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P R E F A C E
As design engineers and  engineering professors, the  authors have w it
nessed incredible changes in the way tha t products are designed and 
m anufactured. O ne o f  the biggest changes over the past 20 years has 
been the developm ent and w idespread usage o f  solid m odeling soft
ware. W hen we first saw solid m odeling, it was used only  by large 
com panies. The cost o f  the software and the powerful com puter work
stations required to  run  it, along w ith the com plexity o f  using the soft
ware, lim ited  its use. As the cost o f  com puting  hardw are dropped, 
solid m odeling software was developed for personal com puters. In 
1995, the SolidW orks C orporation released SolidWorks®95, the first 
solid m odeling program  w ritten for the M icrosoft W indows operating 
system. Since then, the use o f  solid m odeling has becom e an ind is
pensable too l for alm ost any company, large or small, tha t designs a 
product.

O ne exam ple o f  a com pany  successfully using  SolidW orks software 
is Barrett Technology, Inc.*, m aker o f  the  WAM™ (W hole-Arm  
M anipu la tion) robo tic  arm  featured o n  the  cover. In fact, Barrett 
Technology was the first SolidW orks custom er in 1995. As a start-up 
com pany w ith the goal o f  p roducing  the  w orld 's m ost advanced 
robot, Barrett found  th a t 2-D draw ing too ls were n o t sufficient to  
design the  h igh-precision com p o n en ts  o r to  visualize and  sim ulate  
the  com plex 3-D m o tions o f  th e ir systems. Over the  past 15 years, 
Barrett Technology has becom e the  leader in advanced robotic 
m anipu lato rs, using  SolidW orks softw are to  cut design cycle tim es 
and  reduce m anufactu ring  costs.

Motivation for this Text
W hen we saw a dem onstration  o f  the SolidW orks software in 1998, 
we were b o th  instantly  hooked. N ot only  was the utility o f  the soft

SolidWorks is a registered trademark of Dessault Systemes SolidWorks 
Corporation.
* Barrett Technology, Inc. was founded in 1990 as a spin-off from the Artificial 
Intelligence Laboratory at the Massachusetts Institute o f Technology.

ix



ware obvious, bu t the program  was easy to learn and  fun to  use. Since 
then, we have shared our enthusiasm  w ith the program  w ith hundreds 
o f  students in classes at M ilwaukee School o f Engineering and  East 
C arolina University, in sum m er program s w ith high school students, 
and  in inform al train ing sessions. M ost o f  the m aterial in this book  
began as tutorials tha t we developed for these purposes. We continue 
to  be am azed at how  quickly students at all levels can learn the basics 
o f the program , and  by the sophisticated projects that m any students 
develop after only a short tim e using the software.

W hile anyone desiring to  learn the SolidW orks program  can use this 
book, we have added specific elem ents for beginning engineering stu
dents. W ith these elem ents, we have attem pted  to  in troduce students 
to  the  design process and to  relate solid m odeling to  subjects tha t 
m ost engineering students will study later. We hope tha t the com bina
tion  o f  the  tu torial style approach to teaching the functionality  o f  the 
software together w ith the integration o f the  m aterial in to  the overall 
study o f  engineering will m otivate student interest no t only in  the 
SolidW orks software bu t in the  profession o f  engineering.

Philosophy of This Text
The developm ent o f powerful and integrated solid m odeling software 
has continued  the evolution o f  com puter-aided design packages from  
drafting/graphical com m unication  tools to  full-fledged engineering 
design and  analysis tools. A solid m odel is m ore th an  sim ply a draw 
ing o f  an engineering com ponent; it is a true virtual representation o f  
the part, w hich can be m anipulated , com bined  w ith o ther parts into 
com plex assemblies, used directly for analysis, and used to  drive the 
m anufacturing equ ipm ent tha t will be used to  produce the part.

This text was developed to  exploit this em erging role o f  solid m odel
ing as an integral part o f  the engineering design process; w hile profi
ciency in the software will be achieved th rough the exercises provided 
in the text, the traditional "training" exercises will be augm ented w ith 
inform ation on the integration o f solid m odeling in to  the engineer
ing design process. These topics include:

• The exploitation o f  the  param etric features o f a solid m odel, to 
no t only provide an accurate graphical representation o f a part 
bu t also to  effectively capture an engineer's design intent,

• The use o f  solid m odels as an analysis tool, useful for 
determ ining  properties o f  com ponents as well as for virtual 
proto typing o f m echanism s and  systems,

• The integration o f  solid m odeling w ith com ponen t 
m anufacturing, including the generation o f  m olds, sheet m etal 
patterns, and  rapid prototyping files from  com ponen t m odels.

Through the in troduction  o f  these topics, students will be show n no t 
only  the powerful m odeling  features o f  the  SolidW orks program , bu t 
also the role o f  the software as a full-fledged integrated engineering 
design tool.



The Use of This Text
In th is seventh ed ition  o f the  text, we have com pletely updated  the 
tu to ria ls to  reflect the  new  user interface and  features o f  the 
SolidW orks 2011 software. The chapter-long tu toria ls in troduce bo th  
basic concepts in solid m odeling  (such as part m odeling, draw ing 
creation, and  assem bly m odeling) and  m ore advanced applications 
o f  solid m odeling  in engineering analysis and  design (such as m ech
anism  m odeling, m old  creation, sheet m etal bending, and  rapid  p ro 
to typing). Each tu toria l is organized as "keystroke-level" instructions, 
designed to  teach the use o f  the software. For easy reference, a guide 
to  these tutorials is show n on  the inside front cover.

W hile these tutorials offer a level o f  detail appropriate for new profes
sional users, this text was developed to be used as part o f  an introduc
tory engineering course, taught around the use o f  solid m odeling as an 
integrated engineering design and analysis tool. Since the intended 
audience is undergraduate students new to the field o f  engineering, the 
text contains features that help to integrate the concepts learned in solid 
m odeling into the overall study o f engineering. These features include:

• Design Intent Boxes: These are in tended  to augm ent the 
"keystroke-level" tutorials to  include the rationale beh ind  the 
sequence o f  operations chosen to create a m odel.

• Future Study Boxes: These link the m aterial contained in the 
chapters to  topics tha t will be seen later in the academ ic and 
professional careers o f  new engineering students. They are 
in tended  to  m otivate interest in advanced study in engineering, 
and  to  place the m aterial seen in the tutorials w ith in  the context 
o f  the profession.

W hile these features are in tended  to  provide additional m otivation 
and  context for beg inn ing  engineering students, they are self- 
contained, and  may be om itted  by professionals w ho wish to  use this 
text purely for the software tutorials.

The Organization of This Text
The organization o f the chapters o f  the book  reflects the authors' pref
erences in teaching the m aterial, bu t allows for several different 
options. We have found tha t covering drawings early in the course is 
helpful in tha t we can have students tu rn  in drawings rather than  parts 
as hom ew ork assignments. The eDrawings feature, w hich is covered in 
Chapter 2, is especially useful in that eDrawings files are small (easy to 
e-mail), self-contained (no t linked to  the part file), and  can be easily 
m arked up w ith the editing tools contained in the eDrawings program.

The flowchart illustrates the relations between chapters, and can be used 
to  m ap alternative plans for coverage o f the material. For example, if it is 
desired to cover assemblies as soon as possible (as m ight be desired in a 
course that includes a project) then the chapters can be covered in the



order 1-3-4-6-7-2-8, w ith the rem aining chapters covered in any order 
desired. An instructor w ho prefers to cover parts, assemblies, and  draw
ings in that order may cover the chapters in the order 1-3-4-5-6-7-2-8 
(skipping section 5.4 until after Chapter 2 is covered), again w ith the 
rem aining chapters covered in any order.

Chapters 9 and  10 may be om itted  in  a standard  solid m odeling 
course; however, they can be valuable in an in troductory  engineering 
course. Engineering students will alm ost certainly find use at som e 
p o in t for the 2-D layout and  vector m echanics applications in tro 
duced in  these chapters. C hapter 13 is in tended  to  w rap up  a course 
w ith  a discussion o f  how  solid m odeling is used as a too l in  the  p ro d 
uct developm ent cycle.

SolidWorks® Student Design Kit Included
The SolidWorks® S tudent Design Kit 2011-2012 can be dow nloaded  
from  the text w ebsite at www.mhhe.com/howard2011. S tudent access 
codes m ust be o b ta ined  from  the instructor. Instructors m ay find 
them  o n  the Instructor Edition o f  the  website.

http://www.mhhe.com/howard2011


Online Resources for Instructors
Additional recourses are available on  the web at unmv.mhhe.com/  
howard2011. Included on  the website are tutorials for three popular 
SolidWorks Add-Ins, SolidWorks® S im ulation , SolidWorks® Motion™ 
and  PhotoView3 60, and  the book  figures in PowerPoint format. 
Instructors can also access PowerPoint files for each chapter and m odel 
files for all tutorials and end-of-chapter problem s as well as a teaching 
guide (password-protected; contact your McGraw-Hill representative 
for access).
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C H A P T E R \
Basic Part 
Modeling Techniques

Introduction

Solid m odeling has becom e an essential tool for m ost com panies that 
design mechanical structures and machines. Just 15 years ago, this 
w ould have been hard to  imagine. W hile 3-D m odeling software exist
ed, it was very expensive and required high-end com puter workstations 
to  run. An investm ent o f  $50,000 or m ore was required for every work
station with software, no t including training o f the operator. As a result, 
only a few industries used solid m odeling, and the trained operators 
tended to work exclusively w ith the software. The dram atic perfor
m ance im provem ents and price drops o f  com puter hardware, along 
with increased com petition am ong software vendors, have significantly 
lowered the cost barrier for com panies to enter the solid m odeling age. 
The software has also becom e m uch easier to  use, so that engineers who 
have m any o ther job functions can use solid m odeling w hen required 
w ithout needing to becom e software specialists. The SolidWorks®1 pro
gram was am ong the first solid m odeling program s to be written exclu
sively for the Microsoft W indows environm ent. Since its initial release 
in 1995, it has been adopted by thousands o f com panies worldwide. 
This text is laid ou t as a series o f tutorials that cover m ost o f  the basic 
features o f the SolidWorks® program. Although these tutorials will be of 
use to anyone desiring to  learn the software, they are w ritten primarily 
for freshm en engineering students. Accordingly, topics in engineering 
design are introduced along the way. "Future Study" boxes give a pre
view o f coursework that engineering students will encounter later, and 
relate that coursework to the solid m odeling tutorials. In this first chap
ter, we will learn how  to make two sim ple parts in SolidWorks.

Chapter Objectives

In this chapter, you will:
m be introduced to the 

role of solid modeling in 
engineering design,

« learn how to create 2-D 
sketches and create 3-D 
extruded and revolved 
geometry from these 
sketches,

*  use dimensions and 
relations to define the 
geometry of 2-D 
sketches,

в add fillets, chamfers, and 
circular patterns of fea
tures to part models,

ш learn how to modify 
part models, and

ш define the material and 
find the mass properties 
of part models.

' SolidWorks is a registered trademark of Dassault Systemes SolidWorks 
Corporation, 300 Baker Avenue, Concord, MA 01742.
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4 Part One Learning SolidWorks

1.1 Engineering Design and Solid Modeling

The term design is used to  describe m any endeavors. A clothing designer creates 
new styles o f apparel. An industrial designer creates the overall look and function 
o f consum er products. Many design functions concentrate m ainly on  aesthetic 
considerations—how  the product looks, and how  it will be accepted in the m arket
place. The term engineering design is applied to a process in w hich fundam entals o f 
m ath and science are applied to  the creation or m odification o f  a product to meet 
a set o f objectives.

Engineering design is only one part o f the creation o f a new product. Consider a 
com pany m aking consum er products, for example bicycles. A marketing depart
m ent determ ines the likely custom er acceptance o f a new bike m odel and outlines 
the requirem ents for the new design. Industrial designers work on  the prelim inary 
design o f  the bike to  produce a design that com bines functionality and styling that 
customers will like. M anufacturing engineers m ust consider how  the com ponents o f 
the product are m ade and  assembled. A purchasing departm ent will determ ine if 
som e com ponents will be m ore econom ical to  buy than  to  make. Stress analysts will 
predict w hether the bike will survive the forces and  environm ent that it will experi
ence in service. A m odel shop may need to build  a physical prototype for marketing 
use or to  test functionality.

During the years im m ediately following World War II, m ost American com panies 
perform ed the tasks described above m ore or less sequentially. That is, the design 
engineer did no t get involved in the process until the specifications were com plet
ed, the m anufacturing engineers started once the design was finalized, and  so on. 
From the 1970s through the 1990s, the concept o f concurrent engineering became 
widespread. Concurrent engineering refers to the process in w hich engineering 
tasks are perform ed sim ultaneously rather than  sequentially. The prim ary benefits 
o f  concurrent engineering are shorter product develop times and lower develop
m ent costs. The challenges o f im plem enting concurrent engineering are mostly in 
com m unications—engineering groups m ust be continuously inform ed o f the 
actions o f the other groups.

Solid m odeling is an im portant tool in concurrent engineering in that the various 
engineering groups work from  a com m on database: the solid m odel. In a 2-D CAD 
(Computer-Aided Design) environm ent, the design engineer produced sketches o f 
the com ponent, and a draftsm an produced 2-D design drawings. These drawings 
were forwarded to the o ther engineering organizations, w here m uch o f the inform a
tion was then  duplicated. For example, a toolm aker created a tool design from 
scratch, using the drawings as the basis. A stress analyst created a finite elem ent 
model, again starting from  scratch. A m odel builder created a physical prototype by 
hand  from the drawing parameters. W ith a solid model, the tool, finite elem ent 
m odel, and rapid prototype m odel are all created directly from  the solid m odel file. 
In addition to the tim e savings o f avoiding the steps o f recreating the design for the 
various functions, m any errors are avoided by having everyone working from a com 
m on database. Although 2-D drawings are usually still required, since they are the 
best way to  docum ent dim ensions and tolerances, they are linked directly to the 
solid m odel and are easy to  update as the solid m odel is changed.



Chapter I Basic Part M odeling Techniques 5

A m echanical engineering system (assembly) may be com posed o f thousands of 
com ponents (parts). The detailed design o f each com ponent is im portant to  the 
operation o f  the system. In this chapter, we will step through the creation o f  sim ple 
com ponents. In future chapters, we will learn how  to make 2-D drawings from  a 
part file, and how  to pu t com ponents together in an assembly file.

1.2 Part Modeling Tutorial: Flange

This tutorial will lead you through the creation o f a sim ple solid part. The part, a 
flange, is show n in Figure I . I and is described by the 2-D drawing in Figure 1.2.

F IG URE 1.1 F IG URE 1.2

2 . 75 -
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All dimensions are inches 
and degrees 
All fillets are R.25

Introduction to Solid Modeling 
Using SolidWorks 2011

CHAPTER 1 - FLANGE

Begin by double-clicking the SolidWorks icon. Click on the New icon, as shown in 
Figure 1.3. If the Units and Dimension Standard box appears, as shown in Figure 
1.4, select “ IPS”  as the units and “ ANSI”  as the standard. Click OK.

FIG URE 1.3 FIG URE 1.4

Units and Dimension Standard jg j  **

| Select the mibal settings for the defoiit templates:
5 Units:

ID’S (inch, pound, second) 3
Dimension standard:

[a n s i

NOTE: These settings can be changed for individual 
templates or documents m Tools, Opbons, Document 
Properties.

L  ° K  i  I  M [ Help



6 Part One Learning SolidW orks

The U nits and  D im ension Standard box only appears the first tim e SolidWorks is opened. 
The selections becom e the default values for all new files. In this chapter, we will see how  
to set these values for individual files and to  change the default values.

A dialog box will appear, from w hich you are to specify w hether we are creating a part, an 
assembly, o r a drawing (see Figure 1.5).

F IG URE 1.5 _____________________________________________ _____

Click OK to accept Part as the type of file.

Before we begin m odeling the flange, we will establish a consistent setup o f the 
SolidWorks environm ent. The default screen layout is show n in Figure 1.6. The graphics 
area occupies m ost o f  the screen. The part, drawing, o r assembly will be displayed in this 
area. At the top o f the screen is the M enu Bar, w hich contains the M ain M enu and  a too l
bar w ith several com m only-used tools such as Save, Print, and Redo. Note that if you pass
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FIG URE 1.7
Main Menu

та

f f iS a l ir f W j f t k s  |  He ‘ Edit View

Sv ept Bos-.'Sase

the cursor over the SolidWorks bu tton  in the 
m enu bar, the Main M enu will "fly out," or be 
tem porarily displayed, as show n in Figure 1.7. 
The fly-out feature is designed to save room  on 
the screen. However, since we will be using the 
m enu often, we will disable the fly-out so that 
the m enu is always displayed.

FIG URE 1.8

Tools Window Help

Swept Cut

Move the cursor over the SolidWorks button to 
display the menu. Click on the pushpin icon at 
the right side of the menu, as shown in Figure 
1.8, to lock the display of the menu.

F IG URE 1.9

He E

Sketch Smart 
Dimension

f W

The Com m andM anager contains m ost o f  the 
tools that you will use to  create parts. W hen 

w orking in the part mode, there are two categories o f  tools 
that we will use extensively: Sketch tools used in creating 
2-D sketches, and Features tools used to create and  m odi
fy 3-D features. Clicking on  the Sketch and Features tabs 
at the bo ttom  o f the Com m andM anager, as show n in 
Figure 1.9, changes the tools on  the Com m andM anager to 
those o f the selected group. By default, there are several 
o ther groups available besides the Sketch and  Features 
groups. To simplify the interface, we will hide these 
groups for now.

F IG URE 1.10
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^ I s ie t i^ r 7
fT

Parti (Default*

■ (Ы Sensors 

* j&J Annotation 

Material <n 

<$> Front Plane 

< $  Top Plane r —  

^  Right Plane JZm  

i .  Origin L ? .
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Surfaces 
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Mold TooH  

Data Migration 

Direct Editing 

i Evalû  
j DimXpert 

Render Tools 

Office Products

I 'y ' j  Use Large Buttons with Text

Customae Comm andManager.,

Right-click on one of the CommandManager tabs. A 
list of available groups is displayed, with a check 
mark shown beside each active group (Figure 1.10). 
Click on any of the active groups other than Features 
and Sketch. This will clear the check mark and turn 
off the display of that group. Repeat until only the 
Features and Sketch groups remain active.

At the right side o f  the screen is the Task Pane. The 
Task Pane is a fly-out interface for accessing files and 
online resources. In keeping w ith our goal o f  a simple 
interface, we will turn  off the Task Pane.

FIG URE 1.1 I
1

Toolbars ►

j Workspace ►

a Full Screen F ll(_T j
FeatureManager Tree Area F9

T * 4 Task Pane к

’ f7~! Status Bar

From the menu, select View: Task Pane, as shown
in Figure 1. 11.

This will toggle off the  display o f  the Task Pane. If 
you w ant to  turn  it on  later, sim ply select View: 
Task Pane again from  the m enu.

At the bo ttom  o f the screen is the Status Bar. 
W hen you move the cursor over any toolbar icon 
or m enu com m and, a message on  the left side of 
the Status Bar describes the com m and. O ther
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F IG URE 1.12
Features Sketch
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inform ation appears at the right side o f the Status Bar, such as w hether or no t a 
sketch is com pletely defined. Although the display o f  the Status Bar can be tog
gled off and on from the View m enu, we recom m end leaving it on.

Just to  the left o f the drawing area is the FeatureManager® Design Tree. The steps 
that you will execute to  create the part will be listed in the FeatureManager. This 
inform ation is im portan t w hen the part is to be m odified. W hen you open  a new 
part, the FeatureManager lists an origin and three predefined planes (Front, Top, 
and Right), as show n in Figure 1. 12. As you select each plane w ith your mouse, 
the plane is highlighted in the graphics area. We can create o ther planes as need
ed, and will do so later in this tutorial.

At the top o f the graphics area is the Heads-Up View Toolbar. This toolbar 
contains m any options for displaying your model. We will explore these 
options later in this tutorial.

We will now set som e o f the program  options.

Select the Options Tool from the Menu Bar toolbar, as
________________  shown in Figure 1.13. (You can also access the options

from the Main Menu, by selecting Tools: Options.)

The dialog box contains settings for bo th  the system and 
for the specific docum ent that is open.

Under the System Options tab, choose Colors and change 
the color scheme to “ Green Highlight,”  as shown in Figure 
1.14.

Current сок» scheme:

HueHghightf f l O —
Orange Highlght _____ •ТОЖЙСойг 

Bottom Gradient Cotor 
Dyrvan»c rtghkght 
rtgN#it 
Selected Item 1 
Selected Item 2 
Selected Item 3 1trm 4

£
F IG URE 1.15
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F IG URE 1.16
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Virtual Sharps V  Automate scaling
j J :£  Tables
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Major gnd spaong: 1.000

Grid/Snap Mmor 4mes per major: 4
| Units

Model Display Snap points per mmor: 1
Material Properties

I Image Quality
Sheet Metal j Go To System Snaps
Plane Di5o!av

Since this change was m ade to the System Options, it will remain 
in effect for future SolidWorks sessions. The changes below, 
w hich will be m ade to  the D ocum ent Properties, will apply only 
to  the current part m odel.

Select the Document Properties tab. In the list of options, 
Drafting Standard will be highlighted. Select ANSI from the pull
down menu, as shown in Figure 1.15.

ANSI is the American N ational Standards Institute, an 
organization that form ulates and publishes the standard 
drawing practices used by m ost com panies in the United 
States. European com panies are m ore likely to use the stan
dards o f  ISO, the  In te rna tiona l O rganization  for 
Standardization.

Under the Document Properties tab, select Grid/Snap and 
make sure that the “ Display grid”  box is checked, as shown 
in Figure 1.16. Also under the Document Properties tab, 
select Units. Select IPS (inch, pound, second) as the unit 
system. Use the pull-down menu under Decimals to set the
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FIG URE 1.17

FIG URE 1.18

number of decimal places for length units to 3 (.123), as 
shown in Figure 1.17.You may see a notice that you have 
changed the drafting standard to “ ANSI-MODIFIED” ; you 
may ignore this message. For Angle, set the number of 
decimal places to None, as shown in Figure 1.18.

Note that there are "Dual D im ension" units that can be set 
in the Units options. For som e drawings, you may want to 
show  dim ensions in both  US units (inches) and SI units 
(millimeters). Since we will no t use dual dim ensions for 
this part, it is no t necessary to  change the default settings.

Click OK to close the dialog box.

Any o f the options just set can be changed at any tim e during the 
m odeling process. Later in this chapter, we will learn how  to create 
a tem plate that allows us to begin a new part w ith our preferred 
settings in place.

We will m ake one m ore change to  the default settings before beginning 
our part. A feature called "Instant 3D" allows for changes to be m ade 
by clicking and dragging on  m odel faces, w ithout entering dim ensions 
from the keyboard. W hile this feature can be handy for experienced 
users, it is recom m ended that new users avoid using Instant 3D in 
order to  prevent unin tended  changes to  the model.

Select the Features tab of the CommandManager. If the Instant 3D Tool is 
turned on (the icon will be “ depressed,”  as shown in Figure 1.19), click to 
turn it off.

We start the  construction o f the flange by sketching a circle and extruding it 
into a 3-D disk.

Select the Front Plane by clicking on it in the FeatureManager Design Tree, as 
shown in Figure 1.20.

О

Angle degrees / .12 ЗЙ

Hass/Section Properties V
T b JLength rvches M l

Mass pounds .123
. 1234 v-3

Per Unit Volume inches л3 .12345
. 123456 '•

FIG URE 1.19
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The Front Plane will be highlighted in green. The color green indicates that an item 
is the currently selected entity (since we chose the "Green Highlight" color scheme).

Begin a sketch by selecting the Sketch tab of the 
CommandManager, and then the Sketch Tool, as 
shown in Figure 1.21.

N ote tha t w hen you selected the Front Plane, a pop 
up m enu appeared that allowed you to open a sketch 
on  th a t plane, as show n in Figure 1.22. The 
SolidWorks program  has m any o f these context- 
sensitive m enus built in. As you becom e proficient 
w ith the program, you may find m any o f these built- 
in shortcuts to  be handy. Because this book is direct
ed toward new users, we will m ostly use com m ands 
from the Com m andM anager.

F IG URE 1.21 FIG URE 1.22
fc& S O l U I W o m s  I  н е  b W  № .

e  о  \ - 0 - n - e
О  * -3 • 0  ' к 
О * О '

i Sketch | Smart 
j OmensKxs

5  S k e tch
*5 Creates a new sketch, or edits an 

existing sketch.

• Q| Sensors 
Ш  Annotal 
§;* Material 

—  
$̂> Top Plane

«г 4  A
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W hen you open a sketch, a grid pattern appears, signifying that you are in the 
sketching mode. Also, Exit Sketch icons appear in the upper-right com er o f the 
screen, as show n in Figure 1.23.

Select the Circle Tool from the Sketch group of the CommandManager, as shown in
Figure 1.24.

F IG URE 1.23_______________________

F IG URE 1.24
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Circle

% ш ш я ш
Sketches a circle. Select the center of 
the circle, then drag to set its radius.

W hen selecting any tool w hich has a pull-dow n m enu (designated by the dow n 
arrow to the right o f  the icon), use caution to  be sure that you are selecting the prop
er tool. In the case o f the Circle Tool, there are two possible m ethods for defining 
the circle: by the center po in t and a po in t on  the perimeter, or by three points on

the perimeter. Clicking on the dow n arrow displays 
these options, so that the proper tool can be selected 
(Figure 1.25). By default, the option  for defining the 
circle by locating the center po in t and a po in t on the 
perim eter is selected by clicking on  the Circle Tool 
w ithout accessing the pull-dow n m enu. However, if 
the last op tion  selected was to define the circle by three 
points on  the perimeter, then  that op tion  becomes the 
default for the next selection. W hen that occurs, the 
icon show n for the Circle Tool will change, as show n 
in Figure 1.26. Because m any o f the icons are similar 
and  are very small, you should use caution w ith tools 
that have pull-dow n menus.

FIG URE I.2S

Ц File B it  View Insert Toot

0  .  >j[ |
]•  0  ,̂rcle Гь
j  .  ©  Perimeter Circle J _
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FIG URE 1.26
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Offset
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F IG URE 1.27
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You can check to  see that you have selected the proper 
tool by looking at the PropertyManager, w hich appears 
in the area where the FeatureManager is norm ally 
show n whenever a tool is activated or an object is 
selected. The PropertyM anager now  shows the two 
alternative m ethods for defining a circle (Figure 1.27). 
If we selected the w rong tool accidentally, then  we can 
change the m ethod  for defining the circle in the 
PropertyManager.

In the PropertyManager, make sure that the icon 
representing the first construction method is select
ed, as shown in Figure 1.27. If it is not, then click it 
to select it.

Close sketch, 
discard changes
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Notice as you move the cursor into the drawing area that it changes appearance into 
a pencil w ith a circle next to it, as show n in Figure 1.28. This lets you know  that the 
Circle Tool is active.

Move the cursor toward the origin until a red dot appears at the origin, as shown 
in Figure 1.29; this indicates that you will snap to an existing point (in this case 
the origin) when you click with the mouse. Also, note the small icon next to the 
origin that signifies a coincident relation: the origin and the center point of the 
circle will share the same location.

A snap adds a relation to the positions o f  two entities. In this example, w hen you 
"snap" to the origin, the circle will be centered at the exact coordinates o f x = 0 and 
у = 0. The relation added w hen one entity is created by snapping to  another can be 
edited later, if desired. The addition o f a snap autom atically is a nice feature o f  the 
SolidWorks program: snaps are intuitive. It is no t necessary to enter the numerical 
coordinates o f the center o f  the circle.

F IG URE 1.28

With the center point highlighted as in Figure 1.29, click the left mouse button 
to place the center of the circle at the origin. Drag the mouse outward to create 
a circle, as shown in Figure 1.30. Click the left mouse button again to define a 
point on the perimeter and create the circle.

The circle will appear in green, indicating that it is the 
currently selected item.

FIG URE 1.30

Press the Esc key to close the Circle Tool and dese
lect the circle just drawn.

The circle should  now  appear in blue. In the Status 
Bar at the bo ttom  o f the screen, notice that "Under 
Defined" appears. This is because we have no t set the 
diam eter o f  the circle yet. W hen a sketch does no t 
contain  enough d im ensions a n d /o r relations to 
define its size and position in space, it is said to  be 
under defined, and is denoted by blue entities.

O ther possible conditions o f  the sketch are "Fully 
Defined," w hen the sketch contains exactly enough 
dim ensions an d /o r relations to  define its size and  
position  in space (denoted  by black entities), and 
"Over Defined," w here the sketch has at least one 
d im ension  or relation tha t contradicts or is redun 
dan t to  the o ther d im ensions and  relations (d en o t
ed by red entities). Over defined sketches shou ld  be 
avoided.

Select the Smart Dimension Tool from the 
CommandManager, as shown in Figure 1.31. Click 
with the left mouse button anywhere on the circle.

FIG URE 1.31
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A dialog box prompting for the value of this dimension will be 
displayed, as shown in Figure 1.33. Enter “ 5.5”  in the box. (You 
don’t need to enter any units, since inches are the default units, 
set earlier). Press the Enter key or click on the check mark to 
update the dimension.

F IG URE 1.32 A dimension will be added to the diameter of the circle. Drag the 
dimension to a convenient location, as shown in Figure 1.32. 
When the dimension is where you want to put it, left-click again 
to place the dimension.

F IG URE 1.33

Notice tha t the circle is redrawn to the correct dim ension, as 
show n in Figure 1.34. The dim ension in inches is displayed, and 
the circle is black. Notice at the bo ttom  o f the screen in the Status 
Bar that the sketch is now  Fully Defined. (Note: If we had not 
snapped to  the origin for the circle's center, the sketch w ould still 
be under defined because the circle w ould no t be located in 
space.)

V

Lг . .
;j C o in o d e n t(P o in tlg Q »g in  of Parti, Pi*nt2 ) ^

F IG URE 1.37_______________

Use the Esc key to turn off F IG URE 1.34 
the Smart Dimension Tool. If 
you double-click on the 
dimension value, the dialog 
box reappears and you can 
change the dimension. Try 
this, and then use the Undo 

Tool from the main menu toolbar, 
shown in Figure 1.35, to return 
the dimension to 5.5 inches.

Next to the center o f the circle, an
icon show s th a t a re la tion  is -----—
applied. By m oving the cursor
over the relation icon, details about the relation can be viewed, as 
show n in Figure 1.36. Relations can be deleted by clicking on  the 
relation icon to  select it, and then  pressing the Delete key. The display 
o f sketch relations can be toggled on and  off by selecting View from  
the Main M enu and  clicking on  Sketch Relations. Some experienced 
users prefer to no t show the relations because they can cause a sketch 
to  appear cluttered, bu t new users are advised to  keep the relation dis
play turned on.

F IG URE 1.35

4  " \  v  Fptay/De* V „  - - .
Relate Undo (AH*.Ctr1*Z)
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F IG U R E 1.36
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Now we are ready to  turn  this 2-D sketch into a 3-D part w ith the 
Extruded Boss/Base Tool.

Select the Features tab of the CommandManager, and the Extruded 
Boss/Base Tool, as shown in Figure 1.37.
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The base feature is the first solid feature created. Any subsequent solid features are 
called bosses. Note that the view o f the part changes to display a 3-D preview o f the 
extruded solid. O n the left side o f  the  screen, the PropertyM anager is now  active. 
The PropertyM anager allows the properties o f  the selected entity to be viewed and 
edited. There are several options available for the extrusion, including adding draft 
(taper) to  the part, bu t for now  we only need to adjust the depth o f  the extrusion.

Set the depth of the extrusion to 0.75 inches, as shown in Figure 1.38. Click Enter, 
and the preview in the graphics area will be updated to reflect the new thickness, 
as shown in Figure 1.39. Click on the check mark (OK) in the PropertyManager, as 
shown in Figure 1.40, and the circle is extruded into a solid disk, as shown in 
Figure 1.41.

F IG URE 1.38 FIG URE 1.39 F IG URE 1.40
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FIG URE 1.42

Section View 
Zoom to Area

Now that we have a solid part, we can examine 
the functions o f  the viewing tools. The viewing 
too ls are located on  the  H eads-U p View 
Toolbar at the top o f  the graphics area. The 
default configuration o f  the Heads-Up View 
Toolbar is show n in Figure 1.42. The Zoom  to 
Fit Tool adjusts the zoom  so that the entire 
m odel can be viewed. The Zoom  to Area Tool 
allows a viewing w indow  to be selected by drag
ging ou t an area on  the screen. The Previous 
View Tool returns the view orientation and 
zoom  level to  the configuration prior to the 

m ost recent change o f view. 
-----------------  The Section View Tool dis

plays a cross-section o f the 
part. We will use this tool later 
in this chapter.

Edit Appearance
View Settings

Apply Scene 

Hide/Show Items

Zoom to Fit

Previous View
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F IG URE 1.43
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The View O rientation Tool opens a m enu o f standard view options, 
as show n in Figure 1.43. The six principal v iew s-F ro n t, Back, Top, 
Bottom, Left, and Right—can be displayed by clicking on  the appro
priate icon. At the top  o f the m enu are three pictorial views: Isometric, 
Trimetric, and  Dimetric. In an isometric view, the view orientation is 
such tha t the angles between the displayed edges o f  a cube are equal, 
as show n in Figure 1.44. In a dim etric view, two of the angles are 
equal, and in a trim etric view all angles are different. The Trimetric 

View in SolidWorks em phasizes the display o f the front o f the 
part, and is the default pictorial view. (As we will discuss later, 
the front view should be the view that is m ost descriptive o f the 
part.) At the bo ttom  o f the m enu are tools for displaying m ulti
ple views in separate windows on  the screen. We will dem on
strate their use later in this chapter. The Norm al To Tool aligns 
the view to be perpendicular to a selected plane or surface. This 
tool is useful w hen sketching in a plane tha t is no t perpendicu
lar to  any o f the principal views.

F IG U R E 1.46
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The Display Style Tool opens a pull-down m enu o f options for displaying 
the m odel, as show n in Figure 1.45. There are two shaded modes, w ith or 
w ithout the edges show n by lines, and  three wireframe modes, w ith hidden 
edges removed, show n as dashed lines, o r show n as solid lines. Usually, we 
work w ith one o f  the shaded modes. For som e operations, displaying the 
m odel in wireframe m ode is preferred.

The H ide/Show Items Tool allows you to  toggle on  or off the display o f several 
items, such as the origin, planes, axes, etc. For now, we will skip over this tool, and 
will explore its use later in this chapter.

The Edit Appearance Tool allows you to change the color and  optical properties 
(such as transparency and  reflectivity) o f the entire m odel or selected m odel fea
tures. W hen this tool is selected, the PropertyM anager displays the selected 
feature(s), as show n in Figure 1.46, and palettes from  w hich a new color can be 
selected. If no features are selected prior to  selecting the Edit Appearance Tool, then 
by default the  change will apply to  the entire m odel. It is recom m ended that light 
colors be used, as dark colors can make som e features and selections difficult to  see.

The Apply Scene Tool allows you to  select backgrounds and  lighting options from 
a pre-defined m enu, as show n in Figure 1.47. In this book, we will use the Plain 
W hite scene. Some o f the scenes contain background graphics rather than  just col
ors. However, the display o f these graphics requires a high-end graphics card. O n 

m ost computers, only the colors and lighting will be changed by selecting 
a new scene. A SolidWorks Add-In program, PhotoView 360, can also be 
used to produce photo-realistic display images o f the m odel in various

scenes, even w ith com puters w ithout high-

F IG URE 1.48___________  end graphics cards.
Soft Box 
Soft Spotlight 

Soft Tent 
Warm Kitchen 

Ambient Only 

PlamWMt 

Couityara

Д  Shadows In Shaded Mode  

ф  Perspective

The View Settings Tool, show n in Figure 1.48, 
allows you to  add shadows to  either o f the 
shaded modes. Also, the m odel can be shown
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in perspective mode. In perspective mode, sight lines converge at a single po in t 
(such as your eye), producing a m ore realistic view. However, m ost engineering 
views are produced w ith parallel sight lines. Normally, we will leave the Perspective 
View option  turned off.

Several o ther viewing tools can be accessed by right-clicking in the white space o f 
the graphics area. The m enu show n in Figure 1.49 is displayed. A particularly use
ful tool is the Rotate View Tool. After selecting this tool, you can hold dow n the left 
m ouse bu tton  and  move the m ouse to rotate the m odel view so that you can see all 
sides o f  the model. The Pan Tool can be used to  move the m odel around in the 
graphics area, again by clicking and  holding the left bu tton  while dragging the 
mouse. Note that w hen using either o f  these tools (or the Dynamic Zoom , also 
available from this m enu), that the tool rem ains active until it is turned off by press
ing the Esc key.

