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Preface

The primary goal of AutoCAD® 2024 Tutorial Second Level 3D Modeling is to
introduce the aspects of Computer Based Three Dimensional Modeling. This
text 1s intended to be used as a training guide for students and professionals. This
text covers AutoCAD 2024 and the chapters proceed in a pedagogical fashion to
guide you from constructing 3D wireframe models, 3D surface models and 3D
solid models to making multiview drawings. This text takes a hands-on, exercise-
intensive approach to all the important 3D modeling techniques and concepts.
This textbook contains a series of twelve tutorial style chapters designed to
introduce CAD users to 3D modeling with AutoCAD 2024. This text is also
helpful to AutoCAD users upgrading from a previous release of the software. The
new improvements and enhancements of the software are incorporated into the
tutorials. The 3D modeling techniques and concepts discussed in this text are also
designed to serve as the foundation to the more advanced feature-based
CAD/CAE packages such as AutoCAD® Architecture Desktop and Autodesk
Inventor®. The basic premise of this book is that the more 3D designs you create
using AutoCAD 2024, the better you learn the software. With this in mind, each
tutorial introduces a new set of commands and concepts, building on previous
chapters. This book does not attempt to cover all of AutoCAD 2024’s features,
only to provide an introduction to the software. It is intended to help you establish
a good basis for exploring and growing in the exciting field of Computer Aided
Engineering.
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Introduction

Computer Aided Design (CAD) is the process of doing designs with the aid of
computers. This includes the generation of computer models, analysis of design data, and
the creation of the necessary drawings. AutoCAD® 2024 is a computer-aided-design
software developed by Autodesk Inc. The AutoCAD 2024 software is a tool that can be
used for design and drafting activities. The two-dimensional and three-dimensional
models created in AutoCAD 2024 can be transferred to other computer programs for
further analysis and testing. The computer models can also be used in manufacturing
equipment such as machining centers, lathes, mills, or rapid prototyping machines to
manufacture the product.

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

Computer Aided Engineering

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

Finite Element Analysis

Development of Computer Geometric Modeling

Computer Aided Design is a relatively new technology and its rapid expansion in the
last fifty years is truly amazing. Computer modeling technology advanced along with the
development of computer hardware. The first-generation CAD programs, developed in
the 1950s, were mostly non-interactive; CAD users were required to create program
codes to generate the desired two-dimensional (2D) geometric shapes. Initially, the
development of CAD technology occurred mostly in academic research facilities. The
Massachusetts Institute of Technology, Carnegie-Mellon University, and Cambridge
University were the lead pioneers at that time. The interest in CAD technology spread
quickly and several major industry companies, such as General Motors, Lockheed,
McDonnell, IBM, and Ford Motor Co., participated in the development of interactive
CAD programs in the 1960s. Usage of CAD systems was primarily in the automotive
industry, aerospace industry, and government agencies that developed their own
programs for their specific needs. The 1960s also marked the beginning of the
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development of finite element analysis methods for computer stress analysis and
computer aided manufacturing for generating machine toolpaths.

The 1970s are generally viewed as the years of the most significant progress in the
development of computer hardware, namely the invention and development of
microprocessors. With the improvement in computing power, new types of 3D CAD
programs that were user-friendly and interactive became reality. CAD technology quickly
expanded from very simple computer aided drafting to very complex computer aided
design. The use of 2D and 3D wireframe modelers was accepted as the leading-edge
technology that could increase productivity in industry. The developments of surface
modeling and solid modeling technology were taking shape by the late 1970s, but the
high cost of computer hardware and programming slowed the development of such
technology. During this time period, the available CAD systems all required extremely
expensive room-sized mainframe computers.

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

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

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

The development of the 3D wireframe modeler was a major leap in the area of computer
modeling. The computer database in the 3D wireframe modeler contains the locations of
all the points in space coordinates and it is sufficient to create just one model rather than
multiple models. This single 3D model can then be viewed from any direction as needed.
The 3D wireframe modelers require the least computer power and achieve reasonably
good representation of 3D models. But because surface definition is not part of a
wireframe model, all wireframe images have the inherent problem of ambiguity.
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A non-realizable object: Wireframe models contain no surface definitions.

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

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

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

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

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

In this text, we will concentrate on creating designs using two-dimensional geometric
construction techniques. The fundamental concepts and use of different AutoCAD 2024
commands are presented using step-by-step tutorials. We will begin with creating simple
geometric entities and then move toward creating detailed working drawings and
assembly drawings. The techniques presented in this text will also serve as the foundation
for entering the world of three-dimensional solid modeling using packages such as
AutoCAD Architectural Desktop and Autodesk Inventor.

Why Use AutoCAD 20247

AutoCAD was first introduced to the public in late 1982 and was one of the first CAD
software products that were available for personal computers. Since 1984, AutoCAD has
established a reputation for being the most widely used PC-based CAD software around
the world. By 2015, it was estimated that there were over 5 million AutoCAD users in
more than 150 countries worldwide. AutoCAD 2024 is the thirty-eighth release, with
many added features and enhancements, of the original AutoCAD software produced by
Autodesk Inc.

CAD provides us with a wide range of benefits; in most cases, the result of using CAD is
increased accuracy and productivity. First of all, the computer offers much higher
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accuracy than the traditional methods of drafting and design. Traditionally, drafting and
detailing are the most expensive cost elements in a project and the biggest bottleneck.
With CAD systems, such as AutoCAD 2024, the tedious drafting and detailing tasks are
simplified through the use of many of the CAD geometric construction tools, such as
grids, snap, trim, and auto-dimensioning. Dimensions and notes are always legible in
CAD drawings, and in most cases, CAD systems can produce higher quality prints
compared to traditional hand drawings.

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

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

CAD designs and drawings are stored in binary form, usually as CAD files, to magnetic
devices such as diskettes and hard disks. The information stored in CAD files usually
requires much less physical space in comparison to traditional hand drawings. However,
the information stored inside the computer is not indestructible. On the contrary, the
electronic format of information is very fragile and sensitive to the environment. Heat or
cold can damage the information stored on magnetic storage devices. A power failure
while you are creating a design could wipe out the many hours you spent working in front
of the computer monitor. It is a good habit to save your work periodically, just in case
something might go wrong while you are working on your design. In general, one should
save one’s work onto a storage device at an interval of every 15 to 20 minutes. You
should also save your work before you make any major modifications to the design. It is
also a good habit to periodically make backup copies of your work and put them in a safe
place.
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Getting Started with AutoCAD 2024

A AutoCAD 2024

»4d AUTODESK

How to start AutoCAD 2024 depends on the type of workstation and the particular
software configuration you are using. With most Windows systems, you may select the
AutoCAD 2024 option on the Start menu or select the AutoCAD 2024 icon on the
Desktop. Consult with your instructor or technical support personnel if you have
difficulty starting the software.

The program takes a while to load, so be patient. Eventually the AutoCAD 2024 main
drawing screen will appear on the screen. Click Start Drawing as shown in the below
figure. The tutorials in this text are based on the assumption that you are using AutoCAD
2024’s default settings. If your system has been customized, some of the settings may not
work with the step-by-step instructions in the tutorials. Contact your instructor and
technical support to restore the default software configuration.

All apps

X AutoCAD 2024

‘Yi Alarms & Clock

AutoCAD 2024 - English Open...
Mew

- Attach Digital Signatures
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= Export AutoCAD 2024 Settings
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AutoCAD 2024 Screen Layout

The default AutoCAD 2024 drawing screen contains the pull-down menus, the Standard
toolbar, the InfoCenter Help system, the scrollbars, the command prompt area, the Status
Bar, and the Ribbon Tabs and Panels that contain several control panels such as the
Draw and Modify panel and the Annotation panel. You may resize the AutoCAD 2024
drawing window by clicking and dragging at the edges of the window, or relocate the
window by clicking and dragging at the window title area.

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

n' OEHEL = ' ' 'L}'ﬂ hare More Commands...
Home  Insert  Annotate Parametric  View  Manage Out Show Menu I;E
/. | (A | C - ‘$: CJ 'ﬂn v .. A Smricu .I -
Line Polyline f.r_v:.lp' .-'-Lrv: - o M " o Tex
’ - - ] - _I, gl BB-.- E - Press F1 for more help
Diena: = B it =
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Application Menu
DB HE L

File Edit View Insert

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

Home |nsert Annotate
] —~
SO (N 7
—L= L

Line Polyline Circle Arc

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

ﬂv )= E FE [l ¥l & < - * ¥ <# Share Autodesk AutoCAD 20|

File E View Insert Format  Tools Draw Dimension Modify Parametric
Home |1 New € View Manage Output Collaborate Express Toqg

. Creates a blank drawing file —_— Y

’ i - i

/’f/ ) [— &" C’ * . A |- 1 i

" = ONEW o AN -8 | -

Line Polyl ] Tl.'_xt Dmensmn Layer
Press F1 for more help :|_.'__ 0 35 - = @ Properties

Draw = Modify - Annotation =

AutoCAD Menu Bar
The Menu bar is the pull-down menu where all operations of AutoCAD can be

accessed.
B CeHEL 2 & < -5 A shae Autodesk AutoCAD 2024 Dra
File Edit View Insert Format Tools Draw Dimension Modify Parametric Wi
Home Inse ..’ Redraw anage Output Collaborate  Express Tools
0 i Regen H g
// o _,' 1"‘ Regen All _
- | “ g
e p"“”"“i- Realt “’"‘E'
Zoom ealtirne % Properties Z g
Pan L Previ -
p _ 14, Previous ation -
Ln._l,' SteeringWheels
= | Start BT ShowMotion m
: o, Lynarmic
| 3
[Fllep]2D Wi Orbt B seale

Layout Tabs

The Model/Layout tabs allow us to switch/create
between different model space and paper space.

v

HE

"
Model L= ;.-cw' Layout2 = +
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Drawing Area
The Drawing Area is the area where models and drawings are displayed.

Graphics Cursor or Crosshairs

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

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

Command Prompt Area

The Command Prompt Area provides
status information for an operation and
it is also the area for data input. Note
that the Command Prompt can be
docked below the drawing area as
shown.

i X /-~ v LINE Specify first point:

Cursor Coordinates

To switch on the AutoCAD Coordinates Display, use the
‘ Customization | Customization option at the bottom right corner.

v 4 Co || :_E? i Cﬂorditgtes

« Model Space

< Grid
| The bottom section of the screen layout displays
Drawing Coordinates the coordinate information of the cursor. Note
COORDS (Ctrl + I) that the quick-key option, [Ctrl+I], can be used
v to toggle the behavior of the displayed
35.7015, ﬂ_ﬁﬁﬂéﬂ, 0.0000 MODEL EE | coordinates.

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

Display drawing grid - On |
GRIDMODE (F7) '

M:::DEL'E?I'}EEE L& L LT R KA
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Ribbon Tabs and Panels

The top section of the screen layout contains customizable icon panels, which contain
groups of buttons that allow us to pick commands quickly, without searching through
a menu structure. These panels allow us to quickly access the commonly used

commands available in AutoCAD.

n' LEHEL 3l &5 = = o Share Surpdesk SuboCAD 2024 Drawingl.dwg Sign =3
Fle Edr Wi Insert Fommat Tonls Diras Timension Madiy Pacsrmietric ‘Window Help Fepress

Home Inset  Annotste  Pametric  Wem Marage  Output Colshorse  FrpressTools L0+

X -.l: . i e — p—
I, ) E P Unsarvud iew I:‘ T hamed F\I |' @ ::li .—_| y | |; H ! D T |-
S | . S L1 = : s st I oo ) = R N N ™ —]
ULS | Yiew | Narigebon| ™ Viewpot MG Acterly DWG Tool  Fropees Elocks Count Command SheetSet = Switch _| H
lcon | Cube Bar 12, Wi Wi Configuration ~ L4, Rawloid | Compare  Insghts History | Palettes Macros  Manager |5 =] Windows | T
Harnint Views R p— Compan Fislery Palettes =

Draw and Modify Toolbar Panels

The Draw and Modify toolbar panels are the two main panels for creating drawings;
the toolbars contain icons for basic draw and modify commands.

HEIT??E Insert  Annotate  Parametric View Manage Output Collaborats
/ . - &+ Move (", Rotate N Trim +
" T — = [ . J - -
r v oo Copy A\ Mirror Fillet ~
Line Polyline Circle Arc opY —l e L
N v - |__.' Stretch | |Sca|e Array -~
Drgw ~ . Modify ~
\ Draw Toolbar \ Modify Toolbar

Layers Control Toolbar Panel

e COWHO
Layer | T =
Properties £5 &5 £ =
Layers = I}

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

Viewport/View/Display Controls

Start Drawing1
{—E]\}Wop] 2D Wireframel
Restore Viewport |
Viewport Configuration List > 0
W

ViewCube [
SteeringWheels '

Mavigation Bar

*| The Viewport/View/Display controls panel is

located at the upper left corner of the graphics
area and it can be used to quickly access
viewing related commands, such as Viewport
and Display style.
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Mouse Buttons

AutoCAD 2024 utilizes the mouse buttons extensively. In learning AutoCAD 2024's
interactive environment, it is important to understand the basic functions of the mouse
buttons. It is highly recommended that you use a mouse or a tablet with AutoCAD 2024
since the package uses the buttons for various functions.

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

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

e Middle mouse button/wheel
The middle mouse button/wheel can be used to Pan (hold down the wheel button and
drag the mouse) or Zoom (rotate the wheel) real time.

Brings up additional available
options. Also used to accept the
default option of a command, or
end a process.

Allows quick Pan
and Zoom.

Picks icons, menus,
and graphic entities.

[Esc] — Canceling commands

The [Esc] key is used to cancel a command in AutoCAD 2024. The [Esc] key 1s located
near the top-left corner of the keyboard. Sometimes, it may be necessary to press the
[Esc] key twice to cancel a command; it depends on where we are in the command
sequence. For some commands, the [Esc] key is used to exit the command.




Getting Started Intro-13

Online Help

Several types of online help are available at any time during an AutoCAD 2024 session.
The AutoCAD 2024 software provides many online help options:

e Autodesk Exchange:
Autodesk Exchange is a central portal in AutoCAD 2024; AutoCAD Exchange
provides a user interface for Help, learning aids, tips and tricks, videos, and
downloadable apps. By default, Autodesk Exchange is displayed at startup. This
allows access to a dynamic selection of tools from the Autodesk community; note that
an internet connection is required to use this option.

— 1. o To use Autodesk Exchange, simply type
O, & RShih . .

a question in the input box to search
through the Autodesk’s Help system as
shown.

F | Draw lines

e A list of the search results appears in the Autodesk Help window, and we can also
determine the level and type of searches of the associated information.

q Autodesk AutoCAD 2024 - Help [m] £
Home >
(a} HelpHome  Quick References w @ English (U5) ~

A AUTODESK AutoCAD 2024

Seed  >howing 1-15 of 11323 results for Draw lines (0,30 seconds)

To Draw Lines
Click Home tab = Draw panel = Line . Find Specify the start point and end point of the line segment by clicking in the
drawing area.

Praducl Documenlation

Autocad won't draw lines

Why wan't it plot the coardinates, T can draw lines using the mouse but not using the command line | and | need to
use the command line to draw hecause it's required by my professor

Jraw lines al an angle Lo another line
What if I want to specify the angle in relation to another ine 7 Also is there a way to do this same thing while using
poly- lines 7

Accepted Solutions In Forums | 2019-07-23

COULDN'T DRAW A STRIGHT LINE when i draw lines using angles
COULDN'T DRAW A STRIGHT LINE when 1 draw lines using angles.. b appears like wave lines ..plz help me IU's all okay,
it's just your monitor (and graphic setting)..

Accepted Solutions In Forums '0-10-07
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Leaving AutoCAD 2024

To leave AutoCAD 2024, use the left-mouse-button and click the Application Menu
button at the top left corner of the AutoCAD 2024 screen window, then choose EXit
AutoCAD from the pull-down menu or type QUIT in the command prompt area.

Exit Aut[;\%ﬁ[)

%v CEHEBE L g E

File Edit View Insert F

Home Insert  Annotate  Para Options
I

Line Polyline Circle Arc -
. .

Creating a CAD File Folder

It is a good practice to create a separate folder to store your CAD files. You should not
save your CAD files in the same folder where the AutoCAD 2024 application is located.
It is much easier to organize and back up your project files if they are in a separate folder.
Making folders within this folder for different types of projects will help you organize
your CAD files even further.

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

1. Onthe desktop or under the My Documents folder in which you want to create a new

folder.
Folder

#|  Shorbcut

&y b 3
frange by Iﬂ_] Microsoft Access Database

View ¥ | & Bitmap image
sort by ¥ | @3 Contact
Group by » @] Microsoft PowerPoint Presentation
Refresh Bl Microsoft Publisher Document
Paste B WinRAR archive
Paste shortout L Text Document

IZI_] Microsoft Excel Worksheet
Share with " @ WinRARZIP archive
Mew ¥ E‘_‘I Briefcase
Properties

L

ACAD-Projects]

2. Right-mouse-click once to bring

up the option menu, then select
New—> Folder.

Type a name for the new folder, and then press ENTER.
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Chapter 1

User Coordinate Systems and the Z-Axis

¢

¢

®* & 6 o o

OhjeCtives

Use the Drawing Units and Drawing
Limits Commands

Understand and Use the Thickness
Option

Understand the AutoCAD UCS

Be able to Switch to Predefined Views
Pre-selection of Objects

Control Object Properties

View with the Visual Styles Option




1-2 AutoCAD 2024 Tutorial: 3D Modeling

Introduction

Creating three-dimensional models on a CAD system provides us a means to check the
integrity of a design. Creating realistic three-dimensional models helps us visualize our
final design much more clearly than we can with 2D representations of the design.
Several different approaches are available in AutoCAD that allow us to quickly create 3D
models. The simplest approach is to use the Thickness variable to perform an extrusion in
the third dimension of 2D geometries. In AutoCAD, the Thickness variable can make
certain 2D objects look like 3D objects. It is important to realize that this approach is
somewhat limited and that the objects created are not true solids. This approach allows us
to start considering the complexity involved in creating 3D models.

In this chapter, we will explore the virtual 3D environment in AutoCAD. Understanding
how to maneuver in the virtual 3D environment and the use of a User Coordinate System
(UCS) are the foundations and perhaps the most difficult parts of 3D modeling. We will
also examine the basic viewing and rendering options that are available in AutoCAD.
Specifically, we will use the Hide options to create hidden-line-removed images. The
hidden-line-removed image makes it easier to visualize the model because the back faces
are not displayed.

In this chapter, we will begin with the construction of a 2D floor plan design. This
tutorial will also serve as a review of some of the 2D CAD construction techniques. The
main goal of this chapter is to provide you with a basic understanding of the 3D
environment of AutoCAD.

The Floor Plan Design

xlig
10 311 P=—1'—1
- -
i J i =1
- . E.-_Igi I-'—U—-J
-I__ -1 74
8=
129 n-9 5'-4 -7
s e U
gt B4 a=qpe || S
Ll_ll-_-'ilp J__ -I_;'
25-g —t 1
B T _*' _|-1_
o - o €1l
_1_ idge || B=3
e*—sﬂ- B -
17-1
{g—5 1E2"—5" _-i—_ll._ I *
e g
- 4= -
| 1
] [
-& TN
13'-9
5-3 4'—g- J
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Starting Up AutoCAD 2024

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD

2024 icon on the Desktop. Once the program is loaded into memory, the AutoCAD
2024 drawing screen will appear on the screen.

All apps

A

Alarms & Clock

AutoCAD 2024 - English
Mew

AutoCAD 2024

Export AutoCAD 2024 Settings

Attach Digital Signatures Ne
e
ﬂ AuteCAL, 2024 - English
e
! Batch Standards Checker
| = s
[=

Note that AutoCAD automatically assigns a generic name, Drawing X, as new drawings
are created. In our example, AutoCAD opened the graphics window using the default

system units and assigned the drawing name Drawingl.
n' yHELD £ & « o At kel B Bl Ll

ruert Aeweige  Papaes

i

Aped dgprrety  Haprns b
A% AN I sadl

:

2. Todisplay the AutoCAD Menu Bar at any time, click on the down-arrow in the
Quick Access Bar and select Show Menu Bar. The Menu Bar provides access to
almost all of the AutoCAD commands.

s
L -ceHEL IS - % Share
h More Commands...
Home Inset  Annotate  Parametric  View  Manage  Out]
Shaw Menu Bar
r ( .;, f,-"?r. 0. C'J ‘L T oA ﬂ gkgﬁ.la.}sl.-n. tha Dibhon
r —_—
. o : S B A8 7 { Show Menu Bar
Line Pohyline Llr'cle -‘-'rc o oo _ E'T Press F1 for more help
E[ "= Od oo T =
Diraas = e rdif: =
AutoCAD Menu Bar |\
D\ CoHR0 g8 - - A
File Edit View Insert Format Tools Draw Dime
Home Inse ..’ Ridraw Manage Outp
Regen <
y \ , g Rotate \A;
r 4 «—s~ | I3 Regen All
_ _ h Mirror |
Line Polyline »
3 guum Crala oo
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3D Basic Modeling WorkSpace

Q- CEHEBLC g& 0 - - 5 e
e B e e e S SeifibiesSbey | ] Turn on the Workspace option in the
e 1 Quick Access Toolbar as shown.
T e e ::....-_l..“--. Wil & Wckil 1> Workspaces are sets of menus, toolbars,
= S n".:,',;w I PR palettes, and control panels that are grouped
[-Iopl20 Winéame] 4 linde and organized so that the user can work in a
B custom, task-oriented drawing environment.
- Workspaces control the display of menus,
B toolbars, and palettes in the drawing area. By
e default, AutoCAD is set to the Drafting and
Shi Sct Mieages annotation Workspace, which is typically
o used for 2D Drafting.
ik s | Workspare

» AutoCAD 2024 provides three pre-defined task-based workspaces:
e Drafting & Annotation
e 3D Basics
e 3D Modeling

The Drafting & Annotation workspace displays most of the toolbars and menus
commonly used for 2D drafting tasks. The 3D Basics workspace contains only the very
basic 3D-related toolbars, where the 3D Modeling workspace contains more complete 3D
surfacing and solid-related toolbars, menus, and palettes.

When we use a workspace, we change the display of the AutoCAD drawing area. It is
also important to note that we can still create 3D models using the Drafting & Annotation
workspace. All of the AutoCAD commands are available regardless which workspace we
use. Using the workspaces is one of the many options available in AutoCAD 2024 that
can help simplify our drafting/modeling tasks.

- {5 Drafting & Annotation ~/¥ < Share . .o
5 _ = 2. Click on the workspaces list in the
Tc Drafting & Annotation Modify Para
. : Workspace toolbar and choose to use the
i sins  Collabol 3D Basics workspace as shown.
¢ 3D Modeling L A
J\ | Save Current As., e E > Notice the different toolbars available in the
1y'¢ .
1 | Workspace Settir Press F1 for more help J}er Ribbon toolbar area as shown.
M¢ Customize.., | -
n~ yEHEL & - T'F = ftodak AutoCRD K04 Depsingl deg ' B
eer Ap—— et Ve Mpagr  Oufged  Addey Colsboeste  Brpron Tooh Fosbaed Appn a
IS 4P P O +CR/ 0 [ = i, (e e, | S S oae
s Euwgis Bropby Lol Goerp Prmig Sl i s Priry Move O Copy Drast Mrrps ng| He e Myt | Wold 1 :-r_-r__m__-_“'

3. Onyour own, display the AutoCAD Menu Bar, as shown in step 2 of the previous
page, before proceeding to the next section.
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Drawing Units Setup

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

3. Inthe Drawing Units dialog box, set
the Length Type to Architectural.
This will set the measurement to the
default Architectural units, feet
and inches.

ﬂ Drawing Units
Length Angle
Type: Type:
Architectural w Decimal
Precision: Precision:
0-01/2" v 0
[ Clrdens

DK[‘L

Units to scale inserted contert
Imches

Sample Output

1.5000.2.0039,0.0000
3.0000<45.0.0000

Lighting

Format Tools Drraw Dimens
-|_— Layer. 1. On your own, turn on the display of the Menu Bar,
£/ Layer States Manager... . . .
f L i which was turned off when we switched to a different
yer tools
b @ Color. workspace.
Linetype...
Lineweight.. 2. Inthe Menu Bar area, select:
i Transparency
A+ Scale List.. [Format] - [Units]
A, Text Style..
- Dimension Style..
5 Table Style...
<7 Multileader Style
Plot Style...
<. Point S.t}rle.,. 8 Drawing Units .t
“y Multiline Style... Langlie Angln
=5 I..lnl'ts...[:} Type: Type:
&P Thickness Decimal Decimal Degrees
7 Drawing Limits Decimal Precision:
=1 Rename.. Err.'ﬂtr:::rg }
Scientfic |__| Clockwise
Insertion scale

Linits for specifying the intensity of lighting:

[mtemational o

[ OK | Cancel

Direction... Help

5. Click OK to exit the Drawing Units dialog box.

4. Set the Precision to half-an-inch as shown in
the figure.
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Drawing Area Setup

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

Format  Tools  Draw  Dimeny
EF Layer.

| £ Layer States Maniager.. 1. Inthe Menu Bar area, select:

Layer tools 3

" @ Color.
Linetype.. [Format] - [Drawing Limits]
Lineweight..
Transparency

= Seale List.

Teat Style...
Y Dimension Style..
fifh Table Style..

% Multileader Style

m',\;.:ﬂ‘.‘h-

Mot Style..
Point Sivle..
Multiline Style.

| e

Units...
Thickness

Drawing Limits
T
1 Rename..

QB

|

2. Inthe command prompt area, near the bottom of the AutoCAD drawing screen, the
message “Reset Model Space Limits: Specify lower left corner or [On/Off] <0'-0", 0'-
0">:” is displayed. Press the ENTER key once to accept the default coordinates <0’-
0"’ 0!_0">.

Command: ' limits
Reset Model space limits:

S X 7 P> LIMITS Specify lower left corner or [ON OFF] <@'-8",0'-8">:

3. Inthe command prompt area, the message “Specify upper right corner <I -0",
0-9">:”1is displayed. Enter 60°, 40" to change the upper right coordinates to <60’,
40">.

Reset Model space limits:

Specify lower left corner or [ON/OFF] <8"-8",8"'-8">:

X 7 = LIMITS Specify upper right corner <1'-8",8'-9">: 60',40"'

4. Onyour own, move the graphics cursor near the upper right corner inside the drawing
area and note that the drawing area is unchanged. (The drawing limits command is
used to set the drawing area, but the display will not be adjusted until a display
related command is executed.)
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View  Insert  Format  Tools
" Redraw

Regen
< Regen All

cal
Loam

Pan
i SteeringWheels
£|r ShowMation
e Orbit
Camera
Walk and Hy

Clean Screen
Viewports

= MNamed Views.
30 Views

‘@) Create Camera

Show Annotative Cbiscts

| 51

Realtime

Previous

o Window

Cynamic

. Scale

"o Center

Object

g In

o, Out

All

Extents

In the Menu Bar area, select:
[View] 2 [Zoom] > [All]

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

6. Move the graphics cursor near the upper right corner inside the drawing area and note
that the display area is updated.

Grid and Snap Intervals Setup

1. Inthe Menu Bar area, select [Tools] > [Drafting Settings].

= | {0b3D Basics b
at Toals Draw Dimension Modify
pe Outpfit  Collaborate [a) ~

B Drafting Settings

() Snap On (F9)
Snap spacing
Snap X spacing:

Comer % e

-1.._,-2"

147"

Snap EIS Gnd Polar Tracking Object Snap

EIOCK Sanor
Sheet Nayout

(Gaid spacing
Grid X spacing: B"

Gnd Y spacing: B

Major line every 5

(i bmbemnsior

CAD Standards >
Wizards 3
—-} DraftintSettingsm
|5 Group
|
®* Ungroup

2. In the Drafting Settings dialog box, select the

Snap and Grid tab if it is not the page on top.

3. Change Grid Spacing to 6" for both X and Y
directions.
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4. Also adjust the Snap Spacing to 6" for both X and Y directions.
B orafting Settings X

anap and Gnd  Polar Tracking Object Snap 30 Object Snap  Dynamic Inpué  Guic| 4 |+

() Snap On F9) () Grid On {F7)
Snap spacing Grid style
Snap X spacing: 6" Sy cotied gndin
8 2D model space
Snap Y spacing: B—, () Block edtor
Sheet ayout
8 Equal X and ¥ spacing = =
Grid spacing
S Grid X spacing °
T 0 Gnd Y spacng 5
Major line every: 5 .
Snap type - N i
O Gid s Grid behavior
B Adaptive gnd
Rectangul -
9 anguler map () Alow subdivision below grid
() Isometric snap spacing
] . Display grid beyond Limits
(_) PolarSnap

|| Follow Dynamic LUICS

Options... | oK | Cancel Help

5. Pick OK to exit the Drafting Settings dialog box.

6. Move the cursor on top of the icons in the status toolbar and read the description of
each icon. Note these icons act as toggle switches, which can be used to control the
status of several commonly used Display and Construction options.

Snap to drawing grid - On
SNAPMODE (F9)

— i

/2%, 0-0" MODEL [#E|::pl~ [+l L & ~ % ~ 2Tl

i

X

7. Onyour own, reset the option buttons so that GRID DISPLAY, SNAP, ORTHO, and
DYNAMIC INPUT are switched ON.

Dynamic Input - On
DYNMODE

/2= 0'-0 MoDEL [#E|[:::] + [+ C A NE VS iR

i

X
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Create Polylines

In this tutorial, we will first create a 2D floor plan. The 2D floor plan will be converted
into a 3D model with the Thickness command. In AutoCAD, a polyline is a connected
sequence of line segments created as a single object. A polyline can contain straight line
segments, arc segments, or a combination of the two.

Line  Polygon

Are

: Fl:|'_'.:|"u=

1 _ | Polyline

&

Mave

l.
2.

Select the Polyline command icon in the Draw toolbar.

2

In the command prompt area, the message “Specify start point:
is displayed. Select a location that is near the coordinates (25'-
0"”,10'-0") as the starting point of the polyline.

3. Inthe command prompt area, create a horizontal line by using the relative
rectangular coordinates entry method, relative to the last point we specified. Specify
next point: @-116", 0 [ENTER].

4. Inthe command prompt area, create a vertical line by using the relative rectangular
coordinates entry method, relative to the last point we specified.
Specify next point: @0, 25'6" [ENTER].

Third Point

N

Fourth Point
3o T'/

e

Seventh Point
e

Start Point \ Eighth Point
117

Second Point

1-6* ,!-

Sixth Point /7.!' 14'-9°

Fifth Point
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5. Onyour own, complete the polyline by specifying the rest of the points, point four

through point eight.

E"terﬁ} 6. Inside the graphics window, right-click and select Enter
Cance to end the Polyline command.

Recent Input >

Create an Offset Polyline

The Offset command creates a new object at a specified distance from an existing object

or through a specified point.

idow Help Parametric

KN

Move Offset Copy Erase 3D Mirror

Offset

‘ Creates concentric circles, parg

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

Specify offset distance or [Through]]:
6" [ENTER].

2. Inthe command prompt area, the message “Select object to offset or <exit>:” is
displayed. Pick the polyline on the screen. (Note that all line segments of the polyline

are automatically selected.)

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

inside the polyline.

4. Inside the graphics window, right-
click and select Enter to end the
Offset command.

Enter
Cance‘%

Recent Input >

5. Turn off the Object snap option as
shown.

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

TR E KK A u -+
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Create Interior Walls

1. Inthe Menu Bar area, choose [Tools] 2 [Toolbars] > [AutoCAD].
Tools Draw Dimension Modify Window  Help  Paramj
Workspaces H
Palettes H k2 4
Toolbars > AutoCAly
-1 Command Line Cti+9 | Move Offset Cop
Clean Screen Ctrl+0 ’
Modify T
Multileader 2. Select Object Snap, with the left-mouse-button, to
Object Snap display the Object Snap toolbar on the screen to assist
Orbit the construction of the floor plan.
Parametrirc
E} -

3. Select the Polyline command icon in the Draw D e Q—I—i
toolbar. In the command prompt area, the message , - — | v
“Specify start point or [Justification/ Scale/ Style]:” L ol Polviine
1s displayed. g

Creates a 2D polyline
4. Inthe Object Snap toolbar, pick Snap to
4D ¢ ) Midpoint. In the command prompt area, the
N message “ mid of” is displayed. AutoCAD
ge play
Snap to Midpoint now expects us to select a geometric entity on
the screen.
5. Select the vertical line on the left as shown.
6. At the command prompt, enter @10’, 0 [ENTER].
Co-6" A
Midgoint]

7. Onyour own, define a vertical line at the location as

8.

shown in the figure.

Inside the graphics window, right-click and select
Enter to end the Polyline command.
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wdow Help Parametric
9. Select the Offset command icon in the
? 3 . Modify toolbar. In the command prompt area,
S . i the message “Specify offset distance or
Move Offset Copy Erase 3D Mirror [Through]:” is displayed.
Oftect Specify offset distance or [Through]:

Creates concentric circles, pars

6" [ENTER].

10. In the command prompt area, the message “Select object to offset or <exit>:” is
displayed. Pick the polyline we just created.

11. AutoCAD next asks us to identify the direction of the offset. Pick a location that is
toward the upper left corner of the design.

12. Inside the graphics window, right-click to end the Offset command.

30

i
i

2=

"‘l._

A 14°-9°

» In the Status Bar area, reset the option buttons and switch OFF all options.

MDDELHEEE'JF_IJ_(’%'\{'\'LIJ"f,ﬂ
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e Next, we will create a 2’'-8"” doorway using the Snap From option.

- - ‘_} 13. Select the Line command icon in the Draw toolbar. In
’ ‘ the command prompt area, the message “ line Specify
f  Polyline  Polygon Mo first point:” is displayed.
Line *» We will demonstrate the use of the Snap From option,
A which allows us to snap to any measurements of an
" | Line existing location.
Creates straight line
I A 14. In the Object Snap toolbar, pick Snap From. In the
2 command prompt area, the message “ from Base point”
Snap From is displayed. AutoCAD now expects us to select a
Locates a point offse geometric entity on the screen.
N7 . | 15. We will measure relative to the lower left corner of
the interior wall. In the Object Snap toolbar, pick
‘ Snap to Endpoint Snap to Endpoint.

,Ir 10° ;r

16. In the command prompt area, the message “_from
Base point: _endp of” is displayed. Pick the lower
right corner as shown.

i=9 Lower-right

/ corner

/

17. At the command prompt, enter @0,1°-
1" [ENTER].

18. At the command prompt, enter
@-6", 0 [ENTER].

19. Inside the graphics window, right-click 12-9"
once and select Enter to end the Line
command. %

[
=
o0

20. On your own, use the Offset command
to create a parallel line that is 2'-8" : .‘?

above the previous line.

| 121"
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Complete the Doorway Using the Trim Command

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

i

H =

Move Offzet Copy Erase

< O

3D Mirror

rFi ].I‘:'In'

=

l.

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

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

In the command prompt area, select [cuTting
edges] as shown.

X Y~ TRIM [cuTtinshJedges. Crossi

Model Layout Layout2 +

5. The message “Select object to trim
or shift-select object to extend or

6.

[Project/ Edge/ Undo]:” is

displayed in the command prompt
area. Pick the vertical sections

bound by the two selected
horizontal lines.

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

mouse-button to end the Trim
command.

Enter
C ance‘%

Recent Input >

Pick the two horizontal lines we just created
as the boundary edges.

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

10’

le’=9*
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Using the Polyline and Line commands, create the additional walls and doorways as

shown.
= 30
10~ 15'=11" { s e
|
] ‘ ‘ | C ]
o 2*19* |
2 - -5 L sl
I—
&'-10" Foq
g'-65"
12:_9: 11.!_.9: SE_ER i ?J_?# = r
b
1] l_ il
proge 2'=4" 4r=11* =3
| T o
PE—5* l_l -1 1 :
f o
'-g 3
%7 5i-gv | 873
E-‘-G =
Lo L | —
{gr—g | |1273 = * i
el 2r-g b
- 14°-3 -
1 1
i ] —
- 11'-6* te 3"—"I
13-9¢
1
15°=3* ! 14'—9* 'J.

DS

% Hints: Use the modify commands, such as Trim/Extend and Erase to assist the
construction of the floor plan.

N —— 0 . _
"/ & U l%. - % D‘.
olygon Move Offset Copy Erase 3DI B L

Move Offset Copy Eraxg 3D Mirror
- A- -

: Erase
- ) Modify =
|_.-.'.| { |/ oo AA & []—v_. I Removes objects {
ok

y -

Bl o el i e

Trim I ' ERASE

¢ Now is a good time to save the design. Select [File] = [Save As] in the pull-down
menu and use FloorPlan as the File name.
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User Coordinate System — It is an XY CRT, but an XYZ World

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

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

In most engineering designs, models can be very complex, and it would be tedious and
confusing if only the world coordinate system were available. Practical 3D modeling
systems allow the user to define Local Coordinate Systems (LCS) or User Coordinate
Systems (UCS) relative to the world coordinate system. Once a local coordinate system
is defined, we can then create geometry in terms of this more convenient system.

Although objects are created and stored in 3D space coordinates, most of the geometry
entities can be referenced using 2D Cartesian coordinate systems. Typical input devices
such as a mouse or digitizers are two-dimensional by nature; the movement of the input
device is interpreted by the system in a planar sense. The same limitation is true of
common output devices, such as CRT displays and plotters. The modeling software
performs a series of three-dimensional to two-dimensional transformations to correctly
project 3D objects onto a 2D picture plane.

The AutoCAD’s User Coordinate System (UCS) is a special construction tool that
enables the planar nature of the 2D input devices to be directly mapped into the 3D
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coordinate system. The UCS is a local coordinate system that can be aligned to the world
coordinate system, an existing face of a part, or a predefined plane. By default, the UCS

is aligned to the XY plane of the world coordinate system.

Think of the UCS as the surface on which we can sketch the 2D profiles of designs. It is
similar to a piece of paper, a whiteboard, or a chalkboard that can be attached to any
planar surface. In the previous sections, we created the 2D design of a floor plan using
the default settings where the UCS is aligned to the XY plane of the world coordinate

system.

Viewing the 2D Design in 3D Space

‘= Named Views... |
3D Views > '® Viewpoint Presets...

», Create Camera 4 Viewpaint

In the Menu Bar
area, select:

Show Annotative Objects ) Plan View )
2 Hide [ Top 2D Views [View] >
Visual Styles > [a Bottom [3D Views] =
Render > B Left [SE Isometric]
[II Motion Path Animations... (5# Right
Display , @0 Front AutoCAD provides
# Back a set of pre-defined
[ Toolbars.. ta . . .
, 3D Views views, which contain
. L most of the standard
€7 SE Isometri 2D and 3D views as
& Ntlsomeinc shown in the figure.
57 NW lsometric
P
N
L S
i i
.-f'.':f- =S .
i PN
L 7 i
e i P ~in
= i =
o TR i
o e =
P, e =
R i
""‘::\ ] ‘N‘E‘ -'{"-'
o . P
o e = S
o . e o
ol el gt
Z L h T, -
=5 i —
N = N
' . >
f’ﬂ i A
L' = e
‘\_\_\(\ e - =
X,
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e The orientations of the preset 2D and 3D views are based on the world coordinate
system as shown below. Note that the positive Y-axis direction is also identified as
pointing toward North and the preset 3D views are oriented using the North, East,
South, and West directions.

l«f"'_"\‘ Top

Default UCS aligned to the
World Coordinate System.

Right

Front

Add the 3rd Dimension to the Floor Plan Design

AutoCAD 2024 provides a flexible graphical user interface that allows users to select
graphical entities BEFORE the command is selected (Pre-selection), or AFTER the
command is selected (Post-selection). We can pre-select one or more objects by clicking
on the objects at the command prompt (Command:). To deselect the selected items,
press the [Esc] key twice.

1. Inside the graphics ,
. First corner of
window, pre-select all .

} . the selection
objects by enclosing all window
objects inside a
selection window as
shown.

Second corner

4 of the selection
window \
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RE[ Tk JETECT..

2 QuickCalc 2. Inside the graphics window, right-click once to
&, Find.. bring up the option list and select Properties as
Properties shown.

Quick Properties

- :
b (AL T+ % |3 Inthe Properties dialog box, properties of the
# | General — - highlighted entities are displayed. Notice the
E::“: D- == current Thickness is set to 0”.
Linetype ByLayer
Linetype scale  1,0000 4. Left-click the Thickness box and enter a new
Plot style value 9’ [ENTER] as the new thickness value.
Lineweight ByLayer :
l’f;;ﬁﬁ”*‘-" Bytayer n} s | 5o Click on the [X] button to exit
e = & d Cloee L ' the Properties dialog box.
3D Visualization Ly - -~ [cner
B I D CDJ

In AutoCAD, the thickness of an object determines the distance that the object is
extruded above or below its current Z-elevation. Positive thickness will extrude the
objects upward (positive Z), negative thickness extrudes downward (negative Z), and
zero thickness means no extrusion. The Z direction is determined by the orientation of the
UCS at the time the object was created.

Changing the thickness of objects will change the appearance of certain geometric
objects, such as circles, lines, polylines, arcs, 2D solids, and points. Note that the
Thickness property is not available on certain geometric objects, such as Splines and
Multilines. We can set the thickness of an object with the Thickness variable. AutoCAD
applies the extrusion uniformly to an object. A single object cannot have different
thickness for its various points.

Changing the thickness of objects simulates a simple Z-extrusion of creating solid objects
in AutoCAD. The main advantage of using the object thickness to create the Z-elevation
instead of creating a true solid is that the operation is quick and easy. In AutoCAD,
objects with thickness can be hidden, shaded, and rendered as if they are three-
dimensional solids. Once an object’s thickness is set, we can visualize the results in any
view other than the plan view.

This method is also known as the 22D solid modeling approach. This modeling
technique was first invented in the 1970s and was adopted by several of the first-
generation solid-modeling packages. This approach requires no additional 3D
construction tools and only minimum computing power is needed. Note that this
modeling approach does not create true 3D solids and objects can only be extruded in one
direction. This modeling approach is considered to be less flexible and its application is
somewhat limited.
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View the Design Using the Hide Option

By default, AutoCAD produces a wireframe image of the constructed 2D/3D design on
the screen. All geometric entities are present, including those that should be hidden by
other objects. Several options are available in AutoCAD to create more realistic images
of 3D designs. In this section, we will introduce the Hide option, which can be used to
adjust the display of the design; the Hide option eliminates the hidden lines on the screen.

