears when you hover the mouse over a grip belonging to a pline or a
rectangle (Figure 11.7).

As you can see, you can stretch, add a vertex, or even convert the line to an arc, allowing
some new design possibilities and even saving some time.
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STRETCH

This option, covered as a separate command in Chapter 15, allows for stretching that
particular line and anything attached to it, in one of several ways, as seen in Figure 11.8.

ADD VERTEX

This option allows you to “break” the line with the addition of another control point (grip),
as seen in Figure 11.9. You can then create two angled lines out of one straight line.

CONVERT TO ARC

This somewhat similar option also adds a vertex, but one that allows an arc to be formed
(Figure 11.10).

FIGURE 11.8
Stretch option performed on the W pline
(with Ortho on).

FIGURE 11.9
Add Vertex performed on side of a rectangle (with
Ortho on).

FIGURE 11.10
Convert to Arc performed on side of a
rectangle (with Ortho on).



11.3 XLINE (CONSTRUCTION LINE)

From the relatively involved pline we swing over to the very simple xline. This is a continuous
line that has no beginning or end. The Zoom command has no effect on it. The construction
part of the name refers back to the days of hand-drafting, where you would draw, in light
pencil, a guideline that stretched from one end of the paper to the other, and was used as a
reference starting point for a string of elevations (or something else) to be drawn one after
another.

To use it, make sure Ortho and OSNAP are not activated, and do the following:

Keyboard: Type in xline and press Enter.
Cascading menus: Draw—>Construction Line

Toolbaricon: Draw toolbar /‘

Ribbon: Home tab—=>Draw—=>Construction Line .{f

Step 1. Start the Xline command via any of the previous methods.

Step 2. © AutoCAD says: Specify a point or [Hor/Ver/Ang/Bisect/0ffset]:

Step 3. Click anywhere and an xline appears.
o AutoCAD says: Specify through point:

Step 4. Click randomly anywhere along the screen and multiple xlines appear. Figure 11.11
shows one result of clicking in a circular manner.

Figure 11.11 is perhaps not the most useful of creations, but landscape designers may find
some use for the result of placing a circle at the intersection of those lines and trimming.
Then, by some creative scaling, rotating, and copying, you get the reasonable representation
of trees or shrubs in Figure 11.12.

As seen in the menu that follows the xlines, you can also create perfectly horizontal, vertical,
or angular xlines. The same can be accomplished by having Ortho on, although the options

FIGURE 11.11
Random xlines.

CHAPTER 11
Advanced Linework

235



LEVEL 2
Chapters 11-20

Xline Trim Copy Copy
Circle Scale Scale
Rotate
Move

FIGURE 11.12
An application of Xline.
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FIGURE 11.13

Hor/Ver/Ang (set to 45°) options in Xline.
allow you to create multiple xlines more easily. Clear your screen, start up Xline again, and
when you see the following menu, try out the various options (results are in Figure 11.13):

Specify a point or [Hor/Ver/Ang/Bisect/0ffset]:

11.4 RAY

A ray is simply an xline, but infinite in one direction. It is easy to use and quite similar
to Xline, except there are no options for horizontal, vertical, or angular; to get a perfectly
straight ray, you just turn on Ortho.

Keyboard: Type in rayv and press Enter.
Cascading menus: Draw—>Ray
Toolbaricon: none

Ribbon: Home tab—>Draw—>Ray /‘

Step 1. Start the Ray command via any of the previous methods.
Step 2. © AutoCAD says: Specify start point:
Step 3. Click anywhere and a ray is created (Figure 11.14).
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FIGURE 11.14
Ray command.

11.5 SPLINE

Spline is a unique and valuable command. Its origins are in the mathematical field of
numerical analysis, and it is called a piecewise polynomial parametric curve (or a NURBS curve,
non-uniform rational B spline). While knowing the details is not necessary for using this
command, what is important is that a spline is ideal for approximating complex shapes
through curve fitting. What you do is create a path made out of point clicks, and AutoCAD
interpolates a “best fit” curve through those points.

The result is a smooth, organic shape useful for a great number of applications, from contour
gradient lines in civil engineering to landscape design to electrical wiring and many other
shapes and objects. The term spline, by the way, comes from the flexible spline devices used
by shipbuilders and draftspersons to draw smooth shapes in pre-computer days. To draw a
spline, do the following.

237

Keyboard: Type in spline and press Enter.
Cascading menus: Draw—>Spline

Toolbaricon: Draw toolbar Pj

Ribbon: Home tab—=>Draw—>Spline rJ

Step 1. Start up the Spline command via any of the previous methods.

Step 2. © AutoCAD says: Current settings: Method = Fit Knots = Chord
Specify first point or [Method/Knots/0Object]:

Step 3. Click anywhere and a spline appears.
O AutoCAD says: Enter next point or [start Tangency/tolerance]:

Step 4. Click on another point somewhere on the screen, in an up and down wave pattern,
as seen in Figure 11.15.
O AutoCAD says: Enter next point or [end Tangency/tolerance/Undo/
Closel:
As early as this step, you can select ¢ for Close to close the Spline tool. Instead
though, we continue with the spline curve.

Step 5. Click on a few more points in a similar wave pattern. AutoCAD keeps saying the
same thing as in Step 4. Continue clicking several more times (refer again to
Figure 11.15). When done, simply press Enter.
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FIGURE 11.15
Spline command, grips enabled.
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FIGURE 11.16
Spline with framework, offset, and grips.

This is your basic “out of the box” spline. Notice how, as you click points, AutoCAD fits a smooth
curve that best approximates the path. Each grip in Figure 11.15 represents a click of the mouse,

a control point. You can manipulate the position of these grip points in the standard manner,
with the Spline following suit. This makes the Spline a very flexible tool, adjustable to the exact
demands of the designer. Try activating the grips and moving them around.

The command was redesigned somewhat in AutoCAD 2011, and many of its advanced
features are hidden away in submenus, which is a good thing, as most users need only the
basic Spline and not extensive options for tangencies and other details.

That is not to say they are not there if needed. Click on the down-arrow on the bottom left of
the spline (grips enabled), and select Show Control Vertices, which is another way to design
the spline, useful for 3D work. Go over the various other options on your own with the Help
Files; there are too many to go into here, but learning them will help you understand this
very intriguing command.

Through the examination of Spline, you should now have a good idea of how to create and
control it. The points of the spline do not have to be random. You can set up a framework
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FIGURE 11.17
Splines used in contour lines.

for the shape and use OSNAPs to precisely place where you want the spline to go, as shown
in Figure 11.16. What you see here is four lines drawn, representing the framework. Then,
using OSNAP points, a spline was added in click by click, from an endpoint to a midpoint to
another midpoint, then to the final endpoint, at the bottom left.

A spline can also be offset using the standard Offset command, though be careful in areas
where the spline takes a sharp turn. If the offset distance is too great and the spline cannot
make a smooth turn after the offset, it breaks down into separate lines. The offset spline also
has many more grip and control points than the original spline. A 3” spline offset, with all
grips enabled, can be seen in Figure 11.16.

Examples of spline use are numerous. Already mentioned were contour lines (the Chapter 11

opening image and Figure 11.17), electrical wiring, piping, network cables, landscape design 239
(golf courses, curved driveways, and walkways), interior design (Jacuzzis, swimming pools,

furniture), and much more.

11.6 MLINE (MULTILINE)

A multiline is a very useful tool that does pretty much what you would expect from the
name; it is used to draw multiple lines all at once. This, in theory, should save you time when
drawing everything from architectural walls to multilane highways. As we see soon, the basic
mline is easy to draw but not too useful. The trick is to set it up for useful applications using
additional tools.

Keyboard: Type in mline and press Enter.
Cascading menus: Draw—>Multiline
Toolbaricon: none

Ribbon: none

Step 1. Start up the Mline command via any of the previous methods (no toolbar or Ribbon
is available).

Step 2. © AutoCAD says: Current settings: Justification = Top, Scale = 1.00,
Style = STANDARD
Specify start point or [Justification/Scale/STyle]:

Step 3. A generic mline appears. Click again.
O AutoCAD says: Specify next point or [Undo]:

Step 4. © Another click and AutoCAD says: Specify next point or [Close/Undo]:
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You can continue in this manner until finished.

The default distance between the lines is 1.0, and of course if the mline is too small or
too large, you can zoom in or out. Figure 11.18 shows what you should see after properly
executing the previous steps.

