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Introduction

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
three-dimensional models on computers offers a wide range of benefits. Computer
models are easier to interpret and easily altered. Simulations of real-life loads can be
applied to computer models and the results graphically displayed.

Finite Element Analysis (FEA) is a numerical method for solving engineering problems
by simulating real-life-operating situations on computers. Typical problems solved by
Finite Element Analysis include structural analysis, heat transfer, fluid flow, soil
mechanics, acoustics, and electromagnetism. SolidWorks 15 an integrated package of
mechanical computer aided engineering software tools developed by Dassault
Systémes (DS). SolidWorks is a suite of programs, including the Finite Element
Analvsis module (SolidWorks Simulation), which 1s used to facilitate a concurrent
engineering approach to the design, analysis, and manufacturing of mechanical

engineering products. This text focuses on basic structural analysis using the integrated
SolidWorks and SolidWorks Simulation.

Development of Finite Element Analysis

Finite element analysis procedures evolved gradually from the work of many people in
the fields of engineering, physics, and applied mathematics. The finite element analysis
procedure was first applied to problems of stress analysis. The essential ideas began to
appear in publications during the 1940s. In 1941, Hrenikoff proposed that the elastic
behavior of a physically continuous plate would be similar to a framework of one-
dimensional rods and beams, connected together at discrete points, The problem could
then be handled by familiar methods for trusses and frameworks. In 1943, Courant’s
paper detailed an approach to solving the torsion problem in elasticity. Courant described
the use of piecewise linear polynomials over a triangularized region. Courant’s work was
not noticed and soon forgotten, since the procedure was impractical to solve by hand

In the early 1950s, with the developments in digital computers, Argyris and Kelsey
converted the well-established “framework-analysis” procedure into matrix format. In
1956, Turner, Clough, Matin, and Topp derived stiffness matrices for truss elements,
beam elements and two-dimensional triangular and rectangular elements in plane stress.
Clough introduced the first use of the phrase “finite element” in 1960, In 1961, Melosh
developed a flat, rectangular-plate bending-element, followed by development of the
curved-shell bending-element by Grafton and Strome in 1963, Martin developed the first
three-dimensional element in 1961 followed by Gallagher, Padlog and Bijlaard in 1962
and Melosh in 1964,
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From the mid-1960s to the end of the 1970s, finite element analysis procedures spread
beyond structural analysis into many other fields of application. Large general purpose
FEA software began to appear, By the late 1980s, FEA software became available on
microcomputers, complete with automatic mesh-generation, interactive graphics, and pre-
processing and post-processing capabilities,

In this text, we will follow a logical order, parallel to the historical development of the
finite element analysis procedures, in learning the fundamental concepts and commands
for performing finite element analysis using SelidWorks and SolidWorks Simulation.
We will begin with the one-dimensional truss element, beam element, and move toward
the more advanced features of SolidWorks Simulation. This text also covers the general
procedures of performing two-dimensional and three-dimensional solid FE analyses. The
concepts and techniques presented in this text are also applicable to other FEA packages.
Throughout the text, many of the classic strength of materials and machine design
problems are used as examples and exercises, which hopefully will help build up the
user's confidence on performing FEA analyses.

FEA Modeling Considerations

The analysis of an engineering problem requires the idealization of the problem into a
mathematical model. It is clear that we can only analyze the selected mathematical
model, and that all the assumptions in this model will be reflected in the predicted results
We cannot expect any more information in the prediction than the information contained
in the model. Therefore it is crucial to select an appropriate mathematical model that will
most closely represent the actual situation. It is also important to realize that we cannot
predict the response exactly, because it is impossible to formulate a mathematical model
that will represent all the information contained in an actual system.

As a general rule, finite element modeling should start with a simple model. Once a
mathematical model has been solved accurately and the results have been interpreted, it is
feasible to consider a more refined model in order to increase the accuracy of the
prediction of the actual system. For example, in a structural analysis, the formulation of
the actual loads into appropriate models can drastically change the results of the analysis,
The results from the simple model, combined with an understanding of the behavior of
the system, will assist us in deciding whether and at which part of the model we want to
use further refinements. Clearly, the more complicated model will include more complex
response effects, but it will also be more costly and sometimes more difficult to interpret
the solutions.

Modeling requires that the physical action of the problem be understood well enough to
choose suitable kinds of analyses. We want to avoid the waste of time and computer
resources caused by over-refinement and badly shaped elements. Once the results have
been calculated, we must check them to see if they are reasonable. Checking is very
important because it is easy to make mistakes when we rely upon the FEA software to
solve complicated systems.
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Types of Finite Elements

The finite element analysis method 15 a numerical solution technique that finds an
approximate solution by dividing a region into small sub-regions. The solution within
each sub-region that satisfies the governing equations can be reached much more simply
than that required for the entire region. The sub-regions are called elements and the
elements are assembled through interconnecting a finite number of points on each
element called nodes. Numerous types of finite elements can be found in commercial
FEA software and new types of elements are being developed as research is done
worldwide. Depending on the dimensions, finite elements can be divided into three
categories:

1. One-dimensional line elements: Truss, beam and boundary elements.

Beam Elements b

2. Two-dimensional plane elements: Plane stress, plane strain, axisymmetnc,
membrane and shell elements.

Plane Stress Elements
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3. Three-dimensional volume elements: Tetrahedral, hexahedral, and brick
elements.

Tetrahedral Elements

Typically, finite element solutions using one-dimensional line elements are as accurate as
solutions obtained using conventional truss and beam theories. It is usually easier to get
FEA results than doing hand calculations using conventional theories. However, very few
closed form solutions exist for two-dimensional elements and almost none exist for three-
dimensional solid elements,

In theory, all designs could be modeled with three-dimensional volume elements.
However, this is not practical since many designs can be simplified with reasonable
assumptions to obtain adequate FEA results without any loss of accuracy. Using
simplified models greatly reduces the time and effort in reaching FEA solutions,
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Finite Element Analysis Procedure

Prior to carrying out the finite element analysis, it is important to do an approximate
preliminary analysis to gain some insights into the problem and as a means of checking
the finite element analysis results.

For a typical linear static analysis problem, the finite element analysis requires the
following steps:

|. Preliminary Analysis.