F IG URE 1.49
Select Other

Zoom to Fit 
*2  ̂ Zoom to Area 
Q !  Zoom In/Out 
-25 Rotate View 

Pan 
Q  Roll View 
^  View Orientation...

jfe  Edit Scene

Recent Commands

Because the Rotate View and Pan Tools are used often, we will make them  available 
on  the Heads-Up View Toolbar. Also, since the Trimetric View is the default pictori
al view, we will add it to  the toolbar so that we do  no t have to  go through the View 
O rientation Tool pull-dow n m enu to select it.

Click the arrow beside the Options F IG URE 1.50 
Tool and select Customize from the 
menu, as shown in Figure 1.50. If 
desired, check the Large icons box, as 
shown in Figure 1.51, so that all of 
the icons in toolbars and the 
CommandManager are easier to see. ^
Also, uncheck the box labeled “ Show 
in shortcut menu,” as shown in Figure 1.51.This will 
cause several menu items to be displayed with text 
instead of with icons. This option is discussed further 
in Appendix B. Click the Commands tab, and select 
the View group. Locate the Rotate View Tool, as 
shown in Figure 1.52. Click and drag the tool to the 
desired location on the Heads-Up View Toolbar, as 
shown in Figure 1.53. Release the mouse button to 
place the tool, as shown in Figure 1.54. Repeat with 
the Pan Tool from the View group and the Trimetric 
View Tool from the Standard Views group. The Heads- 
Up View Toolbar with the new tools added is shown 
in Figure 1.55. Click OK to close the Customize box.

F IG URE 1.51
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F IG U R E 1.56
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Experiment with the zoom and viewing options. When finished, select a shaded 
solid display (either with or without edges displayed) and the Trimetric View.

Now we are ready to  add to  our part. The next feature we will add is the 2 75-indb  
diam eter boss. We could sketch the circle to  be extruded on  the front o r b a c k  fo e  

of the existing part, bu t instead we will create a new plane tha t is 2.25 inches away 
from  the Front Plane. There are several reasons why we m ight w ant to  de îne 
part in this m anner. O ne is that we may w ant to  add draft, a slope to  the sides 
feature that allows it to  be extracted from  a m old. If so, then  we w ant ou  2.75-inch 
dim ension to  apply at the top  o f the boss, allowing the diam eter to  get larger clos

er to  its base.

Select the Reference Geometry Tool from the Features group of the 
CommandManager. From the menu that appears, select Plane (see
Figure 1.56).

N ote th a t th e  FeatureM anager has b een  rep laced in  its usua l p o sitio n  
by th e  PropertyM anager, w here th e  param eters o f  th e  new  p lan e  w ill be
defined H o w e v e r ,  t h e  FeatureManager is still visible as a flyout  list
to  th e  righ t o f  th e  PropertyM anager. By default, th e  FeatureM anager is 
show n  collapsed; th a t is, o n ly  th e  n am e o f  th e  p art is show n. T he full 
FeatureM anager can  b e  sh o w n  by clicking o n  th e  p lus sign next to  the

part name.

Click the plus sign next to the part name (P a rti) to expand the FeatureManager, 
as shown in Figure 1.57. Click on the Front Plane to select it. In the box defining 
the offset distance, enter 2.25, as shown in Figure 1.58. Click the check mark and 
the new plane, labeled Plane I, is created, as shown in Figure 1.59.

Learning SolidW orks

F IG U R E 1.58 F IG U R E 1.59

15 «по»
. <$ Х м
1- *$! Top Pl»nt 
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> Щ  Bossbtrud«l
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There are several options for creating a new plane. W hen we selected the Fron 
Plane, the option for defining the new plane parallel to  the selected plane was 
selected by default. O f course, the Flip box could have been checked if we w anted 
the new plane to  be behind  the Front Plane.

F IG URE 1.57

Parti (Default <<Defau»t>.

plus sign to 
expand the 
FeatureManager

Now with Plane I selected (highlighted in green), click the Sketch tab of the 
CommandManager and select the Circle Tool.
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Remember that there are two ways to  define a circle; either by defining its m id-point 
and a po in t on  the perim eter or by defining three points on the perimeter. W hen 
you create a circle w ith either m ethod, then that m ethod becomes the default 
m ethod  o f construction. If you hold  the cursor over the icon momentarily, the cur
rent tool and its description are displayed in the Tooltips popup. If the correct tool 
is current, then you can select it by clicking on the icon, w ithout using the pull
dow n m enu.

Also note that a sketch was opened w hen you selected the Circle Tool. W hen a plane 
or face is selected, choosing a drawing tool from the Sketch group opens a new 
sketch.

From the View Orientation Tool, select the Normal To View, as shown 
in Figure 1.60.

Notice that in this case, the Norm al To View is the same as the Front 
View.

Move the cursor to the origin and click to place the center of the cir
cle at the origin. Drag out a circle, as shown in Figure 1.61, and click 
to complete the circle.

Select the Smart Dimension Tool from the Sketch group of the 
CommandManager. Add a 2.75-inch dimension to the diameter, as 
shown in Figure 1.62. Switch to the Trimetric View (Figure 1.63). 
Select the Extruded Boss/Base Tool from the Features group of the 
CommandManager (Figure 1.64).

FIG URE 1.60
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F IG URE 1.62 FIG URE 1.63

J-

Trim e trk

Rotates a n d  zooms the model to the 
^2  ̂trimetric view orientation.

FIG URE 1.64
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As we build  the 2.75-inch diam eter boss o f  our 
flange, we can choose from  two existing planes/ 
surfaces o r construct a new plane. The choice of 
constructing a new plane in order to  allow us to  add 
draft to  our part is an  example o f  design intent. 
There are m any definitions o f  design intent. Ours is:

i f ;

Design intent is the consideration of the end use of a 
part, and possible changes to the part, when creating a 
solid model.

Throughout this book, we will identify examples o f 
considering design in tent w hen modeling.

F IG URE 1.65______________________ As show n by the preview (Figure 1.65), the extrusion is going
away from the base feature rather than  toward it.

In the PropertyManager, click the Reverse Direction button so 
that the extrusion is directed toward the base (Figure 1.66). 
In the pull-down menu, select Up To Next as the type of extru
sion, as shown in Figure 1.67. Click the check mark to com
plete the extrusion, which is shown in Figure 1.68.

We can turn  off the display o f  Plane 1.

From the Hide/Show Items Tool, click on the View Planes icon 
to toggle off the display of planes, as shown in Figure 1.69.

F IG URE 1.66 F IG U R E 1.67 F IG URE 1.68 FIG URE 1.69

4* bi Щ  J?  * J  • <%■_* 
M l

View РЫ к-s j  ; ф
Control the visibility of planes.

Plane 1 still exists in the m odel, bu t turning off the  display o f  planes results in a less 
cluttered m odel view. Note that Plane 1 could also have been h idden by right- 
clicking its entry in the FeatureManager and selecting Hide.

It is a good idea to  save your work periodically.

Choose File: Save from the Main Menu. Save the part with the name “ Flange.”  
The file type will be “ sldprt.”
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Note that the new file nam e appears in the M enu Bar and at the top  o f the 
FeatureManager design tree.

Next we will add the center hole. This tim e we will select a face to define our sketch 
plane. As you move the cursor over the front surface, notice that a square icon 
appears. This indicates that a surface will be selected w hen you click w ith the left 
m ouse button. Similarly, a line icon indicates that an edge will be selected.

Move the cursor over the front face, so that the square icon appears, as shown in 
Figure 1.70. Click to select this face; it will be highlighted in green. A pop-up tool
bar, called a Context Toolbar, will appear. Click the Normal To View, as shown in
Figure 1.71.

FIGURE 1.70 FIGURE 1.71

(Note: if the Context Toolbar does no t appear w hen you select the face, then select 
the Custom ize Tool and make sure that the box labeled "Show on  selection" is 
checked, as show n in Figure 1.51.)

Click the Sketch tab of the CommandManager and select the Circle Tool. Drag out a 
circle centered at the origin. Select the Smart Dimension Tool and dimension the cir
cle diameter as 1.5 inches, as shown in Figure 1.72. Click the Features tab of the 
CommandManager and select the Extruded Cut Tool, as shown in Figure 1.73. Select 
the type as Through Ail in the PropertyManager, as shown in Figure 1.74. Click the 
check mark to complete the cut.The result of this operation is shown in Figure 1.75.

FIGURE 1.72 FIGURE 1.73
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FIGURE 1.75 We will n o w  ad d  th e  fo u r b o lt holes.

Select the surface shown in Figure 1.76. Switch to the Normal To 
View. Click the Sketch tab of the CommandManager, and select the 
Circle Tool. Drag out a circle centered at the origin. In the 
PropertyManager, check the “ For construction”  box, as shown in
Figure 1.77.

FIGURE 1.76 FIGURE 1.77

CardeType A '

[ 0  0 '
£ KtsttoQ Relation* Я
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UP Unde De*bed g=
Add Reiatioos ft

C onstruc tion  en tities help  you  locate an d  size sketch param eters, an d  are ind icated  
by d ash ed -d o tted  lines. T he circle just d raw n represents th e  b o lt  circle.

Select the Smart Dimension Tool. Add a 4.25-inch diameter dimension to the circle, 
as shown in Figure 1.78. Select the Circle Tool. Move the cursor to the top quadrant 
point on the construction circle, as shown in Figure 1.79. Note the red diamond that 
appears, along with the coincident and vertical relation icons. Drag out a circle, as

FIGURE 1.79
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shown in Figure i .80. Select the Smart Dimension Tool and add a diameter dimen
sion of 0.50 inches, as shown in Figure 1.81.

FIGURE 1.81

The sketch is fully defined, since the center o f the circle just drawn has been locat
ed at the  top  quadrant po in t o f  the bo lt circle.

Select the Extruded Cut Tool from the Features group of the CommandManager, 
and extrude a hole with a type of Through All. Click the check mark.

The first bo lt hole is now  in place, as show n in the 
trimetric view in Figure 1.82. Note that w hen we 
selected the Extruded Cut tool, only the small cir
cle was used as the geom etry o f  the cut. The bolt 
circle, because it was identified as construction 
geometry, was no t included as a sketch entity to  be 
extruded.

FIGURE 1.82

Notice that in the FeatureManager, all o f our p ro
cedures are being recorded. The nam es o f the 
features are no t particularly descriptive; the four 
features that we have created so far were all created 
by extrusions, and so are nam ed "Boss-Extrude 1," 
"Cut-Extrude 1," etc. To m ore easily identify fea
tures for later modifications, we can renam e fea
tures.

Click once on “ Cut-Extrude2”  in the FeatureManager to FIGURE 1.83_____
select and highlight the name. Click again to allow edit- ^
ing of the name. (Use two separate mouse clicks, not а @~чИ Boss-Extrudel
double-click.) Type “ Bolt Hole”  to rename the feature, as Planel
shown in Figure 1.83. Press the Enter key to accept the §} (Щ  Boss-Extrude2

a l Cut-Extrudelnew name.

Bolt Hole
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We could create the o ther three holes separately, bu t it is easier to  copy the single hole into 
a circular pattern. Also, since our design in tent is for the holes to  exist in a circular pattern, 
it makes sense to  construct them  that way. If we later change the diam eter o f  the holes, the 
diam eter o f the bo lt circle, o r the num ber o f holes, it will be easy to  do if we have created

them  in a pattern.

Make sure that the first bolt hole is selected. Click the Features tab of the 
CommandManager, and click the arrow under the Linear Pattern Tool to reveal a menu 
of pattern tools, as shown in Figure 1.84. Choose the Circular Pattern Tool.

Select the cylindrical face shown in Figure 1.85. This causes the axis of the face to be 
set as the axis of rotation for the hole pattern. (Note that the outer face of the large 
part of the flange or the inside face of the center hole could have been selected instead, 
as all three of these faces have the same center axis.) In the PropertyManager, check the 
“ Equal spacing”  box, which will cause the angle to be changed to 360 degrees Change 
the number of holes to 4 by clicking the up arrow, as shown in Figure 1.86. Click the 
check mark to complete the pattern, which is shown in Figure 1.87.
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F IG U R E 1.87 Now let's finish the flange by adding fillets to  three o f the sharp edges. A fillet is 
a feature tha t rounds off a sharp edge. Actually, a fillet is a rounded edge created 
by adding material, while a round is created by rem oving material. Fillets and 
rounds are created w ith the SolidWorks software by the sam e com m and.

From the Features group of the 
CommandManager, select the Fillet Tool, as 
shown in Figure 1.88. Select the three
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edges indicated in Figure 1.89 to be filleted. F IG URE 1.89______________  F IG U R E 1.90
(Be sure to see the line next to the cursor, 
as shown in Figure 1.90, to indicate that an 
edge and not a face is being selected.) In the 
PropertyManager, enter the radius as 0.25 
inches, as shown in Figure 1.91. Check the 
Full preview box to see the fillets that will be 
created, as shown in Figure 1.92. Click the 
check mark to add the fillets, as shown in 
Figure 1.93.

F IG U R E 1.91 F IG URE 1.92 FIG URE 1.93
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Display o f  tangent edges is often undesirable. The display o f tangent edges can be 
controlled from  the O ptions m enu.

Select the Options Tool. Under the System Options tab, under Display/Selection, 
choose Removed as the Part/Assembly tangent edge display option, as shown in
Figure 1.94. Click OK.

The part should appear as in Figure 1.95.
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The three fillets are added  in  th is tu to ria l in  a sin 
gle step by selecting the  three edges to  be filleted 
w ith in  a sing le  fille t c o m m an d . W ith  th is  
m ethod , on ly  th e  first fillet is d im ensioned . 
A nother way to  add  the  fillets is to  close the  Fillet 
Tool after each fillet is created, so th a t the  fillets 
are created in  th ree separate steps. The preferred 

■ 1

Modeling Techniqu
m eth o d  depends on  how  you w ish to  ed it the  fil
let radii. If you  w an t all o f  the  fillets to  always 
have the  sam e radius, th en  the first m ethod  
allows one  value to  be changed for all th ree fillets. 
If you prefer to  ed it the  fillets separately, th en  the 
second m eth o d  provides an  ed itab le  d im ension  
for each fillet.

Now we can add the chamfer to the center hole. A cham fer is a conical feature 
form ed by rem oving material from  an edge.

Select the arrow under the Fillet Tool in the CommandManager, and select the 
Chamfer Tool, as shown in Figure 1.96. Click on the edge shown in Figure 1.97 to 
select it as the edge to be chamfered. In the PropertyManager, set the chamfer 
parameters to 0.080 inches and 45 degrees, as shown in Figure 1.98, and click the 
check mark to finish.

The finished p an  is show n in Figure 1.99.

From the main menu, select File: Save. Leave the part file open for the next sec
tion, in which we will learn how to make modifications to the part.

FIGURE 1.96 FIGURE 1.97 FIGURE 1.98
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Modifying the Flange

O ne o f the m ain advantages o f solid m odeling is the ability to make 
changes easily. As we have observed, the FeatureManager has record
ed all o f  the operations required to make the flange, as shown in 
Figure 1. 100. If we click on the plus sign next to each feature, we see 
that the sketch associated w ith each feature is stored, as well.

Let's change the first item that we created by increasing the diam eter 
o f the base from 5.5 to 7 inches.

Right-click Sketchl in the FeatureManager, and select Edit Sketch.

Note that if Edit Sketch does no t appear in the menu, then an icon 
for editing the sketch appears in the Context toolbar at the top o f the 
m enu. Earlier in the chapter, we selected the Custom ize tool and 
cleared the check box labeled "Show in shortcut menus". This caus
es com m ands such as Edit Sketch, Edit Feature, Hide, etc. to appear 
as entries in the m enu rather than  as icons at the top o f the m enu. If 
you missed this step earlier, then it is recom m ended that you clear 
the check box now. (See Appendix В for m ore inform ation about 
custom izing the SolidWorks interface.)

Double-click the 5.5-inch dimension, and change it to 7.0 inches, as 
shown in Figure 1. 10 1. When you close the sketch by clicking on the 
icon in the upper-right corner of the screen (see Figure 1. 102), the 
part will be updated to the new dimension, as shown in Figure 1. 103.

An even easier way to edit the sketch dim ensions or the extrude 
depth is illustrated next.

FIGURE 1.100
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F IG URE 1.104 Double-click the icon next to Boss-Extrude I in the FeatureManager. All 
of the dimensions used to create the feature are displayed, as shown 
in Figure 1.104. The sketch dimensions are shown in black, while the 
feature dimensions (in this case the extrude depth) are shown in blue. 
Double-click the diameter dimension and change it back to 5.5 inches. 
Click the Rebuild Tool, as shown in Figure 1.105.

To add draft to the boss, select Boss-Extrude2 from the FeatureManager, 
right-click and select Edit Feature, as shown in Figure 1.106. In the 
PropertyManager, turn the draft on (see Figure 1.107) and set the 
angle to 3 degrees. Check the “ Draft outward”  box so that the boss 
increases in size as it is extruded. Click the check mark to finish.

FIG URE 1.105
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Rebuilds the part, assembly, or 
drawing.

The draft will be easier to  see from a top  or side view. You can show the 
Front, Top, and Right Views along with the current (Trimetric) view with 
the Four-View option.

Select the Four-View window from the View Orientation Tool of Heads- 
Up View Toolbar, as shown in Figure 1. 108.
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The drafted feature can be seen clearly 
in the Top and Right Views, as shown 
in Figure 1.109. Note that Figure 1.109 
shows the Top View above the Front 
View, and the Right View to the right o f 
the Front View. Views oriented in this 
m anner are referred to as third-angle 
projections. If the views on  your screen 
are oriented with the Top View below 
the Front View, then you are seeing 
first-angle projections, w hich are typi
cal o f  European drawings. To switch 
from  first-angle to  third-angle projec
tions, select Options: System Options: 
Display/Selection and choose Third 
Angle as the op tion  for the four view 
viewport.

F IG URE 1.108 FIG URE 1.109
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To revert to a single view, click in the 
window displaying the Trimetric View, and 
select Single View from the View 
Orientation Tool of the Heads-Up View 
Toolbar, as shown in Figure I.MO.

Finally, right-click on CirPatternl in the 
FeatureManager and select Edit Feature. 
Change the number of holes from four to 
six, as shown in Figure 1. 11 I .

The m odified part is show n in Figure 
1.1 12.

These last tw o changes illustrate the  
im portance o f  considering design in ten t 
w hen m odeling. If the first boss had 
been extruded from  the base feature, 
then  adding draft w ould have required us 
to  change the diam eter o f the boss, calcu
lating the diam eter that will result in a
2.75-inch diam eter at the  top  o f the  boss 
w hen draft is included. By sketching in a 
p lane at the to p  o f  the  boss, the critical
2.75-inch d im ension  can be m ain tained  
easily. Also, by constructing the holes as 
a circular pattern  instead o f individually, 
the num ber o f  holes could be m odified 
easily.

Click the Undo Tool to reverse the previ
ous command.

We can change the appearance o f  a part or 
o f individual features and faces o f  a part 
w ith the Edit Appearance Tool.

Press the Esc key to cancel any selections 
that may be active. Select the Edit 
Appearance Tool from the Heads-Up View 
Toolbar, as shown in Figure 1.113. In the 
PropertyManager, note that since no spe
cific entities have been selected, the 
entire part will take on the selected 
appearance. Select a color from the color 
palette, as shown in Figure 1.114, and 
click the check mark.
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FIG URE 1.1 IS

F IG URE 1.1 16

FIG URE 1.1 17

The entire flange will now  be show n in the selected color. Note that m any 
o ther appearance options can be selected by clicking on the Advanced 
option  show n in Figure 1. 114. These include m odifying the reflectivity or 
the transparency o f a com ponent or applying a surface texture.

We may w ant to show the faces o f  the center hole and chamfer in a differ
ent color than the rest o f  the flange.

Select the surface of the center hole, and while holding down the Ctrl key 
to allow for multiple selections, select the surface of the chamfer, as 
shown in Figure 1. 115. Select the Edit Appearance Tool from the Heads- 
Up View Toolbar. Note that the selected faces are shown in the 
PropertyManager. Select a new color for these faces, as shown in Figure 
1.116, and click the check mark.

The colors applied to  a m odel can be viewed and /o r edited from the 
DisplayManager. The DisplayManager can be viewed by clicking on its icon 
above the FeatureManager. As show n in Figure 1. 117, there are several 
icons that can be used to display tools and options in the space norm ally 
occupied by the FeatureManager. These include the PropertyManager, 
which as we have seen is autom atically displayed w hen one or m ore model 
entities are selected, the ConfigurationM anager, w hich is used to select a 
specific configuration o f a m odel (as will be discussed in C hapter 5), the 
DimXpertManager, which is used to apply dim ensions and geometric to l
erances to a model (the DimXpertManager is no t discussed in this text), 
and the DisplayManager. W hen the DisplayManager is selected, three 
options are available: Appearances, Decals, and Scene, Lights, Cameras.

Select the DisplayManager and click on the Appearances icon. Change the 
Sort Order to Hierarchy, and expand the items as shown in Figure I . I I 8.

Note that the faces are show n first in the hierarchal order, even though the 
colors were applied to the faces after the color was applied to  the entire 
model. In the hierarchy o f appearances, appearances applied to faces take 
priority over those applied to features or the entire model, and appearances 
applied to features take priority over those applied to the entire m odel. In 
the DisplayManager, the appearances can be edited and /o r deleted by right-

clicking on the corresponding entry

FeatureManager
PropertyManager

ConfigurationManager 
DimXpertManager 

DisplayManager

FIG URE 1.1 18
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Sort order Hierarchy

Scene, Lights, Cameras 
Decals 

Appearances

Cl Face
- color 

Q  Face 
П  Face<2*

Parts/Assemblies
-  v

^  Flange

(color or color<2> in this example) 
and  choosing the desired action 
from the menu.

Close the part window by clicking 
on the X in the upper-right corner 
of the part window. Do not save the 
changes to the file.
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Using Dimensions and Sketch Relations

In the previous tutorial, we used a com bination  o f dim ensions and sketch relations 
to create fully defined sketches for our m odel features. W hile it is not absolutely 
necessary to  use fully defined sketches, it is good design practice. After all, an engi
neering design o f a com ponent m ust include sufficient detail for the com ponent to 
be analyzed and eventually built. Using fully defined sketches helps to ensure the 
com plete definition o f the geometry o f  the com ponent.

The Smart D im ension Tool is used to  add numerical dim ensions to a sketch. As we 
saw in the previous tutorial, the tool is "smart" in that the type o f d im ension does 
not need to be specified. W hen we clicked on  a circle, a diam eter dim ension was 
created. If we click on  a line, then a linear d im ension is created as show n in Figure 
1.119. Recall that two m ouse clicks are required—one to  identify the entity to  be 
dim ensioned, and the second at the location w here the d im ension is to be placed. 
Note that if the cursor is dragged away from the line in a direction roughly perpen
dicular to  the line, then the resulting dim ension defines the length o f the line. 
However, if the cursor is dragged away horizontally, then a d im ension defining the 
vertical distance between the endpoints is created, as show n in Figure 1.120. 
Similarly, dragging the cursor vertically results in a dim ension defining the hori
zontal distance between endpoints is created, as show n in Figure 1.1 2 1. Note the 
"lock" icon beside the cursor before the d im ension is placed. If the d im ension is in 
the desired alignm ent, then clicking the right m ouse button  causes this alignm ent 
to be m aintained until the d im ension is placed. This is no t usually necessary. As 
long as the d im ension is placed in its proper orientation, it can be moved to  a more 
desirable location by sim ply clicking and  dragging on  the num erical value.

Circles, lines, and arcs can all be dim ensioned by clicking once on the entity and 
then clicking away from the entity to place the dim ension. (Arcs are autom atically 
dim ensioned w ith a radius rather than  a diameter.) These are examples o f  d im en
sions applied to  single entities. The Smart D im ension Tool also allows for d im en
sions to  be created relating two entities. For example, consider the two parallel lines
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FIG URE
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show n in Figure 1.122. W ith the Smart D im ension Tool selected, the first m ouse 
click selects one o f the lines. If the second m ouse click is in the graphics area away 
from  any o ther entity, then  a linear d im ension for the length o f  the line is created, 
as discussed above. However, if the second m ouse click is on  another entity, then a 
d im ension is created between the two entities, and  a third m ouse click is required 
to  place the dim ension. In this example, the d im ension created is the distance 
between the two lines, as show n in Figure 1.122. If the two lines are no t parallel, 
then  the sam e m ouse clicks create an angular dim ension, as show n in Figure 1. 123.

.124 W hen a circle is one o f  the two entities selected, then  the resulting dim ension is 
always to  the center o f  the circle, as show n in Figure 1.124. It is no t necessary to 
select the center po in t o f  the circle; clicking on  the perim eter o f the circle and the 
line creates the d im ension to  the circle's center.

W hen a centerline is one o f the entities selected, then  the resulting dim ension can 
define either the distance from  the centerline to  the second entity or the distance 
from the second entity to  a m irror image o f  itself on the o ther side o f  the center- 
line. For example, consider the centerline and  circle show n in Figure 1.125. 
Clicking on  the centerline and circle creates a linear dim ension. If the next m ouse 
click is m ade between the two entities, then  the d im ension as show n in Figure 
1. 125 is created. However, if the  cursor is dragged to the o ther side o f  the center- 
line before clicking to place it, then  the d im ension as show n in Figure 1.126 is 
created. This m ethod  o f dim ensioning is especially useful w hen w orking with

F IG URE 1.125 F IG URE 1.126
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revolved geometry, such as the pulley o f the next section, in that it allows for the 
diam eters o f revolved features to  be specified rather than  their radii. Since diam e
ters are m uch easier to  measure than  radii, defining a com ponent using diameters 
is good design practice.

A fully defined sketch is usually no t possible w ithout sketch relations. In the case 
o f the circles used in the flange, the location o f the center points had to be specified 
in order for the sketches to  be fully defined. In each sketch, the relation defining the 
center o f  the circle and the origin as being coincident was added autom atically 
through a snap—the cursor was moved close to  the origin before the first m ouse 
click and the center o f  the circle "snapped" to the origin. In the case o f  the sketch 
defining the bo lt hole, the snap was m ade to a quadran t po in t o f  the bolt circle. 
These are examples o f  automatic relations. By default, SolidWorks creates these au to
m atic relations. This feature can be turned off by selecting Tools: Sketch Settings: 
Automatic Relations from  the Main Menu, bu t m ost users will no t find a reason to 
do so. In addition, autom atic relations are created w hen specifying an entity's 
geometry. For example, w hen drawing a line, a small icon beside the line indicates 
that the line will be horizontal or vertical, as F|GURE | \ jy  
show n in Figure 1.127. W hen the line is
com pleted , it w ill have a h o rizo n ta l o r verti- ^  2.203, ,80,>
cal re la tion  associated  w ith  it, as ind icated  by 
th e  icon show n  in  Figure 1.128.

W hen an en tity  is selected, its associated relations are show n in the 
PropertyManager, as show n in Figure 1.129. In the PropertyManager, relations 
can be deleted by selecting them  and pressing the Delete key or added by click
ing the appropriate icon. O f course, relations m ust be com patible w ith each 
o ther and w ith any dim ensions existing in the sketch. For example, clicking the 
Vertical icon in this case w ould result in an error, since a line cannot be bo th  
horizontal and vertical.

H orizontal and vertical relations, along w ith Fix, w hich simply fixes the location 
o f an entity w ithin the sketch, are relations that are applied to  single entities. 
Most relations apply to m ultiple entities. For example, Figure 1.130 illustrates 
the addition o f a new line to  an existing line. W ith the Line Tool selected, m ov
ing close to the m idpoin t o f the first line causes the second line's first po in t to 
snap to  the m idpoint. As the line is dragged out, there are dashed guidelines par
allel and perpendicular to  the first line displayed on  the screen, as show n in 
Figure 1.131. If the second m ouse click is m ade close to the perpendicular 
guideline, then  a perpendicular relation between the two lines is created. As 
show n in Figure 1. 132, the  sketch relation icons indicate the m idpo in t relation

F IG URE 1.128

F IG URE 1.129
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between the first line and the endpo in t o f  the second line, and the perpendicular relation 
between the two lines.

FIGURE 1.133______________  Relations can also be added m anually. For example,
consider the two lines in  Figure 1.133. Clicking on  the 
first line selects it and  shows its properties in  the 
PropertyM anager. A vertical relation can be added by 
clicking the Vertical icon in the  PropertyM anager or in 
the conten t too lbar tha t pops up w hen the line is select
ed. If we w ant to  merge endpo in ts o f  the  two lines, then  
we click on  the first en d po in t to  select it. Then, while 
ho ld ing  dow n the Ctrl key, we select the o ther end
point, as show n in Figure 1. 134. As in m ost W indows 
program s, the  Ctrl key allows m ultip le entities to  be 

selected. The Merge relation can then  be applied by clicking the Merge icon in  the con
text too lbar or in  the PropertyM anager, as show n in Figure 1. 135. (We could also merge 
these po in ts by dragging the en d p o in t o f  the second line un til it snaps to  the en d po in t 
o f the first line, creating an au tom atic relation.)

FIGURE 1.135

Now b o th  lines can be selected, and  a 
perpendicular relation added, as shown 
in Figure 1.136. The result is show n in 
Figure 1.137.

It should  be noted that the display o f the 
sketch relation icons can be toggled on 
and  o ff by selecting View: Sketch 
Relations from the Main Menu. There 
m ay be occasions w here a sketch 
becom es so cluttered that turning off the 
display o f the relation icons tem porarily 
is desired, bu t in m ost cases displaying 
the icons is helpful w hen creating and 
editing sketches.

FIGURE 1.136 FIGURE 1.137
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As we have noted, b o th  dim ensions and relations are used to  FIGURE 1.138 
fully define sketch geometry. As a general rule, we try to use 
as few dim ensions as possible and rely on  relations to com 
plete the geometry definition. For example, consider the 
T-beam section o f Figure 1.138. The section consists o f hori
zontal and  vertical lines, and one poin t is fixed to the origin.
In order to  fully define the sketch, six dim ensions are 
required. However, consider the design in tent o f the part to 
be m ade from  this sketch. We probably desire the two "legs" 
at the top  o f the section to  be the same thickness and w idth.
Therefore, we can delete two dim ensions and replace them  
with the relations show n in Figure 1.139. The advantage of 
this approach is that if we make a change, say to  the thickness 
o f the legs, then  we have only one d im ension to change, and 
our design intent o f equal thicknesses is m aintained. An even 
better solution is show n in Figure 1.140, where the relation o f  a single po in t to  the 
origin has been replaced by a vertical centerline and a symmetric relation o f two 
sides about the centerline. This causes the pre-defmed Right Plane to  becom e a 
plane of symmetry o f  the resulting part (assum ing that the sketch is in the Front 
Plane). The use o f  symmetry is good design practice, and will be em phasized in the 
pulley tutorial in the next section and  in the tutorials o f Chapter 3.

FIGURE 1.140
!

A list o f the relation icons is show n in 
Figure 1.141. All are com m on in 2-D 
sketches except for the last two: the 
Pierce relation is used in multiple-sketch 
applications such as sweeps and lofts, 
and the Along X-Axis relation is used in 
3-D sketches (there are sim ilar Along 
Y-Axis and Along Z-Axis relations).

FIGURE 1.141
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1.5 A  Part Created with Revolved Geom e try

The flange created earlier utilized extruded features. In this exercise, we will use 
revolved features to  create the pulley show n in Figure 1.142. We will sketch features 
o f  the cross-section o f the pulley, and then revolve those features around a center- 
line to  create solids and cuts. The final feature will be a keyway, which will be m ade 
with an extruded cut. D im ensions o f the pulley are detailed in the 2-D drawing of 
Figure 1.143.

All dimensions are inches and degrees
Material = Cast Carbon Steel CHAPTER 1 - PULLEY

Open a new part.

You will notice that som e o f the changes m ade earlier to the SolidWorks interface, 
such as the num ber o f tabs on the Com m andM anager and the tools on the Heads- 
Up Toolbar, are still in effect. Others, such as the background color, have reverted to 
the initial settings and need to be changed again. These document-specific settings 
are stored in the Part template. We will edit the tem plate so that we do no t have to 
make these changes every tim e we begin a part.

Change the background color to Plain White from the Apply Scene Tool of the Heads- 
Up Toolbar. Select the Options Tool, and click the Document Properties tab. Change 
the drafting standard to ANSI. Under Dimensions, set the Primary precision to .123 
(three decimal places). Select Grid/Snap, and check the box labeled “ Display Grid.” 
Select Units, and change the unit system to IPS, the number of decimals for length 
dimensions to .123, and the number of decimals for angles to None.

N ote that we have set the num ber o f decimal places in two separate locations. The 
num ber o f places can be changed in either location; by setting both  to  .123 we 
ensure that the tem plate setting will be stored correctly.

Any o f the o ther settings under the D ocum ent Properties tab can be stored in the 
template. For example, you may w ant to  change the font used for dim ensions or 
turn  the display o f  the grid off (m ost o f  the figures in this book are m ade with a 
larger font and with the grid off for clarity).
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From the main menu, select File: Save As. Change the F IG URE 1.144 
file type to Part Templates (*.prtdot). Click on the 
file “ Part.prtdot”  to select it, as shown in Figure 
1.144, and click Save. Click Yes when asked if you 
want to replace the existing template.

Organue » Newfofcler 

3  Documents *
4 '  Мияс 

Ш Pictures 
9  Videos

Date modified 

ШШШ9...

Homegroup

i*P Computer 
&  Local Disk (C) 

Photosmart C61C

The next tim e you begin a new part, the settings that 
you just m ade will be effective. N ote that w hen you 
changed the file type to Part Template, the working 
directory autom atically changed to default directory 
for SolidWorks templates. This directory is located 
in the Program Files or Program Data directory on 
the  drive con ta in ing  your operating  system.
Therefore, it is no t a good location to  store your 
work. The next tim e that you save a docum ent, the 
directory will default to  the last one accessed; in this 
case the directory where the tem plates are saved.
Make sure to  change the directory to  the one you w ant before saving any docu
ments. We will note this w hen we save the pulley file later in this section.

Click on the Right Plane to select it, as shown in Figure 1.145. From the Sketch 
group of the CommandManager, click the arrow beside the Line Tool and select 
the Centerline Tool, as shown in Figure 1.146. Draw a vertical centerline up from 
the origin, as shown in Figure 1.147.
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Click the arrow beside the 
Rectangle Tool, and select the 
Center Rectangle Tool, as shown in 
Figure 1.148. Click above the ori
gin on the centerline, as shown in 
Figure 1.149, to set the center of 
the rectangle. Then drag out a corner of the 
rectangle, as shown in Figure 1.150. The size 
is not important, but keep the entire 
rectangle above the origin. Repeat to create a

second rectangle
FIG URE 1.151____________  above the first, as

• shown in Figure
1.151.
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Click the arrow beside the Rectangle Tool, and select the Corner Rectangle Tool, as 
shown in Figure 1.152. Move the cursor to the bottom line of the top rectangle (but 
not to a corner or midpoint; when the entire bottom line turns red, then you are 
snapping to the line and not to a specific point),as shown in Figure 1.153,and click 
to place one corner of the rectangle on this line. Drag the rectangle down until the 
opposite corner is along the top line of the bottom rectangle, as shown in Figure 
1. 154. Click to complete the rectangle.

FIGURE 1.152 FIGURE 1.153 FIGURE 1.154
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FIGURE 1.155 Select the Smart Dimension Tool, and click once on the top line of the top 
rectangle to create a linear dimension. Drag the dimension to the desired 
location and click to place it. Enter the value as 1.5 inches, as shown in 
Figure 1.155. Add the 2.0-inch dimension shown in Figure 1.156 to the 
bottom line. Press the Esc key to turn the Smart Dimension Tool off.

W hen we used the C enter Rectangle Tool and  placed the center po in ts 
along the vertical centerline, those rectangles becam e sym m etric abou t 
the centerline. However, to  join the first two rectangles together, we 
used a C orner Rectangle, w hich is no t centered on the centerline. 
Therefore, we need to  add the sym m etry o f this rectangle manually.

FIGURE 1.156
Click on the two lines and the centerline shown in Figure 1. 157 to select 
them, remembering to hold down the Ctrl key when making multiple 
selections. Click the Make Symmetric icon from the context toolbar, as 
shown in Figure 1. 158 (or the Symmetric icon in the PropertyManager).

FIGURE 1.158
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FIGURE 1.159
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The m iddle rectangle should  now  be symmetric about the F IG URE 1.160 
centerline, as show n in Figure 1.159.

Select the Smart Dimension Tool, and click on one of the 
vertical lines of the middle rectangle, and then on the other 
vertical line, creating a linear dimension. Drag the dimen
sion to the desired location, and then click to place it. Enter 
the value as 0.25 inches, as shown in Figure 1.160.

Note that it is no t necessary to  hold  dow n the Ctrl key 
w hen selecting m ultiple entities for the Smart D im ension 
com m and. If you click on  a single entity and then  click 
away from  any o th e r en tity  to  place it, the  Sm art 

D im ension Tool creates a d im ension from  that entity (length o f a line, d iam 
eter o f a circle, radius o f an arc). If you click on  an entity and then  click on  a sec
ond  entity, the Smart D im ension Tool will attem pt to  create a dim ension relating 
the two entities. W hen we selected two parallel lines, the distance between the two 
lines was added as a dim ension. Later, we will see that if we select two non-parallel 
lines, an angular d im ension will be created.