O CCHEBEL 36 S

I8 @9 |

Box Extrude Revolve Loft Sweep Pre

Home Visualize Insert

De-select any selected objects by hitting the
[Esc] key once.

In the pull-down menu, click on the View
option as shown.

ST Ao TETvVE OUJETT:

1 Hide
Visual Styles > [
Render b

[II Motion Path Animations...

Display >
[ Toolbars..

e0BC

t=J
! i
’ FARNY
i Il W
! v ) ,
A S

3. Select the [Visual Styles]
v 20D Wireframe 9 [Hidden] Optlon, the 3I‘d
option in the list, as shown.
Wireframe
Hidden 4. To redisplay the wireframe
Redflistic image, select the 1% option:
Conceptual [2D WireFrame].
Shaded
[ ailll | L i
P
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Add New Layers

1.

R/
0‘0

In the Menu Bar, select [Tools] - [Toolbars] > [AutoCAD] - [Layers].

Tools Draw Dimension Madify Window Help Parame 3D Navigation
Workspaces > | Array Edit
Palettes > [T Array_Toolbar
Toolbars 4 AutaCAD ? CAD Standards
1 Command Line ci+9  fove Offset Copy E camera Adjustment
Clean Screen Ctrl+0 Dimension
AEC spelling Modify Dimensional Constraints
kE Quick Select.. L
Draw Order b Lol
Isolate \ Draw Order, Annotation to Front
Inquiry \ Find Text
é. Update Fields Geometric Constraint
) Group
Block Editor Inguiry
¥ref and Block In-place Editing ¥ Insert
e ;
™ Sfi :E:(::ctlun... & P !_agrers ER

The Layer Properties Manager dialog box appears. AutoCAD creates a default layer,
Layer 0, which we cannot rename or delete. Layer 0 has special properties used by
the system.

~ 7| Layer Properties Manager

an Ll 2. Pick Layers Properties Manager in the

S5 : Ho Layers toolbar.

Manages layers and layer properties

¢ In AutoCAD, we always construct entities on a layer. It may be the default layer or a
layer that we create. Each layer has associated properties such as the visibility setting,
color, linetype, lineweight, and plot style.

X .
yo | Current layer. 0 earch for layer Q
xEml e S99 s o ooy
Filters “ | 5. Name On Freeze L.. Plot Color Linetype Lineweig.. Trans... Plot5t..
5.8, All W 0 /E o o e .{uh\ Continu,., —— Defa... 0 Normal
VISIblhty N Color L Llnetype
Current layer: 0 3. Click on the New Layer button.
~R IR BB TR Notice a layer is automatically
_ h added to the list of layers.
Filters Wi S T
=2, Al v l*_wlew Layer (Alt+N)
All Used Layers Creates a new layer. TH
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& & ke N
1 s. N 0. F. L. P. Col L 4. AutoCAD will assign a generic name
| B et e e e @ oo | tmelype to the new layer (Layer!). Enter

e ” B wh... Continu. Walls as the name of the new layer.

| 0. F.. L. P. Color Linetype | 3. Pick the color swatch or the color
0 G 1% o © W wh... Continu... name (White) of the Walls layer. The
’ ~ Select Color dialog box appears.

wh... Continu...

A Select Color =5

indexCalor | ToueColor | Color Books
AutoCAD Coler ndex (ACT)

NN NN RN 6. Select Green as the new layer color.
RN Eammusaaa
R NEEE EEEEEEEEEE

m EE . :
B SEEEEEEE | 7. Click OK to accept the color setting.

Index colar: 3 Red, Grean, Blua: 0,255,0 m [
# —
3

N EEEEEE oo [ sas
.. The secand palette displays colors 1 through 3; these col
Color. | mames as well as numbers.

green __|_

Lok J| caes || e |

8. Onyour own, create another layer (layer name: Roof) and change the layer color to
Blue.

: Current layer: 0 Search for layer 0
gl m| @ DS & oo
Filters « | 5. Name ~ 0. F.. L. P. Color Linetype Linewsig.. Trans.. PlotSt. M. Description
-2 Al w0 ¥ L o © M wh. Continu.. — Defa.. 0 Momal B
& ANy <= Walls W % o © Wgr.. Continu.. — Defa... 0 Mommal B
£ Roof W 4% of" © Eblue Continu.. — Defa.. 0 Mormal 7
&% 55 Sk |9 _
9. Click on the Set Current button and make Roof
5. Name (On Fre.. ..
— the Current Layer. There can only be one Current
W 0 Set Current (Alt+0)

& Walls | Setcthe selected | 5 Layer, and new entities are automatically placed
1 5 Lne selecied layer a .
i m ase drawen on the cusrent on the layer that is set to be the Current Layer.

x
FDS’ Current layer: Roof

:‘ Close & &
L1 5.

—T T &

10. Click on the Close button to accept the settings.
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Move Entities to a Different Layer

1. Inside the graphics window, pre-select all objects by enclosing all objects inside a
selection window.

2. On the Object Properties toolbar, choose the Layer Control box with the left-mouse-
button.

¢ Notice the layer name displayed in the Layer Control box is the selected object’s
assigned layer and layer properties.

SR EAmNTY T 3. In the Layer Control box, click on the Walls
. W = I layer name. The selected objects are now
=180 @ 2 . o' m Roof moved to the Walls layer.

)

& 6 of m RN

| Walls

4. Press the [Esc] key to deselect the pre-
selected objects.

5. Onyour own, confirm the Roof layer is set as the Current Layer.

Reposition the UCS

AutoCAD’s User Coordinate System (UCS) is a special construction tool that enables
the planar nature of the 2D input devices to be directly mapped into the 3D coordinate
system. The UCS is a local coordinate system that can be repositioned and/or reoriented
to an existing face of a part or a predefined plane. By default, the UCS is aligned to the
XY plane of the world coordinate system. Several options are available to reposition and
reorient the UCS in 3D space.

I en L= > (8 World 1. In the Menu Bar area, select:
= Named UCS.. [*  Previous
&3 Geographic Location... 1®  Face [Tools] > [New UCS] >
CAD Standards > 19, Object [Origin]
Wizards > 180 view ) .
I/, Drafting Settings. p— 2. We Wlll. use the Qb]ect Snap
& Group - ) and Object Tracking options
. - Sl o to aid the repositioning of
s Ungroup %, 3 Point the UCS
Tablet > ’

3. Inthe Status Bar area, reset the option buttons so that the Polar Tracking, Object
Snap, Object Snap Tracking options are switched ON.

Dsnap on>

BE:: JREE A N I DA NR 174 i R
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A,
-'.'.__"-::;{ ..;-\:‘:b\_x-.
___;;-':”" J__;‘_:TKLQ_
P = R
2 P e \*\_; - e ﬁ-' '\-\."\-\E )
.-"-'-' - e ‘\-\'\-\."'\-
,-¥: o e E o
S P . R
T e > _ “ S e
.;‘\'{.‘H e - fxl-] = .-':."'-J
e __E';r’} I e
. - s v /
. '..r; - s, ___;;-.-'-' L -
T, T e, -
- = - - --:_‘:3|.z ) - e
S \;;;’-‘: . -~
-\H\'\\..\ . "'-J#.
'\-\.“‘ ] L _.i'"

“=l o We will reposition the UCS at the intersection of
the left wall and the front wall; the intersection
can be found by using the AutoCAD object

% : :
S tracking options.
4. Move the cursor on the top left corner of the
external wall as shown; pause for a few seconds
P, o to activate the OTRACK option.
| 3

5. Move the cursor on the top front corner of the
external wall as shown; pause for a few
seconds to activate the OTRACK option.

6. Left-click once when the cursor is aligned to the
intersection of the left wall and the front wall as
shown.

e The UCS is repositioned to the new location as
shown. This location is the new origin for any
geometric constructions.
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Create the Roof

Polygon

Select the Rectangle command icon in the Draw
toolbar as shown.

"I"'_- 1.

Move Offset Co

= [ Polygon

Reﬁngle

Bl

Creates a rectangular

rd Rectangle

2. In the command prompt area, the message “Specify
first corner point or [Chamfer/ Elevation/Fillet/
Thickness/Width]: is displayed. Move the cursor
inside the graphics window and right-click to display

the option menu.

Md

e The thickness of certain geometry entities can be set as they are being created.
Lancel
Recent Input 3. In the option menu, select Thickness by clicking once with the
Chamfer left-mouse-button.
Elevation
Fillet 4. In the command prompt area, the message “Specify thickness for
Thic rectangles <0'-0">:" is displayed. Enter 10" [ENTER)].
Width
Osnap Ovemides 5. At the command prompt, enter -2',-2" [ENTER].
6. In the command prompt area, the message “Specify other corner point or
[Dimensions]:” is displayed. Enter @34°,34' [ENTER].
P - 3 .
- -j.-”j? i . .
B, " A
e e
R A
\LH;H\: ! - .: ,.:_"" g
[}

Note that the coordinates entered are measured relative to the new UCS origin.
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] Hide
Visual Styles
Render

T Motion Path Animations...

Display

Toolbars..

N

0L C

v 20 Wireframe

Wireframe

H id%&n
Realistic

Conceptual

7. 1In the View pull-down menu,

select Visual Styles then

select
[Hidden]

e The Thickness option extrudes the 2D design in the positive Z-direction relative to
the current UCS, which is at the same Z-elevation of the plane of the 2D design. Note
that the Thickness option only makes 2D objects look like 3D solids; only surfaces
perpendicular to the plane of the 2D design are created. No top or bottom surfaces are
created with the Thickness option.

XX

— O3
— OD|s_

Move Offset Copy | Erase

Modify

| Removes obje

Erase

30 Mirror

O

8. Pick Erase in the Modify toolbar. (The icon is

the first icon in the Modify toolbar.) The
message “Select objects” is displayed in the
command prompt area and AutoCAD awaits us
to select the objects to erase.

9. Pick any edge of the rectangle we just created.

10. Right-click inside the graphics window to accept the selection.

[T Hide
Visual Styles
Render

= Motion Path Animations...

> 2D Wireframe

>
=

Wy

Wireframe

Hidden

11. Reset the display to the 2D
wireframe image by using
the View pull-down menu:
[Visual Styles] = [2D
wireframe]
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Rotating the UCS

AutoCAD’s User Coordinate System (UCS) can be repositioned and reoriented in 3D
space. All of the UCS options are organized and can be found in the Standard toolbar.

1. Inthe Menu Bar select [Tools] = [Toolbars] < [AutoCAD].

Tools Draw Dimension Modify Window Help  Param

Workspaces H

Palettes Y| 4 Y3

Toolbars > AUR%EAD ’
=1 Command Line Ctrl+9  [Move ffset Copy,
LR 2. Select UCS, with the left-mouse-button, to display the UCS
Text toolbar on the screen to assist the construction of the Roof.
ucs
ucs i its (1@ 1o 18 ta T8 1 1z 1a [t T fo |13
View s e o

v % 3. Select the X Axis Rotate option in the UCS toolbar as
shown.

4. Inthe command prompt area, the message “Specify rotation angle about X
axis<90>:" is displayed. Enter 90 [ENTER].

e

e The UCS rotation is done using the standard engineering convention, where positive
values are treated as rotating counterclockwise. Also note that the SNAP, GRID, and
ORTHO options all rotate in line with the UCS.
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Sketching on the Rotated UCS

nsion Modify Window

=)~

5

Help

1. Select the Rectangle command icon in the Draw

I toolbar as shown.

Line Rect|
¥ Rectangle

Draw « Creates a rectangular

---| 2. Move the cursor inside the graphics window and
right-click to display the option menu.

Cancel 3
Recent Input

Chamfer
Elevation 4.
Fillet

Thic

Width

Osnap Overrides

In the option menu, select Thickness by clicking once with the
left-mouse-button.

In the command prompt area, the message “Specify thickness for
rectangles <(0'-10">.” is displayed. Enter -34' [ENTER].

At the command prompt, enter -2',0°,2' [ENTER] as the first
corner of the rectangle. (Note the z-coordinate input.)

In the command prompt area, the message “Specify other corner point or
[Dimensions].” is displayed. Enter @36',10"” [ENTER].

The negative thickness extrudes the rectangle in the negative Z-direction of the

current UCS.
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View the Design Using the Hidden Option

Several options are available in AutoCAD to create more realistic images of 3D designs.
The Visual Styles - Hidden option can also be used to eliminate the hidden lines on
the screen. The Visual Styles - Hidden option performs a more complicated
calculation of the display and usually produces a better image than the Hide option.

(1 Hide 1. Inthe View toolbar panel,
Visual Styles > [dy 2D wireframe select:
Render ¥ | _ .
I Motion Path Animations Al [VIsuaI Styles] K
fay Hidﬁgn [Hidden]
_ Display g 0 Realistic
L Toolbars.. R @ cConceptual
T3 Hide I _ .
Visual Styles > [y 2D Wireframe 2. To display the 2D wireframe
Render 3 image, select:
Wireframe [Visual Styles] >
—= Mation Path Animations... TN .
: (mat ) Hidden [2D Wireframe]
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Review Questions:

1. What is the difference between WCS and UCS?

2. List and describe two available options to manipulate the UCS.

3. Describe some of the advantages of using the AutoCAD Thickness option over
creating 2D or 3D models.

4. In the tutorial, which commands were used to eliminate the hidden lines on the
screen?

5. What is the difference between a Polyline and a Line?

6. Identify the following commands:

(a)
-
(b)

(c)
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Exercises:

1. Dimensions are in inches. Thickness: Base 0.25

£.30 -
(e 1 S0 — e 3.50 -
] ]
1
1
1 —
1,00 100 |
4,00 !
1,00
1
e 9 75—
Ao -
2. Wall thickness: 5 inches; height: 10 feet
35°
- + -
v e i
——
'g|: 4* e 10r=g"
10 a — g "7
A o G — T .
ﬂ 15 -11° } I
. -+ — L
[ |ll -2+ £ B -6
4
| . )
= ). S ELH
JLE"_&".I" 12=&
W
f—r-r—t 1
i ) |
4 m T T wiee |l =
. b
13-4 a5
Ji J T
5. g :."
L t
=" of T3 2’$—3"—:'—E" T=a" # -
}"> B-7 ra 14=3"
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3. Dimensions are in inches. Thickness: 0.25

R4.00

R&.0n

F2.00

T

— 30®
R3.25
aLan
A
R=.00

4. Dimensions are in inches. Thickness: 0.25

Rouwnds & Fillets RS Q_“_./' &
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Chapter 2
3D Wireframe Modeling

Leammiing Qyeeiives

Use the Setup Wizard

Create Wireframe Models

Apply the Box Method in Creating Models
Construct with the Copy Command
Understand the Available 3D Coordinates
Input Options

Use the View Toolbar

¢ Set up and Use the Trim options

®* & & o o

L 4
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Introduction

The first true 3D computer model created on CAD systems in the late 1970s was the 3D
wireframe model. Computer generated 3D wireframe models contain information about
the locations of all the corners and edges in space coordinates. The 3D wireframe models
can be viewed from any direction as needed and are in general reasonably good
representations of 3D design. But because surface definition is not part of a wireframe
model, all wireframe images have the inherent problem of ambiguity. For example, in the
figure displayed below, which corner is in front, corner A or corner B? The ambiguity
problem becomes much more serious with complex designs that have many edges and
corners.

Wireframe Ambiguity: Which corner is in front, A or B?

The main advantage of using a 3D wireframe modeler to create 3D models is its
simplicity. The computer hardware requirements for wireframe modelers are typically
much lower than the requirements for surface and solid modelers. A 3D wireframe
model, also known as a stick-figure model or a skeleton model, contains only information
about the locations of all the corners and edges of the design in space coordinates. You
should also realize that, in some cases, it could be quite difficult to locate some of the
corner locations while creating a 3D wireframe model. Note that 3D wireframe modelers
are usually used in conjunction with surfacing modelers, which we will discuss in the
later chapters of this text, to eliminate the problem of ambiguity.

With most CAD systems, creating 3D wireframe models usually starts with constructing
2D entities in 3D space. Two of the most commonly used methods for creating 3D
wireframe models are the Box method and the 2D Extrusion method. As the name
implies, the Box method involves the creation of a 3D box with the edges constructed
from the overall height, width and depth dimensions of the design. The 3D wireframe
model is typically completed by locating and connecting corners within the box.
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The 2D Extrusion method involves making copies of 2D geometries in specific
directions. This method is similar to the 2'2D extrusion approach illustrated in the
previous chapter (Chapter 2) with several differences. First of all, we do not really
extrude the wireframe entities; instead, we simply make copies of wireframe entities in
the desired directions. Secondly, constructed wireframe entities have true 3D space
coordinates, while the thickness approach creates entities with no true 3D coordinates.
Finally, no surfaces are created in the 3D wireframe models.

In this chapter, we will illustrate the general procedure to construct a 3D wireframe
model using both the box method and the 2D extrusion method. To illustrate the
AutoCAD 3D construction environment, we will create the wireframe model using only
the default UCS system, which is aligned to the world coordinate system. Repositioning
and/or reorienting the User Coordinate System can be useful in creating 3D models.
However, it is also feasible to create 3D models referencing only a single coordinate
system. One important note about creating wireframe models is that the construction
techniques mostly concentrate on locating the space coordinates of the individual corners
of the design. The ability to visualize designs in the form of 3D wireframe models is
extremely helpful to designers and CAD operators. It is hoped that the experience of
thinking and working on 3D wireframe models, as outlined in this chapter, will enhance
one’s 3D visualization ability.

The Locator Design
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Starting Up AutoCAD 2024

1. Start AutoCAD 2024 by selecting the Autodesk folder in the Start menu as shown.
Once the program is loaded into the memory, click Start Drawing to start a new
drawing.

All apps

A

Alarms & Clock

AutoCAD 2024 - English Open... o
Mew

= Aftach Digital Signatures

E AutoC AL 2024 - English
Mew &

il Batch Standards Checker

AutoCAD 2024

[+  Export AutoCAD 2024 Settings

Activate the Startup Option

In AutoCAD 2024, we can use the Startup dialog box to establish different types of

drawing settings. The Startup dialog box can be activated through the use of the
STARTUP system variable.

The STARTUP system variable can be set to 0, 1, 2 or 3:

1: displays the Create New Drawing dialog box.

0: displays the Select Template dialog box (default).

2: Displays the Start Tab with options; a custom dialog box can be used.
3: Displays the Start Tab with the ribbon pre-loaded (default).

1. In the command prompt area, or the dynamic input box,

enter the system variable name:
' START

= T
] STARTIOLDER STARTUP [ENTER]

[@] STARTMODE
[=] OLESTARTUP

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

| Enter new value for STARTUP <3>:
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B @ - - O
—Close
v k=) ‘_L fx [
a D7
All apps
A

@ Alarms & Clock

AutoCAD 2024 - English
Mew

Attach Dhgital Signatures

AutoC Al
Mew

2024 - English

ol Batch Standards Checker

Jl=+  Export AutoCAD 2024 Settings

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

(1) Open a Drawing

(2) Start from Scratch
(3) Use a Template and
(4) Use a Setup Wizard.

3. To show the effect of the Startup option, exit

4.

AutoCAD by clicking on the Close icon as
shown.

Restart AutoCAD by selecting the AutoCAD
2024 option through the Start menu.

B startup hs
Tu

- D @ ;UseaWizard
.[}

Select a Wizard:

Advanced Setup
Cluick Setup

. Wizard Description

Sets the units, angle, angle measure, angle direction, and area far your new
drawing. Based on the template acad dwt_

Cancel

—

B startup

Defauk Settings
0 Inpeiial feet and inches)

() Metric

B B @ Start from Scratch | 6.

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

7. Choose Imperial to use the

, Standard English units setting.

Tip
Uses the default impesial feet and inches) settings.

0K Cancel

[:J.I i

8. Click OK to accept the setting.

2-5
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Create the Rectangular Base of the Design

We will first construct the wireframe geometry defining the rectangular base of the
design.

1. Inthe Status Bar area, reset the options and turn ON the Grid Display, Polar
Tracking, Object Snap, Object Snap Tracking, Dynamic Input and Lineweight
options.

1!

MDDELEEEE-JF_:_@'“‘#'L?J' [

(- 7 1—1—0 | 2. Select the Rectangle icon in the Draw toolbar.

Line | Polygon Move O . ..
k. . 3. Place the first corner-point of the rectangle at the origin

- of the world coordinate system.
{ = ] Polygon Command: _line Specify first point:
— 0,0 [ENTER].
I | Rect?ngle (Type 0,0 and press the [ENTER] key once.)

4. We will create a4.5" x 3.0” rectangle by entering the absolute coordinates of the
second corner.
Specify other corner point or [Dimension]: 4.5,3 [ENTER].

@53)

[0 }\ -
X

L

e The Rectangle command creates rectangles as polyline features, which means the
four segments of a rectangle are created as a single object. In AutoCAD, rectangles
are wireframe entities.
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5. Inthe Menu Bar, select:
[View] - [3D Views] - [SE Isometric]

iy MNamed Views...
3D Views

(e) Create Camera
Show Annotative Objects

%1 Hide
Visual Styles
Render

I Motion Path Animations...

Display
[ Toolbars..

Viewpoint Presets...

B &

Viewpoint
Plan View J
Top

=

|:T| Bottom
i1 Left

(0 Right
"—|_j Front
@ Back

&7 SW Isometric

&9 SE IsnEic
{r" ME Iso ric

.ng/Project/Edge/eRase/Undo]:

£  NW lsometric

Create a 3D Box

Notice the orientation of the sketched 2D
rectangle in relation to the displayed AutoCAD
user coordinate system. By default, the 2D
sketch-plane is aligned to the XY plane of the
world coordinate system.

We will create a 3D box to define the 3D boundary of the design. We will do so by
placing a copy of the base rectangle at the corresponding height elevation of the design.
The dimensions of the 3D box are therefore based on the height, width and depth
dimensions of the design.

‘_I_.

Maove

i __,L ,
D & U
Offset Copy Erase 3D Mimof
N -

Copies objects a spe

'=m COPY

Click on the Copy Object icon in the Modify
toolbar.

In the command prompt area, the message
“Select objects:” 1s displayed. Pick any edge of
the sketched rectangle.

Inside the graphics window, right-click once to
accept the selection.
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4. Inthe command prompt area, the message “Specify base point or displacement, or
[Multiple]:” is displayed. Pick any corner of the sketched rectangle as a base point
to create the copy.

5. Inthe command prompt area, the message “Specify second point of displacement or
<use first point as displacement>:" is displayed.
Enter @0,0,2.5 [ENTER].
(The three values are the X, Y and Z coordinates of the new location.)

T

6. Seclect the [Zoom Extents] option in the View pull-down menu
to view the constructed geometry.

‘| Zoom Extents
Zooms to display the max

¢ The two rectangles represent the
top and bottom of a 3D box
defining the 3D boundary of the
design. Note that the
construction of the second
rectangle was independent of
the UCS, User Coordinate
System; the UCS is still aligned
to the world coordinate system.

j /,/ |:| 1%. —1 7. Select the Line icon in the Draw toolbar.

&
ect Ling Rectangle Move Offse

Line

8. In the command prompt area, the message “ line
Specify first point:” is displayed.
Command: _line Specify first point:
0,0 [ENTER]

Creates straight line segments

9. Inthe command prompt area, the message “Specify next point or [Undo]:” 1s
displayed.
Command: _line Specify first point: 0,0,2.5 [ENTER].
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K/
0‘0

Notice the Line command correctly identified the entered 3D coordinates of the
second point. The default Z-coordinate, which is set by the AutoCAD UCS, is applied
automatically whenever the Z-coordinates are omitted.

Enter

CanceP
Recent Input
Dynamic Input

REPEEI%I:NE
Recentfnput

Clipboard

lsolate

Limmm i

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

11. Inside the graphics window, right-click to bring up the pop-
up option menu.

12. Pick Repeat Line with the left-mouse-button in the pop-up
menu to repeat the last command.

13. Move the cursor on top of the
top front corner as shown. Note
that AutoCAD’s Object Snap
and Object Snap Tracking
features identify geometric
features, such as endpoints,
automatically.

Object Snap - OF

o

I = =

14. Left-click once to select
the endpoint as shown in
the above figure.

15. Create a line connecting

to the endpoint directly
below the previously
selected point.

16. On your own, complete
the 3D box by creating
the two lines connecting
the back corners of the
3D box as shown.
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Object Snap Toolbar

1. Inthe Menu Bar select [Tools] 2 [Toolbars] > [AutoCAD].

Tools Draw

Workspaces
Palettes
Toolbars

Dimension

=1 Command Line
Clean Screen

Modify

Window Help e

H

> | ¢ T

> autocals

Ctrl+3 Move Offset Cop
Ctrl+0 N

A~

X/

s AutoCAD provides many toolbars for access to frequently used commands, settings,

and modes. The Standard, Object Properties, Draw, and Modify toolbars are
displayed by default. The check marks in the list identify the toolbars that are

currently displayed on the screen.

Modity 1l
Multileader
Object Snap
Orbit

D)

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

4

L

Snap to Endpoint

Snaps to the closest endpoint of an object

¢ Object Snap is an extremely powerful construction tool available on most CAD

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

Use the Snap Options to Locate the Top Corners

X/

s We will use the Object Snap options to
identify the locations of the top corners
of the model.
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1 ] 1. Select the Line icon in the Draw toolbar.

2. In the command prompt area, the message “ line
Specify first point:” is displayed. Select Snap
From in the Object Snap toolbar.

Rectangle = Move Offseq

Line

Creates straight line segments

iy

Snap From

Locates a point offse

3. Select the top back corner as the reference
point as shown.

4. In the command prompt area, the message

Endpuint\ “ line Specify first point: from Base

point:<Offset>:" 1s displayed.

L)

Command: @0.75,0,0 [ENTER].

By using the relative coordinate input method, we can locate the position of any point
in 3D space. Note that the entered coordinates are measured relative to the current
UCS.

In the command prompt area, the message “Specify next point or [Undo].” is
displayed.
Command.: Specify next point or [Undo]: @0,-2,0 [ENTER].

6. Move the cursor toward the left to create a
perpendicular line. Select a location that is
on the back line as shown; notice the

displayed Object Snap/Tracking tips: Polar:
|Polar: Intersection| Intersection.

; X 7. In the command prompt area, the message “Specify next
s point or [Undo]:” is displayed. Select Snap From in
Snap From the Object Snap toolbar.

Locates a point offse
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8. Select the top front corner as the reference point as
shown.

9. In the command prompt area, the message “Specify
next point or [Close/Undo]: from Base point
<Offset>:" 1s displayed.

Command: @0,0,-1 [ENTER].

.| 10.In the command prompt area, the message “Specify

T next point or [Undo]:” is displayed.

Command: @0.75,0,0 [ENTER].

11. Move the cursor to the top corner as shown in the
figure.

¢ Using the Object Snap options and the relative

Recent Input
Dynamic Input

1 f,f"f \N_H b coordinate input method allow us to quickly locate
/v)r'” ™ points in 3D space.
Enter . . . . . . .
C anceP 12. Inside the graphics window, right-click to activate the option

menu and select Enter with the left-mouse-button to end the
Line command.

Use the Copy Option to Create Additional Edges

The Copy option can also be used to create additional edges of the wireframe model.

1. Click on the Copy Object icon in the Modify
JIN toolbar.

Move Offset Copy Erase 3D Mirol 2. In the command prompt area, the message

3 “Select objects:” is displayed. Pick any edge of
Md Copy the bottom rectangle.
CopIEsODIECE 2509 3 [nside the graphics window, right-click once to
‘=n COPY accept the selection.

4. Inthe command prompt area, the message “Specify base point or displacement, or
[Multiple]:” is displayed. Pick any corner of the base rectangle to be used as a base
point to create the copy.
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5. Inthe command prompt area, the message “Specify second point of displacement or
<use first point as displacement>:” is displayed.
Enter @0,0,0.75 [ENTER].

A
/7

Repeat COPY 6. Inside the graphics window, right-click to bring up the pop-
Recent IIQL(But up option menu.

Clipboard 7. Pick Repeat Copy Object with the left-mouse-button in
Isolate the pop-up menu to repeat the last command.

8. Pick the two vertical lines on the right side of
the 3D box as shown.

9. Inside the graphics window, right-click once
to accept the selection.

s

Fi

/]

10. In the command prompt area, the message
“Specify base point or displacement, or
[Multiple]:” is displayed. Pick the top i
back corner of the wireframe as a base
point to create the copy.

'/




2-14  AutoCAD 2024 Tutorial: 3D Modeling

11. In the command prompt area, the message

' ﬁﬁ: “Specify second point of displacement or <use
_ — first point as displacement>:” is displayed.
1 Pick the top back corner of the wireframe
model as shown.
[

,—""‘,j
L h‘-‘-‘-‘-‘-‘.‘-‘-‘-‘-‘-‘-‘-‘-‘-‘

% The copy option is an effective
way to create additional edges of
wireframe models, especially
when multiple objects are
involved. With wireframe models,

the emphasis is placed on the
corners and edges of the model.

Use the Trim Command

The Trim command can be used to shorten objects so that they end precisely at selected
boundaries.

— O% 1. Select the Trim command icon in the Modify toolbar.
— OD s_ In the command prompt area, the message “Select
le = Move Offset Copy Erase boundary edges... Select objects:” 1s displayed.

% First, we will select the objects that define the
- ~ oo a8 boundary edges to which we want to trim the object.
- i oo -—

o b Madify

2. In the command prompt area, select [cuTting
edges] as shown:

x ¥~ TRIM [cuT‘tin@edges Crossi

Model Layout Layout2 +

3. Pick the highlighted edges as shown in the
figure; these edges are the boundary edges.
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L={ 0 L™~
Crossing . . . . .
o 4. Inside the graphics area, right-click once to bring up the
E;OJ option menu and select Project as shown.
ge
P o ENN

5. [Inside the graphics area, right-click once to bring up the
option menu and select View to allow trimming options
based on the displayed view.

6. The message “Select object to trim or
shift-select object to extend or
[Project/Edge/Undo]:” is displayed in
the command prompt area. Pick the
portions of the entities to be trimmed so
that the model appears as shown.

% Note that in AutoCAD 2024, the default
AutoCAD trim projection setting is set to
UCS, which allows us to trim objects
that are perpendicular to the UCS plane.

Enter P 7. Inside the graphics window, right-click to bring up the
ance

option menu and select Enter to end the Trim command.
Recent Input

Dynamic Input

8. On your own, use the Line command to complete the inside corner of the wireframe
model as shown.
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Use the View Toolbar

1. Inthe Menu Bar select [Tools] 2 [Toolbars] > [AutoCAD].

Toals Draw

Workspaces

Palettes
Toolbars

=1 Command Line

Clean Screen

Dimension Modify ndow Help Paramd
>
’ a + !
> AutoCAly
Ctrl+9 Move Offset Cop
Ctri+0
| ¥.F=¥=

ucs 2. Select View, with the left-mouse-button, to display the
ucsi View toolbar on the screen.
View
Viewports » The View toolbar contains two sections of icons that allow
Visual Styles us to quickly switch to standard 2D and 3D views.
Walk and Fly
HF % ’ _I-'- i-_ .—.~J tr’ '-’:_".--—'-'-«s . [
e ‘_\' |-__[_._—’¢\~-_..;__.P/ln o+
2D Views / \ 3D Views

Dynamic Rotation — Free Orbit

=

ShowhMotion

Clean Screen

Cirl+0

] SteenngWheels |

|  Orbit > 42 Constrained Orbit
Camera > 25 Free Qrbit
Walk and Fly > | )

Continbous Orbit

1.

D)

Select Free Orbit in the
View pull-down menu:

[Orbit] = [Free Orbit]

The Free Orbit view displays an arcball, which enables us to manipulate the view of

3D objects by clicking and dragging with the left-mouse-button.

2. Inside the arcball, press down the left-
mouse-button and drag it up and down
to rotate about the screen X-axis.

Dragging the mouse left and right will

rotate about the screen Y-axis.

Move the cursor to different locations
on the screen, outside the arcbhall or on
one of the four small circles, and
experiment with the real-time dynamic
rotation feature of the Free Orbit
command.
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Use the Offset Command to Create Parallel Edges

The AutoCAD Offset option can also be used to create edges that are at specific
distances to existing 3D wireframe edges. Prior to creating the parallel edges, we will
first convert one of the polylines to individual line segments.

1. Pick the top right edge of the wireframe
model.

e AutoCAD 2024 provides a flexible
graphical user interface that allows users
to select graphical entities BEFORE the
command is selected (Pre-selection), or
AFTER the command is selected (Post-
selection). The polyline we have pre-
selected consists of three line-segments.

_-L* Change Space

LTI ST TITTIrTg

2. Select the Explode command in the Modify
pull-down menu as shown.

(1l Explode [
~
.
CD s
Copy Erase
Offset

3. Pick Offset in the Modify toolbar as shown.

4. In the command prompt area, the
message “Specify offset distance or
[Through] <Through>:" is displayed.
Enter 0.5 [ENTER].

5. Select the front line segment of the
polyline we just exploded.

6. In the command prompt area, the
message “Specify point on side to offset:
is displayed. Pick a location that is above
the line to create the first parallel line.

29

7. Select the back line segment of the polyline we exploded and create another parallel

line as shown.
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— OD s
le Move Offset Copy Erase

8. On your own, repeat the above steps

and create another parallel line
(distance: 1.5) as shown.

In creating parallel edges, the Offset
command can be viewed as an
alternative to the Copy command. In
3D wireframe modeling, the focus is
on identifying the edges and corners
of the model. Most of the 2D
construction tools are also applicable
in a 3D environment.

‘$. — O3 9. Select the Trim command icon in the Modify toolbar.

10. In the command prompt area, pick the cutting edges
option as shown in the figure.

-'-'-| [ Ba NS 4 %
1 Madifyv -

| Trim

" N~ TRIM [culting gdges Cr

Model

Layoutl Layout? +

13. On your own, trim the line segments so
that the wireframe model appears as
shown.

11. Pick the three edges as shown in the left

figure; these edges are the boundary edges.

12. Inside the graphics window, right-click to

accept the selection of boundary edges and
proceeds with the Trim command.
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Create a Circle above the UCS Sketch Plane

—an

IR Y

Line | Rectangle Mowve

. Polygon

]_jﬁeﬂangle

oA
[ = ) Circle

Snap From

Locates a point offse

Select the Circle command icon in the Draw toolbar.

By default, the XY plane of the UCS defines the sketching
plane for constructing 2D geometric entities.

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

3. Select the top right corner as the
reference point as shown.

4. Inthe command prompt area, the
message “Specify next point or
[Close/Undo]:_from Base point
<Offset>.” 1s displayed.

Command: @-2.67,1.5 [ENTER].

5. Inthe command prompt area,
the message “Specify radius of
circle or [Diameter]:” is
displayed.

Command: 0.375 [ENTER].

e The circle is created above the
sketching plane with the Snap
From option.
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Complete the Wireframe Model

$ ¢ BE} —‘L 1. Click on the Copy Object icon in the Modify
— . - toolbar.
Move Offset Copy Erase 3D Mirro
- N -
Md Copy 2. In the command prompt area, thp message
Copies objects a spt “Select objects.” is displayed. Pick the edges and
_ ‘ the circle as shown in the figure.

3. Inside the graphics window, right-
click once to accept the selection. O

4. In the command prompt area, the message
“Specify base point or displacement, or
[Multiple]:” 1s displayed. Pick the front right
corner as shown.

5. In the command prompt area, the message
“Specify second point of displacement or <use
first point as displacement>" is displayed.
Pick the bottom-right corner as shown.




3D Wireframe Modeling ~ 2-21

/| U

‘$’ i
m

t Lin§ Rectangle Move Offse

6. Select the Line icon in the Draw toolbar.

7. On your own, create the lines connecting the

-

Line

Creates straight line segments

corners of the created edges as shown in the
figure below.

Snap to Quadrant

8. Use the Snap to Quadrant option to create edges
in between the two circles.

=
=

N

‘%’ U: O:) .

le Move Offset Copy Erase

‘?I ("¢ BEA &
ﬂ Modifv

Trim

¢ On your own, save the
Locator design
(Locator.dwg); this model
will be used again in the
Surface Modeling chapter.

9. Select the Trim command icon in the Modify toolbar.

10. On your own, trim the center portion of the bottom
right edge and complete the wireframe model as
shown.
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Review Questions:

1. Describe some of the control options available with the Free Orbit command.

2. List and describe two different methods to create 3D edges from existing 3D edges in
AutoCAD 2024.

3. How many of the UCS options were used to create the 3D model in this chapter and
how many were used to create the model in the previous chapter?

4. When and why would you use the Trim-Project-View option?

5. Identify the following commands:

(a)

™
L

oD

(b)

(c)

(d)

[]
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Exercises: All dimensions are in inches.

1. Thickness: Base 0.25 inches. Boss height 0.125 inches.
The two diameter 1.00 holes are through holes.

1,00 =
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Notes:
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Chapter 3
UCS, Viewports and Wireframe Modeling

Learming Qyeeiives

¢ Understand the Use of UCS on More
Complex Designs

¢ Display and Orient 3D Views

¢ Apply and Expand the Basic Wireframe
Construction Techniques

¢ Use Additional Tools to Assist the
Creation of 3D Wireframe Models

¢ Use the Named Views Option
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Introduction

In the previous chapter, we examined some of the basic techniques to create 3D
wireframe models. Again, a wireframe model is a skeletal description of a 3D object.
There are no surfaces in a wireframe model; it consists only of points, lines, and curves
that describe the edges of the object.

In this chapter, we will further discuss the techniques and wireframe modeling tools
available in AutoCAD. Instead of creating the corners and edges of wireframe models by
entering the precise 3D coordinates, the use of construction lines and referencing
techniques are illustrated. The construction of edges in 3D space can be simplified by
using the AutoCAD User Coordinate System. We will also use the multiple viewports
option, which is available in most CAD systems, to aid the construction of 3D wireframe
models.

It is important to point out that most of the construction tools used in creating 2D designs,

such as Object Snap and Polar Tracking, as well as the Copy, Mirror, and Array
commands, are also applicable to the constructions of 3D wireframe models.

The V-Block Design
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Starting Up AutoCAD 2024

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD
2024 icon on the Desktop.

All apps

AutoCAD 2024 - English
New

= Attach Digital Signatures

n AutoCAD 2024 - English
Mew

il Batch Standards Checker

|[=* Export AutoCAD 2024 Settings

2. Inthe Startup window, select Start from Scratch.

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

oK . | l 4. Pick OK in the Startup dialog box to accept the selected settings.

3D Modeling Workspace

i

403D Basics -5 ]
Drafting & Annotation

: toolbar and choose to use the 3D Modeling
3D Basics

workspace as shown.
3D h’ludeling[\}

. 2. On your own, switch on the Menu Bar.
Save Current 3D Modeling y

Workspace S >
Press F1 for more help

1L

Notice the different 3D modeling toolbars

Customize... r available in the Ribbon toolbar area as shown.

joaify] 1. Click on the workspaces list in the Quick Access

n- *HBEL & [reF— -0 4 e Bt B Cprng | ey " e, E -

o b Jofscr Mekh Veals Foasster et Awoidis Vew Meage Outpet  Aid-em  Collsbonds  Lipse kok Festosd dppe
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Layers Setup
1. Inthe Menu Bar, select [Tools] 2 [Toolbars] < [AutoCAD] - [Layers].

Toals Dirawy Cimensicn hlodify Window Relp ‘arami

30 Mavigation
Workspaces » r;e Output Colla Amay Edit
E Falettas — 1% - Array_Toalbar
Toolbars & AutoCAD g CAD Standards
|-| Commared Line Cirl+9 Secton — - Camera Adjistmenl
Clean Screen Ctrl+{) Flane LT Dimension
" Spelling Ecliiy = & Ex Dimensionzl Coastraints
b Quick Select., B
Draw Ordes Wi s
|solate , Draw Crder, Annotation to Front
Inguiry 3 Fimd Tt
|_i Lipdate Fields 'EL'CI'I'IE‘"I]'iC Canstraint
i Group
i Block Editor Ingquiry
xref and Block In-place Editing —
FE: Diata Extraction.. 14
Data Links 2 |d:€_‘|._ 1]

g oe Lid'loO
?i? 2. Click Layer Properties Manager in the
! Layer Properties Manager Layers toolbar.

s In AutoCAD, we always construct entities on a layer. It may be the default layer or a
layer that we create. Each layer has associated properties such as the visibility setting,
color, linetype, lineweight, and plot style.

: [} == 54 3. Click on the New Layer button. Notice a layer is

- B automatically added to the list of layers.
J New Layer (Alt+MN)

4. Create two new layers with the following settings:

Layer Color Linetype Lineweight
Construction Grey Continuous  Default
Object Cyan Continuous  0.30mm

5. Highlight the layer Construction in the list of layers.

& S G 6. Click on the Set Current icon to set layer Construction
GE? Do E as the Current Layer.

5. Name = r
& 0 Set Current (
7. Click on the Close button to accept the settings and
9 _CU"Eﬂt layer. Constr exit the Layer Properties Manager dialog box.
Close ™ _Fl_m - « 8. In the Status Bar area, turn ON the Grid Display, Polar
i . . . . .
Tracking, Object Snap, Object Snap Tracking, Dynamic
=~ £ All Input and Lineweight options.
L7 All Used
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Create the Rectangular Base of the Design

We will first use construction geometry to define the outer edges of the design.

[

In the Layer Control box,

confirm that layer
Construction is set as the
Current Layer.

Select the Rectangle icon in the Draw toolbar. In the
command prompt area, the message “Specify first corner
point or [Chamfer/Elevation/Fillet/ Thickness/ Width].”

Place the first corner point of the rectangle near the
lower left corner of the screen. Do not be overly
concerned about the actual coordinates of the location;
the drawing space is as big as you can imagine.