2. Preparation of the finite element model:
a. Model the problem into finite elements.
b. Prescribe the geometric and material information of the system.
c. Prescribe how the system 15 supported.
d. Prescribe how the loads are applied to the system.

it

Perform calculations:

a. Generate a stiffness matnix of each element

b. Assemble the individual stiffness matrices to obtain the overall, or global,
stiffness matrix,

¢c. Solve the global equations and compute displacements, strains, and stresses.

4. Post-processing of the results:
a. Viewing the stress contours and the displaced shape.
b. Checking any discrepancy between the preliminary analysis results and the
FEA results.

Matrix Definitions

The use of vectors and matrices 1s of fundamental importance in engineering analysis
because it 15 with the use of these quantities that complex procedures can be expressed in
a compact and elegant manner. One need not understand vectors or matrices in order to
use FEA software. However, by studying the matnx structural analysis, we develop an
understanding of the procedures common to the implementation of structural analysis as
well as the general finite element analysis. The objective of this section is to present the
fundamentals of matrices, with emphasis on those aspects that are important in finite
element analysis. In the next chapter we will introduce the derivation of matrix structural
analysis, the stiffness matnx method. MA TRIX Algebra is a powerful tool for use in
programming the FEA methods for electronic digital computers. Matrix notation
represents a simple and easy-to-use notation for writing and solving sets of simultaneous
algebraic equations.

e« Matrix A matrix is a rectangular array of elements arranged in rows and columns.
Applications in this text deal only with matrices whose elements are real numbers.
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For example,
[A] = A A Ags
Az Az Ans

[A] 15 a rectangular array of two rows and three columns, thus called a 2 x 3 matrix.
The element Ajj is the element in the 1" row anu:lj"1I column.

Column Matrix (Row Matrix) A column (row) matrix is a matrix having one
column (row). A single-column array is commonly called a column matrix or vector,
For example:

Fi

{F} =< F2
F3

Square Matrix A square matrix is a matrix having equal numbers of rows and
columns,

Diagonal Matrix A diagonal matrix is a square matrix with nonzero elements
only along the diagonal of the matrix.

Addition The addition of matrices involves the summation of elements having
the same “address” in each matrix. The matrices to be summed must have 1dentical
dimensions. The additton of matnces of different dimensions 1s not defined. Matnx
addition is associative and commutative,

For example:

| | ’
aepmy= | D20 Q4O 6

3 [4 8 12

Multiplication by a Constant If a matrix is to be multiplied by a constant,
every element in the matrix 1s multiplied by that constant. Also, if a constant 1s
factored out of a matrix. it 1s factored out of each element.

For example:

) 1 2] [ 3 6
YW= 3 X 5 4| = | &z
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Multiplication of Two Matrices Assume that [C] =[A][B]. where [A], [B],
and [C] are matrices. Element Cij in matrix [C] is defined as follows:

Cij=Aj1 XBpj + Ajp XBgj + -+ + Ajg X By

For example:

(Cl=[A] [B]= | 1 2 15 6| _ | 19 22
3 4 7 8 43 50

C||=Ix5+23‘:?_lgm C1-_-=|Hﬁ+2x3*22
Cu=3x5+4x7=43, C.=3x6+4x8=50

Identity Matrix An identity matrix is a diagonal matrix with each diagonal
element equal to unity,

For example;

[ =

Transpose of a Matrix The transpose of a matrix is a matrix obtained by
interchanging rows and columns. Every matrix has a transpose. The transpose of a
column matrix (vector) is a row matrix; the transpose of a row matrix is a column

matrix.

For example:

1 4
A] = lg; A" =| 2 s
3 6

Inverse of a Square Matrix A square matrix may have an inverse. The
product of a matrix and its inverse matrix yields the identity matrix.

[A] [A] " =[A] " [A]= (1]

The reader 1s referred to the following techniques for matrix inversion:
1. Gauss-Jordan elimination method
2. Gauss-Seidel iteration method

These techniques are popular and are discussed in most texts on numerical
techniques.
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Getting Started with SolidWorks

2 |
PS SOLIDWORKS | Premium

2013

7

£ DASSAULT
D SUSTEMES

o SolidWorks is 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

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

% The program takes a while to load, so be patient. The tutorials in 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,

_ Menu Bar I
o SohdWorks Resources Icon I\

kY
25 soupncrvs [ s e s el o A | = E [ Tt R R, A

pS SOLIDWORK

-
£

1
=

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 fask 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 (retfing Started dialog box in
the SolidWorks Resources task pane or on the Menue Bar. The Getting Started dialog box
also contains a Tutorials option which provides some quick helps that illustrate the
features and general procedures of using Solid Works,
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» Select the New icon on the Menn Bar with a single
click of the left-mouse-button. The New SolidWorks
Document dialog box appears.

New (Ctrl+N)
Creates a new docurment.

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 SofidWorks. An assembly 15 a 3D arrangement of parts (components)

and/or other assemblies (subassemblies). A drawing is a 2D representation of a part or
assembly.

h— s aldWorks Document

% a 30 representation of a single design component

@ a 10 arangement of parts and/or other assemblies

EE & XDt engineering drawing, typically of a part or assembly

» 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

R Dot it 7o & shown to open the Options dialog box. (The

% . - Filet Linear g Options dialog box can also be opened from the
' Options Tools pull-down menu.)

E 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,

~ Select Units on the left menu as highlighted below. Select IPS (inch, pound,
second) under the Unif 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,

| Spiem Cptons| Document Properties|
Drafting Standasd Lirgk sysbem
i dnnotations i) MK (meter, kiogram, second)
i DEmensions 0 0G5 (centmeter, gram, second)
L Wirtual Sharps () MMGS ([millseber, gram, sscond]
@ Tobles @ 5 i, pound, weee]
Datwibng K Gt
Grid/Snap
Uniits Type | vt |Decimals | Fractions | Mare
Model Display thasic Unats
Matenal Properties |
bimle Lergh e | 123 =] .
O emension Length. | indhes f.12 - =
Sheeet Metsl W
M! D“'FI'.]' ""* m s.lﬂd- | |
Dimpent Vs [Section Properties oot |s
— Locabon Demension LENIN L
Mass pounds
- Chair Dimersion — |
Geometns Toleranss P LI Ve s |
Charnfer Controbs Umits
i Dispday Options

ok # 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 Sketch toolbar (at the nght 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.

