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Introduction

Engineering Graphics, also known as Technical Drawing, 1s the technique of creating
accurate representations of designs, an engineering drawing, for construction and
manufacturing. An engineering drawing 1s a type of drawing that is technical n nature,
used to fully and clearly define requirements for engineered items, and is usually created
in accordance with standardized conventions for layout, nomenclature, interpretation,
appearance, size, etc. A skilled practitioner of the art of engineering drawing is known
as a draftsman or drafisperson.

The basic mechanics of drafting 1s to
use a pencil and draw on a piece of
paper. For engineering drawings, papers
are generally placed on a drafting table
and additional tools are used. A T-
square is one of the standard tools
commonly used with a drafting table.

A T-square 1s also known as a sliding
straightedge; parallel lines can be
drawn simply by moving the T-square
and running a pencil along the T-
square's straightedge. The T-square 1s
more typically used as a tool to hold
other tools such as triangles. For
example, one or more triangles can be
placed on the T-square and lines can be
drawn at chosen angle on the paper.

In addition to the triangles, other tools are used
to draw curves and circles. Primary among these
are the compass, used for drawing simple arcs
and circles, and the French curve, typically a
piece of plastic with a complex curve on it. A
spline is a rubber coated articulated metal that
can be manually bent to almost any curve.

This basic drafting system requires an accurate
table and constant attention to the positioning

of the tools. A common error drafispersons faced
was allowing the triangles to push the top of the
T-square down slightly, thereby throwing off all
angles. Drafting in general was already a time
consuming process.
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A solution to these problems was the introduction of the "drafting machine," a device

that allowed the draftsperson to have an accurate right angle at any point on the page
quite quickly. These machines often included the ability to change the angle, thereby

removing the need for the triangles as well.

In addition to the mechanics of drawing the lines onto a piece of paper, drafting requires
an understanding of geometry and the professional skills of the specific designer. At one
time, drafting was a sought-after job; considered one of the more demanding and highly-
skilled positions of the trade. Today, the mechanics of the drafting task have been largely
automated and greatly accelerated through the use of computer aided design (CAD)
systems. Proficiency in using CAD systems have also become one of the more important
requirements for engineers and designers.
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Drawing in CAD systems

Computer Aided Design (CAD) is the process of creating designs with the aid of
computers. This includes the generation of computer models, analysis of design data

and the creation of necessary drawings. SolidWorks 1s a CAD software package
developed by Dassault Systemes. The SolidWorks software is a tool that can be used for
design and drafting activities. Two-dimensional and three-dimensional models created in
SolidWorks can be transferred to other computer programs for further analysis and
testing. The computer models can also be used 1n manufacturing equipment such as
machining centers, lathes, mills or rapid prototyping machines to manufacture the
product.

Rapid changes in the field of computer aided engineering (CAE) have brought exciting
advances to the 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
(CTE)

Computer Aided Design Computer Aided Manufacturing
(CAD) (CAM)

Computer Geometric Modeling Computer Aided Drafting

Finite Element Analysis

Development of Computer Geometric Modeling

Computer geometric modeling is a relatively new technology, and 1ts rapid expansion
in the last fifty years is truly amazing. Computer-modeling technology has 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 leading pioneers at that time. The interest in CAD technology spread
quickly and several major industry companies, such as General Motors, Lockheed,
McDonnell, IBM, and Ford Motor Co., participated in the development of interactive
CAD programs in the 1960s. Usage of CAD systems was primarily in the automotive
industry, aerospace industry, and government agencies that developed their own
programs for their specific needs. The 1960s also marked the beginning of the
development of finite element analysis methods for computer stress analysis and
computer aided manufacturing for generating machine tool paths.



Introduction 1-5

The 1970s are generally viewed as the years of the most significant progress in the
development of computer hardware; namely with 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 technologies were taking shape by the late 1970s, but the
high cost of computer hardware and programming slowed the development of such
technology. During this period, the available CAD systems all required room-sized
mainframe computers that were extremely expensive.

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.