£ L [ Construction vii=: ¥
mEE T E
FIG & o [ o 1
|5 L B Object
hols Draw Dimension M
irametric Insert  Annotate 2.
DA T e A
NSO @& C is displayed.
PSR i,
N s T
Drz
Rectangle
Creates a rectangular

4. We will create a 3" x 2" rectangle by entering the coordinates of the second corner
using the relative coordinates input method.
Specify other corner point or [Dimension]: @3,2 [ENTER].

el

¢

Sele

1@ IZD Wireframe =
[EX
= L'L;JTcp
@Bcttum
70 Left
(5 Right
5Frunt
(W Back

& SW Isometric

# SE lsomgtric
L, -

€3 NE Isonke _
SE Isometric

Unsaved View =

QFJ MW Isom

View Manager...

5.

In the View panel, select:
[Unsaved View] = [SE Isometric]

Notice the orientation of the sketched 2D rectangle in
relation to the displayed AutoCAD user coordinate
system. By default, the 2D sketch-plane is aligned to
the XY plane of the world coordinate system.
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Create a Wireframe Box

Next, we will use the Copy command to define the 3D boundary of the design.

mension  Modify  Window |- 1. Click on the Copy Object icon in the Modify toolbar.
Annotate  View  Manage
AP Y- 2. Inthe commgnd prompt.area, the message “Select
A L objects:” 1s displayed. Pick any edge of the sketched
L @ ¢
. i J | Copy rectangle.
= 18 es objects . . . . .
Modify Copies 0bIeats 3 Tnside the graphics window, right-click once to accept
the selection.

4. Inthe command prompt area, the message “Specify base point or displacement, or
[Multiple]:” is displayed. Pick any corner of the sketched rectangle as a base point to
create the copy.

5. Inthe command prompt area, the message “Specify second point of displacement or
<use first point as displacement>:" is displayed.
Enter @0,0,2.25 [ENTER].

» Note that the three values represent the distance measured in the X, Y and Z
directions relative to the current UCS.

|§ 6. Usethe Zoom All command, in the View Display toolbar, to
adjust the display.

7. Onyour own, use the Line command to create the four lines
connecting the four-corners of the two rectangles as shown.

v | Zoom Extents

Zoom Window
Zoom Previous ' I
e ~,
Zoom Realtime _ 7 e
-~ o
Zoom All . -~ ) )
L e ~
e Y o, W q’x. . ""‘N...\_ .
HH'Q Hﬁ“x'
) " T
hls Draw Dimension Mad HR!_ 7
> -
T e R E el \\H. o
ametric sert  Annotate = P
I -
[ ] o K e . (___f
L : . |l —n + ;__,/ﬂ HH_\::M. .f“f
BV ARGRAL 1 B ,',/"'f ' TP
: DR - "~
. ) :___,-’ H“\H_R
Line 7 g ~
Dri _ S . H'HH ':}
Creates straight line sear = b e -
T .
:;'}'\-'_'\':f \.\\"\-\.x F-f__,_.-'"'f-f-’ .
= H“"'\.\__\_ {_'_4-"'/
b e
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Using the View and UCS Toolbars
1. Inthe Menu Bar, select [Tools] = [Toolbars] = [AutoCAD].

Tools Draw Dimension Modity Window Help Param:
Workspaces > |
Palettes L B BE
Toolbars > AutnCAE.‘;’ by
| F=1 Command Line Ctrl+9 | Move Offset Cop
Clean Screen Ctrl+0
A

ucs
ucsi

View
Uiewpo%s

Visual Styles
Walk and Flv

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

Text 3.

UCs

ucs
v View 4.

Viewporis

Move the cursor to the Standard toolbar area and right-click
on any icon of the Standard toolbar to display a list of toolbar
menu groups.

Select UCS I, with the left-mouse-button, to display the
UCSII toolbar on the screen.

» The options available in UCS II toolbar allow us to quickly align the UCS to the
preset standard 2D views.

P B
HEE | =)
.

[
® wWorld

5. Note that the current UCS is aligned to the

'1® word
T:‘_ Frevious
[ﬂ; Top
@f Bottom
e

l:‘gﬂ Back
H Left

(= | Right

World Coordinate System. Select Front in
the UCS 11 toolbar as shown.

[=115€ Barmetiac][20 Wireframe]

» Note that the UCS has been
adjusted and it is now aligned
parallel to the front view of the
wireframe box as shown in the
figure.
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Create Construction Lines in the Front View

s Draw Dimension

Al W
e i e B

Line

imetric Insert Annotate

Mo

i

P
j
et

\

1.

1 Temporary track point

From
Mid &tween 2 Points
Point Filters

3D Osnap

Restrict cursor to specified
Polar Tracking (F10)

gh_gl}v\'i

]

of, &AW, L, &

Tracki r&Seﬂings. -

SN < LN

]

a Drafting Settings

B Polar Tracking On (F10)

Polar Angle Settings
Increment anghe:

a0
| ;@mmal angles

Snap and Grid Polar Tracking Object 4

2.

Select the Line command icon in the Draw toolbar. In
the command prompt area, the message “_/line Specify
first point:” 1s displayed.

Inside the graphics window, hold down the [SHIFT]
key and right-click once to bring up the Object Snap
shortcut menu.

Select the From option in the pop-up window.

4. Pick the lower right corner of the bottom horizontal

line in the front view as the base point.

5. Inthe command prompt area, the message “Specify

next point or [Undo]:” is displayed. Enter @0,0.75
[ENTER].

6. We will set up the Polar Tracking option to assist the

creation of the next corner. Right-click once on the
POLAR Tracking option located at the bottom of the
graphics window.

7. In the option menu, select Settings by clicking once

8.

with the left-mouse-button.

In the Drafting Settings dialog box, set the Polar
Increment Angle setting to 30 degrees.

a Drafting Settings

B T P T

Snap and Gid Polar Tracking Dbiﬁctgﬂﬂp

9. Click on the Object Snap tab to switch to the
Object Snap option settings.
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ﬂ Drafting Settings
q q

Snap and Grid  Polar Tracking Object 5nap 1D Object Snap  Dynamic Input

I8 Chiect Snap On (F3) 1B Chiect Snap Tracking On F1

Object Snap modes

O & endpoint = B Extenson Cele]
£y [ Midpoint 0y [ inseion Cles
<) @ Center b || Pemendiculsr

O [ Geometric Center T [ Tangent

@ [ Node = [Nearest

< [l Quadran [ (] Apparent intersection

# (@ Intersection [ Parallel

To track from an Osnap point. pause over the point while in a
command. A tracking vector appears when you move the cumsor.

¥ sloptracking. pause over the paint again

10. Confirm that the Intersection and
Extension options are switched ON as
shown.

11. Click on the OK button to accept the
settings.

ok 10

12. In the command prompt area, the

message “Specify next point or [Undo]:”
is displayed. Using the Polar Tracking
option (30 degrees increment), create a
line as shown in the figure.

13. Move the cursor near the left vertical
edge of the front view and create the
second line perpendicular to the last
line we created.

14. Inside the graphics window, right-

click to activate the option menu and E

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

Enter
Cance‘?‘}

Recent Input »
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Copy Objects in the Negative Z Direction

mension - Modily Window |51, Click on the Copy Object icon in the Modify toolbar.
Annctate View  Manage
AP By | 2. In the command prompt area, the message “Select
I objects:” is displayed. Pick the two edges we just
5 @0 |3 Copy created.
= L Copies objects
Modify ' 3. Inside the graphics window, right-click once to accept
the selection.

4. Inthe command prompt area, the message “Specify base point or displacement, or
[Multiple]:” is displayed. Pick any corner of the wireframe model to use as a base
point to create the copy.

5. Inthe command prompt area, the message “Specify second point of displacement or
<use first point as displacement>:” is displayed.

Enter @0,0,-2.0 [ENTER].

6. Note that the negative value represents the distance measured in the negative Z
direction relative to the current UCS.

7. Onyour own, create three lines to connect the corners of the two sets of lines we just
created, as shown below.

[=1ISE Isometric )| 20 Wireframe]
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Create an Inclined Line at the Base of the Model

s

~ %] 1. Select Top in the UCS II toolbar as shown.

" -
[ 1" =l L~ J TIDI'J
. Draw  Dimension Mo
net nsert Annotate

Line

2. Select the Line command icon in the Draw toolbar. In
the command prompt area, the message ““_line Specify

3.

—i

a

Temporary track point
From

Mid &tween 2 Points
Point Filters

3D Osnap

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

command.

first point:” is displayed.

Inside the graphics window, hold down the [SHIFT] key

and right-click once to bring up the Object Snap

shortcut menu.

4. Select the From option in the pop-up window.

5. Pick the lower right corner of the bottom horizontal line

Enter
Can ce%

Recent Input ]

as the base point as shown in the figure.

We will place the first point above the selected corner.

Enter @0,0.75 [ENTER].

In the command prompt area, the message “Specify next
point or [Undo]:” is displayed. Using the Polar Tracking
option (30 degrees increment), create a line as shown in

the figure.

=115 Bsometric )| 70 Wireframe]

w XK
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» On your own, use the Copy and Line commands to create additional edges so that the
wireframe model appears as shown below.

|—JISE Isometnc ]| 2D Wreframe)
L
Y
X

Create Object Lines

£5| @ . ¢ [l Construction 1. On the Object Properties toolbar, choose
D9 il O the Layer Control box with the left-mouse-
(=] 5 [_: [l Construction button.

2. Move the cursor over the name of layer
Object; the tool tip “Object’ appears.

Object

3. Left-click once on the layer name; now layer Object is set as the Current Layer.

D5 Draw  Dimension  Maog
ametric  Insert  Annotate
E /- A 4. Select the Line command icon in the Draw toolbar. In
B> .la @ the comma,?q prpmpt area, the message “ [ine Specify
N Y O first point:” is displayed.
| Line
Drs Creates straight line sear
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5. Pick the lower left corner of the bottom of the wireframe model as the starting point
and create the four line segments as shown.

[—1ISE Isometnic ][ 2D Wireframe]

Fourth point

Fifth point \

]

/ Third point

First point \

Second point |

e Note that even though the UCS is aligned to the base plane of the model, the Object
Snap option enables us to select points on the front plane of the model.

» On your own, create three additional lines representing the edges of the inclined face
of the design as shown.

[—I5E Isometnic ][ 2D Wieframe]
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Multiple Viewports
View Insert Format  Tools Draw Dimension Modify  Wind
e Redraw i mmeiee view  wend 1. Inthe Menu Bar, select:
T Regen BRAL B S . .
. T Regen Al b e & m [View] = [Viewports] 2>
L L & & O I- L .
Zoom ¥ = oo . [4 VIeWports]
Pan » ) =r -
r Modify - .
(&) SteeringWheels o » AutoCAD allows us to display
[ Showhiction = different VIEWS of the model
| ] Orbit > E B . 1 Iv. Onl
Camers ; - simultaneously. Only one
V' Walkand iy , V.iewport 1s .activated at one
o - time. The viewport Wlth the
Viewports B 52 Named Viewports. dgrker border is the active
% Named Views - viewport. Move the cursor
; L} New Viewports... . .
3D Views > J— inside each viewport and
(@ Create Camera 2 Viewports notice the different cursor-
Show Annotative Objects » 3 Viewports d1splay inside the active
@ Hide 4 Viewgorts viewport.
R Sl - Polyagonal Viewport
VLR L., | | .
2. Activate the top left viewport by left-clicking once
Top inside the viewport.
Sets the view point to top . . )
3. Select the Top view in the View toolbar to change
= VIEW the display of the viewport.

4. Onyour own, repeat the above steps and use the Realtime Zoom command to set
and adjust the displays of the viewports as shown below.

1+ 1I5E sometric 1200 Win efraime]

» Note that the displayed UCS icons at the lower left corner of each viewport
correspond to the orientation of the wireframe model in each viewport.
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Use the Mirror Command

1. Activate the top left viewport by left-clicking once inside the viewport.

2. Pre-select all the objects in the active viewport by using a selection window.

[+]Top}2D Wireframe] -

e

First corner /

‘ { Second corner

Subobject Selection Filt]
Iy Quick Select.. Inside the active viewport, right-click to bring up the pop-
B Quick®Sic up option menu and select the Quick Select option.
BY  rind
A CQuick Select *
4. In the Quick Select dialog box, select
Applyto: | Cument selection | |+ Layer from the Properties list.
Objecttype, | Multiple i
Properies. [oalar 5. Set the Value box to Object
Linetype .
;'IT:EE scale 6. In the How to apply section, confirm the
Linewaight Include in new selection set option
Transparency .
Hyperlink is selected.
7. Switch OFF the Append to current
selection set.
Operator: W
Value: | P v 8. Click on the OK button to accept the
R settings.
l@l Include in new selechon set
O Exclude from new selection sel e AutoCAD will now filter out objects
[ Append to curent salecan sst that are not on layer Object.
Cancel Halp
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]

o A Y- —’ 10.
I'.ll :;: :*J |—_: =
JOA E = BE * Plane

Annotate  View Manage Output

Section = ¥

|+1Topll2D Wireframel

Click on the Mirror icon in the Modify toolbar.

feiii 10. Inside the graphics window, hold down the [SHIFT]

key and right-click once to bring up the Object
Snap shortcut menu.

EE B 855 M
E A OO '_:1 *T Mirror 11. Select the Midpoint option in the pop-up window.
=T '_ L "| Creates a mimrored .
e ‘Mtlljl;y' Endpoint

-4 Midpgnt
7 Interséction

~ Apparent Intersect

12. Inside the active viewport, click on the left vertical line
of the wireframe model. With the Midpoint snap option,

[Midpoint | the midpoint of the line is selected.

13. Move the cursor toward the

right vertical line in the active
viewport; left-click once when
the Intersection symbol is
displayed as shown.

14. In the command prompt area, the
message “Delete Source Objects?
[Yes/No] <N>:” is displayed.

Inside the graphics window, right-
click once to bring up the option
menu and select No to keep both
sets of objects.

1 [Erasesource objecs? |
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Turn Off the Construction Lines

1. Onthe Object Properties toolbar, choose the Layer Control box with the left-mouse-

button.
 EF L1 ' W Object 2. Move the cursor over the light-bulb icon for
{ @ L WO layer Construction, left-click once, and notice the
HILTS R BTSN |cConstruction | icon color is changed to a gray tone color,
LY e representing the layer (layer Construction) is
Turn a layer On or Off turned OFF.

View | Insert Format Tools Draw  Dimension Modify |5 3. In the Menu Bar, select:
' Redraw rssrt Annctate  View
~ Regen BRI [View] - [Viewports] 2>
j 6 Regen Al b-@®m & ¢ [0 [1 Viewport]
¥ - H
Ll , S Y :lJ . .
- il I Modity = | ®  Viewports can also be used as a
S/ SteeringWheels way of checking the integrity of
¥| ShowMotion
- HHEHE — the constructed 3D models. Feel
| Orbit * B . .
- free to switch to multiple
u amera * R . R
[ Walkand Fiy 5 viewports in the following
SR S \ sections of this tutorial.
Viewports > BEL Named Viewports...
~ : . 4. On your own, create the
2= Named Views... 4 New Viewnorts 7 8 .
T = LS additional object lines
- - . 1 v' I-t . .
@ Create Camera o 5' - connecting the two sets of objects
Oy iewports
Show Annotative Objects » 3 Viewports as shown below.
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» The V-cut feature of the
design is the last feature, and
perhaps the most difficult one,
to create in the CAD system.
Based on your knowledge of
modeling with AutoCAD,
how would you create this
feature? What are the more
difficult aspects of creating
this feature?

Create a New UCS

Besides using the preset UCS planes, AutoCAD also allows us to change our viewpoint
and create new UCS planes. We will create a UCS plane aligning to the inclined plane of
the design.

Ezlzgnage ; - Wﬂrld! l 1. In the Menu Bar, select:
"D Named UCS.. e Previoss [Tool_s] - [New UCS] >
' : [3 Point]
.";"I Geographic Location... t®  Face
CAD Standards > 19, Object e Note that other options are also
Wizards » 18 View available to aid in the creation
I, Drafting Settings... Y Origin of new UCS planes.
] Group 1z, Z Axis Vector
;_t Ungroup T_3. ESint
Tablet

2. Inthe command prompt area, the message
“Specify New Origin point <0,0,0>:" 1s
displayed. Pick the lower-left corner of the
inclined plane as shown.

-~

Intersection
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3. Inthe command prompt area, the message
“Specify point on positive portion of X-axis:”
is displayed. Pick the lower right corner of
the inclined plane as shown.

\

Intarsection

/ |~
4. Inthe command prompt area, the _

message “Specify point on positive
portion of X-axis:” is displayed. Pick the
top left corner of the inclined plane as

shown.
N
> T 3 B on 5. Inthe Menu Bar, select
ViewCube * & Origin
Attribute Display > 15, Properties... [View] > [Display] 2>
[®7 Cameras [UCS Icon] - [Properties]
"':P'_ Lights
E Mavigation Bar
=] Text Window Ctri+F2 8 ucs icon
Nl e
UCS icon style
6. Inthe UCS Icon window, switch the UCS icon style to 02
2D as shown. ~
QO3 Line width:

7. Click on the OK button to
accept the settings.
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Create a New Named View

Besides using the preset views, AutoCAD also allows us to change our viewpoint and
create new views, which can be saved and restored by name for convenient access. We
will create a new view aligned to the new UCS plane we just created.

1. Inthe Menu Bar, select

[View] = [3D Views] - [Plan View] & [Current UCS].

Viewports

Em Named Views..
3D Views

‘@, Create Camera

Show Annotative Objects
Hide

Visual Styles

Render

> 1@ Viewpoint Presets..
':, Viewpoint

3 Plan View
) Top

> (4 Bottom

2 r_J Left

— 7\

= Currgt ucs
B World UCs
B Named UCs

e The graphics window is now adjusted to display the current UCS plane.

\\/

BOE

Named Views...

3.

2. Click on the Named Views
icon in the View toolbar.

In the View dialog box, click on the New button to
create a new named view.

et Current

Nep...

date Layers

n New View / Shot Properties

View name: Auxiliary
View category: <MNone >
View type: |
Boundary
© Current display
(") Define window

4. Inthe New View dialog box, enter
Auxiliary as the new View name and
confirm the Current display option. In
the View Properties list, set the Save
layer Snapshot with view option to
ON and the UCS option as Unnamed.

5. Click on the OK button to accept the
settings and create the named view.
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6. Inthe View dialog box, the new named view (Auxiliary) is added to the Named Views
list. Note that we can always switch to this view by using the Set Current option.

B view Manager x
Current View: Current
Wiews
: ZF current General - [ Set Gurrent ]
—I]'. Model Views Mame Auxiliary I
- [F Awilia - Mew..
R ry Category <MNones>
e Layout Views ucs Unnamad Update Layers

+:--_I'_J: Preset Views e W
Layer snaps.. Yes Edit Boundaries...

Annotation...
) Delete
Visual Style 20 Wireframe

Background... <MNone>

Live Section <MNone=>

Animation =

View type

Cancel Apply Help

7. Click on the OK button to accept the settings.

|
BPEPHOPE S QE?'::’ |

8. Inthe View toolbar, select SE
Isometric View.

-
[

T SE Isometric
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Create the V-Cut Feature on the Inclined Plane

1. Onyour own, create two lines that are 0.2” away from the top corners of the model,
which are also rotated 45 degrees relative to the top edge of the model.

6. Second Point

=

5. Base Point

MEnsIon ModiTy Window
Annotate  View  Manage
m A PN
II:" -l:]- .-rl | —
. Copy
S :|J

Copies objects

Modify

Click on the Copy Object icon in the Modify toolbar.

In the command prompt area, the message “Select
objects:” is displayed. Pick the two inclined lines we
just created.

Inside the graphics window, right-click once to accept
the selections.

5. In the command prompt area, the message “Specify base point or displacement, or
[Multiple]:” 1s displayed. Pick the top left corner as the base point to create the

copy.

6. Inthe command prompt area, the message
“Specify second point of displacement or
<use first point as displacement>.” is
displayed. Pick the corresponding corner
on the backside of the model as shown in
the above figure.

7. On your own, create addition lines to
define the edges of the V-cut and use the
Trim command to complete the model as
shown.
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‘ Front

BOSHIGS O

8.

Click on the Front View icon in the View
toolbar.

» Note that the V-cut we
created, using the Copy
command, does not represent
a cut that passes through the
entire block.

.

Extend the Cut and GRIP Editing

. =1 :J|

mension Modity Window Help
Annotate View  Manage Qutp
AP D E .

o @& " [l
. o L"— *Trum on

Modify "| E&end v u

e

Extend

1.

Select the Extend command icon in the Modify
toolbar.

2. The message “Select object to Extend or [Project/ Edge/ Undo]:” is displayed in the
command prompt area. Pick the bottom edge of the V-cut to extend.

Boundary \

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

s

BIIPEHOIY® [:} < € % @] 4. Click on the SW Isometric View
icon to reset the display to the preset
SW Isometric 1sometric view.

5. Pre-select the top edge of the V-block as shown.

6. Left-click once on the lower right grip point on the
selected line.

e Selecting the grip points located at the end of the line or
arc allows us to STRETCH the selected line.

7. Move the cursor toward and select the lower corner of
the V-cut as shown.

» On your own, repeat the above steps and use the grip

editing options and complete the wireframe model as
shown below.

L

DY

<
\
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Review Questions:

1.

List and describe three different types of 3D computer geometric modeling software
available today.

What is a Named View?

What is the difference between Stretch and Extend?

List and describe the methods available in AutoCAD to create a new UCS plane.
What is the difference between Copy and Mirror in AutoCAD?

Identify and describe the following commands:

a)

-
b)

z?
c)
d)

A
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Exercises: (Unless otherwise specified, dimensions are in inches.)

1.

- 6.50 -
e 1,50 —he 3.50

1

100 | 100 |
400

1

175
2,75

- 475 -

l.E]CJ
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Chapter 4
Classical Faceted Surface Modeling

Learming Cyjecuives

¢ Create Faceted Surface Models
¢ Understand and Apply the Different Faceted
Surface Modeling Techniques

¢ Understand the Use of the 2D Solid
Command

¢ Understand the Use of 3D Face Command
¢ Use the Hidden Edge Option
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Introduction

As illustrated in the previous chapters, there are no surfaces in a wireframe model; it
consists only of points, lines, and curves that describe the edges of the object. The first-
generation surface modeling was developed to provide the surface information that is
missing in wireframe modeling. Essentially, defining the skin of a design creates a
surface model. In the classical faceted surface modeling approach, a wireframe model can
be used to provide information about the edges and corners so that the desired faces can
be easily positioned and placed.

Surface modeling is more sophisticated than wireframe modeling in that surface modelers
define not only the edges of 3D objects but also the surfaces. Surface modeling provides
hiding, shading, and rendering capabilities that are not available in wireframe modeling.
Surface models do not provide the physical properties that solid models provide, such as
mass, weight, center of gravity, and so on.

The classical AutoCAD faceted surface modeling approach defines surfaces using a filled
polygon. The created faceted faces of surface models are only planar, which means the
surface models can only have approximate curved surfaces. It is important to note that the
classical AutoCAD faceted surface modeler does not create true curved surfaces. More
advanced Procedural and NURBS surface modeling approaches are covered in the next
chapter. To differentiate the different types of surfaces, faceted surfaces are generally
called meshes in AutoCAD. Because of the use of faceted approximation on true curved
surfaces, the computer requirements of most faceted surface modelers are typically much
less than that of NURBS surface modeler or solid modelers. Faceted surface modeling
usually provides reasonably good representations of 3D designs with fast rendering and
shading capabilities. The more advanced NURBS surface models are also useful for
creating geometry with unusual surface patterns, such as a 3D topographical model of
mountainous terrain.

In AutoCAD 2024, three classical methods are available for creating faceted surfaces —
the 2D Solid, 3D Face and Region commands. The three classical faceted surface
commands were developed parallel to the historical development of the different types of
computer modelers.

e 2D Solid: The first-generation faceted surface command available in AutoCAD.
Used mostly to fill an area in the sketch plane of the current UCS. This type of
surface is not a true 3D surface.

e 3D Face: Creates a true 3D planar faceted surface (allowing X, Y and Z
coordinates) of three-sided or four-sided shapes. This is the type of surface
developed primarily for creating faceted surface models.

e Region: Creates a 2D surface of arbitrary shape from existing 2D entities. This
command creates the most flexible and the most complicated type of surface
available in AutoCAD. This command was developed to allow manipulation of 2D
surfaces using one of the solid modeling construction techniques, namely, the
Constructive Solid Geometry method.
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Although all three basic commands can be used to create planar faceted surfaces, the
resulting surfaces are not equal. In fact, the three commands are developed with specific
tasks in mind. The 2D Solid command is mostly used in 2D drawings to create 2D filled
area and the Region command is designed so that general 2D shapes can be easily
transformed into solid models. The 3D Face command is the only one that is designed
specifically for faceted surface modeling and therefore it is the most suitable for such
tasks. The use of the 2D Solid and Region commands in 3D faceted surface modeling
can be somewhat awkward and at times very difficult. Note that the use of the Region
command will be focused on in the solid modeling chapters of this text.

As one can imagine, sketching each surface manually can be very time consuming and
tedious. AutoCAD also provides additional tools for more advanced faceted surface
modeling, such as Tabulated surfaces, Ruled surfaces and Revolved surfaces. These
tools are basically automated procedures, which can be used to define and create multiple
copies of faceted planar surfaces in specific directions. The principles and concepts used
by these tools are also used in creating solid models, which are covered in chapter six
through chapter eight of this text. You are encouraged to re-examine these commands
after you have finished the solid modeling chapters.

In this chapter, the general procedures to create classical faceted surface models are
illustrated. The use of the 2D Solid and 3D Face commands are illustrated and
differences discussed. Two wireframe models, which were created in the previous
chapters, will be converted into faceted surface models.

—
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Starting Up AutoCAD 2024

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD
2024 icon on the Desktop.

2. Inthe AutoCAD Today Startup dialog box, select the Open a Drawing icon with a
single click of the left-mouse-button.

3. Click on the V-block.dwg filename to open the V-block wireframe model that was
created in the previous chapter. (Use the Browse option to locate the file if it is not
displayed.)

A s rtup X
E [ [3 4N OpenaDrawing
&
Select a FHle:
File Path
C:A\ModelACAD project' 30 Project™, ‘
Geneva dwg  ChiModelACAD project\Projects’,
Bracket dwg C:\Model ACAD project Projects'.
Geneva-Wheel D_. ChUsers'Winner'Documents'nve. .
BracketD dwg CiModel ACAD project \Projects’,
Bracket dwg C:\Model ACAD project' ACAD Proj...
Shaft-Suppot dwg  C:\Model'ACAD project'Projects’,
Bearing dwg CvModelACAD project \Projects,
Shaft-Support dwg  C:\Model' ACAD project' ACAD Proj...
[ - ——— im0 Rl B WA Py Browse ...
Size: 22 2¥B (22,725 bytes)
Last Modified: Sunday, Spril 17, 2022 7:26:02 PM
=

e The V-block wireframe model is retrieved and displayed in the graphics window.
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The UCS Toolbar and the Meshes Commands
1. Inthe Menu Bar, select [Tools] = [Toolbars] = [AutoCAD].

Tools

Palettes

Draw

Toolbars
=1 Command Line
Clean Screen

Workspaces

Dimension  Modify  Window Help Paramy
> |
> | 4. BE
> AutocAly >
Ctrl+9 | Move Offset Cop
Ctrl+0
AA- o

Surface Editing

2. Select UCS, with the left-mouse-button, to display the UCS

Text toolbar on the screen.
ucs
uCs ”[:1‘ » The options available in the UCS toolbar allow us to quickly
e orient and align the UCS.
D - 0CEHEL 2 &9
_ i _ 3. Click on the Mesh tab to show the mesh
Flc Edt View Insot  Formg commands available in AutoCAD.
Home Solid Surface Mesh Wi
— e Note that a variety of 2D-mesh modeling
I-H v e commands are available to create meshes. On
Mesh Box Smooth = Smoq your own, move the cursor on top of the
- Object @) Refin different commands and read the brief
Primitives . description of the commands.

Create a Mesh Surface Using the 2D Solid Command

The first-generation faceted surface command available in AutoCAD was the 2D Solid
command. In AutoCAD 2024, this command can only be accessed through the command
prompt area, which is an indication that this command is slowly being phased out. The
2D Solid command is used to fill an area in the sketch plane of the current UCS. It is
therefore necessary to properly orient the UCS prior to using the 2D Solid command.

1. Select the 3 Point UCS icon in the UCS toolbar.

The 3 Point UCS option allows us to specify the
new X-axis and Y-axis directions to align the UCS.

2.

In the command prompt area, the message “Specify new
origin point<0,0,0>:” is displayed. Pick the lower right
corner of the front face of the wireframe model as shown.
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3. In the command prompt area, the message
“Specify point on positive portion of X-axis.” is
displayed. Pick the adjacent corner toward the
right side of the model as shown.

4. Inthe command prompt area, the message
“Specify point on positive portion of X-
axis.” is displayed. Pick the right corner
of the inclined plane as shown.

e The new UCS is aligned to the
vertical inclined plane as shown.

5. Inthe command prompt area,
enter Solid to activate the 2D
Solid command.

BL=L=ALIILLT- L) | . Ly e

~ Specify first point:
P
~ Fl+soLip

Model Layout1 Layol

6. Place the first corner point of the 2D solid at the
origin of the new UCS.
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7. In the command prompt area, the message
“Specify second point:” is displayed. Pick the
bottom right corner of the inclined plane as
shown.

==

8. Inthe command prompt area, the
message “Specify third point:” is
displayed. Pick the corner directly above
the origin of the UCS as shown.

e The 2D Solid command requires the third point to be specified diagonally opposite to
the second point. This seemingly strange way of specifying the third corner was
established when the 2D Solid command was first introduced back in the mid-1980s.
Note that the 3D Face command, the second-generation surface command in
AutoCAD, does not follow this convention.

9. In the command prompt area, the
message “Specify fourth point or
[Exit]:” is displayed. Pick the corner
directly above the second point we
selected as shown in the figure.

10. Inside the graphics window, right-
click once to end the 2D Solid
command.

e The 2D Solid command allows the creation of three-sided or four-sided filled
polygons, which can be used to represent faces of surface models. Note that in the
above steps, we could accept the three-sided polygon after defining the third corner.
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Using the Visual Styles Toolbar

1. Move the cursor to the Visualize toolbar panel and left-click on the downward
triangle to display a list of available options.

Visualize  Parametric Insert Annotate View Manage Output Collaborate [a] ~
2 (e | . ..ZLJ Wireframe 1}
iz, 13 _ ' we Join
Viewport .
ned - Cunﬁguratim L+
u Model Viewports 2D Wireframe Conceptual Hmdl:n Realistic 'id
' + ;o
15 Y &
Shaded Shaded wi... Shades of Gray Sketchy
b & 4d‘ ™ v oo i ¥ M; ”
r S S5 BB Wireframe X-Ray

Note that ten different Visual Styles are available; descriptions of the six more
commonly used styles are as follows:

2D Wireframe: Displays the objects using lines and curves to represent the
boundaries of objects created. Linetypes and lineweights are visible with this option.
Note that this is the default AutoCAD display mode.

Conceptual Visual Style: Creates a shaded image of polygon faces and solids that
uses the Gooch face style, a transition between cool and warm colors rather than dark
to light. The effect is less realistic, but it can make the details of the model easier to
see.

Hidden: Displays the objects using the 3D wireframe representation with lines that
are located behind surfaces and solids removed.

Realistic Visual Style: Creates a Gouraud-shaded image of polygon faces and
solids that gives the objects a smooth and realistic appearance.

Shaded Style: Shades the objects between the polygon faces. The objects appear
flatter and less smooth than Gouraud-shaded objects.

3D Wireframe: Displays the objects using lines and curves to represent the
boundaries of objects created. Displays a shaded 3D user coordinate system (UCS)
icon. Note that linetypes and lineweights are not visible with this option.
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image of the model.

surface was created with the 2D Solid
command.

% Only one surface exists in our model. The

View  Insert  Format  Tools Draw  Dimension  Modify

Annolale View

W Fealistic
L 1]

" Redraw serl
fegen E
Regen All

Zoom ¥
Fan ¥
o) Steering\Wheels
ﬂ' Showhaotion
1 Oirlbit
Camera
Walk and Fly

E Visual styles -

L] fl-:"‘ Constrained Orbit
P2 Free Orgit
¢ Continuous Orbit

Clean Screen Ctri+0 [

Wi

kA

Rion &-%9- @

4. Inside the archall, press down the left-
mouse-button and drag it to rotate the
model freely in 3D space. Observe the
display of the shaded surface in contrast
to the 3D wireframe edges that are
located behind it.

[t @)1= & ]
le
World

Sets the current user

IR
5

SE Isometric

2. Click on the Realistic Visual Style icon to display the shaded

3. Select Free Orbit in the View pull-
down menu as shown.

5. Inthe UCS toolbar, select the World UCS. This option
resets the UCS to align to the world coordinate system.

6. On your own, reset the display to the SE Isometric
View before continuing to the next section.
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Create a Mesh Surface Using the 3D Face Command

The second generation of faceted surface command made available in AutoCAD was the
3D Face command. The 3D Face command can be used to create true 3D planar
surfaces by allowing the X, Y and Z coordinates of the corners to be selected
independently of the current UCS. The created polygon can be a three-sided or four-sided
shape. This command is the primary construction tool for surface modeling in AutoCAD.

1. Inthe Menu Bar, select [Draw] = [Modeling] = [Meshes] = [3D Face].

SUMmaces L
Draw  Dimension  Modify Meshes » Primitives >
Modelj N
: Eg _ Setup , Smooth Mesh
~ Line -
) L 3D hace
Ray |
55 Revolved Mesh

| 2. Inthe command prompt area, the message
> = “ 3dface Specify first point or [invisible]:” is
displayed. Pick the lower right corner of the

vertical inclined face of the model as shown.

3. Inthe command prompt area, the message _
“Specify second point or [invisible]:” is L /
displayed. Pick the adjacent corner above i :

~ . : __nter'aev:tlun
the previous selected corner of the vertical : ;
inclined face as shown. ] |

o~

4. Inthe command prompt area, the message
“Specify third point or [invisible].” is
displayed. Pick the adjacent corner of the right
vertical face of the model as shown.
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5. In the command prompt area, the message
“Specify fourth point or [invisible] <Create three-
sided face>:” is displayed. Pick the corner below
the last selected corner as shown.

6. In the command prompt area, the
message “Specify third point or
[invisible] <exit>:" is displayed. Pick
the back corner of the model as shown.

7. Inthe command prompt area, the message
“Specify fourth point or [invisible] <Create
three-sided face>:” is displayed. Pick the back
corner of the model as shown.

e Note that this surface is created independent of
the UCS, and two corners of the previous face
were used to position this face.

Enter [s 8. Inside the graphics window, right-click to activate the
Cancel option menu and select Enter with the left-mouse-button
Recent Input ’ to end the 3D Face command.

Dynamic Input b4
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The ViewCube

The ViewCube is a 3D navigation tool that appears when the 3D graphics system is
enabled. With the ViewCube, you can switch between standard and isometric views.

N

S

Once the ViewCube is displayed, it is shown in one of the corners of the graphics
window over the model in an inactive state. The ViewCube also provides visual
feedback about the current viewpoint of the model as view changes occur. When the
cursor is positioned over the ViewCube, it becomes active and allows you to switch to

one of the available preset views, roll the current view, or change to the Home view of
the model.

1. Move the cursor over the ViewCube and notice the
different sides of the ViewCube become highlighted and
can be activated.

2. Single left-click when the Front side is activated as shown.
The current view is set to viewing the Front side.

3. Move the cursor over the counterclockwise arrow of the
ViewCube and notice the Orbit option becomes
highlighted.

FRONT | < 4. Single left-click to activate the counterclockwise option as
—— — shown. The current view is orbited 90 degrees; we are still
viewing the Front side.

| 5. Move the cursor over the Left arrow of the ViewCube
' and notice the Orbit option becomes highlighted.

E ¥ 6. Single left-click to activate the Left arrow option as
= | shown. The current view is now set to viewing the Top

'y side.
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7. Move the cursor over the top edge of the ViewCube and
N notice the roll option becomes highlighted.

8. Single left-click to activate the Roll option as shown. The

E view will be adjusted to roll 45 degrees.
9. Move the cursor over the ViewCube and drag with the
5 left-mouse-button to activate the Free Rotation option.
WG s » The orientation of the model can also be changed to base on
¥ Unnamed either the UCS or the WCS by clicking on the coordinate setting
New UCS option below the ViewCube as shown.

10. Move the cursor over the Home icon of the ViewCube
and notice the Home View option becomes highlighted.

11. Single left-click to activate the Home View option as
shown. The view will be adjusted back to the default SW
Isometric view.

|=1ISE Isemetnic]| ]

istom Visual Styles 12. In the Visual Style Controls list, click on
the 2D Wireframe > Hidden icon to
display the model with hidden lines
removed.

¥ 20 Wireframe

Conceptual

Hicﬁen
Reallstic

e The Quick Display controls list,
located near the upper left corner of
the graphics area, provides quick
access to many display-related
commands.

13. On your own, use the ViewCube to
rotate the model and examine the
constructed surface model.
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Create a Faceted Surface of Irregular Shape

The 3D Face command allows us to create three-sided or four-sided polygons. For
surfaces of irregular shape, the Invisible Edge option is available in conjunction with the
3D Face command. Note that the Invisible Edge option cannot be applied to polygons
created by the 2D Solid command.

=IISE lsometric]- - -] 1. Select the 2D Wireframe in the Visual
Custom Visual Style Styles toolbar.
2D Wireframe
Car%eptual e The 2D Wireframe command resets the
v | Hidden display to the default AutoCAD display
Renkicti mode. Note that this step is required for the
Invisible Edge option to work correctly.
. 3DFACE 2. In the command prompt area, enter 3dface to
~ F™v 3DEAC E| activate the command as shown.
Model Layout1 Layout2 +

3. Inthe command prompt area, the message
“ 3dface Specify first point or [invisible]:” is
displayed. Pick the right corner of the model
as shown.

4. Inthe command prompt area, the message “Specify
second point or [invisible]:” is displayed. Pick the

top front corner of the model as shown.

5. Inthe command prompt area, the message :
“Specify third point or [invisible] <exit>:" is | [Endpoint |
displayed. Pick the top corner of the model
adjacent to the previously selected corner as
shown.
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6. In the command prompt area, the message “Specify
fourth point or [invisible] <Create three-sided face>:"
is displayed. Pick the corner below the last selected
corner as shown.

7. Onyour own, repeat the zigzagging
pattern to define polygons until all
corners of the inclined surface have been
selected and additional polygons are
created as shown in the figure. Note that
the last polygon we created is a three-
sided polygon.

[=]ISE Isometric]| ]

sustomsuslShis g the Visual Styles toolbar, click on the
v 2D Wireframe Hidden icon to display the model with

Conceptual hidden lines removed. Note that the edges of
HiT%en the polygons are displayed as shown.
Reallstic

9. On your own, examine the /

model by selecting the —

different Visual Styles.

10. Reset the Visual Styles
toolbar to 2D Wireframe,
the default AutoCAD display
mode.
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Use the Invisible Edge Option

The Invisible Edge option is used to turn off the display of selected edges and therefore
allow the adjacent polygons, created by the 3D Face command, to appear as being
joined together. (Note the operation must be done in the 2D Wireframe mode.)

=z 12 EDGEMODE

o VisualStyle: Shaded with edgd L.
" P~ epGE
Model Layout Y OLUT, +

In the command prompt area, the
message “Specify edge of 3dface to
toggle visibility or [Display]:” is
displayed. Pick the three edges
inside the inclined surface as shown.

Inside the graphics window, right-
click to activate the option menu and

select Enter to end the Edge
command.

[=1I5E Isometnic]| ]

Custom Visual Styles

v | 2D Wireframe

Conceptual

Hiﬁen
Reallstic

The selected edges are removed
from the display so that the face of
the inclined surface of the model
appears to be more realistic.

In the command prompt area, enter Edge to
activate the command as shown.

4. Set the Visual Style toolbar to Hidden.

5. On your own, examine the model by
selecting the different Visual Styles.
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Repositioning with the Grip Editing Tools

1. Select one of the 3D faces we created by
clicking on the front edge of the inclined
surface as shown.

e Four grip points, the small rectangles
displayed at the corners of the highlighted
polygon, can be used to adjust the size and
shape of the highlighted polygon.

2. Move the cursor on one of the grip
points. Notice the grip editing axes are
automatically aligned to the grip point.

3. Click on one of the axes and drag with
the left-mouse-button to move the grip
point. (Clicking on the axis constrains
the movement to the selected axis.)

4. Press the [undo] button to reset and
deselect the highlighted entities.

» On your own, repeat the above steps and complete the surface model of the design.

|—MISE Isemetnc J[Hidden]

g

5. On your own, save the completed model as V-Block-Surfl.dwg.
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The Locator Wireframe Model

0 o Et}E &L
File Edit Viewsines
Open

1. Click on the Open icon in the Standard toolbar.

Home Solid

Opens an ey

A Select File 2. In the Select File window, pick the
ook : Locator file that was created in the
oo ACAD project previous chapter, Chapter 3.
- Mame .
= B v-Blockdwg 3. Click Open to open the model file.
'58 Locator.dwg
al:;, e e | Open |E|
WA-D . . L5
Type: AutoCAD I
= A AD Date Modified: S - Cancel
“ L T e — -

Moving Objects to a Different Layer

Prior to creating additional surfaces, we will first organize the existing geometry that has
been constructed.

£z EN
f_'|:| Groups |
Layers View ) . .
1. Click Layers Properties Manager in the Layers
» = R toolbar.
TZZ | e e
s |55 %S
Prope Layer Properties
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Lo
x

«| 5§ ——1 2. Click on the New button to create new layers.

New Layer (Alt+N)

Creates a new layer. Th

3. Create three new layers with the following settings:

Layer Color Linetype Lineweight
Construction White Continuous Default
Surface Cyan Continuous Default
Wireframe Blue Continuous 0.30mm
T G SR ¥ (v
5. Name 0. F. L. P. Color Linetype Lineweig.. Trans.. Plot5t.. N. Des
¥ 0 ¥ O o © W wh. Continu.. — Defa.. 0 Normal B
L & Constructi... . i.{ o’ © I wh.. Continu.. — Defa... 0 Normal
W * ® n T Hcyan Continu.. we 0
£ Wirefra § TF g © Wblue Continu.. == 0.30.. 0 MNormal B

4. Click on the Close button to accept the settings and exit the Layer Properties

Manager dialog box.
-
- ‘ﬂ"
S
;"‘-‘-_l-__."' '..' +
£
Soe e
Te I
P ¥ - T -
e ‘.* - P i e .
i,mj-‘ =%e L
' b e -
*5%:’___-. -y ':*I,-, ":.-""‘-. - ‘-__'_'ﬁ
R *‘-w
"\\._ *'::-'" LI
R g
"-.__H * '
—I;I h - *A
i £z (8 WO -
- /—"E
Layer = [
Properties | % [ | .
Unsaved L{ 5 O] Wirehame|
- . .‘-"ﬂrefl;me |

5 fi
bo 0 [s0%

5. Inside the graphics window, pre-select all
entities by using the left-mouse-button to
create a selection window enclosing all
entities.

e Note that all selected entities are highlighted.