A Menu Bar I ¢| Heads-up View Toolbar I

ﬁﬁ{"‘”“__sl :'ih'a'ﬁ":” ﬁy.j:&- |i,'-'|-'—\-l"w1-‘lu-'u"¢- _;,.I "'Ji:l":iﬁ
& & - |

Sabpded  Swasband porfie=d B Bl EvFused hww  Aevabeil ) Qe

Lo loma Laoer § syt L

Command Manager

% Top 1
iam 'i"%,q ‘ Fc:aturg: Manager | Task Pane I"//’
Design Tree
] Graphics
Arca

% / Reference Triad I
il |

| “rght Status Bar E
TS S | S—

Lt el ST

* Menu Bar

BS SOLIDWORKS I D-2--%-9-B]-0 % -

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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* Menu Bar Pull-down Menus
ﬁws%{ﬂﬂmmuﬂil

To display the puli-down menus,

Cri+M B Ca ¥
o ano | move the cursor over or click the
Enl:ruﬂed H.Erﬂ'n‘.'ﬂ e o Lo g
Boms/Bese BossBae | 1§ | Ciose Carl= W W SolidWorks logo. The pull-down
Features B2 | Make Drawing from Pact menus contain operations that you
_f—q 3B | Make Assembly from Part can use for all modes of the system.
: ' Gave Ctrie 5
% Parfl (Default< <Deft ﬁ Save As...
3] Sensors P Save al
+1- L&) Annatatiens
4= Matenal <notspe Page Setup...
| & Front ﬁ Print Prediew.,
L Top =  Print., Cerl=P
25 Right A8 | Print3D...
W o) Origin

Puklish fo A0Y1A.com..
Fublish to eDirawings

i

Pack and Ga...
send To,.

* Heads-up View Toolbar

QaAvm@- 3-8

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.

* Features Toolbar

E S Swepl Boss Hase : % . & Swept Cul . - I Rk
) ' - o i . fliet  Linear
Extruded FRevolved Lofted Boss Base Extnded Hoe  Revolved B Lofted Cut 2 Bgltern Draft
BossBase Boss/Base {Cust Wizard Cist
T Boundary Boss/Sase ™ Boundary Cut = - B el £
—

By default, the Features toolbar is displayed vertically at the left 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.

o Sketch Toolbar

E o N-@-p-E oz M =) [\ Miror Entities & "
S umenaon |7 B - @ - M| i, S Ot I} nearsiewnpaien - | PRIEEE nepar
2-0 - = g Move Entibes

By default, the Skeich toolbar is displayed vertically at the nght of the SolidWorks
window. 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

Configuration

Select an entity bo view or bo
modify its properties.

Config.rations

= B Part1 [ConfigurabionManiager
- |He Defauk [Partt ]

Display

& color

The left panel of the SolidWorks window is used to display the Feature Manager Design
free, 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 in outline 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 15 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 paris’ tools. The Display Marnager lists the appearances,
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 if the module is available.
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*  Graphics Area

LR N Ry SRR R - - & %

| Confirmation Corner F

: .

Origin Iff/
¢| Reference Trad |
1z

L

"Fiasl

The graphics area is the area where models and drawings are displayed.

* Reference Triad
The Reference Triad appears in the graphics area of part and assembly documents. The
triad 1s shown to help orient the user when viewing models and 1s 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.

*  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 is displayed in the Status Bar
area, located at the bottom of the screen. The cursor’s appearance depends on the selected
command or option.

e Message and Status Bar

The Message and Stafus Bar area displays a single-line description of a command when
the cursor is 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 Skerch mode,
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Using the SolidWorks Command Manager

k.

22 77 | v | CommandManager
) UskRarge Buttons with Tex

The SolidWorks Command Manager provides
a convenient method for displaying the most
commonly used toolbars. To turn on/off the
Commeand Manager, right click on any toolbar
icon, then select Command Manager from
the top of the pop up menu list of toolbars.

You will notice that, when the Command Manager is turned off,
the Sketch and Features toolbars appeared on the left and nght
edges of the display window,

To turn on the Command Manager, right click on the Command
Manager (or any other) toolbar and toggle the Command
Manager on by selecting it at the top of the pop-up menu.

e

ﬁ' Com and-l'-nrﬁmgtr

— ﬁi!mm;n

il 2 Iﬁdign

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 Skeich
toolbar appears. By default, the Command Manager has toolbars embedded in 1t based on
the document type.

The default display of the Command Manager 15 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,

i Swapt Soss Bana - : Swapt Cut . Eb

| = _ ;
} £ Efl 7
Extruded Revolved Lofted Boss/Base Bxtuded Hole Revoved [ Lofted Cut — _.,"_;lf: & Draft
Boss/Base BossBase Ciut Wizard Gt

Bourdary Boss/Bace ™ Boundary Cul : . B Shel
Feawres | Sketch | Evaluate | Cimxpent | Office Products |

Important Note: The illustrations in this text use the Command Manager. 1f 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, if the
imstruction is to “select Exiruded 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

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

o 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 [Ese] key is used to cancel a command in SolidWorks. The [Esc] key is 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 [Ese] key 15 used to exit the command,
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On-Line Help

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

e 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
:‘”“" e the SolidWorks Resources task pane on the right side
ransf er Licenses, ., s
SRR of the screen by selecting Tutorials.

* The SolidWorks Help option can
also be accessed by clicking on the
Help icon at the nght end of the Memu
Bar.
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» To leave SolidWorks, 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 e SR
display the pull-down menu options.) T T T
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Creating a CAD Files 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 SofidWorks 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. When creating CAD files in SolidWorks, it is 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:)
Edit ‘View Favorites Toole Help

[ s

m  Shortout

ﬁ' Briefcase
B Micrasoft Word Document
. . @_‘I Microsoft Office Access Application
| LocalDisk(C) | B8] microsoft PowerPoint Presentation
chiisis | 1) Microsaft Office Publisher Document
S -~ I R

3. Type a name, such as SolidWorks Projects, for the new folder, and then press
|[ENTER].

>

SalidWorks
Projects
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Chapter 1
The Direct Stiffness Method

F
Force H Vol \/

Displacement [ —=

eanningObjectives

+ Understand system equations for truss
elements.