The introduction of the feature-based parametric solid modeling approach, at the end of
the 1980s, elevated CAD/CAM/CAE technology to a new level. 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. Mental translations of 3D objects to 2D
views were required throughout the use of these 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 three-dimensional modeling schemes started with three-dimensional
(3D) wireframes. Wireframe models are models consisting of points and edges, which are
straight lines connecting between appropriate points. The edges of wireframe models are
used, similar to lines in 2D drawings, to represent transitions of surfaces and features.
The use of lines and points 1s also a very economical way to represent 3D designs.
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The development of the 3D wireframe modeler was a major leap in the area of computer
geometric modeling. The computer database in the 3D wireframe modeler contains the
locations of all the points in space coordinates, and it 1s typically sufficient to create just
one model rather than multiple views of the same model. This single 3D model can then
be viewed from any direction as needed. Most 3D wireframe modelers allow the user to
create projected lines/edges of 3D wireframe models. In comparison to other types of 3D
modelers, the 3D wireframe modelers require very little computing power and generally
can be used to achieve reasonably good representations of 3D models. However, because
surface definition is not part of a wireframe model, all wireframe images have the
inherent problem of ambiguity. Two examples of such ambiguity are illustrated.

\

%

N

—

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

A non-realizable object: Wireframe models contain no surface definitions.
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Surface modeling is the logical development in computer geometry modeling to follow
the 3D wireframe modeling scheme by organizing and grouping edges that define
polygonal surfaces. Surface modeling describes the part’s surfaces but not its interiors.
Designers are still required to interactively examine surface models to insure that the
various surfaces on a model are contiguous throughout. Many of the concepts used in 3D
wireframe and surface modelers are incorporated in the solid modeling scheme, but it is
solid modeling that offers the most advantages as a design tool.

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

rep).

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 also allow the user to define additional primitives, which are shapes
typically formed by the basic shapes. The underlying concept of the CSG representation
method is very straightforward; we simply add or subtract one primitive from another.
The CSG approach i1s also known as the machinist’s approach, as it can be used to
simulate the manufacturing procedures for creating the 3D object.

[n 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 1s then made up of the unions of these surfaces that completely and
precisely enclose a volume.

By the 1980s, a new paradigm called concurrent engineering had emerged. With
concurrent engineering, designers, design engineers, analysts, manufacturing engineers,
and management engineers all work together 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 1s known as the feature-based parametric modeling technique.
The key advantage of the feature-based parametric modeling technigue 1s 1ts 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.
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Feature-Based Parametric Modeling

One of the key elements in the SolidWorks solid modeling software 1s its use of the
feature-based parametric modeling technique. The feature-based parametric modeling
approach has elevated solid modeling technology to the level of a very powerful design
tool. Parametric modeling automates the design and revision procedures by the use of
parametric features. Parametric features control the model geometry by the use of design
variables. The word parametric means that the geometric definitions of the design, such
as dimensions, can be varied at any time during the design process. Features are
predefined parts or construction tools for which users define the key parameters. A part is
described as a sequence of engineering features, which can be modified and/or changed at
any time. The concept of parametric features makes modeling more closely match the
actual design-manufacturing process than the mathematics of a solid modeling program.
In parametric modeling, models and drawings are updated automatically when the design
1s refined.

Parametric modeling offers many benefits:

e We begin with simple, conceptual models with minimal detail; this approach
conforms to the design philosophy of “shape before size.”

e (Geometric constraints, dimensional constraints, and relational parametric
equations can be used to capture design intent.

¢ The ability to update an entire system, including parts, assemblies and drawings
after changing one parameter of complex designs.

e We can quickly explore and evaluate different design variations and alternatives
to determine the best design.

e Existing design data can be reused to create new designs.

* Quick design turn-around.

With parametric modeling, designers and engineers can maximize the productivity of the
design and engineering resources to create products better, faster, and more cost-
effectively. The tools available in parametric modeling are designed to cover the entire
design process; from design and validation to technical communications and data
management. The intuitive design interface and integrated software work together and
provide designers and engineers the freedom to focus on innovation.
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Getting Started with SolidWorks

2 .
25 SOLIDWORKS | Premium

2013
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Image courtesy of Vinginia Tech Transportation ..

o SolidWorks i1s composed of several application software modules (these modules
are called applications), all sharing a common database. In this text, the main
concentration 1s placed on the solid modeling modules used for part design. The
general procedures required in creating solid models, engineering drawings, and
assemblies are illustrated.

Starting SolidWorks

e How to start SolidWorks depends on the type of workstation and the
particular software configuration you are using. With most Windows
systems, you may select SolidWorks on the Srarf menu or select the
SolidWorks icon on the desktop. Consult your instructor or technical
support personnel if you have difficulty starting the sofiware.