Modifying the Mline

While simple, the preceding was not too useful. Specifically, you may want to change one or
more of the following properties:

Number of lines making up the mline.
Distances between those lines.
Linetypes making up the lines.

Colors of the lines.

Fills, end caps, and other details.

All these and more can be input and modified, thereby making the mline more useful and
sophisticated. The key command for setting up mlines is Mlstyle.

Mistyle (Multiline Style)

The Multiline Style command offers a dialog box that allows you to set all of the preceding
parameters. Type in m1style and press Enter or Format—Multiline... from the cascading
menu. The box in Figure 11.19 appears.

FIGURE 11.18
Basic mline.

= Multiline Style

* Curtent Mukiine Style: STANDARD

STANDARD

| Modiy.

Flename, |:

1 Description: "_:\'.' 5 Delele

I I’il

Load.. .

E e e

FIGURE 11.19
Mline Style box.
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Let's create a new style. Press New; give it a name (no spaces allowed in the name), and press
Continue. You then see the main dialog box in Figure 11.20.

We can now go through the essential changes to the mline. Our goal is to create a typical
wall used in construction (see Figure 11.21), shown often in cross section in architectural
elevations. For simplicity, it is 6” wide and features a 1” drywall panel on either side, with
insulation in between, and room for a wooden stud (not shown here).

This mline, once set up, can be used to draw building walls faster and easier than offsetting
and changing properties one line at a time. The process to do this follows.

Step 1. Determine the
o Number of lines making up the mline.
o Distances between those lines.
Both of these can be set using the Elements part of the Modify Multiline Style dialog
box with the Add button and the Offset field shown in Figure 11.22.

You need to now add more line elements and enter an offset distance for each highlighted
element. Before you do so, however, you need to decide what is the origin of the offset.

The two choices are positioning zero all the way on the leftmost line element (then all values
are positive) or in the middle element (then half the values are negative). With choice 1,

the outer walls are at 0 and 6, and with choice 2, they are at -3 and +3, as shown graphically
in Figure 11.23.

¥ New Multiline Style: MY_NEW_MLINE

Description: l
Caps —Elements 241
Start End :
Line: u r BYLAYER ByLayer
Outer arc; I~ I~
Inner arcs § I
Angle: {s0.00 N ETT | Add | Delete |
—Fil Difset: 0.500
Fill color: (] Nene >
l H Color: |. ByLayer E|
T Linetype: Lneype.. |

FIGURE 11.20
Mline Style, main box.

FIGURE 11.21
Mline modified for a typical wall.
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HIDDEM
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Offset: [coo0

Color: I. Blue

FIGURE 11.22
Elements.

Cross-section is 68" wide with 1" drywall
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FIGURE 11.23
Offset origin.

FIGURE 11.24
Color and Linetypes.

We choose method 1 and set the walls to 0, 1, 3, 5, and 6 inch positions (there are
no feet units in Mline; you use decimal inches throughout).

Step 2. o Linetypes making up the lines.
o Colors of the lines.
Both of these can be set using the Color: drop-down menu, and the Linetype... button
as shown in Figure 11.24. Simply highlight the line element you wish to change and
change it. Remember that you may not have the linetypes loaded yet, so you may need
to do this (refer back to Chapter 3 for a reminder, if needed).

In the Figure 11.21 example, the outer wall color was selected to be blue and the inner walls
are red with a hidden linetype. The centerline is a special linetype, often used for insulation,
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Start End
Outerarc: [ r
Innerarcs: 5
Angle: |30.00 - 3000

Fill color: [[] None

FIGURE 11.25
Caps and Fill.
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FIGURE 11.26
The new mline.

called BATTING. Feel free to choose your own colors and linetypes (Figure 11.24); these are
just for illustration, but they are a good starting point.

Step 3. o Fills, end caps, and other details.
End caps and even a fill can be added to your mline, as shown in Figure 11.25. They
are not added in this example, but feel free to experiment.

After your new mline has been created, go ahead and click on OK; you will be taken back

to the dialog box of Figure 11.19, with your new mline previewing in the window at the
bottom. The other choice should be Standard, the default mline you created by just typing in
mline and seen in Figure 11.18. Set your new mline as the current one (Set Current button),
and click on OK. Now go ahead and type in m11ine and draw part of a rectangle, as seen in
Figure 11.26.

The linetypes may not look right in this example. This is due to a low linetype scale being set.
If you recall from Chapter 3, the way to fix this is to type in 1tscale and enter a new, more
appropriate value. The value used was 4.8. The result is shown in Figure 11.27.
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FIGURE 11.27
The new mline with an Itscale of 4.8.
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FIGURE 11.28
Intersecting mlines.

Miedit (Multiline Edit)

Multiline Edit is a dialog box that deals with the practical applications of Mline, such as how
to trim intersecting mlines and how to deal with joints, cuts, and vertexes. To try out some of
the features, draw two intersecting mlines, as shown in Figure 11.28.

Now go ahead and type in mledit, press Enter (or Modify— Object— Multiline from the
cascading menus), and the dialog box in Figure 11.29 appears.

Select Closed Cross (upper left). The dialog box disappears and you are asked to select the
first mline (click on it), then the second mline (click that, too). After the second click,
Figure 11.30 appears. As you can see, the mline’s intersection has been modified.

In the same manner, try out all the features of Mledit at your own pace; they are all relatively
straightforward and self-explanatory. A cut will cut the line; a vertex will add a “kink” in the
mline. Close, Open, and Merge deal with intersections and so on.
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= Multilines Edit Tools

FIGURE 11.29
Multilines Edit Tools.
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FIGURE 11.30
Multilines edited.

Other Mline Properties

Grips: All mlines have grip points at either the top or bottom of the overall line (this is
set using Justification when first creating the mline). Feel free to use these grips to stretch
the line around as needed.

Exploding the mline: Mlines can be exploded, which separates them into the individual
component lines. This may not necessarily be a bad thing. An architectural floor plan may
be quite complex and you may not be successful in getting an mline to do exactly what you
want all the time. If the mline is exploded, then you can use Fillet, Trim, and Extend to coax
it into the shape you want. Much time has already been saved by using an mline in the first
place, so exploding it may be the right solution to finish off the floor plan linework.



246

Chapters 11-20

e Trim and Extend: Mlines can be trimmed and extended without exploding them

(filleting, however, is not possible). However, an option that pops up is
Enter mline junction option [Closed/Open/Merged] <Open>:

The Closed, Open, and Merged options have to do with the intersections, so you need to
pick one option to continue the Trim or Extend. Go through them all as practice.

e Modification of mlines: Once created, a new mline style cannot be modified once you
start using it (but can be beforehand). If you wish to change an mline after you have a
few drawn, you need to create a new style that incorporates your desired change.

11.7 SKETCH

This is perhaps one of the most unusual tools in AutoCAD. It allows you to draw objects in
freehand. This may seem counterproductive and unnecessary. After all, you spent so much
time learning precision and accuracy; but Sketch actually finds a wide array of applications,
as we soon see.

To truly sketch in freehand on a computer you need bitmap graphics (such as what
Photoshop® does). Then, the maximum resolution is determined by the pixels. In almost
all cases, the pixels are so small that it truly seems like you are drawing smooth (and
continuous) freehand lines and shapes. You would have to zoom in pretty close up to see
what is called pixilation or the breakdown of smooth lines into the little squares (pixels) that
make up the drawn geometry.

This is all fine and would be useful for AutoCAD if not for one problem. AutoCAD is a

“vector program,” meaning it does not use pixels. Instead, all the geometry is represented by
mathematical formulas, which completely describe the shape, size, and location of everything
seen on the screen. This approach is necessary for many reasons, not the least of which is to
ensure the integrity of the geometry when zoomed in close. So then, how would you sketch in
freehand? The solution is simple; instead of pixels use very short lines, which look continuous if
they are small enough and you are not too close to them. This is exactly how Sketch works. The
command uses small lines, with their size determined by something called a record increment.

This is where the record increment setting comes in. We need to set it to a very small value
(use 0.01). Let us try this out. Type in sketch and press Enter.

O AutoCAD says: Type = Lines Increment = 0.1000 Tolerance = 0.5000
Specify sketch or [Type/Increment/tolerance]:

Press i for Increment, press Enter, type in the value .01, and press Enter again.
O AutoCAD says: Specify sketch or [Type/Increment/tolLerance]:
Click the mouse anywhere and begin drawing.

o AutoCAD says (and continues to say): Specify sketch:

You will see what is essentially a smooth line, green in color, and completely freehand
generated. To “lift the pen,” you need to left-click once, and then click again to “put it down.”
You can also click and hold the left mouse button to press down at will, which is more
realistic for some. To “set” the drawing, press Enter; the lines will turn white (or some other
color depending on the current layer). Be careful not to press Esc until you set the lines, as
everything disappears. Figure 11.31 shows what you can get after a few strokes of the mouse.