+ Understand the setup of a Stiffness
Matrix.

+ Apply the Direct Stiffness Method.

¢+ Create an Extruded solid model using
SolidWorks.

+ Use the SolidWorks 2D Sketch and
Constraints tools.
+ Use the Display Viewing commands.
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Introduction

The direct stiffness method 1s used mostly for Linear Static analvsis. The development
of the direct stiffness method onginated in the 1940s and is generally considered the
fundamental of finite element analysis. Linear Static analysis is appropriate if deflections
are small and vary only slowly. Linear Static analysis omits time as a vanable. It also
excludes plastic action and deflections that change the way loads are applied. The direct
stiffness method for Linear Static analysis follows the laws of Statics and the faws of

Strength of Materials.

STRESS

Linear Elastic
region %

T Yield Point

STRAIN

Elastic Plastic
Stress-Strain diagram of typical ductile material

This chapter introduces the fundamentals of finite element analysis by illustrating an
analysis of a one-dimensional truss system using the direct stiffness method. The main
objective of this chapter is to present the classical procedure common to the
implementation of structural analysis. The direct stiffness method utilizes matrices and
matrix algebra to organize and solve the goverming system equations. Matrices, which
are ordered arrays of numbers that are subjected to specific rules, can be used to assist the
solution process in a compact and elegant manner. Of course, only a limited discussion of
the direct stiffness method is given here, but we hope that the focused practical treatment
will provide a strong basis for understanding the procedure to perform finite element
analysis with SolidWorks Simulation.

The later sections of this chapter demonstrate the procedure to create a solid model using
SolidWorks. The step-by-step tutorial introduces the SolidWorks user interface and serves
as a preview to some of the basic modeling techniques demonstrated in the later chapters.
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One-dimensional Truss Element

The simplest type of engineering structure is the truss structure. A truss member is a
slender (the length 1s much larger than the cross section dimensions) two-force member.
Members are joined by pins and only have the capability to support tensile or
compressive loads axially along the length. Consider a unmiform slender prismatic bar
(shown below) of length L, cross-sectional area A, and elastic modulus E. The ends of
the bar are identified as nodes. The nodes are the points of attachment to other elements.
The nodes are also the points for which displacements are calculated. The truss element
1s a two-force member element; forces are applied to the nodes only, and the
displacements of all nodes are confined to the axes of elements.

iﬁ L N / A
N

' G

In this initial discussion of the truss element, we will consider the motion of the element
to be restricted to the horizontal axis (one-dimensional). Forces are applied along the X
axis and displacements of all nodes will be along the X axis.

For the analysis, we will establish the following sign conventions:

1. Forces and displacements are defined as positive when they are acting in the
positive X direction as shown in the above figure.

2. The position of a node in the undeformed condition is the finite element position
for that node.

If equal and opposite forces of magnitude F are applied to the end nodes, from the
elementary strength of materials, the member will undergo a change in length according
to the equation:

This equation can also be written as & = F/K, which is similar to Hooke § Law used in a
linear spring. In a linear spring, the symbol K is called the spring constant or stiffness of
the spring. For a truss element, we can see that an equivalent spring element can be used
to simplify the representation of the model, where the spring constant 1s calculated as
k=EA/L.
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Force-Displacement Curve of a Linear Spring

K
FW~
Force

K =EA/L

Displacement [ —=F

We will use the general equations of a single one-dimensional truss element to illustrate
the formulation of the stiffness matrix method:

Node 1 Node 2
e e————————— - ————

‘ K=EA/L I
+X + X2

By using the Relative Motion Analysis method, we can derive the general expressions of
the applied forces (Fyand F5) in terms of the displacements of the nodes (X, and X;) and
the stiffness constant (K).

F] FE

. Let X;=0,

Node 1 Node 2
e = '] e

K =EA/L ‘
+}|:_2

K|= i

F; Fz

Based on Hooke's law and equilibrium equation:

F1=KX1
F]=-F3=-KX;_I
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2, LetXz=0,

Based on Hooke 's Law and equilibrium:

{E=KX1
F1=*F|=—KX|

Using the Method of Superposition, the two sets of equations can be combined:

F]= KX]'KXE
FEZ'KX]+KX2

The two equations can be put into matrix form as follows:
F,l _[+K -K |[JX,
F2 -K +K X

This is the general force-displacement relation for a two-force member element, and the
equations can be applied to all members in an assemblage of elements. The following
example illustrates a system with three elements.

Example 1.1:
Consider an assemblage of three of these two-force member elements. (Motion is
restricted to one-dimension, along the X axis.)

o mull S

Element 2

K,
F = .

Element 1

+ - TX

Element 3
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The assemblage consists of three elements and four nodes. The Free Body Diagram of
the system with node numbers and element numbers labeled:

K
Element 2 Node 3
K . o=
Node | 1 Node 2 pitt <8 X5 F;
F = P — _-:_x
1 +Element I 2 T\iﬂdﬂ 4 .
+X F,

Element3 — 4y,
K

Consider now the application of the general force-displacement relation equations to the
assemblage of the elements,

Element 1:

Fy | K, -K; X
Element 2:

Fas _ |17 K -Ks X3

F; -k, + K- X3
Element 3:

Faz| | T K3 -Kj Xz
F:I. - Kﬁ + Kﬁ Xrl-

Expanding the general force-displacement relation equations into an Chverall Global
Matrix (containing all nodal displacements);

Element 1:
- ) - ~ 8
F; +K; -K; 0 0 ). €
() () 0 0 0O X3
\ ﬂ 4 e ﬂ ﬂ ﬂ ﬂ_..-' . X‘I 4
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Element 2:
r -. ~ ™ ‘-.
0 0 0 0 0 X
y Fas - 0 +K; -K; 0 Y X "
F; 0 -k +K; 0 X3
0 J G 0 0 0 0 pE X )
Element 3:
0] (0 o o o) [x
) Fa3 - 0 +K; 0 -K; 4 X L
0 |0 0 0 0 X
F4 x_ﬂ Ky 0 +K; X4

Summing the three sets of general equation: (Note F2=F31+F2:1F33)

- - I-""- _"'-'Il"' =

POk K 0 0 )X
) Aoy A I 'KI (Kl‘l‘Kg‘FKﬂ 'Kg 'K}l :_4 Xg ;
B0 K Ko 0 )X
de | :1[} -K; 0 -1-[{3;. kXJJ

________ !\_ AR A et |
Overall Global Stiffness Matrix

Once the Overall Global Stiffiess Martrix is developed for the structure, the next step is to
substitute boundary conditions and solve for the unknown displacements. At every node
in the structure, either the externally applied load or the nodal displacement 1s needed as
a boundary condition. We will demonstrate this procedure with the following example.