*

** The program takes a while to load, so be patient. The tutorials 1n this text are
based on the assumption that you are using SolidWorks * default settings. If your
system has been customized for other uses, some of the settings may appear
differently and not work with the step-by-step instructions in the tutorials. Contact
your instructor and/or technical support personnel to restore the default software
configuration.
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Once the program is loaded into memory, the SolidWorks program window appears. This
screen contains the Menu Bar and the Task Pane. The Menu Bar contains a subset of

commonly used tools from the Menu Bar toolbar (New, Open, Save, etc.), the
SolidWorks menus, the SolidWorks Search oval, and a flyout menu of Help options. By
default, the Menu Bar menus are hidden. To display them, move the cursor over or click

the SolidWorks logo.
I SolidWorks Resources Icon I

25 soLpworks Jme v s smp @ O - -l - 9 | = | Ngwch croviedoenaee [ =1 B v oo [ 23
i SolidWoiks Reources

Goitsng Sterted & -
] Hew Decumers
% Dpen s Document
& Tulink
T Vinats ew
B rotuoing Soedneis
1) Genesl mlormation

=

| Solidénrks Tools # |
Startup Options 8 Propary Tee Buter

T Sakerks Re
2 Perforance Benchnan Tesl

pS SOLIDWORKS (&8

Llmglle ]

Community

2013 e

B vear croups

o DicusE Fonum

B Tecanical Aty & Hews
“oreiy Drmillsy o
mpscion Jommentshon
Sxalmbhby Sokddess 2093
il 0 I (Eary W
Awailibibe Erwianss FOM
2000 P2 s weeile
Avaiinble Sokrvodis 2513
B W opaliphie T
Bulbgits Qor Fidrksing
Comesm has teen updat

Eullatire Soldvoas

If the task pane does not appear to the right of the screen, click the SolidWorks
Resources icon on the right side of the window. Other options for the task pane are the
Design Library and the File Explorer. The icons for these options appear below the
SolidWorks Resources icon. To collapse the task pane, click anywhere in the main
area of the SolidWorks window.

The following two startup options are available: New and Open. The New option
allows us to start a new modeling task. The Open option allows us to open an existing
model file. These two commands can be executed in the Gerting Started dialog box in
the SolidWorks Resources task pane or on the Menu Bar. The Gefting Started dialog box
also contains a Tutorials option which provides some quick helps that illustrate the
features and general procedures of using SolidWorks.
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» Select the New icon on the Menu Bar with a single
click of the left-mouse-button. The New SolidWorks
Document dialog box appears.

New {(Ctrl+N)
_reates a new document,

Three icons appear in the New SolidWorks Document dialog box. Selecting the
appropriate icon will allow creation of a new Part, Assembly or Drawing file. A part is
a single three-dimensional (3D) solid model. Parts are the basic building blocks in
modeling with SelidWorks. An assembly 1s a 3D arrangement of parts (components)
and/or other assemblies (subassemblies). A drawing is a 2D representation of a part or
assembly.

New SolidWorks Document ==l

% a JD representabon of a single design component

@ a 3D arrangement of parts and/or other assemblies
Azzamibly
=0
e a 2D engineering drawing, typically of a part or assembly
Dravwing
| Advanced | Lo« | [ canca | [ hHep |

» Select the Part icon as shown. Click OK in the New SolidWorks Document dialog
box to open a new part file.
Units Setup

When starting a new CAD file, the first thing we should do is to choose the units we
would like to use. We will use the English (feet and inches) setting for this example.

» Select the Options icon from the Menu Bar as
shown to open the Options dialog box. (The
Options dialog box can also be opened from the
Tools pull-down menu.)

pt Cut ‘. r’:g ]

- FHEt Linear ==
d i p
.Lﬁ :

Changes options settings for
: SolidWorks.
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» When the Options dialog box opens, the
System Options tab is active. The units
setup is located under the Document
Properties tab. Select the Document
Properties tab as shown.

Document |

Drafting Standard

- Annotations

| RIS aT-Tat -

» Select Units on the left menu as highlighted below. Select IPS (inch, pound,
second) under the Unit system options. Select .123 in the Decimals spin box for the
Length units as shown to define the degree of accuracy with which the units will be

displayed.