Applications of Sketch

I hope that whatever you tried to draw was better than the odd-looking little man with a
briefcase. It is not that easy to draw something well with a mouse; occasional erasing and
fixing up is needed to get a good sketch. Sometimes a graphic design tablet and a pen-like



CHAPTER 11
Advanced Linework

S

FIGURE 11.32
FIGURE 11.31 Line increments of the Sketch
Basic sketch. command.

;
b
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FIGURE 11.33
Creative use of the Sketch command.

stylus may be used. Zoom in closely on whatever you created and you will notice the figure is
made up of the small lines we talked about. In the close-up of the hand and briefcase handle
in Figure 11.32, you can clearly see the individual line segments. Be careful making a dense
drawing. All these lines increase the size of the file very quickly!

Sketch has many applications, such as:

Architectural elevations featuring sketched people for comparative sizing.
Sketched people for traffic sign design and civil engineering studies.
Trees, shrubs, and other landscape design objects.

Realistic drawings of small cables and wiring.

Anytime an organic, non-rigid shape is needed.

A website mentioned in the appendix (www.cben.net) is a great source of free sketches, both
in plan and in elevation. Figure 11.33 shows a few sketch examples from that website.
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LEVEL 2 DRAWING PROJECT (1 OF 10): ARCHITECTURAL
FLOOR PLAN

This drawing project is started now and completed, chapter by chapter, by the end of Level 2.
It is an architectural layout, similar to the apartment you did in Level 1, but more in-depth.
The project takes advantage of and has you put to use a lot of what you learned in each of
the chapters (though maybe not right away). The house design is turned on its end to better
fit the Portrait orientation of this textbook, but by the time we get to the Paper Space layouts,
you will need to turn it 90° counterclockwise as that is how the house would best fit the
Landscape orientation of a typical set of architectural prints.

Step 1. Open a new file and save it as House_Plan.dwg.

Step 2. Set up units as Architectural, and create the following initial layers. Use any color
you see fit. The drawing is monochrome in this textbook for clarity on a white page.
o A-Deck
o A-Deck-Hatch
o A-Dims
o A-Walls-Exterior

Step 3. Draw the floor plan shown in Figure 11.34. The dimensions are not just for your
reference anymore; you also need to draw them in. They serve as checks on your
design. Use the proper layers and consistent colors.
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SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 12.

e DPline (polyline)
Creating a pline
Pedit
Setting constant width (thickness)
Setting variable width (thickness)
Changing lines into plines
Adding spline curves and decurving
Other pline options (length, arc, offset)
Exploding a pline
e Xline (construction line)

o Creating a random xline

o Creating a Hor/Vert/Ang xline
) Ray

o Creating a random ray

O Creating a horizontal or vertical ray (with Ortho)
e Spline

0 Creating a random spline

o Offsetting the spline

o Grips and modifying the spline
e Mline (multiline)

o Creating a generic mline

o Mlstyle

o Mledit

o Other mline properties
e Sketch

o How Sketch works

o Setting a record increment

o Applications of Sketch

o0 0 0 0 0 0 O

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 11.

1. What are the two major properties a pline has and a line does not?
2. What is the key command to add thickness to a pline?
3. What is the key command to create a pline out of regular lines?
4. What option gives the pline curvature? What option undoes the curvature?
5. What two major things happen when you explode a pline?
6. What other options for pline were mentioned?
7. Define an xline and list a unique property it has.
8. How is a ray the same and how is it different from an xline?
9. Describe a spline and list its advantages.
10. List some uses for a spline in a drawing situation.
11. What is an mline? List some uses.
12. What are some of the items likely to be changed using Mistyle?
13. What are some of the uses of Mledit?
14. Describe the Sketch command. What is a record increment? What size is best?
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EXERCISES

1. Draw a pline with ten segments, each 2 units long and at right angles to each other. Give the pline
a thickness of .2 units. Then spline the pline. The progression is shown in the following figure. Upon
completion, decurve the pline and explode it. (Difficulty level: Easy; Time to completion: 1-2 minutes)

2. Using Xline, Circle, Trim, Copy, and Rotate, draw a tree symbol as seen in Figure 11.7, reproduced
here. Repeat the same procedure using the Ray command. (Difficulty level: Easy; Time to completion:
1-2 minutes)

251

3. Using the Spline, Break, and Text commands, draw contour lines as seen in Figure 11.13, reproduced
here. (Difficulty level: Easy; Time to completion: 5-7 minutes)
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4. Using the Mline, Line, and Hatch commands, draw a representation of a divided highway, as follows.
(Difficulty level: Intermediate; Time to completion: 5-7 minutes)

A A A A A A A A A A A A A A S A A S T A A AT A A A AT A A A A

VA A A VA A A A7 A VAV AV AV AV
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LEARNING OBJECTIVES

In this chapter we introduce advanced layers and discuss the following:
e The need for automation

® Script Files

® Layer State Manager

® |ayer Filters

By the end of the chapter you will learn how to use and apply these new types of layer tools
and be able to incorporate them into future design work where a large number of layers are
present in the file.

Estimated time for completion of chapter: 1-2 hours.

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00012-4
© 2011 Elsevier Inc. All rights reserved.
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12.1 INTRODUCTION TO ADVANCED LAYERS

After the basic commands in Level 1, we introduced the Layers concept. This was just

a primer, showing you how to create them and set a variety of items, such as color and
linetype. Also, several methods of control were covered, such as freezing and locking. Here
we look at additional powerful features that allow for unprecedented control over your
layers. They are called Script Files, the Layer State Manager, and Layer Filtering.

Imagine the following scenario. You work at a large architecture or engineering consulting
firm that specializes in complete commercial building and site design.

Among your staff there are a number of

e Architects and interior designers to lay out the overall exterior and interior of the
building.

e (Civil engineers to assist in structural design and site plans.

e Mechanical engineers to design the HVAC and mechanical systems.

e Fire protection and security engineers to design the electrical, sprinkler, and security
systems.

® Landscape designers to integrate landscape design into the site plan.

e Additional design professionals as needed for specialized subsystems.

All these people contribute to the complete design in their own way. Generally all their work
is based on (or ends up in) one main building design file. This common file then contains
not only the architectural layout of the building but also the data from all these other
disciplines. Each discipline has its own set of layers (usually following the AIA convention
or another in-house layer naming method). Therefore, architects have their own set of layers
starting with an A- (e.g., A-Demo-Wall, A-Bay-Window). Civil engineers have their own
(C-Struct-Column, etc.), electrical engineers their own (E-Light-Switch), and so on.

You may already see where this is going as far as layers are concerned. As the project
progresses, the layers grow in number. Toward the end, when everyone has added his or her
respective design, the file may contain as many as 500 layers (something I have seen more
than once in actual use). There needs to be a way to impose some order and control over
them, so only the needed layers are visible to each discipline. This can certainly be done by
manually freezing and thawing layers but is very time-consuming. If you guessed that some
sort of simple automation is available to you for this purpose, then you are correct.

This in essence is advanced layer management, a process where the layers, once set, are saved
under a descriptive name such as Arch_Layout or Elect_Layout, then recalled when necessary
by simply clicking on the name. AutoCAD then freezes and thaws the layers automatically,
exactly the way you initially told it to. This is what Script Files, the Layer State Manager, and
Layer Filtering do. These tools allow sorting, classifying, and filtering of layers according to a
variety of properties and are indispensable when working on a large project.

12.2 SCRIPT FILES

A script (in most general terms) is simply a Text file with one command on each line. Its
purpose is to automate a sequence of commands when executed. It is perhaps the simplest
type of programming you can do. All you need is a text editor (such as Notepad). You next
list the commands you want the script to go through, one per line. Then you save it under a
name and an .scr extension (e.g., MyScript.scr), close the file, and run it from AutoCAD's
command line by typing in script and pressing Enter (alternatively via the Ribbon’s Manage
tab—Run Script). The Script dialog box pops up, the script is double-clicked (executed) on,
it does its thing, and if you got the command sequence correct, a short task is automatically
performed.
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Scripts are generally not used as much now for purposes of layer control as they once were,
but we briefly cover them because knowing how they perform gives you insight into the
other remaining tools. It is also a good skill to have overall. You can automate a variety of
AutoCAD routines. It may be worth your time to read up on further Script File details in the
Help Files, as we do not go too in-depth here.