If you refer back to Figure 1.143, you will see that the other dim ensions used to 
define this cross section are diam eter dim ensions. In order to place the diam eter 
dim ensions, we need to establish the centerline w hich will becom e the axis o f  rev
o lution for the resulting solid.

1.500—•
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FIGURE 1.162
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The sketch should  be fully defined.
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Select the Centerline Tool, and drag a horizontal centerline from the F IG URE 1. 161 
origin, as shown in Figure 1.161. Select the Smart Dimension Tool.
Click on the top line of the sketch and then on the horizontal cen
terline. Before clicking to place the dimension, recall from the pre
vious section that if the dimension is placed above the centerline, a 
radius dimension is created, while if the dimension is placed below 
the centerline, a diameter dimension is created. Click below the cen
terline to place the dimension, and enter the value of the dimension 
as 7.0 inches, as shown in Figure 1.162. Repeat to add the 5.0-, 1.75-, 
and 1.0-inch diameter dimensions shown in Figure 1.163. Note that 
if the lowest line moves below the centerline as you are adding the 
dimensions, then you can simply click and drag it above the center- 
line before adding its diameter dimension. Also note that after plac
ing the dimensions below the centerline, 
you can click and drag the numerical value 
above the centerline if desired, and the 
dimension will remain as a diameter 
dimension.
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GN INTENT Planning for Other Uses of the Model
W hen adding dim ensions to  the initial sketch o f 
the pulley, we could specify som e o f the d im en
sions as either diam eters or radii. For example, the 
7-inch-diam eter d im ension th a t defines the overall 
size o f  the pulley could just as easily be entered as 
a 3.5-inch-radius d im ension. However, if we plan 
to  m ake a 2-D draw ing o f this part, then  the d iam 
eter should  be defined as a diam eter on  the draw
ing. By dim ensioning  the part in  the sam e way that 
we will d im ension the drawing, then  d im ensions

can be im ported  directly from  the part file. This 
prevents us from  having to  add dim ensions m an u 
ally or override a dim ension 's properties. W hen 
you are p lanning  to  m ake a 2-D drawing o f  a part; 
use the part in  an assembly; or utilize the part file 
for another use such as conducting a stress analy
sis, creating a rapid prototyped m odel, o r defining 
a tool path; consideration o f the uses o f  the  m odel 
will often influence the best way to  create and 
define the part geometry.

From the Features group of the CommandManager, select the 
Revolved Boss/Base Tool, as shown in Figure 1. 164.

Note that no preview is displayed on  the screen as it was 
w hen we selected the Extrude Boss/Base tool earlier in the 
chapter. The reason for this is that there are two ambiguities 
in our sketch that m ust be defined:

FIGURE 1.164
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Revolved Boss/Base
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1. There is m ore than  one  enclosed region w ith in  our 
sketch, so we need to  define w hich o f  these regions 
will be revolved.

2. There are two centerlines in the sketch, so we need to 
define w hich centerline is the axis o f  revolution.

O ne way to  approach the first am biguity w ould be to use the Trim 
Entities Tool to  remove the overlapping portions o f  the rectangles, so 
that the sketch consists o f only a single closed contour. An easier way 
is to sim ply select the m ultiple contours.

5“  ^
У 2  Sensors ........я,........

F IG U R E  1.167 In the PropertyManager, click in 
the Selected Contours box to 
select it, as shown in Figure 1.165. 
Move the cursor into the top rec
tangle, and click to select the rec
tangular region, as shown in 
Figure 1.166. Repeat for the other 
two rectangular regions, as shown 
in Figure 1. 167. It may be neces
sary to zoom in and/or switch to 
the Isometric View to select the 
middle region.

FIGURE 1.165
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Click in the Axis box in the PropertyManager to select it, as shown in Figure 1.168. 
Click on the horizontal centerline, as shown in Figure 1.169.

A preview  w ill now  be displayed, as show n in Figure 1.170. In the 
PropertyManager, we can change the num ber o f degrees o f  the  revolution if we 
w ant less than  a fully revolved part. Since we w ant to revolve the section a full 360 
degrees, we can accept the default value.

FIGURE 1.169 FIGURE 1.170

Click the check mark to complete the revolution.

The resulting solid part is show n in Figure 1. 17 1.

Select File: Save from the main menu. Make sure to change the file 
directory to the location where you want to save the file, since the 
default path will be to the directory containing the template files. Also 
change the file type from Part Template to Part. Save the file with the 
name “ Pulley.”

Select the Right Plane, and select Normal To from the Context Toolbar, 
as shown in Figure 1. 172. Select the Centerline Tool, and create verti
cal and horizontal centerlines from the origin, as shown in Figure 
1.173.

FIGURE 1.172 FIGURE 1.173
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FIGURE 1.168
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DESIGN INTENT Choosing the Initial Sketch Plane
The choice o f the initial sketch p lane for a part 
should  be considered before beginning the  first 
sketch. Standard practice is to  orient the part so 
tha t the  Front View provides the  best visualization 
o f  the  part o f  all o f  the principal views (Front, 
Back, Top, Bottom, Right, and  Left). Therefore, the 
Trimetric View, w hich em phasizes the  front o f  the 
part, provides the  best pictorial (3-D) view. For the 
flange part created earlier in this chapter, sketching 
the initial circle in the Front Plane resulted in the 
proper orientation  o f  the  flange. As we will see in 
C hapter 2, orienting the part properly will make 
the creation o f  a m ulti-view drawing easier, as well.

In the  case o f  the  pulley, w hich is created by 
revolved features, the circular profile o f  the  part is 
the m ost descriptive view, so we chose the Right 
Plane as the  sketch p lane for ou r initial sketch. We 
could have also sketched in the  Top Plane and 
achieved the sam e result.

Once a part has been created in  a certain orien ta
tion , it is difficult to  re-orient it. There is no com 
m and  to  rotate the  part relative to  the axes. It is 
possible to  change the p lane in w hich a sketch is 
con ta ined  by right-clicking the sketch in  the

FeatureM anager and  selecting Edit Sketch Plane. 
However, this may cause errors in subsequent fea
tures. Therefore, it is good practice to  carefully 
consider the  orien tation  o f  the  part before select
ing the initial sketch plane.
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Select the Line Tool, and draw the two horizontal lines and two diagonal lines shown 
to form the closed shape shown in Figure 1.174, making sure that the upper cor
ners of the shape are coincident with the upper edge of the solid part.

Select the two diagonal lines and the vertical centerline, using the Ctrl key to make 
multiple selections, as shown in Figure 1.175. Add a symmetric relation.

F IG URE 1.174
Select the Smart Dimension Tool. Click on both 
of the diagonal lines to create an angular dimen
sion. Set its value to 40 degrees. Add the two lin
ear dimensions shown in Figure 1.176.

F IG URE 1.175 FIG URE 1.176

■ : *

The sketch should be fully defined.

From the Features group of the CommandManager, select the Revolved Cut Tool, as 
shown in Figure 1.177. Click on the horizontal centerline to select it as the axis of 
revolution, as shown in Figure 1.178. Click the check mark to complete the cut, 
which is shown in Figure 1.179.

FIG URE 1.177 FIG URE 1.178 FIG URE 1.179

Extruded Hoie 
cut Wizard Re<Srd

Swept Cut 

J f c  lofted Cut

999  
". i  33S 

; filet Linear 
Patter

Revolved Cut
Cuts a solid model b y revolving a 
sketched profile around an axis

Select the Fillet Tool. In the 
PropertyManager, set the fillet 
radius to 0.25 inches. Switch to 
the Trimetric View, and select the 
two edges shown in Figure 1.180 
(shown with the Full preview 
option selected in the Property
Manager; it may be easier to select 
the edges with No preview select
ed.) Select the Rotate View Tool, 
shown in Figure 1.181. Rotate the 
view until the back side of the pul
ley is visible, then press the Esc

/

i - l

F IG URE 1.180 FIG URE 1.181

Rotate View
Rotates the model view.
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F IG U R E I 182 key to turn off the Rotate View Tool. Click on the two edges on the back side
---------------------- to be filleted, as shown in Figure 1.182 (shown here with the preview off).

Click the check mark to add the fillets.

The filleted part is show n in Figure 1.183. We will com plete the part by adding 
the keyway.

Select the face shown in Figure 1.184, and select the Normal To view. Select 
the Corner Rectangle Tool, and create a rectangle similar to the one shown in 
Figure 1.185. Be careful not to snap either corner point to one of the model 
edges, as this will create an unwanted relation. Press the Esc key to turn off 
the Rectangle Tool and de-select the rectangle.

FIG URE 1.183_________  F IG URE 1.184 _____________  F IG URE 1.185-----FIG URE 1.184

Select the bottom line of the rectangle and the origin, as shown in Figure 1.186. 
Add a midpoint relation, which will place the midpoint of the selected line at the 
origin, as shown in Figure 1.187. Add the two dimensions shown in Figure 1.188 to 
fully define the sketch.

F IG URE 1.186 F IG URE 1.188

Select the Extruded Cut Tool from the Features group F IG URE 1.189 
of the CommandManager. In the PropertyManager, set 
the type of cut to Through All, and click the check mark 
to complete the cut, which is shown in Figure 1.189.
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The geometry o f the part is now  complete. Often, we will w ant to  know 
the mass o f the part. First, we m ust define the part's material.

In the FeatureManager, right-click on Material and select Edit Material, as 
shown in Figure 1.190. From the list of available materials, select Cast 
Carbon Steel from the Steel group, as shown in Figure 1.19 1.To view the 
properties in English units, select English (IPS) from the pull-down menu.

Note the properties for this m aterial are displayed in Figure 1. 19 1. For the 
calculation o f  mass, the  density, 0.281793 pounds-m ass per cubic inch, is 
used. The o ther properties listed are used in stress and therm al analyses.

FIGURE 1.190

(3l
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FIGURE 1.191

Click Apply to accept the material choice, and close the Material box. From the 
main menu, select Tools: Mass Properties, as shown in Figure 1.192.

Mass properties are displayed, as 
show n in Figure 1.193. N ote the 
mass o f  8.26 pounds (m ore precise
ly, the mass is 8.26 pounds-m ass 
and the weight is 8.26 pounds); the 
volum e and surface area are also 
calculated. The part's center o f  mass 
is indicated on  the part, and its 
coordinates are listed in the Mass 
Properties window. For this part, 
the center o f  mass is at the origin.
We know  that this is no t exactly

FIGURE 1.192
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FIGURE 1.193
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DESIGN INTENT Keeping It Simple
In this exercise, we m odeled the pulley using four 
features: A revolved base, a revolved cut for the 
V-belt groove, fillets, and  an  extruded cut for the 
keyway. These first three features could have been 
com b in ed  by sketching th e  com pleted  cross- 
section as a single sketch, as show n here (the 
Sketch Fillet Tool can be used to  create the  fillet 
profiles). W hich m ethod  is better? A lthough the 
finished parts will be identical, breaking a part's 
creation in to  sim ple steps is usually the best

approach. M any o f the  errors th a t are encountered 
w hen  m aking parts are related to  sketches— 
duplicate entities, open  contours, endpo in ts o f 
lines and arcs th a t do n o t meet, and  un d er defined 
geom etry are exam ples o f  the types o f  errors tha t 
are associated w ith sketches. The m ore com plex 
the sketch, the m ore likely these errors are to  
occur, and the harder they are to  troubleshoot. 
Also, design changes are easier to  m ake w ith a part 
created from  m any sim ple steps.

R 7.000

5.000
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FUTURE STUDY

Dynamics (Kinetics)
In physics, you learned N ew ton's Second Law:

F = m a

o r the forces (F) acting on  a body  equal the 
m ass o f  the body  (m ) tim es its acceleration 
(a). For m echan ical engineers design ing  
m achines w ith m oving com ponents, applica
tion  o f  this law results in  the forces required 
to  move a body  in  a particular m anner. In the 
field o f  engineering m aterials, the develop
m en t o f  lightweight, strong m aterials allows 
m oving com ponen ts to  be m oved at extrem e
ly high accelerations, resulting in higher per
formance.

The form  o f  N ew ton 's Second Law w ritten  
above applies to  bodies m oving in linear or 
transla tiona l m otions. M ost m achine co m 
p o n en ts  also m ove in ro ta tiona l m otions. 
N ew to n 's  Second  Law fo r ro ta tio n a l 
m o tio n s is:

T =  la

o r the torques (T) acting on  a body  equal the 
m ass m o m en t o f  inertia (I) tim es the angular 
acceleration (a )  o f  the  body. This m ass 
m o m en t o f  inertia is a function o f  the body's 
mass and  the way in w hich the mass is dis
tribu ted  relative to  the axis o f  ro tation . For 
example, consider the  tw o w heels show n 
here. The two wheels are the  sam e diam eter 
and  have the sam e weight, b u t the  w heel on  
the  left has a m ass m om en t o f  inertia alm ost 
twice th a t o f  the wheel on  the  right. If the

wheels were m oun ted  o n to  shafts, it w ould 
take twice as m uch to rque to  bring the wheel 
o n  the left up  to  speed as it w ould  the wheel 
on  the right (over the sam e period o f  tim e). 
W hile a low m ass m o m en t o f  inertia is usual
ly desirable, a no tab le  exception is a flywheel. 
The inertia o f  a flywheel in an  engine rotating 
at a high speed makes it difficult to  slow 
dow n. As a result, the ro tational speed o f  the 
engine rem ains sm ooth  despite sm all fluctu
ations in power.

The calculation o f  m ass and mass m om ents 
o f  inertia for com plex shapes can be tedious. 
Therefore, the use o f  solid m odeling  software 
to  perform  these calculations saves tim e for 
engineers perform ing these types o f  analysis.

true; the keyway causes the part to be slightly asymmetric. However, the am ount of 
m aterial removed for the keyway is very small in com parison w ith the rest o f  the 
part, and  so the coordinates o f  the center o f  mass are zero to the two decimal places 
shown. Also displayed are the part's m om ents o f  inertia, w hich are im portant in 
dynam ic analysis and are often very cum bersom e to calculate by hand  (see the 
Future Study box).
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Close the Mass Properties window, and save the part file.

Often, we w ill be interested in seeing how changes we make to a part's geometry 
w ill affect its mass. A sensor allows mass changes to be displayed continuously.

F IG URE 1.194 Right-click Sensors in the FeatureManager, and select Add Sensor, as shown
in Figure 1.194.

Set the type of sensor to Mass Properties: Mass, as shown in Figure 1.195, 
and click the check mark.

F IG U R E 1.195

[мам Proper»!

И I

Vakie: 8.2641Ш 5Ь

Click the plus sign beside the Sensors entry in the FeatureManager to dis
play the new sensor. The mass of the part w ill now be displayed, as shown 
in Figure 1. 196. Note that sensors may be used to track other types of data, 
such as stress analysis and motion analysis results. W ithin the Mass 
Properties group, the volume, surface area, and coordi
nates of the center of mass can be tracked with sensors. F IG URE 1. 196

Double-click the V-belt Groove feature (Cut-Revolve I ) in the 
FeatureManager. Double-click the 0.5-inch depth dimension, as 
shown in Figure 1.197 (shown here from the Right View), and 
change it to 0.4 inches. Rebuild the model.

) Sensors
Sg  Mass! (8 26411135 lb) 

(д ] Annotations

F IG URE 1.197
4 0 °

Note that the mass reported by the FIG URE 1.198 
sensor has changed to reflect the 
change to the model, as shown in 
Figure 1.198.

Suppose we want to find the mass 
for a casting of the pulley without 
the V-belt groove and the keyway. 
An easy way to do this is to suppress 
those features from the calculations.

^  Pulley (Default<<Default>J 
a-fial Sensors

Ш  Massl(8.72401318 lb)

F IG U R E 1.199 FIG URE 1.200
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^  Top Plane 
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®  Filled
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Right-click the V-belt Groove (Cut-Revolve I ) and 
select Suppress, as shown in Figure 1.199. Do the 
same for the keyway (Cut-Extrudel).

Note that the suppressed entities are shown in gray, 
as shown in Figure 1.200, and the weight of the cast
ing is shown as 10.25 pounds. The suppressed enti
ties can be restored to the model by right-clicking 
and selecting Unsuppress.

Close the part file without saving any of the changes 
made.

e r-------------
^  Pulley (Default<<Default>_Disf:

“ г -
Г Г  Notifications...NX Fron'
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PROBLEMS

P l . l  Create a solid model of the stepped 
shaft, using Extruded Boss/Base and 
Fillet features.

FIGURE P I.IB ____________________ ___________
Ф 1.500 —i

— Ф .750 —  R.250
1

01.1251
1 R.375---

—  3.000 — ----------8.000 —

_ r

---- 4.000---

!

Dimensions are in inches

P1.2 Use an Extruded Boss to create a solid model of a 1-foot long segment of the 
aluminum square tube shown in Figure PI.2A. Set the material to 2024-14 
aluminum alloy and find the weight of the part in pounds. Dimensions shown 
are inches.
Use Equal relations so that the part cross-section is modeled using only the two 
dimensions shown in Figure PI.2B. Use a fully defined sketch of the cross-section.

FIGURE P l. l A

FIGURE PI.2A FIGURE PI.2B
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P 1 . 3  Create a solid model of a 5-inch-diameter sphere. Find the formulas for
volume and surface area of a sphere, and compare the values calculated from 
these formulas with those obtained from the Mass Properties Tool.
To create the sphere, sketch and dimension a circle, and draw a line 
connecting the top and bottom quadrant points of the circle. Using the Trim 
Entities Tool, trim away the left half of the circle. (After selecting the Trim 
Entities Tool from the Sketch group of the CommandManager, choose Trim 
to closest as the option and simply click on the left half of the circle to 
remove it.) Add a vertical centerline from the center of the semi-circle, and 
revolve the sketch 360 degrees about the centerline. Note: Be sure that you 
have only one centerline in the sketch. Multiple centerlines cause the Revolve 
command to fail. Also, the complete circle cannot be revolved, as the sketch 
to be revolved cannot cross the centerline.

F IG URE P I.XA _________________  F IG URE P I.3B  _______________

P1.4 Create a model of the torus shown in Figure P1.4A. Dimensions are shown in 
Figure PI.4B. Find the formula for the volume of a torus, and compare the 
value calculated from the formula with that obtained from the Mass 
Properties Tool.

05.000

F IG URE PI.4A FIG URE P I.4B
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P I . 5 Create a solid model of this plastic pipe tee. A tee is used to connect pipes 
together. The type of tee shown here is used to join pipes with solvent 
welding. A chemical is applied to the inside of the socket, and the pipe is 
then forced into the socket. The solvent softens the plastic, and when the 
solvent dries, a strong, permanent joint is created. The sockets are tapered 
slightly to allow for a tight fit with the pipe.
Set the material to PVC Rigid and find the weight of the tee. Dimensions 
shown are inches.
(Answer: Weight = 0.1044 pounds. Click the Options tab in the Mass 
Properties box and increase the number of decimal places, if necessary.)

FIGURE PI.5A

FIGURE PI.5B

О  All dimensions are inches 
Taper sockets .5 degrees 
Material = Rigid PVC

R.020
ТУР

0.848

3.125

i.622

.720

$

.690- 
SECTION A-A

Introduction to Solid M odeling 
Using SolidWorks 2011

PROBLEM 1.5 PIPE TEE
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P1.6 Create a solid model of this 2-mm-thick steel bicycle disk brake rotor.
Calculate the mass of the part, using A1SI 304 stainless steel as the material. 
Dimensions shown are mm.
Note: Although this part can be modeled with a single extrusion from a 
complex sketch, you w ill find it easier to extrude a solid disk and then use a 
series of simple extruded cuts and circular patterns.

FIGURE PI.6A

FIGURE PI.6B
10°— —,

Repeat Hole Pattern 24X

—  045—
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P I .7 Create a solid model of the pleated filter element. Dimensions shown are
inches, and the diameter dimensions shown are nominal dimensions. There 
are 36 pleats in the part, and the part is 8 inches long.
To create this part, start a sketch with two construction circles representing 
the nominal inner and outer diameters. Add and dimension two lines 
representing one pleat, and use a circular pattern to copy these two lines into 
the other 35 positions. Select the Extruded Boss Tool. Since the sketch is an 
open contour, a thin-feature extrusion w ill be created. Set the thickness to
0.02 inches, and set the type as Mid-Plane.

FIGURE P1.7A FIGURE PI.7B_______________________________

P I .8 The ancient Greek mathematician Pappus of Alexandria theorized that the 
volume of a solid of revolution could be calculated by multiplying the area 
of the solid's cross-section by the distance travelled by the centroid 
(geometric center) of the cross-section during a full revolution. Demonstrate 
the application of this theorem (refered to as Pappus' Centroid Theorem or 
the Pappus-Guldinus Theorem) by creating the solid of revolution shown in 
Figure P1.8A as follows:
1. Create the sketch shown in Figure PI.8B in the Front Plane. Note that the 

section is symmetric about the horizontal axis. Use relations as necessary 
to fully define the sketch with only the dimensions shown. (Note: the 
sketch relations icons are turned off for clarity in the figure.)

FIGURE PI.8B______________________
------------------06.00--------------------- -

— <22.00—H 
i

IL

FIGURE PI.8A



2. Select Tools: Section Properties. Note the area of the section, as well 
as the x-coordinate of the centroid location (shown as dimension d 
in Figure PI.8C).

3. Calculate the volume of the solid of revolution by multiplying the 
distance traveled by the centroid during the revolution (d times 2n) by the 
area of the section.

4. Use the Revolved Boss/Base Tool to create the solid by revolving the 
section about the vertical axis. Select Tools: Mass Properties and compare 
the volume to that calculated in step 3 above.

FIGURE PI.8C______________________________
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P I .9 Create the body of the flange shown in Figure 1.1 and detailed in Figure 1.2 
by sketching its cross-section in the Right Plane and revolving it about the 
flange's axis. Include the fillets in the sketch, using the Sketch Fillet Tool.
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P I . 10 Create a solid model of the connecting rod shown in Figure PI.IOA. Use the 
dimensions shown in Figure P I.  I OB. Assign the material to be Cast Carbon 
Steel, and add a sensor to determine the mass. Notes: When sketching the 
shape of the rod, use tangent relations between the diagonal edges and the 
rounded ends, as shown in Figure P I . I ОС. To maintain the symmetry of 
the rod, make your sketches in the Front Plane and choose Midplane as the 
type of extrusion. This w ill cause the sketch to be extruded an equal distance 
in both directions from the Front Plane.

F IG URE P I . IOA FIG URE P I . IOB

.500
Г

- Ф 2.250

Introduction to Solid Modeling
Dimensions are  inches using SolidWorks 2011 
Material = C ast Steel p ro b le m  1.10

CONNECTING ROD

Tangent Relations

P I .  11 Consider the connecting rod model created in P I. 10. Due to weight
restrictions on the design, the weight of the connecting rod must be reduced 
to 1.70 lb. Add a recessed pocket like the one shown in Figure PI.11 to both 
sides of the connecting rod (to maintain symmetry), and 
select appropriate dimensions to reduce the weight of 
the part to an acceptable level. Notes: Experiment with 
the Offset Entities Tool when creating the recessed 
pocket. This tool allows for new entities to be created 
at a specified distance away from selected lines or arcs.
Also, try the Mirror Tool to create the second pocket, 
with the Front Plane as the mirror plane. These tools 
w ill be explained in detail in later chapters.
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Drawings
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In tro d u c t io n
Even companies that design parts exclusively with solid modeling soft
ware still need to produce 2-D drawings. A multiple-view 2-D drawing 
is the best way to document the design, showing all of the dimensions 
necessary to produce the part. Since no manufacturing process can pro
duce "perfect" parts, the tolerances (variations from the stated dimen
sion of a part) allowed for important dimensions are also shown on 
2-D drawings.

The SolidWorks program allows for 2-D drawings to be quickly and eas
ily produced from 3-D models. The drawing w ill be fully associative 
with the part file, so that changes to the part w ill be automatically 
reflected in the drawing, and vice versa.

2.1 D ra w in g  T u to r ia l
In this tutorial, a 2-D drawing of the flange from Chapter 1 w ill be 
made.

C h a p te r O b je c tive s

In this chapter, you w ill:

■ make a 2-D drawing 
from a SolidWorks part,

■ create a custom drawing 
sheet format, and,

■ use eDrawings® software 
to create a drawing file 
that allows for easy file 
sharing and collaborative 
editing1.

Open the SolidWorks program. 
Click on the New Document 
Tool, as shown in Figure 2.1. 
Select the Drawing icon, as 
shown in Figure 2.2, and click 
OK.

FIGURE 2.1 FIGURE 2.2

a 3D representation of a angle desgn component

a 3D arrangement of parts and/qr other assembles

a 2D ervgineerng drawng, typxalyofapartorassembiy

D L Canx>

' eDrawings is a registered trademark o f Dassault Systemes SolidWorks Corporation, 300  Baker Avenue, Concord, 
MA 01742 .

55
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As if you were making a drawing by hand, your first step is to select the size and type 
of paper to be used. Later we w ill look at using sheet formats with a title block, but 
for now let's use a blank 8-1/2 x 11-inch sheet (A-Landscape).

Choose a paper size of А-Landscape, FIGURE 2.3 
and click on the box labeled “ Display 
sheet format” to clear the check mark, 
as shown in Figure 2.3. Click OK to close 
the dialog box.

If the Model View box appears in the 
PropertyManager, as shown in Figure 
2.4, click on the X to close the box.

А{*МЙ)Рвг»Ж 
8 (AHSJ) Lmfccape 
С (/USD landscape 
0 (ANSI) landscape 
E (AMS0 landscape 4л fnso: «teae*

Ceotoy sheet tom* t 

0Cietoei*wet«ie

*M )v. 279. «ив 
Height: 2 IS. 90mm

** c*'“’ h*>

FIGURE 2.4
ИИИН^аиа»

H lW t
| * 4 Model View Ш Щ

Before bringing in the flange model data, we w ill set a few 
options.

«■ Ц  Caned •

© ©

Select a part or assembly from 
whKh to create the view, then 
dtfcNext.

Select the Options Tool, as 
shown in Figure 2.5. Under 
the System Options tab, 
select Drawings: Display 
Style, and set the hidden 
line and tangent displays 
as shown in Figure 2.6.

FIGURE 2.S

Area Options 
Hatch^a Changes options settings for 

SolidWorks.

Hidden lines are usually displayed in 
standard drawing orthographic views, 
but not in section or detail views. 
Tangent edges are usually not shown 
in drawing views. Whether or not to 
show hidden and tangent edges is 
sometimes dependent on the com
plexity of the part. As we w ill see later, 
we can change these display options 
for each model view.

Select Colors: Drawings, Paper Color. 
Select Edit, as shown in Figure 2.7. 
Select white for the paper color and 
click OK.

FIGURE 2.6
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FIGURE 2.8_________________________  Under the Document Properties tab, select
Document Properties - Drafting steward Щ Щ Ш Ш  Draftln8 Standard and set the dimensioning

standard to ANSI, as shown in Figure 2.8.
I System Opbons Document PropertieslL  ______ ____________  Select Dimensions, and make sure that the- ^ ш в е е е в  ^ number  0f decima| p|aces js Set t0 2 ( |2)

as shown in Figure 2.9. Select Detailing, and 
turn on the automatic display of center 
marks for holes and center lines, as shown 
in Figure 2.10. Select Units, and set the Unit 

system to IPS (inch, pound, second), and the decimal places to 2, as shown in Figure
2.11. Set the decimal places for angles to None. Click OK.
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Although the part was modeled 
with the decimal places set to 3, 
the number of decimals does not 
affect the accuracy of the model, 
only the way dimensions are dis
played. For a drawing, the num
ber of decimal places should be 
related to the tolerance level of 
most of the dimensions. Note 
that there is an option for setting 
the units of dual dimension 
lengths. Often, drawings show 

one set of dimensions in the primary unit system and a second set of dimensions in 
brackets. In this way, both US and SI units can be displayed on a single drawing. 
Since we w ill not be using dual dimensions, we do not need to change the default 
setting. As with the part template that we modified and saved in Chapter 1, we have 
set the number of decimal places twice. Since the number of decimal places can be 
changed in two places, we have set both the number of decimal places in both 
places to be sure that our preference w ill be saved in the drawing template.
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F IG URE 2.12

FIG URE 2.13
First Angle Projection

Before saving these settings in a template, we w ill set the 
type of projection to third angle. The third-angle option 
displays the Front, Top, and Right Views, with the Front 
View in the lower left position (standard for most US 
drawings), while the first-angle option displays the 
Front, Top, and Left Views, with the Front View in the 
upper left position (standard for most European draw
ings). For example, consider the part shown in Figure
2.12. The first- and third-angle projections of this part 
are shown in Figure 2.13.

In the drawing space, right-click and select Properties from the menu that appears. Set 
the Type of projection to Third angle, as shown in Figure 2.14, and click OK to close the 
Sheet Properties box.

FIG URE 2.14

LEFT

TOP

Third Angle Projection

IT

r
Sheet Properties

Name: Sheet 1
Type o f projection

Scale: 1 1 ( ф  Third angle)

Sheet Format/Size

F IG URE 2.15

Organize *  New folder 

{ j j  Documents *  Name 

J 5 M usic 

Ш  Pictures 

8  Videos

Before proceeding, we w ill save the settings that we have made. The settings under 
the System Options tab w ill apply to any future drawings, but those under the 
Document Properties tab, as well as the First/Third Angle Setting, w ill revert to 
their previous values unless saved. These settings are stored in a tem pla te file. 
When we start a new drawing and select Part, Drawing, or Assembly, we are open
ing the template associated with that type of SolidWorks file. In Chapter 1, we 
modified the Part template. We w ill now perform a sim ilar operation to modify 
the Drawing template, saving our changes for future drawings.

Select File: Save As from the menu. From the Save as type pull
down menu, select Drawing Templates, as shown in Figure 2.15. 
The default template name, Drawing.drwdot, will be displayed 
in the file list. Click on the template name to select it, and 
click Save. When asked if you want to overwrite the existing 
file, click Yes.

Drawing.drwdot

\
'Щ  Com puter 

&  Local Disk (C :) 

Photosm art C61C

Filenam e Drawing.drwdot

Save as type Drawing Templates (*d*wdot)
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The settings that you specified w ill be applied when you open a new drawing. One 
note of caution: as with the Part template in Chapter 1, the next time you save a file, 
the default folder w ill be the one where the templates are stored. Be sure to change 
the folder to the one where you want to store the file.

When we modeled a part in Chapter 1, we found most of the commands we need
ed in the CommandManager. In the drawing mode, the CommandManager has 
three groups of commands that we w ill use regularly. To keep the interface as sim
ple as possible, we w ill hide the other groups. Right-click on any of the 
CommandManager tabs. Click on the name of each group other 
than View Layout, Annotation, and Sketch to clear the check FIGURE 2.16 
mark and turn off display of that group, as shown in Figure 2 .16. ggg jj f f i *

We are now ready to import the geometry from the part file.

From the View Layout group of the CommandManager, select the 
Model View Tool, as shown in Figure 2.17.

m

View  Layout 
Annotation 
Sketch 

Evaluate

0 Q .P

Use larg e  Buttons w ith Text 
Custom ize Com m andM anager...

If you have the flange open in another window, then it will appear 
in the PropertyManager. If so, double-click the file name to select it. 
If not, then click the Browse . . .  button, as shown in Figure 2.18, and 
find the flange part file where you stored it. In the PropertyManager, 
select Create multiple views and click on the Front and Top Views to 
select them, as shown in Figure 2.19. If any other views are select
ed (such as the Trimetric View), click the box next to the view name 
to clear the check mark and de-select the view.Click the check mark 
to place the views.

FIGURE 2.17
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Note the "A" designation shown 
of the Front and Top Views in 
Figure 2.19. This indicates that 
model dimensions are associated 
with these views. At a minimum, 
all views with associated dimen
sions should be brought into the 
drawing.

As you pass the cursor over each 
drawing view, notice that a rectan
gular box that defines the bound
ary of that view appears. Moving 
the cursor over the drawing view 
boundary displays the move 
arrows, as shown in Figure 2.20. 
When the move arrows are dis
played, you can click and drag the 
drawing view to a new location. 
Note that the views remain in 
alignment as they are moved.

FIGURE 2.18

✓  X О ©

Select a part or assembly from 
which to create the view, then 
ckkN ext

Part/Assembly to Insert A

Щ  Start command when oeatng 
new drawing

i Drawl

FIGURE 2.19

Ptease select one or more 
named view from the 1st 
below and dck on the green 
che-dc mark to place the

Note that the 1st of 
orientations corresponds to 
the annotation views saved 
r> the model.

Reference
Configuration

& Default

“D*netnc 
jjF ] "Tnmetnc

-1  Annotafeon [ sketch f  '
^ -------- -

Model View
Adds an orthogonal or named view 
based on an existing part or assembly.
"..... ........... "'""I--------
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FIGURE 2.21
i f f iS o lld W o iK S  j  Яе Ш  toset Та

Note that we need only the Front and Top Views for this part, since the Right View 
shows no information that cannot be seen in the Top View. Also, note that the draw
ing scale was automatically selected so that the drawing views fit on the sheet. You 
can override the scale by right-clicking in the drawing area, selecting Properties, and 
defining a new scale.

While we can add dimensions manually using the Smart Dimension Tool, we usu
ally prefer to import the dimensions from the part model. Doing so has the advan
tage that imported dimensions can be changed and changes w ill be reflected in the 
model. Dimensions added to the drawing with the Smart Dimension Tool w ill be 
driven dimensions, meaning that their values w ill be updated when changes are 
made to the model, but the dimensions cannot be used to change the model from 
the drawing. Another advantage of importing dimensions is that if fully defined 
sketches are used to create the part, then importing the dimensions helps to assure 
that the drawing w ill be fully defined as well.

Click the Annotation tab of the CommandManager, and select the 
Model Items Tool as shown in Figure 2.21. In the PropertyManager, 
select Entire model as the source. Also check the boxes labeled 
“ Import items into all views”  and “ Elimate duplicates,”  as shown 
in Figure 2.22. Click the check mark to import the model items 
(dimensions) into the drawing views.

✓ ^  A  ^
Spel Format Note ^  

Checker Penter Pattern

Sretch
Щ  j j Mode) Items

f y f  Imports dimensions, annotations, and
_ _  reference geometry from the
»  Flange referenced modd into the selected 

Ш  A™ * view.
Г Ъ  Sheetl----------------- 1--------------

FIGURE 2.22

✓  X

Please select the type of 
model item you want to nsert 
from the Dimensions, 
Annotations, or Reference 
Geometry group boxes. Then - 
select the drawing view to 
insert model items for al 
features in the model

While the PropertyManager for Model Items contains options for 
controlling the import of dimension, notes, tolerances, etc., accept
ing the default options is usually sufficient. Note that all dimensions 
used to create the model are imported except for one—the 45-degree 
angle of the chamfer. The reason that this dimension is not import

ed is that this dimension would have to applied to a feature that is hidden in 
the current drawing views. If the box labeled "Include items from hidden fea
tures" in the Model Items PropertyManager had been checked, then this 
dimension would have been imported. Instead, we w ill import the dimension 
into a detail view that we w ill add later.

Source/Destination

Source:

Entire model

g j  Import items nto al 
views

You can click and drag on the value of any 
dimension to reposition it w ithin its associat
ed drawing view.

Click and drag the dimensions on the drawing 
sheet so that they can all be clearly seen, as 
shown in Figure 2.23. Note that a dimension will 
often automatically align with other entities 
when you drag it to move its position. Holding 
down the Alt key while dragging the dimensions 
turns off the auto-alignment and allows you to 
place the dimensions more precisely.

FIGURE 2.23
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You can also change how the arrows are displayed on linear F IG U R E 2.24  ̂
dimensions, such as for the 2.25-inch dimension shown in 
Figure 2.24. When you click once on the dimension value to 
select it, the dimension w ill appear in green and dots w ill appear 
on the arrowheads. When you click on one of these dots, the 
arrowheads w ill switch from outside to inside or vice versa, as 
shown in Figure 2.25.

Dimensions are shown in the view in which they were created in the part. For 
example, the 5.5-inch and 2.75-inch diameters are shown in the Front View, since 
they were created from circles sketched in the Front Plane (or sketch planes paral
lel to the Front Plane). However, standard drawing practice is for the diameter of 
a solid cylindrical feature to be shown in a view normal to the one in which it 
appears as a circle. Therefore, we want these dimensions in the Top View. Rather 
than deleting these dimensions from the Front View and adding them to the Top 
View, we w ill simply move them.

Press and hold down the Shift key. 
Click and drag the 5.5-inch dimension 
until the cursor is within the bound
aries of the Top View. Release the 
mouse button, and the dimension will 
be placed in the Top View, as shown in 
Figure 2.26. (Make sure to release the 
mouse button before releasing the 
Shift key; otherwise, the move opera
tion will not work.) Repeat for the
2.75-inch dimension.