Drafting Standard Unit system
(- Annotations () MKS (meter, kilogram, second)
@- Dimensions () €65 (centimeter, gram, second)

- Virtual Sharps () MMGS (milimeter, gram, second)
d- Tables @ IPS (inch, pound, second)
Detailing © Ostom
Grid/Snap
Urits Type Uit Decimals | Fractions More
Model Display Basic Units
Matenial Properties Length Fiches 123 - -
Image Quality : : ﬁ‘_ﬁ
e Dual Dimension Length | inches s
Plane Display Angle e ;
DimMpert Mass/Section Properties

.. Size Dimension Length riches .

Lucatlm EFI"I'I!.?I‘!EI&I"I Mass Dounds 150678

- Chain limension

Geometnc Tolerance s Ul Wk s

-.- Chamfer Controls

.- Display Options second 12

» Click OK at the bottom of the Document Properties - Units window to set the units.
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SolidWorks Screen Layout

The default SolidWorks drawing screen contains the Menu Bar, the Heads-up View
toolbar, the Feature Manager Design Tree, the Features toolbar (at the left of the
window by default), the Skerch toolbar (at the right of the window by default), the
graphics area, the task pane (collapsed to the right of the graphics area in the figure
below), and the Starus Bar. A line of quick text appears next to the icon as you move the
mouse cursor over different icons. You may resize the SolidWorks drawing window by
click and drag on the edge of the window, or relocate the window by click and drag on
the window title area.

/ M J Heads-up View Toolbar I

J%IOUMRKS l :‘J - ‘_‘} - H v -'; » -I-‘j' @.’ . ﬂ E " / ir S e e ledos s 1" -I 'i‘ L | [3] Ei
. ; i 'EJ'

i ot Boss Hlase : Gyt Ot Py
! : . )
Extruded Revohed || Lobed BossBase Etuded Hoe Revolved J LoMed Cut E’ifr:;rf CAVEL | st
te_Deafon PR SRR I O Y ™ e Lo ) IR : = ..

|Fua-us|aumia:m| it | Office Products T I T YT @i o
.g mRele -
% o eipaa | Command Manager

L | i) Semvors

# [A] Annatations
t 4= Matenal <rat speeifieds

r ;.'f‘-_k Framt :
LS Top l
L ight Feature Manager Task Pane

L. ongin

|2 o ol [ [ ]

Design Tree

J Graphics
Area

A Reference Triad I
— | <night Status Bar L
 EMliting Part L S | W

e Menu Bar

iﬁsnunwmxsl O-2-H-%-9-(§]-]8 & &

In the default view of the Menu Bar, only the toolbar options are visible. The default
Menu Bar consists of a subset of frequently used commands from the Menu Bar toolbar
as shown above.
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e Menu Bar Pull-down Menus

SOLIDWORKS I'E]an View Insert Tooks Window Help 4 i
& 5y ' — To display the pull-down
i 1| Mew... irl+ = Gy
50 | i m move th r over
. TR e e a0 | o enus, move t e Cursor ove
Boss/Base BossfBase | [ | Close Ctri+W o or click the SolidWorks ngEL
Features I: ﬁ ;;u'lakz Drawing from Part i ThE Pu"'dﬂwn menus
%5 I[E[HD ™ | Make Assembly from Part contain operations that vou
r.—" ) |save CubeS can use for all modes of the
R Partl (Default<<Def:z [ Save As.. system.
(&) Sensars (P | Save All
7114l Annctations
EE Material <not spe | Page Setup...
EEQ Front d | Print Preview...
L% Top & | Print.. Ctrl+P
45 Right 39 | Print3D...
ks Origin o
| Publish to 3DVIA.com...
S Publich to eDrawings
Pack and Go...
| Send To...

e Heads-up View Toolbar

QARTMNE-T-60-@£-E-

The Heads-up View toolbar allows us quick access to frequently used view-related
commands, such as Zoom, Pan and Rotate. Note: You cannot hide or customize the
Heads-up View toolbar.

e Features Toolbar

’ﬁ b’h Swept Boss Base | " . = Swept Cut y +H 31 Rib
Extruded FRevolved Lofted BossBase Extuded Hole Revolved S Lofted Cut Eoet FIJ'ETE::” " Draft
Boss/Base Boss/Base _ . Cut Wizard Cut . ;

7 Boundary Boss/Base ™= Boundary Cut . - B shel |

By default, the Features toolbar is displayed at the top of the SolidWorks window. The
Features toolbar allows us quick access to frequently used feature-related commands,
such as Extruded Boss/Base, Extruded Cut, and Revolved Boss/Base.

e Sketch Toolbar

E & \ - @ - PJ - :;J. e E 5] [\ Mirror Entities i3 +
o 01 9~ 0 - A, ST o Bzt - PZIEE s
' Entities , ' Sketch
- - 2 - _\1 ¥ . - -,.u Move Entities . .