Here is a very simple example of a script file. It freezes all layers after first thawing them
and setting 0 as the current layer. As scripts do not work with dialog boxes, everything has
to be command line driven, such as this version of the Layer command (generally many
commands that are preceded by a -go to the command line version). After the -layer is a
set of answers to prompts: t is thaw, * means all, s is set, and f is freeze. This exactly
answers everything AutoCAD asks for if you were to do this by hand at the command line.
The last two keystrokes (—) are Enter and Enter.

-layer
t

*

* —h O O»

1

This reads as Layer, Thaw, All, Set, 0, Freeze, All, Enter, Enter. Try this out with an AutoCAD

file that has a bunch of layers. In a real application, you of course have to manually type in

the layers deemed not relevant to the particular state (which therefore need to be frozen) in

place of the last * and before the two Enters. The steps prior to that (t, *, s, 0) are necessary 255
in case a layer that needs to be frozen is set to current (you cannot freeze the current layer),

so the O layer is set as current.

This was a lengthy process and is the main reason why Script Files gradually fell out of favor,
replaced by the Layer State Manager for layer control, as shown next. Keep in mind, however,
that the Layer State Manager (LSM) works in pretty much the same way, except you select
layers and do everything graphically through the Layers dialog box. Now that you have read
through the underlying theory, we can rapidly go through the functions of the LSM.

12.3 LAYER STATE MANAGER

As described previously, the LSM is essentially a graphical version of Script Files. Since you
should now have a basic understanding of what you need to do, let us just set up a collection
of layers and go through the mechanics of how to set up several layer states. While our
example is simple—we set up only three layer states, an Arch_Layout, Mech_Layout, and
Elect_Layout—the theory can be easily extended to a large number of layers and states.

Open up a new AutoCAD file and set up the following layers:

A-Walls-Demo
A-Walls-New
A-Window-Bay
E-Outlet-Main
E-Switch-Main
E-Wiring-Main
M-Diffuser
M-Panel
M-Return_Air
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FIGURE 12.1
Layers for LSM.
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FIGURE 12.2
L.SM icon.

Assign color to these layers as shown in Figure 12.1. What we want to do now is create a layer
state called Arch_Layout. This means only the A- layers are needed, with the Electrical and
Mechanical layers frozen. So go ahead and freeze the six layers beginning with E- and M-,
also as shown in Figure 12.1.

Now that the layers have been frozen, we need to save this “state” under the appropriate
name. Click on the Layer State Manager button in the upper left of the Layer dialog box,
as seen in Figure 12.2. The LSM then appears (Figure 12.3). It can be expanded (if it is not
already) by pressing the arrow in the lower bottom right corner.

We now create a new layer state by clicking on New... and filling in the name and description
(if desired), as shown in Figure 12.4, and clicking on OK. Once the layer state is entered, it
appears in the LSM, as shown in Figure 12.5, and you can press Close to exit out of the LSM
dialog box.
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FIGURE 12.3
LSM.
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FIGURE 12.4
New Layer State to Save.

In the same manner, go back to the Layers dialog box and create the other two states:
Elect_Layout (only E- layers visible) by turning off the unneeded layers and activating the
LSM and Mech_Layout (M- layers visible). The result is shown in Figure 12.6.

To activate these states when needed, you simply go to the Layers dialog box, click on the
LSM icon, and when it appears double-click on the state name or highlight it with one click
and press Restore. Instantly the correct layers are frozen or thawed (you can see this happen
in real time in the Layers dialog box as you click on one state or another).

The purposes of the buttons found to the right of the main LSM window are as follows:

e New: Displays the New Layer State to Save dialog box, which we already used.
® Save: Saves the selected named layer state.
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% | ayer States Manager

FIGURE 12.5
LSM with new layer state.

™ Layer States Manager

258

FIGURE 12.6
LSM with remaining layer states.

Edit: Displays the Edit Layer State dialog box, where you can modify the layer state.
Rename: Allows editing of the layer state name.

Delete: Removes the selected layer state.

Import: Layer states (*.1as extension) can be imported from another file by means of
this option, though this is not done often in practice.
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[V Plot Style
IV New VP Frozen / Thawed

FIGURE 12.7
Additional LSM options.

e Export: Layer states (*.1as extension) can be exported to another file by means of this
option, though this is also rarely done in practice.

Some additional options are available in the LSM dialog box, if you click on the small arrow
in the extreme bottom right as previously mentioned (Figure 12.7).

Layer properties to restore is simply a listing of every property a layer typically has and you
can check off if you want that particular property restored. If all are checked, as is more
typical in practice, all the layer’s properties are affected.

12.4 LAYER FILTERING

Layer Filtering is a tool that allows you to filter out (or selectively choose) layers that fall
under a certain description. You can create filters of your own choosing and assign them
names. For example, if for some reason you want only the red layers to show or ones that are
assigned a hidden linetype, this can be done. Layer names can also be filtered. If you want
only those layers that start with an A- to show, this can be arranged, though in this case you
are essentially doing what was described previously with the LSM.

The key to layer filtering is to set up filter definitions. These can include full names or partial
names (using the wildcard * character) and property definitions (color, linetype, etc.). The
entire left side of the Layer dialog box, since AutoCAD 2005, is dedicated to filters. When
used properly, these are very effective tools. We highlight some of the more important
features essential to using them in this chapter. You are encouraged, as with many topics
mentioned in Level 2, to explore them further on their own.

Two types of filters are available as icons on the top left of the Layers dialog box, as shown in
Figure 12.8.

The New Property Filter is what you use to set up the definitions. If you press that icon, the
box in Figure 12.9 appears, with the previously entered layers visible.
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Layer Filters.
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FIGURE 12.9

Layer Filters dialog box.

The Layer Group Filter is a general filter that includes all the layers that are put into the
Property filter when you define it, regardless of their names or properties. Selected layers
can then be added from the layer list by dragging them into the filter. This type of filtering is
generally not used but can be employed to make a new filter based on the layers of another
filter. To begin, click on the icon, create a name, and click and drag layer names from the
right side of the Layers box into the Group Filter.
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FIGURE 12.10
Layer Filters dialog box.

Remember an important point with filters: By themselves they do little except sort the layers.
It is up to you to then do something useful with this, such as freeze or lock them as needed.

Therefore, think of filtering as simply a way to get the layers in some sort of order for further
action on them.

Here you first enter the name of your filter in the text field in the upper left. Then it is just
a matter of careful selection of the properties or names (or both) of the layers you want to
see. You may use the wild character * in conjunction with typed parts of the layer name to
indicate to the filter to include anything before or after the specific letters. Any property can

. 261
also be used as a filter; color and linetype are common ones.

Go through the filter at your own pace and experiment with the settings. Shown in
Figure 12.10, as a simple example, are the layers that are green and have the letter w
somewhere in the name.

LEVEL 2 DRAWING PROJECT (2 OF 10): ARCHITECTURAL
FLOOR PLAN

Here we continue to add to the walls of the floor plan, with a lot of new work on the interior,
as well as adding doors and windows. We can also now hatch the exterior and interior walls,
as well as label some of the rooms. With this in mind, let’s add

A-Door

A-Text
A-Wall-Hatch
A-Wall-Interior
A-Window

Feel free to use any colors you prefer, as the drawing remains monochrome in the text for
clarity. When the layers are set up, go ahead and draw and position the doors and windows
using the given dimensions. Be sure to use correct drafting techniques learned in Level 1 in
regard to properly creating them. Finally, dimension the floor plan; this serves as your check.
If any measured dimensions do not “add up,” go back and fix your design. The drawing is
of course simplified from the original, but all the essential features are there. Blowups of the
bedroom and bathroom as well as the garage and kitchen are shown in Figures 12.11 and
12.12 for clarity, with the overall floor plan in Figure 12.13.
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Bedroom and bathroom.
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SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 13.

Script Files

O Basic concept

O Writing a simple script file
Layer State Manager (LSM)
New

Save

Edit

Rename

Delete

Import

Export

Restore

Layer Properties

Layer filters

o New Property filter

o Layer Group filter

0 0 0 0 0 0 0 0 O

REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 12.

o e ks wNR

Describe what is meant by layer management. Why is it needed?
Describe the basic premise of a script.

What can a Script File do for layer management?

Describe what a Layer State Manager does.