Example 1.2:
Given:
KI = 3"] ]h.llri“-
Element 2
Node 7] Ki= 50 1b/in Node 3
——— Ni}dﬂ 2
F = 40 lbs. Element 1 Node 4

Element 3
+X K; = 70 Ib/in
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Find: Nodal displacements and reaction forces.

Solution:

From Example 1.1, the overall global force-displacement equation set:

F, (50 =50 o o0 )[x
JFa | |50 (50+30+70) 30 -70 | [, |
F 0 -30 30 0 |)X
F) Lo w70 0 70 ) |X

Next, apply the known boundary conditions to the system: the right-ends of element 2
and element 3 are attached to the vertical wall; therefore, these two nodal

displacements (X; and X,) are zero.

- - = — — T -~ '-.
F, 150 -50 0 o0 | [x
F, L50 (50+30470)}-30 -70 | | X
1Er=lio0 30 130 0 |Yo
F. o =70 10 70 |]o0
\ } j T m_————————— sk X J

The two displacements we need to solve the system are X, and X, Remove any

unnecessary columns in the matrix;

(F,] [ 50 -50 °

JEa| _|-50 150 X,
F, 0 -30 %,

Fs) L0 -70

Mext, include the applied loads into the equations. The external load at Node [ is 40
Ibs. and there 15 no external load at Node /.

0] (50 -50 |
Jo | _|-s0 150 X,
F; 0 -30 X,
IR

The Matrix represents the following four simultaneous system equations:

0= 50X;- 50X,
0 =-50X,+ 150X,
F3 = ﬂ}(i— 3{]}(2
F.-J, — ﬂX[— ?UX:
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From the first two equations, we can solve for X; and X:

X;=12in.
X;= 041n.

Substituting these known values into the last two equations, we can now solve for Fy
and Fy.

Fi = 0X;-30X,=-30x04=12Ibs.
Fg = 0X;-70X;=-70x04=28Ibs.

From the above analysis, we can now reconstruct the Free Body Diagram (FBD) of
the system:

K
Fi=401bs. K, : = Fy=-121bs
—_— . & - 0.4 in.
—> —
e = ~ F=-281bs.

» The above sections illustrated the fundamental operation of the direct stiffness
method, the classical finite element analysis procedure. As can be seen, the
formulation of the global force-displacement relation equations is based on the
general force-displacement equations of a single one-dimensional truss element.
The two-force-member element (truss element) is the simplest type of element
used in FEA. The procedure to formulate and solve the global force-displacement
equations 15 straightforward, but somewhat tedious. In real-life applications, the
use of a truss element in one-dimensional space 1s rare and very limited. In the
next chapter, we will expand the procedure to solve two-dimensional truss
frameworks.

The following sections illustrate the procedure to create a solid model using
SolidWorks. The step-by-step tutorial introduces the basic SolidWorks 's user
interface and the tutorial serves as a preview to some of the basic modeling
techniques demonstrated in the later chapters.
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Basic Solid Modeling using SolidWorks

One of the methods to create solid models in SelidWorks is to create a two-dimensional
shape and then extrude the two dimensional shape to define a volume in the third
dimension. This is an effective way to construct three-dimensional solid models since
many designs are in fact the same shape in one direction. This method also conforms to
the design process that helps the designer with conceptual design along with the
capability to capture the design intent. SolidWorks provides many powerful modeling
tools and there are many different approaches available to accomplish modeling tasks,
We will start by introducing the basic two-dimensional sketching and parametric
modeling tools.

The Adjuster Design

Starting SolidWorks

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

Select the SolidWorks option on the Start menu or select the
SolidWorks icon on the desktop to start SolidWorks. The SolidWorks

main window will appear on the screen.

~ Click on the New icon, located in the Srandard toolbar as shown.

75 SOLIDWORKS l l‘iﬂjg N = [
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3. Select Part by clicking on the first icon in the New
SolidWorks Document dialog box as shown.

4. Click on the OK button to accept the
b settings.

5. In the Standard toolbar area, right-mouse-
click on any icon and select Command
Manager in the option list as shown.

et b

Ewept Cut -I~f ]

Fillet Linear o
| ofted Cut Patter W Draft

dary Cut | . . (H shel

d‘u‘q&s opkions settings for SobdWwoarks.

7. Select the Document Properties tab as
shown in the figure.

Drafting Standard
- Annotations

i L

8. Click Units as shown in the figure.

_System Options| Document Properties
Drafting Standard 9, Seif:ct IPS {im:_h, pound, second) under the
& Anvickations & [/nit system options.
@ Dlimensinns ;»: c Urdt system
Virtual Sharps @ & MXS (meter, kiogram, second)
&- Tables = ©) CGS (centimeter, gram, second)
Detailing () MMGS (milimeter, gram, second)
Gnd/Snap @ E {inch, pound, second)
i, tom
%t Display
Material Properties

‘ @I 10, Click OK in the Options dialog box to accept the selected settings.



1-12 Introduction to Finite Element Analysis

Step 1: Creating a Rough Sketch

ﬁtsnuuwnxslﬂ_n
E & \N-@-

Sketch _ Smart | (= _ |

1. Click on the Sketch tab in the Command Manager to
switch to the Skerch toolbar,

W 2. Select the Sketch button at the top of the Sketch
toolbar to create a new sketch. Notice the left panel
displays the Ldit Sketch Property Manager with the
instruction “Select a plane on which io create a skeich
Sor the entity.”