Qaagm@ J- 6

By default, the Sketch toolbar can be accessed by clicking on the Sketch tab in the
Ribbon toolbar area. The Sketch toolbar provides tools for creating the basic geometry
that can be used to create features and parts.
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¢ Feature Manager-Design Tree/Property Manager/Configuration Manager/
DimXpert Manager/Display Manager

J Feature I Property

Wroperties

Configuration

PropertyManage

Select an entity to view or ko
modify its properties,

ConfigurationManager

H=I:| Defaulk [ Partl ]

DimXpert

-:. '. g '1.._
CLEE:

Sort order: |Histur~_.- el

@mlm

The left panel of the SolidWorks window 1s used to display the Feature Manager-Design
Tree, the Property Manager, the Configuration Manager, and the DimXpert Manager.
These options can be chosen by selecting the appropriate tab at the top of the panel. The
Feature Manager Design Tree provides an overview of the active part, drawing, or
assembly n outhine form. It can be used to show and hide selected features, filter
contents, and manage access to features and editing. The Property Manager opens
automatically when commands are executed or entities are selected in the graphics
window, and is used to make selections, enter values, and accept commands. The
Configuration Manager 1s used to create, select and view multiple configurations of parts
and assemblies. The DimXpert Manager lists the tolerance features defined using the
SolidWorks *DimXpert for parts’ tools. The Display Manager lists the appearance,
decals, lights, scene, and cameras applied to the current model. From the Display
Manager, we can view applied content, and add, edit, or delete items. The Display
Manager also provides access to Photo View options 1f the module 1s available.
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e Graphics Area

TRl N -8 x

-
‘ Confirmation Corner F

;I Reference Triad I
i3

“Froml

The graphics area 1s the area where models and drawings are displayed.

e Reference Triad
The Reference Triad appears in the graphics area of part and assembly documents. The
triad is shown to help orient the user when viewing models and is for reference only.

e Origin
The Origin represents the (0,0,0) coordinate in a model or sketch. A model origin
appears blue; a sketch origin appears red.

e Confirmation Corner
The Confirmation Corner offers an alternate way to accept features.

e Graphics Cursor or Crosshairs

The graphics cursor shows the location of the pointing device in the graphics window.
During geometric construction, the coordinate of the cursor 1s displayed in the Sratus Bar
area, located at the bottom of the screen. The cursor’s appearance depends on the selected
command or option.

o Message and Status Bar

1068 LOidin O Under Defined

The Message and Status Bar area displays a single-line description of a command when
the cursor 1s on top of a command icon. This area also displays information pertinent to
the active operation. In the figure above, the cursor coordinates are displayed while in
the Sketch mode.
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Using the SolidWorks Command Manager

ﬁ soL— = The SolidWorks Command Manager provides

_ 2 CommandManager a convenient method for displaying the most
E Us&.&arge Buttons with Text commonly used toolbars. To turn on/off the
Command Manager, right click on any toolbar
icon, then select Command Manager from
the top of the pop up menu list of toolbars.

I
Extrudet @

P You will notice that, when the Command Manager 1s turned off,
| the Sketch and Features toolbars appeared on the left and right
edges of the display window.

- Al Annotations

LIS T 3= ;

~ B ig :::::"I “"t*P*8 To turn on the Command Manager, right click on the Command

8 | Top Manager (or any other) toolbar and toggle the Command Manager
- “E '::9*" on by selecting it at the top of the pop-up menu.

::,"‘ rgin

bl _f" ' ComenandManager

h‘:'f i I l’"?

o - — @7 |2Dto3D

™ [1‘1 |;E'_ | Align

The Command Manager is a context-sensitive toolbar that dynamically updates based on
the user’s selection. When you click a tab below the Command Manager, it updates to
display the corresponding toolbar. For example, if you click the Sketches tab, the Sketch
toolbar appears. By default, the Command Manager has toolbars embedded in 1t based on
the document type.