What are the fundamental steps in using a Layer State Manager?
What is layer filtering? What are the two types?

EXERCISES

1.

Create six layers as follows:

A-Walls_1

A-Walls_2

A-Walls_3

A-Walls_4

A-Walls_5

A-Walls_6

Color all odd layers green and all even layers red. Write a script file to thaw all layers; set layer 0 as
current. Then freeze all and thaw just the even layers. (Difficulty level: Easy; Time to completion: 10
minutes)

Using the same six layers, set up layer states Odd_Layer and Even_Layer and run them. (Difficulty
level: Easy; Time to completion: 3 minutes)

Using the same six layers, create filters to sort and capture only the green layers. (Difficulty level:
Easy; Time to completion: 2 minutes)
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LEARNING OBJECTIVES

In this chapter we introduce advanced dimensions and discuss the following:
The Lines tab

The Symbols and Arrows tab
Text tab

Fit tab

Primary Units tab

Alternate Units tab
Tolerance tab

Geometric Constraints
Dimensional Constraints

By the end of the chapter you will learn additional advanced features of the Dimension Style
Manager dialog box and be capable of setting up complex dimensions. We also discuss two
features that first appeared in AutoCAD 2010: Geometric and Dimensional Constraints.

Estimated time for completion of chapter: 2-3 hours.

Up and Running with AutoCAD 2011. DOI: 10.1016/B978-0-12-375715-9.00013-4
© 2011 Elsevier Inc. All rights reserved.
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13.1 INTRODUCTION TO ADVANCED DIMENSIONS

This chapter is meant to complete your knowledge of AutoCAD's dimensioning features.
Specifically we look at the New Dimension Style dialog box and Parametrics. In Level 1

we focused primarily on defining the types of available dimensions and how to properly
dimension geometry. Little was mentioned of this dialog box except for the four essential
features deemed most important: Arrowheads, Units, Fit, and Text Style (not needed as
much anymore, as the better-looking Arial is the default font). Here we go through the entire
Dimension Style dialog box and discuss other options and features, some more than others,
according to their usefulness.

The reason you need this knowledge is because AutoCAD allows for a tremendous amount of
power, flexibility, and variation with its dimensioning. As a regular user, you may not come

to appreciate what is available, because much of it may already be “set up” for you. As a CAD
manager and advanced user (for whom Level 2 is geared), you may be charged with doing
this “setting up” and need to know what to do. We conclude the chapter with a new feature
introduced last year in AutoCAD 2010, Parametric Dimensions, and the idea of Constraints.
These are routinely found in advanced 3D software, but just recently appeared in AutoCAD.

13.2 DIMENSION STYLE MANAGER

To start off, let us take a closer look at the Dimension Style Manager. You saw it in Chapter 6,
so as a reminder here is how we got it up on our screen.

Keyboard: Type in dilmstyle or ddim
Cascading menus: Dimension— Style. ..

&
Toolbar icon: Styles toolbar ¥
Ribbon: Annotate tab—>Dimensions

Let us create a new style (by pressing the New... button) and name it Sample Style (Figure 13.1).
Click on Continue when done. You then see the New Dimension Style dialog box. We now take
a much closer look at the seven tabs, titled Lines, Symbols and Arrows, Text, Fit, Primary Units,
Alternate Units, and Tolerances.

An important point to remember here is that our goal is not to go through every possible
button and menu in extreme detail, but rather give a basic overview of them, followed by a
narrow focus on (and exact description of) the most useful features only, how they fit in with
the design process, and how they benefit you as an AutoCAD user.

Let us take a look at the first tab all the way on the left of the New Dimension Style dialog
box, called Lines (Figure 13.2). Throughout the process, carefully observe the preview
window at the upper right to see the results of changing or adjusting whatever we discuss.

¥ Create New Dimension Style

New Style Name:
|5 ample_Slyle

Stat Wit
|Standard =l

I eh

Use for:

1

| Al dimensions =l

FIGURE 13.1
Create new dimension style.
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= New Dimension Style: Sample_Style
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FIGURE 13.2
Lines tab.

Lines Tab 269

This tab is the only one where you will likely not change anything of significance. There is a
good reason for that. It focuses on dimension lines and extension lines and various sizing,
linetype, color, and suppression options. However, as far as sizing is concerned, all these
features can (and should) be adjusted all at once using the Fit tab’s overall scale feature (to
be discussed shortly).

So what can we learn from this tab then? Well, it is actually quite instructive to see what exactly
dimension and extension lines are and how you can change their colors (or linetypes). Much of
what is shown here falls under the “just in case you may need it” definition. Just because we can,
let us change the dimension lines to blue and the extension lines to red. Also try suppressing one
or both of them to see the effect. We do not change the linetypes; it should be clear what that
does. Most of this is rarely done in practice, and the dimensions are left as they are.

It is important to understand that things like the Extend beyond dim lines value (bottom
right) really should not be touched (though you should know what they mean), and all

of them should be changed up or down all at once, as discussed later under the Fit tab.

If you try to set sizing one item at a time, you will end up with lopsided, oddly shaped
dimensions—there are just too many items to change in correct proportion to guarantee you
get it correct and too much effort for something unnecessary.

Except for the suggested color change, leave everything as it is—ByBlock. Your Dimension
Style dialog box should look like Figure 13.2.

Symbols and Arrows Tab

Under this tab (Figure 13.3), in Chapter 6, you practiced modifying the arrowheads to
architectural ticks. Go ahead and do this again, making a note of the other available choices.
The leader is generally left as an arrow since its main purpose is to point at something.
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FIGURE 13.3
Symbols and Arrows tab.

Moving below the arrowheads, we have the Center marks. This has to do with measurements
of a circle and what you want to see in the center of one when a diameter or radius dimension
is added. Mark or Line is typically selected; let us go with Line. Notice how the preview
window reflects both this and the arrowhead changes.

On the right, we have some relatively minor options. Arc length symbol concerns the
placement of the symbol, and the Radius jog dimension has to do with the angle of the jog
“wiggle.” Leave them, as well as the Linear jog dimension, as default all around.

What is most important in the Symbols and Arrows tab is how to set the arrowheads to other
types by selecting them from the drop-down menu. Your Dimension Style dialog box should
look like Figure 13.3.

Text Tab

Under this tab (Figure 13.4), you already practiced changing the text under Text style: (upper
left). The goal was to make the dimension text the same as the rest of the text in the drawing
(always the same font and usually the same size, too). In Chapter 6, when this was done, the
text you selected on the floor plan was Arial 6”. Here we make one from scratch by pressing
the button to the right of the Text style field (with the three dots) and setting a font style
called RomanS.25 (as outlined in Chapter 4, when we discussed the Style box). Review this if
necessary. Moving down the Text appearance category we find:

e Text color: Usually not set separately, but we do it here, setting Magenta.

e Fill color: Creates a color highlight around the text. Try it out. To add a frame around the
text, there is a check box for this further on down, which we check off.

e Text Height: Not adjusted here. Use the previously mentioned Style dialog box.

e Fraction height scale: Applies to the size of fractions. Those appear only when we set
architectural units (coming soon).
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® Modify Dimension Style: Sample_Style
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FIGURE 13.4
Text tab.

271

Finally we have the two remaining categories: Text placement on the bottom left and Text
alignment on the right. The default values for Text placement (mainly the first two: Centered
and Centered) are correct for most situations, but do try them all out to see the effect in the
preview window. Offset from dim line is not to be changed.

With Text alignment, the common default is Horizontal because people generally do not
want to tilt their heads to the side every time they check a dimension on a printout. Do
check the other two options (aligned and ISO) to see what they do, though. Your Dimension
Style dialog box should look like Figure 13.4.

Fit Tab

Under this tab (Figure 13.5), you already practiced changing the Use overall scale of: text
field (on the right, underneath the preview window) to a value of 15 in Chapter 6. We really
did not discuss why this value was chosen (we leave this for the Paper Space discussion in
Chapter 18), but this field is by far the most important one in this tab. It is used to simply
boost up the overall dimension size evenly and uniformly, as opposed to manually adjusting
every possible value (under the Lines tab and a few other places). We see in later chapters
how this value is tied in with the overall printing scale and viewports. The annotative option
also is discussed. Change the value in the field to 5.0000 for now, as that corresponds well to
the 12" height text we selected earlier.

The rest of the categories are quite straightforward. Fit options simply address what to stick
outside the extension lines if there is not enough room. Best fit is usually the safe choice,
as it lets AutoCAD decide how to best proceed. If you force a specific action, it may not be
appropriate for every situation, so let AutoCAD handle it.