6. On the Object Properties toolbar, choose the
Layer Control box with the left-mouse-
button.

e Notice the layer name displayed in the Layer
Control box is the selected object’s assigned
layer and layer properties.

7. In the Layer Control box, click on the Wireframe layer name as shown.

% All entities of the Locator model are moved to the Wireframe layer.

8. On your own, save the current model as Locator-Layer.dwg.
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Advanced Meshed Surface Modeling Commands

Several of the advanced faceted surface-modeling commands are displayed in the Meshed
Surface Modeling toolbar, which is placed under the Mesh tab in the Ribbon. These
commands allow us to quickly create and duplicate faceted surfaces in specific manners.

n' DEeHEL tE S = {6} 3D Modeling v ¥ ] Share

File Edit View Insert Format  Tools Draw Dimension Meodify  Window H

Home  Solid - Qurface Mgsh  Visualize Parametric  Inset  Annotate View Manage
7 N

lfH 13% 1 3 Smooth More / x u i Split Face 0 Conv
| & | - e o Merge Face 01 Conv
Mesh Box \ oth| Advanced surface [dd Remove Extrude
) N - Object | commands ase Crease Face L~ CloseHole
Primitives § Mezh u Mesh Edit ~

e Revolved Surface: Creates a surface mesh by rotating a group of objects about
an axis.

e Tabulated Surface: Creates a surface mesh representing a general tabulated
surface defined by a path curve and a direction vector. The resulting mesh is a
series of parallel polygons running along a specified path.

¢ Ruled Surface: Creates a surface mesh between two objects.

e Edge Surface: Creates a surface patch mesh from four edges.

SurfTabl & SurfTab2 system variables: These two variables are used to set the
number of increments used by the Ruled Surface and Tabulated Surface commands. The
default values are set to six, which means any curve will be approximated with six
straight lines.

s 1. On your own, use the Free Orbit command

' and adjust the display of the wireframe model
so that the four vertical lines connecting the
two circles are visible as shown.

e e To illustrate the use of the Ruled Surface and

‘EL l Tabulated Surface commands, we will first
\ ) NN split the top circle into two arcs. Note that
b Sy, these surfacing commands allow us to

S construct a polygon mesh for different
e situations and regions. The split of the circle is
‘ | necessary in creating a mapped surface on the
el top plane of the model.
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2. Select Break in the Modify toolbar under the Home tab.

e The Break command can be used to erase parts of
objects or split an object in two. Note that we can only
erase parts of a circle. We will therefore erase a portion
of the circle and then split the circle into two arcs.

3. Select the top circle as shown. - \
Note that the portion defined

- o A ¢ B .
- ®C L
- ABl € 8-
B3 M 5 83 A
A [+
— > =
— Y
T Break

by two selected points will be
erased.

By default, AutoCAD treats the selection point as the first

break point. We can override the first point by choosing
First point in the option menu.

Pt T TL B TR

Dynamic Input
First pojnt
Osnap Overmrides

' Dan

>

One quarter of the circle has been
erased. We will next split the arc into
two arcs, again using the Break

command.

5.

4. In the command prompt area, the message “Specific
second break point or [First point]:” is displayed. Right-
click once and select First point in the option menu.

In the command prompt area, the message “Specific first
break point.” 1s displayed. Choose the top endpoint of the
vertical line on the right as shown.

In the command prompt area, the message “Specific second
break point.” 1s displayed. Choose the top endpoint of the
vertical line as shown.
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it Annotate  View Manal
- od o Y- 7. Select Break in the Modify toolbar.

580 D": ' 7| 8. Select the top arc as shown. — N
T sl d& E = gg -
| o By default, AutoCAD treats the )
BX M & 52 A selection point as the first break Select abject
A O]+ 7 point. We can override the first
o e point by choosing First point in
1 B the option menu.
Pt TIL PRI -
BT "1 9. In the command prompt area, the message “Specific
First pojnt second break point or [First point]:” is displayed. Right-

Osnap Overrides 3 click once and select First point in the option menu.

D=

10. In the command prompt area, the message “Specific first
break point:” is displayed. Choose the top endpoint of the
left vertical line as shown.

11. In the command prompt area, the message “Specific
second break point:” 1s displayed. To split an object,
choose the same endpoint that was previously chosen.

View Manage Outpy
[k Y () 12. Select Extend in the Modify toolbar.
—!'— * Irim  on
— e

f'_.fr - '| E Eﬁd w»

# Select object to extend or shift-select to trim or 13.1n the prompt WlndOW,
[Boundary edges/Crossing/mOde/Preject]: P choose PVO]QCZ‘ZOI’! and
Enter a projection option [None/Ucs/View] <Ucs>: V set the option as to
Select object to extend or shift-select to trim or View.

/= EXTEND [Boundary edges Crossing mOde Preject Unde]:

14. Pick the shorter arc near the right endpoint to extend
the arc in that direction.

st

= Enter 15. Inside the graphics window, right-
Cancel click once to display the option
Fence menu and select Enter to end the

[ rccinm EXtend Command.
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Use the Faceted Tabulated Surface Option

In AutoCAD, the TABSURF command allows us to construct a polygon mesh
representing a general tabulated surface defined by a path curve and a direction vector.

1. Set the Surface layer as the Current Layer
by choosing the layer name in the Layer

Control box as shown.

e We will place the surface model on a

different layer than the wireframe model.

_I - I - v
L5 0 -
= [
Hleedm
ayer
Properties | 5 Wl | Surface g,
Unsaved L3 5 D 5ur{ace
by
2 = 1% B wireframe
B 1 505

D OocHBEL 2 &<
File Edit View Insert Format
Home Solid Surface Mesh  Visw:

_ IH @ & 5 @& Smooth
B Smooth

Mesh Box Smooth
N Object &) Refine N

Primitives s  Modeling, Meshes, T

3. Inthe command prompt area, the message
“Select object for path curve:” is displayed.

Choose the upper arc as shown.

N _

5. Onyour own, use the Orbit and Visual

Styles commands to examine the
constructed polygons.

2. Click Tabulated Surface in the Primitives
toolbar.

N

N

———

\ 4. In the command prompt area, the message “Select
object for direction vector:” is displayed. Choose the

vertical line near the top endpoint as shown. Note
that the endpoints of the line are used as a reference
to determine the direction of the polygon mesh.
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0

Exactly six polygons are created and positioned along
the selected path curve, the upper arc, with the
Tabulated Surface command. This is set by the
SurfTabl variable. We can adjust the number of
segments to use by typing the word surftab1 at the
command prompt.

Note that a surface modeler using polygons to
approximate true curves is called a faceted surface
modeler.

Use the Faceted Ruled Surface Option

In AutoCAD, the RULESURF command allows us to construct a polygon mesh between
two objects. We can use two different objects to define the edges of the ruled surface:
lines, points, arcs, circles, ellipses, elliptical arcs, polylines, or splines. The two objects to
be used as the rails of a ruled surface mesh must both be either open or closed. For open
curves, AutoCAD starts construction of the ruled surface based on the locations of the

specified points on the curves.

O orHEL 88
File Edit
Solid

) 2

MESPZ Box L\\? :

Primitives u

View Insert For

Home Surface  Mesh

+SI"I

2 Sm
Smooth

Object Re

2. Inthe command prompt area, the message
“Select first defining curve:” is displayed.
Choose the lower arc by clicking on the right

side as shown.

1. Pick Ruled Surface in the Draw pull-down menu.

——

——

Select second defining curve:

3. Inthe command prompt area, the message “Select
second defining curve:” is displayed. Choose the
inside straight edge on the right side as shown.
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[=1I5E Isometric ]| ]
Custom Visual Styles 4. In the Visual Styles toolbar, click on the

Hidden icon to display the model with

v | 2D Wireframe . .
hidden lines removed.

Conceptual

Hisﬁen
Reallstic

e The selected edges are removed
from the display so that the face of
the ruled surface appears to be more
realistic.

5. On your own, repeat the above steps and create another ruled surface as shown. (Hint:
Use the Realtime Zoom function to assist in the selection of the arc.)
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X 3DFACE
: 6. In the command prompt area, enter 3dface to

=1~ 3DFACH activate the 3D Face command as shown.
Model Layout] Layout: +

e Onyour own, complete the surface model as shown. (Hint: Use the Edge command
to hide the edges of the created faces.)
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Review Questions:

1. List and describe three differences between Wireframe models and Surface models.
2. List and describe the three types of faceted surfaces available in AutoCAD.

3. List and describe two different shading options in AutoCAD.

4. What is the difference between the 2D Solid and 3D Face commands in AutoCAD?

5. What is the difference between Tabulated Surface and Ruled Surface in
AutoCAD?

6. Identify and describe the following commands:

a)

—
e[+
-
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Exercises: All dimensions are in inches.

1.
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Class
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Chapter 5

Procedural and NURBS Surface Modeling

Learming Cyjecuives

¢ Create Procedural Surface Models
¢ Understand the Different in between Spline

Fit and Spline CV

¢ Using the Extrude, Planar and Network

Commands to create surfaces

¢ Understand the Use of 3D NURBS Surface

Editing Commands
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Introduction

Besides the classical faceted surface modeling techniques, presented in the previous
chapter, AutoCAD also provides two other options to create thin shell surfaces: namely
Procedural surfaces and NURBS surfaces. The primary usage of 3D surface modeling in
industry concentrates on creating smooth 3D surfaces, such as car bodies, ship bodies,
computer mouse and cell phone cases.

NURBS, Non-Uniform Rational B-Splines, are mathematical representations of 3D
geometry that can accurately describe any shape from a simple 2D line, circle, arc, or
curve to the more complex 3D free-form surface. Because of their flexibility and
accuracy, NURBS models can be used in simple illustrations, animations and
manufacturing of products. The amount of information required for a NURBS
representation of geometry is typically smaller than the amount of information required
by faceted approximations. The shape of the 3D surface is determined by control points
as illustrated in the below figure.

In AutoCAD, procedural surface models can be easily created from profile shapes
composed of lines and curves using the Extrude, Loft, Planar, Revolve, Network, and
Sweep commands.

n* DEHE L 2] & < &« £330 Modeling

File Edit View Insert Format Tools Draw Dimens

Home Sohd SUHSE Mesh Visualize Parametric Insert

& MNetwork & Planar v e
| ’ <> (] P

i) Loft B Extrude ¥ N .
- Blend Patch Offset Surface NURBS

o) Sweep g Revolve Associativity | Creation

Create

One typical modeling workflow is to create basic models using meshes, solids, and
procedural surfaces, and then convert them to NURBS surfaces for additional refinements
of shapes.

In this chapter, the general procedures to create Procedural surface models and NURBS
surface models are illustrated.
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Starting Up AutoCAD 2024

1.
2024 icon on the Desktop.

Select the AutoCAD 2024 option on the Program menu or select the AutoCAD

B create hew Drawing

= ﬁ 0 N Start from Scratch

Defauit Setings

ﬂ mpenzl Feet and inches)

) Mt

T
Lises the delaud impenal feel and inches) seltings

0K

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

Choose Imperial to use the
Standard English units setting.

4. Click OK to accept the setting.

Cancel

Turn On the UCS Il Toolbar

1. Inthe Menu Bar, select [Tools] 2 [Toolbars] > [AutoCAD].
Tools Draw Dimension Modify Window Help Paramj
Workspaces > |
Palettes > 4 K
Toolbars > AutcCAi}, >
| 51 Command Line Ctri+9 [ Move Offset Cop
Clean Screen Ctri+0 )
A~
Text 2. Select UCSII, with the left-mouse-button, to display the
ucs UCSII toolbar on the screen.
~ UGS ) . .
Vi [3 » The options available in the UCSII toolbar allow us to
”few quickly orient and align the UCS.

O CocHEBLIS =)

- _ _ | . 3. Click on the Surface tab to show the
T S S N I B S surface commands available in

Home Solid Surﬁe Mesh  Visualize AutoCAD.

i i F “ :

& Network & Planas -p /4 e Note that a variety of 2D & 3D

bl Loft 1 Extrud ‘ i ;

o Lo xtrude | o Datch Offcet modeling commands are available

) Sweep @y Revolve to create surface models.




5-4 AutoCAD 2024 Tutorial: 3D Modeling

Layers Setup
1. Inthe Menu Bar, select [Tools] 2 [Toolbars] < [AutoCAD] - [Layers].

B e rromr |l Nindow | Hg arame o
Tools ~ Draw  Dimensic odify Windo p m 3D Navigation
Workspares 3 Fe Output  Calla Array Edit
£ Falettes — 1% - Arvay_Toalbar
Toolbars = AutoCAD : CAD Standards
=1 Commared Line Chil+3 Secton . Camera Acjistmen
Clean Screen Ctrl+ Flanc Dirmension
“F cpelling ocion ~ = Dimensional Constraints
G Cwick Select., —
Draw Cirdler MRS
Exfe Draw Crder, Annotation to Front
Inguiry o Fimd Tt
|_i Lipdate Fields ‘zeometric Constraint
: kel
o, Block Editor Ingquiry
Xref and Block In-place Editing et
FE: Data Extraction.. Layers
Data Links |d§ll Il

{i>, § Lligh O
-1

1 Layer Properties Manager

2. Click Layer Properties Manager in the
Layers toolbar.

s In AutoCAD, we always construct entities on a layer. It may be the default layer or a
layer that we create. Each layer has associated properties such as the visibility setting,
color, linetype, lineweight, and plot style.

FER 3. Click on the New Layer button. Notice a layer is

automatically added to the list of layers.

-;b!.- o

J New Layer (Alt+MN)

4. Create two new layers with the following settings:

Layer Color Linetype Lineweight
Construction Grey Continuous  Default
Object Cyan Continuous  Default

5. Select and highlight the layer Construction in the list of layers.

& S G 6. Click on the Set Current icon to set layer Construction
5. Name GE?_ L= as the Current Layer.

& 0 Set Current (

. -~ y[} 7. Click on the Close button to accept the settings and exit
I g the Layer Properties Manager dialog box.

— Close 1

PlotSt.. N.. Descriptio 8. Inthe Status Bar area, turn ON the Grid Display, Polar
- |. - Tracking, Object Snap, Object Snap Tracking, Dynamic
Nmm“l - Input and Lineweight options.

orma
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Create a Thin Surface Using the Extrude Command

In AutoCAD, procedural surface models can be easily created from profile shapes
composed of lines and curves. The Extrude command allows us to quickly take a 2D
profile and generate a 3D thin surface model.

[-1[ o 1[2D Wireframe]
Custom Model Views 1. In the View option list, select [SE Isometric].

~ Top
Bottom
Left
Right Z
Front Y
Back
SW Isometric o
SE Isometric

ME Isometric

2. Note that the current UCS is aligned to the
World Coordinate System. Select Right in
the UCS II toolbar as shown.

tbuild

1
b

- 3. Select the Line icon in the Curves tab as

Spline CV  Extract ™

move Isolines ~ () - _ shown.

Line

Creates straight line segments

L~ o

4. Inthe command prompt area, the message “Specify first point.” is displayed. Enter
0,0 to place the first point at the origin as shown.

EX 7 '~ LINE Specify first point: o,d
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5. Inthe command prompt area, the message “Specify next point or [Undo]:” is
displayed. Enter @0,1.5 to place the second point above the last point as shown.

X /7 v LINE Specify next point or [Undo]: @@,1.5
Enter
Cancel 6. Inside the graphics window, right-click once to bring up the
Recent Input option menu and select Enter to end the line command.
Undo

7. Hit the [Space] bar once to repeat the Line command.

8. Inthe command prompt area, the message “Specify first point:” is displayed. Enter
3,0 to place the first point at the origin as shown.

x ' = LINE Specify first point: 3,0

9. Inthe command prompt area, the message “Specify next point or [Undo]:” is
displayed. Enter @0,2.5 to place the second point above the last point as shown.

i X ' = LINE Specify next point or [Undo]: @e,2.4

10. In the command prompt area, the message “Specify next point or [Undo]:” is
displayed. Enter @-2,0 to place the second point above the last point as shown.

iX 7 v LINE Specify next point or [Undo]: @-2,0

11. For the next point, select the top
endpoint of the vertical line segment
we created earlier.

12. Inside the graphics window, right-click
once to bring up the option menu and
select Enter to end the line command.

. Enter

Y Recent Input

X Undo
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|
-
]

v|.

=1k L+ ot [ Construction
st Lol IO
- L_: B Construction
[ ] - .

Object

13. Activate the Object layer in
the Layers toolbar as shown.

D CoHEL IS~
File Edit
Solid

View Insert Format Tog

Home Surface Mesh Visualize

& Metwork & Planar G | o
iy I
b,:::,i Lﬂﬁ

5
e > H-..'f

(9 Extryde '
% Blend Patch Offset

|':|| Sweep & Revof¥e

Extrude

15. In the command prompt area, the
message “Select objects to extrude:” is
displayed. Pick all the line segments by
using an enclosing window.

14. Select the Extrude icon in the Create
tab as shown.

X
z L]
Enter _ ) )
c ancmﬁ} 16. Inside the graphics window, right-click once to accept the
selected entities.
MOde
A% Pan

e e e e e

17. In the command prompt area, enter
0.75 as the extrusion height and
create the surface model as shown.
Note that entering a positive
number will create the surface in
the positive Z direction of the
current coordinate system.

}ssiun]: 0.79

e Note that the surface model and the
line segments used as the profile are
on two different layers.
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Create another Profile

ok
i |
L

te [ (5 Right

[® world

1% Previous

o2

u: Botto
.': Front

1. Select Top in the UCS II toolbar to align
the sketching plane to the right side as
shown.

L,
L] -

B Construction

[-][SE Isumernc][EDW] Layer Control LRT\

2. Activate the Construction layer in
the Layers toolbar as shown.

3. Select the Line icon in the Curves tab as

build U =
id - o -
Spline CV  Extract
Hmove v Isolines .~ () ~
1 4.
Line
Creates straight line segments

shown.

In the command prompt area, the message
“Specify first point.:” is displayed. Enter 0,0 to
place the first point at the origin.

On your own, create the 2D sketch with seven line segments that are either horizontal
or vertical as shown in the below figure. Note that we can use either open or closed
profiles to create AutoCAD procedural surface models.

XY o
AN AR,
T
M S S S S — f.“._"
Fi

<
R S ‘x -
‘\} _.__,.-’ ] _._."hf
; S
<~
A
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Complete the Profile
1.

Using Object Snap

In the Menu Bar, select [Tools] = [Toolbars] = [AutoCAD].

Tools Draw
Workspaces
Palettes
Toolbars

=1 Command Li

Clean Screen

Dimension  Modify  Window Help Paramy
> |
? . f ] |
> AutocAly >
ne Ctrl+9 | Move Offset Cop
Ctrl+0
AA- o

Modity 1l
Multileader
Object Snap
Orbit

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

[

x X
o [ |!!

B

Snap to Endpoint

.L"'.

Snaps to the closest endpoint of an object

» Object Snap is an extremely powerful construction tool available on most CAD
systems. During an entity’s creation operations, we can snap the cursor to points on
objects such as endpoints, midpoints, centers, and intersections.

.o -.- - ) 3. Activate the Center, Radius command in the Curves
SplineCV  Extract A tab as shown.
y Isolines . * LT
! ' Center, Radius

) Center, Diameter

: 4. In the command prompt area, the message “ line Specify

s first point:” is displayed. Select Snap From in the
Snap From Object Snap toolbar.
Locates a point offse

5. Select the front right corner as the reference point
as shown.
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6. Inthe command prompt area, the message “Specify next point or [Close/Undo]: from
Base point <Offset>:" is displayed.

Command: @-2.67,1.5 [ENTER].

7. Inthe command prompt area, the message “Specify radius of circle or [Diameter]:” is
displayed.

Command: 0.375 [ENTER].

e The circle is created on the sketching plane with the Snap From option.
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Create another Thin Surface Using the Extrude Command

1k L ' [ Construction v,
[—][5|I A L E 1. Activate the Object layer in
. L2 o' B Construction the Layers toolbar as shown.
2o lid'E
‘ Object ‘

O CEHRBL ISR =
File Edit  View Insert Format Tod 2. Select the Extrude icon in the

Home Solid Surface  Mesh  Visualize Create tab as shown.

& Network & Planar .rjf___ Q/
i) Loft 1 Extryde VN

i k Blend Patch Offset
o) Sweep Gy Revofle

Extrude

3. Inthe command prompt area, the message “Select objects to extrude:” is displayed.
Pick all the line segments and the circle we created on the sketching plane.

T
A S S S— --.!"

Enter
Cancelt‘} 4. Inside the graphics window, right-click once to accept the
selected entities.
MOde
W% pan
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5. Inthe command prompt area, enter 0.75 as the extrusion height and create the surface
model as shown. Note that entering a positive number will create the surface in the
positive Z direction of the current coordinate system.

Wi~ EXTRUDE Specify height of extrusion or [Direction Path Taper angle Expression]: @.75

[=1ISE Isometnc][ | . .
6. In the Visual Style option list, select

Custom Visual Styles

2D Wireframe [Hldden]'
Conceptual .

¥ Hidden e Note that the surface model consists of
Realistic individual surfaces, which can be edited if

Zhadad necessary.
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Create a Flat Planar Surface

L -CcHEL S
File  Edit
Home
& MNetwork & Pla
tof Loft

o) Sweep

1.
Insert Forn

Mesh

| Ext:gie _&"a I_jk

o Revg Planar Surface

View

Sohd  Surface

In the command prompt area, the
message “Specify the first corner or
[object]:” is displayed. Select the
front top right corner as the first
corner as shown.

Select the Planar icon in the Create tab as
shown.

3. Select the intersection point at the top
inside corner as the second corner as

shown.

Note that Planar command
creates a flat planar surface.
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Use the Trim option to adjust the Top Surface

Select the Trim icon in the Edit tab as shown.

View

)ﬂg
.
Tn

Out

Manage
cﬁ' Untrim

Ainnotate

ol L
#
CV E

| Extend

. H
E (FScqut

Edit =

_a:“/
L.
Fillet

2.

3.

4.

displayed. Pick the three inside
vertical surfaces and the
cylindrical surface as shown.

In the command prompt area,
curves, surfaces or regions:” is

the message “Select cutting

Inside the graphics window,

S.

Inside the graphics window, right-click once to bring up the

option menu and select Enter to accept the selection.

Enter

In the command prompt area,
the message “Select objects to
trim.” is displayed. Pick the

planar surface we just created.

&

Extend

Canc

PRCjection direction

right-click once to accept the

selection.
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regions:” 1s displayed. Pick the inside top right area of the planar surface to trim

6. In the command prompt area, the message “Select cutting curves, surfaces or
the model as shown.

|||||||

...... W

T T

i\

WA

ASMVANANNY
A u_._m_whwr..._m._.flu:, W
.\ Y
’ WA/

VY

option menu and select Enter to accept the selection.

8. Inside the graphics window, right-click once to bring up the

-‘. “.m\-w oA
ﬁ..,”,ﬁ_mﬁ___..__.___..\“ |

=
(=8
£
et
o
©
[~

7. Pick inside the circular area on the planar surface to trim the model as shown.
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Create another Planar Surface

It 1 ([ From v X

Fi

&

LD - CEHEL 2 &

Home Solid Surface Mezsh )

Network & PI!E‘ % q
bd Loft O extridle  _ " _

rI']' Sweep :F' Revg Planar Surface

le Edit View Insert  Forn 2.

In the command prompt area, the
message “Specify the first corner or
[object]:” is displayed. Select the
front top right corner as the first
corner as shown.

1. Select Right in the UCS I toolbar to align
sketching plane as shown.

Select the Planar icon in the Create tab as
shown.

4. Select the intersection point at the
top inside corner as the second
corner as shown.

e Note that Planar command
creates a flat planar surface.
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Use the Trim option to adjust the new Surface

Annotate  View  Manage Out

w3 Untrim [ | 1. Select the Trim icon in the Edit tab as shown.

|
I Extend

Fillet Trig CV Ed
& Sculpt

Edit -

2. Inthe command prompt area, the
message “Select objects to trim:” is
displayed. Pick the vertical planar
surface we just created.

EMEr[:'}
Cance 3. Inside the graphics window, right-click once to bring up the

Extend option menu and select Enter to accept the selection.
PROjection direction

4. In the command prompt area,
the message “Select cutting
curves, surfaces or regions:” 1s
displayed. Pick the inclined
surface as shown.

5. Inside the graphics window,
right-click once to accept the
selection.
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6. Inthe command prompt area, the message “Select cutting curves, surfaces or
regions.” 1s displayed. Pick the inside top left area of the planar surface to trim the
model as shown.

Enter,

Canch 7. Inside the graphics window, right-click once to bring up the
Recent Input option menu and select Enter to accept the selection.

Undo
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Combining two Overlapping Surfaces

L)

)

with the front surface of the

surface.

2. Pick the two overlapping surfaces as
shown.

3. Inside the graphics window, right-
click once to accept the selection.

vertical section. We will use the
3D Union command to combine
the two surfaces into one single

» Note that the front vertical surface
of the base section is overlapping

% )0 - 1. Inthe command prompt area, enter UNION to activate
SRR UNTON the 3D Union command.

Surface Modeling - Union Operation on Surfaces

You are attempting a union operation on surfaces
which is not recommended. What do you want to

do?

— Continue the union operation
The surface will lose ass&auatmw.

—> Cancel the union operation

[] Do not show this message again

x
% By default, the Surface

surfaces.

operation to release the
associated link.

4. Click Continue the Union

Associativity option is turned
on, which means the profile
and the derived surface are
linked together. However, this
option provides very little
benefit to simple procedural
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% The two overlapping surfaces have been combined into a single surface.

5. Onyour own, repeat the above steps and combine the two surfaces on the back side
as shown.
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Create a 3D Free Form NURBS Surface Model

NURBS, Non-Uniform Rational B-Splines, are mathematical representations of 3D
geometry that can accurately describe any shape from a simple 2D line, circle, arc, or
curve to the more complex 3D free-form surface. Because of their flexibility and
accuracy, NURBS models can be used in illustrations, animations and manufacturing of
products.

NURBS are commonly used in computer-aided design (CAD), manufacturing (CAM),
and engineering (CAE) and are part of numerous industry wide CAD standards, such as
IGES, STEP, and ACIS. NURBS tools are also found in various general-purpose 3D
modeling and animation software packages.

The main advantage of NURBS surfaces is that they can be efficiently handled by
computer programs and also allow for easy human interaction. NURBS surfaces are
functions of two directional mapping to a surface in three-dimensional space. The shape
of the surface is determined by control points. NURBS surfaces are geometrical shapes
represented in a very compact form.

In general, editing NURBS curves and surfaces is highly intuitive and predictable.
Control points are either connected directly to the surface, or on construction curves.
Depending on the type of user interface, editing can be done on the control points.
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AutoCAD Spline Curves

A spline is a smooth curve that passes through or near a set of points that influence the
shape of the curve. Splines are types of curves, originally developed for ship building in
the days before computer modeling. Naval architects needed a way to draw a smooth
curve through a set of points. The solution was to place metal weights (called knots) at
the control points and bend a thin metal or wooden beam (called a spline) through the
weights. The physics of the bending spline meant that the influence of each weight was
greatest at the point of contact and decreased smoothly further along the spline. To get
more control over a certain region of the spline, the draftsman simply added more
weights. This scheme had obvious problems with data exchange! People needed a
mathematical way to describe the shape of the curve. Cubic Polynomials Splines are the
mathematical equivalent of the draftsman’s wooden beam. Polynomials were extended to
B-splines (for Basis splines), which are sums of lower-level polynomial splines. Then B-
splines were extended to create a mathematical representation called NURBS.

e Understand Control Vertices and Fit Points

In AutoCAD, we can create or edit splines using either control vertices, or fit points. The
spline on the left displays control vertices along a control polygon, and the spline on the
right displays fit points.

Q
S o™ o
\\__ .I"‘
a _
J i
IS (1]
w | ¥ |
v v

Use the triangular grip on a selected spline to switch between displaying control vertices
and displaying fit points. We can use the round and square grips to modify a selected
spline.

It is important to note that switching the display from control vertices to fit points
automatically changes the selected spline to degree 3. Splines originally created using
higher-degree equations will likely change shape as a result.
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Start a New Drawing and Layers Setup

n' = H &L 1. Inthe Menu Bar, select [Tools] 2> [Toolbars] 2>
File  Edi [AutoCAD] - [Layers].

New

]
Home = Creates a blank dr|

& Metwork : QNEW

ﬂ Create New Drawing

s q {N Start

2. Onyour own, choose the Imperial units Default Settings
and start a new drawing. © imperial feet and inches)
() Metric
3 —.]}P ¢ @ e lO 3. Click Layer Properties Manager in the

Layers toolbar.

.l Layer Properties Manager

% In AutoCAD, we always construct entities on a layer. It may be the default layer or a
layer that we create. Each layer has associated properties such as the visibility setting,

color, linetype, lineweight, and plot style.

R R N 4. Click on the New Layer button. Notice a layer is
automatically added to the list of layers.
J New Layer (Alt+N)

5. Create two new layers with the following settings:

Layer Color Linetype Lineweight
Construction Grey Continuous  Default
Object Cyan Continuous  Default

6. Select and highlight the layer Construction in the list of layers.

& 3 G 7. Click on the Set Current icon to set layer Construction
bE? = as the Current Layer.

e ,[} 8. Click on the Close button to accept the settings and exit
B g the Layer Properties Manager dialog box.
5, Close %

PlotSt.. N. Descriptio 9. Inthe Status Bar area, turn ON the Grid Display, Polar

Tracking, Object Snap, Object Snap Tracking, and

Mormal [ . /
Normal L3 Dynamic Input options.
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Create Two sets of Splines

[=1[7 012D Wireframe]

Custom Model Views

~ Top
Bottom
Left
Right
Front
Back
SW lsometric
SE Isometric
NE Isometric

1. In the View option list, select [SE Isometric].

e Note that the current UCS is aligned to the World Coordinate System.

¥ Rebuild S =N,
¢ Add o I -
* Spline CV  Extract )
*Z Remove v Isolines .~ () =
- - -_é -_--.
| (]
Rectangle

2. Select the Line icon in the Curves tab as

shown.

3. Enter 0,0 to place the first point at the

origin as shown.

Thickness Width]:

0,0

4. In the command prompt area, the message “Specify next point or [Undo]:” is
displayed. Enter @8,8 to place the second point above the last point as shown.

v|3

£hl % L B Construction
Ll of' W Construction

s, 1

SRARKRAE|E

5. Activate the Object layer in
the Layers toolbar as shown.

6. Select Right in the UCS II toolbar as

shown.
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-1 112D Wireframe] s 1 . .

Custom Model View 7. Select Right in the View Control toolbar as
slo vioael! Views
shown.

Top
Bottom
Left
Right
Frnntb

% Rebuild ~ | I 8. Select the Spline Fit option in the Curves tab as shown.

A o .

Spline CV - Bxtrd o The Spline Fit option means the selected points are on

= Remove el the created spline.

/ Spline CV bz
’ .,/ Spline Fit [:&

9. Start at the origin and create a spline with 5 or 6 points and end at the right endpoint

as shown.

Enter

Caficel 10. Inside the graphics window, right-click once to bring up

Recent Input > the option menu and select Enter to end the command.
L end Tanmemewy |
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it 12 Right v X ,
—_ LE}. W:rld 11. Select Front in the UCS I toolbar as
T:; Previous shown.
@ Top
% Botiom -0 2D Wireframe] |+ 1, o
Custom Model Views
|1_] Left Top
— Bottom
12. Select Front in the View Control toolbar Left
as shown. Right
Front
- - — Back
** Rebuild I
| % Add o
[ e Spline Fit - BXtract 13 gelect the Spline CV option in the Curves tab as
= Remove Isolines
Ty shown.
{/™\_/ Spline CV §UNVES 3

14. Start at the origin and create a spline with 5 or 6 points and ends at the right endpoint
as shown.

15. Inside the graphics window, right-click once to bring up the option menu and select
Enter to end the command.




Procedural and NURBS Surface Modeling ~ 5-27

n  Modify Window Help Paramet

tat ™= properties sb{ 16. In the pull-down menu, select Copy as shown.
i Ei Match Properties
|.'=|} Change to ByLayer 1
et Object > P
. N
Clip »
Annotative Object Scale >
. Erase
T Copy |y
T A Miceae

17. On your own, copy the first spline to the right side as shown.

18. On your own, copy the second spline to the back side as shown.
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Display the Control Vertices and Edit the Splines

1. Inthe Layer control toolbar option list, turn off the Construction layer as shown.

-

25| 2 ¢ Tl of M Object ar
i &% L MO
[=1ic BN Jconstrucion |

10w opject

Turn a layer On or Off

2. Select the right Spline curve and
notice the grip points are on the
curve itself as the curve was
created with the Spline Fit
command.

3. On your own, adjust one of the
grip points a bit higher or lower.

4. Select the front Spline curve and
noticed the grip points are not on
the curve itself as the curve was
created with the Spline CV
command.

5. Onyour own, adjust one of the grip
points a bit higher or lower.

e Note that we can switch from Spline CV
T Fit to Spline Fit by clicking on the Triangle
v Control Vertices icon as shown.
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Create a Network Surface

o) Swee Network Surface

D ocHEL

File Edit View Insert
Home  Solid Surface M
& Network & Planar 4
Vol Loft @1 Extrude

1. In the Create toolbar, activate the Network Surface

command as shown.

In the command prompt area, the message “Select curves or surface edges in first

2.
direction.” 1s displayed. Pick the left and right curves as shown.
N
\\H
—
\\__H.%-
\‘“\Hh___h
~
3. Inside the graphics window, right-click once to accept the selection.

4.

In the command prompt area, the message “Select curves or surface edges in second
direction:” 1s displayed. Pick the front and back curves as shown.

5.

Inside the graphics window, right-click once to accept the selection.
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e Note that we have created a smooth 3D surface model using four splines.

6. Click on the right edge of the 3D surface model and use the grip point control to
adjust the 3D surface.

Parametric  Inser

<> ( e By default, the Surface Associativity option is turned on,
o

.~4 therefore adjusting the Spline will also adjust the surface.
Surface | NUJ
Associativity| Creg
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Convert the Network surface to a NURBS surface

Collaborate Lol
7 7S =~ | 1. Inthe Control Vertices toolbar, activate the Convert
' NA) | N NS to NURBS command as shown.
Bar Converito Show Hide
NURES v v 2. Select the surface and click right-mouse button once to

Control Vertices convert the surface.

Collaborate [s]=
&t e e g : 1
1, 6 ¥ /7 2 NN 3. In the Control Vertices toolbar, activate the Show CV
e e

_ =3 command as shown.
Convertto Show Hide

MURBS C v 52 . .
& 4. Select the surface and click right-mouse button once to

Control Vertices accept the selection and display the control vertices.

5. The NURBS surface can now
be adjusted by dragging &
dropping the available control
vertices.
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Review Questions:

1. Describe the difference between Spline Fit and Spline CV.

2. How do we convert a Network surface into a NURBS surface?

3. What does the Surface Associativity option allow us to do in AutoCAD?
4. Can we turn a single line into a flat surface in AutoCAD?

5. Can we use the Extrude command and turn a rectangle into a thin shell surface
model in AutoCAD?
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Exercises: All dimensions are in inches.

1.
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Notes:
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Chapter 6
Solid Modeling — Constructive Solid Geometry

Learming Cyjecuives

¢ Understand the Constructive Solid
Geometry Concept

¢ Create a Binary Tree

¢ Understand the Basic Boolean
Operations

¢ Create Solids Using AutoCAD Primitive
Solids

¢ Generate Shaded Solid Images

¢ Use SteeringWheels
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Introduction

In the previous chapters, we have looked at wireframe modeling and surface modeling.
Wireframe modeling describes only the corners and edges of designs. Surface modeling
describes part surfaces but not interiors. Although surface models are fairly good
representations of the actual designs, designers are still required to interactively examine
surface models to ensure that the various surfaces on a model are contiguous throughout.
Many of the concepts used in 3D wireframe and surface modelers are incorporated in the
solid modeling scheme, but it is solid modeling that offers the most advantages as a
design tool.

In the solid modeling presentation scheme, the solid definitions include nodes, edges, and
surfaces, and it is a complete and unambiguous mathematical representation of a
precisely enclosed and filled volume. Two predominant methods for representing solid
models are constructive solid geometry (CSG) representation and boundary
representation (B-rep). CSG defines a model in terms of combining basic solid shapes
and B-rep defines a model in terms of its edges and surfaces. AutoCAD’s solid modeler
is a hybrid modeler; the user interface and construction techniques are CSG-based,
whereas the B-rep capabilities are invoked automatically and are transparent to the user.

In this chapter, we will discuss the fundamental concepts of solid modeling. We will

demonstrate the procedure required to construct a solid model using AutoCAD’s CSG-
based user interface.

The Guide-Block Design
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Constructive Solid Geometry Concept

In the 1980s, one of the main advancements in Solid Modeling was the development of
the Constructive Solid Geometry (CSG) method. CSG describes the solid model as the
combination of basic three-dimensional shapes (primitive solids). The basic primitive
solid set typically includes Rectangular-prism (Block), Cylinder, Cone, Sphere, and
Torus (Donut). Two solid objects can be combined into one object in various ways; these
operations are known as Boolean operations. There are three basic Boolean operations:
UNION (Join), SUBTRACT (Cut), and INTERSECT. The UNION operation
combines the two volumes included in the different solids into a single solid. The
SUBTRACT operation subtracts the volume of one solid object from the other solid
object. The INTERSECT operation keeps only the volume common to both solid objects.
The CSG method is also known as the Machinist's Approach, as the method is parallel
to machine shop practices.

Primitive Solids

Ve AN

UNION INTERSECT

SUBTRACT SUBTRACT
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Binary Tree

CSG is also referred to as the method used to store a solid model in the database. The
resulting solid can be easily represented by what is called a binary tree. In a binary tree,
the terminal branches (leaves) are the various primitives that are linked together to make
the final solid object (the root). The binary tree is an effective way to represent the steps
required to construct the solid model. Complicated solid models can be modeled by
considering the different combinations of Boolean operations required in the binary tree.
This provides a convenient and intuitive way of modeling that imitates the manufacturing
process. A binary tree is an effective way to plan your modeling strategy before you start
creating anything.

Terminal branches

Y Result

ROOT

Union
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The Guide-Block CSG Binary Tree
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AutoCAD 2024 Tutorial:

3D Modeling

Starting Up AutoCAD 2024

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD
2024 icon on the Desktop.
All apps
AutoCAD 2024 - English
New
= Attach Digital Signatures
n AutoCAD 2024 - English
New
v Batch Standards Checker
|[<* Export AutoCAD 2024 Settings
2. Inthe Startup dialog box, select the Start from Scratch option with a single click
of the left-mouse-button.
ﬂ Startup 4
- Start from Scratch
@ 0O L N
Default Settings
() Imperial feet and inches)
oM
5 [—
- =1
Tp
Uzes the defauk metric s=ttings
[ ok | caneal
3. Inthe Default Settings section, pick Metric as the drawing units.

4. Click OK

to accept the settings and exit the Startup window.

=|{5k3D Mudegng

5. On your own, set the workspace to 3D Modeling

To Dra
~ Workspace

Fd

0l5

rametrc

as shown.
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Layers Setup

Properti

Layer Properties

Z [éF L
H é@ Gro Eps— \— 1.

jon | Layers View
- 0
= A pte

P __7 & O
La}rerb S =

In the Menu Bar, click on the triangle symbol in the
Layers Toolbar to display the additional options.

2. Click Layers Properties Manager in the Layers
M toolbar as shown.

L S L
« 5k MName On

New Layer (Alt+N)

3. Click on the New button. Notice a layer is automatically
added to the list of layers.

4. Create a new layer with the following settings:

Layer
Solid_Objects

Color Linetype
Cyan Continuous

5. Set layer Solid_Objects as the Current Layer.

E y& Current layer: Solid_Objects 6. Click on the Close button to accept the settings and
L : 2 2 exit the Layer Properties Manager dialog box.
3] Close ™ | = o
Filters

Create the First 3D Object

L -CecHEL 2 S
File Edit View Insert Faorr

Hame Solid  Surface  Mesh

!]‘ () Polysclid

£ Presspull
Box Extrude Smo:

| Objes
Box ing - Mg
— Drawingl x <

| Cylinder

‘rame]

5 Cone

;I Sphere

¢ Pyramid

. Wedge

& ) Torus
1

1. Click on the down arrow below the first icon of the 3D
Modeling toolbar as shown.

% Note that the first icon of the 3DModeling toolbar
contains the basic set of pre-defined solids, primitive
solids, available in AutoCAD 2024.

2. On your own, move the cursor on top of the different
icons and examine the available options.

» Also note that the typical basic primitive solid set
includes Box (Rectangular-prism), Cylinder, Cone,
Sphere, and Torus (Donut).
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e We will first create a 75 x 50 x 15 rectangular block.

Home Solid Surface h 4
| W ©
Box Extrude Smooth
- N Object
: Mest
IH““ - esh
— [ Drawi
|C'y' Box
Creates a 3D solid box
Cao

> | [ BOX

3.

In the Modeling toolbar, click on the Box icon. In the
command prompt area, the message “Specify corner of
box or [Center] <0,0,0>.” is displayed.

Pick a location that is near the lower left corner of the
graphics window.

In the command prompt area, the message “Specify
corner or [Cube/Length]:” is displayed. Enter @75,50
[ENTER].

 Specify height or (]

6. Inthe command prompt area, the message “Specify Height:” is displayed. Enter 15

[ENTER].