F IG URE 2.26

' 5.50b

Hole diameters should be shown with leaders, rather than as linear dimensions. 
Depending on how you dimensioned the center hole in the part model, the 
1.50-inch dimension may be imported as a linear dimension, as shown in 
Figure 2.23, or with a leader.

If the 1.5-inch diameter dimension appears as a linear dimension, right-click on 
the dimension value, and choose Display Options: Display as Diameter, as shown in 
Figure 2.27. Click and drag the dimension to a convenient location, as shown in
Figure 2.28.

F IG URE 2.27 FIG URE 2.28

FIG URE 2.25

A .... •
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T
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Exploiting Associativity
In  Chapter 1, we defined the position of the bolt 
holes in the flange by creating a construction circle 
and specifying the diameter dimension of the circle. 
Alternatively, we could have located a single hole by 
specifying its radial location from the center point 
of the flange. As we modeled the flange, either 
dimensioning technique would properly locate the 
first hole in our hole pattern, and it would seem 
that either alternative would be acceptable. When 
dimensioning the drawing, however, we see that 
drawing a bolt circle and dimensioning its diameter 
is the preferred way to show the radial position of

the bolt holes. If  the distance were defined by a 
radial dimension, then we could simply delete the 
radial dimension in the drawing, add a construc
tion circle, and add a new dimension. However, the 
new dimension would not be associative with the 
part. That is, changing the added 4.25-inch dimen
sion would not change the bolt hole positions, and 
changing the radial dimension in the part would 
not cause the drawing dimension to be updated. 
Therefore, maintaining full associativity between 
the part and the drawing would require editing of 
the part file.

FIGURE 2.29

The options for changing the appearance of dimensions, dimension lines, an 
leaders are numerous, and we w ill cover only a few in this text. By right- 
clicking on any dimension and selecting Display Options or Properties, you w ill 
find that it is easy to change the appearance of the dimension.

The font for any dimension can be changed individually, but if you want to 
change the font type or size for all dimensions, you can do that from the 
Document Properties menu.

Select the Options Tool. Under Document Properties, select Dimensions, dick the 
Font button, and select a font and font size. The font size may be input in inches 
or points. Click OK to apply the selected font.

A section view w ill help show the center hole and the chamfer more clearly.

Click the View Layout tab on the CommandManager, and select the Section View 
Tool as shown in Figure 2.29.

The line tool becomes active when 
the Section View Tool is selected, as 
shown by the line icon next to the 
cursor. Since we want to draw our 
line exactly through the center of 
the part, we need to "wake up" a 
center mark and quadrant points for 
placement of the line's endpoints.
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ВИЙ: » Section View
Adds a section view by cutting the 
parent view w ith a section line.
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Without clicking any mouse button, move 
the cursor over the edge of one of the cir
cular features, as shown in Figure 2.30, 
and hold it there momentarily. Move the 
cursor outside of the edge of the flange. 
When the dotted line appears that indi
cates alignment with a quandrant point, 
as in Figure 2.31, click and drag a horizon
tal line completely through the part, as 
shown in Figure 2.32 (make sure that the 
horizontal icon appears by the line before 
clicking).

When you finish the line, a sec
tion view is created. Move the 
cursor to place the section view. 
By default, the view will be kept 
in alignment with the Front View. 
Drag the section view away from 
the Front View, and click once to 
place the view, as shown in Figure 
2.33.

Right-click within the section view boundary box, and from the 
menu that appears, select Alignment: Break Alignment, as shown in 
Figure 2.34. Move the cursor over the edge of the section view 
boundary box so that the move arrows appear. Click and drag the 
view to a new location on the sheet, as shown in Figure 2.35.

FIGURE 2.35
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FIGURE 2.36

When we created the section view, the direction of the view relative to the section 
line was down, toward the bottom of the sheet. This resulted in a section view that 
is upside-down from our preferred orientation of the part. This is easily modified.

Double-click on the section line in the Front View. The arrows 
defining the direction of the section will be reversed, as shown
in Figure 2.36.

Ф .50

The section view w ill not be immediately reversed. Instead, it 
appears crosshatched, indicating that it needs to be rebuilt.

Click the Rebuild Tool, as 
shown in Figure 2.37.

The section view appear
ance is- now consistent 
with the direction of the 
section arrows.

FIGURE 2.37

]\ _______________
Rebuild (Ctri*B>
Rebuilds the part, assembly, or 
drawing.

FIGURE 2.38

FIGURE 2.39

r
SECTION A-A

Section views are usually shown without the hidden 
lines displayed.

Select the section view, and click on the Wireframe with 
Hidden Lines Removed Tool from the Heads-Up View Toolbar, 
as shown in Figure 2.38.

The section view should now appear as in Figure 2.39.

The chamfer is difficult to see at the default scale (1:2). 
A detail view that enlarges the chamfer region w ill be 
helpful.

Select the Detail View Tool from the View Layout group of 
the CommandManager, as shown in Figure 2.40.

The Circle Tool will be activated automatically. Drag out a circle around the 
area to be included in the detail view, as shown in Figure 2.41 Move the 
cursor to the position where you want the detail view to appear, and click 
to place the view, as shown in Figure 2.42. If a centerline appears in the 
detail view, select it and press the Delete key. (There may be two center
lines - one for the hole and one for the chamfer. If so, delete both.)

FIGURE 2.40
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FIGURE 2.43
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Note that the detail view has a scale of 1:1. The scale of any 
drawing view can be changed, and we w ill change the scale 
o f the detail view to enlarge the chamfer area further.

With the detail view selected, check the “ Use custom scale” 
option in the PropertyManager, and change the scale to 2:1, 
as shown in Figure 2.43. Click the check mark to apply the 
scale.

Dimensions can be imported into section and detail views. 
In this case, the 45-degree angle of the chamfer can be seen 
best in the detail view.

Click in the white space of the detail view boundary box to 
select this view, and select the Model Items Tool from the 
Annotation group of the CommandManager, as shown in 
Figure 2.44. Click the check mark to import dimensions into 
the view. The 45-degree dimension will be added, as shown 
in Figure 2.45. Press Esc to deselect the detail view.

We would also like to show the 
0.080-inch width of the chamfer on 
the detail view, but that dimension 
has already been imported into the 
Front View. We w ill move the 
dimension from the Front View to 
the detail view.

Press and hold the Shift key. Click 
and drag the 0.080-inch chamfer 
dimension from the Front View into 
the detail view boundary box. When 
you release the mouse button, the 
dimension will be moved into the 
detail view. Release the Shift key, 
and drag the dimension to its final 
position, as shown in Figure 2.46.

FIGURE 2.44

DETAIL В 
SCALE 2 :  1

Change the font of the labels on the section and detail 
views by clicking on each text group, clearing the check 
from the “ Use document font” box in the 
PropertyManager, and clicking on the Font button, as 
shown in Figure 2.47. Increase the size of the font. Note 
that you can also change the font size of the labels on 
the section line and the detail circle by selecting those 
entities and changing their font sizes in the 
PropertyManager. When you do so, you will be asked if 
you want to change the font of view labels as well.
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FIGURE 2.48
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Your drawing should now appear as in Figure 2.48.

As we noted earlier, the number of decimal places dis
played in the drawing w ill relate to the tolerances 
applied to each dimension. Often, certain dimen
sions are more critical than others and w ill need to 
have tolerance values specified. For example, suppose 
that the center 1.5-inch diameter hole needs to have 
a tight tolerance to allow for a good fit with the part 
that w ill be inserted into the hole.

Click on the number portion of the 1.50-inch dimen
sion. An icon representing the Dimension Palette will 
appear, as shown in Figure 2.49. Move the cursor over 

the icon, and the Dimension Palette
------------  will be expanded. The Dimension

Palette contains many tools for mod
ifying the appearance of the dimen
sion, as shown in Figure 2.50. The 
dimension value can be modified by 
adding text to the left (such as the 
diameter symbols that appeared 
automatically with the diameter 
dimensions) or on the right (such as 
“ Typ”  to show the dimension is “ typ
ical”  of the dimension of similar fea

tures). Also, the number of decimal places (unit pre
cision) can be modified and tolerances can be 
added. In the Dimension Palette, use the pull-down 
Precision menu to set the number of decimal places 
to three (.123), as shown in Figure 2.51. Set the 
Tolerance Type to Bilateral, as shown in Figure 2.52. 
Click on the numerical value of the plus tolerance, 
and enter a value of .003, as shown in Figure 2.53. 
Click outside of the Dimension Palette to close it.

FIGURE 2.53
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The dimension should now appear as in Figure 
2.54, indicating that the diameter can be no small
er than the 1.500-inch nominal dimension, but 
can be up to 0.003 inches larger.

In addition to dimensions with tolerances, g e o 
m etric to leran ces are often added to drawings in 

order to fully define the acceptable limits of a part's geometry. For example, sup
pose that the back surface of the flange is to mate to another part with a gasket 
between the two parts to create a seal. If  the back of the flange is warped, it may 
not allow for a proper seal, even if  all dimensional tolerances are met. To ensure 
a good surface for sealing, we might need to add a flatness specification.
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Manufacturing Processes, Geometric 
Dimensioning and Tolerancing, and Metrology

In this example, we placed a relatively tight 
tolerance on the diameter of the center hole 
so that a tight fit could be realized between 
the flange and the part that fits into the hole. 
How do you know what the tolerance should 
be? Perhaps a better question is: what toler
ance is required for the part to function as 
designed in an assembly? The answer to this 
question w ill in many cases dictate the manu
facturing process that can be used. Many engi
neering students study manufacturing 
processes, but it is impossible to learn the spe
cific details of all of the manufacturing 
processes in use today. On the job, engineers 
should learn as much as possible about the 
manufacturing processes used by their com
pany and its suppliers, in order to understand 
what tolerances are practical and economical.

Applying dimensions and tolerances to engi
neering drawings is a more complex topic 
than it first appears. For example, consider a 
simple part such as a pin that is required to fit 
into a hole. If  we simply define the diameter 
of the pin and place tolerances on the diame
ter, are we sure that the pin w ill fit into the 
hole? What if the pin is bent slightly? Its 
diameter might be within the limits defined 
by the tolerance, but it may not work in its 
intended purpose. The process of Geometric 
Dim ensioning and Tolerancing (G D &T) 
allows a designer to specify the acceptable

condition of a part, considering its function. 
In the example we just discussed, a straight
ness tolerance might be required. In the draw
ing tutorial in this chapter, we added a flat
ness specification to a surface that was impor
tant for sealing. Proper application of GD&T 
standards can actually reduce the cost of mak
ing many parts, since they allow control of the 
important features of a part more efficiently 
than simply tightening the tolerance values of 
all dimensions. At many companies, the 
detailing of drawings is performed by a draft
ing department, and engineers document 
designs with less-formal drawings and sketch
es. At many smaller companies, however, 
engineers detail their own drawings. For these 
engineers, study of GD&T standards and prac
tices is necessary.

A related area of study is metrology, the sci
ence of measurements. Many features are dif
ficult to measure accurately with traditional 
methods, and computer-controlled Coordi
nate Measuring Machines (CM M s) are now 
widely used in industry. Using statistical 
methods with measured data, quality assur
ance engineers track variations and work to 
control the processes that are used to pro
duce the components. This method of 
Statistical Process Control (SPC ) allows 
problems to be detected and corrected before 
defective parts are produced.

FIGURE 2.55

SEJ1

In the Top View, click on the line cor
responding to the back surface of 
the flange, as shown in Figure 2.55. 
Select the Geometric Tolerance Tool 
from the Annotation group of the 
CommandManager, as shown in 
Figure 2.56.

FIGURE 2.56
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/r< WddSynfcci f *b*c Нбй̂а
sw U0  HoleCatout J*? Dafc* Geometric Tolerance
.............. ... .... .......... ...............* AMs *  geometrk tottnnce symbol.
—— ^  'Ц. Ч&

tj>
cm-



68 Part One

FIGURE 2.57
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In the dialog box, select the Flatness symbol 
from the pull-down symbol menu, as shown in 
Figure 2.57. Enter 0.010 as the value for 
Tolerance I , and a preview of the tolerance call
out will appear, as shown in Figure 2.58. Click to 
place the annotation in the desired location. 
Click OK to apply the tolerance, and drag the 
call-out box to the desired location, as shown in 
Figure 2.59.

Since we are not using a title block with default 
tolerances shown, we w ill specify them in a note.

Select the Note Tool from the Annotation group of the Command
Manager, as shown in Figure 2.60. Drag the cursor to the approximate 
location where the note will be placed (near the bottom of the draw
ing), and click. Do not click directly on an item in the drawing, or the 
note will appear with a leader to that item. Choose a font type and size 
from the toolbar that appears. In the text box that appears at the loca
tion where you clicked, begin typing the text of the notes shown in 
Figure 2.61.

Use the Enter key to start a new line. The ± symbol is inserted by 
clicking on the Add Symbol Tool in the PropertyManager (Figure 2.62) 
and selecting Plus/Minus from the list of available symbols, as shown 
in Figure 2.63. Click outside of the text box to place the note. Press 
the Esc key to turn off the Note Tool; otherwise, subsequent mouse 
clicks will place duplicate notes on the drawing.

L3) ju t! Annotation | £«■e'-T

r) Flanqe

Note
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All dimensions are inches and degrees 
Default tolerances for linear dimensions is ±.020 
Default tolerances for angular dimensions is ±2
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If desired, you can change the font 
type and size by double-clicking 
the note and changing the font 
parameters on the toolbar that 
appears.

Since we defined all of the fillets with a single fillet command in the part, only 
one of the fillets is dimensioned in the drawing. We might prefer to call out the 
fillet radius in a note, yet maintain associativity with the part.
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Double-click on the notes. Move the cursor to the end of the last line and press 
the Enter key to move to a new line. Type in “ All fillets and rounds are,”  and click 
on the .25-inch dimension. The dimension’s value will appear in the text box. Click 
outside of the text box to end editing of the note. The completed note is shown
in Figure 2.64.

FIGURE 2.64

All dimensions are inches and degrees 
Default tolerance for linear dimensions is +.020 
Default tolerance for angular dimensions is ±2 
All fillets and rounds are R.25
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If  you change the value of the 
radius, then the value in the 
note w ill change accordingly. 
Now that the fillet radius is 
shown in a note, displaying it 
on the drawing is unnecessary. 
However, deleting the dimen
sion w ill produce an error, 
since the note links to the 
value of the dimension. 
Therefore, we w ill hide the 
dimension.

Right-click on the R.25 dimen
sion and select Hide from the 
menu, as shown in Figure 2.65.

If  you want to show the dimension later, you can do so by 
selecting Hide/ Show Annotations from the main menu. Any 
hidden dimensions w ill show up light, as shown in Figure
2.66, and clicking on them w ill change them back to visible 
dimensions. Similarly, clicking on visible dimensions w ill 
hide them. This is a good method for hiding several dimen
sions at once. When finished, select Hide/Show Annotations 
again or press the Esc key to return to the normal editing 
mode.

FIGURE 2.67 A pictorial view such as a trimetric view can often 
be helpful in interpreting a 2-D drawing.

Select the Model View Tool from the View Layout 
group of the CommandManager. The part can be 
selected by double-clicking the part name in the 
PropertyManager. In the PropertyManager, select 
the Trimetric View as the orientation of the new 
model view, and the Hidden Lines Removed (wire
frame) mode as the display style, as shown in 
Figure 2.67. Move the cursor to the desired loca
tion of the new view, and click to place the view.
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W hile not displaying the tangent edges for the other views results in cleaner and 
less cluttered views, the Trimetric View w ill look much better with the tangent 
edges displayed.

Right-click on the Trimetric View, and select Tangent Edge: Tangent Edges with 
Font, as shown in Figure 2.68. Select the centerlines in the Trimetric View and 
delete them.

Move the drawing views and notes around the sheet so that they can all be seen 
clearly. Add a note identifying the scale as 1:2. Select the .50-inch dimension of 
the bolt hole and add “ 4X”  before the diameter symbol, indicating that the dimen
sion applies to four holes. To see how the drawing will look when printed, select 
Print Preview from the File menu.

Your drawing should appear sim ilar to Figure 2.69.

FIGURE 2.68 ________________ _  FIGURE 2.69
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Select File: Save and save the drawing as “ Flange,”  with a file type of .slddrw 
(SolidWorks Drawing).

Open the Flange part file, and experiment with changing dimensions and noticing 
the updating of the drawing. Similarly, change some drawing dimensions and 
observe the changes in the part.

A SolidWorks drawing can be saved in several other formats in addition to the 
SolidWorks Drawing file type. These include .dxf, a file standard developed by 
Autodesk for exchange with AutoCAD and other 2-D CAD programs, and .jpg and 
.tif image files. A file type that is especially convenient for sharing is the Adobe 
.pdf format, which produces a high-quality image that can be viewed by anyone 
with the free Adobe Acrobat Reader. Later in the chapter, we w ill create an 
eDrawing, which is a useful format for collaboration w ithin groups working on a 
common project.
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C re a tin g  a D ra w in g  S heet F o rm a t

Most engineering drawings include a title block and a border. The title block can 
include a large amount of information. In addition to basic data, such as the 
name of the part, the part number, the scale, the date created, etc., many compa
nies require the names or initials of reviewers who must approve the drawing 
before it is released to users. Some require a revision history that tracks changes 
made to the drawing. Others require the listing of information about where the 
part described on the drawing is used in assemblies.

The SolidWorks program includes several default title blocks and borders, called 
sh ee t form ats. These sheet formats can be edited to fit the particular needs of a 
company. The sheet formats are different for every standard paper size. In this 
section, we w ill create a simple sheet format for an А-size drawing. Our format 
w ill include some basic information without taking up much room on the sheet. 
Rather than modifying an existing title block, we w ill build ours from scratch.

Open a new drawing. Choose A- 
Landscape as the paper size; 
leave the “ Display sheet format” 
box unchecked, as shown in 
Figure 2.70. If the Model View 
command starts automatically, 
check the X in the Property
Manager to close it, as shown in 
Figure 2.71.

Note that you can prevent the 
Model View command from 
starting automatically by clear
ing the check mark from the box 
labeled "Start command when 
creating new drawing" in the 
PropertyManager. However, 
since we w ill usually be creating 
a drawing from an existing part, 
we w ill allow the command to 
continue to start automatically.

Right-click in the drawing space. Select Edit Sheet Format, as shown in Figure 2.72.

In a drawing, you can toggle between editing the drawing itself and editing the 
sheet format, which contains the title block and border.
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FIGURE 2.73

x = 9.5, у = 7.13 
3Sheet

Select the Corner Rectangle Tool 
from the Sketch group of the 
CommandManager. Drag out a 
rectangle that fills most of the 
page, as shown in Figure 2.73.

Right-click on the menu bar or 
the CommandManager, and 
select Line Format from the list 
of available toolbars, as shown in 
Figure 2.74. Locate the Line 
Format Toolbar (by default, it 
will appear at the bottom left of 
the screen), and select Line 
Thickness as shown in Figure 
2.75. With the rectangle still 
selected, choose a heavier line 
weight, as shown in Figure 2.76.

Click on the lower left corner of 
the rectangle to select it, as shown in Figure 2.77. In the PropertyManager, input 
its x and у coordinates as 0.375 inches each, as shown in Figure 2.78. Click on the 
Fix icon.

FIGURE 2.74 FIGURE 2.75 FIGURE 2.76
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Select the upper right corner of the rectangle. Set its coordinates to x - 10.625 
inches and у = 8.125 inches. Fix this point.

In the lower right corner of the sheet, drag out a rectangle from the corner of 
the border. Select the Smart Dimension tool, and dimension the rectangle as 3.5 
inches by 1.4 inches, as shown in Figure 2.79.

FIGURE 2.79______________________________

T -

1.40
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Select the Line Tool, and add the horizontal and vertical lines shown in Figure 2.80. 
Be sure that the endpoints snap to lines and not specific points (such as mid
points).

Select the Smart Dimension Tool, and add the 1.1-inch and 1.4-inch dimensions 
shown.

Select the Line Tool, and add the two horizontal lines shown in Figure 2.81. Use 
the Smart Dimensions Tool to add the .5-inch and .75-inch dimensions.

FIGURE 2.80

Add the other two lines shown in Figure 2.82, and add the .75-inch and .25-inch 
dimensions. The drawing should now be fully defined.

We w ill now hide the dimensions just added.

From the main menu, select View: Hide/Show Annotations, as shown in Figure 2.83. 
Click on each dimension, and it will turn gray, as shown in Figure 2.84. When all 
dimensions are selected, press the Esc key to hide them.

FIGURE 2.83
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Select the Note Tool from the Annotation group of the CommandManager. Click 
in any blank area to place the note, and set the font as desired and the size to 
10 point. (Recall that if you click on a sketch entity, the note will have a leader 
pointing to that entity. To prevent this from happening, create the note well away 
from any entity and then drag it to its final position.) Type in the text as shown 
in Figure 2.85, using the Enter key to move to a new line. Choose the Center tool 
to center the text within the box. Click outside of the text box, and press the Esc 
key to end the Note command (if you do not press the Esc key, then you can click 
in different areas of the drawing to place the same note in multiple locations). 
Click and drag the note to the position shown in Figure 2.86. Note that it is some
times difficult to move a text entity to the position desired because of auto
aligning features. To have more precise control when locating a note, press and 
hold the Alt key while moving the text. This temporarily suspends the auto
aligning.

FIGURE 2.85
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Add the rest of the text shown in Figure 2.87, adding your school/company name 
and your name to the title block. Use the font sizes shown in Figure 2.87. When 
opening a new note, select the font size before typing in the text. Font sizes can 
be easily changed by double-clicking each note and selecting a new font size.

FIGURE 2.87
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We w ill now add the scale value to the drawing, linking it to the drawing sheet's 
scale.

Open a new note. In the PropertyManager, select the Link to Property Icon, as 
shown in Figure 2.88. From the pull-down menu in the dialog box, select SW-Sheet 
Scale, as shown in Figure 2.89, and click OK.

FIGURE 2.88 FIGURE 2.89
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The sheet's scale w ill now be added to the note. Move the scale note into the cor
rect location in the title block, as shown in Figure 2.90. If  the scale of the draw
ing is changed, the title block w ill update automatically.

Click outside the text box, and press the Esc key to end the Note command. Right- 
click in the drawing area and select Edit Sheet, as shown in Figure 2.91.

FIGURE 2.90
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The title block and border are now in the background, and cannot be edited 
without toggling back to Edit Sheet Format.

From the main menu, select File: Save Sheet Format, as shown in Figure 2.92. 
Give the sheet a unique name and save it to the default directory, as shown in 
Figure 2.93. Close the drawing. Select Don’t Save when asked if you want to save 
the drawing file.

FIGURE 2.92 FIGURE 2.93
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The drawing sheet format just created can be selected when beginning a new 
drawing, and can be applied to existing drawings. We w ill now apply the format 
to the flange drawing.

Open the flange drawing created earlier. Right- 
click in the drawing space (away from any 
drawing view) and select Properties. In the 
Sheet Properties box, uncheck the box labeled 
“ Only show standard format.”  Select the sheet 
format just created from the pull-down list, as 
shown in Figure 2.94. Check the box labeled 
“ Display sheet format” and click OK.

Type o f projection 
© F irs t angle 
Ф  Third angle

Next view label: 
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Move the drawing views as necessary. Delete the notes concerning units and tol
erances, which are now covered in the title block. Add notes showing the drawing 
title and the date. The finished drawing is shown in Figure 2.95. Save the drawing 
for use in the eDrawings tutorial that follows.

FIGURE 2.95

C re a tin g  an e D ra w in g

One disadvantage of using drawings that are fully associative with part files is 
that in order to share the file with other users, they must have access to both the 
drawing file and the associated part file. One option for sharing drawings without 
transferring the part file is to create a deta ch ed  drawing. When you open a detached 
drawing, it is not necessary to have the model file loaded. In addition to viewing 
and printing the drawing, annotations can be added to the drawing. When the 
model is required, for example if you attempt to edit a dimension imported from 
the model, then you are prompted to load the model from which the drawing was 
created. To save a drawing as a detached drawing, choose File: Save As from the 
main menu and select a file type as "Detached Drawing."

Another option for sharing drawings with others, including those who do not 
have access to SolidWorks software, is to create an eDrawing. The eDrawings 
Viewer can be downloaded for free, and the eDrawings Publisher also allows the 
creation of executable files that can be read on any computer. Even within orga
nizations using SolidWorks software, eDrawings are used extensively to share 
information. Markup tools allow users to make comments and corrections, and 
the small file sizes of eDrawings make exchange of data via e-mail more practical.



To save a SolidWorks drawing as an eDrawing, simply select File: Save As from the 
main m e ! andselect eDrawing (.edrw) as the file type. The eDrawmg file forma, 
is very efficient, and file sizes produced are small.

The eDrawings file is smaller than most image files (.bmp, tif, etc.) that could be 
med to electronically communicate a drawing, but as we w ill see, an eDrawing *  
more than a 2-D image. The viewer can rotate any of the drawing views in 3-D
space.

Open the flange drawing file that you saved in the previous section^ Se'«ct ̂ ile- 
Publish to eDrawings from the main menu, as shown in Figure 2.96. An e_Draw g 
is created and the eDrawings Publisher is opened, as shown in Figure 2.9 .

Part One Learning SolidWorks
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Note: W hile the eDrawings program can be accessed easily from the SolidWorks 
File menu, it is a stand-alone program that can also be opened from the Start 
menu of your computer or from a desktop icon.

By default, the eDrawing views are displayed in the shaded mode. The display 
mode can easily be changed to show line drawings.

Click on the Shaded Tool, as shown in Figure 2.98. F IG URE 2.98______________

The eDrawings Viewer allows drawings to be animat
ed. The Play Tool automatically switches from one 
view to another. The Next Tool allows you to control 
the animation steps.

Click the Next Tool (Figure 2.99) repeatedly to switch 
from one view to another, including section and detail 
views.
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When the Section View is active, select the Rotate Tool, 
as shown in Figure 2.100. Click and drag to rotate the 
model view, as shown in Figure 2.101.

Select the Home Tool, as shown in Figure 2.102 to return 
to an overview of the drawing.

F IG U R E 2.101
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An important feature of eDrawings is that comments can be added by review
ers. To illustrate, we w ill add a comment for draft (taper to allow the part 
to be easily removed from a mold) to be added to the outer surface of the
2.75-inch-diameter boss.

Select the Markup Tool from the left side of the screen, as shown in Figure
2.103.

F IG U R E 2.103
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FIGURE 2.104

№ w  R t p ly
A  M a rk u p C o m m tO p h o m

/
J3

A

FIGURE 2.105

сме&Мс.!» [Bj
Apply charges to;

•  A l comments r> the document
Cunent comment 

0  New comments

RepMnfl to comments
Copy ongnai commert when tertwifl

Ongrval corrtveri cofc* J B B B B B  j

Select the Options button, as shown in Figure
2.104.

In  the box that appears, you can set preferences 
for your comments. Several reviewers can add 
comments to the same drawing, and each 
reviewer can have a unique color.

Enter a name for the reviewer, and select a color 
and font type/size, as shown in Figure 2.105.
Click OK.

From the markup tools, select the Cloud with 
Leader Tool, as shown in Figure 2.106. Click on 
the edge to be drafted, as shown in Figure 2.107. 
In the pop-up box that appears, type in the text 
of the comment, as shown in Figure 2.108. Click 
the check mark to close the box, and then click 
at the location where the comment is to be 
placed. The comment as it appears on the draw
ing is shown in Figure 2.109.

FIGURE 2.106 FIGURE 2.107

FIGURE 2.108 FIGURE 2.109
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Comments are listed on the left side of the screen, as shown FIGURE 2.110
in Figure 2.110, allowing the person making the corrections to i -ScW-VWV*
the drawing to see who made each comment. In this way, в
eDrawings allow efficient collaboration among different -
groups working on a project. ® New Reply Options

/ _
JBThere are several options for saving and sending eDrawings 

files. Files can be e-mailed directly from the eDrawings 
Publisher.

Select the Send Tool, as shown in Figure 2.1 I I .

Several options are available, as shown in Figure 2.112. To send 
the drawing to someone without the eDrawings Viewer, it is 
necessary to save an executable file, which includes the Viewer.
Since the executable file contains the eDrawing Viewer, the file 
is much larger than the file saved with the .edrw format. In this 
example, the .exe file is 6 MB, as compared with the 80 кВ file 
size of the .edrw file. Since many computers have firewalls that 
prevent .exe files from being received (because of the possibility of viruses), it may 
be necessary to send the file as a zipped file or as an html page. Both of these 
options result in the eDrawings Viewer being sent along with the eDrawing. Also 
note that all options may not be available in the 64-bit version of the eDrawings 
program.

Markup Comments 
® Ed Howard - Commentl

FIGURE 2.1 1 1

ols Window Help

& 1 Ф
Print... Send Help

Send

Select Cancel to close the Send box. Select File: Save from the main menu, save the 
eDrawing as an .edrw file, and close the eDrawings Publisher.

FIGURE 2.112

Ф eDrawings file ( edrw, eprt, easm.)
Requires recipient to have SofcdWocks eDrawings installed

Zip ( zip)
Firewall friendly Sends an exe file embedded in a zip file Recipients may 
require art application to unzip the Ш

0  HTML page (.htm)
Firewall safe Displays the eDrawings file within an HTML page that can be 
viewed using Internet Explorer Automatic afly instals Sofefv/ofks eDrawings

Executable ( exe)
Least firewall friendy Very likely to get stripped from the email by virus 
protection software.

OK Caned Help
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PROBLEMS
P2 1 Create a solid model of .he pan shown on Figure И .  I Th<; dimensions shown are 

inches. Create a detailed 2-D drawing, with Front, Top, and Right view .

FIGURE P2.I

P2.2 create a SolidWorks drawing of the pul.ey ^
Right Views in your drawing, as well as a section view. Show a detail
keyway region. 

FIGURE P2.2

P2.3 Create an eDrawing of the pulley from Problem P2.2.
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P2.4 Create a SolidWorks drawing of the plastic pipe tee described in Problem 
P1.5. Include Front and Right Views in your drawing, as well as a section 
view.

FIGURE P2.4

P2.5 Create an eDrawing of the pipe tee from Problem P2.4.

P2.6 Create a SolidWorks drawing of the brake rotor described in 
Problem P1.6. Include Front and Right Views in your drawing.

FIGURE P2.6

P2.7 Create an eDrawing of the brake rotor from Problem P2.6.



P2.8 Create a SolidWorks drawing of the connecting rod described in Problem 
P I . 10.

84 Part One Learning SolidWorks

FIGURE P2.8

P2.9 Create an eDrawing of the connecting rod from Problem P2.8.

Р2.Ю  Problem PI.11 describes a required modification to the connecting rod of 
Problem P I. 10. Using the eDrawing Markup Tool, add a markup to the 
eDrawing of Problem P2.9 indicating to the designer that the weight 
reduction modification is necessary and recommending the area for 
weight removal.



С Н А Р Т Е R 3
Additional Part 

Modeling Techniques

In tro d u c t io n

The flange part modeled in Chapter 1 required the use of a number of 
basic solid modeling construction techniques. In this chapter, some 
additional construction and dimensioning techniques w ill be explored. 
The parts that w ill be modeled in this chapter are a wide-flange beam 
segment, shown in Figure 3.1, and a wall-mounted bracket, as shown in 
Figure 3.2.

FIGURE 3.2

For each part, we w ill take advantage of the part's symmetry. A plane of 
symmetry exists if the half of the part on one side of the plane is a mir
ror image of the other half of the part. When a part contains a plane of 
symmetry, aligning that plane with one of the pre-defmed SolidWorks 
planes (Front, Top, and Right) is good practice and makes many mod
eling and assembly operations easier.

C h a p te r O b je c tive s

In this chapter, you w ill:

■ use symmetry in part 
modeling,

■ learn to create different 
configurations of a part,

■ learn to use the Rib Tool,
■ create a linear hole 

pattern,
■ create an eDrawing of a 

part, and
■ learn how to create an 

animation of a part.

85
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3., Part Modeling Tutorial: Wide-Flange Beam Section

Structural steel members are made in standard 
shapes that are defined by the American Institute of 
Steel Construction (A ISC ). Wide-flange beams are 
commonly used members in s t e e l  construction. A 
wide-flange beam shape consists of two honzonta 
fia n ces  joined by a vertical web. As shown in Figur 
3 3 four dimensions are used to defme the shape of

iS a" ° “ ed “  VarV S° meWhat a" d
is not considered to be a standard dimension.)

The dimensions of three wide-flange heam shapes are listed in ТаЫе 3.1 

n im pnsion s o f Some

beam weighs about 31 pounds per foot.
As we begin to model the beam section, 
we note that it is symmetric about three 
planes. We w ill create our model so 
that the three planes of symmetry coin
cide w ith the Front, Top, and Right 
planes of the model, as shown in the 
Front and Right Views of Figure 3.4.
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Open a new part. In the FeatureManager, click on the Front Plane 
to select it as the initial sketch plane. From the Sketch group of 
the CommandManager, select the Corner Rectangle Tool, as shown 
in Figure 3.5. Sketch two rectangles, one above the origin and one 
below, as shown in Figure 3.6.

Select the Line Tool, and draw two vertical lines connecting the 
two rectangles, as shown in Figure 3.7. Make sure to snap the end
points to the edges of the rectangles and not to any particular 
points (corners or midpoints). Select the Centerline Tool, as shown 
in Figure 3.8, and draw vertical and horizontal centerlines from 
the origin, as shown in Figure 3.9.

FIGURE 3.S

® S o lidW orksA  Я е  Е Л  Vte» Insert Tooh

\  - 0 -  r J *  ^  ^
Sketch Smart ____ ^  л  Trim

D»nension | I *  * (* /  *  EntJtes

□ CorJ^r Rectangle
Center Rectangle 
3 Point Comer Rectangle 
3 Point Center Rectangle 

£7  Parallelogram
Г Г Д-------

FIGURE 3.6 FIGURE 3.7 FIGURE 3.8

= 4.501, у = 1.072

Notice that our sketch consists of three closed regions. For the pul
ley of Chapter 1, we saw that we can use a multiple-region sketch to 
create a 3-D shape by selecting the regions (contours) to be extrud
ed or revolved. We w ill take a different approach here by trimming 
away the portions of the sketch not needed.

Select the Trim Entities Tool, as shown in Figure 3.10. In the Property
Manager, select Trim to closest, as shown in Figure 3.11. Move the 
cursor over the portion of the top line of the lower rectangle that lies

FIGURE 3.10 ______________________

atft View Insert Toots Window Hetp !Й |  Q  ’  ”  Ь

)  *

> •  0  '  A

> T V  *

4
Trim

Entibes

tJ

( Q  ==jj Ntrror Entibes

Convert b b b  
Entities ■■■ linear Sketch Pa Entities ■■■

 ̂ Move Entities

spla

\_
Trim Entities
Trims or extends a sketch entity to be 

i coincident to another, or deletes a 
sketch entity.

( jf^ S e lid W o rk S  j  He Edt View In

& \  * 0  » p J  »
Exit Smart

Dimension \  Line L
i Cprtertne 1 

... T p

Features ]  Sketch [

FIGURE 3.1 I
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FIGURE 3.12

*  L .
m

A Ш

ш ■

between the two vertical lines, as shown in Figure 3.12. Click 
to trim away this portion of the line, as shown in Figure 3.13. 
Note that a collinear relation is automatically created 
between the remaining portions of the line. Repeat for the 
lower line of the upper rectangle. If the centerline passes 
through the section of the line to be trimmed, then it is nec
essary to trim away the sections of the line on either side of 
the centerline in two steps, as shown in Figures 3.14 and 
3.15. Press the Esc key to turn off the Trim Entities Tool.

FIGURE 3.13
Collinear

^Relation

FIGURE 3.14

yKeiation v

/ ”  V № *9* Я

■ 03
■ <57

s Г

■
- г  л к A
* ! 4

i
■ i

FIGURE 3.15

We are now ready to 
define the geometry of 
the beam section using 
dimensions and rela
tions. We want to use 
only the four dimen
sions shown in Table 
3.1, and use relations 
to achieve a fu lly 
defined sketch. To 
begin, we w ill center 

the section about the origin using symmet
ric relations.

Click on the top horizontal line of the 
sketch to select it. While holding down the 
Ctrl key to allow multiple selections, click on 
the bottom horizontal line and the horizon
tal centerline, as shown in Figure 3.16. Click 
the Make Symmetric icon in the context 
toolbar, as shown in Figure 3.16, or the 

Symmetric icon in PropertyManager. Select the two vertical lines representing the 
web of the beam and the vertical centerline, as shown in Figure 3.17, and add a 
symmetric relation.

■■■i
1 ■
i m

Sb k'v*
1

FIGURE 3.16 FIGURE 3.17

IL % -1И1В 
a  о ws i
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Select the Smart Dimension Tool, and 
add the four dimensions from Table 3.1, 
as shown in Figure 3.18.

There is an almost limitless number of 
ways to add relations that w ill fully 
define the sketch, utilizing equal, sym
metric, and/or collinear relations. The 
method presented here is probably the 
simplest, in that only two relations are 
required.