Text placement has some minor adjustment options, as stated in the choices (leave as
default), as does Fine tuning, where you should leave both boxes unchecked. Placing the
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FIGURE 13.5
Fit tab.

text manually is unnecessary in almost every case, and drawing a dim line between extension
lines effectively crosses out the dimension value, a distracting feature.

What is most important under the Fit tab is adjusting the Use overall scale of: field under
the Scale for dimension features category. As mentioned, use 5.0000 as a value for now. Your
Dimension Style dialog box should look like Figure 13.5.

Primary Units Tab

Under this tab (Figure 13.6), you already practiced changing the Unit format to Architectural
in Chapter 6. Generally the dimension units are the same as the drawing units. Here we
leave the units as Decimal, not Architectural. Note in both cases the precision available to
you. This closely parallels what you saw in the Units dialog box from Chapter 2. Proceeding
further down the Linear dimensions category, we have

Fraction format: Various ways to represent fractions with Architectural dimensions;
grayed out when Decimal is selected. The choices are Horizontal, Diagonal, and Not
Stacked. Try them out.

Decimal Separator: Various ways to represent Decimal numbers; grayed out when
Architectural is selected. The choices are Period, Comma, and Space and they simply
represent different ways to show the same thing. Europeans, for example, sometimes use
a space or decimal, not comma (e.g., 5 000 not 5,000).

Round off: Rounds off dimension values; not necessary in common usage.
Prefix/Suffix: A very useful feature allowing you to add text, symbols, or values before
and after the dimension values. We add the inch symbol in the suffix as an example.
Measurement scale: Scales dimension values; not necessary in common usage.

Zero suppression: Another very useful feature allowing you to suppress zero values
either before or after the main significant digits when using decimal units. For example,
a 0.625 value becomes just .625 and a 1.250 becomes 1.25. This is used in conjunction
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FIGURE 13.6
Primary Units tab.

with the Precision setting to “clean up” dimension values, removing extra zeros. With
the Architectural units setting, the idea is the same but now 0 feet and 0 inches are
suppressed.

Angular dimensions allow you to choose other degree measurement systems, but Decimal
Degrees is sufficient for most users. Zero suppression for angles is the same concept as before
but is rarely used in this case. Your Dimension Style dialog box should look like Figure 13.6.

Alternate Units Tab

This (Figure 13.7) is a tab we have not explored at all in Level 1. Alternate units are a
secondary set of dimensions that reside inside parentheses attached to the main set of units.
Their purpose is to present the main units in an alternate form such as Metric versus English
(just one example). This is why you see a 25.4 value right away under Multiplier for alt
units:. This is how many millimeters fit into 1 inch; more on this in just a moment.

Check off the top left box, Display alternate units. All the fields then become editable. Take a
look at all of them; most should look familiar (such as Zero suppression and Prefix/Suffix),
so we do not go over them again. Unit format:, Precision:, and Round distances to: have

also been mentioned (reminder: do not round off without a good reason). The Placement
category (bottom right) is also easy to understand, the choices being After or Below the
primary value.

Understanding alternate units then boils down to fully grasping the Multiplier for alt units:
concept. It is a powerful and simple idea. Instead of presenting a collection of “canned”
multipliers, AutoCAD allows you to set your own. So if the main unit is 1 mile, to express
this in feet (as an alternate unit), type in 5280 as a multiplier. You are in no way limited as
to what sort of value you can enter (inches to miles or millimeters to yards, anyone?), but
of course you have to know exactly what the multiplier is or else, as they say, “garbage in,
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FIGURE 13.7
Alternate Units tab.

garbage out.” Therefore an incorrect multiplier gets you false alternate unit readings. Explore
all the features of Alternate units and try entering several multipliers. For example, the
number of yards equal to 1 mile (1760).

In our case here, let us go with the amount of centimeters in an inch (2.54) and enter that as
the alternate unit. Also add cm in the suffix. Your Dimension Style dialog box should look
like Figure 13.7.

Tolerances Tab

This final tab (Figure 13.8) also has not been looked at yet. Tolerances are relevant mostly to
engineering and manufacturing and less so to architecture.

Tolerances are generally defined as deviations from an ideal stated value, as used in
manufacturing specifications of engineering devices (there are of course other stated definitions).
The underlying need for specifying tolerances hinges on the fact that in manufacturing closer
tolerances may be costlier to achieve, while larger tolerances, although cheaper, may adversely
affect performance of a part. Tolerances are a way of expressing just how much a part may be
off the mark and still be acceptable, based on engineering need and cost analysis. Aerospace,
automotive, and biomedical engineering tolerances are closer than most consumer products,
for example.

Tolerances are a familiar topic to mechanical engineers and machinists. To them no further

explanation is needed and AutoCAD's tolerance choices are familiar: Symmetric, Deviation,
Limits, and Basic. Other options under this tab should also look familiar to all, such as Zero
suppression and placement options.

e Symmetric tolerances: These indicate the overall deviation, which is symmetric for upper
and lower values; therefore you set only one (the upper value).
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FIGURE 13.8
Tolerances tab.

® Deviation tolerance: These indicate nonsymmetrical deviations in either direction with a 275
stacked =*.

® Limits tolerance: These are similar in theory and indicate the acceptable limit in one or
both sets of values, but no =* is shown.

® Basic tolerance: These are the same as none, the first choice.

If you are not currently familiar with tolerances, chances are you do not need them in your
work situation. While this is an interesting topic to discuss in further detail, tolerances
already are familiar to those who need them and not relevant to those who do not. Feel free
to set a Deviation tolerance as seen in Figure 13.8.

So what did we end up with after all these settings? Well, in the interest of trying out as much
as possible, we did not really create a very realistic dimension. Let us take a look at it. Click
on OK in the Dimension Style box; it will disappear and take you back to the Dimension
Style Manager. Then press Set Current in the next box, followed by Close. Now draw a 10” by
10” rectangle and dimension it using the basic Horizontal dimension. It should look similar
to Figure 13.9.

Let us try another dimension style on a hypothetical section of roadway (go ahead and draw
something similar to Figure 13.10, with the two vertical lines 3 units apart). Run through all the
setup steps again, using the following data, and you should get a result similar to Figure 13.10:

Architectural ticks.

Arial font, .25”, color: Red.

Fit: 1.000.

Primary units: Decimal. Watch the precision.

Suffix added on both main units (miles) and alternate units (feet).
Alternate units, use 5280 as the multiplier.

No tolerances.



LEVEL 2
Chapters 11-20

10,00‘4-;]?.: [?5.40r.1-nf8;2?"‘.m]

FIGURE 13.9
The new dimension style.

3 mile(s)
> T [15840.00 feet]

—
\
i
\
N
N

FIGURE 13.10
Sample dimension.

13.3 INTRODUCTION TO CONSTRAINTS

AutoCAD was always a top-notch 2D drafting software application, but one with a bit of
an inferiority complex. Not in regards to any other 2D competitors but rather toward 3D
solid modeling and design software. These sophisticated products were developed in their
own world, apart from AutoCAD, via development firms that never competed against

or had anything to do with Autodesk or architecture. These programs included CATIA,
NX/Unigraphics, Pro-Engineer, and SolidWorks. Their developers created quite a few
revolutionary concepts and methods that transformed the way engineering design is done.
Autodesk eventually jumped on board with Inventor and later Revit; both of which are
excellent 3D products (one for engineers and the other for architects).
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That left the AutoCAD development team looking at how their software could be enhanced
by incorporating some of these sophisticated 3D tools without fundamentally altering
AutoCAD's identity or formula for success. If you go on to study AutoCAD 3D, you will
notice how many “borrowed” concepts found their way into the software as AutoCAD
reached ever further into the high-end 3D world.

Some of these concepts also found their way into 2D, such as the ones we are about

to discuss, namely Parametrics, which is really two topics: geometric constraints and
dimensional constraints; the latter is also referred to as dimension driven design. If you are
an engineer or an engineering school student who used the previously mentioned 3D
software, you will quickly recognize these concepts. AutoCAD literally took a page out of
that playbook. Inferiority complex no more. Let us discuss each concept separately.