The default display of the Command Manager 1s shown below. You will notice that,
when the Command Manager 1s used, the Sketch and Features toolbars no longer appear
on the left and right edges of the display window.

H_i . Swept Boss Base " ¥ Swept Cut 414 Rib
Extruded Reuclll'.'ed Lofted BossBase Extruded Hole Revolved ||J] Lofted Cut Fillet Fll.lr:i_ear = Draft
4 = - attern

Boss/Base Boss/fBase Cut Wizard Cut

— | Boundary Boss/Base 1 Boundary Cut = = M| Shell

- ==
Features | Sketch | Evaluate | Dimx Office Products &, 0 - o
Y T

Important Note: The illustrations in this text use the Command Manager. If a user
prefers to use the standard display of toolbars, the only change is that it may be necessary
to activate the appropriate toolbar prior to selecting a command. For example, 1if the
instruction 1is to “select Extruded Boss on the Command Manager™ it may be necessary to
first display the Features toolbar through the Customize Toolbar command.
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Mouse Buttons

SolidWorks utilizes the mouse buttons extensively. In learning SolidWorks " interactive
environment, it is important to understand the basic functions of the mouse buttons.

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 additionally available options in a
context-sensitive pop-up menu. These menus provide shortcuts to frequently used
commands.

e Middle mouse button/wheel
The middle mouse button/wheel can be used to Rotate (hold down the wheel button
and drag the mouse), Pan (hold down the wheel button and drag the mouse while
holding down the [Ctrl] key), or Zoom (hold down the wheel button and drag the
mouse while holding down the [Shift] key) realtime. Spinning the wheel allows
zooming to the position of the cursor.

Brings up additional available
options.

Allows quick Pan,
Zoom, and Rotate.

Picks icons, menus,
and graphic entities.

[Esc] — Canceling Commands

The [Esc] key 1s used to cancel a command in SolidWorks. 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.
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SolidWorks Help system

% Several types of on-line help are available at any time during a SolidWorks session.
SolidWorks provides many on-line help functions, such as:

@10 -3 --3 -4

SobdWorks Help
Solid\Works Tutorials

= APT Help Topics

Rewease Moles
what's New
Quick Tips
B | Introducing SclidWorks {pdf)

Movving from 20 ko 30D

e Solidw'orks Web Help

Check for Updates. ..

activate Licensas, .,
Transfer Licenses, ..

Show Licenses. ..

About SolidWiorks. .,

Customize Menu

The Help menu: Click on the Help option in the
Menu Bar to access the SolidWorks Help menu
system. (Note: Move the cursor over the SolidWorks
logo in the Menu Bar to display the pull-down menu
options.) The SolidWorks Help option provides
general help information, such as command options
and command references. The SolidWorks
Tutorials option provides a collection of tutorials
illustrating different SolidWorks operations.

The SolidWorks Tutorials can also be accessed from
the SolidWorks Resources task pane on the right side
of the screen by selecting Tutorials.

W Search Knowledge Base

Leaving SolidWorks

» To leave SolidWaorks, use the left-mouse-button and click
on File at the top of the SolidWorks screen window, then
choose Exit from the pull-down menu. (Note: Move the
cursor over the SolidWorks logo in the Menu Bar to
display the pull-down menu options.)

e The SolidWorks Help option can also be
accessed by clicking on the Help icon at
the right end of the Menu Bar.

| Fie | Bdt view Insert Tools Window
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CIpEr,., k0
Close Chrks

Make Ciraineg From Part
Make Assembdy From Part

Savn CErl+5
Save As..
Save All
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Print Preyiew. .,

Print. .. Chrl+P
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Publish to elirawings

Pack and Go...
Send To..

Haload,
Find References...
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Creating a CAD files folder

[t 1s 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 SolidWorks application is located. It is
much easier to organize and back up your project files if they are 1n a separate folder.