Select the four horizontal lines shown in 
Figure 3.19 and add an equal relation.

FIGURE 3.18

- 7.995 ■

HHU

8.000

.435

- .28.5

FIGURE 3.19

8.000

The result of this relation is shown in Figure 3.20.
Note that the entire sketch is now symmetric about 
the vertical centerline. To determine what other rela
tions are needed, it is helpful to see which entities are 
still blue, indicating that they are under defined.
Another way to determine which entities are not fully 
defined is to click and drag a corner point. If  the 
point does not move, then its position is defined. If 
the part does move, then the allowable movement is 
an indication of the relation needed to fully define 
the sketch. For example, if you click and drag the cor
ner point shown in Figure 3.21, you w ill see that up- 
down movement of the point is allowed, indicating 
that the thickness of the bottom flange is not defined.
You w ill also see that the right portion of the bottom
flange moves along with the left portion as a result of the collinear relation that 
was applied automatically during the earlier trim operation. Finally, you w ill 
notice that left-to-right movement of the point is not possible, indicating that 
the point's position in that direction (its X-coordinate shown in the 
PropertyManager) is fixed. By moving this point, it is easy to conclude that a rela
tion is needed to define the thickness of the bottom flange.

- 7.995

O il
1 .435

i f
- I / -v

FIGURE 3.20 FIGURE 3.21

7.995

[H К  К ..

.435

8.000
.285

»
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Select the two lines shown in Figure 3.22, and add an 
equal relation.

The sketch is now fully defined. Note that we could 
add the fillets to the sketch, using the Sketch Fillet 
Tool. However, doing so would change the lengths ot 
the edges that join at the fillets, causing the equal 
relations applied to those lines to be lost. Also, our 
methodology is to keep sketches as simple as possi
ble, since most errors occur in sketches. Therefore, 
we w ill add the fillets as a separate feature rather 
than defining them within the sketch.

Select the Extruded Boss/Base Tool from the Features 
group of the CommandManager. Set the type of 
Extrusion to Mid Plane and the depth to 12 inches, as 
shown in Figure 3.23. Click the check mark to create 
the extrusion, which is shown in Figure 3.24.

Note that when a M id Plane extrusion is specified 
the extrusion depth is the total depth, not the depth 
in one direction.

90 Part One 
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F IG U R E 3.23___________  F IG U R E 3.24

- i / i * «в

Click on the front surface of the part to select it, 
as shown in Figure 3.27. From the main menu, 
select Tools: Section Properties, as shown in Figure 
3.28.

Select the Fillet Tool. Set the fillet radius to 0.375 
inches, and select the four edges to be filleted. Note 

that the hidden edges can be selected “ through 
the part, as shown in Figure 3.25. Be careful to 

F IG URE 3.26 clkk on the correct edges. Click the check mark
to apply the fillets, as shown in Figure 3.26.

The area of the cross-section can be found using 
the Section Properties Tool.

F IG U R E 3.27 F IG U R E 3.28

Spline Took ►

Dimensions ►

Relations ►

Measure- 
Mass Properties...

У
Section Property...
Check...

F IG URE 3.29
The results are shown 
in Figure 3.29. Note 
that the area of the 
section, 9.11 in2, is 
slightly different from 
the 9.13 in2 shown in 
Table 3.1. This slight 
difference is not unex
pected, since the fillet 
radius that we selected 
may be different from 
the one used for the
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tabulated values. Other properties that are calculated include the 
location of the centroid (the geometric center) of the section and 
the moments of inertia of the section about different axes. These 
moments of inertia are important for structural analysis and are 
measures of a beam's bending stiffness.

We w ill now specify the part's material and check its weight.

Close the Section Properties window. Right-click on Material in the 
FeatureManager and select Edit Material, as shown in Figure 3.30. 
Locate ASTM A36 Steel in the list of steel materials and 
click to select it, as shown in Figure 3.31. Click Apply 
and Close. From the main menu, select Tools: Mass 
Properties, as shown in Figure 3.32. j n g

As shown in Figure 3.33, the weight is confirmed as 
31 pounds for this one-foot-long beam section.

Close the Mass Properties window, and save the part 
with the name “ W8X31 Beam Section.”

Because we used only the four dimensions of Table 3.1 to define 
the sketch of the section, it is easy to change this beam model 
into one of another standard shape. For example, we w ill create 
a model of a W10 x 45 section by modifying our W8 x 31 model.

Double-click the Extruded Boss in the FeatureManager, and its 
dimensions will be displayed, as shown in Figure 3.34. Drag the 
dimensions around the screen for better visibility, if desired. 
Double-click each dimension and change its value to that shown 
in Table 3.1 for the WIO X 45 shape, as shown in Figure 3.35. Click 
the Rebuild Tool, as shown in Figure 3.36.

FIGURE 3.30

%  * »
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Plain Carbon Steel 
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FIGURE 3.31
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FIGURE 3.32
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The new part is shown in Figure 3.37. If  you check its mass FIGURE 3.37 
properties, you w ill find that its weight is slightly less than 
45 pounds (44.81 pounds). If the fillet radius is increased to 
0.50 inches, then the weight is slightly more than 45 pounds 
(45.13 pounds).

Save the modified part with the name “ W10X45 Beam 
Section.”

Using this technique, you can make a fam ily of beam sec
tions, each as a separate file with a unique name. Another approach is to use dif
ferent con figu ra tion s w ithin a single file. The following steps w ill show you how 
to make a single file with two beam sections as configurations.

Choose File: Save As from the main menu. Save the file with the name “ Beam 
Segments.” Select the Configuration Manager, as shown in Figure 3.38. Right-click the 
Default Configuration, and select Properties, as shown in Figure 3.39. As the config
uration name, enter W10X45, as shown in Figure 3.40. Click the check mark. Right-
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FIGURE 3.38

Features I Sketch |

* 161 * ] * . * .  »
*
%

[  ConfigurationManager

Пет ,

FIGURE 3.39

Features Sketch

Configurations
0-Ч& Beam Segments Configuration!

^ вяш'.н-.мв.циы'вип!
to Add Derived Configuration., 

Show Preview

Go To...
Hide/Show Tree Items...

Customize Menu
---------------- ,—

FIGURE 3.40

✓  X
Configuration Properties A
Configuration name:

W10X45

Desoiobon:

click on Beam Segments Configuration(s) and select Add Configuration, as shown in 
Figure 3.41. Enter the name W8X3I for the new configuration, as shown in Figure 
3.42, and click the check mark. You will be prompted to link the display states to 
the configurations; click Yes.

FIGURE 3.41

Hidden T ree Items ►

Add to Library
Open Drawing
Comment ►

Tree Display ►

Add Configuration...
Document Properties...

FIGURE 3.42

’§ 0 e S iQ .  A
• Add Configuration 7

✓ X
Д

Configuration name:
■r,» Ш

W8X31

Description:
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There are now two configurations, but they are identical. The last configuration cre
ated, the W8X31, is now the selected configuration, and we can now edit this con
figuration.

Click the FeatureManager icon, as shown in Figure 3.43. 
Right-click on Annotations and select Show Feature 
Dimensions, as shown in Figure 3.44. Double-click on the 
8-inch flange width. Select This Configuration from the 
pull-down menu at the far right of the dialog box, as 
shown in Figure 3.45, and enter the width of the W8X3I 
section (7.995 inches). Change the other dimensions to 
those of the W8X3I (refer back to Figure 3.34 for the 
dimensions), setting each to apply to this con
figuration only. Rebuild the model when all 
dimensions have been changed.

FIGURE 3.43

^  FeatureManager design tree Ц д—и 
Beam Segments Conf!guration(

U k l  W10X45 { Beam Segments} 
W8X311 Beam Segments ]

FIGURE 3.44

FIGURE 3.45

* 1 й  ■% л  »

^  Beam Segments (W8X31 < Display! 
(fol Sensors

i=  ASTN Й Details...

i$> Front p ) Display Annotations
*$* Topi 
i$* Right r ~  
L  Ong,.1 

<§ ©  Boss-

Show Feature Dimensions 
Show Rwfcrence Dimensions 
Show DimXpert Annotations

Now that there are two distinct configurations 
defined, you can switch from one to the other 
through the Configuration Manager.

Switch to the ConfigurationManager. Double
click the W10X45 configuration and notice 
that the dimensions will change to those of 
the selected configuration, as shown in Figure 
3.46.

Add a third configuration to define the W12X65 
section detailed in Table 3.1. Save the file.

In this example, we created the configurations 
manually. In Chapter 5, we w ill use a spread
sheet to define several different configurations 
of a cap screw.

FIGURE 3.46
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3.2 Part M ode ling Tutorial: Bracket

We w ill now model the bracket shown in Figure 3.2. This part has a single plane 
of symmetry, which we w ill align with the Right Plane.

Open a new part file. Click on the Front Plane in the FeatureManager to select it. 

From the Sketch group of the CommandManager, select the Center Rectangle Tool. 

Drag out a rectangle centered at the origin.

Click on the Smart Dimension Tool, and dimension a horizontal side of the rectan
gle to 6 inches and a vertical side to 4 inches, as shown in Figure 3.47.

The rectangle is now both 
dimensioned and located, so 
the sketch is fully defined. By 
centering the rectangle at the 
origin, we w ill be placing the 
Right Plane so that it w ill be a 
plane of symmetry of the 
part.

Click on the Features tab and 
then the Extruded Boss/Base 
Tool. In the PropertyManager, 
enter 0.25 inches as the 
thickness, and click the check 
mark.

now be constructed. The 
feature w ill be sketched in a plane 1.25 inches below the top surface of the base 
part. To accomplish this, we w ill first need to create the reference plane to be used 
for sketching.

Select the top surface of the base part FIGURE 3.48̂ --------------------- -------------
(see Figure 3.48).

FIGURE 3.47

Thp horizontal boss of the bracket w ill
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FIGURE 3.49Be sure that the face is selected (a 
square symbol w ill appear next to the 
cursor prior to selection).

From the Features group of the 
CommandManager, select Reference 
Geometry: Plane, as shown in Figure 
3.49. In the PropertyManager, click the 
Flip box to reverse the direction, so 
that the new plane will be below the 
top surface, as shown in the preview, 
and set the distance to 1.25 inches (see 
Figure 3.50). Click the check mark to 
create the plane, which will be named 
Plane I .

Note that the boundaries of the plane are similar in size 
and shape to those of the top surface. O f course, a plane 
extends infinitely, so these boundaries can be adjusted 
for better visibility.

Click and drag the move handles on Planel to change the 
plane’s visible boundaries as desired, as shown in Figure 
3.51.

P w tl*

f g |  Wrap 

0  Dome

'< ?
Reference
Geometry

v  ^

^4 Plape

* •\ Axis'£

t * Coordinate System
* Point

Mate Reference

FIGURE 3.50

The boss feature w ill now be sketched in this new plane. 
The symmetry of the boss about the Right Plane w ill be 
exploited in the creation of the sketch.

FIGURE 3.51

Fully defined

First Reference a
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Switch to the Top View. Use the Pan Tool to place the part toward the top of the 
screen, as shown in Figure 3.52. Press the Esc key to turn off the Pan Tool.

FIGURE 3.52
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We w ill use mirroring to assist in construction of the symmetric sketch. This w ill 
require that we draw a centerline first.

If Planel is not selected (highlighted), then click on Planel in the FeatureManager 
to select it. Click the Sketch tab of the CommandManager to display the Sketch 
tools. Select Centerline from the pull-down menu associated with the Line Tool. 
Drag a centerline from the origin downward, as shown in Figure 3.53. As you drag 
the line downward, a vertical relation symbol by the cursor shows that the line 
will be vertical.

FIGURE 3.53

1 1

Planel
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Select the Line Tool from the Sketch group of the FIGURE 3.54
CommandManager. Move the cursor near the lower _ — ---------- — ----- ,
edge of the solid rectangle, as shown in Figure 3.54. -4"------- ------

A coincident relation symbol w ill appear next to the 
cursor, indicating that you are snapping to the edge 
of the solid.

Click and hold, while dragging a line downward and at an angle (Figure 3.55).

Select the Tangent Arc Tool from the pull-down menu of arc tools, as shown in 
Figure 3.56. Move the cursor to the end of the line, snapping the start of the arc 
to this endpoint. Hold down the left mouse button and drag out an arc, with the 
endpoint of the arc snapped to the centerline, as shown in Figure 3.57. Press the 
Esc key to turn off the Tangent Arc Tool.

FIGURE 3.55 FIGURE 3.56
£ g U » O lld W o ik S  I *  W  f c »  Insert Toote

&
Exit

Sketch

< ?  \  *
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- .  £ Э  *
D

Centerpoint Arc 
Tangent Arc -

Features Sketch J
f t 3 Point Arc

« f i l A  v * ............

FIGURE 3.57
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The arc that you drew w ill remain tangent to the first line, no matter how the 
dimensions of the sketch are changed.

We w ill now exploit the symmetry of the bracket, and construct a mirror image 
of our sketch about the centerline.

With the Ctrl key depressed (to allow for multiple selections), click to select the 
centerline, the solid line, and the tangent arc (Figure 3.58). Select Mirror Entities 
from the CommandManager, as shown in Figure 3.59. A symmetric sketch w ill be 
created about the selected centerline, as shown in Figure 3.60.

FIGURE 3.58 FIGURE 3.59

Vndow Heip ^ | U ' Д ’ У  ' ^  - *9-Gib 6
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* M irrors selected entities about а Г "

centerline._________________________

/ Plane lj - Move En
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FIGURE 3.60 W hile this sketch does exhibit the required symmetry, it 
does not capture our design intent. We need to add an 
additional relation between the two tangent arcs.

Select the two arcs, and click Concentric from the context 
menu or from the PropertyManager, as shown in Figure 
3.61. Note: There may be only a single arc in your sketch. 
If you happened to drag out the first tangent arc so that 
its center lies on the centerline, then when you used the 
Mirror Entities Tool, the mirrored arc and the original arc 
were concentric and automatically combined into a single 
arc. If this is the case, you can proceed to the next step.

The two arcs are now tangent to each other, as shown in Figure 3.62. Note that we 
could have specified a tangent relation instead of the concentric relation, but there 
are two possible solutions to the tangent relation. To ensure that the geometry is the 
way we want it, the concentric relation provides only one solution.

FIGURE 3.61

Concentric
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Select the Line Tool, and finish the sketch with a horizontal line connecting the two 
free ends of the sketch, as shown in Figure 3.63. Select the Smart Dimension Tool, 
and dimension the sketch as shown in Figure 3.64. Add the 0.75-inch radius first.

Note that the 6.00-inch dimension is to the center of the arcs.

Click on the Features tab of the CommandManager. Select the Extruded FIGURE 3.65 
Boss/Base Tool. Click the Reverse Direction icon in the PropertyManager, as 
shown in Figure 3.65, and extrude the part downward 0.25 inches. Change 
to the Trimetric View to preview the extrusion, and click the check mark to 
complete the operation.

The bracket should appear as shown in Figure 3.66. Planel can be hidden 
by right-clicking on it in the FeatureManager and selecting Hide, or by turn
ing off the display of all planes with the Hide/Show Items Tool of the 
Heads-Up View Toolbar.

Now we w ill add a raised cylindrical feature for reinforcement near what 
w ill become a mounting hole.

Select the top surface of the horizontal extruded boss, as shown in Figure
3.67. Select the Normal To View.

X  dtf

FIGURE 3.66 FIGURE 3.67

From  f t
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FIGURE 3.68

FIGURE 3.70

We want to locate the raised area concentric with the rounded tip of the boss. In 
order to establish this relation, we w ill first need to "wake up" the arc that makes 
up this rounded tip, allowing the center point to be used as a snap point in our
sketch.

Click the Sketch tab of the CommandManager. Select the Circle Tool. 
Without clicking, drag the cursor until the tip of the pencil icon 
touches the arc, as shown in Figure 3.68.

The center point of the arc now appears, and it can be used as a 
snap point for the center of the circle.

Drag out a circle, starting at the center mark. Select the Smart 
Dimension Tool, and dimension the circle to be I inch in diameter
(see Figure 3.69).

Select the Extruded Boss/Base Tool from the Features group of the 
CommandManager. Extrude the sketch upward for a distance of 
0.050 inches, as shown in Figure 3.70.

A reinforcing rib w ill now be added to the part.

Select the Right Plane from the FeatureManager, and select the 
Right View. Select the Line Tool from the Sketch group of the 
CommandManager, and sketch the line shown in Figure 3.71. 
The endpoints of your line should snap to the edges of the solids, 
but not to any specific point on the edges. Recall that a coincident 
relation symbol next to the cursor indicates that you are snapping 
to the edge.

Add one horizontal and one vertical line coincident with the edges 
of the solid (snap to the endpoints of the first line and the inter
section point of the edges), completing the profile of the rib, as 
shown in Figure 3.72.

FIGURE 3.71 FIGURE 3.72

FIGURE 3.69
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Select the Smart Dimension Tool, and dimension the 
sketch as shown in Figure 3.73.

Select the Extruded Boss/Base Tool from the Features 
group of the CommandManager. In the Property
Manager, select Mid Plane as the type from the pull
down menu, and enter a thickness of 0.1875 inches 
(see Figure 3.74). Click the check mark to complete 
the extrusion.

FIGURE 3.73

FIGURE 3.74 FIGURE 3.75

л
Sketch Plane

A front view of the part shows that the 
rib is symmetric about the Right Plane 
(see Figure 3.75).

The next rib w ill be added in a slightly 
different manner, using the Rib Tool.
But first, we must create a new plane for 
the rib. So far, we have used the Plane 
Tool from the Reference Geometry Tool 
of the CommandManager. Here, we w ill 
use a drag-and-drop technique that is 
sim ilar to that used in other Windows 
applications.

Select the Trimetric View. Click on the 
Right Plane in the FeatureManager to 
select it. Hold down the Ctrl key, and 
move the cursor over one of the lines
defining the plane until the move arrows appear, as shown in Figure 3.76. Click and 
drag the mouse to the right. When the mouse button is released, a new plane is 
created, as shown in Figure 3.77. In the PropertyManager, set the offset distance to 
I inch, as shown in Figure 3.78. Click the check mark to complete the definition of 
the new plane, which will be labeled Plane2.

Right
Plane

1

FIGURE 3.76 FIGURE 3.77 FIGURE 3.78

M£HH
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Firs* Reference

ht Plane

j Parallel 
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Select the Line Tool from the Sketch group of the 
CommandManager. Draw a diagonal line as shown in 
Figure 3.79, snapping the endpoints to the edges of the 
solids (but not to any specific points). Add the two 
dimensions shown. Do not add additional lines to close 
the sketch contour.

For the first rib, we added two lines to close the sketch 
and used an Extruded Boss command to complete the 
rib. A rib can be created from an open sketch using the 
Rib Tool.

Select the Rib Tool from the Features group of the CommandManager, as shown in 
Figure 3.80. In the FeatureManager, set the thickness to Both Sides and 0.1875 
inches, as shown in Figure 3.81.

FIGURE 3.80 FIGURE 3.81
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Adds thin-walled support to a solid I

FIGURE 3.82

The thickness can be set to be 
offset from the plane in either 
direction, or so that the rib is 
symmetric about the plane (sim i
lar to the Mid-Plane Extrusion 
used for the first rib). By default, 
the middle of the three buttons, 
designating a rib symmetric 
about the plane, is selected. For 
the extrusion direction, the rib 
can be defined as parallel to the 
plane of the sketch (default) or 
normal to the plane. Neither of 
these settings needs to be 
changed for our rib.

Check the “ Flip material side” 
box, as shown in Figure 3.81, so 
that the arrow defining the rib 
direction points toward the part, 
as shown in Figure 3.82. Click the 
check mark to complete the rib, 
which is shown in Figure 3.83.

Earlier, we used the M irror 
Entities Tool to create symmetric 

elements w ithin a sketch. A similar tool in the Features group of the 
CommandManager, called the Mirror Tool, is used to create sym
metric features in a part. We w ill use this tool to create the final rib.

FIGURE 3.83
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Click on the Features Tab o f the CommandManager. Select the M irror Tool, as shown 
in Figure 3.84. In the PropertyManager, the M irror Face/Plane box is active (high
lighted).

FIGURE 3.84

9)9
53 9

Linear

Rib Ш Wrap U  ^
Linear «ла Reference Curves
’attem Draft Dome Geometry InstantSD

Click on the Right Plane in the FeatureManager, which has “ flown out”  to  the right 
of the PropertyManager, as shown in Figure 3.85. It may be necessary to  click on 
the plus sign next to  the part name to  expand the FeatureManager before selec
tion. The rib  just created should be listed as the feature to  m irror. If i t  is not, 
click tha t box to  make it  active and select the rib from the FeatureManager.

Click the check mark to  complete the rib.

The three ribs are shown in  Figure 3.86.

The holes w ill now  be added to the part.

FIGURE 3.85
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Select the top surface of the raised circle, as FIGURE 3.87 
shown in Figure 3.87. Select the Circle Tool from 
the Sketch group of the CommandManager.
Select the Top View.

As before, it is necessary to "wake up" a cen
ter mark at w hich the hole w ill be centered.

Move the cursor to  the edge of the rounded 
end of the part, or the circular edge o f the 
reinforced area, w ithout clicking a mouse bu t
ton. This w ill cause the center mark to  be dis
played, as shown in Figure 3.88.

Click and drag out a circle from the center mark. Select the Smart Dimension Tool, 
and dimension the diameter of the circle as 0.50 inches, as shown in Figure 3.89.

Select the Extruded Cut Tool from the FIGURE 3.90 
Features group of the CommandManager, 
and select Through All as the type. Click 
the check mark to  complete the hole, 
which is shown in Figure 3.90.

The four-hole b o lt hole pattern used to 
m oun t the bracket to the wall w ill now 
be added. This w ill  be done by creating 
a single hole, and then defin ing a pattern 
based on th is hole. In Chapter 1, a circu
lar pattern was used to create a b o lt hole 
pattern in  the flange. In  this exercise, a 
new type o f pattern know n as a linear 
pattern w ill be introduced.

The first step w ill be the creation o f  a single b o lt hole.



Select the large vertical face o f the FIGURE 3.91______ ________________________
base part as shown in Figure 3.91 and '  __________________
select the Normal To View. Select the ®S? i5 •  •
Circle Tool from the Sketch group of Д
the CommandManager, and sketch а
circle near the upper-left corner of •„
the face. Select the Smart Dimension 
Tool and dimension the hole diameter 
as 0.375 inches.

Add linear dimensions between the 
circle and the edges, as shown in

Chapter 3 Additional Part Modeling Techniques

Normal То

Select the Extruded Cut Tool from 
the Features group of the Command
Manager, and select Through All as the 
type. Click the check mark to  com
plete the hole, which is shown in 
Figure 3.93.

W ith  th is single hole defined, a linear 
hole pattern can now be created.

W ith the new hole selected, select the 
Linear Pattern tool from the Features 
group of the CommandManager, as 
shown in Figure 3.94.

FIGURE 3.94
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DESIGN INTENT Symmetry in Modeling
In  th is  chapter, we used m irro rin g  techniques fo r 
sketch entities and features to  define sym metric 
elements in  a part. The fo u r m ou n tin g  holes in  
the bracket, w h ich  were created w ith  a linear pat
tern, could  have been defined w ith  m irro r com 
mands. The advantage o f  do ing  so w ou ld  be tha t 
i f  we change the dim ensions o f  the vertical p o r
t io n  o f  the bracket (6 inches by 4 inches), the 
hole positions w ou ld  be updated to  the correct 
positions. The same associativity between the 
ho le  locations and the size o f  the bracket can be 
added i f  a linear pattern is used, b u t w i l l  require

the  a d d it io n  o f  equations, 
explained in  Chapter 5.

w h ich  w i l l  be

Using symmetric elements in  a part is good m od
e ling practice. I f  a part contains planes o f  symme
try, p lan your m odel to  take advantage o f  those 
planes. In  the bracket model, we centered the in i
tia l sketch about the orig in . This placed the part so 
that the Right Plane coincided w ith  the symmetry 
plane o f the entire part, and the Top Plane co in 
cided w ith  an add itiona l symmetry plane o f the 
vertical p o rtion  o f  the part.

The feature Cut-Extrude2 (the hole just created) w ill be shown in  the "Features to 
Pattern" box, indicating that this is the base feature fo r the linear pattern. The 
"D irection 1" box in  the PropertyManager w ill be highlighted; this allows the first 
linear direction o f the pattern to be established.

Click on the top horizontal edge of the rectangular base to  establish the first 
direction, as shown in Figure 3.95. In the PropertyManager, set the Direction I dis
tance to  5 inches and the number of instances to 2, as shown in Figure 3.96. The 
Direction 2 box in the PropertyManager w ill be highlighted.

Click on a vertical edge of the rectangular base to establish the second direction 
of the pattern, as shown in Figure 3.97.

FIGURE 3.96FIGURE 3.95
Edge Defining 

Direction 1 Ш Linear Pattern
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FIGURE 3.98----------------------  |n t he PropertyManager, set the Direction 2 dis
tance to  be 3 inches and the number of instances 
to  be 2, as shown in Figure 3.98.

If the preview of the patterned holes shows FIGURE 3.99 
tha t the pattern is created in the wrong 
direction, click on the arrow at the end of 
the edge defining the pattern direction, as 
shown in Figure 3.99.

When the preview of the pattern appears 
correct, as shown in Figure 3.100, click the 
check mark to  complete the pattern.

The completed part is shown in  Figure 3.101.

From the FeatureManager, right-click Material and 
select Edit Material. Select ABS from the Plastics 
group, as shown in Figure 3.102. Click Apply, and 
then Close.

Save the part file.

FIGURE 3.100 FIGURE 3.101

FIGURE 3.102
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3.3 Sharing and Displaying the Solid Model

FIGURE 3.103

H<<D Page Setup-

\й Print Preview...
s § ji Pnnt...

* Print3D...

Publish to 3DVIA.com...
3» Publish to eOr^ings

id Pack and Go... 
Send To™

FIGURE 3.104

In Chapter 2, we created an eDrawing o f  a 2-D drawing. You can also create an 
eDrawing o f a part. An eDrawing can be viewed by anyone w ho downloads the 
free eDrawing viewer. The small file  sizes o f  eDrawings make them  easy to  share 
via e-mail.

Open the bracket created in the last section. From the main menu, select File: 
Publish to  eDrawings, as shown in Figure 3.103.

The eDrawings program w ill open, and the bracket m odel w ill  be displayed, 
as shown in  Figure 3 .104. Although the eDrawings m odel does no t conta in the 
h is tory o f  the steps that were used to  create it, and cannot be edited, it  does 
contain the geometric data suffic ient to  view  the m odel from  various angles 
and view  a cross-section, and it  also contains the mass properties data.

Click the Next button several 
times, as shown in Figure 3.105.

The M odel V iew w ill  sh ift from  
the D e fau lt V iew  from  the 
SolidWorks file  (trim e tric ) to 
isometric, and then to  each o f 
the principal views. The Play 
b u tto n  w il l  a u tom a tica lly  
rotate the part th rough  the 
various views u n til the Stop 
bu tton  is pressed. The Hom e 
button  returns the view  to  the 
default. You can zoom  in and 
ou t w ith  tools s im ila r to those 
o f SolidWorks.

FIGURE 3.105 FIGURE 3.106
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FIGURE 3.107

FIGURE 3.108
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Select the Home button, and 
then the Section Tool, as shown 
in Figure 3 .106. At the left of the 
screen, choose the YZ Plane as 
the section plane.

Note tha t you can click and 
drag the plane through the part, 
as shown in  Figure 3.107.

Click the Section Tool again to  
tu rn  i t  off, and select the Mass 
Properties Tool, as shown in
Figure 3.108.
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FIGURE 3.109The mass, volume, and surface area are displayed, as shown in  
Figure 3.109. Note that you can select more decimal places to be 
displayed i f  desired.

Notice that there is a Measure Tool, bu t that to o l may be inactive 
on your computer. By default, eDrawings are created w ith  the 
ab ility  to  measure disabled. We can change that option.

Close the eDrawings program w ithout saving the eDrawings file. In 
SolidWorks, select File: Save As and change the file type to  eDrawings 
(.eprt). Click the Options button, as shown in Figure 3.110. Click the 
check box to allow measurements, as shown in Figure 3.111, and click OK. Click 
Cancel, and then select File: Publish to  eDrawings. Click on the Measure Tool, as shown 
in Figure 3.112. Click on an edge, and the parameters of that edge (diameter or 
length) are displayed. If two enti-

Length uni _  

Inche*

Matenal ABS *

Density - 0 036ft pound* per extxe inch . i

Mass • 0.4576 pound* 1
Volume • 124184 cubic inche*

-

OK j £  H*> 1

FIGURE 3.110ties are selected, then the dimen
sions between the two entities are 
displayed. Figure 3.113 shows two 
circular edges selected. The dis
tance between the centers of the 
circles is displayed, along w ith  the , Hld«Fokta 
differences in x, y, and z coordi
nates. When you click in the space 
around the part, the selections are cleared. 
Experiment w ith the Measure Tool, and then 
select Save and save the file to  the desired 
location.

FIGURE 3 .111
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Note that the file  size is about the same as 
that o f  a small word-processing file. This 
makes the file  ideal fo r sharing via e-mail.
The M ail Tool in  eDrawings allows the file  
to be sent in  several other formats that include the eDrawings 
viewer. These form ats are discussed in  more detail in  Chapter 2.

Close eDrawings, and return to  SolidWorks.

Often, you w ill  w ant to display your so lid  m odel in  a text docum ent o r in  a 
presentation. The easiest way to do th is is w ith  screen captures o f  the model.

From the main menu, select View: Screen Capture: Image 
Capture, as shown in Figure 3.114. Open a Word docu
ment, and select Paste.

FIGURE 3.114
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The image is copied to  the W indows clipboard and 
then pasted in to  the W ord (o r PowerPoint) document.
W h ile  the Prnt Scm key performs a s im ila r function, 
an advantage o f SolidWorks Image Capture is that on ly
the graphics area is captured. W ith  the Prnt Scm key, the entire screen is captured 
and must be cropped i f  o n ly  the m odel is desired in  the image.
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The m enu also includes a Record V ideo 
option, w hich records the screen as the model 
is rotated on the screen. However, we can cre
ate anim ations w ith  the M otionM anager, 
w hich gives us better contro l over the m anip
u la tion  o f the model.

Select the Motion Study I tab at the bottom  
of the screen, as shown in Figure 3. I I 5. ( I f  the
tab is n o t v is ib le , then select View: 
M otionM anager from  the m ain  menu.)

A  tim e line  is displayed. We w ill  set the view 
orientations o f the m odel that we desire 
along the tim eline, using keys.

Select the Trimetric View. Zoom and pan the 
model as desired. Since the recorded video w ill 
not show the FeatureManager, placing the 
model slightly to  the left of center in the 
graphics area w ill result in the model being 
centered left-to-right in the video. Right-click 
the diamond-shaped key beside Orientation 
and Camera Views, and select Replace Key, as 
shown in Figure 3.116. Move the cursor to the 
2-second mark on the tim eline, w ith  
Orientation and Camera Views still highlighted. 
Right-click and select Place Key, as shown in 
Figure 3.117.

The purpose o f placing th is second key is to 
display the m odel in  the selected o rien ta tion  
fo r tw o seconds before beginning to rotate it. 
Since the ribs are best seen from  the Bottom  
View, we w ill  now  rotate the m odel to that 
view.

Select the Bottom View. Zoom and pan the 
model as desired, again placing i t  to  slightly 
left of center in the graphics window. Move 
the cursor to  the 4-second mark, and to  the 
right of Orientation and Camera Views, right- 
click and select Place Key. Repeat fo r the 6- 
second mark.
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The tim e line  w ill  now  show a line  between 
the keys at 2 and 4 seconds, as shown in  
Figure 3.118. This indicates that the views are 
different at these tw o points, and so the 
m odel w ill  be rotated in to  the new view  over 
th is 2-second interval.

Select the Right View and zoom and pan the 
model as desired. Place keys at 8 and 10 sec
onds. Select the Trimetric View, zoom and pan 
as desired, and place keys at 12 and 14 sec
onds.

The fin ished tim e line  is shown in  Figure 
3.119. Note that ind iv idua l keys can be 
deleted or replaced as necessary by right- 
c lick ing on that key. To start over, you can 
right-c lick a key, choose Select A ll, and press 
the Delete key.
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To play the animation, select Play from Start, 
as shown in Figure 3.120.

We w ill  now  save the an im ation  as a video 
file. First, we w ill  m in im ize  the M o tio n 
Manager so tha t the aspect ratio  o f  the 
graphics area is better fo r the fin ished video.

m
0 se c

— -Ы '■ J
|2 sec ( |4 sec J6 s> I"

FIGURE 3.120

Save and close the SolidWorks file.

Collapse the MotionManager by selecting the double 
arrows at the right edge of the screen, as shown in Figure
3.121. If desired, re-size the part window to  the desired 
aspect ratio. Select the Save Animation Tool, as shown in 
Figure 3.122. Select the file name and directory, and accept 
the default settings.

FIGURE 3.121
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The an im ation  w ill  run on the screen as the file  is creat
ed. W hen the an im ation  is completed, the saved video file  can be viewed 
from  a standard player, as shown in  Figure 3.123. Videos can also be 
embedded in to  PowerPoint presentations. This allows a m odel to be dis

played and rotated during  the pre-
FIGURE 3.123_____________________  sentation w ith o u t having to open
и,— ---------- 7Г€:1:Г' and run  SolidWorks on the presen-

ta tion  computer.

FIGURE 3.122
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PROBLEMS

P3.1

P3.2

M od ify  the w ide flange beam m odel created in  Section 3.1 to create a one-foot 
segment o f  a W12 X 65 beam, using the dim ensions from  Table 3 .1.
The cross-section o f  a W 14 X  370 Wide-Flange Beam is shown in  Figure P3.2A^ 
Create a m odel o f a 36-inch long segment o f a W14 X  370 beam by creating the 
sketch shown in  Figure P3.2B and m irro ring  it  about the two centerlines. (Note, lh is  
must be done in  tw o steps. Select the items to be m irrored and one o f the 
centerlines, and then select the M irro r Entities Tool. Then select all entities to  be 
m irrored and the other centerline and select the M irro r Entities Tool. O n ly  one 
centerline can be selected fo r each m irro r operation.) Extrude the sketch to y ie ld the 
beam section shown in  Figure P3.2C. Set the material type to  Plain Carbon Steel and 
fin d  the weight o f the beam segment.

(Answer: 1101 lb )

FIGURE P3.2A FIGURE P3.2B
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FIGURE P3.2C________________
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P3.3 M od ify  the wide-flange beam segment o f  P3.2 by adding six 1-inch-
diameter holes to each end o f  the beam, as shown in  Figure P3.3A. The 
locations o f  the holes are shown in  Figure P3.3B. Create a single hole, 
and use a linear pattern to place the other five holes in  one end. Then use 
a m irro r comm and to place the holes in  the other end.

P3.4  Create a part model o f  the plastic bracket shown in  Figure P3.4A and 
detailed in  Figure P3.4B. Use symmetry in  your model so that i f  you 
change the w id th  o f  the part from  2 to 3 inches, the rib  and hole 
placements remain symmetric, as shown in Figure P3.4C.

FIGURE P3.4A FIGURE P3.4B

FIGURE P3.4C
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P3.5 Create a m odel o f the perforated board shown in  Figure P3.5A by the fo llow ing  

procedure:
a. Begin w ith  a 4-inch by 2-inch sketch, centered at the o rig in  (Figure P3.5B).

b. Extrude the sketch 0.1 inch.
c. Create and locate a square thru-hole, as shown in  Figure P3.5C.
d. Use a linear pattern to  create an evenly spaced 40 X 20 grid o f holes.
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FIGURE P3.5C

FIGURE P3.5A FIGURE P3.5B
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P3.6 Create a solid m odel o f  a hacksaw blade (as shown in  Figure P3.6A, w ith  
a close-up view o f the teeth shown in  Figure P3.6B), using a linear 
patterned cut to create the saw teeth. Follow  the procedure outlined  
below.
a. Begin by creating a sawblade "b lank," using the dimensions shown 

in  Figure P3.6C and extruding the shape to a 0.02-inch depth.

b. Sketch a single tooth  profile , and extrude a cut through the b lank 
(see Figure P3.6D).

c. Create a linear pattern to copy the tooth  p ro file  the length o f  the 
sawblade.

Chapter 3 Additional Part Modeling Techniques

FIGURE P3.6A FIGURE P3.6B

FIGURE P3.6C
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P3.7 Create a solid m odel o f  the m u ffin  pan shown in  Figure P3.7A and detailed in  Figure 
РЗ 7B The entire pan is 0.050 inches th ick. Each o f the 12 m u ffin  wells is 3 inches in  
diameter at the top, is 1.5 inches deep, and has tapered sides, as shown in  Figure 
Р З  7C The entire top surface and the insides o f the m u ffin  wells are to be coated 
w ith  a nonstick material. Find the surface area that w ill  be coated. (H in t: The Mass 
Properties Tool gives you the surface area o f the entire part, bu t to get the surface 
area fo r a single surface or a specific group o f surfaces, select the surface(s), using the 
C trl key to select m u ltip le  items, and select Tools: Measure from  the mam menu.)