13.4 GEOMETRIC CONSTRAINTS

The fundamental idea behind geometric constraints, regardless of what software we are
dealing with, is to restrict (constrain) the possible movement of drawn geometry and also
force that geometry into certain positions. Ortho was a horizontal and vertical constraint on
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FIGURE 13.11
Geometric Constraints toolbar.

lines. So if you have two parallel or perpendicular lines, a constraint can be placed on them
that forces them to always stay parallel or perpendicular as well as forces them to be that way
in the first place. Expanding to more general terms, geometric constraints set “relationships”
between geometries such as parallel, perpendicular, tangent, and coincident.

This overall concept is quite important in setting what is referred to as design intent. If a
drilled hole in a bracket absolutely has to be concentric to the bracket’s corner fillet to fulfill
the design intent, then that is the main driving factor in its design (concentric means the
circles and arcs share the same center point). There may, however, be other aspects of the
design, such as perhaps notches and other geometry on the bracket, which are less critical.
The constraints then “hold” the critical geometry, while you design the rest around it.

This was of course a very simple example; with a bracket you can probably keep track of
the critical relationships without any help. Geometric constraints really earn their keep
with more complex designs, where many constraints are needed to preserve design intent.
Without them it would be easy to forget one or two important relationships and discover
later down the road that the part you are working on does not function properly because a
tangency somewhere was not preserved.

Almost since the beginning of high-end 3D software, geometric constraints were an
important part of the design approach, but they were not included in AutoCAD until now,
and AutoCAD designers needed to keep track (and check over) their geometric relationships
manually. With these new tools, use of AutoCAD for engineering design (and even
architecture to some extent) is greatly enhanced.

Types of Geometric Constraints

Here are the constraints available to you. We do not go through every single one but cover
only the more commonly used ones, leaving the rest for you to explore. The best way to
set constraints is via the Geometric Constraints toolbar (Figure 13.11) or the Ribbon’s
Parametric tab.

The critical constraints we will discuss are:

e Perpendicular: Constrains two lines or polylines to perpendicular 90° angles to each
other.

Parallel: Constrains two lines to the same angle.

Horizontal: Constrains two lines to lie parallel to the X axis.

Vertical: Constrains two lines to lie parallel to the Y axis.

Concentric: Constrains circles, arcs, or ellipses to maintaining the same center point.
Tangent: Constrains a tangency between curves and lines.

Coincident: Constrains two points together (to be discussed along with dimensional
constraints).

Adding Geometric Constraints

Adding geometric constraints involves simply picking the constraint you wish to add and
selecting the first object (which serves as the reference point) followed by the second object.
The constraint then appears next to the objects reminding you it is set. The constraint

tool also forces the objects into that constraint, so if you draw two lines that are not quite
parallel, once you set the constraint, they become parallel right away.
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Having read this, you may be tempted to completely do away with Ortho and even OSNAP
to create accurate geometry, allowing constraints to “fix” drawn shapes. This of course is not
generally recommended, as sloppy drafting catches up to you sooner or later (though we try
this in the next example). While geometric constraints are very useful new tools, use them
when appropriate, without forgetting or throwing away basic accuracy habits.

Let us try this out with the first constraint on the above list: Perpendicular.

Keyboard: none
Cascading menns: Parametric> Geometric Constraints—> Perpendicular

Toolbar icon: Geometric Constraint toolbar \(

Ribbon: Parametric tab—>Perpendicular \(

Step 1. Draw two lines that are roughly perpendicular, as seen in Figure 13.12 (left).
Step 2. Select the perpendicular geometric constraint via any of the previous methods.
Step 3. © AutoCAD says:
Enter constraint type
[Horizontal/Vertical/Perpendicular/PArallel/Tangent/
SMooth/ Coincident/CONcentric/COLTinear/Symmetric/Equal/Fix]
<CONcentric>:_Perpendicular
Select first object:
Step 4. Select the first line (the vertical one).
O AutoCAD says: Select second object:
Step 5. Select the second line.

Immediately after the selection of the second line, you see it snap to perpendicular and two
sets of geometrical constraints are added next to each line, as seen in Figure 13.12 (right).
Note that if you selected the bottom line first, then the vertical one would snap to it, not the
other way around. Selection order matters.

Let's try one more, the concentric one. We leave the rest as an in-class exercise.

Keyboard: none
Cascading menns: Parametric> Geometric Constraints—> Concentric

Toolbar icon: Geometric Constraint toolbar ©

Ribbon: Parametric tab=> Concentric ©

\\

FIGURE 13.12
Perpendicular geometric constraints.
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Step 1. Draw an arc and a circle, one above the other, as seen in Figure 13.13 (left).
Step 2. Select the concentric geometric constraint via any of the previous methods.
Step 3. © AutoCAD says:
Enter constraint type
[Horizontal/Vertical/Perpendicular/PArallel/Tangent/
SMooth/ Coincident/CONcentric/COLlinear/Symmetric/Equal/Fix]
<CONcentric>:_Concentric
Select first object:
Step 4. Select the circle.
O AutoCAD says: Select second object:
Step 5. Select the arc.

Immediately after the selection of the arc, you see one or both snap to a concentric setting
(their centers are the same) as seen in Figure 13.13 (right). Note that, if you selected the arc
first, the circle would adjust to it, not the other way around. Selection order matters.

For the remaining geometric constraints, try them out on your own.

Hiding, Showing, and Deleting Geometric Constraints

There are two ways to access these options. You can either right-click on one of the constraints
to reveal a small menu, as seen in Figure 13.14, or find these same options on the Ribbon, as
seen in Figure 13.15, along with the rest of the constraints.
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FIGURE 13.13
Concentric geometric constraints.

FIGURE 13.14
Geometric constraints options, right-click
menu.



280

Chapters 11-20

File: Edit

v OB 5 showride
& 7N 7] || & showal
Constrain |\ % | [} = || & Hide Al
l Geometric §

FIGURE 13.15
Geometric constraints options, Ribbon.
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FIGURE 13.16
Constraint settings.

The Constraint Settings dialog box (which can be accessed via the small drop-down arrow
at the bottom right of the Geometric tab) is actually just for global settings, for which
geometric constraints to show. Leave all the choices selected and the transparency at 50%,
as seen in Figure 13.16. Finally Figure 13.17 shows all seven of the constraints mentioned,
as you should see them on your screen after trying them.

13.5 DIMENSIONAL CONSTRAINTS

Since we already discussed the basic idea of constraints, this introductory section is shorter.
The idea here is to move from constraining pieces of geometry (and their positions relative
to each other) to constraining the actual dimensions of the drawn design. So if two circles,
representing drilled holes, absolutely need to be 3" apart, then constraining that dimension
ensures it does not change regardless of what other design work goes on around them.

Dimensional constraints are also a major part of 3D parametric design and can be easily
transferred to 2D work, as was done here in AutoCAD. Also, because the geometry has
to obey the constrained dimension, you can change the geometry by simply changing
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FIGURE 13.17
Geometric constraints.
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FIGURE 13.18
Dimensional Constraints toolbar.
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FIGURE 13.19
Dimensional constraints, Ribbon.

the dimension value, which is quite a departure from the normal order of business with
AutoCAD. This ability to change geometry by updating dimensions, called dimension driven
design, is really the only way to change the size of an object (usually called a feature) when
using the high-end 3D design software such as CATIA.

At this point, you may start to see why all the preceding is referred to as parametric design. We
are designing by changing or assigning parameters to our geometry. The geometry itself is
almost secondary to the relationships and data that drive its existence and creation. This type of
philosophy and approach is one of several steps critical to assuring that what we have is a valid
engineering design, not just a pretty picture. The data behind the design have to make sense.

Working with Dimensional Constraints

Learning the basics of dimensional constraints is straightforward. You can either add them in
right away to your design or convert existing regular dimensions to constraints. Dimensional
constraints have their own toolbar (Figure 13.18), or they can be accessed through the
Ribbon (Figure 13.19).
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FIGURE 13.20
Bracket with dimensional constraints, Ribbon.

The available dimensional constraints mirror the regular dimensions closely:

Horizontal
Vertical
Aligned
Radius
Diameter
Angle

Draw the bracket seen in Figure 13.20, but do not dimension it; use only the values shown
to create the geometry.

Let us add a horizontal dimensional constraint.

Keyboard: none
Cascading menus: Parametric>Dimensional Constraints—>Horizontal

Toolbaricon: Dimensional Constraints toolbar & |

Ribbon: Parametric tab—>Linear E_.l

Step 1. Start up the dimensional constraint via any of the previous methods.
Step 2. © AutoCAD says: Specify first constraint point or [Object] <Object>:
Step 3. Pick one end of the bottom part of the bracket (a red circle with an X appears).
Step 4. © AutoCAD says: Specify second constraint point:
Pick the other end of the bottom part of the bracket (a red circle with an X appears
again).
Step 5. © AutoCAD says: Specify dimension line location:
Locate the dimensional constraint some distance away from the part, similar to a
regular dimension.