=11 2D Wireframe]

:_.'_-'I_l Ir.|,_,._|c| VIEW's [

v | Top
Bottomn
Left
Right
Front
Back
SW Isometric
SE Isometyic
ME Isum:[%c
MWW Isometric

View Manager...

v | Parallel

Perspective

7.

In the View Display Controls list, click on the SE
Isometric View icon to set the display of the solid
model
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Create the Second Solid Feature

We will next create a cylinder block as the second solid feature.

Home Solid Surface

J v

Box  Extrude g Sm
w L4 Ol.

| Box

C?E&‘der 2D Wirefrar

Temporary track point
From

Mid Between 2 Points
Point Filters

3D Osnap

Endpoint

~ Midpoint

Inte rse[;:}tiﬂ n

_ Apparent Intersect

Extension

1. Inthe 3D Modeling toolbar, click on the Cylinder icon. In
the command prompt area, the message “Specify center
point for base cylinder or [Elliptical] <0,0,0>:" is
displayed.

2. Inside the graphics window, press down the [SHIFT] key
and right-click once to bring up the Object Snap shortcut
menu.

3. Select the Midpoint option in the shortcut menu. Snap to
and select the midpoint of the bottom-left edge of the
rectangular block as shown in the figure below.

4. Inthe command prompt area, the message “Specify radius
for base of cylinder or [Diameter]:” is displayed. Snap to
and select one of the endpoints of the bottom edge of the
rectangular block.

5. Inthe command prompt area, the message “Specify height of cylinder or [Center of
other end]:” is displayed. Move the cursor up to set the height direction and enter 40

[ENTER].
.-'-d- ~— 1 T -
s .
/ %
\ ) Cylinder aligned to
T T the bottom edge of
P s / the rectangular block
AT - ] e
Iy - = B e
S P B ~
\ M.-* d ! ey b e
"'-.._\ - -""-\..,H "z,--'l e . b
“‘-\,_F_ -._\__x_:"'-r" -~ - - -
-, - --L_LH\‘ P - _
™ . T -
S ‘H'\-\.‘_‘ - -~
- - P
H.\"'-\_‘.H "__{-'""#
o

e We have created two solid objects, one rectangular box and one cylinder, that are
displayed on the screen.
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Boolean Operation — Union

1. Move the cursor on top of the third group of icons, the Solid Editing toolbar, which
contains the basic set of Boolean operation icons. On your own, read the brief
description of each of the Boolean commands.

B CEHEL 2] & < - - 30 Modeling v = 4 Share
File Edit View Inset Format Tools Draw  Dimension  Modify  Window  Help
Home  Solid  Surface  Mesh  Visualize  Parametric  Inseit  Annotate  View  Manage  Output
D !‘[ (D polysolid % @& o (5 (D ExtractEdges - .0 5 7~ on & 4 G
- - N A
Box Extrude i Presspull Smooth -ljl % 5 [‘* Extrude Faces - /v 7 ':;;' - (= @ O E
- - Object & (595 & (]9 Separate -~ O e~ 4 Abl G
Modeling = Mesh s Solid, Subtract i
= Start Drawingl X - Combines selected 3D solids or 2D regions by subtraction
Format Tools Draw Dim
Vieualize  Parametrc tnsert | 2. Inthe Solid Editing toolbar, click on the Union icon.
o In the command prompt area, the message “Select
+

P = @ ) _ _I 3 Objects:” is displayed.

u .
. Solid, Union 3. Pick both solids by clicking on any of their edges.
- Combines selected 3D solid
‘=a UNION
4. Inside the graphics window, right-click to accept the selection and proceed with the

Union command.

CSG UNION
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Create the Second Cylinder Feature

We will create another cylinder as the next solid feature.

S - h—g 1
Cyliniter = Extrude

Cylinder

Home Solid Surface

] W @

Sta Creates a 3D solid cylinder

Mesh

+{ 1. Inthe Modeling toolbar, click on the Cylinder
icon. In the command prompt area, the message

“Specify center point for base cylinder or
[Elliptical] <0,0,0>:" is displayed.

Smooth
Object

ITETSETITUT
~ Apparent Intersect

Extension

) Center
| Geometric Center

Quadrant

) Tangent

2. Inside the graphics window, press down the [SHIFT] key
and right-click once to bring up the Object Snap shortcut
menu.

3. Select the Center option in the shortcut menu.

4. Snap to and select the center of the circle that is at the top of the solid block.

5. Inthe command prompt area, the message “Specify radius for base of cylinder or
[Diameter]:” is displayed. Enter 15 as the radius value: 15 [ENTER].

U 6. In the command prompt area, the message “Specify
"ﬂ-‘-. -\_\" . . . .
A1 — T radius for base of cylinder or [Diameter]:” is
r e E e, . .
(¢ . y displayed. Set the extrusion to the downward
AN A direction by entering a depth value: -50 [ENTER].
+. 50 _,_f"f\-_ —
|- AT - "' g il h .
=5 - | ~ oA |
( - ﬂ'l A
- ] ~ ) L - . - A
Sm————== | Spedfy height or izl _ \'*-,___ e {7\
A ., - e T :\i e
) - e — .
T - P ] .
. = ) e,
/ :'*HH b .
T= e e o ™ .. .
! 4 x‘x,_ T T
-, . e . |
S|k e
\,L_HH -H""‘-H ’H.__._.- "-;\_:-
= - '\-_\_\H . .-f"f
“MK il e
. _.-"'-'
H"xx o~

e Two solid objects, the base block and a cylinder, are displayed on the screen. On your
own, use the available Views options to confirm the top of the two solids are aligned.
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Boolean Operation — Subtract

jsualize  Parametric  Insert

P =5 OLF 7
Qs ~/C
Solid, Subtract
Combines selected 3D solids

1. Inthe Modeling toolbar, click on the Subtract icon.
In the command prompt area, the message “_subtract
Select solids and regions to subtract from ... Select
Objects.” is displayed.

2. Pick the base block solid by clicking on one of the
straight edges.

'=a SUBTRACT

3. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

4. In the command prompt area, the message “Select solids and regions to subtract...
Select Objects:” is displayed.

5. Pick the cylinder block by clicking on one of the circular edges.

6. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

CSG CUT
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Create another Solid Feature

As can be seen, the CSG construction approach is quite straightforward. The main task is

in positioning and aligning the solid blocks prior to applying a Boolean operation.

Home Solid Surface Mesh
| § @

R 4 |_./ 1

C}flin&r Extrude Smoaoth
i ) Object
Cylinder

5ta Creates a 30 solid oylinder

]

+

5.

—1  Temporary track point 2.
. From

Mid Between 2 Points

Point Filters

3D Osnap 3.

1. In the Modeling toolbar, click on the Cylinder

icon. In the command prompt area, the message

“Specify center point for base cylinder or
[Elliptical] <0,0,0>:” is displayed.

Inside the graphics window, press down the [SHIFT] key

and right-click once to bring up the Object Snap shortcut
menu.

Select the From option in the shortcut menu.

@-30,25 [ENTER].

4. Snap to the top front corner of the base block and enter

In the command prompt area, the message “Specify radius

for base of cylinder or [Diameter].” is displayed.

Enter 10 [ENTER].

6. Move the cursor downward and create a cylinder that is longer than the height of the

horizontal base as shown.

Visualize Parametric  Inse

N Iy P Qg ==

2 QA SF- N C

2 (T < da . & T

v | S¢ Solid, Subtract
Combines selected 3D ¢

7. On your own, perform the Boolean Subtract

operation.
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Visual Styles Options

B0 wireiame < ﬁ - 1. Move the cursor to the Visualize toolbar panel and

: & ] left-click on the downward triangle to display a
[ Unsaved View Visual Styles list of available options.
Is] - Provides a choig
View = current

.ZD Wireframe ~ @ i 2

In the Visual Styles toolbar, click on the
Conceptual Visual Style icon to display the
shaded image of the solid model. A solid model
contains both surfaces and volume.

2D Wireframe  Concefual

Shaded Shaded wi... Shades o

Wireframe X-Ray

» On your own, examine the solid model by using
the ViewCube.
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Create the Final Feature

We will create a rectangular cut as the final solid feature of the part. In the previous
sections, with some careful planning, we positioned the solid blocks at the correct space
locations while we were creating the solids. It is also possible to take a more general
approach to orient and position solid blocks in space coordinates.

r v
|
Dirsaasi

I

1. In the Modeling toolbar, click on the Box icon. In the
command prompt area, the message “Specify corner of

(e

i

box or [Center] <0,0,0>:” is displayed.

C
|:— Creates a 30 solid box

Snap UCS to active solids plane - Off | | 2. Inthe Status bar area, turn off the
Dynamics UCS - UCSDETECT (F6) | | Dynamic UCS option if it is

visible, or hit the [F6] key once.

T = K A e 8-+

7 N

3. Snap to and select the top front corner of the base
block.

4. Inthe command prompt area, the message “Specify

corner or [Cube/Length]:” is displayed.
Enter @-30,30 [ENTER].

5. Inthe command prompt area, the message “Specify height:” is displayed. For the
depth value Enter -20 [ENTER].

L.

» Two overlapping solids appear on the screen. We will use the editing tools to orient
the cutter, the newly created rectangular block, to its correct location.
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Rotating the Rectangular Block

Annotate  View  Manage

hEPDE "

Select 3D Rotate in the Modify toolbar as shown.

(o @I}C’ AN Sec{ 2. Inthe command prompt area, the message “Select
¢ A objects:” is displayed. Select the rectangular block

“ 3D Rotate

by clicking on any of the displayed edges of the
In a 3D view, displays ths model.

3. Inside the graphics window, right-click to accept the selection and proceed with the

3D Rotate command.

v/ /

A4 AN,

\ o

5

W
/\

1/

s

N

5. Inthe command prompt area, the message
“Pick a rotation axis:” is displayed. Select the
X-axis by clicking once on the RED grip

rotate handle as shown.

4. In the command prompt area, the message
“Specify base point:” is displayed. Select the
top front corner of the rectangular box as

Note that the 3D Rotate command requires
the definition of a base point, a rotation axis
and the angle of rotation.

6. In the command prompt area, the

message “Specify angle start point:”
is displayed. Enter 90 [ENTER].

e i
|5pm:ﬁr angle start point: | | EIIJH
!
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Reposition the Rectangular Block

1. Pre-select the rectangular block by left-clicking on any edge of the block.

Erase

Mm&e
Copy Selection

Scale

Beatate

¥ 07 oF ¢+ &,

2.

Inside the graphics window, right-click and select Move in the
pop-up menu. In the command prompt area, the message
“Specify base point or displacement:” is displayed.

3. Snap to and select the top front corner of the rectangular block as the reference

point.

4. In the command prompt area, the
message “Specify second point of
displacement or <use first point as
displacement>." is displayed. Enter

@0,15,-20 [ENTER].

5. On your own, use the Free Orbit
command to examine the constructed
objects.

6. On your own, perform the Subtract Boolean operation and complete the model.

.|CSG CUT
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The SteeringWheels

The SteeringWheels are tracking menus that are divided into different sections known
as wedges. Each wedge on a wheel represents a single navigation tool. You can pan,
zoom, or manipulate the current view of a model in different ways. The 3D
SteeringWheel and 2D SteeringWheel (mostly used in the 2D drawing mode) have
some or all of the following options:

Zoom - Adjusts the magnification of the view.

Center - Centers the view based on the position of the cursor over the wheel.

Rewind - Restores the previous view.

Forward - Increases the magnification of the view.

Orbit - Allows 3D free rotation with the left-mouse-button.

Pan - Allows panning with the dragging of the left mouse-button.

Up/Down - Allows panning with the use of a scroll control.

Walk - Allows the walking, which is linear motion perpendicular to the screen,
through the model space.

Look - Allows rotation of the current view vertically and horizontally.

3D Steernng Wheel 2D Steering Wheel
Z00M x
ULl OOM
- & *\ 3 — B
= 3 |
z N
o % U.F'f z REWIND
PAN - PAN

~— | 1. Activate the SteeringWheel, in the View display
@] toolbar, by clicking on the icon as shown.

Full Navigation Wheel

Provides access to the general anc

2. Move the cursor in the graphics window and
notice the 3D Steering Wheel menu follows
the cursor on the screen.

ANIMIY

3. Move the cursor on the Orbit option to
highlight the option.

4. Click and drag with the left-mouse-button to
activate the Free Rotation option.
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5. Drag with the left-mouse-button and notice the ViewCube also reflects the model
orientation.

i)

Orbit Tool

6. Move the cursor to the left
side of the model and click
the Center option as
shown. The display is
adjusted so the selected
point is the new
Zoom/Orbit center.

7. On your own, experiment
with the other available
options.

WCE
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Review Questions:

1.

What are the three basic Boolean operations commonly used in computer geometric
modeling software?

2. What is a primitive solid?

3. What does CSG stand for?

4. Which Boolean operation keeps only the volume common to the two solid objects?

5. What is the difference between a CUT feature and a UNION feature in AutoCAD?

6. Using the CSG concept, create Binary Tree sketches showing the steps you plan to
use to create the two models shown on the next page:

Ex.1)

Ex.2)
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Exercises: Unless otherwise specified, all dimensions are in inches.

1.
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3.
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Dimensions are in mm.
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Notes:
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Chapter 7
Regions, Extrude and Solid Modeling

Leammiing Qyeeiives

¢ Use 2D Extrusion Method to Create Solid
Models

¢ Understand and Create Regions

¢+ Edit 3D Geometry with the Rotate and
Move Commands

¢ Examine the Mass Properties of Solids

¢ Understand the Concept of Boundary-
Representation Modeling Approach




7-2 AutoCAD 2024 Tutorial: 3D Modeling

Introduction

AutoCAD provides many powerful modeling and design-tools, and there are many
different approaches to accomplish solid modeling tasks. The CSG approach, as
illustrated in the previous chapter, allows designers to create solid models by using a set
of predefined shapes to simulate the manufacturing process. Using only a limited set of
predefined solids becomes less efficient as more complex geometric definitions are
involved. Another solid modeling method, parallel to the development of the CSG
approach, is the Boundary Representation (B-rep) approach. CSG defines a model in
terms of combining basic solid shapes and B-rep defines a model in terms of its edges
and surfaces. Two of the most important solid construction operations based on the B-rep
approach are Extrude and Revolve. The Extrude and Revolve options can be used to
convert two-dimensional filled polygons into 3D solid models. This concept of using
two-dimensional sketches of the three-dimensional features proves to be an effective way
to construct solid models. Many designs are in fact the same shape in one direction.
Computer input and output devices we use today are largely two-dimensional in nature,
which makes this modeling technique quite practical. AutoCAD’s solid modeler is a
hybrid modeler; the user interface and construction techniques are CSG-based, whereas
the B-rep capabilities are invoked automatically and are transparent to the user.

It is important to point out that solid modeling provides us with very powerful design
tools. With the abundant tools available in solid modeling software, the modeling
techniques are limited only to the imagination of the designer. Instead of the individual
2D views, one should concentrate on the 3D features of designs. In this chapter, the V-
Block design from chapter four is revisited to introduce the solid modeling tools
available in AutoCAD. The procedure to create solid models using the Extrude
command is demonstrated.

The V-Block-Solid Design

» Make arough sketch of a
CSG binary tree showing the
steps that can be used to
construct the design. What
are the advantages and
limitations of using the CSG
approach in creating the
design? What other tools
could be helpful to the
modeling task at hand? Take
a few minutes to consider
these questions. You are
encouraged to construct the
design on your own prior to
going through the tutorial.
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Starting Up AutoCAD 2024

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD

2024 icon on the Desktop.

All apps
AutoCAD 2024 - English
MNew

«= Attach Digital Signatures

ﬂ AutoCAD 2024 - English
New

il Batch Standards Checker

|[** Export AutoCAD 2024 Settings

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

n Create Mew Drawing

[:'; ﬁ D {’ﬁ Start from Scratch

Defoull Settings.

Q) mpenal fieet and inches)

() Metric

Tip
Uses the defauk imperial feet and inches) settings.

Cancel

X

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

units.

oK ] 4. Pick OK in the Startup dialog box to accept the selected settings.

»|{5h3D Mu:ndegng -5
Toaols Drg

Parametric

Workspace as shown.

5. On your own, set the workspace to 3D Modeling
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Layers Setup

l.

[=][Top]

Tl = L] -
M LRI i

| e .D

1

Layer Properties Manager

Manages layers and layer properties

Layers toolbar.

=3

L4 SQ Mame

-

o

= 4
On

u New Layer (Alt+N)

4. Create two new layers with the following settings:

Layer

In the Menu Bar, select [Tools] = Toolbars] = [AutoCAD] = [Layers].

2. Click Layers Properties Manager in the

3. Click on the New button to create new layers.

Color Linetype Lineweight
Construction Grey Continuous Default
Object Cyan Continuous 0.30mm
yo | Current layer: 0 Search for layer Q
IR A & & £k o (Sl *
Filters “ | 5. Name 0. F.. L.. P.. Color Llinetype Lineweig.. Trams.. PlotSt.. M. Description
.2, All 0 ¥ 4% gf © Wwh... Continu.. — Defa... 0 Nomal B
T Al Us L Continu... — Defa...
£7 Object ¥ o & [eyan Continu... == 0.30.. 0 Mormal [

@ | 5.

T 7

Ma
0

=

A,

me

| -, 1

‘ Set Current (Alt+0)

“

: k[urrent
Close Ii

Filters

layer: Construction

9

8.

options.

5. Select the layer Construction by clicking the layer name in the list of layers

6. Click on the Current icon to set layer

Construction as the Current Layer.

7. Click on the Close button to accept the settings and
exit the Layer Properties Manager dialog box.

In the Status Bar area, reset the options and turn ON the Grid display, Polar

Tracking, Object Snap, Object Snap Tracking, Dynamic Input and Lineweight

Restrict cursor to specified angles -

Polar Tracking (F10)

l-]'|

MODEL

N

.

—_—
-_—
-

T~

ts,

Al X
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Setting Up a 2D Sketch

Modeling - Mesh ¥ 5plid Editing -

'I
4 |

B Construction

r—-] {

[~1Topl 120 Mo

L]
T
—r

1. In the Layer Control box, confirm

.M layer Construction is set as the
- ! i’ M Object Current Layer.
: Construction

- D5 7o &4 T

NSO ®C R
- affle- < AG e
o Dra

Rectangle

I

Creates a rectangular polyline

2. Select the Rectangle icon in the Draw
toolbar. In the command prompt area, the
message “Specify first corner point or
[Chamfer/ Elevation/Fillet/Thickness/Width] :”
1s displayed.

3. Place the first corner point of the rectangle near the lower left corner of the screen.
Do not be overly concerned about the actual coordinates of the selected location; the
CAD drawing space is as big as you can imagine.

4. We will create a 3" x 2.25" rectangle. Enter @3,2.25 [ENTER].

% The Rectangle command creates rectangles as polyline features, which means all

segments of a rectangle are created as a single object.

Annotate View Manage Qutp 5

Copies objects a sped

— With the COPYMODE

Copy 6.

We will next make a copy of the rectangle. Pick
Copy Object in the Modify toolbar.

Pick any edge of the rectangle we just created.

Inside the graphics window, right-click to accept
the selection.

8. In the command prompt area, the message
“Specify base point or displacement, or
[Multiple]:” is displayed. Pick the lower right
corner of the rectangle as the base point. A
copy of the rectangle is attached to the cursor
at the selected base point.
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10. Pre-select the copy by picking the top horizontal i
line on the screen. The second rectangle, the copy ' :

we just created, is selected.

¢ This will position the second rectangle at the

*

Annotate  View Manage Outp|
e & DY - “
|I. ] f.*l . |+ [ - )
= M Section
- = Rotate

Mo

Rotates objects around a |

12. In the command prompt area, the message
“Specify base point:” is displayed. Pick the . .
lower right corner of the selected rectangle as i

the base point.

9. In the command prompt area, the message “Specify

second point of displacement, or <use first point as
displacement>:” is displayed. Enter @0,0.75
[ENTER].

location for the 30-degree angle that is needed in the
design.

11. Pick Rotate in the Modify toolbar as shown.

B
Endécum

13. In the command prompt area, the message
“Specify the rotation angle or [Reference]:” is
displayed. Enter 30 [ENTER].
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Defining the Front Edges of the Design

Restrict cursor to speciff
Polar Tracking (F10)

—

.

'EL@' N

'i':l ]

3, 10, 15, 20...

Tracking Settings...
G-\

kill

2] Drafting Settings
Snap and Grd  Polar Tracking

& Polar Tracking On (F10)
Polar Angle Settings
Imcrement angle:

a0 .
(] .-'J;i’rl:ic-nal angles

*

Object Snap 3D Object Snap  Dynamic Input  Cuic| 4 | *

Object Snap Tracking Setfings
") Track orthogonally only

) Track using &l polar angle settings

Polar Angle measurement

_) Abschite

0 Relative to last segment

3.

1. In the Status Bar area, right-click on the POLAR
option to bring up the option menu.

2. Select Settings in the option menu as shown.

In the Drafting Settings
window, confirm the
Increment angle is set to
30 in the Polar Angle
Settings area.

Switch ON the Track
using all polar angle
settings and Relative
to last segment options
as shown.

5. Inthe Drafting Settings window, click on the Object Snap tab to display and set the

Object Snap options.

B orafting settings

B8 Cbject Snap On (F3)
Object Snap modes

O & Endpoint
A [ Midpoint
) [ Center

O || Geometric Center
12 [ Node
<[] Quadrant

*  |B Intersection

Snap and Gid Polar Tracking Object Snap

&

b
Lo

X
&

“

b4

3D Object Snap Dynamic input Quic * | *

B Cbject Snap Tracking On (F11)

B Extension Select Al

[ Insestion Chear All
(] Perpendicudar

|_] Tangent

[ Mearest

(] Apparert intersection

[ Paralled

6. On your own, reset the

Object Snap modes so that
only the Endpoint,
Extension, Intersection
and Perpendicular are
switched ON as shown in
the figure.

In the Drafting Settings
window, click OK to
accept the settings.

e The AutoCAD AutoTrack™ feature includes two tracking options: POLAR tracking
and OBJECT SNAP tracking. When these options are turned on, alignment markers
are displayed to help us create objects at precise positions and angles.
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8. On the Object Properties toolbar,
choose the Layer Control box with

Modeling - Mesh = Solid Editing -
£ . o) [ Construction
| T
0
(-1opig © % Lenk' M
' . [_:: B Construction
. 227 W |

Object

the left-mouse-button.

9. Move the cursor over the name of layer Object; the tool tip “Object” appears. Left-
click once and layer Object is set as the Current Layer.

ametric  Insert  Annotate  View 10.
DE Tt B Y
Ze-s@c D

Line
Drg _ _
| Creates straight line segments

Select the Line command icon in the Draw
toolbar.

In the command prompt area, the message

“ line Specify first point.” is displayed. Pick
the lower left corner of the bottom horizontal
line in the front view as the starting point of the
line segments.

12. Pick the lower right corner of the bottom horizontal line in the front view as the

Third point

second point.
/ Fourth point
.-'-“--IJ-'.‘.
.-v"-;-lr
Palar: Intersection
First point \

N

Second point

13. Select the third and fourth points as shown in the figure below.
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A 14. Move the cursor near the left vertical line and
- notice the AutoTrack feature automatically snaps
the cursor to the intersection point.

15. Left-click at the intersection point as shown.

|Relali\-va Folar: Intersection

| e

R T

Recent Input > : : : : : .
° 16. Inside the graphics window, right-click once to bring up
Close the pop-up menu.
eXit
Undo

Osnap Overrides > | 17. Pick Close in the pop-up menu. The Close option will
create a line segment connecting the last point to the first
point of the line sequence.

Wik [}

Modeling « Mesh % Solif 18. On your own, turn OFF the display of the
[ 7 & B Object Construction Layer by using the left-mouse-
- P 5 button.
(-1Topii20 = O _
o BN IConstruction | . o
LIRS BT e 19. Move the cursor into the graphics window and
| Turn a layer On or Off _ left-click once to accept the layer control

settings.
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Create a Region

In AutoCAD, regions are 2D enclosed areas, which can be created from one or more
closed shapes called loops. A loop is a curve or a sequence of connected curves that
defines an area on a plane with a boundary that does not intersect itself. Loops can be
combinations of lines, polylines, circles, arcs, ellipses, elliptical arcs, splines, 3D faces,
traces, and solids. The objects that make up the loops must either be closed or form
closed areas by sharing endpoints with other objects. The objects must also be coplanar,
which means they must be on the same plane. We can create regions out of multiple
loops and out of open curves whose endpoints are connected. Objects that intersect with
themselves or with other objects cannot form regions; for example, intersecting lines,
intersecting arcs or self-intersecting curves. Once a region is created, we can analyze
properties such as its area and moments of inertia.

ametric Insert  Annotate Viev
g %
D A I
. ] II_.I ./*' '_—0-
= = :|
MOdlf'J. b
—_ o w
= ¥ -
™ | [EJ
{2 Draw ]
Region
(=1l = ][2D Wireframe]
~  Top
Battam
Left
Right
Front
Back
SW Isometric

ME sngetri:

MW Isametric
View Manager...

~  Parallel
Perspective

Select the Region command icon in the Draw
toolbar.

In the command prompt area, the message “Select
objects:” is displayed. Select displayed entities by
creating a selection window enclosing all objects.

Inside the graphics window, right-click to accept
the selection and create a region.

In the View Control list, select:
[SE Isometric]

Notice the orientation of the 2D region in relation
to the displayed AutoCAD user coordinate system.
By default, the 2D sketch-plane is aligned to the
XY plane of the world coordinate system.
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Extruding the Created Region

L - CCHEL £ S

File Edit View Insert For

Home Solid Surface Mesh
!T L:l Polysolid
L L ' 2
Box | Extrod- B Presspull
’ " Extrude

Ma Creates a 3D solid or surfj

Select Extrude in the 3D Modeling toolbar as

shown.

In the command prompt area, the message “Select
objects:” is displayed. Select the region by clicking
on any of the displayed segments.

3. Inside the graphics window, right-click to accept the selection and select Enter to
proceed with the extrude command.

4. Inthe command prompt area, the message “Specify height of extrusion or [path]:” is
displayed. We will extrude the region in the upward direction; enter 2.0 [ENTER].

|

d

_

¢ Note that the orientation and position of solid models, in relation to the world

coordinate system, can be adjusted using the Move and 3D Rotate commands.

Annotate View  Manage O

AP B
B ®CD (-

. A 3D Rotate

Section

In a 3D view, displays the 30
: x| objects around a base point

5. Select 3D Rotate in the Modify toolbar as shown.

6. Inthe command prompt area, the message “Select objects:” is displayed. Select the
solid model by clicking on any of the displayed edges of the model.
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7. Inside the graphics window, right-click to accept the selection and proceed with the
3D Rotate command.

. In the command prompt area, the
message “Specify base point:” is
displayed. Select the lower left corner
of the model as shown.

Note that the 3D Rotate command
requires the definition of a base point, a
rotation axis and the angle of rotation.

. In the command prompt area, the
message “Pick a rotation axis:” 1s
displayed. Select the X-axis by clicking
once on the RED grip rotate handle as
shown.

10. In the command prompt area, the message “Specify
angle start point:” is displayed. Enter 90 [ENTER].

11. On your own, use the available Visual
Styles commands to examine the
created solid object.

12. On your own, reset the display to 2D

Wireframe display before proceeding
to the next section.
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Create a 2D Sketch at the Base of the Model

Insert  Annotate View Manage

oS e e o« 93 W - | 1. Select the Line command icon in the Draw
SO @ D toolbar. In the command prompt area, the
—l} G AG €g=- message “ line Specify first point:” is displayed.
Dra Line 3

Creates straight line segments

1 Temporary track point 2. [Inside the graphics window, hold down the [SHIFT] key

" From and right-click once to bring up the Object Snap shortcut
Mid Between 2 Points menu.
Point Filters L .
3. Select the From option in the pop-up window.
3D Osnap
4. Pick the lower right corner of the solid model as the
base point as shown in the figure.
5. We will place the first point above the selected corner.
Enter @0,0.75 [ENTER].
e,

- e Note the orientation of the world XY plane.

6. In the command prompt area, the message
“Specify next point or [Undo]:” is
displayed. Using the POLAR Tracking
option (30 degrees increment), create a
line that 1s about 1.3 inches long, as
shown in the figure.

7. Move the cursor on top of the starting
point of the last line to activate the
OTRACK option and select the location
that forms a 90-degrees angle as shown.

Recent Input " | 8. Inside the graphics window, right-click to activate the

Close option menu and select Close with the left-mouse-button
eXit to create a line connecting to the starting point and end the
Undo Line command.
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Create a Mirrored copy of the 2D Sketch

Apparent Intersect

Extension

| Center

ptate  View Manage Output
oe & FE —
A = * [P
o & G L - .
. A Section
. A EJ = pgpo - Plane
Section ™
X M 5§ 83 dh
= I i e
= M 49 B ~J Mirror
3Ly Usnap
. Endpoint
/7 Midpoj
7. Intersection

1.

2.

Click on the Mirror icon in the Modify toolbar.

In the command prompt area, the message “Select
objects:” is displayed. Select the three line
segments we just created.

Inside the graphics window, right-click to accept
the selection and proceed with the Extrude
command.

4. Inside the graphics window, hold down the [SHIFT] key
and right-click once to bring up the Object Snap shortcut
menu.

5. Select the Midpoint option in the pop-up window.

6. Click on the bottom left edge of the model. With

the Midpoint SNAP option, the midpoint of the
edge is selected.

Move the cursor toward the right vertical line in
the active viewport and left-click once when the
Perpendicular tooltip is displayed as shown in the
figure below.

i Yac

8. In the command prompt area, the
message “Delete Source Objects?
[Yes/No] <N>:"1s displayed. In the
displayed option list, select No to
keep both sets of objects.

_
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Create the Cutter Solids

The two triangular shapes will be extruded in the Z-direction to form two solids that can
be used to create the two vertical cuts.

N Manj 1. Select the Region command icon in the Draw

e DL T o AP G toolbar.
NSO e ®C RS
= e A E] 'I__ 2. Inthe command prompt area, the message
UL L ADl =o “Select objects:” is displayed. Select the six
v Maodify ~ line segments we just created by using a
— N R ) selection window.
X % i 3. Inside the graphics window, right-click to
Draw accept the selection and create two regions.
Region

D CEHEL @@
File Edit View Insert Forr
Home Solid Surface Mesh

D \:'!J () Polysolid 5. In the command prompt area, the message
il

g Presspull “Select objects.” is displayed. Select the two
regions by clicking on the two triangular
" Bxtrude regions.
Mo Creates a 3D solid or surf3

4. Select Extrude in the 3D Modeling toolbar as
shown.

Box Extri--

-

6. Inside the graphics window, right-click and select Enter to accept the selection and
proceed with the Extrude command.

7. In the command prompt area, the message “Specify height of extrusion or [path]:” is
displayed. We will extrude the regions in the upward direction; enter 2.5 [ENTER)].

> e Note that the two cutters were
intentionally made larger than the
dimensions shown on the design. In
fact, we could create a single cutter,
instead of the two we have created,
\ provided the two triangular shapes

are included and positioned at the
proper locations.
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Boolean Operation — Subtract

i

sualize  Parametric  Insert A
5 G- L 1. In the Solid Editing toolbar, click on the Subtract
. wl e icon. In the command prompt area, the message

8% -~ O “ subtract Select solids and regions to subtract from ...

___h’ Select Objects:” is displayed.
~ Solid, Subtract

| S¢

Combines selected 3D solids

2. Pick the base block solid by clicking on one of the edges.

3. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

4. In the command prompt area, the message “Select solids and regions to subtract...
Select Objects:” is displayed. Pick the two triangular blocks by clicking on the
edges of the two cutters.

5. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

|- )ISE Lsometric J|Hidden]

e Note that the two cut features are created fairly quickly. In comparison to the
wireframe or surface models created in the previous chapters, the solid modeling

approach is much more straightforward with the construction steps paralleling that of
the manufacturing processes.
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Mass Properties of the Solid Model

Lo LUITOeET

lsolate

Inguiry * = Distance
Update Figlds Radius
Block Editor (4 Angle
¥ref and Block In-place Editing b mm Area
Data Extraction.. Violume

1.

Data Links y LA Reginnf&ass Properties
Action Recorder L 5?._-, List .

o Load Application.. L 1D Point

E=1 Run Script... L. Time
Macro ’ _‘ Status
AutalISP »

He Set Variable
2.

In the Menu Bar, select:

[Tools] =2 [Inquiry] >
[Region/Mass Properties]

In the command prompt area, the message “Select objects.” is displayed. Select the
solid model by clicking on any of the displayed edges of the solid model.

Inside the graphics window, right-click to accept the selection and proceed with the
Region/Mass Properties command.

Z

i X

- Bounding box:

Centroid:

Moments of inertia:

Products of inertia:

Radii of gyration:

" | 1~ MASSPROP Press ENTER to continue:

SOLIDS Do

CE

CE ]

= wa

& ms oaw

BRI R IR

9.2478
9.2479
3.8859 -
1.5886 -

: B.eaee -

5.3930
2.5806
8.8555
73.9789
283.6307
338.7987
-128.6952
-28.4151
-43.3015
2.8285
5.5383
6.8538

* Principal moments and X-Y-Z directions about centroid:

In the AutoCAD Text Window, a list of properties related to the created solid model is
displayed. The Mass and Volume properties are listed as the same since a mass
density of one is used for the calculation.

Press the [ENTER] key twice to close the AutoCAD Text Panel.
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Align the UCS to the Inclined Face

We will create a new UCS plane aligning to the inclined face of the design.

-~ ~ 1
New UCS > '® World
[ Named UCS.. t=  Previous
) Geographic Location.. tm, Facp,
CAD Standards » 5 Object
Wizards » T view
¥, Drafting Settings.. t«  Origin
|7 Group [Z, Z Axis Vector
1
% Ungroup '3, 3 Point
Tablet LA
) 2 X
Customize L

pa——

1.

In the Menu Bar, select:

[Tools] 2 [New UCS]
- [Face]

Note that other options are
also available to aid the
orientation of new UCS
planes.

2. Inthe command prompt area, the message
“Select face of solid object.” is displayed.
Pick the upper left corner of the inclined
face when the UCS is aligned as shown.

3. Select [Accept] in the option list to accept
the new UCS positioned as shown.

4. On your own, align the UCS to the upper
left corner (UCS Origin) as shown.

5. On your own, bring up the UCS toolbar.

6. Inthe UCS toolbar, select the Z Axis Rotate command icon as shown.

i te (1@ fe (f@ te 1O
< e e Low . * [

L * .1‘\. "!' .I‘.

® " . =
N

Zz

Rotates the user coordinate system

AT ¥
“

7. In the command prompt area, the message
“Specify rotation angle about Z-axis <90>.” is
displayed. Enter -45 [ENTER].

e The negative value entered rotates the UCS
clockwise about the current UCS Z-axis.
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Create the V-Cut

€ '"Ser_t_ m?mtate vie 1. Select the Rectangle icon in the Draw toolbar. In the
DA T A command prompt area, the message “Specify first corner
NSO @ point or [Chamfer/Elevation/Fillet/Thickness/Width]:” is
ol mIRGIRANCEY | displayed.
b Dwga E M
Rectangle
—1  Temporary track point
2. Inside the graphics window, hold down the [SHIFT] | fom
key and right-click once to bring up the Object ) Mid Estween 2 Points
Snap shortcut menu. Point Filters
3. Select the From option in the pop-up window. 3D Osnap
P — ) P \ 4. Pick the upper left corner of the inclined surface as
L the base point as shown in the figure.
4 ,f;y .
b 5. We will place the first point above the selected
' corner. Enter @0.2<45 [ENTER].

!

6. Inside the graphics window, hold down the
[SHIFT] key and right-click once to bring up the Mid EStween 2 Points
Object Snap shortcut menu.

—1  Temporary track point
i Fro

Point Filters
7. Select the From option in the pop-up window. 3D Osnap
fﬁh“ - /
.a! o _}7& 8. Pick the upper right corner of the inclined surface as
- _:? - ;@ the base point as shown in the figure.
. !
f / ' 9. We will place the first point above the selected
by Y / corner. Enter @0.2<-135 [ENTER].
1 R /!
‘I.'l._ ) | ™ e
l'llI ) - e,
- T ."r__—'d__ - ;'T Il'x
e The above procedure of creating the rectangle at | ' P A
the proper location is simplified by first orienting - "f 7 / Y
the UCS. ___—ﬁt ~_ ]
% Note that a rectangle is a valid filled polygon and m‘_i ) f
therefore can be extruded into a solid object. '..] ;
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D CEHEL U &

File Edit View Insert Fon{ 10. Select Extrude in the Modeling toolbar as

Home  Solid Surface  Mesh shown.

D : ] (J Pelysolid @

1 “| 11. Inthe command prompt area, the message
B Presspull “ ) T
Box  Extrn-- - Select objects:” is displayed. Select the
Extrude rectangle by clicking on any of the edges of the
Mo Creates a 3D solid or surfg created rectangle.

12. Inside the graphics window, right-click once and select Enter to accept the selection
and proceed with the Extrude command.

13. In the command prompt area, the message “Specify height of extrusion or [path]:” is
displayed. We will extrude toward the left side of the model, to set the direction to the
negative extrusion direction: 4.0 [ENTER].

e The negative number indicates the extrusion direction, which needs to be in the
negative Z-direction of the current UCS.

sualize  Parametric  Insert 14. In the Modeling toolbar, click on the Subtract icon.
P 5O In the command prompt area, the message “ subtract
- 1 S Select solids and regions to subtract from ... Select
REE - OW Opjeas” is displayed.
1= Solid, Subtract , . -y
| S _ | 15. Pick the base solid block by clicking on one of the
Combines selected 3D solids edges.

16. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

17. In the command prompt area,
/ the message “Select solids and
v regions to subtract ... Select

Objects.:” 1s displayed. Pick
the rectangular block.

18. Inside the graphics window,
right-click to accept the
selection and proceed with the
Subtract command.

e On your own, use the dynamic
viewing commands to
examine the completed solid

model.
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19. In the UCS toolbar, select the World UCS command icon as shown.

;.'l IL!'5
m

-

%

3 ¥ 3

World

Sets the current user coordinate system to the world coordinate

~—

20. In the Menu Bar, select:

The World UCS command aligns the UCS to the world coordinate system.

[Tools] = [Inquiry] > [Region/Mass Properties]

LT W LT LREET rj
Isolate »
Inguiry # & Distance
= Update Fields L Radius
% Block Editor = Angle
¥ref and Block In-place Editing » | = Area
#=  Data Extraction... § Volume
Data Links > (IEE] Reginnf&asstperties
Action Recorder > F‘n List
"o* Load Application.. 1€ 1D Point
*~] Run Script... 'E] e
e ’ ﬁ Status
AutolLISP »
Hie Set Variable

21. In the command prompt area, the message

“Select objects:” is displayed. Select the

solid model by clicking on any of the displayed edges of the model.

22. Inside the graphics window, right-click to

accept the selection. On your own,

compare the displayed values to those shown on page 7-17.

Bounding box:

Centroid:

Moments of inertia:

Products of inertia:

M E <

: 12.7843
X: 1.5378
¥: 2.1842
Z: 1.6398

Radii of gyration:

—

ix

Principal moments and X-Y-Z directions about centroid:

_J' MASSPROP Press ENTER to continue:

2.9451
1.4142
8.eaee
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Review Questions:

1. What is an auxiliary view and why would it be important?
2. When is a line viewed as a point? When is a surface viewed as true size and shape?

3. How do we define a Region in AutoCAD? What are the advantages of using the
Regions?

4. How is a Solid Model different from a Surface Model?

5. List some of the different mass properties that are available with 3D models in
AutoCAD.

6. Identify the following commands:

(a)

AN

Eraze

MDV&
Copy Selection

Scale

- ehe
Sa 7

i)

[y O

Debabe

(b)

E
(c)

19
(d)
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Exercises: All dimensions are in inches.

1. The overall height of the design is 2.5.
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Notes:
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Chapter 8
Symmetrical Features in Designs

[

Ohjectives

¢ Create Revolved Features

¢ Use the Mirror Part Command

¢ Understand and Create Construction
Geometry

¢ Create Combined Parts

¢ Create and Modify Feature Arrays

¢ Understand the Importance of Identifying
Symmetrical Features in Designs
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Introduction

In solid modeling, it is important to identify and determine the features that exist in the
design. Modern solid modeling systems enable us to build complex designs by working
on smaller and simpler units. This approach simplifies the modeling process and allows
us to concentrate on the characteristics of the design. Symmetry is an important
characteristic that is often seen in designs. Symmetrical features can be easily
accomplished by the assortments of tools that are available in feature-based modeling
systems, such as AutoCAD.

The modeling technique of extruding two-dimensional sketches along a straight line to
form three-dimensional features, as illustrated in the previous chapters, is an effective
way to construct solid models. For designs that involve cylindrical shapes, shapes that are
symmetrical about an axis, revolving two-dimensional sketches about an axis can form
the needed three-dimensional features. In solid modeling, this type of feature is called a
revolved feature.

In AutoCAD, besides using the Revolve command to create revolved features, several
options are also available to handle symmetrical features. For example, we can create
multiple identical copies of symmetrical features with the Array command or create
mirror images of models using the Mirror command. In this chapter, the construction and
modeling techniques of these more advanced features are illustrated.

A Revolved Design: Pulley

X/

¢ Based on your knowledge of AutoCAD, how many features would you use to create
the design? Which feature would you choose as the starting point for creating the
model? Identify the symmetrical features in the design and consider other possibilities
in creating the design. You are encouraged to create the model on your own prior to
following through the tutorial.
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Modeling Strategy — A Revolved Design

=Y
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Starting Up AutoCAD 2024

1.

2.

3.

Select the AutoCAD 2024 option on the Program menu or select the AutoCAD
2024 icon on the Desktop.

All apps

vl

TN

AutoCAD 2024 - English
New

Attach Digital Signatures

AutoCAD 2024 - English

MNew

Batch Standards Checker

Export AutoCAD 2024 Settings

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

Defaut Settings

() Metric

Tip

n Create Mew Drawing

e ’ﬁh [) 4N Startfrom Scratch

0 Impexia feet and nches)

Uses the defautt imperial feet and inches) settings.

*

[ ok | Coned

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

units.

K

4. Pick OK in the Startup dialog box to accept the selected settings.

» [{083D Mude[gng

Tools Drz

Workspace

5.