FIGURE P3.7A

FIGURE P3.7B FIGURE P3.7C

SECTION A-A
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P3.8 Create a so lid  m odel o f  the gear rack shown in  Figure P3.8A using the
fo llo w in g  procedure:

a. Begin creating a "gear b lank" by extruding a 0.75 x 0.75-inch cross 
section to an overall depth o f  11.16 inches.

b. At the le ft end o f  the gear blank, create the sketch shown in  Figure 
P3.8B (dim ensions in  inches), and extrude a cut to begin the gear 
tooth  de fin ition .

c. Add 0.005-inch fille ts at the roo t o f  the tooth.

d. Create a linear pattern o f  both  the extruded cut and the fille ts to 
create the fina l gear profile. The too th-to -too th  spacing should be 
0.215 inches.

P3.9 Many electronic devices use a heat sink to conduct heat away from  a 
com ponent that may be damaged by h igh temperatures. A simple heat 
sink often consists o f  a conductive metal part w ith  fins. The fins provide 
a large am ount o f  surface area to a llow  heat transfer to  the air (often w ith  
a fan to circulate a ir over the fins). Figure P3.9A shows a copper heat sink; 
details are shown in  Figure P3.9B. M odel this part, and find  the surface 
area o f the part that w ill be exposed to the air (the bo ttom  surface w ill be 
in  contact w ith  the electronic component; a ll other surfaces w ill be 
exposed to the air). A ll d imensions are mm.

FIGURE P3.9A_______ FIGURE P3.9B
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Advanced Part Modeling

In t ro d u c t io n

C h a p te r  O b je c tiv e s

In this chapter, you will:

■ create a lofted feature 
from multiple sketches,

■ use the Shell Tool to 
create a thin-wall part,

■ learn how to change 
the order in which 
features are created 
and modified,

■ create raised letters on 
a part, and

■ create a feature by 
sweeping a cross-section 
around a planar or
3-D path.

FIGURE 4.2

The parts that we have made so far have been made p rim arily  w ith  
extruded and revolved bases, bosses, and cuts. In this chapter, we w ill 
introduce several other tools fo r creating and m odify ing parts, inc lud
ing the Loft, Sweep, and Shell Tools.

4 .1 A  Lofted and Shelled Part

In th is exercise, we w ill  construct the business card holder shown in  
Figure 4 .1. Note tha t the top  o f  the part is rounded, w h ile  the bo ttom  
o f the part is rectangular. These d iss im ila r shapes w ill  be jo ined in to  
a so lid  w ith  the Loft Tool. Also, notice that the part is no t solid, bu t 
rather is h o llo w  underneath, as the view  in  Figure 4.2 shows. The 
Shell Tool allows th is type o f  construction to be easily modeled.

FIGURE 4.1
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FIGURE 4.3

Open a new part. Select the Top Plane. Select the Center Rectangle Tool from 
the Sketch group of the CommandManager. Drag out a rectangle, centered at the 
origin.

Select the Smart Dimension Tool, and dimen
sion the rectangle to  be 5.50 inches by 2.00 
inches. The resulting sketch is shown in
Figure 4.3.

In previous tutorials, upon com pleting a 
sketch we have then used a Features too l to 
convert the sketch in to  a 3-D object. 
However, a lofted feature requires at least two 
sketches. Therefore, we w ill close th is sketch 
and begin the second sketch.

FIGURE 4.4

_  n> X

%

Close the sketch by clicking on the icon indicated in Figure 4.4, in the upper-right 
corner of the screen.

You can also close a sketch by choosing Exit Sketch from  the Sketch group o f the 
CommandManager.

The second sketch, w hich w ill define the top o f 
the part, w ill be created in  a new plane.

Select the Top Plane from the FeatureManager. Click 
on the Features group of the CommandManager. 
Click on the Reference Geometry Tool, and choose 
Plane from the options listed, as shown in Figure 
4.5. In the PropertyManager, set the offset distance 
at I inch.

FIGURE 4.5

8 5  й  ’ Parti *

\  Axis
Coordinate System 

#  Point
t^jl Mate Reference

Make sure tha t the new plane is above the Top Plane, as shown in Figure 4.6 (check 
the Flip box to  change the direction, if  necessary), and click the check mark to  cre
ate the new plane.

FIGURE 4.6
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W ith the new plane selected (PlaneI), select the Centerpoint 
Stra ight Slot Tool from  the Sketch group o f the 
CommandManager, as shown in Figure 4.7. In the 
PropertyManager, check the box labeled “ Add dimensions,”  as 
shown in Figure 4.8.

FIGURE 4.7

Switch to  the Top View. Click on the o ri
gin, and then drag the cursor to  the 
right, as shown in Figure 4.9. Click to 
define the endpoint of the centerline of 
the slot geometry, and then drag the 
the cursor upwards, as shown in Figure 
4.10. Click to  complete the slot, and 
dimensions w ill be added automatically. 
Double-click each dimension and set its 
value as shown in Figure 4 .11. Close the 
sketch. Hide Plane I.

FIGURE 4.8
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Both o f  the sketches required fo r the 
lofted feature are now  in  place.

Click on the Features tab of the CommandManager. 
Select the Lofted Boss/Base Tool, as shown in Figure 
4.12. Now click on each o f the two sketches, near cor
responding corners, as shown in Figure 4.13.

FIGURE 4.9
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FIGURE 4.10 FIGURE 4.1 I

FIGURE 4.12___________________________________  FIGURE 4.13
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The lofted feature w ill be created based on a “ guide curve.”  The guide curve is cre
ated based on the location of the selection of the sketches. Click the check mark 
to  complete the lo ft. From the Heads-Up Toolbar, select Hide/Show Items and View 
Planes to  tu rn  o ff the display of the construction plane. The resulting part is shown
in Figure 4.14.

Select the top surface of the part. Select Sketch from the pop-up toolbar, as shown 
in Figure 4 .15, to  open a sketch on the selected surface. Select the Offset Entities 
Tool, as shown in Figure 4.16.

A preview o f the offset operation w ill  be displayed, as shown in  Figure 4.17.

FIGURE 4.15 FIGURE 4.16
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Offset Entities
Adds sketch entities by offsetting 
faces, edges, curves, or sketch entities 
a specified distance.

FIGURE 4.17
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In the PropertyManager, set the offset distance as 0.20 
inches. Check the Reverse box, as shown in Figure 4.18, so 
tha t the offset entities are inside of the edges of the face.
Click on the check mark to  finish.

The fin ished sketch is shown in  Figure 4 .19. Note that the 
0.20-inch offset distance is shown as a d im ension that 
can be edited by double-clicking it.

Before cutting  the shape o f the sketch in to  the part, we 
need to consider the design intent. We want th is cut to be 
b lind , so that the cards sit on the bottom  o f the hole, bu t 
we want the cut depth to vary w ith  the overall height o f 
the card holder. Therefore, neither a B lind  nor Through A ll type o f  cut w ill  work. 
Rather, we w ill  specify the depth o f  cut so that the bo ttom  o f the cut is a fixed dis
tance above the bo ttom  o f the card holder.

Select the Extruded Cut Tool from the Features group of the CommandManager. 
Switch to  the Trimetric View. In the PropertyManager, set the type of extrusion to 
Offset From Surface and the offset distance to  .125 inches, as shown in Figure 
4.20. As the surface, we want to  select the bottom  face of the part.

To select the bo ttom  surface, we could switch to Bottom  View or rotate the m odel 
u n til the bo ttom  surface is visible, bu t in  the steps that fo llow , we w ill learn a 
handy technique fo r selecting a nonvisib le  surface without ro tating the m odel 
from  the Trim etric View.

FIGURE 4.18
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Move the mouse above the bottom  face. Do not click the left button; doing so 
would select the visible outer surface. Right-click, and choose Select Other from 
the menu, as shown in Figure 4 .2 1.

W ith the bottom  face highlighted, as shown in Figure 4.22, click the left mouse 
button.

I f  there were other possible selections available, they could be selected from  the 
pop-up menu that is shown in  Figure 4.22.

Click the check mark to  complete the cut.

The resulting geometry is shown in  Figure 4.23.

We w ill now introduce the Shell command. This command is often used w ith  m o ld 
ed plastic parts to create th in-wall geometries. Since the part we are m odeling does 
not need to have any significant strength, making the part solid w ould  be a waste o f 
material. We w ill make the wall thickness o f the part a constant 0.060 inches.

FIGURE 4.23
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Select the Shell Tool from the Features group of the CommandManager, as shown 
in Figure 4.24. Select the bottom  face o f the part as the face to  be removed, as 
shown in Figure 4.25. In the PropertyManager, set the wall thickness to  0.060 inch
es, as shown in Figure 4.26. Click the check mark to complete the shell operation, 
the results o f which are shown in Figure 4.27.

FIGURE 4.24_______________________  FIGURE 4.25__________________________  FIGURE 4.26
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, Show preview

FIGURE 4.27 Select the Fillet Tool from the Features 
group of the CommandManager, as shown 
in Figure 4.28. In the PropertyManager, 
set the fille t radius of 0.10 inches. Select 
the top face, as shown in Figure 4.29, and 
click the check mark to  apply the fille t.

FIGURE 4.28

m -

e * *
Q  Ооч» Refer*

т а ® .
Creates a rounded internal or external 
face along one or more edges in solid 
or surface feature.

Note that fille ts are usually applied to edges, no t 
faces. Selecting a face causes all o f  the edges o f  
that face to be filleted, as shown in  Figure 4.30.

Select the Fillet Tool again. Select one o f the edges 
at the bottom  o f the cavity as shown in Figure 
4 .31 (as long as the “ Tangent propagation”  box is 
checked, then the fille t w ill be extended complete
ly around the bottom  edge). Set the radius as 
0.050 inches, and click the check mark to  apply 
the fille t.

FIGURE 4.29_______________________  FIGURE 4.30____________ FIGURE 4.3 I

A lthough our part appears to be finished, there is a problem  that may no t be evi
dent from  exam ining the part from  standard views. We w ill use a section view to 
get a better look  at the problem  areas.

Itefci* to in]
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FIGURE 4.32

Section View
Displays a cutaway of a part or 
assembly using one or more cross 
section planes.

Select the Front Plane from the FeatureManager. Click on the Section 
View Tool in the Heads-Up Toolbar, as shown in Figure 4.32. Click the 
check mark, and the cross-section of the part is displayed, as shown in 
a Front View in Figure 4.33.

Note that the Front Plane is the default plane fo r sectioning the part, 
bu t any other plane can be selected from  the PropertyManager.

FIGURE 4.33

FIGURE 4.34

Zoom ing in  on the f i l 
leted edges shows the 
p rob lem . Because the 
fille tin g  was performed 
after the shell operation, 
the w all is th inner than
desired at the upper corners, as shown in  Figure
4.34. (Sim ilarly, the w all is th icker than desired in  
the lower corners.)

To correct th is problem, we could fille t the sharp 
corners to m ainta in  a constant w a ll thickness. We 
could also shell the part after creating the fillets.
This is the easier way to produce the constant wall
thickness. It is no t necessary to delete the shell and fille t operations and redo 
them  in  the proper order; we can s im p ly reorder them in  the FeatureManager.

Click on the Shell in the FeatureManager, as shown in Figure 4.35, and hold down 
the left mouse button.

Drag the cursor until the arrow points below the two fillets, as shown in Figure 
4.36.

Release the mouse button, and the features are reordered, as shown in Figure 4.37.

FIGURE 4.35 FIGURE 4.36 FIGURE 4.37
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The w all thickness is now  constant, as shown in  Figure 
4.38. Note that no t a ll features can be reordered, as 
some operations w ill  be based on geometries created 
by p rio r operations.

Click on the Section View Tool again.

This w ill  toggle o ff  the display o f  the section view.

FIGURE 4.38
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Text can be added to a part as a sketch entity and then extruded into raised or 
embossed letters. We w ill add a part number in  raised letters to the bottom  o f the part.

Click on the Sketch tab of the CommandManager. Switch to  Bottom View and open 
a sketch on the fla t surface shown in Figure 4.39 by selecting the Sketch Tool.

Select the Text Tool from the CommandManager, as shown in Figure 4.40. In the 
PropertyManager, type in the text as shown in Figure 4.41.

FIGURE 4.40______________________
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>y Sketches text. You can sketch text on
feces, curves, edges, and sketch 
entities.

FIGURE 4.41 By default, the font specified in the Options w ill be used. To
use another font, click on the “ Use document fon t”  box to 
uncheck it, which w ill allow you to  select the Font button 
and edit the type and size of the font.

Click in the sketch at the approximate location o f FIGURE 4.42
the text, and then click the check mark in the я ..............
PropertyManager to  close the text box. The text can
now be moved by clicking and dragging it  around the Ш
sketch. Center the text on the face, as shown in ...... ........
Figure 4.42. —‘

I f  necessary, dimensions can be added to the marker at the 
lower le ft o f  the text to positively locate the text.

Click on the Features tab o f the CommandManager, and 
select the Extruded Boss/Base Tool.

Extrude the sketch 0.020 inches out from the part, as 
shown in Figure 4.43.

This card holder may be made from  a translucent 
plastic. The SolidWorks program allows parts to be 
displayed in  the color desired, and also fo r optical 
properties such as transparency and shininess to be 
set.

FIGURE 4.43

FIGURE 4.39

Part *15122
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Select the part name from the FeatureManager (so tha t the entire part is select
ed), and select Edit Appearance from the Heads-Up Toolbar, as shown in Figure
4.44.

In the PropertyManager, under the Basic option, select a gray color, as shown in 
Figure 4.45. Select the Advanced option, the Illum ination tab, and move the 
Transparency slider bar toward the right, as shown in Figure 4.46. Click the check 
mark to  apply the desired color and properties.

The translucent part w ill look more realistic w ithou t the edges displayed, so select 
Shaded (w ithou t edges) as the display mode, as shown in Figure 4.47.

The translucent part is shown in  Figure 4.48.

Save th is part fo r use in future exercises.

Note that more than tw o sketches can be used to create a lofted feature. Consider 
the three sketches shown in Figure 4.49.

FIGURE 4.48 FIGURE 4.49

FIGURE 4.45 FIGURE 4.47

*
FIGURE 4.44 FIGURE 4.46
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FUTURE STUDY

Industrial Design
In  th is chapter, we created a part by using the 
Lo ft com m and to  sm oo th ly  b lend  tw o 
shapes. Engineers in  many industries are 
sometimes reluctant to  use th is type o f  con
struction, since the resulting surfaces are d if
ficu lt to  define mathematically. This makes 
the geometry d iffic u lt to  specify on engineer
ing drawings and often impossible to  make 
w ith  trad itiona l m anufacturing methods.

Com plex geometries have always been an 
im p o rta n t to o l fo r industrial designers. 
Industria l designers are im portan t members 
o f  product development teams, bu t perform  
a different task than do design engineers. The 
In du s tria l Designers Society o f  Am erica 
defines the role o f  the industria l designer as:

The industria l designer's unique contri
bu tion  places emphasis on those aspects 
o f the product or system that relate most 
directly to hum an characteristics, needs 
and interests. This contribu tion  requires 
specialized understanding o f visual, tac

tile, safety and convenience criteria, w ith  
concern fo r the user, (www.idsa.org)

The image that many associate w ith  industri
al designers is that o f  an artist w ork ing  on a 
clay m odel o f  an autom obile, creating the 
shapes that w ou ld  eventually be seen on the 
showroom  floor. The clay m odel w ou ld  even
tua lly  be dig itized by measuring thousands 
o f points on the surface in  order to define the 
shape fo r the to o ling  used to stamp the sheet 
metal body parts. Industria l designers now 
create many o f the ir models w ith  the "v irtua l 
clay" o f  so lid  m odeling software, computer- 
contro lled m achin ing centers, and rapid p ro 
to typ ing  machines.

The roles o f  design engineer and industria l 
designer have begun to  overlap as they have 
access to  a s im ilar set o f  product develop
m ent tools. However, engineers should rec
ognize and u tilize  the unique capabilities o f 
ind u s tria l designers w ith in  the p roduct 
design process.

The lofted solid created from  these sketches is shown in  Figure 4.50.

Also, an add itiona l sketch defin ing  a guide curve can be introduced, a llow ing  more 
control over the lo ft. Figure 4 .51 shows a guide curve added to the three previous 
sketches.

The resulting solid  is shown in  Figure 4.52.

FIGURE 4.50 FIGURE 4.51____________  FIGURE 4.52

http://www.idsa.org
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4.2 Parts Created w ith  Swept G eom etry

In this section, we w ill learn how to create a solid by "sweeping" a cross-section 
along a path. We w ill start w ith  a simple part in  which the path is planar. Later, we 
w ill use a helix curve to form  a helical spring. In the next section, we w ill introduce 
the 3-D sketch, which w ill be used to define a sweep path in  3-D space.

The firs t part that we w ill create is a bent tub ing  section. We begin by creating the 
sweep path. The geometry o f  the sweep path, w hich defines the centerline o f  the 
tubing, is shown in  Figure 4.53.

Open a new part. Select the Top Plane from the
FeatureManager. Choose the Line Tool from the 
Sketch group of the CommandManager, and draw 
a vertical line beginning at the origin. Choose the 
Tangent Arc Tool, and drag out an arc from the 
endpoint on the line, as shown in Figure 4.54.

3.000

Choose the Line Tool. Drag out a line from the end
point o f the arc along the path tha t is tangent to 
the arc, as shown in Figure 4.55.

FIGURE 4.54 FIGURE 4.55
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Select the Smart Dimension Tool, and add the 
dimensions shown in Figure 4.56. Recall that to 
create an angular dimension, you select the 
two lines that define the angle. The sketch 
should be fully defined. If the sketch is not 
fully defined, check to make sure that tangent 
relations were added automatically between 
the arc and each of the lines. If either relation 
is missing, add it  manually. Close the sketch by 
clicking on the icon in the upper right corner 
of the graphics area, as shown in Figure 4.57, 
or by clicking the Exit Sketch Tool in the 
CommandManager.

Switch to  the Front View. Select the Front 
"  Plane from the FeatureManager. Select the

Circle Tool, and drag out two circles, both cen
tered at the origin. Select the Smart Dimension Tool, and add diameter dimensions 
of 0.40 and 0.50 inches, as shown in Figure 4.58. Close the sketch.

FIGURE 4.57
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Click on the Features tab of the CommandManager. Select the Swept 
Boss/Base Tool, as shown in Figure 4.59. In the PropertyManager, 
select the sketch containing the two circles (Sketch2) as the Profile, 
the cross section to be swept, and select the first sketch defining the 
geometry of the tubing centerline (SketchI) as the Path of the sweep, 
as shown in Figure 4.60. A preview of the swept geometry is shown in 
Figure 4.61. Click the check mark to complete the operation.

FIGURE 4.59 ________
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The completed part is shown FIGURE 4.62 
in  Figure 4.62.

In the next exercise, we w ill 
use a more complex sweep 
path, a helix, to create a he li
cal spring.
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Open a new part. Select the Front Plane 
from the FeatureManager. Select the 
Circle Tool from the Sketch group of the 
CommandManager. Draw a circle cen
tered at the origin. Select the Smart 
Dimension Tool, and dimension the cir
cle’s diameter as 2 inches, as shown in 
Figure 4.63.

From the main menu, select Insert: 
Curve: Helix/Spiral, as shown in Figure 
4.64.

A  helix can be defined by specifying any 
two o f  the fo llow ing  three quantities:

FIGURE 4.63

FIGURE 4.65
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€  Variable pitch 
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С  Reverse drection

Revolutions:

l .
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3.

; Height and Revcrfutoon

The height, or overall length o f  the 
helix,

The pitch, the distance between 
s im ilar points on successive turns o f 
the helix, and

Revolutions, the to ta l num ber o f 
complete turns o f  the helix.

We w ill define the height and the 
num ber o f  revolutions and allow  
the pitch to be calculated.

Select Height and Revolution in the 
“ Defined By”  box. Set the height to 
6 inches, the number of revolutions 
to  8, and the starting  angle to  135 
degrees, as shown in Figure 4.65.

FIGURE 4.64
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A preview o f the helix geometry is 
shown in  Figure 4.66. The start angle is 
no t critical here. I f  the start angle is set 
to a m u ltip le  o f  90 degrees, then we can 
define our profile sketch in  either the 
Right or the Top Plane. We have chosen 
an arbitrary angle to illustrate the proce
dure fo r creating a plane at the end o f a 
path sketch.

Click the check mark to  accept the helix 
definition and close the sketch.

We w ill now  create a new plane at the 
end o f  the helix, perpendicular to  the 
helix at that po int.

FIGURE 4.67 Click on the Features tab o f the CommandManager.
Click on the Reference Geometry Tool, and choose 
Plane, as shown in Figure 4.67. Click once on the helix 
curve, and then click on the endpoint of the curve, as 
shown in Figure 4.68. Note tha t by selecting a curve 
and an endpoint, the plane created w ill be through the 
endpoint and perpendicular to  the curve, as shown in 
Figure 4.69. Click the check mark to  create the plane.

FIGURE 4.69
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FIGURE 4.71

Click the Sketch tab o f the 
CommandManager. W ith the new 
plane selected, choose the Circle 
Tool. Drag out a circle, as shown in 
Figure 4.70. Click the check mark 
to  complete the circle.

It  is no t possible to snap the center 
o f  the circle to the endpo in t o f the 
helix. Rather, we w ill use a pierce 
re la tion . The pierce re la tion  is 
defined between a p o in t and a 
curve, and sets the p o in t at the 
location where the curve "pierces" 
the sketch conta in ing the point.

FIGURE 4.70

Click on the center po int of the c ir
cle to  select it. While holding down 
the Ctrl key, select the helix near the 
endpoint, as shown in Figure 4 .71. In 
the PropertyManager, click on Pierce, 
as shown in Figure 4.72. Click the 
check mark to  add the relation. 
Choose the Smart Dimension Tool, 
and add a 0.25-inch diameter dimen
sion to  the circle. The sketch should 
now be fu lly defined, as shown in 
Figure 4.73. Close the sketch.

FIGURE 4.72
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curve in  3-D space as the sweep path. This curve was created from  a 2-D 
sketch (a circle). In  the next section, we w ill use the more general 3-D 
Sketch Tool to define the sweep path in  three-dimensional space.

FIGURE 4.74 FIGURE 4.75
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A  Part Created w ith  a 3-D Sketch as the  Sweep Path

The use o f  a 3-D sketch as a sweep path allows more complex parts to be creat
ed. As the name implies, a 3-D sketch contains entities in  3-D space, whereas 
typical sketches conta in entities tha t exist in  a plane. N o t a ll sketch entities are 
available in  a 3-D sketch.

In  th is exercise, we w ill  m odel the handlebars shown in  Figure 4.76. Since the han
dlebars are defined in  metric units, we w ill  need to set the units accordingly.

From the Sketch group o f the CommandManager, click 
the arrow under the Sketch Tool and select 3D Sketch, 
as shown in Figure 4.77.

Open a new part. Select Tools: Options from the main 
menu. Under the Document Properties tab, select Units, 
and choose MMGS (m illimeters, grams, seconds). Set the 
number of decimal places fo r length units to  one (.1).

FIGURE 4.76

FIGURE 4.77 W hen w o rk ing  w ith  3-D 
sketches, the axes displayed in  
the corner o f  the screen, shown in  Figure 4.78, are espe
cia lly im portant. When we draw lines, we w ill do so in  
one o f  the prim ary planes—XY, YZ, o r ZX.

Select the Line Tool.

Note that beside the cursor, the plane that the line  w ill be 
drawn in  is displayed, as shown in  Figure 4.79. We want 
our first two lines to be sketched in  the ZX plane, so we 
w ill change th is orien ta tion  before proceeding.

gg^SolidWorks g не

( >  < ?  \  -< 2
Sketch Smart —<*

Dimension [ ° |  *  +O’

Press the Tab key, which causes the sketch plane to  cycle 
between the three principal planes. Stop when the plane 
selected is ZX, as shown in Figure 4.80.

FIGURE 4.78 FIGURE 4.79 FIGURE 4.80

L X ZX?K

*Trim etric
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Select the Centerline Tool from the Line Tool pull-down menu. Make sure tha t the 
ZX designation still shows beside the cursor. Drag out a centerline from the o ri
gin along the Z axis, as shown in Figure 4.83.

FIGURE 4.83 ______________________

Select the Smart Dimension Tool. Click once on 
the firs t solid line drawn, and place a 50 mm 
dimension, as shown in Figure 4.84. Note tha t 
although the number of decimal places was 
set to  one, the convention for SI units is to 
display values in an even number o f mm w ith 
out a decimal point.

Add other dimensions between the last end
point of the second solid line and the center- 
line, and between the last endpoint of the 
second solid line and the firs t solid line, as 
shown in Figure 4.85.
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The other lines o f the sketch w ill be drawn in  the YZ plane. FIGURE 4.86

Select the Line Tool. Press the Tab key until YZ is shown as the 
drawing plane, as shown in Figure 4.86. (If the plane does not 
change when you press the Tab key, then click once on the 
axis display in the corner to  “ reset”  th is feature.)

Drag out a line from the last endpoint o f the second solid line 
in the Z-direction, as shown in Figure 4.87.

Drag a line downward (in the -Y  direction), as shown in Figure 4.88.

Drag the last line in the -Z  direction, as shown in Figure 4.89.

Select the Smart Dimension Tool. Add the dimensions shown in Figure 4.90.

Note that the sketch is no t fu lly  defined. 3-D sketches are more d iffic u lt to fu lly  
define than are 2-D sketches. A lthough a line  may be drawn in  a specific plane, it 
is no t locked in to  that plane unless i t  is aligned w ith  one o f the principa l axes. We

FIGURE 4.89 FIGURE 4.90
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FIGURE 4.91

Radius =30 mm

could fix  some o f the endpoints to  fu lly  define the sketch, bu t 
that is no t necessary.

We w ill  now  add fille ts  to the sharp corners o f  our sketch. The 
fille t rad ii to be added are shown in  Figure 4.91

Select the Sketch Fillet Tool, as shown in Figure 4.92. In the 
PropertyManager, make sure tha t the pushpin icon (Keep Visible) 
is pushed “ in,”  so th a t the Sketch Fillet Tool remains open for 
m ultip le fillets, as shown in Figure 4.93. Also make sure tha t the 
box labeled “ Keep constrained corners”  is checked; otherwise, the 
dimensions to  the corners w ill be lost when the corner is fille t
ed. Set the radius to  100 mm, and select the firs t corner to  be 
filleted, as shown in Figure 4.94. Click the check mark to  apply 
the fille t. Change the fille t radius to  30 mm, select the next cor
ner to  be filleted, and click the check mark. Repeat fo r the other two fillets, and 
then click the check mark again to  close the Sketch Fillet Tool. The finished sketch 
is shown in Figure 4.95.

Radius = 100 mm

Radius = 40 mm

Radius =70  mm

FIGURE 4.93_______________FIGURE 4.94

Е Щ Я М  Keep 
Visible

Мешфе «
Select a sketch vertex or entities to 
fillet.

Select the Right Plane from the FeatureManager. Select the 
Circle Tool. Drag out two circles from the origin, as shown in
Figure 4.96.

FIGURE 4.92

Close the sketch.

Recall that the path and p ro file  fo r 
a swept feature must be defined in  
separate sketches.

Add diameter dimensions of 25.4 mm and 23.4 mm, as shown
in Figure 4.97.

FIGURE 4.96 _______ FIGURE 4.97
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(A lthough most bicycle components are specified in  metric units, a 1-inch outer 
handlebar diameter, 25.4 mm, is a standard size.)

Close the sketch.

Click on the Features tab of the CommandManager. Select the Swept Boss/Base 
Tool. In the PropertyManager, select the 2-D sketch just completed as the profile 
and the 3-D sketch as the path, as shown in Figure 4.98.

Click the check mark to  complete the sweep. The 
result is shown in Figure 4.99.

Select the M irror Tool, as shown in Figure 4.100. In 
the PropertyManager, select the Right Plane as the 
m irro r plane, as shown in Figure 4.101, and click the 
check mark.

FIGURE 4.98
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The completed handlebars are shown in  Figure 4.102.
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We w ill  now determ ine the mass o f  the handlebars, w h ich  w ill be made from  
6061 a lum inum .

Right-click on Material in the FeatureManager. Select Edit Material and select 6061 
Alloy from the list of aluminum alloys. Click Apply and Close.

Select Tools: Mass Properties from the Main Menu.

The mass o f the handlebars is calculated as about 221 grams, as shown in Figure 
4.103.

FIGURE 4.103

completed handlebars are shown in  Figure 4.102.

FIGURE 4.102_______________________________________

Chapter 4 Advanced
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PROBLEMS

P4.1 Create the solid object shown FIGURE P4.I 
in  Figure P4.1 w ith  a lo ft 
between a square base and a 
circular top (dim ensions are 
in  inches).

P4.2 Create the part shown in  Figure P4.2A.
Create the sketch shown in  Figure P4.2B in  
the Top Plane. Create a new plane 4 inches 
above the Top Plane, and create the second 
sketch consisting o f  the two arcs and two 
lines indicated in  Figure P4.2C, snapping to 
corresponding points o f  the firs t sketch. 
Make sure that both  sketches are fu lly  
defined, or the lo ft operation may no t work 
properly. Create a lo ft between the two 
sketches to fin ish  the part. A ll dimensions 
are in  inches.

FIGURE P4.2A
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P4.3 Create the part shown here, w ith  a circular cross-section o f 
1-inch diameter. A ll dimensions are in  inches.

P4.4 Create the shape shown in  Figure P4.4A as a lo ft defined by the two 
ellipses and one circle shown in  Figure P4.4B. A ll dimensions are in  
inches.

FIGURE P4.4A
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To create an ellipse, select the Ellipse Tool from  the Sketch group o f  the 
CommandManager. Drag ou t a circle from  the orig in, as shown in  Figure P4.4C, 
and then click and drag a po in t on the edge o f  the circle to "fla tten" it  in to  an 
ellipse, as shown in  Figure P4.4D. Snap points are created at fou r locations on the 
ellipse; use these points to  define the sem im ajor and sem im inor axes o f the ellipse. 
Add centerlines from  the o rig in  to the snap points, as shown in  Figure P4.4E, and 
set them  to  horizon ta l and vertical to correctly align the ellipse and fu lly  define 
the sketch.

When defin ing the 1-inch circle fo r the top  o f  the lo ft, add a center line  to the 
horizon ta l quadrant po in t, as shown in  Figure P4.4F. This w ill  provide the fina l 
guide p o in t fo r the lo ft (see Figure P4.4B).

FIGURE P4.4C FIGURE P4.4D
R =2.916, r = 1.912

FIGURE P4.4E FIGURE P4.4F
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P4.5 Turn the shape created in  Problem P4.4 in to  the bottle  shown in  Figure 
P4.5A. Extrude a circular neck, as shown in  Figure P4.5B, add a 0.25-inch 
fille t to the neck-to-body junction, and use the Shell Tool to h o llow  the 
bottle, leaving a 0.020-inch w all thickness. W hat is the volum e o f the 
space w ith in  the bottle? (H in t: To find  the volume, move the ro llback bar 
to just before the shell command, as shown in  Figure P4.5C and find  the 
volum e o f  the solid before shelling. Then move the rollback bar past the 
shell, and fin d  the vo lum e o f the bottle  itself. The difference in  the two 
volumes is the volum e contained w ith in  the bottle.)

FIGURE P4.5A FIGURE P4.5B
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FIGURE P4.5C_________
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P4.6 Design a mug as shown in  Figure P4.6A. The mug should ho ld
approximately 30 cubic inches (s lightly  more than 16 flu id  ounces). The 
mug should have a hexagonal bo ttom  and a circular top, w ith  a wall 
thickness o f  0.125 inches.

•  To create the hexagon shape, select the
Polygon Tool from  the Sketch group o f FIGURE P4.6A 
the CommandManager and drag out a 
shape from  the orig in. By default, a 
hexagon w ill  be created, although you 
can change the num ber o f  sides in  the 
PropertyManager to create other 
polygons. To precisely orien t the 
hexagon, select a side and add a 
horizonta l or vertical relation.



•  After shelling the mug's body, create the FIGURE P4.6B 
handle by sketching a sweep path and a 
circular p ro file  using the Swept Boss Tool. To 
make sure that the mug's body and the 
handle interface w ith  no gaps, extend the 
sweep path well in to  the mug's body, as 
shown in  Figure P4.6B. T rim  away the 
portions o f the handles inside the body by 
opening a sketch on each handle end, using 
the Convert Entities Tool to create a circle in  
the sketch plane, and then using the 
Extruded Cut Tool w ith  a type o f l ip  to 
Surface to  remove the excess po rtion  o f  the 
handle. Select the inner surface o f the mug 
as the surface defin ing the end o f the cut, as shown in  Figure P4.6C. (This 
step can be avoided i f  you shell the mug after creating the handle, but 
that causes the handle to be shelled as well.)

•  Add fille ts at the intersections o f the handle and the body.

• I f  your SolidWorks license includes the add-in PhotoView 360, you can 
experiment w ith  creating a photorealistic rendering o f  the mug using 
d ifferent materials and backgrounds, as shown in  Figure P4.6D. To see i f  
you have access to the add-in, select Tools: Add-Ins and look  fo r 
PhotoView 360 in  the list. A tu to ria l fo r using PhotoView 360 is available 
from  the book's website: www.mhhe.com/howard2011.
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FIGURE P4.6C ______________________  FIGURE P4.6D

http://www.mhhe.com/howard2011
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P4.7 M odel a bent tube w ith  0.5-inch outer diameter and 0.375-inch inner
diameter to jo in  the ends o f the two tubes shown in  Figure P4.7A. Follow 
the route shown by the centerlines in  Figure P4.7A, and add 1-inch radius 
fille ts to the corners.
The completed m odel is shown in  Figure P4.7B.

FIGURE P4.7A _________________________  FIGURE P4.7B_____________

P4.8 Repeat Problem P4.7, using a different path. Use a tube geometry that 
m in im izes the tube length w h ile  m a in ta in ing  a straight section at each 
end, as shown in  Figure P4.8.

P i

6.000

FIGURE P4.8
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FIGURE P4.9A

P4.9 Screw threads on parts are no t usually modeled. Instead, cosmetic threads are 
added to represent the threads. We w ill learn how to apply cosmetic threads 
in  Chapter 5. In some cases, however, a threaded part needs to be prototyped, 
so the threads must be modeled. Figure P4.9A shows the drive screw from  a 
table vise. The threads on a drive screw are typ ica lly Acme threads, a 
trapezoidal-profile  thread. The thread shape can be seen in  the cross-section 
o f  the screw o f Figure 4.9B. Model the screw, fo llow ing  these steps:

FIGURE P4.9B

1.

2 .

3.

r v / m / i / v v A
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Create a cylinder 0.5 inches in  diameter and 6 inches in  length. 

Create a new plane 0.1 inches offset from  one end o f the cylinder. 

Sketch a 0.5-inch FIGURE P4.9C

4.

diameter circle in 
the new plane, and 
insert a clockwise 
helix w ith  a p itch o f 
0.1 inches (10 
threads per inch) 
and a height o f  6.2 
inches, as shown in  
Figure 4.9C.
Open a new sketch in  a plane norm al to the helix at its endpoint. Sketch 
the p ro file  as shown in  Figure P4.9D, and close the sketch.

FIGURE P4.9D



5. Select the Swept Cut Tool. Sweep the p ro file  along the helix to cut 
the threads.

6. Add the head o f  the screw, using the dimensions shown in  Figure 
P4.9E.

FIGURE P4.9E
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01.000

P4.10 Measure a standard paper clip, and use your measurements to create a 
solid m odel s im ilar to the one shown in  Figure P4.10.
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С НА Р Т Е R 5
Parametric 
Modeling Techniques

In t ro d u c t io n

One o f the tremendous advantages o f solid m odeling software is the 
ab ility  to represent geometric relationships in  a parametric form . In a 
parametric model, the description o f the model contains both a geo
metric description (shape, orientation, etc.) and specific numerical 
parameters (dimensions, number o f  instances, etc.). Consider, for 
example, a simple parameterized solid model o f  a cylinder; the defin i
tion  o f the model contains both a geometric description defin ing the 
p rim itive  shape (cylinder), and two numeric parameters (diameter and 
length) to fu lly  define the model. A whole "fam ily" o f  cylindrical parts 
o f  different diameters and lengths could be modeled w ith  a single para
meterized model, w ith  on ly  a numeric table o f values used to differen
tiate the various parts in  the family.

The Linear Pattern Tool used to define the hole pattern in  Chapter 3 
is another good example o f  a parameterized model; the geometric 
in fo rm a tion  used to describe a hole pattern includes:

• the shape o f  the hole (circular)
• the type o f  extruded cut ("th rough a ll")

The num eric parameters that must also be defined include:
• the vectors (axes) that define the tw o directions o f  the pattern
• the tw o "repeat" dimensions along the two directions
• the num ber o f  instances o f  the holes in  each direction

Changes can be readily made to the parameters to update the model, 
w itho u t requiring any changes to the geometric in form ation .