AutoCAD displays the value (d = 10.0000) with a graphic of a lock, as seen in Figure 13.21.
Press Enter.

In a similar manner you can add additional dimensional constraints to the rest of the
bracket or convert existing dimensions (if you had some) via the Convert button in the
Parametric—Dimensional Ribbon tab. Notice the whole point behind this tool. The
dimensional values are “locked in” as represented by the lock graphic and will not budge
regardless of how other surrounding geometry may change.
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FIGURE 13.21
Dimensional constraint.
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FIGURE 13.22
Altering dimensional constraint.
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FIGURE 13.23
Altering diameter dimensional constraint.

13.6 DIMENSION DRIVEN DESIGN

You can of course change the value of the dimensional constraint by just double-clicking on
it and typing in something else (Figure 13.22).

The value forces the line to move to the right, leaving a gap, which is not quite what you
intended. Try the same with a circle and diameter constraint (Figure 13.23).

This leads to much better results; the circle has changed its size. There is a very important point
to understand here in order to take full advantage of these tools. With linework and angles,
dimensional constraints need to work together with geometric constraints. Used just by themselves,
dimensional constraints change only the dimension value and drag the lines along for a ride;
but if you add a coincident geometric constraint, the lines are “glued” together so you can make
entire sections of the design properly constrained. A coincident constraint asks you to select one
of the lines, then the second, and create a point where they intersect. Try this out on our bracket’s
bottom pieces, and try changing the bottom line’s size again, leading to quite a different effect.

A lot more can be written about constraints in general; it is a broad and important topic. You
are encouraged to explore further and practice setting up dimensional constraints on critical
parts of a design. It will take some getting used to, and applying dimensional constraints
intelligently can be awkward at first. The key is to apply these constraints only to the critical
geometry and not constrain every single line and circle on the screen. Fortunately, AutoCAD
prevents you from doing this and issues a warning that you are overconstraining or there are
conflicts, similar to high-end solid modeling applications.
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LEVEL 2 DRAWING PROJECT (3 OF 10): ARCHITECTURAL
FLOOR PLAN

In our third round of floor plan design, all exterior work is now complete, and we focus on
adding additional features to the interior, mainly furniture and kitchen appliances (Figures
13.24 and 13.25). Be sure to create the appropriate layers, such as

e A-Appliances
e A-Fireplace
e A-Furniture

and any others you think you may need. Assign colors to the layers. Dimensions for the
furniture and appliances are not specifically given (as they are for the fireplace), but draw in
reasonable designs as seen in the layout. Feel free to add more than is shown; there is only
minimal furniture in the apartment. The full plan is in Figure 13.26, while blowups of the
two sides of the house (and fireplace) are shown here for clarity.

REF/
FREEZER

FIGURE 13.24
Bedroom and kitchen with furniture and appliances.

| 1 4!;’?" i

FIGURE 13.25
Fireplace (detail).
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FIGURE 13.26

Full floor plan.
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SUMMARY

You should understand and know how to use the following concepts and commands before
moving on to Chapter 14.

Creating a new dim style (ddim)

Lines tab

o No permanent settings, but know functions of all
Symbols and Arrows tab

o Architectural tick setting; know functions of all others
Text tab

o Text font and size settings; know functions of all others
Fit tab

o Fit setting; know functions of all others

Primary Units tab

O Units setting

O Precision setting

O Prefix setting

o Suffix setting

O Zero suppression settings; know functions of all others
Alternate Units tab

o Multiplier settings; know functions of all others
Tolerances tab

o Tolerance settings (if needed)

Geometric Constraints

Perpendicular

Parallel

Horizontal

Vertical

Concentric

Tangent

Coincident

Dimensional Constraints

0 o0 0 0 0 0 0O

]
REVIEW QUESTIONS

Answer the following based on what you learned in Chapter 13.

B

©® NSO RWD

[EY
o

Describe the basic functions found under the Lines tab.

Describe the basic functions found under the Symbols and Arrows tab.
Describe the basic functions found under the Text tab.

Describe the basic functions found under the Fit tab.

Describe the basic functions found under the Primary Units tab.
Describe the basic functions found under the Alternate Units tab.
Describe the basic functions found under the Tolerances tab.

Describe the purpose of Geometric Constraints.

What seven geometric constraints are discussed?

Describe the purpose of Dimensional Constraints.
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]
EXERCISES

1. Draw the following shape and label it exactly as shown. Be sure to note all the modifications to the
dimensions, including arrowheads and the presence of alternate units and tolerances. You may have
to get creative with the leader. (Difficulty level: Intermediate; Time to completion: 10-15 minutes)

- +0.01in.
10.00 in_5 05 in.
+0.03 cm] —®
[25.40 i o0 o ]
/ - +0.01in.
8.001..6.05 in.
[20,32 il
- 40.01in.
+0J, cm
[@12.70 em 008 cm]

2. Draw a rough parallelogram shape, with one side 20", as shown below on the left. Parallel constrain all four sides, filleting if
necessary. Then, carefully, coincident constrain all four corners. Finally, dimension constrain one side, using a value of 30 as seen
on the right. If everything is done right, the rectangle should increase in size uniformly. (Difficulty level: Easy; Time to completion:
5 minutes)
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Spotlight On:
Interior Design

Interior design is a major branch of architecture that concerns itself with interior living
spaces. The goal is to create a living (or office) space that is both functional and aesthetically
attractive by the creative use of colors, lighting, and materials. Interior design is not to be
confused with interior decorating. Interior designers are often well versed in the principles of
architecture, engineering, and materials and must generally hold at least a four-year degree.
They can be called upon to create challenging spaces that are tailored to certain ecological or
handicapped-accessible needs. It is a creative profession, but one that still requires analytical
skills.

Education for interior designers (in the United States) involves a four-year baccalaureate
degree in interior design. Masters degrees (MS, MA, MFA, and recently the MID) in

interior design are also available, although this advanced degree is less common than the
baccalaureate degree. Many professionals pursue advanced degrees in related subjects,
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such as industrial design, fine art, or education. Doctoral programs in interior design are
increasing in number at various institutions of higher education. It is worth noting that a
great many interior designers held no formal education.

Following formal training, graduates usually enter a one- to three-year apprenticeship to gain
experience before taking a national licensing exam or joining a professional association. The
National Council for Interior Design Qualification (NCIDQ) administers the licensing exam.
To be eligible to take the exam, applicants must have at least six years of combined education
and experience in interior design, of which at least two years constitute postsecondary
education in design. Once candidates have passed the qualifying exam, they are granted the
title of Certified, Registered, or Licensed Interior Designer, depending on the state. Some
states require continuing education units to maintain the license.

Interior design earnings vary based on employer, number of years with experience, and the
reputation of the individual. For residential projects, self-employed interior designers usually
earn a per-hour fee plus a percentage of the total cost of furniture, lighting, artwork, and
other design elements. For commercial projects, they may charge per-hour fees or a flat fee
for the whole project. The median annual earnings for hourly and salaried interior designers,
in 2009, was approximately $61,000, with the top 10% earning over $78,760.

So how do interior designers use AutoCAD and what can you expect? Very often, as far as
AutoCAD goes, interior design is tied in with the general architecture design of the building.
Therefore interior designers work side by side with architects on their CAD files. The layering
convention often follows AIA standards. You will find layers such as A-Furniture, A-Carpeting,
and the like. Designers also work with blocks and attributes, and make extensive use of
custom hatch patterns and a wide array of colors (think Pantones).

Interior designers often work in 3D, as the whole idea is often to present and sell the design
concept. In these cases, they have to master 3D AutoCAD as well as additional rendering
software. With 3D work, AutoCAD is not the only choice; and one can find Rhino, Form Z,
and other applications running side by side with AutoCAD or even bypassing CAD
completely.

Shown in Figure 1 is a 2D plan view of a residential interior. It makes use of solid shading
and custom hatch patterns to give the client a good idea of the final outcome of the design
effort.

Shown in Figure 2 is a 3D photorealistic rendering of another design. Though AutoCAD can
be used to easily create the underlying architecture, additional rendering tools are usually
used for this level of sophistication and realism.
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FIGURE 1
2D plan view of a residential interior.

FIGURE 2
3D photorealistic rendering of another design.
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