3. Move the cursor over the
edge of the Front Plane
in the graphics area.
When the Front Plane is
highlighted, click once
with the left-mouse-
button to select the plane
to align the sketching
plane,

4. Select the Line icon on the Sketch toolbar by clicking
once with the left-mouse-button; this will activate the
Line command. The Line Properties Property
Manager is displayed in the left panel,

Graphics Cursors

e Notice the cursor changes from an arrow to a pencil when a

g sketch entity is active.
N« I. Left-click on the Origin of the coordinate system to place
the starting point of the line segments.
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2. Asyou move the graphics cursor, you will see a digital readout next to the cursor.
This readout gives you the line length. In the Status Bar area at the bottom of the
window, the readout gives you the cursor location. Move the cursor around and
you will notice different symbols appear at different locations.

4T

_.--'-ﬂ

Lf‘ e

3. Move the graphics cursor toward the right side of the graphics window to create a
horizontal line as shown below. Notice the geometric relation symbol displayed,
When the Horizontal relation symbol is displayed, left-click to select Point 2.

Point 1 /

Relation

Symbol

4, Complete the sketch as shown below, creating a closed region ending at the

starting point (Point 1). Do not be overly concerned with the actual size of the
sketch. Note that all line segments are sketched honzontally or vertically.

5. Click the OK icon (green check mark) in the
Property Manager to end editing of the current line,
then click the OK icon again, or hit the [Ese] key
once, to end the Sketch Line command.
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Geometric Relation Symbols

SolidWorks displays different visual clues, or symbols, to show you alignments,
perpendicularities, tangencies, etc. These relations are used to capture the design intent
by creating relations where they are recognized. SolidWorks displays the governing
geometric rules as models are built. To prevent relations from forming, hold down the
[Ctrl] key while creating an individual sketch curve. For example, while sketching line
segments with the Liné command, endpoints are joined with a Coincident relation, but
when the [Ctrl] key 1s pressed and held, the inferred relation will not be created.

1182, 90° g - :
| Vertical indicates a line is vertical

—— 1843, 180¢ : o o _

Ve Horizontal  indicates a line is horizontal

by 0641 . . : . :

- Dashed line indicates the alignment is to the center point or
/ endpoint of an entity

" 6183 o A -

e % Parallel indicates a line is parallel to other entities
%

0433
\Qﬁ - Perpendicular indicates a line is perpendicular to other entities
1‘“—'\5-”‘ Coincident indicates the endpoint will be coincident with
L another entity
ﬁ%@ Concentric indicates the cursor is at the center of an entity
. 0,639 o _ _
'ﬂ'§a & Tangent indicates the cursor 15 at tangency points to

CUrves
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Step 2: Apply/Modify Relations and Dimensions

~ As the sketch 1s made, SolidWorks automatically applies some of the geometric
relations (such as Harizontal, Parallel and Perpendicular) to the sketched
geometry. We can continue to modify the geometry, apply additional relations, and/or
define the size of the existing geometry. In this example, we will illustrate adding
dimensions to describe the sketched entities.

1. Move the cursor on top of the Smart Dimension icon on the
Sketch toolbar. The Smart Dimension command allows us to
quickly create and modify dimensions. Left-click once on the
icon to activate the Smart Dimension command.

2. The message “Select one or two edges vertices and then a text location” is
displayed in the Starus Bar area at the bottom of the SolidWorks window. Select
the bottom horizontal line by left-clicking once on the line.

2. Pick the bottom
horizontal line as the
geometry to dimension.

3. Pick a location below
the line to place the
dimension.

3. Move the graphics cursor below the selected line and left-click to place the
dimension, (Note that the value displayed on your screen might be different than
what 1s shown in the figure above )

4. Enter 2.0 in the Modify dialog box.

5. Left click OK (green check mark) in the Modify
dialog box to save the current value and exit the
dialog.

6. Select the vertical line on the night.
7. Pick a location toward the right of the sketch to place the dimension,
8. Enter 0.75 in the Modify dialog box and click OK in the Modify dialog box.

% The Smart Dimension command will create a length dimension if a single line is
selected.
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9. BSelect the top horizontal line as shown below.

10. Select the bottom horizontal line as shown below.

10. Pick the top line as the 1
geometry to dimension.

11. Pick the bottom line
- as the 2™ geometry to

f""ff dimension.
. -

12. Place the dimension
next to the sketch.

&
:.1.53‘:._~ .
|
=i
11. Pick a location to the left of the sketch to place the dimension.

12. Enter 2.0 in the Modify dialog box.

13. Click OK in the Modify dialog box.

% When two parallel lines are selected, the Smart Dimension command will create a
dimension measuring the distance between them.

14. On you own, repeat the above steps and create an additional dimension for the top
line. Make the dimension 0.75.

15, Click the OK icon in the Property Manager as shown,
or hit the [Esc] key once, to end the Smart
Dimension command.

Changing the Dimension Standard

1= - - -0 - BED- B 1. Select the Options icon from the Menu Bar to
open the Uptions dialog box,

2. Select the Document Properties
tab; also select Drafting Standard

at the left.

Drafting Standard
[Fl- Annotations
- Dimensions
- Virtual Sharps

3. Select ANSI in the pull-down
selection list under the (hverall
drafting standard panel as shown.
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4. Left-click OK in the Options dialog box to accept the settings.

The sketch should now look as shown below. Notice the change in appearance of the
dimensions.

Viewing Functions -— Zoom and Pan

SolidWorks provides a special user interface that enables convenient viewing of the
entities in the graphics window. There are many ways to perform the zoom and pan
operations.

3

Hold the [Ctrl] function key down. While holding the [Ctrl] function key down,
press and drag with the mouse wheel to pan the display. This allows you to
reposition the display while maintaining the same scale factor of the display.

Hold the [Shift] function key down. While holding the [Shift] function key
down, press and drag with the mouse wheel to zoom the display. Moving
downward will reduce the scale of the display, making the entities display smaller
on the screen. Moving upward will magnify the scale of the display.

Turning the mouse wheel can also adjust the scale of the display. Turn the
mouse wheel forward. Notice the scale of the display i1s reduced, making the

entities display smaller on the screen.