On your own, set the workspace to 3D Modeling
as shown.
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Layers Setup

1. Inthe Menu Bar, select [Tools] = [Toolbars] = [AutoCAD] - [Layers].

G| oe Lid O
[-][Topl i\ P 2. Click Layers Properties Manager in the
Layer Properties Manager Layers toolbar.
Manages layers and layer properties
= JE=alk= -4 3. Click on the New button to create new layers.

Lo S.QName a On
H New Layer (Alt+N)

4. Create three new layers with the following settings:

Layer Color Linetype Lineweight
Center_lines Red Center Default
Dimensions Magenta Continuous  Default

Object_lines Cyan

Continuous 0.3mm

.| < Center_lines "

[

7 Object_lines 4/

* g
0 of @

& Dimensions § 1 gff © Wl ma...
3 o e

[ cyan Continu... === 0.30...

< 0

Linetype Lineweig.. Trans.. PlotSt.

. Continu.. —— Defa...
CENTER ~—— Defa.. 0 MNormal B
Continu.. —— Defa... 0 Normal
0 Normal B

h 2% £R
| S.. Name e . !
'5 0 ‘ Set Current (Alt+C)

h Current layer: Object_lines

5. Select Object lines layer in the list of layers.

6. Click on the Current button to set layer
Object lines as the Current Layer.

7. Click on the Close button to accept the settings and exit

;# Close P | 4 the Layer Properties Manager dialog box.

Fulier:

8. Inthe Status Bar area, reset the options and turn ON the Grid Display, Polar
Tracking, Object Snap, Object Snap Tracking, and Dynamic Input options.

Restrict cursor to specified angles - On

Polar Tracking (F10)

—

MODEL (3| i v [fa| L

[ENER g i g FE RERF IV ¢
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Set Up a 2D Sketch for the Revolved Feature

Note that the Pulley design is symmetrical about a horizontal axis as well as a vertical
axis, which allows us to simplify the 2D sketch as shown below. Instead of creating the
2D sketch by the Line command, we will use some of the more advanced editing options

available with the Region command.

—— L
.a-"__-ﬁ-‘ f ' ré
SRR | i !
A ‘\ 4
» -
-~ -
. i -
: ) 1 "1
) N P!
ik - __.__ LU 1 ~ 1. Select the Rectangle icon in the Draw
MISFAECRILCN NONINg toolbar. In the command prompt area, the
| - | & Et} - ApQl 85 message “Specify first corner point or
- Dra [Chamfer/ Elevation/Fillet/ Thickness/Width]:”
Rectangle 1s displayed.
r Creates a rectangular polyline

2. Place the first corner point of the rectangle near the center of the screen. Do not be
overly concerned about the actual coordinates of the selected location; the CAD
drawing space is as big as you can imagine.

3. Wewill create a 0.75"” x 1.625" rectangle for the main body of the sketch. Enter

@.75,1.625 [ENTER].

Repeat RECTANG
Recent Input

Clipboard

Isolate

4,

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

Pick Repeat Rectangle, with the left-mouse-button, in the
pop-up menu to repeat the last command.
Place the first corner point of the rectangle toward the right

side of the previous rectangle.

We will create a 0.625"” x 1.0" rectangle as a cutter sketch.
Enter @.625,1 [ENTER].
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7 Move

Moves objects 3
Mod
‘=a MOVE

—1  Temporary track point
Fro
Mid Between 2 Points
Point Filters

3D Osnap

8. Select the Move icon in the Modify toolbar.

9. In the command prompt area, the message “Select
Objects:” is displayed. Pick the cutter rectangle, the
smaller rectangle, to move.

10. Inside the graphics window, right-click to accept the
selection.

11. In the command prompt area, the message “Specify base
point or displacement:” is displayed. Pick the upper left
corner of the smaller rectangle as shown.

12. Inside the graphics window, hold down the [SHIFT] key
and right-click once to bring up the Object Snap
shortcut menu.

13. Select the From option in the pop-up window.

&

14. Pick the upper left corner of the
larger rectangle as shown.

15. In the command prompt area,
the message “Specify base point
or displacement: from Base
point: <Offset>." is displayed.
Enter @.125,-.25 [ENTER].

16. Pre-select the smaller rectangle to activate the grip-editing function.

17. Pick the lower right grip point displayed along the right vertical edge.

18. Inside the graphics window, hold down the [SHIFT] key and right-click once to bring
up the Object Snap shortcut menu.

19. Select the From option in the pop-up window.
20. Pick the lower right corner of the larger rectangle.

21. At the command prompt: @0,.125 [ENTER].

22. Press the [Esc] key once to deselect any selected entities.
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Perform 2D Boolean Operations

AutoCAD’s 2D regions are special types of filled polygons. We can create composite 2D
regions by applying Boolean operations to subtract, find the intersection, or combine two
or more regions.

rametric nsert  Annotate . . .
. & % 1. Select the Region command icon in the Draw toolbar.
I Il "..-.
2, @ & | 2. Inthe command prompt area, the message “Select
- 4 A H] objects:” 1s displayed. Select the polygon we just edited.
Modify
— e I 3. Inside the graphics window, right-click to accept the
e selection and create a region.
13
= Draw
Region
LT} 4. Inside the graphics window, click once with the right-
epea mouse-button to bring up the pop-up option menu.
Recent fRput
Clipboard 5. Pick Repeat Region, with the left-mouse-button, in the
e pop-up menu to repeat the last command.

6. Inthe command prompt area, the message “Select objects:” is displayed. Select the
rectangle by clicking on one of the edges.

7. Inside the graphics window, right-click to accept the selection and create a region.

R

e ?;_ AEmEme et A e In the Modeling toolbar, click on the Subtract icon.
p - DL 7 In the command prompt area, the message “ subtract
| = @ . ) S D Select solids and regions to subtract from .,. Select
s — S Objects:” is displayed.

~ Solid, Subtract

| 5q - = a
Combines selected 3D solids

9. Pick the rectangle by clicking on one of the edges.

10. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

—‘ 11. In the command prompt area, the message “Select solids and
regions to subtract ... Select Objects:” is displayed. Pick the four-
sided polygon by clicking on one of the edges.

12. Inside the graphics window, right-click to accept the selection and
proceed with the Subtract command. The completed 2D sketch is
. as shown.
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AutoCAD’s region is a special type of geometric entity. It was developed based on the
CSG solid modeling technique and is valuable in the sense that it provides a different
method to construct complex geometric shapes. In many cases, the Boolean operations
are more efficient than creating geometry by entering point-to-point coordinates.

I« o2 - o A <

NS O @G

) - L';@-:L:-- < A p]

. Di . ——
Rectangle

e m——
DR 0D
S OB 80|
O o- & Afl
, Modiy

O 2

¥

— Move

- - Moves objects

— |

regions.

—  Temporary track point
. From
Mid Between 2 Points

Point Filters

3D Osnap

Parametric Insert Annotate Vi 13. Select the Rectangle icon in the Draw toolbar.

14. On your own, create two
arbitrary rectangles
roughly positioned as
shown. We will use these
two rectangles to shape
the upper regions of the
design.

15. On your own, convert the two rectangles into two

16. Select the Move icon in the Modify toolbar.

Mani- 17. In the command prompt area, the message “Select
Objects:” 1s displayed. Pick one of the rectangles to move.

18. Inside the graphics window, right-click to accept the
selection.

19. In the command prompt area, the message
“Specify base point or displacement:” is
displayed. Pick the upper left corner of the
selected rectangle as shown.

20. Inside the graphics window, hold down the [SHIFT] key
and right-click once to bring up the Object Snap shortcut

menu.

21. Select the From option in the pop-up window.



8-10

AutoCAD 2024 Tutorial: 3D Modeling

Endpuint| J

22. Pick the upper left corner of the larger rectangle
as shown.

23. In the command prompt area, the message
“Specify base point or displacement: _from Base
point: <Offset>." is displayed.

24. On your own, perform the Boolean Subtract operation
and create the 2D sketch as shown.

Annotate View  Man|

Enter @.5,0 [ENTER].

25. Select the Rotate icon in the Modify toolbar.

26. In the command prompt area, the message “Select
Objects.” is displayed. Pick the rectangle to rotate.

e B4 B
& @& N
[ - o o |
o Ji‘ E Rotate
Mo
14 ]
Endpoint] 7T

27. Inside the graphics window, right-click to accept the
selection.

28. In the command prompt area, the message “Specify base
point or displacement.” is displayed. Pick the inside
corner of the 2D sketch as shown.

=—  Temporary track point
. From
Mid Between 2 Points

Paoint Filters

3D Osnap

—i
L

Y

Endpufnt

29. Inside the graphics window, hold down the [SHIFT] key
and right-click once to bring up the Object Snap shortcut
menu.

30. Select the From option in the pop-up window.

31. Pick the upper right corner of the 2D sketch as shown.

32. At the command prompt: @0,-.125 [ENTER].
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Annotate

oe A&
= &

—

View

¥

|- |

Move

Man{ 33. Select the Move icon in the Modify toolbar.

34. In the command prompt area, the message “Select
Objects:” is displayed. Pick the rotated rectangle to move.

s Jéul:l

Mowes objects
Mo¢

—_—t

Intersection| -

(|
e

"

!

38. On your own, perform the Boolean Subtract
operation and complete the 2D sketch as shown.

sualize Farametric Insert

P nE@- oL
J[:‘?.‘ B -~/

 solid, Subtract
5¢

Combines selected 3D solids

i

35. Inside the graphics window, right-click to accept the
selection.

36. In the command prompt area, the message

“Specify base point or displacement.” is
displayed. Pick the upper left corner of the
selected rectangle as shown.

37. In the command prompt area, the message

“Specify base point or displacement:” 1s
displayed. Pick the inside corner of the 2D
sketch as shown.

39. On your own, create a center line that is %z below the 2D

sketch as shown. This line will be used as the axis of
rotation for the revolved feature. Trim the line so that the
left endpoint is aligned to the left edge of the 2D

sketch.



8-12  AutoCAD 2024 Tutorial: 3D Modeling

Create the Revolved Feature

Select Revolve in the Modeling toolbar as shown.

. In the command prompt area, the message “Select
objects:” is displayed. Select the 2D region by
clicking on any of the displayed segments.

. Inside the graphics window, right-click and select
Enter to accept the selection and proceed with the
Revolve command.

4. Inthe command prompt area, the message “Define axis by
[Object/X (axis)/Y (axis)}].” is displayed. Pick the left
endpoint of the centerline as shown.

5. Inthe command prompt area, the message “Specify endpoint
of axis:” is displayed. Pick the right endpoint of the
centerline.

6. Inthe command prompt area, the message “Specify angle of
revolution <360>:" is displayed. Enter 360 [ENTER].

e The revolved part is created as shown.
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Mirrored Image of the Part

In AutoCAD, we can mirror a 2D sketch or a 3D part about a line or a specified surface.
We can define the line by selecting existing points or by picking locations on the screen.
We can physically flip the part about a reference plane or create a new mirrored part.

1. On your own, change the display to SW Isometric
View or use the Free Orbit command to display the
flat face of the solid model as shown.

(3 2. Inthe Modify toolbar, select 3D Mirror.

t Amnotate View Man

- o] & Y-
. (lap i A~ [T -
-

| 3D Mirror

L] 4
Creates a mirrored copy
plane

3. In the command prompt area, the message “Select objects:” is displayed. Select any
edge of the 3D model.

4. Inside the graphics window, right-click to accept the selection.

5. Inthe command prompt area, the message “Specify first point of mirror plane (3
points) or [Object/Last/Zaxis/View/XY/YZ/ZX/3points] <3points>:” is displayed.
Choose the YZ plane by selecting YZ in the prompt area or enter YZ [ENTER].

6. Inthe command prompt area, the message “Select point on YZ plane <0,0,0>:” is
displayed. Pick the left endpoint of the centerline.

7. Inthe command prompt area, the message
“Delete source objects? [Yes/No] <N>:"
is displayed. In the displayed option list,
select No to create a new part.

' | Eﬁmumm?

N
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Combine Two Parts into One

We have created a separate part with the Mirror 3D command. We will combine the two
parts into a single part using the CSG Boolean operations.

il ]
Custom Visual Stff| 1- Select 2D Wireframe by left-clicking once on the icon
in the Visual Style controls list.
2D Wireframe
v Cnl%eptual ,ﬁt{'ﬁfs\
Hidden ZHEZTK N
1A RN N
e Note the edges separating the two parts {f JJL { \_&x.,“‘*‘ AN
displayed on the screen. N 7= N
I\ S AN )
1 2. Pick Union in the MY x”ﬁ;ﬁh MRS
Modeling toolbar as xﬁ{aﬁwb‘\“\i«"**; l'\/ J’;[" |
Solid, Union shown. N s ﬁr
. Combines select \\Q;;?Q;EE%?RT;?U
T ssssvaas e S

In the command prompt area, the message “Select Objects:” is displayed. Pick the
two parts.

Inside the graphics window, right-click to accept the selection and proceed with the
Union command to combine the two parts into a single part.

Reset the display to 2D Wireframe mode before proceeding to the next section.
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Use the 3D Array Command

In AutoCAD, existing 2D and/or 3D features can be easily duplicated. The Array
command allows us to create both rectangular and polar arrays of features.

-1l 112D Wireframe ]
Custorn Model | 1. Inthe View toolbar, select the Top view option to
reset the display.
-
Bofiom
Left
Right
Ermemb
D@ %6 @ %8 2 Select the Rectangle icon in the Draw toolbar.
®@ @O R

. @? & . . On your own, create a rectangle that is 1.0” x .25"
- |- toward the right side of the solid model.
Dr

1 Rectangle

Creates a rectangular polyline

P

2]

=

o o .
(98]

4. On your own, convert the rectangle into a region.

e The rectangle will be used to create a cylindrical solid model. The cylinder will be
used to generate a polar array using the Array command.

5. On your own, create a centerline that is 1%4" below
the rectangle with the left endpoint aligned to the
center of the rectangle as shown.

e The centerline will be used as the axis of rotation to
4 create the polar array.

6. Select Revolve in the Modeling toolbar as shown.

Box

7. Inthe command prompt area, the message “Select
objects:” 1s displayed. Select the rectangular region
by clicking on any of the displayed segments.

Revolve

Modelin| Creates a 3D solid {
an axis

Start
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8. Inside the graphics window, right-click and pick Enter to accept the selection and
proceed with the Revolve command.

|—‘ 9. In the command prompt area, the message “Define axis by
1 [Object/X (axis)/Y (axis)}]:” is displayed. Pick the lower
Endpoin] left corner of the region as shown.

10. In the command prompt area, the message “Specify
endpoint of axis:” 1s displayed. Pick the lower right
—_—— — corner of the region.

11. In the command prompt area, the message “Specify angle of revolution <360>:" is
displayed. Enter 360.0 [ENTER].

12. In the View Controls list, click on the SE Isometric view icon.

=M 120 Wireframe]

Custom Model Views

v Top
Bottom
Left
Right
Front
Back
SW Isometric
SE Isgmetric

ME Isctmetric
N lenmetric

13. In the standard pull-down menu, select [Modify] > [3D Operations] = [3D
Array].

[ Break 5 Align

e Join #, 3D Align

| Chamfer |I| 3D Mirror

( Fillet y 3D Nfat}
Blend Curves '8 Interference Checking
3D Operations > = Sslice
Solid Editing ? & Thicken
Surface Editing b . _
Mesh Editing , “mf Convertto Solid

i

Point Cloud Editing > W Convert o Surface

14. In the command prompt area, the message “Select objects:” is displayed. Select the
small cylinder by clicking on any edge of the cylinder.

15. Inside the graphics window, right-click to accept the selection.
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16. In the command prompt area, the message “Enter the type of array [Rectangular/
Polar] <R>:”1s displayed.
Choose the Polar option by selecting Polar in the prompt area or enter P [ENTER].

17. In the command prompt area, the message “Enter the number of items in the array:”
is displayed. We will create 6 items by entering 6 [ENTER].

18. In the command prompt area, the message “Specify the angle to fill (+=ccw, -=cw)
<360>:" is displayed. Enter 360 [ENTER)].

19. In the command prompt area, the message “Rotate arrayed objects?[Yes/No] <Y>:”
is displayed. Click No in the prompt area or enter N [ENTER].

20. In the command prompt area, the
message “Specify center point of array:”
is displayed. Pick the left endpoint of
the centerline as shown.

21. In the command prompt area, the message “Specify second
point on axis of rotation:” 1is displayed. Pick the right
endpoint of the centerline as shown.

S

o
o
o

-
S

NN

e
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Position and Perform the Cut

|_1.

FE

Maove

Objects.”

Mu ves objects created.

Mot

Select the Move icon in the Modify toolbar.

2. In the command prompt area, the message “Select
is displayed. Pick the six cylinders we just

3. Inside the graphics window, right-click to accept the selection.

—
T
: AH'\-: F.._—_ﬁ—q.:;\ -
o ey -\-::'.:.\\\
¥ r( v -"{-.F-' w';:‘.' -\'-»\-»_
./J’ g {__.—' l'k.. LY \
'..{ - / ) \\_‘\I \
A i —— P
oA e I
= |
Ty = ) -
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1 1 y e V. . Ty
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I H\ o I W LAy PR
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5. Inthe command prompt area, the
message “Specify base point or
displacement.” is displayed. Pick the left
endpoint of the centerline of the Pulley
as shown.

& 5 DL
@ SE-~NS0O-

“ Solid, Subtract
’| S

7.

6.
icon.

Combines selected 3D solids or

In the command prompt area, the message
subtract from ... Select Objects:”
one of the edges.

113

subtract Select solids and regions to
is displayed. Pick the Pulley model by clicking on

In the command prompt area, the
message “Specify base point or
displacement.” is displayed. Pick
left endpoint of the polar array
centerline as shown.

the

In the Modeling toolbar, click on the Subtract
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8. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

9. Inthe command prompt area, the message “Select solids and regions to subtract ...
Select Objects:” is displayed.

10. Pick the six cylinder blocks by clicking on their circular edges.

11. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

e Note that the Pulley 3D model will be used again in Chapter 9 and Chapter 12.
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Review Questions:

1. List the different symmetrical features created in the Pulley design.
2. What are the advantages of using regions?

3. Describe the steps required in using the Mirror Part command.

4. Why is it important to identify symmetrical features in designs?

5. When and why should we use the Array option?

6. What is the difference between Rectangular Array and Polar Array?
7. When and why should you use the Revolve command in AutoCAD?

8. Identify and describe the following commands:

@)

@
(v)

u[=

00
©

©
(@

L
J

L)
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Exercises:
1. Dimensions are in inches.

2. Dimensions are in inches. Plate thickness: 0.25 inch

T gs0. --
. K
—ﬁ\*;x{ EE\J

N /
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3. Dimensions are in inches.

-,
{

@100

EWY  3TH¥.20

4. Dimensions are in inches.
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5. Dimensions are in inches.
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Notes:
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Chapter 9
Multiview Drawings from 3D Models

QREGON INSTITUTE OF TECHMOLOGY ¥ Block Design DATE: OS/02/07 ID CODE: MEDTDE0
DE. BY: Mario M [ o, Ev- veshic, AP, BY: Takcto G |scaiE: 11 [seEET: 10F) DWiG, NO.:DIT2345

Leammiing Qyeeiives

¢ Create Multiview Drawings from 3D
Models

¢ Create Borders and Title Block in the
Layout Mode

¢ Create 2D Projections from 3D Models

¢ Create Auxiliary and Section views with
the Section option

¢ Align and Position 2D Projected Views in
Layout Mode
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Introduction

With the capabilities of solid modeling software, the importance of two-dimensional
drafting is decreasing. Drafting is now considered as one of the downstream applications
of using solid modeling. In many production facilities, solid models are being used to
generate machine tool paths for computer numerical control (CNC) machine tools. Solid
models can also be used in rapid prototyping to create 3D physical models out of plastic
resins, powdered metal, etc. Ideally, the solid model database should be used directly to
generate the final product. However, many organizations still require the use of two-
dimensional drawings for the applications in their production facilities. In AutoCAD,
model views can be used to automatically create 2D views in AutoCAD paper space.
Using the 3D model as the starting point for a design, 3D modeling tools can easily create
all the necessary two-dimensional views. In this sense, 3D modeling tools are making the
process of creating two-dimensional drawings more efficient and effective.

An important rule concerning multiview drawings is to create enough views to accurately
describe the design. This usually requires two or three of the regular views, such as a
front view, a top view and/or a side view. Many designs have features located on inclined
surfaces that are not parallel to the regular planes of projection. To truly describe the
feature, the true shape of the feature must be shown using an auxiliary view. An
auxiliary view has a line of sight that is perpendicular to the inclined surface, as viewed
looking directly at the inclined surface. An auxiliary view is a supplementary view that
can be constructed from any of the regular views.

In this chapter, the procedure of creating 2D drawings from 3D models is presented. We

will create orthographic views, including an auxiliary view, of the V-block design from
Chapter 7 and a section view for the Pulley design from Chapter 8.

The V-Block Design

-l
2,23

2.00 !

i
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Starting Up AutoCAD 2024

1.

Select the AutoCAD 2024 option on the Program menu or select the AutoCAD

2024 icon on the Desktop.

In the AutoCAD Startup dialog box, select the Open a Drawing option with a

single click of the left-mouse-button.

ﬂ Startup

’[;T D @ @ Open a Drawing

Select a Fle:
File Fath
Bracket dwg C\Model'ACAD project'\Projec.
LRl SR RN C\WMode\ACAD project®3D Fr..
Locator dwg CModel " ACAD project’.
V-Block .dwg C\Model"ACAD project’.3D Pr.,
Germeva-Wheal D... C-\Uses \Wirner'Documents'
Bracket dwg CiMode ACAD project \ACAD.
Shaft-Suppest dwyg  C\Made\ACAD project\Projec._.
Bearing dwg C\Model\ACAD project\Projec...
Shaft-Suppost dwg  C-\Model'\ ACAD project’\ ACAD,
Choft €t cduanes % Wl AP B it Browse...
Size 132KB (134,946 bytes)
Last Modified; Tuesday, fprl 19, 2022 53724 AM
OK Cancel

Open the V-Block-Solid solid model created in the previous chapter by clicking on

the corresponding filename. (Use the Browse option to locate the solid model file if

it is not displayed.)

The V-Block-Solid solid model is retrieved and displayed in the graphics window.
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AutoCAD Paper Space

Until now, we have been working in model space to create our design in full size. Once
the 3D model is constructed, we can arrange our design on a two-dimensional sheet of
paper so that the plotted hardcopy is exactly what we want. This two-dimensional sheet
of paper is known as paper space in AutoCAD. We can place borders and title blocks, the
objects that are less critical to our design, on paper space.

-
i : F-_r—_’j:\ 1. Set the UCS to the World UCS by selecting:
Mew UCS » 19 wo

' Named UCS.. o p,ﬁus » [Tools] = [New UCS] = [World]

'5} Geagraphic Location.. ll_,_ Face \ . .

R » |18, Object ™ e The default 2D views generated in paper
 Wizards > T View space are oriented based on the World

<7 Drafting Settings.- ta, Origin Coordinate System. It is always a good idea

o E’”“” 12, 2 s Vector to align the UCS to the WCS prior to

i ngroL 1 i .

i | 2P0 entering the AutoCAD paper space.
Customize 3 :’f X e

v Options... < ¥

< 2. Click the Layout1 tab to switch to the two-

_— dimensional paper space.
Comm
Comm

~ “_|* ey P‘E Page Setup Manager..
Model Laywtl Layouts + Plot..

. . Drafting Standard Setup...
3. To adjust any Page Setup options,

right-click once on the Layout1 tab

and sclect Page Setup Manager. Export Layout to Model...

4. Choose to modify the default layout

Y

Dock above Status Bar

in the Page Setup Manager. ) i bock nfine with Statie &
= Madel Layouw s LayuuLe T
B Poge et - Leyoatt x
e R = w5 In the Page Setup dialog box, select a
e orn et e plotter/printer that is available to your
o e e T [ system. Consult with your technical
S, et e support personnel if you have difficulty
UI : identifying the hardware.
':;“ o::::v-rw--um .
— — ] 6. Set the Paper size to Letter or equivalent
—— e b bictisimg I8 (8.5" by 11") and the Drawing
o L om e e orientation is set to Landscape. Accept
e | s e || i ] the settings and exit the Page Setup
— = .- - Manager.
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% Inthe graphics window, a rectangular outline on a gray background indicates the
paper size. The 3D model appears inside a solid rectangle, which is known as a
viewport. Note that the orientation of the model is identical to that of the model
space.

4,
T

_:ﬂ g i ppe u cueus - E—

Delete the Displayed Viewport

Viewports can be considered as objects with a view into model space that we can move
and resize. Floating viewports can be overlapping or separated from one another. We can
also create new viewports, as well as delete them.

Annotate  View  Manage
e & 4 3N - ~1 1. Pick Erase in the Modify toolbar.
o & ¢, [l .
& € - i Sec
g A a8 v Pl
A A D |
Erase
i | 2. Pick the viewport by clicking on one of the
edges of the viewport border.
.r"—_—:_"ﬁ'-. i
7T / | . | 3. Inside the graphics window, right-click to
[N m accept the selection and delete the viewport.
h [V |
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Add Borders and Title Block in the Layout

AutoCAD 2024 allows us to create plots/prints to any exact scale on the paper. We can
place borders and title blocks, the objects that are less critical to our design, on paper
space.

1. Onyour own, create four new layers and set Title Block as the Current Layer.

Layer Color Linetype Lineweight  Plot Style
Title_Block Green Continuous 1.2mm Normal
Titleblocklettering Blue Continuous Default Normal
Dimensions Magenta Continuous Default Normal
Viewport White Continuous Default Normal

rametric  Insert  Annotate  View 2. Select the Rectangle icon in the Draw toolbar.
D S o A By In the command prompt area, the message
- o ® ¢ I “Specify first corner point or [Chamfer/
Sy = _' E Elevation/Fillet/Thickness/Width]:” is
& - 4 A pl ©B8S displayed.

4

3. Pick alocation that is on the inside and near the
lower left corner of the graphics window.

Dir
Rectangle
ck-5olid

Creates a rectangular polyline

4. Inthe command prompt area, use the relative coordinate entry method and create a
10.25" x 7.75" rectangle.

5. Complete the title block as shown in the figure below. (Place the fext in the
Titleblocklettering layer.)

COREGON INSTITUE OF TECHMNOLOGY ¥ UNITS: JoATE:
DR. BY: JCK. BY: ap, By: ) + [ESCALE: CHEET: | B

|- 98 — e P - . - 1 =a
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Setting Up the Standard Views

AutoCAD allows us to generate 2D views directly from models within AutoCAD or from
existing Autodesk Inventor models. The default orientation of the standard views is based
on the Top View being aligned to the World XY plane, and the Front View being aligned
to the World ZX plane. Note that AutoCAD allows us to change the 2D view orientation
in paper space, but it is less confusing to set the solid model orientation in the model

space.

Madel

EMuw

Layoutl

1. Click the Model tab to switch back to model
Space as shown.

e Current
Group

th Layer

X

57 & | b

Base

-

n From Model Space
= s
_l;l_l From Inventor

2. Activate the Base View command by clicking with

the left-mouse-button Base 2 From Model Space as
shown.

3. Pick the Solid Model in the

graphics area as shown.

4. Click on the Entire Model option to accept the selected object as shown.

Select objects or

§ %X 2 [~ VIEWBASE Select objects or [Entire 'ﬁdﬂ] <Entire model>:

Entire model] <Entire model>: 1 found
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5. Press the [Enter] key once to accept using Layoutl to place the Base View.

Entire model

<Entire model>:

£ X /7 [9~ VIEWBASE Enter new or existing layout name to make current or [?] <Layoutl>:

DR BY:

Tooev:

[ar. By

| BRI

8. Move the cursor above the Base View to place the Top View.

6. Note that the View-Base
command now displays the Front
View of the solid model in the
paper space; place the Base View
near the lower left corner as shown.

7. Select eXit to accept the Base View
location.

9. Move the cursor to the right of the Base View to place the Right View.

10. Press the [Enter] key once to accept the placed three views. Your drawing should

appear as shown in the below figure.

\

/

ORCGON INSTITUE & TECH NGOG

LINITS:

DA TE:

. BY;

jo By

AP, BY!

| BT

SHEET

DG Noo:
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Determine the Necessary 2D Views

Multiview drawings usually require two or three of the regular views, such as a front
view, a top view and/or a side view. Many designs have features located on inclined
surfaces that are not parallel to the regular planes of projection. For the V-block design,
to truly describe the V-cut feature, the true shape of the feature must be shown using an
auxiliary view. An auxiliary view has a line of sight that is perpendicular to the inclined
surface, as viewed looking directly at the inclined surface. An auxiliary view is a
supplementary view that can be constructed from any of the regular views.

Examining the current four standard views, we can conclude that the right side view
provides no crucial information on the design. Instead, an auxiliary view is needed to
truly describe the V-cut feature.

CRFGON THETTTUE OF TECHNCL 05y | R AT
L 1T | | A | F= | ETT | AT

t Annotate View Mang
- o AP T Y- 1. Pick Erase in the Modify toolbar.
- ['_l_| (&R G |:_’ " . « ; vy o 1 .
= - 2. The message “Select objects” is displayed in the
v B 0l © oo command prompt area and AutoCAD awaits us to select
e e the objects to erase. Pick the lower right view by
Erase clicking on any edge of the view.
N /F
3. Inside the graphics WindOW, l‘ight- : Select objects I
click to accept the selection and Pig I | |
delete the selected view. L I 1]
I
\"\ ' /./
At | | | r
\\Lf
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Establish an Auxiliary View

AutoCAD provides us with many options to establish new views in the paper space. The
easiest approach to create an auxiliary view is to use the Section View command. Note

that an Auxiliary View is established following the same rules of orthographic projection
for standard views; however, the alignment direction is always perpendicular to the edge

view of the surface.

1. Click the Layout tab to switch to model

Express Tools  Featured Apps “ =14 space

7 Imperial24 -

Imperial24 -

Styles and Standards §

ktric Insert  Annotate View  Mana

B &G O

bjected Section  Detail Edit E
: ) View Comp

Crea [D: Fl& Mod

Ll:* Ha ¢ ction View Full

I— _|': Generates a full section »
—

2.

In the Create View ToolBar, select:
[Section] = [Full]

3. Pick the Base View by moving the cursor on top of the view and select the view
when the dashed box appears as shown.
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4. Select the top corner of the base view
to align the first point of the cutting
plane line.

5. Move the cursor along the
inclined line and accept a
point that is below the
bottom horizontal line as
shown.

6. Move the cursor to the right and notice an auxiliary view following the orthographic
projection rules is generated. Select a location to the right as shown.

[/
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Select option
S 7. 1In the pop-up option list, select [eXit] to accept the
— creation of the new view.
ity
Projection
Dey
Arrotation
hatC
Move e The current multi-view drawing appears as shown in the
below figure.
SCALE: SHEET:

s

SECTION A-A
SCALE 14
OREGON INSTITUE OF TECHNOLOGY UNLTS: DATE:
EE T AP, BY: [GaALE: QHEET: DWG No:

I 8. On your own, use the Erase command and erase the
- o & < o if T Section label as shown.
N [il__p| {ﬁ} C) D‘.: | M &l
- [k B] € 8- p
La e = Select objects
| Erase
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9. Inthe Graphics window, select the cutting plane line as shown. Click on the New
button to create a new named view.

a

10. Click and drag the center grip point and move the cutting plane line toward the right
as shown.

éi » o 7 ' B MD_Annotation ~

= T f Mo 11. On your own, turn off the display of the

Layer e _ _ MD Annotation layer as shown. (Hint,
Properties 3 L B Dimensions

Switch back to the Home tab.)
B VD Annotation

&/
-

5 o O ' I MD_Hidden
I © o [ g8 [l MD Visible b
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Complete the 2D Drawing

) & . 5°W Dimensions | |- Set the Dimensions layer as the Current Layer in the
Layer Properties box.

Array_Toolbar
AutoCAD > 2. Select Tool = Toolbar 2>
CAD Standards . . .
Section T ) AutoCAD - Dimension to display
- ] Camera Adjustment ) .
Plane & - . : the Dimension toolbar on the screen.
_ Dimension
pection ~ ¥ Co Dimensi®nal Constraints

—i 4 FHIAAQAIREHI M E®R A | 1A= Standard w i %

3. Onyour own, create the necessary dimensions and complete the 2D drawing as
shown.

ma

00

ma
ma
wn

LINITS: Inches
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Open the Pulley Solid Model

LD ocxHEL 3
File EditE&ﬁnu Ineart
Open

Home Solig
¢ 4 alt

shown.

Opens an existi

2.

B select File

Lookin: = ACAD prmject

fOim iz

Marme

3 Bracket.dwg
""E-:mﬁ_l‘lwg
N srewchwvg
= Collar.dwg

ES Drawing_a-B_Sheet.dwyg
= Geneva.dwg
""Emdl:-ﬂlnl:k_dwg

l"-I ANDSCAPE-TITLEELOCK. dwg
8 Locatordwg
='armm-.l'!L-I}l'.i"-I||l|n5|.|:h'\|'g
I‘- nr\c:-B‘S'mr.dﬂ'g

5 Pulley,dwyg
='irl"‘ullzi:?d-.l\.lg

¥ shaft-Suppart.cwyg

55 V-Block.dwy

Fil= name |F1.l=_|r|:|ng

Filess of bype: Drawing [ dwa)

8 Company Title Block 8-3-D8.dwg

A

B X B Vews v Toms -

&

[ Select Intial View

Preview

Inttial Wew

The Pulley solid model is retrieved and displayed in the graphics window.

Select the Open option in the Quick Access menu as

In the AutoCAD Select Files dialog box, open the Pulley.dwg V-Block-Solid solid
model created in the previous chapter by clicking on the corresponding filename.
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AutoCAD Paper Space Setup

< | 1. Click the Layout1 tab to switch to the two-
_— dimensional paper space.
% Comm
Comm
_./fl’?" -

Model Lay[:’:éutl Layout? +

I-_IEI Page Setup Manager...

2. To adjust any Page Setup options,

et right-click once on the Layout1 tab
B and select Page Setup Manager.
Drafting Standard Setup.. 3. Choose to modify the default layout in

the Page Setup Manager.

Export Layout to Model..

2 Dock above Status Bar

+ £Z Dock Inline with Status Bar

= Medel Layowws LAy UuLE T
\

4. Inthe Page Setup dialog box, select a plotter/printer that is available to your system.
Consult with your technical support personnel if you have difficulty identifying the
hardware.

5. Set the Paper size to Letter or equivalent (8.5” by 11"”) and the Drawing orientation
is set to Landscape. Accept the settings and exit the Page Setup Manager.

n Page Setup - Layout] E

Page setp Flot shyle table {pen assigrments)
Hame: o ﬁ Hone b

[ty plt stylea
Prirrteripio ther
Harme: | Mirosoft Print b0 PO ) - Prapeer tiess

Ftsf bt 0Tl Pt S cxie viemport i

Fnkter: Micregat Print Ta PDF - Windows 5 yshem Driver - b, | I A daianed
Vihers; FORTPROMPT:

Quezkty Hormal
Desoripton:

L¥1 Eh
Paper sos Hot ophors

. B At abect Inswsighits

|| Mot ransparency
Pt area Plal scake 1B Fiat with plot styies
what to plot: it io paper B =iot peoarspace ast
Lanvout - S| 151 . [Drade paperspace shjects
Plot offe=t [orgn =t o printeble srea) 1 rdes v = D‘:“‘“ﬂ arertabon
¥ DOEDO0  pmch Cariter e plot 1 ) Porrait

unit
OO0 ch ﬁ e
T -
[ Scalm irmweighis bt upside

Praviw.... [ o ] Carcel Holn
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Delete the Displayed Viewport

Viewports can be considered as objects with a view into model space that we can move
and resize. Floating viewports can be overlapping or separated from one another. We can
also create new viewports, as well as delete them.

1. Pick the viewport by clicking on
one of the edges of the viewport
border.

2. Press the [Delete] key once to
delete the viewport.

Add Borders and Title Block by Copy & Paste

— —F = — i ) ) »
Box Extrude o Smooth x"_ = 5 L .
v . Object &0 (%) &» 0 1. On your own, switch to the V-Block-
Modeling ~ Mesh s Solid Editing Solid drawing as shown.
— Start  V-Block-Solid* X  Pulley*

2. Inthe Layer Properties, turn off the MD Hidden, MD Visible layers as shown.

- -~ X

Cument layer: 0 Search for layer  ©Q "

Bol% 24454 LA
Filters < 5. Name a0 F.V.L.P.Color VPC.. Linetype VP Linet.. Lineweight VP Line
-2 Al W 0 @ o T o & W wh. B wh. Continu.. Continu.. — Defa.. — De
.5 Allys < Dimensions ® o O o & ll ma... ll ma.. Continu... Continu.. —— Defa.. — De
& MD Anno.. |® 8- o' & [l wh.. lwh.. Continu... Continu.. — 0.25.. — 0.2
& MD Hidden @ % T f & [l wh.. llwh.. HIDDEN2 HIDDEN? e (0,35... mem 0.3

= MD Visible 3}01 2 o Hl wh.. @l wh.. Continu... Continu.. s 0.50.. === 0.5

& Object - F of & M blue M blue Continu.. Continu,. e 0.30.. =03 @

& Title Block @ @8- of = [l blue [l blue Continu.. Continu.. B 0.90.. BN 0.5 %

& Titleblockl... | ® #: T of & ] blue ] blue Continu.. Continu.. —— Defa.., — De| =

& \iewport ® o o ©M250 W250 Continu.. Continu,. — Defa.., — De| i

z

——I EE—

[ Invert fi ¢4 ;

o

All: 9 layers displayed of 9 total layers =aIEI
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.......................................

L

2MooTn

Object @ (=) &S 0~ OO

ayer O, n} 3. Click Close to exit the Layer properties dialog box.
C 0 L ¥ Close
ht VP Line

Use an enclosing
window, upper left
corner first, and select
the entire Title block as
shown.

Hit [Ctrl+C] once to
make a copy of the
selected entities.

6. Switch to the V-Block-Solid drawing as

Mesh s Solid Editing = Dra
Block-Solid1* Pulley ¢ 4

shown.

| [uirrs; [aTE:
_Iwp  Jwowe  [oeEr  lowoMe

Hit [Ctrl+V] once to
paste a copy of the title
block.

. Position the title block

roughly centered on the
page as shown.

Click once with the left-
mouse button to place
the title block.
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Setting Up the Standard Views

Madel

Euocw

Layout1

Layout2

1. Click the Model tab to switch back to model
Space as shown.

= Current
Group

th Layer

- o

[

" [eT [;f‘ E

-

_|__|n From MndS Space
_\;|n From Inventor

X

3. Pick the Solid Model in

the graphics area as

shown.

Activate the Base View command by selecting with
the left-mouse-button Base > From Model Space as
shown.

4. Click on the Entire Model option to accept the selected object as shown.

§ X /" [9~ VIEWBASE Select objects or [Entire ﬁ!l] <Entire model>:

Entire model] <Entire model>: 1 found
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5. Press the [Enter] key once to accept using Layoutl to place the Base View.

Entire model

<Entire model>»: E

£ X /7 [9~ VIEWBASE Enter new or existing layout name to make current or [?] <Layoutl>:

o = page as shown.

location.

W

BN INETITUE OF TECHROLOEY | Junirs
[T ¥

8. Move the cursor to the left of the Base View to place the Left View.

6. Note that the View-Base command
now displays the Front View of the
solid model in the paper space; place
the Base View near the center of the

7. Select eXit to accept the Base View

9. Press the [Enter] key once to accept the placed two views. Your drawing should

appear as shown in the below figure.

O_0O
SOr
O O

OREGON INSTITUE OF TECHMNOLOGYT

UNITS.

DATE:

DR. BY.

o By

AP. BY:

| B SHEET:

DWW Mo
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Determine the Necessary 2D Views

Multiview drawings usually require two or three of the regular views, such as a front
view, a top view and/or a side view. Many designs may have features located on the
interior that are not easily seen through standard views. For the Pulley design, the true
shape of the interior features can be shown using a section view. In AutoCAD, a section
view is constructed by referencing an existing view.

t Annotate View M
e &4 B Y%
s & C 1 -
¥ A 0] €88 -

3 il

1. Pick Erase in the Modify toolbar.

Erase
[y 7
(I I
2. The message “Select objects” is ) O T

displayed in the command prompt 4
area and AutoCAD awaits us to d :_} ~ }_1 [~
select the objects to erase. Pick O 1
the lower right view by clicking I |

on any edge of the view.

¢
3. [Inside the graphics window, :) O L
I
J

right-click to accept the selection
and delete the selected view.

4. Onyour own, use the left-mouse-button to reposition the view by drag & drop.

0)ise)
@0
S @

OREGON INSTITUE OF TECHNOLOGY | Jurams | L
o B oo ey | A | T [HEET |
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Rotate the Base View

The current Base view is showing the two center points of the six holes is aligned to the
center of the design horizontally; we will first adjust the alignment to be in the vertical
direction prior to creating a section view.

pite View Manage Outp
o & ¢ T Y- 1. Pick Rotate in the Modify toolbar.

Rpe ra

Modi Rotate . .

Rotates objects

2. The message “Select objects™ is
displayed in the command prompt area
and AutoCAD awaits us to select the
objects to erase. Pick the base view by
clicking on any edge of the view.

3. Inside the graphics window, right-click
to accept the selection.

4. Pick the center point of the design as
shown.
D 5. Enter 30 as the rotation angle to rotate the
N : view by 30 degrees.
" Specify rotation angle o E




Multiview Drawings from 3D Models 9-23

Establish a Section View

AutoCAD provides us with many options to establish a section view in the paper space.
We will use the full section option for the pulley design available in the Section View

command.

1. Click the Layout tab to switch to model

Express Tools  Featured Apps “ (=] space.

|7 Imperial24 -

),
=)

Imperial24 -

Styles and Standards y

tric Inset  Annotate \View Mana

E EE :'-r-:]:—:"‘_ ET‘ :ﬂ

bjected Section  Detail Edit E
- ) View Comp

Crea ED Fﬂ Meog

Eﬂ* Ha goction View Full

| Generates a full section »
I_ ﬁ—- s

2.