Making folders within this folder for different types of projects will help you organize
your CAD files even further. When creating CAD files in SolidWorks, it 1s strongly

recommended that you save your CAD files on the hard drive.
» To create a new folder in the Windows environment:

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

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

% |ocal Disk (C:)
SCM Edt  View Favorites Tools Help

BT [ S

m  ohorbout

ﬁ Briefcase

[’,-':'ﬁ Microsoft Word Document
@ Microsoft Office Access Application
Local Disk(C:)  » W] Microsaft PowerPoint Presentation

Close @J Microsaft OFfice Publisher Document
=]

3. Type a name, such as Engr-Graphics under the SolidWorks Data directory,
for the new folder, and then press [ENTER].
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Chapter 2
Parametric Modeling Fundamentals

BearningjOhjectives

¢ Create Simple Extruded Solid Models

¢ Understand the Basic Parametric
Modeling Procedure

¢ Create 2-D Sketches

¢ Understand the “Shape before Size”
Design Approach

¢ Use the Dynamic Viewing Commands
¢ Create and Edit Parametric Dimensions
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Certified Associate Reference Guide

Certified SolidWorks Associate Exam Objectives Coverage

Sketch Entities — Lines, Rectangles, Circles, Arcs, Ellipses,

Centerlines

Objectives: Creating Sketch Entities.
Sketeh Commani .....coonnnnsaniaiimmsmnsig 2-10
Line Command .......ouovamammmimsiismmai 2-10
| b Y11 | S 2-17
Circle Command, Center Point Circle .................. 2-31

Sketch Relations
Objectives: Using Geometric Relations.

Horizontal Relaion ... 2-11
Geometric Relation Symbols................................ 2-12
Preventing Relations with [Ctrl] Key ....................2-12
View SKetch RelRtONS ........oxwimmissssmnsisesssssnssssssonss 2-19

Boss and Cut Features — Extrudes, Revolves, Sweeps, Lofts
Objectives: Creating Basic Swept Features.

Extruded Boss/Base, Blind ..................ccooiiiiiiinnn. 2-27
Merge Result Option..........ccccocevviiiirnnnniciiniennnnnonnnes 2-30
EXtrude@ Uil .....oconmmmmmnmasmiimsimssiiig 2-31
Extruded Cut, Through All......................cceiil. 2-32

Dimensions

Objectives: Applying and Editing Smart Dimensions.
Dimension, Smart Dimension ...........ooooevvieinnn. 2-13
Dinension SIANAANA ... msenssmnssisansss 2-14
Modify Smart Dimension ...............ocoveeiiieeennnnnnnnn. 2-14

Feature Conditions — Start and End

Objectives: Controlling Feature Start and End Conditions.
Extruded Boss/Base, Blind ..., 2-27
Extruded Cut, Through All................................. 2-31
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Introduction

The feature-based parametric modeling technique enables the designer to incorporate
the original design intent into the construction of the model. The word parametric means
the geometric definitions of a design, such as dimensions, can be varied at any time in the
design process. Parametric modeling is accomplished by identifying and creating the key
features of the design with the aid of computer software. The design variables, described
in the sketches and described as parametric relations, can then be used to quickly
modify/update the design.

In SolidWorks, the parametric part modeling process involves the following steps:

1. Determine the type of the base feature, the first solid feature, of the design.
Note that Extrude, Revolve, or Sweep operations are the most common
types of base features.

2. Create a rough two-dimensional sketch of the basic shape of the base feature
of the design.

3. Apply/modify constraints and dimensions to the two-dimensional sketch.
4. Transform the two-dimensional parametric sketch into a 3D feature.

5. Add additional parametric features by identifying feature relations and
complete the design.

6. Perform analyses/simulations, such as finite element analysis (FEA) or cutter
path generation (CNC), on the computer model and refine the design as
needed.

7. Document the design by creating the desired 2D/3D drawings.

The approach of creating two-dimensional sketches of the three-dimensional features 1s
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. This method
also conforms to the design process that helps the designer with conceptual design along
with the capability to capture the design intent. Most engineers and designers can relate
to the experience of making rough sketches on restaurant napkins to convey conceptual
design 1deas. SolidWorks provides many powerful modeling and design-tools, and there
are many different approaches to accomplishing modeling tasks. The basic principle of
feature-based modeling 1s to build models by adding simple features one at a time. In
this chapter, the general parametric part modeling procedure is illustrated; a very simple
solid model with extruded features 1s used to introduce the SolidWorks user interface. The
display viewing functions and the basic two-dimensional sketching tools are also
demonstrated.