Turn the mouse wheel backward. Notice scale of the display i1s magnified.
(Note: Turning the mouse wheel allows zooming to the position of the cursor.)

On your own, use the options above to change the scale and position of the
display.

Press the F key on the keyboard to automatically fit the model to the screen.
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Modifying the Dimensions of the Sketch
200

1. Select the dimension that 1s at the bottom of
the sketch by double-clicking with the left-
75 mouse-bution on the dimension text.

1. Select this dimension
to modify.

(74

:-El;}‘:;.:'-;;:Ei

| n.mg;;guu 2. In the Modify window, the current length of the line
'|'i+.5| ] T HE is displayed. Enter 2.5 to reset the length of the line.

3. Click on the OK icon to accept the entered value.
v X022

4. On you own, repeat the above
steps and adjust the left vertical
dimension so that the sketch
appears as shown.

5. Press the [Esc] key once to exit
the Dimension command.

£5 SOLIDWORKS l LB 6. Click once with the left-mouse-button on the Exit
Sketch icon on the Skerch toolbar to exit the sketch.

» Notice the newly created sketch is listed in the Feature
Manager Design Tree as Sketchl. Also notice that
Skerchl 1s highlighted in the Design Tree, indicating that
the sketch is currently ‘selected’.
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Step 3: Completing the Base Solid Feature

Now that the 2D sketch is complete, we will proceed to the next step: creating a 3D part
from the 2D profile. Extruding a 2D profile is one of the common methods that can be
used to create 3D parts. We can extrude planar faces along a path, We can also specify a
height value and a tapered angle.

1% SOLIDWORKS ' Fie B | Switch to the Features toolbar (the first tab of the
— | - Command Manager), then select the Extruded Boss/
= iy Base command by clicking once with the left-mouse-

Extruded | Revoived /I Lo

button on the icon. The Extrude Property Manager is
displayed in the left panel.

2. In the Boss-Extrude Property Manager panel, enter 2.5 as the extrusion distance.
Notice that the sketch region is automatically selected as the extrusion profile,

Partl (Defaults«<Defaule .,

|| Draft cutward |

|| Direction 2 ¥ |

|| Thn Feature ¥
 Sebected Contours: '

3. Click on the OK button to proceed with creating the 3D part.

» Note that all dimensions disappeared from the screen. All parametric definitions are
stored in the SelidWorks database and any of the parametric definitions can be
displayed and edited at any time,
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Isometric View

% SolidWorks provides many ways to display views of the three-dimensional design.
We will first orient the model to display in the isometric view, by using the Fiew
Orientation pull-down menu on the Heads-up View toolbar,

. . -G8y I. Select the View Orientation button on the
H\ Heads-up View toolbar by clicking once with the
( View Orientation ‘ left-mouse-button.
Changes the current view orientation
llnr number of viewports. J - _'
ﬁ|&|j' b~ @ ﬂ!' -
2. Select the Isometric icon in the View w @
Orientation pull-down menu. rad] @, I

%+ Notice the other view-related commands that are = g 53 s A\

available under the pull-down menu. | Isometric

Rotation of the 3D Model - Rotate View

The Rotate View command allows us to rotate a part or assembly in the graphics
window. Rotation can be around the center mark, free in all directions, or around a
selected entity (vertex, edge or face) on the model.

1. Move the cursor over the SolidWorks
logo to display the pull-down menus,
Select View = Modify = Rotate

from the pull-down menu as shown

2. Move the cursor inside the graphics
area. Press down the left-mouse-button
and drag in an arbitrary direction. The
Rotate View command allows us to
freely rotate the solid model.

® The model will rotate about an axis normal to the
direction of cursor movement. For example, drag
the cursor horizontally across the screen and the
model will rotate about a vertical axis.

3. Press the [Esc] key once to exit the Rotate View
command.

4. Select the Isometric icon in the Fiew Orientation
pull-down menu (see steps 1 and 2 in the previous
section) to reset the display to the isometric view,
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5. Execute the Rotate View option from the Fiew pull-down menu (see step 1).

6. Move the cursor over the left edge of the solid
model as shown. When the edge is
highlighted, click the left-mouse-button once
to select the edge.

6. Click on
this edge.

7. Press down the left-mouse-button and drag,
The model will rotate about this edge.

8. Left-click in the graphics area, outside the
model, to deselect the edge

9. Move the cursor over the upper front face of
the solid model as shown. When the face is
highlighted, click the left-mouse-button
once to select the face.

10. Press down the left-mouse-button and drag,
The model wall rotate about the direction
normal to this face.

9. Chck on
this face.

1 1. Left-click in the graphics area, outside the
model, to deselect the face.

12. Move the cursor over the upper front vertex
as shown, When the vertex is highlighted,
click the left-mouse-button once to select the
vertex.

_ . 13. Press down the left-mouse-button and drag,
ol 12 Click on The model will rotate about the vertex.

this vertex.

14. Left-click in the graphics area, outside the
model, to deselect the vertex.

15. Press the [Esc] key once to exit the Rotate View command.

16. On your own, reset the display to the isometric view.
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Rotation and Panning - Arrow Keys

SelidWorks allows us to easily rotate a part or assembly in the graphics window using the
arrow keys on the keyboard.

s Use the arrow keys to rotate the view horizontally or vertically. The left-right
arrow keys rotate the model about a vertical axis. The up-down keys rotate the
model about a horizontal axis.

* Hold down the [Alt] key and use the left-right arrow keys to rotate the model
about an axis normal to the screen, 1.e.. to rotate clockwise and counter-

clockwise

g

.

Hit the left arrow key. The model view rotates
by a pre-determined increment. The default
increment is 15°. (This increment can be set in
the Options dialog box.) On your own, use the
left-right and up-down arrow keys to rotate
the view,

Hold down the [Alt] key and hit the left arrow
key. The model view rotates in the clockwise
direction. On your own use the left-right and
up-down arrow keys, and the [AHlt] key plus
the left-right arrow keys, to rotate the view.

3. Reset the display to the isometric view.

# Hold down the [Shift] key and use the left-right and up-down arrow keys to
rotate the model in 90° increments.

4. Hold down the [Shift] key and hit the right arrow key. The view will rotate by
90%. On your own use the [Shift] key plus the left-right arrow keys to rotate the

View.