In the Create View ToolBar, select:
[Section] = [Full]

3. Pick the Base View by moving the cursor on top of the view and select the view
when the dashed box appears as shown.
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4. Pause the cursor on top of the center point
of design, then move the cursor upward to
select a location that is above the base
view. Note that we are aligning the first
point for the cutting plane line.

5. Move the cursor downward and select a
point that is below the base view as
shown.

6. Move the cursor to the right and notice a section view following the orthographic
projection rules is generated. Select a location to the right as shown.

Ly ——-—
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7. Inthe pop-up option list, select [eXit] to accept the
creation of the new view.

e The current multi-view drawing appears as shown in
the below figure.

SECTION A-A
SCALE L1
OREGOMN INSTITUE OF TECHNOLOGY JuntTs: DATE:
DR. BY: [cx. BY: AP. BY: |SCaLE: JSHEET: DWG No:

o AP Y 8. On your own, use the Erase command and erase the
. “’J e Section label as shown.
N r'IJ C) D"’_ i -

'Eﬁﬁu < g - SECTION A-A

i L i

e SCALE "1

| g
Select objects:

I] IRIT T .
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Adjust the Scale of the Base View

The current Base view is showing the two center points of the six holes is aligned to the
center of the design horizontally; we will first adjust the alignment to be in the vertical

direction prior to creating a section view.

Express Tools  Featured Apps “—EI
|7 Imperial24 -
:j'; Imperial24 -

Styles and Standards N

el FWIN LIV VIS
View Manage Outp
- =
-
y Le 05 |
il Edit Edit 9
‘u‘lEﬁ Components
Modify View
Fdit View

3. The message “Select objects™ is
displayed in the command prompt area
and AutoCAD awaits us to select the
objects to erase. Pick the base view by
clicking on any edge of the view.

l.

Click the Layout tab to switch to model
space.

2. Pick Edit View in the Modify View toolbar.

£ —-—

4. In the Option list, choose Scale as shown.

R R 5. Enter 0.75 as the scale value as shown.

6. Inthe pop-up option list, select [eXit] to accept the adjustment of the scale.
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Add an Isometric View

ize

Parametric Insert  Annot

o 06«

Base Projected Section Du

|
Projected View

1.

2. The message “Select objects” is

3.

displayed in the command prompt area
and AutoCAD awaits us to select the
objects to erase. Pick the base view by

clicking on any edge of the view.

Pick Projected in the CreateView toolbar.

Move the cursor to the upper right corner of the page and create an isometric view as

shown.

OREGON INSTTTUE OF TECHNOLOGY

LINITS:

DATE:

DL B K., BY:

M. HY:

| B

SHEET:

DWG Nt
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Complete the 2D Drawing

EF Q O B [f]al Dimensions

[ 1. Set the Dimensions layer as the Current Layer in the

Layer Properties box.

74 E— Array_Toolbar
SR CAD Standards
Section 41 4 Camera Adjustment
Plane La Sy - ;
| Dimension
pection = ¥ Co Dimensi@nal Constraints

2. Select Tool = Toolbar 2
AutoCAD - Dimension to display
the Dimension toolbar on the screen.

————————————

HA AEIAAQOAIRIEHI M E® R A4

Standard v el

3. Onyour own, create the necessary center lines, dimensions and complete the 2D
drawing as shown.
—l_ B
L
3.50 | g4,00
©1.00 )
1 23./0
1
1

OREGOM INSTITUE OF TECHMNOLOGY Pulley Wheel UMITS: Inch DATE: 5/5/2073
DR BY: Sun Birg IL"K BY: Napdeon B. AP, BY': Gary Patton ISCA LE: 3 4 ISHEET: 1 of 1 DAMG No: MET 242-9
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Review Questions:

1.

2.

What is an auxiliary view and why would it be important?
List and describe the types of 2D views used in the lesson.
Why and when should you use the SOLPROF command?
What is the difference between model space and paper space in AutoCAD?

Why and when should you use the DVIEW command?

Identify the following commands:
(a)
Layoutl
(b)
MODEL
(c)
(d)

PAPER
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Exercises: Create the following solid models and generate multiview drawings from
the 3D models. (All dimensions are in inches.)

1. (The overall height of the design is 2.5.)
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R.375

B
...\

N
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Chapter 10
Advanced Modeling Tools & Techniques

|

Leammiing Qlyeeiives

¢ Use More Advanced Solid Modeling
Construction Tools

Create Draft Angle Features

Use the 3D Rounds & Fillets Command
Create Rectangular Patterns

Use the Shell Command

Use the Copy Faces Command

Use the DUCS Option

® & & & o o
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Introduction

AutoCAD provides an assortment of three-dimensional construction tools to make the
creation of solid models easier and more efficient. In this chapter, we will examine the
procedures to create the Draft Angle feature, the Shell feature and also for creating three-
dimensional Rounds and Fillets along edges of a solid model. These features are common
characteristics of molded parts. The three-dimensional Fillets and the Shell commands
will usually create complex three-dimensional spatial curves and surfaces. These
commands are more sensitive to the associated geometric entities. For this reason, the 3D
Fillets and the Shell features are typically created last after all associated solid features
are created. In this chapter, we will also examine the new tools available in AutoCAD
2024 for referencing to existing surfaces and the enhancement of the Grip editing tools.

A Thin-Walled Design: Oil Sink

X/

¢ Based on your knowledge of AutoCAD so far, how many features would you use to
create the design? Which feature would you choose as the starting point in creating
the model? What are the more difficult features involved in the design? What is your
choice in arranging the order of the features? Take a few minutes to consider these
questions and do preliminary planning by sketching on a piece of paper. You are also
encouraged to create the design on your own prior to following through the tutorial.
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Modeling Strategy




10-4  AutoCAD 2024 Tutorial: 3D Modeling

Starting Up AutoCAD 2024

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD
2024 icon on the Desktop.

All apps
AutoCAD 2024 - English
New

== Attach Digital Signatures

ﬂ AutoCAD 2024 - English
MNew

v Batch Standards Checker

|[<*  Export AutoCAD 2024 Settings

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

ﬂ Create Mew Drawing

e ’ﬁh {N Start from Scratch

Defaut Settngs

X

Q) rpesia Fesl and nches)

() Matric:

Tio
Uses the defaut imperal fest and inches) settings

OK Cancel

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

ﬂ 4. Pick OK in the Startup dialog box to accept the selected settings.

133D Mudf‘[:';”g T ¥ | 5. On your own, set the workspace to 3D Modeling
Tools  Dra as shown.

~ . Workspace

Parametric
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Layers Setup

1. Inthe Menu Bar, select [Tools] = [Toolbars] = [AutoCAD] - [Layers].

Z[ee f Mo
- -I;% PSR [ - 2.

Layer Properties Manager

Manages layers and layer properties

e A T
« S.QName a On
H New Layer (Alt+N)

Click Layers Properties Manager in the Layers
toolbar.

3. Click on the New button to create new layers.

4. Create three new layers with the following settings:

Layer Color Linetype Lineweight
Center_lines Red Center Default
Dimensions Magenta Continuous  Default

Object_lines Cyan

Continuous 0.3mm

. <7 Center_lines e

.
It
& Dimensions § 4
27 Object_lines § -1

[ red CENTER —— Defa..

O cyan Continu... == 0.30...

Linetype Lineweig... Trans.. PlotSt..
.. Continu... —— Defa...

0 Normal B
.. Continu... —— Defa... 0 Normal B
0 Normal

b £F £
i | S.. Name e Foa !
'5. 0 ‘ Set Current (Alt+C)

5. Select Object lines layer in the list of layers.

6. Click on the Current button to set layer
Object lines as the Current Layer.

Current layer: Object_lines| 7. Click on the Close button to accept the settings and exit
4 Close F | & the Layer Properties Manager dialog box.

Eiltare

8. Inthe Status Bar area, reset the options and turn ON the Grid Display, Polar
Tracking, Object Snap, Object Snap Tracking, and Dynamic Input options.

Restrict cursor to specified angles - On

Polar Tracking (F10)
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ling

The First Extruded Feature

|- o5 - o Ao Y

"_.._-l:'_lﬁ['_J(:E[JC,_*I
a @ J ARl E5
v Dra

Rectangle

Creates a rectangular polyline

1. Select the Rectangle icon in the Draw
toolbar. In the command prompt area, the
message “Specify first corner point or
[Chamfer/ Elevation/Fillet/Thickness/Width]:”
is displayed.

2. Place the first corner point of the rectangle near
the lower left corner of the screen.

3. Wewill create a 16” x 12" rectangle for the main body of the sketch. Enter @16,12

[ENTER].
Annotate (
g|L gy & 93 * 4 4. Select the Fillet command icon in the Modify
(o, O D L[f toolbar. In the command prompt area, the message
= — Lﬁg—‘ Sectio “Select first object or [Polyline/Radius/Trim]:” is
l_' 1 .
- Fillet displayed.
Mﬂdlfy - Rounds and {
U”d‘f' 5. Inside the graphics window, right-click to activate the option
Polyline menu and select the Radius option with the left-mouse-
Radius button to specify the radius of the fillet.
Trim
Multiple 6. In the command prompt area, the message “Specify fillet
— radius:” is displayed. Specify fillet radius: 4 [ENTER].
Undo 7. Inside the graphics window, right-click to activate the option
Polyline N menu and select the Polyline option.
Radius
Trim
I - .
rd S .
/S SN 8. Pick the rectangle to create
' — R4 S ) the four rounded corners
' as shown.
120
L —BAD R4.0 “ l|l
‘.\'\-l/.. } g
- 1&.0 .
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- .—:.-' _,17 I'-' |.|..| x;j:l '$h J
NSO ® ¢
oo e-r 4 ALl
- Modify 1

ﬂf L."I o - E:.

o RS ®

{1 Draw

. Region

9. Select the Region command icon in the Draw toolbar.

10. In the command prompt area, the message “Select

objects:” is displayed. Select the polyline by clicking on
any segments of the 2D sketch.

11. Click once with the right-mouse-button to accept the

selection and create a new region.

File Edit View Insert

Smoot

Home Solid Surface Mesh
l J 'T [_J Polysolid
L |
Presspull
Box Ex e = P
M Extrude

n' S HED L S 12, Select Extrude in the Modeling toolbar as

Form shown.
Y]
13. In the command prompt area, the message “Select
objects:” 1s displayed. Select the region by
clicking on any of the displayed segments.

14. Inside the graphics window, right-click and select Enter to accept the selection and
proceed with the Extrude command.

15. In the command prompt area, the message “Specify height of extrusion or
[Direction/Path/Taper Angle]:” is displayed. Enter 0.625 [ENTER].

SW Isometric
SE lsometric
ME Isometric
NW lsometric

View Manager...

"  Parallel

16. Set the view display to SE Isometric as shown.
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Create an Offset Geometry from an Extracted Surface

In AutoCAD, several options are available to create geometry from existing solid
features. We will use the Copy Faces command to assist constructing geometry from
the existing surfaces.

1.

In the Menu Bar area, select [Tools] = [Toolbar] = [AutoCAD] - [Solid

Editing] as shown.

Tools Draw Dimension Modify  Window Help  Param RETTaET
Workspaces 5 Smooth Mesh B
Palettes > | 4 = Smoath Mesh Primitives
Toolbars > AutoCALy > Solid Edjting

i Standan
[~ Command Line Ctri+9 [ Move Offset Cop
b Standard Annotation
Clean Screen Ctri+0
b ] Stilee

[

X G SIS & o
a (§ ﬂ Al Lo & 7 2. Click on the Copy Faces icon to activate the

b

Copy faces

command.

3.

In the command prompt area,
the message “Select faces or
[Undo/ Remove/ All].” is
displayed. Pick the upper
surface by clicking on the
inside of the surface as shown.

Inside the graphics window,
right-click to bring up the
option menu and select Enter to
accept the selection.

In the command prompt area, the message “Specify a base point or displacement:” 1s

displayed. Select any point as a reference and enter @20,0 to place the copy about
20 inches to the right side of the current model.

COL O
miAterial
- .|.I

7. Inthe option menu select EXit.

Inside the graphics window, right-click to accept the entered values.

@ 8. Select Exit again to end the Copy Faces command.
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Annotate  View  Manage
oo D
[ I o -
’ L_'_ : Sed
4 Apl €88~

Sectid

=y |

Explode

9. Select the Explode command icon in the Modify
toolbar. In the command prompt area, the message

“Select objects.” is displayed.

10. Pick the new surface we just created.

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

12. Select the Offset command icon in the Modify toolbar.
In the command prompt area, the message “Specify offset

distance or [Through]:” is displayed.
Specify offset distance or [Through]: 2 [ENTER].

13. On your own, create a set of
entities on the inside of the
exploded surface as shown.

farametric  Inset  Annotate ﬂ'
- DA e e R 9
- _"L"'.. - . -'tl - |': "I :_::E:lj C}.
- {'I-':‘ .i_| ’:‘1 - - 4bh —I—l
- Moadify 1

g8 /00

7 e AR ©

{0 Draw

. Region

19. Inside the graphics window, right-click to accept the selection and end the Erase

command.

14. Select the Region command icon in the Draw toolbar.

15. In the command prompt area, the message “Select

objects:” 1s displayed. Select the entities we just created

with the Offset command (the objects that form the

inside loop).

16. Inside the graphics window, right-click to accept the selection and create a region.

17. Select the Erase command icon in the Modify toolbar.

18. In the command prompt area, the message “Select

objects:” is displayed. Select the outer loop entities that

were created with the Copy Faces command.
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Extrude with Draft Angle

1. Select Extrude in the Modeling toolbar as shown.

Home  Solid Surface Mesh  Visualize Parametric Inset  Annotate  View
N e WY R N R
= & : 0 @@ @. ~i /(- (0. & N
Box Extlagie il Smanth — | = = “-: e - = r-@: C) rl-.-- 1
y i 1 (= oo
Extrude g Ao Saoc
Modeh| Creates a 3D solid or surface by extruding a 2D or 3D curve Modify -

2. Inthe command prompt area, the message “Select objects:” is displayed. Select the
2D region by clicking on any of the displayed segments.

3. Inside the graphics window, right-click and choose Enter to accept the selection and
proceed with the Extrude command.

TRELTCTIL TR

Direction 4. Inside the graphics window, right-click to bring up the

Path option menu and select Taper Angle.

Taper.angle

Expfes ?jn 5. In the command prompt area, the message “Specify angle
? of taper for extrusion <0>:” is displayed. Enter 10

Osnap Overrides 3 [ENTER].

In the command prompt area, the message “Specify height of extrusion or

[Direction/Path/Taper Angle]:” is displayed. Enter 4 [ENTER].

Note that the second part is created by extruding an extracted surface from the first
solid model. The ability to extract and reuse existing surface-geometry is an
important aspect of solid modeling. Also note that AutoCAD allows us to create
multiple parts in a single drawing file, which allows us to create assembly models

under the same design environment.
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Align the Parts

.ﬁlllﬂﬂlh“lj].

Select the Move icon in the Draw toolbar.

In the command prompt area, the message “Select
Objects:” is displayed. Pick the second part we just
created.

Inside the graphics window, right-click to accept the selection.

o & ™ %
i - '—l — 2.
o &
Maove
< A .
Moves objects
Mo
3.
[ LIS =fJ=2=wy )]
Apparent Intersect
Extension
() Cent
Geometric Center
Quadrant
T s L

4.

Inside the graphics window, hold down the [SHIFT] key
and right-click once to bring up the Object Snap shortcut
menu.

Select the Center option in the pop-up window.

6. Pick the center of the bottom left arc as
shown in the figure.

. 7. Inside the graphics window, hold down
T the [ SHIFT] key and right-click once to
bring up the Object Snap shortcut menu.

8. Select the Center option in the pop-up
window.

Pick the corresponding
center point on the top
surface of the solid
model as shown.




10-12  AutoCAD 2024 Tutorial: 3D Modeling

Create another Extracted Surface

1. Click on the Copy Faces icon to activate the command.

e o KPR IR IS
g
Copy faces

2. In the command prompt
area, the message “Select
faces or [Undo/ Remove/
All]:” is displayed. Pick the
top surface of the tapered
part by clicking on the
inside of the surface as
shown.

3. [Inside the graphics
window, right-click to
bring up the option menu
and select Enter to accept
the selection.

4. Inthe command prompt area, the message “Specify a base point or displacement:” is
displayed. Select any corner as a reference and enter @20,0 to place the copy 20
inches to the right side of the current model.

5. Inside the graphics window, right-click to accept the entered values.

6. Select eXit in the option menu.

Undo 7. Select eXit in the option menu again to end the Copy Faces

@ command.

8. Select the Explode command icon in the Modify
toolbar. In the command prompt area, the message

Annotate Manage

ol ¥ A

[ VT Sec “Select objects:” 1s displayed.
— 00

: (e Pl

¥ 1 = U@

sectid 9. Pick the surface we just created.

. — 10. Inside the graphics window, right-click to end the
Explode Explode command.
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11. Select the Line command icon in the Draw toolbar.

rametric  Insert
DA 7 e ]
, : . 3D Osnap
™ ‘ * |®5
P E Endpoint
. Line /  Midpaint
Dr : .
Creates straigh{ Intersection
Apparent Intersect
— [Extension

12. Inside the graphics window, hold
down the [SHIFT] key and right-
click once to bring up the Object
Snap shortcut menu.

13. Select the Midpoint option in the

14.

15. On your own, repeat the Midpoint
SNAP option and create a line as
shown.

16. Inside the graphics window, right-click
once and select Enter to end the Line

command.
Annotate  View Iih;
AP D %F‘ ]
o & O L
/s AR g™
nms
Modify +

pop-up window.

In the command prompt area, the message

“ line Specify first point:” is displayed. Pick
the line segment on the extracted surface as
shown.

17. Select the Trim command icon in the Modify toolbar.

18. Trim the two lines of the
exploded geometry as shown.
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’nnﬂkhﬂtmw

Nl N
NSO ®C
GO e- 4 AQ]

- Medify
g
{1 Draw
: Region

L-cHEL

File Edit View Inser

Home Solid Surface

(L) Polysol

Press
ch Em 'L'IL P

LTI TTrat £

Direction
Path
Taper.angle
Expre%ion

>

19. Select the Region command icon in the Draw toolbar.

20. In the command prompt area, the message “Select
objects:” is displayed. Select the entities we just
modified.

21. Inside the graphics window, right-click to accept the
selection and create a region.

22. Select Extrude in the 3D Modeling toolbar as shown.

23. In the command prompt area, the message “Select
objects:” is displayed. Select the 2D region by clicking
on any of the displayed segments.

24. Inside the graphics window, right-click and select Enter
to accept the selection and proceed with the Extrude
command.

25. Inside the graphics window, right-click to bring up the
option menu and select Taper Angle.

26. In the command prompt area, the message “Specify angle
of taper for extrusion <0>:" is displayed. Enter 10
[ENTER].

27. In the command prompt area, the message “Specify height of extrusion or [path].” is
displayed. Enter 2 [ENTER].

Annotate  View lh‘
/6 ﬁ; _f.-'_.. .

E@’ l’ 1
& A,—Move

Mowves CL_||:-:_T
Mod

X/

extracted geometry.

¢ At this point, the three separate parts
are positioned and aligned on top of A
each other. Note that the last part
was created without applying, or t: . -
knowing, the exact dimensions of the RS

28. Select the Move icon in the Modify toolbar.

29. On your own, reposition the part on top of the other parts
as shown.
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Combining Parts — Boolean Union
Select Free Orbit in the Navigation toolbar:

=4 s
[Orbit] - [Free Orbit].

ﬂ_gm
Il 2. On your own, rotate the created models in 3D space and
|@ confirm the three parts are positioned on top of each other.
- Readjust the positions of the parts if necessary.
v | Orbit
Free Orbit
C::inunus Orbit
In the Solid Editing toolbar, click on the Union icon. In
the command prompt area, the message “Select Objects:”
is displayed.
T — Solid, Union
- 5" Combines selected 30| 4. Pick all the solid models by clicking on their edges.
) o
.| e UNION
Inside the graphics window, right-click to accept the selection and proceed with the

5.
Union command.
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Create 3D Rounds and Fillets

In AutoCAD 2024, there are two Fillet commands for 2D and 3D entities.

T . )
pm— . % = e | = o [1. Select the Fillet command icon
PO P93 % de DA . et
. . ‘[% in the Solid Editing toolbar.
Fillet edges ..
Rounds and fillets the edges of solid objects
2. In the command
| [ %~ FILLETEDGE Select an edge or [Chain Loop Rad{jﬁns]; prompt area, select
Radius.

3. In the command prompt area, the message “Specify fillet radius:” is displayed.
Specify fillet radius: .75 [ENTER)].

[ [ ¥~ FILLETEDGE Select an edge or [Ch%ﬂ Loop Radius ]:

P A

A

4. In the command
prompt area, select
the Chain option.

5. Pick the top back edge as shown.

6.

In the command prompt area,
the message “Select an edge or
[Chain/Radius].” is displayed.
Select one of the adjacent
curves on the top surface.

On your own, select the
adjacent edges on the top
surfaces as shown in the
figure.

Press the [ENTER] key or use
the right-mouse-button and
select Enter to accept the
selection.
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The Fillet command can be used to create complex 3D curves and surfaces as shown

in this example.

T

On your own, create a chained fillet of 0.625 radius at the bottom edges as shown.
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Create a Shell Feature

The Shell command can be used to create new faces by offsetting existing ones inside or
outside of their original positions.

“— |l 1. Seclect Free Orbit in the Navigation toolbar to the right
o side of the graphics area:

" [Navigation] = [Free Orbit]
= :‘
,{B 2. On your own, rotate the created models in 3D space so that
> we are viewing the bottom flat face of the model as shown
v | Orbit in the figure below.

FIET%%}IH}H
Continuous Orbit

3. Choose Shell in the Solid Editing toolbar.

ad @B IOCADE'E OO
le
Shell

Converts a3D s

4. The message “Select a 3D solid:” is displayed in the command prompt area. Pick any
surface of the 3D solid. Note the entire solid is selected.

5. Inthe command prompt area, the message “Remove faces or [Undo /Add /All]:” is
displayed. Select the top flat side (as oriented in the figure below) of the Oil Sink
model. (AutoCAD will remove this surface before creating the shell feature.)

6. Note the message in the command prompt area indicating the removal of a surface.
Inside the graphics window, right-click and select Enter to accept the selection and
proceed with the Shell command.

7. In the command prompt area, the
message “Enter the shell offset
distance.” is displayed. Set the
thickness to 0.25.

8. Press the [ENTER] key or select
Exit in the command prompt area
to continue.

9. Repeat the above step and Exit
the Shell command.
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Create a Rectangular Array Cut Feature

= liConceptual]
Custorn Model Views . . .
1. In the View control list, select the Top view
Top option to reset the display to the XY plane of the
Euttc% coordinate system.
Left
Binht
L 2. Select the Circle icon in the Draw toolbar.

DA T o &4

N @3 = 'l 3. On your own, create a circle (radius 0.375) that is toward

OO c A the right side of the solid model. Note that, in AutoCAD,

> Center, Radius circles are created as valid regions.
raw -
i~ & 1

4. On your own, extrude the region into a 1" high cylinder.
(Taper angle set to 0.)

iﬁ ‘\—-
- = | Extrude
Modeling Creates a 3D s¢

5. Select Rectangle Array in the Modify toolbar

o Y.
o & 0 % C@ as shown.
r-Lj G D"‘I_ ir; N Section
s AF] IEI—% | Plane 6. Select the cylinder we just created.
Modify ~
‘ Rectangular Array

7. Inside the graphics window, right-click to accept the selection and proceed to use the
Array command.

8. In Columns control panel, enter 3

] .
a0 'DJ“ Columns: |3 as the number of items in the
100 (80 Between: 4.0000 horizontal direction.
Rectangular 5l Totak 8.0000
Type -. Columns

9. Enter 4 as the spacing between items in the horizontal direction as shown.
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— — | 10. In Columns control panel, enter 2 as the number
_— . 4 . . . . .
=a Rows: 2 Ca of items in the vertical direction.
= Between: |10.0000 =1
=T Total 10.0000 =3 11. Enter 10 as the distance between the rows.
_‘ Rows - |

S, Levels: |1 ]| 12. Set the number of levels to 1 as shown.
rt ‘ o
; Between: ' 1.5000
:I Total: 1.5000
| Levels ‘

Array Creation
13. Turn Off the Associative option as shown.

Oi% L0
i - ' Cl A i
Accociative Bace Point | Cloce 14. Click on Close Array to accept the settings
Array and create the array.
_‘ Properties Close

15. Select the Move icon in the Draw toolbar and select all six
cylinders to move.

16. On your own, reposition the six cylinders as shown in the
figure below. Make sure the cylinders pass through the Oif
Pan model before proceeding to the next step.

e O
,,/// =

a <
[

iy

\\ ;1.7 — —~ - S
"“-:;:\5 - \_._.-’I () O f/f/.:;’,-'
e~ —
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1 el e
!

& 1 ¥
30| %
r
\"H
O
[_J"T

K

B

Solid, Subtract

Combines selected 3D solids or 2D+

17. In the Solid Editing toolbar, click on the
Subtract icon.

18. In the command prompt area, the message
“ subtract Select solids and regions to subtract
from ... Select Objects.” 1s displayed. Pick the

Oil Pan model by clicking on one of the edges.

19. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

20. Pick all six cylinder
blocks by clicking on
the circular edges.

21. Inside the graphics
window, right-click to
accept the selection and
proceed with the
Subtract command.

Create another Rectangular Array Cut Feature

1. Onyour own, repeat the above steps and create another rectangular array as shown
(circular hole: radius 0.375, Rectangular array, 2 Columns with 14" Column
spacing, and 2 Rows with 4" Row spacing).

4,0

2. On your own, reposition the rectangular
array so that the lower left cylinder is
located at 4.0 inches away from the

bottom edge of the base feature and 1.0
inch away from the left edge of the Oil
Pan model.
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kP 5E- O

B @ = [ - 7| 4. Inthe command prompt area, the message _subtract Select
7 ala solids and regions to subtract from ... Select Objects:” is
o q Solid, Subtract displayed. Pick the Oil Pan model by clicking on one of the

3. Inthe Solid Editing toolbar, click on the Subtract icon.

Combines selected edges.

5. Complete the model with the Subtract command.

6. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.

7. Inthe command prompt area, the message “Select solids and regions to subtract ...
Select Objects:” 1s displayed.

8. Pick all six cylinder blocks by clicking on the circular edges.

9. Inside the graphics window, right-click to accept the selection and proceed with the
Subtract command.
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Making a Design Change

Engineering designs usually go through many revisions and changes before they go into
production. In AutoCAD 2024, an assortment of 3D tools has been implemented to
handle design changes more quickly. In this section, two different approaches to perform
a simple design change are illustrated: (1) modifying with the Grip Editing tools, and (2)
creating with Dynamic UCS.

Grip Editing Approach: One of the main 3D editing enhancements in AutoCAD 2024
is the Grip Editing Tools. We can now use grips to manipulate original solid primitive
forms that were used to make up composite solids. Composite solids are solids created
from two or more individual solids through any of the Boolean commands: UNION,
SUBTRACT, and INTERSECT. To select an individual form of a composite solid,
press and hold the [CTRL] key while selecting. We will reposition the location of one of
the holes using this approach.

. Select one of the hole features by pressing
down the [CTRL] key and clicking on one
of the hole cylindrical surfaces as shown.

. Click on the center grip point that is
located at the center of the hole feature.
This will activate the Stretch option of
Grip Editing.

. In the command prompt area, the message
“Specify stretch point or [Base
point/Undo/eXit]:” is displayed. Enter
@1.5,0 [ENTER].
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Tools Draw  Dimension Modify Window Help F
Workspaces » pe Oupwt | 4. On your own, use the [Tools] 2>
? ?DLEE::S Z qﬂ s [Inquiry] 2> [Distance] command
| _ to confirm the design change has been
=] Command Line Ctrl+9 Section
— P—— — Plane performed correctly.
.:’r spelling bection = =
Quick Select...
Draw Order »
Isclate *
" Inquiry > =
& Update Fields ) Radius
r.‘ Dok Caisas [ angle

® Distance
Radius

Angle
ARea
Yolume

et

Dynamic UCS Approach: In AutoCAD 2024, the Dynamic UCS option can also be
used to quickly change the alignment of UCS to existing surfaces. The dynamic UCS can
be used to create objects on a planar face of a 3D solid without manually changing the
UCS orientation. During a command, the dynamic UCS temporarily aligns the XY plane
of the UCS to a planar face of a 3D solid when you move the cursor over the face. When
the dynamic UCS is active, specified points, and drawing tools, such as polar tracking
and the grid, are all measured relative to the temporary UCS established by the dynamic
UCS. In this section, we will add an additional cylindrical solid feature on the inside wall
using this approach.

5. Inthe Status Bar area, activate the Dynamic UCS option by clicking on the
UCSDETECT option button as shown. (You can also hit [F6] once.)

Snap UCS to active solids plane - On
Dynamics UCS - UCSDETECT (F6)

— i

DRI K A 11y & -+ 0

6. Set the display option to the Conceptual visual style
by clicking on the icon in the Visual Styles toolbar as
shown.
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7. Click on the Cylinder icon to activate the Create
Cylinder command.

8. Move the cursor on top of any planar surface and notice the displayed dashed edges
signifying the alignment of the XY plane of the temporary UCS to the surface.

9. Pick an arbitrary location on the surface to use as the center point of the cylinder.
Note the display of the alignment of the temporary UCS.
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10. Enter 0.375 as the radius of the cylinder as
shown.

11. Move the cursor upward and observe
the preview of an extrusion as shown.
(Note that moving the cursor in the
opposite direction will create an
extrusion in the opposite direction.)

12. Enter 1 as the height of the
cylinder as shown.

e Note that we have successfully placed a cylinder on an existing surface. We can now
move the cylinder to any desired location and join the cylinder to the main body. The
Dynamic UCS approach reduced the tedious work of orienting the UCS prior to
creating the necessary solid feature. In the next chapter, we will examine the use of
Dynamic UCS as a powerful design tool.
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Review Questions:
1. Describe the method used in the tutorial to create Draft Angle features in AutoCAD.

2. List and describe the differences between Cut with a Pattern and Cut Each One
Individually.

3. Which command is used to create 3D rounded corners in AutoCAD?
4. What elements are required to define a Rectangular Array in AutoCAD?

5. How do we create a thin-walled part in AutoCAD? What elements are required to
perform the operation?

6. Identify the following commands:

(a)

1)
(b)
(c)

(Y
(d)
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Exercises:
1. Dimensions are in inches.

2. Dimensions are in millimeters. (Note the two R40 arcs at the base share the same
center.)
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3. Dimensions are in inches.

Founds & Fillets: R 125

4. Dimensions are in inches.

~
!

EWY , 3TH%. 20
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5. Dimensions are in inches.

6. Dimensions are in inches.
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Chapter 11
Conceptual Design Tools & Techniques

Use the Conceptual Modeling
Constructlon Tools

Use the Dynamic UCS Option
Use the Press/Pull Command
Create Rectangular Patterns
Use the Shell Command

Use the Copy Faces Command

* & & o o
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Introduction

Engineering design is the ability to create and transform ideas and concepts into a product
definition that meets the desired objective. The general procedure for the design of a new
product, or improving an existing product, involves the following six stages:

Develop and identify the desired objectives.

Conceptual design stage — Concepts and Ideas of possible solutions.
Computer Modeling and Engineering analysis of components.
Prototypes and testing.

Refine and finalize the design.

Working drawings of the finalized design.

SNH P =

It is during the conceptual design stage when the first drawings, known as conceptual
drawings, are usually created. The conceptual drawings are typically done in the form of
freehand sketches showing the original ideas and concepts of possible solutions to the set
objectives. From these conceptual drawings, engineering analyses are performed to
improve and confirm the suitability of the proposed design. Working from the sketches
and the results of the analyses, the design department then creates prototypes or performs
computer simulations to further refine the design. Once the design is finalized, a set of
detailed drawings of the proposed design are created.

Conceptual Drawing - C@

Computer Model

. Courtesy of Wes Fullenwider,
. MMET Senior Project

b 2 \ _ Oregon Institute of Technology

|
'j.

&

S ¥
Finalized Product

%
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During the conceptual design stage of the design process, the main emphasis is typically
placed on the conceptualization of problems and solutions. Also, very little emphasis is
placed on the finer details of the design during the conceptual design stage; only a few
rough estimates of the actual sizes are considered.

The initial conceptual drawings and sketches represent the idea or essence of what the
designer is trying to communicate. Getting the conceptual design correct at the beginning
avoids the risk of costly redesign further down the line. Think about how expensive it
would be to add a second bathroom once all the plumbing has been done.

One of the main enhancements of AutoCAD in recent years was the introduction of the
3D conceptual modeling tools, which allow the users to very quickly create 3D
conceptual models. With the 3D conceptual computer models, the ideas and concepts of a
design can be further examined and options explored. The introduction of the 3D
conceptual modeling tools has made AutoCAD not just a drafting tool, but a very
powerful design tool.

In this chapter, we will use a relatively simple design to illustrate the conceptual
modeling tools that are available in AutoCAD 2024.

A Bird House Design

In this tutorial, we will create a 3D conceptual model of a Bird House design, based on
the rough sketches shown below. Note that detailed dimensions are not of great concern
during the conceptual design phase; only rough sizes are noted. This approach is also
known as the shape before size design philosophy, where the primary concern is the
shapes and forms of the design.

Approximate size: 30" x 30" x 25"
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Starting Up AutoCAD 2024

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD

2024 icon on the Desktop.

All apps

AutoCAD 2024 - English

2.

3.

MNew
«= Attach Digital Signatures
n AutoCAD 2024 - English
New
v Batch Standards Checker
[+ Export AutoCAD 2024 Settings

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

() Migtric:

Tip

ﬂ Create Mew Drawing x
- l Start from Scratch

0 0 R
Diefauk SB‘MQI;}

Q Fpesia feel and nches)

Lses the defaut imperal fest and inches) settings

QK | Cancel

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

units.

B

4. Pick OK in the Startup dialog box to accept the selected settings.

{5k3D MDdE[:IEi‘ng

Tools Drz

Workspace

T 7 | 5. On your own, set the workspace to 3D Modeling

as shown.
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Layers Setup
In the Menu Bar, select [Tools] = [Toolbars] = [AutoCAD] - [Layers].

1.

ar - = L
[ - ) . D
2. Click Layers Properties Manager in the Layers

i _LL\, - |
toolbar.

Layer Properties Manager
Wlanages layers and layer properties

G| o & & ,
3. Click on the New button to create new layers.

« S.QName 4 On
H New Layer (Alt+N)

4. Create two new layers with the following settings:

Layer Color Linetype Lineweight
Base Cyan Continuous  Default
Roof Blue Continuous Default
G G Sk o o = &
&.. Name ~ 0. Fr.. L.. P. Color Linetype Lineweig... Trans.. PlotSt.. N, Descriptic
&0 ¥ 1 g @ Wwh.. Continu.. — Defa... Normal &
':L? Mormal

5. Highlight the layer Base in the list of layers.
6. Click on the Current button to set layer Base as

“ £ Sk
14 | %.. MName Fa ¥l [ 1 the Cul’rent Layer_
= 0 ‘ Set Current (Alt+C)
:&Mm layer: Construction | /- Click on the Close button to accept the settings and
ﬂ Cos= b | 48 exit the Layer Properties Manager dialog box.
4

_Filters
In the Status Bar area, reset the options and turn ON only the Dynamic Input option.

8.

A

]~ = K] X

MODEL I :::
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The Base Plate

@ Back

&) SW Isometric

@ SE lsaqnetric |
EANE L4
,,;Ij NW

SE Isometric

1. Move the cursor to the View control list and click on the SE
Isometric view icon as shown.

Home Solid Surface h

v °

2. In the Modeling toolbar, click on the Box icon. In the
command prompt area, the message “Specify corner of

Box  Extrude Smooth box or [Center]:” 1s displayed.
T N Object
i viesh | 3- Enter 0,0 to place the first corner at the origin of the
Box world coordinate system.
— [ Drawil
|C'_-.-' Box 4. In the command prompt area, the message “Specify
Caratis a 30 solid box corner or [Cube/Length]:” is displayed. Enter @30,30

Col — [ENTER].

| [ BOX

+  Zoom Extents

- Zoom Window
=8 Foom Previous
Zoom Realtime

— Zoom ﬁl
Foom Dynamic

5. For the height of the box, enter 0.5 [ENTER].

6. In the Navigation toolbar, select the Zoom All
command to adjust the display.

Foom Scale
e
o g
e R
e e
o o
o e
e e
o S
iy e
e e,
o s
P e
- by
P e
o e
o e
e e,
i e
o e,
e e
e T,
Rty g
o e
e i
[ =]
e 4
S T
e, e
R L
e o
Ro s
s, ey
— e
- o
o o
= e
e o
e -
et o
- o
- e
o, L
., e
i o
S e
e o
o sy
- e
o




Conceptual Design Tools & Techniques 11-7

Create the Compartments for the 1 Floor

In AutoCAD, the Dynamic UCS option can be used to quickly align UCS to existing
surfaces. The dynamic UCS can be used to create objects on a planar face of a 3D solid
without manually changing the UCS orientation.

1. Activate the Dynamic UCS option by clicking on the associated icon in the Status
Bar as shown. (Use the Customization button to switch on the display.)

Snap UCS to active solids plane - On Customization

Dynamics UCS - UCSDETECT (F6)

i B -+ P ox
s NME - R
bic Incet Annctate View | 2. Select the Rectangle icon in the Draw toolbar. In
L . - the command prompt area, the message “Specify
P N R R first corner point or
NSO & C D [Chamfer/Elevation/Fillet/Thickness/Width]:” is
O - 4 AF €59 displayed.
Draj Rectanal T 3. Move the cursor on the top plan of the 3D base and
‘ ectangle _ notice the dynamic UCS option automatically
Creates a rectangular polyline aligns the UCS to the top plane as shown.

[Spmciy First comer poirk o =1 [ SO | [-6.6098 |

##ﬁbh
.-'-'.'-'-”-f;-:’-' .;b:b*“a.
e S 4. On your own, create a rectangl
s . S : your own, create a rectangle
= S i 2 1
{}q x — S that is roughly % the size of the
N | e Sy base as shown.
. e -]
e p P
S -
N F
-H"‘_}%\;M J‘;:_;-_-_f.-.
b \{H"‘f‘m -'.'-""f'?.?
'\-\.;.:r__.-_:.'-
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5. Onyour own, repeat the above steps and create four additional rectangles as shown in
the figure below. Do not be overly concerned with the actual sizes and dimensions of
the sketch; the main goal is “fast and loose” for conceptual models.

<> <
<

Using the Press/Pull Command

The Press/Pull command allows us to press or pull bounded areas, which can
automatically form either Boolean Join or Boolean Subtract features. The bounded area

must be bounded by coplanar lines or edges. Based on the type of the coplanar objects,
the Press/Pull command can produce the following results:

Open 2D object (such as an arc) Extrudes to create a surface

Closed 2D object (such as a circle) Extrudes to create a 3D solid

Inside a bounded area Extrudes to create a 3D solid

3D solid face Offsets the face, expanding or condensing the 3D solid

e This command can be activated through the icon in the modeling toolbar panel or by
pressing and holding [CTRL + ALT], and then picking the area.

Home Solid Surface  Mesh
_‘ -T = o | 1 Select Press/Pull in the Modeling toolbar as
L, w W . shown.

T8
Box Extrude '\ Smooth

-

Presspull

Modeling =
9 Presses or pulls

. __ ———

2. In the command prompt area, the message “Click inside the bounded area to press or
pull:” is displayed. Move the cursor near the center of the 2D sketch so that all of the

rectangles are highlighted, which indicates the selected area.
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3. Inside the graphics window, use the left-mouse-button and pull the selection upward
as shown. Note that the large rectangle (the outside loop) indicates the boundary of
adding material to the base, while the smaller rectangles (the inside loops) indicate
the boundaries of holes.

4. Inside the graphics window left-click once to create the solid feature.

e Note that the solid feature created with the Press/Pull command automatically joins
the new feature to the existing solid model. The Press/Pull command allows us the
ability to create solids from sketched 2D geometry. Note that this is a totally different
approach than the Region command. This new approach was first introduced by the
@Last Software Co. (now part of Trimble, Inc.) in their SketchUp software.
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Using the Press/Pull Command as an Editing Tool

The Press/Pull command can also be used as an editing tool. This command enables us
to quickly resize any of the existing solid features.

1. Select Press/Pull in the Modeling toolbar as
shown.

@ 2. Move the cursor on top of the inside vertical
wall of the lower-left compartment; note the
highlighted lines indicating the currently
selectable area.

3. Click once with the left-mouse-button to select the surface.

4. Move the cursor and notice the selected surface is being adjusted. Click with the left-
mouse-button to accept the adjustment. Note that the individual surface can be moved
and the model resized with the Press/Pull command.
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Create another Cut Feature

1. Inthe Draw toolbar, click on the Circle icon to activate
the circle command. In the command prompt area, the

message “Specify center point for circle or
[3P/2P/Ttr]:” is displayed.

DA T i A
N o & C
Ve ec

Center, Radius

2. Move the cursor on the front plane of the 3D base and notice the dynamic UCS option
automatically aligns the UCS to the front plane as shown.

3. Pick alocation to place the center point so that it is aligned to the center of the square
opening.

4. Create a circle that is about half of the width of the square opening as shown in the
figure below.
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5. Inside the graphics window, select the circle by clicking once with the left-mouse-
button. Notice that the 2D grip editing tool is also available for us to quickly adjust
the size and location of the sketched 2D geometry.

6. Press the [Esc] key once to deselect any entities.

Home Solid Surface  Mesh

(iJ @ @ | 7. Select Press/Pull in the Modeling toolbar as

g g shown. In the command prompt area, the message
Box Extrude SITICIOth “Click inside the bounded area to press or pull:” is
7 displayed.

Madeling -

8. Move the cursor near the center of the circle
we just created and notice the highlighted
lines indicating the selected area. (Hint: Use
the Zoom functions to assist this operation.)

Inside the graphics window, press down the left-mouse-button and press the selection
toward the right side and create the cut feature (Boolean Subtract) as shown.
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Adjust the Compartments

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

1. Confirm the Object Snap option is turned
off in the Status Bar as shown.

.y
/’[[gs_vftz.