This concept o f  using num eric parameters to drive a so lid  model can 
be exploited in  design. One powerfu l too l that can be employed is the 
development o f  mathematical relationships (equations) that relate 
the values o f two o r more parameters in  a model.

C h a p te r  O b je c tiv e s

In th is chapter, you w ill:

■ use the Draft Tool to 
add draft to an existing 
solid part,

■ learn how to use a 
shared sketch to create 
more than one feature,

■ develop equations to 
embed parameterized 
relationships into a solid 
model,

■ use a design table to 
create a family o f similar 
parts, and

■ create a multiple- 
configuration part 
drawing.

151
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In our hole pattern, fo r example, we m ight want to restrict our m odel so that the 
num ber o f  instances o f holes in  one d irection is always the same as the num ber 
o f instances o f holes in  the other d irection. This is accomplished by relating the 
two parameters together w ith  an equation, fo r example:

(# o f instances along D irection 2) = (# o f  instances along D irection 1)

Once th is parameterized relationship is established, any change made to the inde
pendent parameter (the num ber o f  instances o f  holes along D irection 1) w ou ld  
autom atica lly update the value o f the dependent parameter (the num ber o f 
instances o f holes along D irection 2), and the m odel w ou ld  be updated accord
ingly. This allows the engineer to embed design intelligence and "ru les-of-thum b" 
directly in to  solid models.

In this chapter, an example o f  a mechanical part that contains embedded equa
tions to drive specific parameters w ill be presented. In  add ition, the tu to ria l w ill 
introduce some new m odeling operations that have no t yet been u tilized  in  the 
preceding chapters. A  second example w ill  be presented where a spreadsheet- 
based design table is used to drive the dimensions o f  a model, producing an entire 
fam ily  o f parts.

5.1 Modeling Tutoria l: Molded Flange
In this exercise, w e 'll create the flange shown in 
Figure 5.1. Since th is is to be a m olded part, we'll 
add draft to the appropriate surfaces.

Begin by starting a new part, and selecting 
the Front Plane from the FeatureManager. Select 
the Circle Tool from the Sketch group of the 
CommandManager. Drag out a circle centered at 
the origin. Select the Smart Dimension Tool and 
add a 6-inch diameter dimension, as shown in 
Figure 5.2.

Select the Extruded Boss/Base Tool from the 
Features group of the CommandManager. Extrude 
the sketch outward to  a thickness o f 0.25 inches.

FIGURE S.l

FIGURE 5.2
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FIGURE 5.3 The extruded solid is shown in  Figure 5.3.

Since the next feature w ill be drafted, we 
w ill  define its dimensions in  a new plane 
and extrude its sketch back toward the rest 
o f  the part. Therefore, we need to create a 
new construction plane offset from  the 
Front Plane.

Begin by selecting the Front Plane from the 
FeatureManager.

The selected plane w ill be h ighlighted in  
green.

While holding down the Ctrl key, click and drag the plane outward. Make sure that 
the move arrows, as shown in Figure 5.4, appear before clicking. Release the mouse 
button, and the new plane is previewed, as shown in Figure 5.5.

FIGURE 5.5

n t

In the PropertyManager, 
set the offset distance to
1.5 inches, as shown in 
Figure 5.6, and click the 
check mark to  complete 
the operation.

FIGURE 5.6

FIGURE 5.7

Normal To\

FIGURE S.8

The new plane w ill  be labeled P lane l in  the 
FeatureManager. A  cylindrica l boss w ill  now 
be extruded w ith  a draft from  th is new plane 
back toward the base feature.

Click on the boundary of the new plane 
(Planel) and choose the Normal To View from 
the Context Toolbar, as shown in Figure 5.7, 
or from the Heads-Up View Toolbar. Select the 
Circle Tool from the Sketch group of the 
CommandManager. Drag out a circle from 
the origin. Select the Smart Dimension Tool 
and dimension the circle’s diameter as 2.2 
inches, as shown in Figure 5.8.

✓ X 
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firs t Reference

L, lj,— _
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. _ . „ F IGURE5.14________________
Select the Extruded Cut Tool from the Features
group of the CommandManager. Select Through All 'Iffn'iM  i I ...... .......
as the type, tu rn  the d ra ft on, and set the d ra ft Ж fa
angle to  2 degrees. Make sure tha t the “ Draft ou t
ward”  box is checked, as shown in Figure 5.14.

Click the check mark to  apply the cut, which is 
shown in Figure 5.15.

Part One Learning SolidWorks

Select the Extruded Boss/Base Tool from the Features group of the 
CommandManager, and set the direction such tha t the boss is extruded 
toward the base. Change the type of extrusion to  Up To Next. (Note: If 
Up To Next is not available, then the extrusion direction is incorrect.) 
Turn the d ra ft on. Set the dra ft angle to  3 degrees and check the “ Draft

outward”  box, as shown in Figure 
5.9. Click on the check mark to 

FIGURE 5.10-------------------------------- complete the extrusion. From the

9 * Ш ' Ш '  Hide/Show Items menu of the
u  m  ж  -= Heads-Up View Toolbar, select View

Planes, as shown in Figure 5.10. 
This w ill toggle o ff the display of 
planes.

The result o f the drafted extrusion 
is shown in  Figure 5 .11.

Select the face shown in Figure 5.12, and select the Normal To View. Select the C.rde 
Tool from the Sketch group of the CommandManager. Drag out a circle centere a 
the origin. Select the Smart Dimension Tool. Dimension the circles diameter at 1.8 
inches, as shown in Figure 5.13.

FIGURE 5.12 FIGURE 5.13

FIGURE 5.9

FIGURE 5.1 I
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To see the effect o f  the draft on the hole, 
v iew ing the m odel w ith  a section view is 
helpful.

Select the Section View Tool from the 
Heads-Up View Toolbar, as shown in Figure 
5.16. In the PropertyManager, select the 
middle button, representing the Top Plane, 
as shown in Figure 5.17.

Reverse the direction of the section by 
clicking on the icon next to  the plane 
selection box.

FIGURE 5.15 ___________

FIGURE 5.16

A
S e c t io n  V iew
Displays a cuteway o f a part or assembly 
usng one or more cross section pianes,

FIGURE 5.17

Click the check mark to  apply the settings fo r the
section view. Select the Bottom View from the Heads-Up View Toolbar, as shown in
Figure 5.18.

The cross-section o f  the part, as shown in  Figure 
5.19, clearly shows the drafted center hole. The sec
tio n  view w ill  be displayed u n til turned o ff  w ith  
the Section View Tool.

FIGURE 5.19

FIGURE 5.18

B o t t o m  ( C t r l+ 6 )

Rotates and zooms the mode! to the 
bottom view orientation.
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Click the Section View Tool to  return to  the display of the entire model.

Before adding the ribs and holes, we w ill  f ille t several o f the sharp edges o f the 
part.

FIGURE 5.20

El-
RJb9)9 

999

Pattern Draft

Wrap

I RDome j G

F ille t
Creates a rounded internal or external 
face along one or more edges in sofcd or
surface feature.

Start by selecting the Fillet Tool from the Features group of the 
CommandManager, as shown in Figure 5.20.

Since two o f  the edges are to have the same radius, we can add these 
fille ts at the same time.

Set the radius to  0.125 inches, and select the two edges shown in
Figure 5.21.

Be sure to  select the edge and no t the face. I f  a face is selected, then all 
o f  the edges o f that face w ill  be filleted.

Click the check mark to  apply the fillets. Using a sim ilar procedure, fille t the edge 
shown in Figure 5.22 w ith  a fille t radius of 0.25 inches.

FIGURE 5.21

The fille ted  part is shown in  Figure 5.23. 

FIGURE 5.22 FIGURE 5.23

FIGURE 5.24
Material 

<$> Front

ШШ
<$> Right Plane | Sketch

A num ber o f  stiffening ribs w ill  now be added to the part. This w ill  be 
done by creating a single rib  and dup lica ting it  a num ber o f  times 
using a circular pattern. The first rib  in  the pattern w ill now  be created.

Select the Top Plane from the FeatureManager. Select the Sketch Tool 
from the context toolbar, as shown in Figure 5.24, or from the Sketch 
group of the CommandManager. Switch to the Bottom View.

Note that most o f  the tim e when we begin a sketch, we s im p ly choose 
a sketch too l. However, fo r the step we are about to perform , it  is nec
essary to open the sketch before choosing the desired too l (Convert 
Entities).
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FIGURE 5.25

9 '

m

m
Hidden Lines Visible
Displays al edges of the model. Edges 
that are hidden from the curent view are 
dispiayed in a different color or font.

Choose the Wireframe display mode w ith  
hidden lines visible, as shown in Figure 5.25. 
Zoom in on the right side of the part.

Since the rib  w ill b lend in to  the fille t radii, 
we need to select the intersections o f  the 
rad ii w ith  the plane. W hile  the edge o f the 
solid part appears to be an arc when viewed 
from  this perspective, there is no physical 
sketch entity associated w ith  it; however, we 
can construct an arc coincident w ith  this 
projected solid edge by using the Convert 
Entities Tool.

Move the cursor to  the intersection of the top fille t 
and the plane. When you have positioned the cursor 
at the appropriate location, the silhouette symbol w ill 
appear (Figure 5.26). Click to  select th is silhouette.

While holding down the Ctrl key, locate and select the 
silhouette of the edge of the other fille t, as shown in
Figure 5.27.

W ith the silhouettes selected, click the Convert 
Entities Tool, as shown in Figure 5.28.

This w ill  add to  your sketch arcs that are coincident w ith  the 
silhouettes o f the fillets, as shown in  Figure 5.29.

Select the Line Tool. Move the cursor over the top arc so tha t 
the coincident relation icon appears, as shown in Figure 
5.30, indicating tha t the endpoint of the line w ill snap to 
the arc. Do not snap to  the m idpoint of the arc.

Click and drag a line to  the other arc. Place the endpoint so 
tha t the coincident and tangent relation icons appear, as

FIGURE 5.28
шюЛт  Н ф  -Ц » j  -  &  •  У  •  i

0
Convert
Entities

Mrror Entities

offset □□□ Unear Sketch Pattern 
Entities и в а

Convert Entities
Converts selected model edges or sketch 

, entities into sketch segments.
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FIGURE 5.32

Tangent

shown in Figure 5.31. Press Esc to  tu rn  
o ff the Line Tool.

On Edge

Coincident

Zoom  in  on the f il le t at the top  o f  the 
part, as shown in  Figure 5.32. A tan
gent re la tio n  shou ld  have been 
added autom atica lly  to  the arc and 
the line. I f  the re lation d id  no t add 
autom atically, then add it  m anually 
by selecting bo th  entities (use the 

C trl key to  select m ore than one en tity ) and adding a tangent re la tion  in  the 
PropertyManager. Note tha t there are also re la tion  icons fo r O n Edge (the arc is 
on the silhouette edge o f the fil le t)  and co incident (the end o f  the line  lies on 
the arc).

We w ill now  tr im  away the portions o f  the arcs that are no t needed in  the sketch.

Zoom in on the intersection of one of the arcs and the line. Select the Trim Entities 
Tool, as shown in Figure 5.33. Choose “ Trim to  closest”  as the tr im  option, as shown 
in Figure 5.34. Click to  tr im  the portion of the arc to  be removed, as shown in Figure
5.35.

FIGURE 5.33

FIGURE 5.36

FIGURE 5.34 FIGURE 5.35

4
Trim 

En tities 
К

В  =П Д 1__Convert □ □□
Entities P  d b d  Linear Sketch* 

Entities

Mow: Enbbes

The result o f  the tr im m ing  opera
tio n  is shown in  Figure 5.36.

Repeat this process on the other 
arc/line intersection, as shown in
Figure 5.37.

Нм иде S
Select an  enbty to  tm» to the nearest 
n te rs ec tn g  e n s ty  or to  *9Q  to  an 
enbty

FIGURE 5.37
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Add the two lines indicated in FIGURE 5.38 
Figure 5.38 to  close the sketch 
contour.

I f  the lines are horizon ta l and 
vertical, then the sketch should 
be fu lly  defined.

Select the Extruded Boss/Base Tool 
from the Features group of the 
CommandManager. Extrude the rib 
as a Mid Plane Extrusion w ith a 
thickness of 0 .125 inches, as shown 
in Figure 5.39.

The result is shown in  Figure 5.40.

W h ile  the geometry o f  the rib  appears to be satisfactory, there are two 
areas where the faces do no t blend smoothly. These areas are the 
intersections between the rib  and the fille ts o f  the flange. The in ter
section at the lower f ille t is shown in  Figure 5.41; a s im ilar area exists 
at the intersection w ith  the upper fille t. We have a fla t part (the rib ) 
m ating w ith  a curved surface (the fille t). W h ile  the contour o f  the rib  
matches that o f  the fil le t perfectly at the mid-surface o f the rib, as the 
rib  is extruded outward its surface is s ligh tly  higher than the fillet's.
A lthough the difference is small, th is type o f m ismatch can result in  
errors when exporting the geometry to a rapid p ro to typ ing  system, 
too l path program, or fin ite  element analysis program.

One so lu tion  to  th is m ismatch w ou ld  be to replace the extruded rib  
w ith  one that is created by revolving the cross-section about the cen
ter axis o f  the flange through a small angle. However, th is w ou ld  
result in  a rib  that is much th icker toward the outer edge o f the 
flange. We could also try  adding some small fille ts to sm ooth the 
m ismatched surfaces. A  better approach is to use a revolved cut to 
remove the portions o f  the rib  that extend above the fillets. T h in k  o f 
th is operation as creating a cutting  too l that precisely matches the 
p ro file  o f  the mid-surface o f  the rib, and is swept around the center 
axis o f  the flange.

One way to match the rib  p ro file  is to open a new sketch and repeat the steps o f 
iden tify ing  the silhouettes o f  the fille ts and converting them  to arcs, adding a line 
tangent to  both  arcs, and tr im m ing  away the excess portions, as we d id  previous
ly. We cannot do th is in  the same location as the previous sketch, however, 
because the rib  geometry has elim inated the silhouettes o f  the fillets. We could 
recreate the sketch steps in  a new sketch in  another location, say in  the Right 
Plane, bu t it is easier to reuse the previous sketch. Another op tion  w ou ld  be to 
copy the previous sketch and edit i t  to create the cutter geometry, bu t the copied 
sketch w ou ld  lose associativity w ith  the rest o f  the flange geometry and w ou ld  
therefore no t rebuild  correctly i f  a change were made (fo r example, i f  the offset 
distance o f  P lanel were to be changed).

FIGURE 5.39

FIGURE 5.40

FIGURE 5.41



Refore adding on to the previous sketch, we need to make a small change to the 
de fin ition  o f  the rib. Since the sketch (Sketch4 in  the FeatureManager) has on ly 
one c^sed contour, it  was not necessary to select the contour when defin ing  the 
rib  (Boss-Extrude3). However, when we edit the sketch, we w ill be adding a sec- 
" S i  c o n T h e r e f o r e ,  ,he,e w ill  be an am biguity in  the defin .non o f  .be nb  
unless we specify the contour to be used.
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FIGURE 5.42

The 0 5-inch dimensions are arbitrary. However, by placing these dimensions, 
we are assured tha t the cutter's contour w ill always be larger than the flange, 
even i f  the flange dimensions change.

Select Boss-Extrude3 in the FeatureManager, and select Edit 
Feature from the context toolbar, as shown in Figure 5.42. Click 
the double arrow to  expand the box labeled “Selected Contours. 
Click in the box to  highlight it ,  as shown in Figure 5.43. Click in 
the closed region of the sketch to  select it ,  as shown in F.gure
5.44. Click the check mark.

I f  the step above is no t performed, 
then the add ition  to the sketch that 
fo llow s w il l  result in  an error 

“  rebu ild ing  the rib. The error can be 
fixed by editing  the rib  and select
ing the sketch contour, bu t it  is 
easier to  preclude the error by 
selecting the contour before editing  
the sketch.

Click the + next to  Boss-Extrude3 to 
expand it. Click on the rib sketch (Sketch4) 
to  select it, and select Edit Sketch from the 
context toolbar, as shown in Figure 5.45. 
Switch to  the Bottom View. Add the four 
horizontal and vertical lines indicated in 
Figure 5.46, and the two dimensions, which 
w ill fu lly define the sketch.

FIGURE 5.44

FIGURE 5.45

FIGURE 5.46
Rebuild the part. Click on 
Sketch4 again to  select it ,  and 
choose the Revolved Cut Tool 
from the Features group of the 
CommandManager. Click to  
highlight the Selected Contours 
box. Select the upper portion 
of the sketch as the contour to 
be revolved, as shown in Figure 
5.47.
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We need to  define the axis o f  the revolution. We could add a centerline to the 
sketch, bu t instead we w ill use the center axis o f the flange. Every cylindrica l fea
ture has an associated axis, called a temporary axis. By default, these axes are not 
visible.

From the Heads-Up Toolbar, click the Hide/Show Items icon and click View 
Temporary Axes, as shown in Figure 5.48. Click in the Axis of Revolution box in the 
PropertyManager to  highlight it, and then click on the axis at the center of the 
flange, as shown in Figure 5.49. Click the check mark to  complete the cut.

FIGURE 5.48 FIGURE 5.49

FIGURE 5.50

View  T e m p o ra ry  A x e s
Control the v is ib ity o f temporary axes.

FIGURE 5.51
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The rib  and the fille ts now b lend smoothly, as 
shown in  Figure 5.50. (Note that there is a tan
gent edge between the rib  and fille t. I f  the display 
o f  tangent edges is turned off, then no edge w ill 
be visible. I f  the tangent edge is visible, select 
Options: System Options: Display/Selections and 
check Removed fo r Part/Assembly tangent edge 
display, as we d id  in  Chapter 1.)

Note that Sketch4 is shown in  the FeatureManager 
under both  the rib  (Boss-Extrude3) and the cut (Cut- 
Revolvel). The hand under each sketch icon, as shown 
in  Figure 5.51, indicates that the sketch is shared w ith  
another feature.

We w ill now add draft to the rib. U nlike  the boss feature 
and the extruded cut, where the draft was specified as 
part o f the extrusion step, the necessary draft on the rib 
is no t in  the same direction as the extrusion. Therefore, 
draft must be added as a secondary operation.
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FIGURE 5.52
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• , Reference Curves
| M  Dome Geometry
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| Tapers model fiaces by a speafiedangie, 
I usBig a neutral plane or a parting fere.

Select the Draft Tool from the Features group of the 
CommandManager, as shown in Figure S.52. For the Neutral Plane, 
select the flat surface shown in Figure 5.53 (make sure not to 
select the curved fillet surface).

Note the arrow pointing away from the flange body. This is the 
direction in which the feature w ill get smaller as the draft is 
applied (i.e., the direction in which a mold half would be pulled). 
Since this is the correct direction for the draft, we do not need to 
change it.

FIGURE 5.53 FIGURE 5.54

FIGURE 5.55
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For the Faces to Draft, click on the surface shown in Figure 5.54. Rotate the flange 
and select the other side of the rib as well. Set the draft angle to 2 degrees, as 
shown in Figure 5.55. Click the check mark to apply the draft.

FIGURE 5.56
_ ..................................................... ........... -

We w ill now create a pattern to add the other 
ribs.

The draft can be seen clearly 
from the Front View, as shown 
in Figure 5.56. The top of the 
flange is wider toward the outer 
perimeter of the flange, since 
the surface is farther away from 
the neutral surface. The width 
of the base of the flange is con
stant.

FIGURE 5.57

Select the Circular Pattern Tool from the pull
down menu under the Linear Pattern Tool. 
Expand the fly-out FeatureManager by clicking 
the + sign beside the part name. For the fea
tures to pattern select the rib (Boss- 
Extrude3), the cut (Cut-Revolvel), and the 
draft, as shown in Figure 5.57. Click in the 
Pattern Axis box to highlight it, and select

a

(Default «Default ,

Top Plane 
Right Plane 
Origin

e
Planel
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FIGURE 5.58________________________  the temporary axis at the center of the
part, as shown in Figure 5.58. Set the 
number of instances to 6, and click the 
check mark. Turn off the display of the 
temporary axes from the Hide/Show 
Items Tool of the Heads-Up Toolbar.

The rib pattern is shown in Figure 5.59.

The holes w ill now be added.

Select the face shown in Figure 5.60, and change to the Normal To View.

FIGURE S.59 ___________  FIG URE 5.60

Select the Circle Tool from the Sketch group of the CommandManager. Draw a cir
cle centered at the origin. Check the “ For construction” box in the Property
Manager. Select the Smart Dimension Tool, and dimension the circle diameter as
4.5 inches.

Select the Centerline Tool FIGURE 5.61 
and draw two centerlines, 
both originating from the 
origin. One of the center
lines should be horizontal 
and the other diagonal, as 
shown in Figure 5.61. Select 
the Smart Dimension Tool 
and add a 30-degree angular 
dimension between the 
centerlines.

v4.500
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Select the Circle Tool. Move the cursor to the intersection of the construction cir
cle and the diagonal centerline, so that the intersection icon appears, as shown in
Figure 5.62.

Drag out a circle. Select the Smart Dimension Tool and add a 3/8-inch diameter 
dimension to the circle, as shown in Figure 5.63.

Select the Extruded Cut Tool from the Features group of the CommandManager. 
Set the type as Through All, and click the check mark to create the first hole.

Select the Circular Pattern Tool. Create a six-hole pattern.

The finished part is shown in Figure 5.64.

In the next section, we w ill add equations to link the rib and hole patterns. This 
w ill be easier to do if we rename these features.

In the FeatureManager, rename the extrusion defining the first rib “ Rib,”  the first 
circular pattern “ Rib Pattern,”  the first bolt hole “ Bolt Hole,”  and the second cir
cular pattern “ Hole Pattern,”  as shown in Figure 5.65. Save the part.

FIGURE 5.62 FIGURE 5.63

FIGURE 5.64 FIGURE 5.65
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5.2 C reation o f Param etric Equations

The use of parametric equations embedded in models to control dimensions is a 
powerful engineering tool. These equations can be used to embed design intelli
gence directly into solid models. In this section, the flange created in Section 5.1 
w ill be modified to include parametric equations relating the hole pattern to the 
rib pattern.

With the flange model open, select Tools: Equations from the main menu, as shown
in Figure 5.66.

FIGURE 5.66
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The Equations dialog box w ill appear.

In the Equations dialog box, click the Add button, as shown
in Figure 5.67.

FIGURE 5.67
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The Add Equation dialog box w ill appear, as shown in Figure 
5.68. This dialog box allows for equations relating model 
parameters to one another to be added to the model.

Double-click on the Hole Pattern in the FeatureManager.

This w ill display the parameters (6 holes, 360° spacing) in 
the model window.

Click on the “ 6”  parameter (denoting the number of 
instances) in the model window, as shown in Figure 5.69.

FIGURE 5.68 FIGURE 5.69
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FIGURE 5.72
Equation

Note that the symbol denoting this parameter ("D l @ Hole Pattern") now appears 
in the Add Equation dialog box. We can now establish a parametric relationship 
driving this parameter (the number of holes in the pattern) with another param
eter in the model. When considering our design intent, the number of holes in the 
pattern is not necessarily an independent design choice; most likely, we simply 
want to ensure that there is one hole centered between each pair of stiffening ribs. 
Therefore, we w ill establish a parametric equation tying the number of holes in 
the pattern directly to the number of ribs in the Rib Pattern.

FIGURE 5.70Click on the equal sign as shown in
Figure 5.70.

Since the parameter representing the 
number of holes in the Hole Pattern 
is on the left side of this equal sign, 
the number of holes is a driven 
parameter; whatever expression is 
entered on the right side of the equal 
sign w ill determine its value. Note 
that since this value is now a driven 
parameter, it cannot be directly 
modified anymore.

The right side of the equation w ill now be added. FIGURE 5.71
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Double-click on the Rib Pattern to display the 
parameters associated with it. Click on the “ 6,”  as 
shown in Figure 5.71, to complete the equation.

The equation is shown in Figure 5.72.

Select OK to add the equation. The Equations dialog 
box now shows the equation and the value that is 
calculated for the equation (6), as shown in Figure 
5.73. Click OK to close the dialog box.

FIGURE 5.73 _________
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This equation establishes a parametric relation that ties the number of holes in 
the hole pattern directly to the number of ribs in the rib pattern. We w ill test the 
equation at this point.

Double-click the Rib Pattern to display its parameters, and double-click on the 
value “ 6”  (the number of ribs in the pattern) and change it to “ 3.”  Click the check 
mark, and then click the Rebuild Tool to rebuild the model.



Chapter 5 Parametric M odeling Techniques 167

W hile the number of holes is correctly tied 
Щ А/  to the number of ribs, our design intent

may not be satisfied by this model. Note 
\ that the angular location of the holes was 

set at 30 degrees from the center of a rib;
ЁЯШЯШЯШШЩ] this centered the hole between two ribs 

^ w h e n  there were six ribs in the pattern, but
it no longer provides for centering of the 
holes when the number of ribs is modi
fied. We w ill create a new parametric 

equation to establish the relationship required by our design intent; the equation 
w ill drive the angular dimension of the holes so that they are centered between 
the ribs.

FIGURE 5.74 The model w ill be rebuilt, with the Rib 
Pattern modified and the driven Hole 
Pattern modified as well, as shown in 
Figure 5.74.

From the main menu, select Tools: Equations. In the Equations dialog box, click Add. 
Double-click the Bolt Hole in the FeatureManager to display the dimensions asso
ciated with the bolt hole.

The angular spacing between ribs is 360 degrees divided by the number of ribs. 
The first hole is located at one-half of this value away from the first rib. Therefore, 
the equation required to set the angular dimension in degrees to the desired value 
w ill be:

Angular Dimension = (1/2) (360/Number of Ribs) or 

Angular Dimension = 180/Number of Ribs

FIGURE 5.75

^  <500

FIGURE 5.76
A dd Equation

With the hole dimensions still displayed, select the 
angular dimension locating the hole, as shown in Figure 
5.75. In the Add Equation dialog box, click the “ =”  sign. 
Type the number 180, and click the “ /”  sign.

Double-click on the Rib Pattern in the Feature
Manager to display the associated parameters. Select 
the parameter that represents the number of ribs by 
clicking on the number 3 in the model window.

The new equation should be as shown in 
Figure 5.76.

T)2@Sketeh5'=180fDl@Rib Pattern*
Click OK to close the Add Equation dialog 
box.
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The Equations box confirms 
that the dimension w ill equal 
60 degrees with the current 
number of ribs (3), as shown 
in Figure 5.77.

Click OK to close the Equations 
box and then rebuild the model.

The result is shown in Figure 5.78.
FIGURE 5.78

Change the number of ribs to other values and 
check to see that the number and locations of 
the holes change in a consistent manner.

Another example, with five ribs and holes, is 
shown in Figure 5.79.

Note that there is a difference between driving 
and driven parameters. In this example, the 
number of ribs is a free design choice, and is 
therefore a driving parameter. As such, it 
appears only on the right side of the equal 
sign in parametric equations. Conversely, the 
number of holes and the angular hole loca
tion are driven parameters; they are deter
mined by the choice of the number of ribs, 
and appear on the left side of the equal sign in 
parametric equations. Since their values are 
set by the values established by the driving 
parameters, driven parameters cannot be 
modified directly in the model.

Perform the following demonstration to veri
fy this.

FIGURE 5.77
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Double-click on the Hole Pattern in the FeatureManager to display the associated 
parameters in the model window. Double-click on number of holes in the pattern, 
to try to change the value.

FIGURE 5.80_______  The "E " symbol displayed beside the value (see Figure
5.80) indicates that the dimension is controlled by an 
equation and cannot be changed.

Click the check mark to close the message box. Reset the 
number of ribs and holes to six, rebuild the model, and 
save the part file.

FIGURE 5.79
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5.3 Modeling Tutoria l: Cap Screw w ith  Design Table
Note: This tutorial requires Microsoft Excel to be installed on your computer.

In this section, we w ill create a family of sim ilar parts. Many parts are defined this 
way, especially common parts such as fasteners, washers, seal rings, and so on. 
Rather than creating separate model files and drawings for every different part, a 
single part with multiple configurations is made. A single drawing can be made to 
define the parameters of all o f the different configurations. The specifications of 
the dimensions that define each configuration are contained in a spreadsheet 
called a design table.

Open a new part. Select the Right Plane from the 
FeatureManager, and select the Circle Tool from 
the Sketch group of the CommandManager. Draw 
a circle centered at the origin. Select the Smart 
Dimension Tool, and dimension the diameter of 
the circle as 0.50 inches, as shown in Figure 5.81.

Select the Extruded Boss/Base Tool from the 
Features group of the CommandManager, and 
extrude the circle 1.50 inches, in the direction 
shown in Figure 5.82.

Select the face shown in Figure 5.83, and select 
the Normal To View.

Select the Circle Tool from the Sketch FIGURE 5.82 
group of the CommandManager. Draw a 
circle centered at the origin. Select the 
Smart Dimension Tool and dimension the 
diameter of the circle as 0.75 inches, as 
shown in Figure 5.84.
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Select the Extruded Boss/Base Tool from the Features group of the Command
Manager, and extrude the circle 0.S0 inches to form the head of the screw, as 
shown in Figure 5.85.

Select the top of the screw head, as shown in Figure 5.86. Choose the Normal To 
View.

FIGURE 5.85 FIGURE 5.86_____________

|NormalTot

Select the Polygon Tool from the Sketch group of 
the CommandManager, as shown in Figure 5.87. 
Drag out a polygon from the origin, as shown in 
Figure 5.88. By default, the number of sides is six 
(a hexagon).

Click the check mark in the PropertyManager to 
turn off the Polygon Tool, and click on one of the 
sides of the hexagon to select it. Add a Horizontal 
relation to the side, as shown in Figure 5.89.

Select the Smart Dimension Tool from the Sketch 
group of the CommandManager, and add a 0.375- 
inch dimension between two opposite sides of 
the hexagon, as shown in Figure 5.90.

The sketch is now fully defined.

FIGURE 5.87
Fie Edit View Insert Took Window. fr

. ' 0 ' * N *
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1 ,  fT t  - 1 0 • A
Trim

Entities
Convert
Entities _Er

.71 - * - -

L= Polygon
j Sketches a polygon. You can change the 

q number of sides after sketching the 
~ ̂  polygon._____________________ _ _

FIGURE 5.90FIGURE 5.88 FIGURE 5.89
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FIGURE 5.91 Select the Extruded Cut Tool from the Features group 
of the CommandManager, and extrude a cut 0.245 inch
es deep to form the hex socket in the head, as shown
in Figure 5.91.

FIGURE 5.92

Screw threads are rarely modeled as solid features, 
since they can be cumbersome to create and can signif
icantly slow down the performance of your computer. 
Also, since they are standardized, the thread profiles 
are not required in order to specify them on a drawing. 
Rather, cosmetic threads, graphical features used to 
show the threaded regions, are much more commonly 
used. Cosmetic threads can be added to any cylindri
cal feature.

Select the edge where the threads will begin, as shown in
Figure 5.92.

Select Insert: Annotations: Cosmetic Thread from the main 
menu, as shown in Figure 5.93.

FIGURE 5.93
Tom '.wxa. «rip

Boss,ease
Cut

Й Features

( Pattem^rror
Fastersng Feabxe
FeatureWorks

Surface
Face
Curve
Reference Geometry

Sheet Metal
Wek*nents
Molds

9 Part..
Mirror Part..

e Sketch

2 f X) Sketch

Ш 3D Sketeh On Plane
Derived Sketdi
Sketch From txamng
DXFjOWG...
Design Study *

Tables ►
Annotations

Object...

3 Hyperknk...

Customize Menu

Swept Cut 

0 ^  ;.ofted Cut 

BoundaryCut

a m
91»

F*et Lnear 
better

Stacked SaJoon... 
Surface Frtsh Symbol... 
Weld Symbol...
Geometric Tolerance... 
Datum Feature Symbol... 
Datum Target... 
Cosmetic Thread... к

Aree HafchjFl

Cusiomue Menu

Set the thread length as 1.00 inch, and the 
minor diameter as 0.40 inches, as shown in 
Figure 5.94. Click the check mark to add the 
thread. Switch to the Front View. The resulting 
thread display is shown in Figure 5.95 (shown 
in wireframe mode for clarity).

FIGURE 5.94 FIGURE 5.95

The minor diameter is the diameter at the "root" of the thread. The actual minor 
diameter value of a UNC (unified series coarse) 1/2-inch thread is 0.408 inches. 
Since the minor diameter of the cosmetic thread is only for display purposes, 
using an approximate value is acceptable.
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FIGURE 5.96
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If  preferred, the cosmetic thread can 
be displayed with a shaded thread 
pattern on the surface rather than 
with the dashed lines shown in 
Figure 5.95. If  you want to change 
the display mode of the cosmetic 
thread, choose the Options Tool, 
and under the Document 
Properties tab, click on Detailing.
C lick on the "Shaded cosmetic 
threads" box, as shown in Figure 
5.96. The resulting display is shown 
in Figure 5.97. Note that some
limited-release versions of the software may not support the display of shaded 
threads.

The definition of the thread appears in the FeatureManager, attached to the cylin
drical feature that is to be threaded, as shown in Figure 5.98.

FIGURE 5.97 FIGURE 5.98

i  I®  Boss-Extrudel

Cosmetic Thread!

Save the part file as “ Cap Screw.”

We have now defined one configuration of the cap screw. To define more config
urations, we are going to create a design table.

We w ill need to access all of the dimensions used to create the part.

To show the dimensions, right-click on 
Annotations in the FeatureManager, and select 
Show Feature Dimensions, as shown in Figure 
5.99.

FIGURE 5.99
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Move the dimensions around the screen so that they are all easily visible, as shown
in Figure 5.100.

The Isometric View is used here. Since the dimension text is aligned with the plane 
in which it was created, the Isometric View allows for the best display of all dimen
sions.

If  desired, the display of 
dimensions can be changed 
so that the text is always ori
ented relative to the screen 
by selecting Tools: Options:
System Options: Display/
Selection and checking the 
box labeled "Display dimen
sions flat to screen."

From the main menu, select 
Insert: Tables: Design Table, as 
shown in Figure 5.101.

FIGURE 5.101
j Insert j  Tools Wtadow Hdp

Cut

Patte n  or 
Fastenng Feature 
FeatureWorits

Surface

Face
Curve
Reference Geornefry 

Sheet Metal 

WeWments 
Molds

Part...
MsrorPart..

Sketch 
30 Sketch
3D Sketch On Нале 
Derived Ssetth 
Sketch From Drawing 
DXF/OWG...
Design Study

: Щ  Swept Cut | £ |

Л 1 Filet
lofted Cut

Boundary Cut *

Tables
Annotations ’ 2

SI of Materials... 
ОеяртТаЫе... |\в

9 Hyperlrk... Custonve Menu

Customize Menu

FIGURE 5.102
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In the PropertyManager, 
leave the Source option as 
Auto-create. In the Edit 
Control box, choose the 
second option, as shown in 
Figure 5.102, so that 
dimensions entered in the 
table cannot be changed 
outside of the table. Clear 
all of the options for 
adding new rows and 
columns, and click the 
check mark to begin creat
ing the table.

A dialog box will open, 
prompting you to select 
the dimensions that will be 
included in the table, as 
shown in Figure 5.103. 
Select all of them by click
ing on the first and, while 
holding the Shift key, click
ing on the last. Click OK.

FIGURE 5.100
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FIGURE 5.104

kiwrt P»e« I*»®»*

*c«r; -JCW 
' / I t .— p.

•u A"*' JfwtMte* Snnl ij|
H • _ £ ’ Д * » » * *  * % * Via £3££.£Z

. i f

FIGURE 5.105 FIGURE 5.106

: Cap Screw

*3g rn
s ®
CO 1Л

0.8 0.5 0.38 0.25

FIGURE 5.107 FIGURE 5.108

“ .Нам

svt%

3  о

I  E1 sи о % Idj

«35 С D
tjUjUJU

E 1  F

* e for: Cap Screw

FIGURE 5.109 FIGURE 5.1 10

for: Cap Screw

A в с P E ....t . ........1 & н I

i Design Table for; Cap Screw

9)~a
3

ГМ
V

~a <L1
-o

<u
-C 
I—

Ш

XШ
8о
CQ

ГЫJZu
Ш
5
%

Xlit
и
оCD
©

m-Cu
%
*

XUJ
Du
<§>

о
0
@

2 О Q О О a о О
3 Part 101 0.5 1.5 0.75 0.5 0.375 0.245 1
4 Part 102 0.7Б 2 1.125 0.75 0.625 0.37 1.5
5 Part 103 1 3 1.5 1 0.75 0.495 2

A window containing a Microsoft Excel spread
sheet w ill open, as shown in Figure 5.104. Note 
that the Excel tools are available at the top of the 
screen whenever the table is open. Be careful not 
to click in the white space of the graphics window 
while the table is open; doing so w ill close the 
table. If  you close the table accidentally, you can 
re-open it by clicking on the Configuration
Manager tab above the FeatureManager, right- 
clicking the table name in the Configuration
Manager, and selecting Edit Table.