5. Select the Front icon in the Fiew Orientation pull-down menu as shown to
diaplay the front view of the model.

V@I @ R B

‘ﬁ@}}
P -

@%@E

ant ttlrl--‘.l}
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6. Hold down the [Shift] key and hit the left arrow key. The view rotates to the
right side view,

7. Hold down the [Shift] key and hit the down arrow key, The view rotates to the
top view,

6. Right Side
View

‘ 7. Top View |ﬁ-

8. Reset the display to the isometric view.

\
\

* Hold down the [Ctrl] key and use the left-right and up-down arrow keys to pan
the model in increments,

9. Hold down the [Ctrl] key and hit the left arrow key. The view pans, moving the

model toward the left side of the screen. On your own use [Ctrl] key plus the left-
right and up-down arrow keys to pan the view.

Dynamic Viewing — Quick Keys

We can also use the function keys on the keyboard and the mouse to access the Dvnamic
Fiewing functions.

< Panning -
(1) Hold [Ctrl] key; press and drag the mouse wheel
Hold the [Ctrl] function key down, and press and drag with the mouse wheel to

pan the display. This allows you to reposition the display while maintaining the
same scale factor of the display.

Pan E] +

Press and drag the
mouse wheel
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(2) Hold [Ctrl] key; use arrow keys

<+ Zooming

(1) Hold [Shift] key; press and drag the mouse wheel

Hold the [Shift] function key down, and press and drag with the mouse wheel to
zoom the display. Moving downward will reduce the scale of the display, making
the entities display smaller on the screen. Moving upward will magnify the scale
of the display,

Press and drag the
mouse wheel

(2) Turn the mouse wheel

Turning the mouse wheel can also adjust the scale of the display. Turning forward
will reduce the scale of the display, making the entities display smaller on the
screen. Turning backward will magnify the scale of the display.

e  Turning the mouse wheel allows
zooming to the position of the
cursor.

Turn the
mouse wheel

e [f the cursor 1s outside the
araphics area, the wheel will
allow zooming to the center of the
graphics area.

(3) Z key or [Shift] + Z key

Pressing the Z key on the keyboard will zoom out. Holding the [Shift] function
key and pressing the Z key will zoom in.

3 ) g ) 'y ™y

z or shin'+Lz

r, . =,
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% 3D Rotation

(1) Press and drag the mouse wheel

Press and drag with the mouse wheel to rotate the display.

Press and drag the
mouse wheel

Rotation

(2) Use arrow keys

Rotate left, Rotate left, nght, Rotate clockwise,
right. up. down up. down -90° counter-clockwise

|.. = T |

= =

D= = (=)

Viewing Tools - Heads-up View Toolbar

The Heads-up View toolbar is a transparent toolbar which appears in each viewport and

provides easy access to commonly used tools for manipulating the view. The default
toolbar is described below.

Section
View

Edit Appearance

4 Apply Scene
o

View Settings I

View Hide/Show
Ornentation Itetns

Zoom to Fit — Adjusts the view so that all items on the screen fit inside the graphics
window.

Zoom to Area

Zoom to Fit

Previous
View
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Zoom to Area — Use the cursor to define a region for the view, the defined region is
zoomed to fill the graphics window.

Previous View — Retumns to the previous view,

Section View — Displays a cutaway of a part or assembly using one or more section
planes,

View Orientation — This allows you to change the current view orientation or
number of viewports.

Display Style — This can be used to change the display style (shaded, wireframe,
etc.) for the active view.

Hide/Show Items — The pull-down menu is used to control the visibility of items
(axes, sketches, relations, etc.) in the graphics area,

Edit Appearance — Modify the appearance of entities in the model.
Apply Scene — Cycles through or applies a specific scene.

View Settings — Allows you to toggle various view settings (e.g., shadows,
perspective).

View Orientation

-

W W@ G- @R
__[‘} w6 e

8 @
HEH A

14 3
DBE2ma

1. Click on the View Orientation icon on the Headls-
up View toolbar to reveal the view orientation and
number of viewports options,

Standard view orientation options — Front, Back,
Left, Right, Top, Bottom, Isometric, Trimetric or
Dimetric — icons can be selected to display the
corresponding standard view. In the figure to the left,
the isometric view is selected.

Normal to — In a part or assembly, zooms and rotates the model to display
the selected plane or face. You can select the element either before or after
clicking the Normal to icon.

%+ The icons across the bottom of the pull-down

| 23 menu allow you to display a single viewport (the
OB mMBA % default) or multiple viewports.




The Direct Stiffness Method 1-27

Display Style

1. Click on the Display Style icon on the Heads-up View toolbar to reveal the
display style options.

L

Shaded with Edges — Allows the display of a shaded view of a 3D
model with its edges.

Shaded — Allows the display of a shaded view of a 3D model.
Hidden Lines Removed — Allows the display of the 3D objects using

the basic wireframe representation scheme. Only those edges which are
visible in the current view are displayed.

@00

Hidden Lines Visible — Allows the display of the 3D objects using the basic
wireframe representation scheme in which all the edges of the model are displayed,

but edges that are hidden in the current view are displayed as dashed lines (or in a
different color).

Wireframe — Allows the display of 3D objects using the basic wireframe
representation scheme in which all the edges of the model are displayed.

Orthographic vs. Perspective

Besides the basic display modes, we can also choose
an orthographic view or perspective view of the
display. Clicking on the View Settings icon on the
Heads-up View toolbar will reveal the Perspective
icon. Clicking on the Perspective icon toggles the
perspective view (JN and OFF.

. Shadows In Shaded Mode
o  Ambient Occlusion

@ Perspectivg

Customizing the Heads-up View Toolbar

5@  Tools The Heads-up View toolbar can be customized to
ﬂ» View contain icons for user-preferred view options.
[ ¥] View {w.um Right-click anywhere on the Heads-up View
toolbar to reveal the Display menu option lList. Click
on the View (Heads —up) icon to turn OFF the
display of the toolbar., Notice the Customize

option is also available for add/remove different
icons.

» On your own, use the different options described in the above sections to familianze
yourself with the 3D viewing/display commands. Reset the display to the standard
isometric view before continuing to the next section.