KK A - L~

2. On your own, use the Free Orbit option to view

the current 3D solid model.

Home Solid

Box Extrude

Modeling ~

Surface  Mesh

T LR

Smooth N

Presspull

Presses or pulls

Select Presspull in the Modeling toolbar as
shown. In the command prompt area, the message
“Click inside the bounded area to press or pull:”
is displayed.

4. On your own, adjust the compartments so that we can add additional compartments in
between the existing ones, as shown in the figure below.

e The Press/Pull command enables us to perform fast and loose adjustments of
existing surfaces, which conforms to the basic concept of conceptual design.
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Add Additional Compartments

Select the Rectangle icon in the Draw toolbar. In the
command prompt area, the message “Specify first
corner point or [Chamfer/Elevation/Fillet/Thickness/
Width]:” is displayed.

Move the cursor on the top plane of the 3D base and
notice the dynamic UCS option automatically aligns
the UCS to the top plane.

Creates a rectangular

3. On your own, create the four additional rectangles as shown in the figure below.

4. On your own, create the additional compartments using the Press/Pull command.
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Create the Doors

1. Click on the Circle icon to activate the Circle
command. In the command prompt area, the message
“Specify center point for circle or [3P/2P/Ttr]:” is
displayed.

P R

r*‘f’@lb@(}

Center, Radius

Creates a circle u

2. Move the cursor on the front plan of the 3D base and notice the dynamic UCS option
automatically aligns the UCS to the front plan as shown.

3. Onyour own, create the additional circles as shown in the figure below.

Home  Solid Surface  Mesh
@ & 4. On your own, use the Press/Pull command and
g ! @ create the doors as shown in the figure below.

Box Extrude SI‘I'IGDth

Presspull

Maodelin
9.~ Presses or pulls
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Create the 2" Floor

We will next create the 2™ floor of the bird house; we will do this by simply making a
copy of the 1% floor model.

o @& <
& ® C l*
< A HB]

Copies object

| ‘g COPY

1. Choose Copy in the Modify toolbar. The message

“Select Objects:” is displayed in the command prompt
area.

2. Pick any surface of the 3D solid. Note the entire solid is

selected.

3. Inside the graphics window, right-click to accept the selection and proceed with the

Copy command.

4. On your own, drag and drop with the left-mouse-button to create a copy as shown.

SR
AYEREN

1 = AN -
3D Rotate
In a 3D view, displays th

5. Choose 3D Rotate in the 3D Modeling and Editing
toolbar. The message “Select Objects:” is displayed in
the command prompt area.

6. Pick any surface of the copy we just created. Note that we currently have two separate

solid objects.

7. Inside the graphics window, right-click to accept the selection and proceed with the

3D Rotate command.

8. Pick a point near the center of the solid model.
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9. Select the horizontal ring that is associated with the Z rotation axis as shown.

10. We will rotate the model 90 degrees about the Z-axis. Enter 90 as the rotation angle

11. The 2™ floor is now rotated 90 degrees; note that all the AutoCAD solid modeling
tools are also available for conceptual modeling.
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Reposition the 2" Floor

’ﬁ 1. Click on the Move icon in the Modify toolbar. The

o A S W ( message “Select Objects:” is displayed in the command
o, & m <= prompt area.
Move
< AB Moves objects as| 2. Pick any surface of the 27 floor model we just rotated.
Mo

3. Inside the graphics window, right-click to accept the selection and proceed with the
Move command.

4. Onyour own, switch ON the Object Snap Tracking and the Object Snap options as
shown in the figure below.

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

—

|G N 4O F B R KA 11 8

5. Select the lower left corner of the 2" floor
model as the base point, as shown in the
figure.

|
6. Align the new location to the intersection of the lower and upper left corners of the 1%

floor model as shown in the figure below. (Hint: Pause at the two reference corners
and observe the dashed lines showing alignments.)
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Modeling the Roof Section with the Press/Pull Command

_ 1. Select the Rectangle icon in the Draw toolbar. In the

5. oe g command prompt area, the message “Specify first corner
_ L7_ " point or [Chamfer/Elevation/Fillet/Thickness/Width]:” is
NSO e g displayed.

2. Place the first corner point of the rectangle to the right side of
the current 3D model.

3. We will create a rectangle that is the same size as the base of the model. Enter

@30,30 [ENTER].

Box Extrude '-‘\ Smooth

Home Solid Surface Mesh

4. Pick the Presspull icon in the Solid editing
toolbar as shown in the figure.

=
|

Pick a location inside the rectangle we just
created.

[ e

1w
(9]

Presspull
Maodeling ~

-y

Presses or pulls 6.

Move the cursor upward and enter .5 as the height

value as shown in the figure below.
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~~« o @& 7. Select the Line icon in the Draw toolbar. In the command
' prompt area, the message “ line Specify first point:” is
displayed.

8. Inside the graphics window, hold down the [SHIFT] key and
right-click once to bring up the Object Snap shortcut menu.

Inter
) Apparent Intersect
- Extension

9. Select the Midpoint option in the pop-up window.

10. Place the first endpoint by snapping to the midpoint of the front top edge of the new
model as shown.

11. Complete the line by making it perpendicular to the first selected edge and extended
beyond the top of the rectangular block as shown.
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Use the Imprint Command

In AutoCAD, the appearance of a surface on a 3-D solid can be adjusted by imprinting
the surface with an object that intersects with it. Imprinting combines the object with the

surface, creating a new edge.

_ 1. Inthe Solid Editing toolbar, click on the Imprint

&

-

- A7 f

—

T
¢ W =

| IEx'tract Edges

Solid Edi ‘ 'I'_D
x ]

u
.|_ Col

Imprint

icon. In the command prompt area, the message
“Select a 3D Object.:” is displayed.

-

= | 2. Select the rectangular block as the solid object to be

Imprint adjusted.
[ L

3. Inthe command prompt area, the message “Select an object to imprint.” is displayed.
Select the line we just created.

Yes
N-‘.:-h

Recent Input

>

4.

In the command prompt area, the message “Delete the
source object [Yes/No]:” is displayed. Click once with the
right-click to bring up the option menu and select Yes as
shown.

5. Inthe command prompt area, the message “Select an object to imprint:” is displayed.
Click once with the right-mouse-button to end the Imprint command.

.-/ |

6. Hold down the [CTRL] key and move
the cursor on top of the imprinted line
we just created. Note that the two
surfaces are also selectable; move the
cursor around to cycle through the
possible selections. Select the line
when it is highlighted as shown.
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7. Move the cursor on top of the vertical axis near
the center.

8. Drag the cursor upward to pull the center edge upward and adjust the rectangular
shape of the solid model into a triangular shape as shown.

-~ <

9. On your own, create a triangle aligned to the triangular surface of the roof as shown
in the figure.

@

Home Solid Surface  Mesh

=X KL F

Box  Extrude Smooth

- w

10. Pick the Press/Pull icon in the Solid editing
toolbar as shown in the figure.

11. Pick a location inside the triangle we just created.
Presspull
Presses or pulls

Modeling =

12. On your own, create a cut feature on the roof section as shown in the figure on the
next page.
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13. On your own, create a circular cut feature on the roof section as shown in the figure.

14. On your own, repeat the above steps to create similar features on the back side of the
roof.

15. On your own, position the roof section on top of the 2" floor model to complete the
conceptual model of the bird house design as shown.
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Review Questions:

1. Describe the general stages involved in an engineering design procedure.

2. What is the purpose of creating a Conceptual Model?

3. What are the main differences between a conceptual drawing and a detail drawing?
4. Which command can be used to quickly resize a 3D model in AutoCAD?

5. How do we alter an existing surface in AutoCAD? What elements are required to
perform the operation?

6. Identify the following commands:

(@)
+
]
(b)
e[
©
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Exercises:

Create conceptual sketches and conceptual models of the following design projects:
1. A better mousetrap.

2. A walking robot with four legs.

3. Arocket launcher.

4. A vehicle powered by birthday candles.

5. A hand-launched glider aircraft.

6. A catapult for water balloons.

7. A vehicle to carry an egg safely down an inclined surface into a wall.

8. A vehicle to be powered solely by a hamster.

9. A rubber band powered all-terrain vehicle.
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Notes:



AutoCAD 2024 Tutorial: 3D Modeling 12-1

Chapter 12
Introduction to Photorealistic Rendering
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Use the Basic Rendering Tools

Use the Lighting Simulation Options
Add Individual Lights to the Scene
Create and Modify Materials

Use the Sun & Sky Background
Command
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Introduction

In this chapter, we will examine the tools available in AutoCAD to perform photorealistic
rendering. The purpose of photorealistic rendering is to help the engineers/designers
communicate their design concepts. In AutoCAD we can use the different rendering
options to create 2D photorealistic images based on the constructed 3D models and
scenes. Using Render, it is possible to add realistic materials and lighting to get the most
realistic view of the design. AutoCAD will generate photorealistic images by applying
the selected materials to the models, adding effects of environmental settings, such as
background images, or the effects of fog and shadows can be included in the rendering.

It is important to note that rendering can be a very time-consuming task. For example, if
multiple light sources are included in the setup, and each of them casts shadows, a
considerable amount of computing power will be required. One can also spend a lot of
time adjusting materials, camera and lighting positions/angles. With AutoCAD 2024 it is
now possible to preview many aspects of the final image before actually performing the
rendering. And it is also feasible to do initial renderings at lower quality settings or
render just a portion of the final image to check the effects before creating a final high-
resolution rendering.

The process of creating a computerized photorealistic rendering usually involves the five
steps below:

1. Create the 3D models of the design.

2. Create and adjust the environmental settings.

3. Attach materials to the models.

4. Create and place lights.

5. Render the photorealistic image.

Once the CAD objects are drawn, you have to decide which materials to use. AutoCAD
comes with a basic materials library that you can use to apply to the objects. Applying the
materials is a relatively easy process, but getting them to look exactly the way we want
can be a skill in itself. There are three types of lights in AutoCAD: Point, Spotlight and
Distant. We will examine how each one is created and adjusted.
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Start Up AutoCAD 2024 and Retrieve the Pulley Design

1. Select the AutoCAD 2024 option on the Program menu or select the AutoCAD
2024 icon on the Desktop.

All apps

AutoCAD 2024 - English
MNew

«= Attach Digital Signatures

ﬂ AutoCAD 2024 - English
New

o Batch Standards Checker

|[=*  Export AutoCAD 2024 Settings

2. Inthe Startup window select Open a Drawing, as shown in the figure below.

[A] Startup x
E B {3 Open a Drawing
Select a File:
File Path
W C-\Model \ACAD \ | 7%
\ACAD projectProjec / 4
Pulley. C-\Model\ACAD project 30 Pr. @
pulley.dwg C:hModel \ACAD project\Models', =
GilPan dwg CuMopdel '\ ACAD project™30 Pr...
pulley. dwg C-\Model '\ ACAD projectProjec...
V-Block-Soid dwg  C:\Model\ACAD projectProjec...
Pulley dveg C \Model\ACAD project’
pulley 1. dwyg CModel \ACAD project ' Models',
Vblock Solid-Dew. .. C-\Model \ACAD project™ACAD .
= | e T T4 M-l AT AT moredmms' ACAD Blﬂ'ﬂ'g-ﬁ
Size 415KE (429,303 bytes)
Lt Modkfiad: Wednesday, Apd 20, 2022 10:22-26 AM
oK Cancsl

3. Select the Pulley design from chapter 8 to be opened. Use the Browse button to
search for the file if it is not displayed in the files list.

oK ] 4. Pick OK in the Startup dialog box to accept the selected drawing.

{553D Modelin -5 .
' E[:;. E 5. On your own, set the workspace to 3D Modeling
Tools  Dr as shown.

Workspace
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Environment Setup

1. Inthe View toolbar, select Realistic as the Visual Styles
type as shown.

» The Realistic Visual Style provides a relatively good
representation of the constructed model.

2. Set the Object_lines layer as the current
Layer as shown.

3. Set the View display to Top as shown.

4. Click on the Rectangle button to activate the
Rectangle command.

» We will create a 2D region representing the
floor of the environment.
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5. Onyour own, create a rectangle so that the Pulley sits roughly near the center of the
floor as shown.

. Activate the Region command by clicking on the
button in the Draw toolbar as shown.

Select the rectangle we just created.

Inside the graphics area, right-click once to accept the
selection.
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[=1[7 o] [Realistic]

Custom Model Viey

~  Top
Bottom
Left
Right
Front
Back
SW Isometric
SEI i
MNE Isometric

9. Set the View display to SE Isometric as shown.

10. Select the rectangular region we just
created.

11. Move the cursor on top of the front
corner of the rectangle as shown.

» The grip editing options, available in
AutoCAD, allow us to quickly perform
many editing options to the selected
geometry.

12. Select the vertical axis to restrict
the movement in the selected
direction.

13. On your own, move the selected
rectangular region downward so
that the entire Pulley design is
above the floor.

14. Hit the [Esc] key once to de-select
the rectangular region.
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Use the Render Command

To illustrate the effects of the different rendering options, we will first execute the
Render command using the default setups and without applying any materials or lights.

Render to Size

Format Tools Draw Dime
h Visgalize Pararnetric Insert
. sE 4 - e
¥ — |1|. .:'; T > L L
4(: ++* 1*' T- & ._*
Vie
&y — -
5+ () Top *  Config
Coordinates u I
i
| 0 Medium
|'hI : Render in W
Render Ly Size .
v 2

1.

Click on the Visualize tab in the Ribbon toolbar
area to display the render related toolbars as shown.

2. In the Render toolbar, click on the Render icon. Note
that we are using the default settings.

» A separate Render window appears on the screen.

0| eyl

2

i Pulley-Templ0D6 [Zoam S0%) - Render

e ]

» The default lighting system is a fast and simple system where the rendered image is
very rough and does not have any realistic feel to it.

3. Hit the [Esc] key once to close the Render window.
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Available Lighting Simulation Modes in AutoCAD

Three types of lighting simulations are available in AutoCAD; each offers their own
advantages and disadvantages.

Default Lighting Simulation Mode

When there are no lights in a scene, the scene 1s shaded with Default Lighting. Default
Lighting mode 1s derived from two distant sources that follow the viewpoint as the user
moves around the model. All faces in the model are illuminated so that they are visually
discernible.

When custom lights or sunlight are added into the scene, the Default Lighting can be
disabled. The Default Lighting mode is a fast and simple lighting simulation that does not
require much computing power to render.

Standard Lighting Simulation Mode

To give the scene a more realistic appearance, the Standard Lighting simulation can be
used. Individual lights can be added and properties adjusted, and the lighting system
enhances the clarity and three-dimensionality of a scene. The user can create point lights,
spotlights, and distant lights to achieve the desired effects. Added lights can be moved
or rotated with grip editing tools; they can be turned ON and OFF, and properties can be
changed. The effects of changes are visible in the viewport in real time.

Spotlights and point lights are each represented by a different light glyph (a symbol in the
drawing showing the location of the light). Distant lights and the sun are not represented
by glyphs in the drawing because they do not have a discrete position and affect the entire
scene. The light glyphs can be used to control the position and properties of the related
lights.

Photometric Lighting Simulation Mode

For more precise control over lighting, the Photometric Light simulation mode can be
used to illuminate the scene. Photometric Lighting simulation mode uses photometric
(light energy) values that define lights more accurately as they would be in the real world.
Lights with various distribution and color characteristics can be created, and specific
photometric files available from lighting manufacturers can be imported into the scene.

Photometric Lighting simulation mode can use manufacturers’ JES standard file format.
By using manufacturers’ lighting data, commercially available lighting can be simulated
in the model. This provides the most realistic lighting results. We can experiment with
different fixtures, and by varying the light intensity and color temperature, we can design
a lighting system mode that produces the desirable results. Note that it may require a
considerable amount of computing power with this simulation mode.
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Use the Materials Options

In AutoCAD, the Dynamic UCS option can be used to quickly align the UCS to existing
surfaces. The Dynamic UCS can be used to create objects on a planar face of a 3D solid
without manually changing the UCS orientation.

& Mﬂt”iﬂ'sg e 1. Select the Materials Browser icon in the Materials

e - o toolbar to open the AutoCAD Materials Browser.
Materials Broy

[

< Material

Opens and clos

= =, = I I T [ T=] [ ~
B e q|
L ™7 ! T . .

(FProp A ——Ta 0 =~ » In the Materials Browser window,

Coordinates 1 5 :
| Nem = Type  Category two libraries are available as default.

M Giobal  Genenc Defautt The Autodesk Library contains the
pre-defined materials that are

[+ Avtodesk Liorary 0i=- commonly used for Architectural and
[Fevorites . ] - ﬁ Mechanical Engineering designs. The

Autedesk Librs other library available is Favorites,

= 15 which is currently empty; this is for
4 Squ..own - Squa..ium user-defined materials.
. . 2. Select the Autodesk Library by

L5 Lo clicking on the icon if necessary.

Squa..Blue  Sgua.. Tan

g 3. On your own, use the scrollbar and
E ! the list options to examine the

5 n T different materials available.

g Unife.er-  Run..ndy

o O-@- | =]
bqQua... lan Unifo...er - Run...ndy 1%n | Inifoven

4. Click on the add material to document
button on 1in Square-lvory in the
materials list. Note that the selected
material is now listed in the Document
Materials section near the top of the
Materials Browser window.

lin Square lin Squares
L7 - Mo...Blue

Add¥naterial to
document.
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5. Drag and drop the 1in Square-lvory
material, the icon shown in the Document

Materials section, on top of the floor region
as shown.

6. On your own, repeat the above steps and apply the Beechwood-Galliano material
to the Pulley design.

x
"’ Search

% | _Docment Materiak: Al >

Nam =« Type Category
L] li.ry Cera.. Ceramic: Tile
Flooring: Wood
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Activate the Sun & Sky Background Option

sz BACKGROUN 1. Type Background in the command prompt

] BACKGROUNDPLOT area as shown.

]
“~ =~ BACKGROUND|
Model Layout1 Layout2 +

A Adjust Sun & Sky Background ¥
e [mad 2. In the Adjust Sun & Sky
o ovien L Background window, set the

background Type to Sun & Sky.

» Note that the Sun & Sky
background can be used to simulate
a 3D outdoor environment. The
geographic location and time are
initially set based on the user’s

General - computer settings.
Status On
Intensity Factor 1.0000
Color B 180,168,133 3. Click OK to accept the settings.
e i o |
Status Sky Background l_
Geographic Location -
City: *Current® A
Time Zone:(GMT-08:00) Pacific Time (US & Canada);
Tijuana
b4
cocs |

Express Tools  Featured Apps [2]=

Q @ Materia
& Materia| > Notice the Sun and Sky Background options

Sun | Sky Background become activated in the Ribbon toolbar area.

<) Materia
u b Mat
@ Set Location -

i Date 9/21/2023
@ Time 3:00 PM

1= Sun & Location §
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w Medium | 4. Inthe Render toolbar, click on the Render icon. Note
EH Render in W that we are using the default settings.
Render Ly Size
) = » The Render window appears on the screen, and it will
Render to Size take a bit longer to generate the rendered image.
_

s Bulley-Temgli6 (Zeom 505 - Bender

B e @&

5. Onyour own, use the mouse-wheel to Zoom In/Out. Hit the [Esc] key once to close
the Render window.

6. Click on the small down arrow displayed in the Sun & Location toolbar to bring up
the Sun Properties dialog box.

Output  Collaborate &= -
. |j ) . Y &5 Materials Browser (@]
v — ' - & - (®)
Create No | Sun | Sky Background
Light = Shadows |Status " " B
Lights - 4 Sun & Location = Materials - = | Camera
Sun Properties
Disk inten... 1.0000
Sun Angle Calculator v
Date 5/7/2023 7. Set the Time to earlier in the morning, such as
Time 8:30 AM - 8:30 AM, by selecting the time list as shown.
Daylight S... No
Azmuth
Altitude
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Diskintensity 1004 g Click Close to exit the Sun Properties dialog box.
Close | Sun Angle Calculator
Data =R

N P Medium - @ O
== . — [ 9. In the Render toolbar, set the Render

Applies 10 rendering levels E resolution option to High as shown.
-
|

Render to Size

Highp
Cuffebéiﬁrea k...

Lunch Quality -

High 10. In the Render toolbar, click on the Render icon to start
the Render command.

g

Render in W

Render tdagize
‘ Render to Size
Selects the outpu

11. Hit the [Esc] key once to close the Render window.
12. On your own, adjust the Time and Date settings to see the different effects.

» Setting the Time to earlier in the day, or later in the afternoon, will produce longer
shadows than at midday.
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Modeling

Add Additional Walls

n'DEﬁ'EEE'ﬂg

File Edit View Insert Foj
Solid Surface Mesh
ﬁ Cj Polysolid @
B Presspull
an Extrude S
Ob|
Modeling « M

E'|l$‘$'$ a

- ® C [ c;;
£ A o]

Copies objects

Modify

‘am COPY

Array

Undo

1. Click on the Home tab in the Ribbon toolbar area as
shown.

2. Activate the Copy command by clicking on the
corresponding icon as shown.

3. Select the floor as the object to be copied.

4. Click once with the right-mouse-button to
accept the selection.

5. Select the left corner of the rectangular region
as a reference point.

6. Select the same location again. We have
created a copy at the same location of the

original rectangular region.

7. Right-click once to bring up the option list.

8. Select Exit to end the Copy command.
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9. Activate the 3D Rotate command by
clicking on the corresponding icon as shown.

10. Select one copy of the overlapping

3D Rotate rectangular regions.

In a 3D view, displays the 3D Rotate
objects around a base point

11. Click once with the right-
mouse-button to accept the
selection.

12. Select the left corner as the
base point for the rotation
operation.

13. Select the green circle to set the
rotation axis.

i Specify base point:
Pick a rotation axis:
=~ 3DROTATE Specify angle start point or type an angle: Qﬂ
Model Layout1 Layout2 +

15. On your own, repeat the above steps and create the other side wall.
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VP |High
=5 Renderin W 16. In the Render toolbar, click on the Render icon to start
RE““UHTEIE the Render command.

Render to Size
Selects the outpu

17. Hit the [Esc] key once to close the Render window.

18. Click on the Sun Status icon to toggle OFF the lighting
effects of the sun.

» Note that the Sky Background can also be
turned OFF 1n the toolbar area as shown.
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Create a Point Light

A point light radiates light in all directions from its location. A point light does not target
an object. Use point lights for general lighting effects. To use the individual lights for
more realistic rendering, the Default Lighting mode needs to be switched OFF.

[ ]
“*’ Q ! ' 1. In the Lights toolbar, click on the Default
v . : Lighting icon to turn it OFF. Note that the
Light glyph display mode is still switched
ON when the Default Lighting is turned
OFF.

Create _ No _ Sun SkyBaci:ground
Light Shadows | Status N

| Sun &Location ¥ ¥

&? Defayt Lighting
Lo
L& | Exposur - -
_ Q@ | Brightn}ss 65.0
(P| Contrast ] 500

B | (idtones 1.00

[ Light giyph display |
@ International'Mghtine
Lig

2. In the Lights toolbar, click on the Create Point
Light icon to activate the command.

3. Set the display option to Top view
by clicking on the top face of the
ViewCube as shown.

4. Place the point light in front of the Pulley
design and near the right side wall as
shown.

5. In the option list, select eXit to create the
point light.

2Matiuvy

Attenuation

filterColor

6. On your own, reset the display to SE
Isometric.
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High

P
=5

Render tdasize

Render to Size

Fender im W

Selects the outpu

7.

In the Render toolbar, click on the Render icon to start
the Render command.

pnage Qutput Collaborate
1)
Create Full Sun
Light  Shadows Statug
b Lights - € Sun & I

[

9. In the Lights in Model
panel, right-mouse click
on Pointlight] and set
the Glyph display On as
shown.

8.

In the Lights toolbar, click on the triangle icon to show
the Lights in Model panel.

X  Lights in Model:
e Type  Light Name ~
Wy Pointligh+1
Delete Light
Properties |

Auto

-

Glyph display S

10. On your own, reposition the point light higher by using the grip editing options.

11. On your own, use the Render command to examine the effects of repositioning the

point light.
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Changing the Applied Materials
]

€5 Materials Browser f 1. Select the Materials Browser icon in the Materials
G - lag” toolbar to open the AutoCAD Materials Browser.

< Material

Materials Broy

Opens and clof

Material

2. Add the Flaked Reflective — Beige
material to the Document Materials list as
shown.

. Flagstone - Flaked Flaked
3. Drag 'fmd drop the Flaked Reflet.:tlve Light Pink | Re g 12 | Sati.lack
material on top of the Pulley design as —

the new material. Adds material to
document.

Coarse Coarse Coarse
Polis...aster  Poli..hite  Text..lack 4. Add the Coarse Textured — Light
Orange material to the Document
Materials list as shown.

5. Drag and drop the Coarse Textured
material on top of the walls as the new

Coarse Coarse Coarse i
Text..Gray | Teig gpnt | Text..mber material.

_r__: | Coarse Textured - Light Orang

¥ Document Materials: All >

Mam = Type Category

6. Any material listed in the - , o
L] li.ry  Cera.. Ceramic: Tile

Document Materials list can also

be removed by using the option B Be.-- —
list as shown. . Co.. Assign to Selection
- Select Objects Applied To
7. Onyour own, use the Render A ,‘2 it

command to examine the effects

» Home :
of the newly applied materials. R Duplicate

Rename
Add to L

Clinker

Purge All Unused
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Create a Spotlight

A spotlight distribution casts a focused beam of light like a flashlight, a follow spot in a
theater, or a headlight.

- i :|
w =X
Create_ Mo
Light
a
Point
v
{\\‘}; Sp

5 Di
o
W

. -
Spot

Creates a spothght tha

Shadows | Status

Sun 9

u Sun &

In the Lights toolbar, click on the Create Spotlight
1con to activate the command.

-

_. - : 2. Set the display option to Top
g o view by clicking on the top face
3 of the ViewCube as shown.
r

3. Place the spotlight close to the Pulley
design as shown.

Region

. =
Qéb( dOl | < e

~

5. Move the cursor down and

4. Switch to the SE Isometric view by clicking on the corresponding

corner of the ViewCube as shown.

set the spotlight to point
downward as shown.

6. In the option list select eXit

to create the spotlight.

I LTIV

'd

ftenuation

filterColor

‘ eXit h
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7. In the Lights in Model panel,
right-mouse click on spotlight2?

and set the Glyph display On.

8. On your own, experiment with
the grip-editing tools and adjust
the spotlight so that it is above
the Pulley design. (Hint: Click at
the center of the triad to
reposition the spotlight.)

e The intensity of the lights can be
set through the Properties
option. (Right click in the Lights

in Model panel.)
9. On your own, set the Render resolution to Medium.
N, High
R —|RenderinW| 10. In the Render toolbar, click on the Render icon to start
Render tosgize the Render command.
Render to Size

Selects the outpu

e Note that the rendering requires many more calculations as the settings, such as
additional materials and lights, become more complex.
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Removing a Light
Lights can be removed just as easily as they can be added to the scene.

1. Click on the point light icon to pre-select it in the graphics area.

2. Hit the [Delete] key once to remove the selected point light.

3. Onyour own, use the Render command and examine the effects without the point
light.




Introduction to Photorealistic Rendering ~ 12-23

Create a Distant Light

A distant light emits uniform parallel light rays in one direction only. A From point and a
To point are required to define the direction of the light. The intensity of a distant light
does not diminish over distance; it is as bright at each face it strikes as it is at the source.
Distant lights are useful for lighting objects or for lighting a backdrop uniformly. The
lighting of the Sun & Sky Background option is an example of the effects of a distant

light.

= .._.\.:I
v =X
Create _ Ne _ Sun Skyf
Light  Shadows | Status

3 Sun & Loc

&Y Default Lighting

] 8.8(0
|T|+

®

]ﬁl ance G500

'

4 Light glyph display |

<o) International lighting units -

S

™y
-

Americap lighting units
[

; 2.
A
1 x
Create Mo | Sun Sky
Light | Shadows | Status

Suin 8t Lo

1. Inthe Lights toolbar, switch to using the American
lighting simulation mode.

o The American Lighting simulation can be used to
give the scene a more realistic appearance.
Individual lights can be added and properties
adjusted. The user can create point lights,
spotlights, and distant lights to achieve the desired
effects. The effects of changes are visible in the
viewport in real time.

In the Lights toolbar, click on the Distant Light icon to
activate the command.

Click Allow to add the additional distance light to the
current system.

wep Distant

Creates a distant light

4. Set the display option to SE Isometric
view by clicking on the corresponding
corner of the ViewCube as shown.

5. In the Status Bar area, switch ON the Object Snap and Object Snap Tracking modes

as shown.

Show snapping reference lines - On >‘

Object Snap Tracking - AUTOSNAP (F11

-[E- = 15 [ K A 12~ 4

e Note that distant lights are not represented by glyphs in the drawing because they do
not have a discrete position and affect the entire scene. We will use the Object Snap
options to position the distant light.
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6. Move the cursor to the upper right
corner of the right vertical wall to
activate the Object Snap Tracking
option.

7. Also move the cursor to the front
corner of the floor to activate the
Object Snap Tracking option.

=3

8. Place the distant light right at
the intersection of the Object
Tracking Options as shown.

e A From point and a To point
are required to define the
direction of the light. We have
identified the From point.
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9. Snap to the right endpoint of the
centerline, or the center point of
the Pulley design, as shown.

Command: _dista

Cromadu Tkt A

10. Click once with the right-mouse-button to bring up the option
list and select EXit to create the distant light.

11. On your own, use the Render command and examine the effects with the added
distant light.
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Create New Materials

& Materials Browser ‘
[ S
. v
«“ Materials Broy
<f Material

Opens and clo?

Material

2. Click on the Create Material icon at the
bottom of the Materials Browser dialog box

as shown.

1.

Concrete
Glazing
Masonry

Metal

Metallic Paint

‘@ MATERIALS B
o

Mirror
Plastic
Solid Glass
Stone

Wall Paint
Water
Wood

MNew Genqgc Material...

Select the Materials Browser icon in the Materials
toolbar to open the AutoCAD Materials Browser.

/

NS
@ MATERIALS BROWSE

Creates a new
material in the
document.

h

3. Select New Generic Material as the category for
the new material.

4. Enter Solid Red as the name of the new material.

(L]
e

X Appearance

Information

Solid Red|

¥ Generic
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- )

e 5. Click on the down arrow

coor R | 7% the Colr box

display the option list.
Image + Color
Color by Object 6. Select Edit Color in the
(no image se Edit ?\Dlmm list as shown.
Ly
Image Fade 100

Color:
250.0.0 7. Set the Color to 250,0,0 for the RGB elements as

oo O

shown.

8. Click OK to accept the settings.

9. Click on the check box next to the Reflectivity option and set the Direct and Oblique
Reflectivity values to 30 as shown. Note that 0 means no reflections and 100 means

maximum reflections.

vy vy ¥

Bump

T T T T

¥ « Reflectivity

Direct 30 -
Oblique | q%} I 30 -
Transparency Adjusts how much light the
material reflects when the
Cutouts

Self Hlumination

surface is at an angle to the
camera. Enter a value
between 0 (no reflections) and
100 {maximum reflections).

k Appearance | Information

Close

10. Click Close to accept the settings
and exit the Material Editor.

e e 11. Note the newly created material is
W Flake.Beige  Metsl.. Metalic Paint listed in the Document Materials list
B Global Generic Default as shown.
M solid Red Generic Uncategorized

I




12-28  AutoCAD 2024 Tutorial: 3D Modeling

12. Drag and drop the Solid Red material on the Pulley design to assign the new
material.

13. On your own, use the Render command and examine the effects with the added new
material.

14. Hit the [Esc] key once to close the Render window.

B Coars..range Plastic  Plastic

B Flake..Beige Metal.. Metallic Paint 15. Right-click on the Solid Red

B Giobal Generic Default icon and select Edit in the
option list as shown.

W solid Red -

A v Aut Select Objects Applied To
/
» Home

Duplicate

Rename

»  Reflectivity
16. On your own, experiment with

¥ + Transparency the different settings available.

Amount | = |?t}

Image [
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Save the Rendered Images

e The rendered images can be saved and reused.

A 1. Choose Save in the Render Window toolbar.

2. Inthe Render Output File dialog box, choose the desired
output image format, such as BMP, JPEG.

A Fender Output Filz s
(=2
Savain o ¥ e 1 Vews v Tools w
- Mame Preview
= This folder is empty,
FIP
< >
File name Pulley-Rendered jpg . Save
Filas of type: JPEG]".jpeg” jpa) w Cancel

3. Enter a file name in the File name box as shown.

4. Click Save to save the image.

5. Near the bottom of the render image
window, click on the down arrow to expand
and display the rendered image list. Note
that previously rendered images can also be
recalled, saved and/or removed.

Preview Qutput File Name

Di\ModeMACAD project\ACAD

Pulley-Temp0006
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Conclusion

Design includes all activities involved from the original concept to the finished product.
Design is the process by which products are created and modified. For many years
designers sought ways to describe and analyze three-dimensional designs without
building physical models. With the advancements in computer technology, the creation of
solid models on computers offers a wide range of benefits. Solid models are easier to
interpret and can be easily altered. Solid models can also be analyzed using finite element
analysis software, and simulations of real-life loads can be applied to the models and the
results can be graphically displayed.

Throughout this text various modeling techniques have been presented. Mastering these
techniques will enable you to create intelligent and flexible solid models. The goal is to
make use of the tools provided by AutoCAD and to successfully create solid models of
the design. In many instances, only a single approach to the modeling tasks was
presented; you are encouraged to repeat all of the chapters and develop different ways of
thinking in accomplishing the tasks. We have only scratched the surface of AutoCAD’s
functionality. The more time you spend using the system, the easier it will be to perform
design and modeling tasks with AutoCAD.
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Review Questions:

1. Describe the general procedure to create a photorealistic rendering in AutoCAD.
2. What are the different lighting simulation modes available in AutoCAD?

3. Which lighting simulation mode produces the most realistic rendering?

4. What are the three different types of lights we can create in AutoCAD? Provide a
brief description for each type of light.

5. How do we create and alter a material in AutoCAD?

6. Identify the following commands:

(@)
(b)
©)
(@
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Exercises:

1. Render the birdhouse created in Chapter 11 using the Sun & Sky Background option.

2. Render the Guide-Block design created in Chapter 6 using the Spotlight and Distant
light options. (Hint: Adjust the intensity of the lights to create different effects.)
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A

Arcball, 2-16

Array, 3D, 8-15
Auxiliary View, 9-10

B

Binary Tree, 6-4

Block, solids, 6-7

Boolean Intersect, 6-3

Boolean Operations, 6-3

Boundary Representation (B-rep), 7-2
Box, Solid, 6-7

Box Method, 2-2

Break, 4-21

Buttons, Mouse, Intro-12

C

CAD, Intro-2

CAE, Intro-2

Canceling commands, Intro-12
Cartesian Coordinate System, 1-16
CIRCLE command, 2-19

Close dialog box, 1-19

Close window, 3-4

Combine Parts, 8-14

Command prompt, Intro-8, Intro-10
Command line area, Intro-9
Computer Geometric Modeling, Intro-2
Conceptual design, 11-2
Conceptual Visual Style, 4-8
Control Vertices, 5-22, 5-28
Constructive solid geometry, 6-2
Coordinate systems, 1-16
Coordinates, 1-9

Copy Faces, 10-8

Copy Object, 2-20, 3-6, 3-10, 3-22
Copy & Paste, 9-17

Create Drawings, Intro-7

Create Material, 12-26

CSgG, 6-3

Current UCS, 3-20

Cursor Coordinates Display, Intro-10
Customization icon, Intro-10

INDEX

Cylinder, Solid, 6-9

D

Distant Light, 12-23

Draft Angle, 10-10
Drafting Settings, 1-7, 3-8
Draw toolbar, 1-9

Drawing Layout, 9-4
Drawing Limits, 1-6
Drawing Views, Scale, 9-26
Dynamic UCS, 10-24, 11-7
DVIEW, 9-16

E

Edge, hidden, 4-16
Endpoint, snap, 1-13
Erase, 1-15

Esc, Intro-12

EXIT, Intro-14
Explode, 2-17

Extract faces, 10-8
Extend, 3-23

Extrude, 5-5, 7-2, 7-15
Extrude, Draft Angle, 10-10

F

Face, 3D, 4-2, 4-10, 4-14
FILLET, 10-6

Fillet, 3D, 10-16, 10-17
Folder, create new, Intro-14
Format, pull-down, 1-5
Four Viewports, 3-14

Free Orbit, 2-16

From, Snap, 2-11

Front view, 3-23

G

Global space, 1-16

Graphics window, Intro-8, Intro-9
GRID Interval setup, 1-7

GRIP, editing, 3-23, 4-17, 10-23
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H

Help, Intro-13

Help Line, Intro-8, Intro-13
Hide, 1-20

Hidden, 2D, 3D 4-8, 4-13

I

Imprint, 11-21

Inquiry, 7-17

INTERSECT, 3-9

Invisible Edge, 4-16
Isometric Views, 1-17, 9-27

J
JOIN, 6-3

L

Layers Control toolbar, Intro-11
Layer, New, 1-21

Layer Properties Manager, 1-21
Layout, 9-7

Layout tab, 9-4

Lighting Simulation, 12-8
Limits, 1-6

LINE command, 2-9

Line, Close, 7-9

Local Coordinate System (LCS), 1-16

M

Mass Properties, 7-17
Materials, 12-9

Meshes, 4-2, 4-5
Midpoint, Snap, 1-11
Mirror, 3-15, 7-14
Mirror 3D, 8-13

Model Space, 9-4
Model tab, 9-11
Modeling toolbar, 6-7
Modify toolbar, 1-10
Mouse Buttons, Intro-12
Move, 6-17

Move UCS, 1-23
Multiview drawing, 9-2, 9-9

N

Named view, 3-20
Network Surface, 5-29
New UCS, 3-18

New UCS, Face, 7-18
NURBS, 5-2, 5-21

(o)

Object Properties toolbar, 1-23, 3-12, 3-
17,4-19, 7-8

Object Snap, 1-11, 3-8
Object Snap settings, 3-8
Object Snap toolbar, 2-10
OFFSET, 1-10

On-Line Help, Intro-13
One Viewport, 3-17

Open a Drawing, 4-4, 4-18
Orbit, Free, 2-16

P

Page Setup, 9-4

Paper Space, 9-4
Photometric, 12-8

Plan view, 3-20

Planar Surface, 5-13
Polar Angle settings, 3-8
Polar Tracking, 3-8
Polyline, 1-9

Point light, 12-17
Profile, 5-5, 5-8
Press/Pull, 11-8
Primitive Solids, 6-3
Properties, 1-19
Pull-down menus, Intro-8

Q

Quadrant, Snap to, 2-21
Quick Select, 3-15
Quit, Intro-14

R

Realistic Visual Style, 4-8
RECTANGLE command, 1-25
RECTANGULAR Array, 10-19
Reference area setup, 1-6
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Region, 4-2, 7-10

Region, Subtract, 8-8
Render, 12-2

Repeat, 2-9

Revolve, 7-2, 8-12

Revolved Feature, 8-2
Revolved Surfaces, 4-3, 4-20
ROTATE, 7-6

Rotate Faces, 6-16

Rotate a View, 9-22

Rotate, 3D, 7-12

Rotate UCS, 1-27

Rounds, 3D, 10-16

Ruled Surfaces, 4-3, 4-20, 4-24

S

SAVE AS, 1-15

Scale Drawing Views, 9-26
Screen Layout, Intro-8
SE Isometric, 1-17
Section View, 9-23
Selection window, 1-18
Settings, 3-8

Shade toolbar, 4-8
Shaded Solids, 6-14
Shape before size, 11-3
SHELL, 10-18

Show Startup dialog box, 2-4
Single Line Help, Intro-8
Snap from, 1-13

Snap Interval Setup, 1-7
Snap to Endpoint, 1-13
Snap to Midpoint, 1-11, 2-10
Snap to Quadrant, 2-21
Solid Editing, 10-8

Solid Modelers, Intro-4
Solid, 2D, 4-2

Spline, 5-22

Spotlight, 12-20
Standard Views, 9-7
Start From Scratch, 2-5
Startup options, 2-4
Startup window, 2-5
Status Toolbar, Intro-10
SteeringWheels, 6-18
Stretch, 3-24

Subtract, 6-3, 6-12

Sun & Sky Background, 12-11
Surface Modelers, Intro-4

Surface Modeling commands, 4-20
Surfaces toolbars, 4-5

SW Isometric view, 3-24
Symmetrical Features, 8-2

T
Tabulated Surfaces, 4-3, 4-20, 4-23
Taper Angle, 10-10

Thickness, 1-2, 1-19

Thickness option, Rectangle, 1-25
3 Point, UCS, 3-18, 4-5

3D Face, 4-10

3D Hidden, 1-20

3D Modeling, Intro-3

3D Rounds and Fillets, 10-16

3D view, 1-17

3D Wireframe, 2-2~2-4, 2-17, 4-8
Thin Shell, 10-18

Title Block, 9-6

Tools, pull-down, 1-7

Top view, 3-14

Trim, 1-14

Trim Surface, 5-14

24D solid modeling approach, 1-19
2D Extrusion method, 2-2

2D Drafting & Annotation, 1-4

2D Wireframe, 1-29

U
Undo, 1-14
Union, 6-10

Union surface, 5-19

Units Setup, 1-5

UCS, 1-2, 3-7, 4-5

UCS, 3 point, 3-18

UCS icon, 3-19

UCS 11, 3-7, 5-3

UCS Toolbar, 3-7

User Coordinate System (UCS), 1-2
User Coordinate System, 1-16

\'}
View, Hidden 3D, 1-20
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View, named, 3-20
View, 3D Views, 2-7
View toolbar, 2-16
ViewCube, 4-12
Viewports, 3-14
Viewport Scale, 9-17
Visual Styles, 1-29, 4-8
Visualize, 12-7

W

Wireframe, 2D, 4-8

Wireframe, 3D, 2-2~2-4, 2-17, 4-8
Wireframe Modeler, Intro-3
Wizard, quick setup, 2-5

World Coordinate System, 1-18
World space, 1-16

World UCS, 4-9

X
X-Axis Rotate UCS, 1-27
XY-Plane, 2-7

Y
YZ-Plane, 1-16

Z
Zoom All, 1-7, 3-6
ZX-Plane, 1-16