Note that row 2 of the table contains the 
SolidWorks name of each dimension, and row 3 
contains the current values of the dimensions as 
the "default" configuration. The only dimension 
that we w ill need to add manually is the thread 
length, since dimensions associated with cosmet
ic threads are not automatically added to design 
tables.

Click in cell H2 to select it, as shown in Figure
5.105. Double-click the dimension defining the 
length of the cosmetic threads, as shown in Figure
5.106.

The name of the dimension w ill be placed in cell 
H2. The dimension's current value (1 inch) w ill 
be placed in cell H3, as shown in Figure 5.107.

To use a larger font size, click the blank area in the 
upper left corner of the table, as shown in Figure 
5.108. This selects all of the cells in the table. 
Choose a new font size (14-16 point is a good 
choice) from the Home group of the Excel tool rib
bon. To adjust the width of each column, move the 

cursor to the right boundary of 
the column’s header, as shown in 
Figure 5.109, and click and drag to 
change the width. Change the col
umn widths so that all of the dig
its of the dimensions are displayed.

Change the name of the default 
configuration to “ Part 101”  in cell 
A3. Enter two more configurations 
and their dimensions in the table, 
as shown in Figure 5.110.

When the table is closed, the program w ill search column A (below row 2) for 
configuration names, much like a lookup table in Excel.
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FIGURE 5.1 I I

Part 101 
Part 102 
Part 103

Click in the white space in the modeling window, outside 
of the spreadsheet window. This will cause the design table 
to close, and a message will be displayed that indicates the 
new configurations have been created, as shown in Figure 
S.111. Click OK.

Note that the part has not changed on the screen. That is
because the default configuration is the one with the _________
dimensions used to model the part originally. To view the
new configurations created from the design table, we
need to use the ConfigurationManager. FIGURE 5.112

The design table generated the fblovwng configurations:

FIGURE 5.1 13

At the top of the FeatureManager, there are tabs cor
responding to the FeatureManager, PropertyManager, 
ConfigurationManager, Dim Xpert Manager, and - 
DisplayManager. (There could be other tabs as well, 
if certain add-ins are present.)

Click on the icon representing the ConfigurationManager, as 
shown in Figure 5.112.

In the ConfigurationManager, double-click on Part 103, as shown in Figure 5.113.

Cap Screw Configurabon(s) (Defe 
Tables, 

jj=f> Default [Cap Screw ]
; fat Part 101 

Щ  Part 102

FIGURE 5.1 14The part is rebuilt to the dimensions specified in the 
design table for Part 103, as shown in Figure 5.114. 
Dimensions controlled by the design table may appear in 
a different color on your screen. Note that when you 
move a dimension, you w ill receive a message that the 
dimension's value cannot be edited, as shown in Figure 
5.115.

One dimension that was left unchanged is the minor 
thread diameter of the cosmetic thread. Since this is not a 
dimension used to define the part, we did not include it 
in the design table. However, we would like to have the display of the 
cosmetic thread look reasonable on the screen. We can add an equa
tion to control this dimension.

From the main menu, select Tools: Equations.

Click Add to create a new equation. Click on the dimension represent
ing the minor thread diameter (0.400). In the equation box, type 
“ =0.8*”  after the name of the minor diameter dimension 
(“ D2@Cosmetic Thread I ” ) and click on the dimension representing the 
diameter of the shank (ф1.00).The equation should appear as shown 
in Figure 5.116.

FIGURE 5.1 15
2J

design table. Changes to this fidd are rwt permitted iriess 
you untodc the correspondng cel л  the design table and/or 
remove any existing fbtmiias й  the cel.

FIGURE 5.1 16

"D2@Cosmebc Thread l ’=0.8*T> l^Sketeh 1*
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FIGURE 5.1 17

5.4

Click OK to add this equation, and OK again to close the Equation box.

Click the Rebuild Tool.

The updated thread diameter is shown in 
Figure 5.117.

Click on the FeatureManager tab to 
return to the FeatureManager. Right-click 
Annotations in the FeatureManager, and 
select Show Feature Dimensions, as shown 
in Figure 5.118, to turn off the display of 
the dimensions on the screen. Save the part 
file.

Incorpora ting  a Design Table in a Drawing

We now w ill make a single drawing that details all three configurations of the cap 
screw.

Open a new drawing. Choose an А-size landscape sheet size, and either uncheck 
the “ Display sheet format”  box for a plain sheet, or select the sheet format that 
you created in Chapter 2.

If the Model View command FIGURE 5.119___________ FIGURE 5.120
does not start automatically, 
then select the Model View Tool 
from the Drawings group of the 
CommandManager. If desired, 
check the box labeled “ Start 
command when creating new 
drawing,”  as shown in Figure 
5.119. Click on the Cap Screw in 
the Open documents box, or 
browse to find it. Click the Next 
arrow in the PropertyManager.

Select “ Create multiple views,” 
and select the Front and Right 
Views. Choose the wireframe dis
play style with the hidden lines 
visible, as shown in Figure 5.120.

Select a part or assembiy from 
which to create the view, then 
cfckNext
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Click the check mark to create the views, which are shown in Figure 5.121.

The model views that are created reflect the configuration that is current when the 
drawing is created. The configuration used for any model view can be changed by 
clicking on that view, and changing the Reference Configuration in the Drawing 
View PropertyManager. For this tutorial, the configuration used is not important.

With one of the drawing views selected, select Design Table from the Tables Tool in 
the Annotation group of the CommandManager, as shown in Figure 5.122.

FIGURE 5.122____________________  The design table is inserted into the draw
ing, as shown in Figure 5.123. The design 
table can be moved on the drawing sheet by 
clicking and dragging it, but the format of 
the table is not what we want. There are 
blank rows and columns visible, dimen
sions are shown to only the number of dec
imal places we input, and so on. We w ill 
now edit the table to improve its 
appearance.

FIGURE 5.123
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FIGURE 5.124
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Double-click on the design table, and you 
will be taken back to the part screen, with 
the spreadsheet open in a window, as shown
in Figure 5.124.

Remember that the design table is a 
Microsoft Excel spreadsheet, and we w ill be 
editing it the same way we would edit any 
other Excel spreadsheet. To begin, the first 
two rows do not need to be displayed on the 
drawing. We cannot delete them, since they 
contain information necessary to the design 
table, but we can hide them.

Click and hold the mouse button on the number I on the left side of the spread
sheet, drag the cursor down onto the 2, and release. Rows I and 2 will be high
lighted, as shown in Figure 5.125. Right-click, and select Hide.

Select Columns B-H. Click the Center icon on the Excel menu, as shown in Figure 5.126.

FIGURE 5.125
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We w ill now add headers to our table. We hid the row containing the SolidWorks 
names of the dimensions, and we w ill now add a row that contains more descrip
tive names.

FIGURE 5.128
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Right-click on the “ 3”  at the left side of the table, 
and select Insert, as shown in Figure 5.127. In the 
new row that is inserted, type “ Diameter” in the cell 
in column B, as shown in Figure 5.128.
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Note that the text is rotated 90 degrees. By default, the SolidWorks part names 
were rotated to save space. However, for displaying on our drawing, we would 
prefer that the names are not rotated.

Click on the “ 3”  on the left side of the 
table to select that row. Click the arrow 
beside the Orientation Tool in the Home 
group of the Excel ribbon, as shown in 
Figure 5.129. The Rotate Text Up tool is 
selected; click to de-select it, as shown in 
Figure 5.130.

Enter the other names, as shown in 
Figure 5.131. Adjust the column widths 
so that the labels are displayed com
pletely. To show the longer names on 
two lines, highlight the desired cells and 
choose the Wrap Text Tool, as shown in 
Figure 5.132.

FIGURE 5.129

Wrap Text Text

iW ip ? ^  Merge & Center - $

Alignment_______________ J* j  [

FIGURE 5.130

0.75
1.125

1.5

Rotate text to a diagonal angle or 
vertical orientation.

This is often used for labeling 
narrow columns.

Click the currently selected text 
orientation again to reset the text 
back to normal orientation.

Press F I for more help.

Wrap Text

Angle Counterclockwise 

^  Angle Clockwise 

} {  Vertical Text 

-£! Rotate Text yp  . 

jlr* Rotate Text Down ^  

Format Cell Alignment

FIGURE 5.131
A в с 0 E F s H

Head Head Hex Hex Thread
3 Diameter Length Diameter Height Width Depth Length
4 Part 101 0.5 1.5 0.75 0.5 0.375 0.245 1

5 Part 102 0.75 2 1.125 0.75 0.625 0.37 1.5

6 Part 103 1 3 1.5 1 0.75 0.495 2

FIGURE 5.132
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Be sure to leave cell A3 blank. Recall that column A is reserved for configuration 
names.

Highlight all of the cells containing numerical values. Click the Increase Decimal 
Tool, shown in Figure 5.133, until all values are shown to three decimal places.

Click and drag the “ handle”  at the lower right corner of the table until all blank 
rows and columns are hidden, as shown in Figure 5.134. Click in the white space 
of the graphics area to close the table. From the menu, select Window and choose 
the name of the drawing.

FIGURE 5.133
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FIGURE 5.135
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Click on the Rebuild Tool to update the design table 
in the drawing, which now appears as shown in
Figure 5.135.

Before adding dimensions to the drawing, we need 
to add a view. Since the depth of the hex cavity 
needs to be dimensioned, we w ill add a section 
view of the head. This w ill let us avoid dimension
ing a hidden feature. It is good practice to refrain 
from using hidden lines for dimensioning.

FIGURE 5.136

FIGURE 5.138

Coincident

Zoom in on the head of the screw 
FIGURE 5.137--------- -------------------  .n the Front y iew Choose the

Section View Tool from the View 
Layout group of the Command
Manager. Hold the cursor momen- 

4\ tarily at the midpoint of the top 
edge of the head to “ wake up”  this 
feature as shown in Figure 5.136. 
Move the cursor to the right, as 

________ shown in Figure 5.137. The coinci
dent relation icon will appear, indicating that the cursor is a l i g n e d  hor
izontally with the midpoint of the top edge ° f  the head. Click and g 
a horizontal line through the head, as shown m
coincident and horizontal relation icons. When you click to ‘ °™ P 'ete 
the line, you will see a message that a partial section view will 
ated, as shown in Figure 5.139. Click Yes to complete the v.ew.

Drag the section view away from the Front View and click to place it. 
Right-click, and choose Alignment: Break Alignment, as shown in Figure

5.140.
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You will now be able to click and drag the section view to any location on the 
sheet, as shown in Figure 5.141.

With the section view selected, FIGURE 5.141__________________________________
choose Hidden Lines Removed 
from the PropertyManager, as 
shown in Figure 5.142.

We w ill now add dimensions to 
the drawing. Since we want 
most of the dimensions to 
appear in the Front View, we 
w ill import dimensions into 
that view first.

Select the Front View. Select t h e ------------
Model Items Tool from the 
Annotations group of the CommandManager. In the 
PropertyManager, select Entire Model as the source, f i g u r e  5.142 
as shown in Figure 5.143. Make sure that the box 
labeled “ Import items into all views”  is unchecked.
Click the check mark to apply the dimensions.

FIGURE 5.143
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FIGURE 5.144
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Repeat for the Right View 
and then for the section 
view, so that all dimensions 
are imported, as shown in
Figure 5.144.

The dimensions shown are 
for the Part 103 configura
tion, which was the configu
ration selected when the part 
file was saved. If  you saved 
the part with another config
uration selected, then the 
dimensions w ill be different. 
This is not a problem, as we 
w ill be replacing the numer
ical values with the dimen
sion names.

The dimensions defined by the design table may be shown in a different color than 
black. (The default color is magenta.) W hile this may be desirable in the part file, 
for the drawing we would prefer that all dimensions be displayed in black.

Select the Options Tool. Under the System Options tab, select Colors and scroll 
down the list of entities to find “ Dimensions, Controlled by Design Table,” as shown 
in Figure 5.145. Select Edit, and set the color to black.

FIGURE 5.145
System Options - Colors
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Sketch, Over Defined 
Sketch. M v  Defined

Move the dimensions and/or views on the screen so that they are all visible.

The dimensions displayed are those for one configuration. To make this drawing 
one that defines the dimensions for all configurations, we need to display the 
dimension names in the drawing views.
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Click on the dimension defining the length, as 
shown in Figure 5.146. In the PropertyManager, 
replace the “ <DIM>”  in the Dimension Text box and 
type in “ Length,” as shown in Figure 5.147. A mes
sage will appear, warning you that any tolerances 
specified for this dimension will not be displayed 
(see Figure 5.148). Check the “ Don’t ask me again” 
box, and click Yes.

FIGURE 5.146

-2.00-

,
iD lgBoss-Exfrudel o f  Cap Screw j

FIGURE 5.147
Dimension Text

FIGURE 5.148
Confirm dimension value text override

Overridhg the dimension value text <DIM> dsables toterance display. Do you want to
continue?

W  gori't ask me agajn|

Repeat for the other dimensions. Add a note calling out UNC-2A threads (UNC = 
Unified Standard Coarse series, 2 = tolerance level, A = external threads) and a 
note specifying inches as the dimensions.The completed drawing is shown in Figure 
5.149.

FIGURE 5.149
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PROBLEMS

Consider the flange model developed in Chapter 1. Create a "blank" for this part 
(without the holes), as shown in Figure PS. I A, using the following procedure-
a. Sketch a 5.5-inch diameter circle on the Top Plane, and extrude it upward

2.25 inches to create a solid cylinder (Figure PS.IB).
b. In the Front Plane, sketch a "cutting tool" to create the flange "blank" from the 

solid (Figure P5.IC).
Use the Revolved Cut command to create the blank.c.

FIGURE P5.IA FIGURE P5.IB

FIGURE PS.IC
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P5.2 Create a solid box, as shown in Figure P5.2A. Using equations, set the 
depth d = 2 w, and the height h = 3w, where the width w is the driving 
dimension. Show the box for a few different values of the driving 
dimension, as shown in Figure P5.2B.

FIGURE P5.2A FIGURE P5.2B

P5.3 Model the bracket shown in Figure P5.3A. Use only the 
dimensions shown in Figure P5.3B; use relations and 
symmetry as required so that these dimensions 
completely define the part. (The fillet radius, 0.125 
inches, is the same for the three fillets.)
Add equations to the model so that these relationships 
exist between the dimensions:
1. Height = 0.40 * W idth
2. Leg Depth = 0.50 * Height
3. Hole Spacing = W idth - 2 inches
4. Hole Location = 0.50 * (Height - 0.25 inches)
5. Slot W idth = 0.50 *Hole Spacing
6. Slot Location = 0.50 *Leg Depth 
Check to see that the
equations work for Width 
values from 3 to 8 inches.

FIGURE PS.ЗА

FIGURE P5.3B

Note: The slot can be 
created using the Slot 
Tool from the Sketch 
group of the 
CommandManager.

Height

W idth



P5.4 In this exercise, you w ill model a part in which an integer design parameter (number
of holes) is controlled by an equation.
a. Model the part shown in Figure P5.4A. Use a linear pattern to place the second 

hole. Show all of the dimensions by right-clicking on Annotations in the 
FeatureManager and clicking on "Show Feature Dimensions."

b. Add an equation so that the number of holes is equal to the length of the part 
(4 inches in the current configuration) divided by two. Therefore, there w ill be 
one hole for every 2 inches of length. Show only the dimensions shown in 
Figure P5.4B by right-clicking on each of the other dimensions and selecting 
"Hide."

c. Change the length of the part to 5 inches, as shown in Figure P5.4C. Note that 
the program has rounded the value of the equation (2.5) to the closest integer 
value (3).

d. Add a second equation to change the value of the dimension specifying the 
location of the first hole so that the holes w ill be centered on the part, as shown 
in Figure P5.4D.

Experiment with several values of length to show that the equations produce the
desired results, as shown in Figures P5.4E and P5.4F.
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FIGURE PS.4C FIGURE P5.4D



FIGURE P5.4E
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FIGURE P5.4F

P5.5 Revisit the perforated board created in Problem P3.5. Add equations to 
resize the overall board dimensions based on the number of holes 
needed in the board (using the same hole size and spacing used in the 
original problem). Show that the equations work by generating new 
boards for the following cases:
a. A 70 x 50 grid of holes
b. A 80 x 30 grid of holes
c. A 45 x 15 grid of holes

P5.6 Revisit the hacksaw blade created in Problem P3.6. Add equations to
calculate the proper tooth spacing and number of teeth in the linear pattern 
based on the blade length (the 12-inch dimension in Figure P3.6C) and the 
tooth length (the 0.050-inch dimension in Figure P3.6D). Show that the 
equation works by creating blades for the following three cases:
a. 18-inch length, 0.050-inch tooth length
b. 15-inch blade length, 0.060-inch tooth length
c. 15.5-inch length, 0.060 inch-tooth length

P5.7

f t 0 4
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OFFSET -
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3

Introduction to Solid M odeling 
Using SolidWorks 2011

Chapter 5 Heat Sink

Consider the heat sink from Problem P3.9, which is shown in Figure 
P5.7A. Make a copy of this part, and add equations as follows (refer to 
Figure P5.7B for the dimension names):
1. The depth = one-half of the width, plus 10 mm.
2. The fin height = one-third of the width.
3. The number of fins = the width divided by 6 mm.
4. The offset distance to the first fin is such that the fins are placed 

symmetrically of the part.
cu i i FIGURE P5.7BShow that the equations work correctly -----------------------
for width values from 60 to 180 mm.

FIGURE P5.7A

FIN
HEIGHT

All dimensbn are mm

N EquaBy spaced ribs 
Draft vertical rib surfaces 1°
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P5.8 Use a design table to create the W18 series of wide-flange shape 
beams, according to Figure P5.8 and Table P5.8. The model of the 
beam should be extruded to 36 inches in all configurations.

Table P5.8

D esignation D epth d Flange w id th  b Flange thickness T W eb thickness t

W 18 x  106 18.73 11.200 0.940 0.590
W 18 x  76 18.21 11.035 0.680 0.425
W 18 x 50 17.99 7.495 0.570 0.355
W 18 x 35 17.70 6.000 0.425 0.300

FIGURE P5.8
-  b— -

J j
J

d

1
------

Note: All dimensions in inches.

P5.9 Create a multiconfiguration drawing of the model created in Figure P5.8.

P5.10 Make a copy of the flange created in FIGURE PS.IOA
Chapter 1, which is shown in Figure P5.I0A 
with some of the dimensions hidden. Create 
three different configurations of the flange 
(the flange as created in Chapter 1 w ill be the 
first configuration), using both equations and 
a design table, as detailed below.
a. Add two equations:

(1) The boss diameter (2.75 in.) is 
equal to one-half of the flange 
diameter (5.50 in.).

(2) The center hole diameter (1.50 in.) 
is equal to the boss diameter minus
1.25 inches.

b. Create a design table to define the 
dimensions of two additional 
configurations, as specified in Table 
PS.10.

c. Make a 2-D drawing showing the three configurations, with only the dimensions that 
change shown, as in Figure P5.I0B. This type of drawing is used often in product 
literature and catalogs to illustrate the relative sizes of different parts.

Insert three Front Views and three Top Views in the drawing. Right-click on each view and 
select Properties, and select the appropriate named configuration for each view. Hide 
unwanted dimensions by selecting View: Hide/Show Annotations from the main menu

Table P5.I0

Flange D iam eter H eigh t B o lt c ircle d iam eter N um b er o f  b o lt holes

Part 1 5.5 2.25 4.25 4
Part 2 7.0 3.00 5.25 6
Part 3 8.0 3.50 6.25 8

Note: All dimensions in inches.
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and selecting the dimensions to be hidden. Press the Esc key to return to 
the normal drawing mode.

To precisely align the views, select a view, right-click, and choose Align: 
Align Horizontal by Origin, and select another view to align to. Repeat 
until all views are aligned.

FIGURE P5.I0B
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Flange Problem 5.10

P 5 . l l  An О -ring is an elastomeric seal in the shape of a FIGURE P5.I IA  
torus, as shown in Figure P5.I I A. Standard sizes 
of О -rings used in the United States are defined 
by a Society of Automotive Engineers (SAE) 
specification. Create a solid model of an O-Ring, 
with the six configurations as detailed in Table 
P5.11. (Note that while it is normally good 
practice to dimension to the centers of circular 
features rather to their edges, О -rings are defined 
by their inner diameters. This allows a design 
engineer to determine how much the seal w ill 
have to stretch to fit into a groove of a specified 
size.) Make a multi-configuration drawing, as 
shown in Figure P5.I IB.
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Table P5.I I

Part N um ber Inn e r D iam eter Thickness

125 1.299 ± .020 .103 ± .003
142 2.362 ± .020 .103 ± .003
235 3.109 ± .024 .139 ± .004
254 5.484 ± .035 .139 ± .004
350 4.600 ± .030 .210 ± .005
362 6.225 ± .035 .210 ± .005

When adding the inner diameter FIGURE P5.11В 
dimension to the sketch defining 
the part geometry, note that the 
Smart Dimension Tool attempts 
to define the dimension to the 
center of the circle representing the 
О -ring cross-section. To dimension 
to the edge of the circle, use the 
Point Tool to add a point to a 
quadrant point of the circle, and 
dimension to that point.

W hile the tolerance values cannot 
be used to change values within 
the part (even if you define the 
tolerance associated with a 
dimension on the part file, only 
the nominal value appears in the design table), they can be added in separate columns 
in the design table. To add the plus/minus symbol, select Insert: Symbol from the Excel 
tools.

Inner
Diameter

1.299
2.362
3.109
5.484
4.600
6.225

0.103
0.103
0.139
0.139
0.2100.210

Diameter Thickness 
Tolerance Tolerance 

♦020 *003
±.020
±.024
*.035
i.030
t-035

±.003
±004
±.004
±005
1.005

Dimensions are inches 
M aterial = Buna-N Rubber

Introduction to Solid Modeling 
Utlng SolidWorks 2011

Chapter 5 - O-Ring



C H A P Т Е R 6
Creation of 
Assembly Models

In t ro d u c t io n

In the preceding chapters, the development of solid models of parts was 
covered in detail. In this chapter, methods for combining such part 
models into complex, interconnected solid models w ill be described. 
These types of models, composed of interconnected part models, are 
called assembly models.

The assembly that w ill be construct
ed in this chapter is a model of a 
hinged door, as shown in Figure 6.1.

The chapter w ill begin with a tutori
al describing the construction of the 
part models of the components 
used in this assembly. After the 
models are constructed, they w ill be 
interconnected into an assembly 
model. The assembly model w ill be 
used to demonstrate the creation of 
an exploded configuration of the 
model.

6. 1 C reating the  Part Models

Before an assembly can be created, the parts to be assembled must be 
modeled. In this first step, solid models of the hinge and door com
ponents w ill be created.

The first model that we w ill create is the hinge component.

FIGURE 6.1

C h a p te r  O b je c tiv e s

In this chapter, you will:

■ create holes using the 
Hole Wizard,

■ learn to import part 
models into an assembly,

■ use assembly mates to 
define how components 
fit together in an 
assembly,

■ add assembly-level 
features to a model,

■ create an exploded con
figuration of an assembly 
model, and

■ create an animation of 
an exploded assembly.

191
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Start a new part model, and FIGURE 6.2 
sketch a horizontal line from 
the origin and a tangent arc in 
the Front Plane, as shown in
Figure 6.2.

Add a horizontal relation 
between the center point and 
endpoint of the arc, and dimen
sion the sketch as shown in
Figure 6.3.

The sketch should now be fully FIGURE 6.3 
defined. W hile in previous exer
cises we have used sketches with 
closed contours to make extru
sions, in this case we w ill use 
the open-contour sketch to cre
ate a thin-feature extrusion.

Create an Extruded Base. Note 
that the Thin Feature box is 
checked, since the sketch contour 
is open. Set the extrusion depth 
at 4 inches and the thickness at 
0.25 inches, as shown in Figure 6.4. Change the directions as necessary so that the 
extrusion and thickness directions are as shown in the preview in Figure 6.5.

The completed extrusion is shown in Figure 6.6.

FIGURE 6.4 FIGURE 6.5
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FIGURE 6.6
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Sketch the I-inch square area to FIGURE 6.8 
be cut away from the basic hinge —
shape, as shown in Figure 6.8. Use 
snaps and/or relations to align the 
edges of the square with the edges 
of the hinge, so that the sketch is 
fully defined with only the single 
dimension shown.

Use the Extruded Cut Tool to cut Through All in both Direction I and 
Direction 2, as shown in Figure 6.9.

The result of the cut is shown in Figure 6.10.

FIGURE 6.7 Select the top horizontal surface of the 
hinge, as shown in Figure 6.7, for the next 
sketch. Choose the Normal To View.

FIGURE 6.9

The completed pattern is shown 
in Figure 6.12. A pattern of 
countersunk screw holes w ill 
now be added to the hinge.
Since fastener holes are general
ly of standard dimensions, an intelligent design tool 
known as the Hole Wizard w ill be used to create the 
holes.

Select Cut-Extrudel from the 
FeatureManager, and define a lin
ear pattern to create another 
instance of this feature 2 inches 
along the horizontal edge of the 
hinge, as shown in the preview in 
Figure 6.I I .

FIGURE 6.10

FIGURE 6.1 I FIGURE 6.12
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FIGURE 6.13
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Choose the Hole Wizard Tool from the Features group of the Command
Manager, as shown in Figure 6.13.

The Hole Wizard dialog box appears. The Hole Wizard can be used to create 
holes to accommodate most standard fastener types. We w ill create counter
sunk holes for #10 flat head wood screws. (Screw diameters are designated 
by a number from 1 to 12, after which they are designated by the diameter 
as a fraction of an inch. A #10 screw has a diameter of 0.190 inches.)

In the Hole Specification PropertyManager under the Type tab, click to set the hole 
specification to Countersunk. Set the Standard to Ansi Inch, the Type to Flat Head 
Screw (82), the size to #10, and the End Condition to Through All, as shown in 
Figure 6.14. Click the Positions tab in the PropertyManager to initiate the Hole 
Position PropertyManager.

We are now prompted to enter the hole location, as shown in Figure 6.15. We w ill 
create a single hole, and replicate it using a linear pattern.

FIGURE 6.15 FIGURE 6.16

✓ X
Type

Hole Positton(s) £
Select the face where you want to 
place the hole.

To create holes on multiple faces, drck 
the button below.

Change to the Top View. 
Place the center of the hole 
by clicking in the approxi
mate location shown in
Figure 6.16.

Select the Smart Dimension Tool, and add dimensions to the hole location as 
shown in Figure 6.17.

Click the check mark to create the hole, which is shown in Figure 6.18.

FIGURE 6.17 FIGURE 6.18
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Select the new hole from the FeatureManager, and create a linear pattern with four 
total instances of the hole, spaced 2 inches along the long side of the hinge and 
0.9 inches along the short side, as shown in the preview in Figure 6.19.

The final model of the hinge is shown in Figure 6.20. Since it w ill be used in a later 
assembly it must be saved.

FIGURE 6.19 __________________________  FIGURE 6.20_____________________

Save this using the file name “ Hinge,”  and close the file.

Now, the second major component in the first subassembly w ill be created.

Open a new part, and sketch a 16-inch by 16-inch square in the Front Plane, cen
tered about the origin. Extrude it 2.5 inches.

This base feature is shown in Figure 6.21.

On the front face, sketch a 10-inch square FIGURE 6.21____________________
centered about the origin. Extrude it 
I inch from the face.
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This completes the second component, as shown in Figure 6.22. When we assem
ble the parts later, it w ill be helpful if they are different colors.

If desired, select the Edit Appearance Tool from the Heads-Up View Toolbar, as shown 
in Figure 6.23. Pick the new color for the hatch, and click the check mark to close 
the Color PropertyManager. 

Save it using the file name “ Hatch.”  Close the file.

FIGURE 6.22 FIGURE 6.23

These parts w ill now be used to create a model of the door assembly.

6.2 C reating a Simple Assembly o f Parts

The features of the software that we w ill employ are the assembly capabilities. 
Assemblies are complex solid models that are made up of simpler part models, 
with specifically defined geometric relationships between the parts. The 
SolidWorks program provides us with the ability to relate surfaces and other geo
metric features of one part to those of another part. For example, we could:

• Define two fla t surfaces as coincident: This places the two flat surfaces in 
the same plane.

• Define two fla t surfaces as parallel.
•  Define two fla t surfaces a preset distance apart: This makes the two surfaces 

parallel, with a specified distance between them.
• Define two lines or planes as perpendicular to one another.
•  Define two lines or planes at a preset angle to one another.
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• Define a cylindrical feature as concentric with another cylindrical feature:
This aligns the axes of two cylindrical features.

• Define a cylindrical feature as tangent to a line or plane.

These geometric relationships are called mates. There are many other geomet- FIGURE 6.24 
ric relationships that can be accommodated as well.

In this section, a tutorial w ill be presented in which we w ill create a simple 
assembly by attaching a set of hinges to the hatch component, as shown in 
Figure 6.24. This assembly w ill be used in the following chapter as a small 
assembly (subassembly) within a larger assembly.

FIGURE 6.25 To begin creating an assembly 
model, select File: New from the 
main menu. Click on the Assembly 
icon (Figure 6.25), and click OK.

A new assembly window w ill be created. 
For the purposes of this assembly, the 
main "base" part w ill be the hatch. We 
w ill begin by importing this component 
into the assembly.

FIGURE 6.26 ln the PropertyManager, any open parts will be displayed.
Since we have closed our part files, click on Browse to find 
the hatch file, as shown in Figure 6.26. (Note: If the box 
shown does not appear when you start a new assembly, 
select Insert: Component: Existing Part/Assembly from the 
main menu.)

Browse to the location where the hatch file was saved, as 
shown in Figure 6.27, and open it. If necessary, change the 
file type option to Part (*.prt, *.sldprt) to find the part files.

FIGURE 6.27

• MyOocs * My Documents • SW2D11 • Chapt»6 • Chapter 6 Parts ■ иг

Select a component to insert, then 
place i t « the graphics area or hit 
OK to locate it a t the origin.

Or deogn top-down using a Layout 
wdh btads. Parts may then be 
created from the blocks.
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DESIGN INTENT Planning an Assembly Mode
When we imported the first part into our assem
bly, we were careful to locate the part at the origin 
of the assembly space. More precisely, we made 
the origin of our part model coincident with the 
origin of the assembly space, and therefore also 
made the Front, Top, and Right planes of our part 
model coincident with the corresponding planes 
in the assembly space. This is not strictly neces
sary; we could have located the origin of the part 
model anywhere in the assembly space. However,

by taking advantage of the default Front, Top, and 
Right planes (as well as the origin), we can use 
these as references for the addition of new features 
(such as holes, bosses, etc.) at the assembly level 
(as we w ill do later in the chapter), as well as in 
construction of assembly drawings (as we w ill do 
in Chapter 8). Judicious choice of the location of 
the first part we bring into an assembly can sim
plify subsequent tasks, if we anticipate our future 
use of the assembly model.

FIGURE 6.29
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FIGURE 6.31

As prompted by the message shown in Figure 6.28, click the check mark (the 
OK button) to insert the hatch part at the origin.

This w ill import the hatch model into the assembly, with the origin of the 
hatch coincident with the origin of the assembly window.

From the Heads-Up View Toolbar, click the Apply Scene Tool and select Plain 
White as the background, as shown in Figure 6.29. (See appendix A for instruc
tions on the creation of an assembly template.)

Note that the name of the component (Hatch) now appears in the 
FeatureManager (Figure 6.30). The designation (f) means that the compo
nent is "fixed"; it is fully constrained in the assembly window, and cannot 
be moved or rotated. Note the Mates group at the bottom of the 
FeatureManager. As we define the geometric relations between components, 

these relations w ill be stored under this Mates group.
FIGURE 6.30
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FIGURE 6.32

The hinge component w ill now be brought into the 
assembly. Note that the CommandManager has an 
Assembly group containing many of the tools we w ill 
use in assembling the components.

Select the Insert Components Tool from the Assembly 
group of the CommandManager, 
as shown in Figure 6.31. Select 
Browse, and find the hinge file. 
Click Open, and move the hinge 
to the approximate position 
shown in Figure 6.32. Click to 
place the hinge.

This w ill import the hinge com
ponent, with its origin located 
at the point selected. The exact 
position and orientation are

FIGURE 6.28



not important at this point, since the Mate Tool w ill be used to establish the posi
tion and orientation with respect to the base part.

Note that the name of the hinge component now appears in the FeatureManager, 
with the (- ) designation preceding it. This designation indicates that the compo
nent is "floating," and can be moved or rotated (as its degrees of freedom allow).

Although the CommandManager contains Move Component and Rotate 
Component Tools, parts can also be moved or rotated directly with click-and-drag 
operations.

Click on the hinge with the left mouse button, and, while holding the button down, 
drag the hinge to a new position, as shown in Figure 6.33. Hit Esc to exit this 
mode.

Click on the hinge with the right mouse button and, while holding the button 
down, rotate the hinge to a new orientation, as shown in Figure 6.34. Hit Esc to 
exit this mode.

FIGURE 6.33 FIGURE 6.34

Chapter 6 Creation of Assem bly Models

More control over the move and 
rotate commands is available with 
the Triad Tool. The Triad Tool can 
be activated from the right-click 
menu of a component.

Right-click on the hinge and select 
Move with Triad from the menu, as 
shown in Figure 6.35.
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The Triad Tool is shown in Figure 6.36. The arrows correspond to the principal 
axes of the assembly. Click and drag on one of the arrows, as shown in Figure 6.37, 
to translate the part in that direction. Click and drag on one of the circles, as 
shown in Figure 6.38, to rotate the part w ithin the plane defined by that circle.

FIGURE 6.36 FIGURE 6.37 FIGURE 6.38

FIGURE 6.39 Experiment with moving and rotating the hinge component with the 
Triad Tool. Place the hinge in the approximate position and orientation 
shown in Figure 6.39. Click in the white space around the hinge to turn 
off the Triad Tool.

W hile it is not strictly necessary to place the component in its approx
imate position and orientation prior to defining mate instructions, 
doing so can remove ambiguity and simplify the establishment of the 
mates.

The Mate Tool w ill now be used to establish the first geometric rela
tionship between the hinge and the hatch.

FIGURE 6.40
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FIGURE 6.42

Click the Mate Tool from the Assembly group of the CommandManager, as 
shown in Figure 6.40.

This brings up the Mate PropertyManager.

FIGURE 6.41

( ❖ 'M  1
Using the Rotate View Tool, as shown in Figure 6.41, 
rotate the view so that the bottom face of the hinge 
can be seen. Press the Esc key to turn off the Rotate 
View Tool. Select the bottom face (Figure 6.42).

The name of the surface w ill appear in the highlight
ed area of the Mate dialog box.

If  you select something incorrectly during a mate operation, you can clear 
the selection box at any time by right-clicking in the graphics area and 
selecting the Clear Selections option.
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FIGURE 6.43

FIGURE 6.45

FIGURE 6.46
Mate aignment:
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FIGURE 6.47

Return to a Trimetric View, and select the top face 
of the hatch component (Figure 6.43).

In the Mate dialog box, the selected faces are 
shown, and a list of possible mates is shown 
(Figure 6.44). By default, a coincident mate is 
selected when two flat surfaces are selected. This 
means that the two selected faces w ill be coplanar. 
The hinge w ill move to satisfy the selected mate 
configuration, as shown in Figure 6.45.

The Mate Alignment Tools in the dialog box 
are important because there is often more 
than one configuration that meets the specifi
cation of the selected mate. For example, the 
hinge could be upside-down and the selected 
mate could still be satisfied. An advantage of 
placing and orienting a component before 
applying mates is that the default alignments 
of the mates are usually correct. However, we 
w ill illustrate the use of the Mate Alignment 
Tools before applying the mate to the hatch 
and hinge.

Toggle between the Aligned and Anti-Aligned Tools, as 
shown in Figure 6.46. Note that the hinge is flipped, 
as shown in Figure 6.47. Choose the tool which 
results in the proper alignment.

To better view the effect of the mate, switch to the 
Right View.

As shown in Figure 6.48, the bottom of the hinge 
and the top of the hatch are coplanar.

FIGURE 6.48

FIGURE 6.44 
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Click the check mark in the Mate dialog box or the pop-up box to apply the mate.

Note that the hinge component can be moved with respect to the fixed hatch com
ponent, but that the two mated faces remain coplanar. That is the geometric effect
of the mate.

A second mate w ill now be added to provide additional location information for 
the hinge relative to the fixed hatch component.

Rotate the view orientation so that the back face of the 
hatch is visible. Click and drag the hinge to the approximate 
position shown in Figure 6.49.

With the Mate dialog box still open (select the Mate Tool if 
you closed it accidentally), select the two faces shown in 
Figure 6.50. Click the check mark to apply this second coin
cident mate.

The result of the mate is shown in Figure 6 .51.

Select the two faces shown in Figure 6.52.

In this case, we do not want to apply the default 
coincident mate. Rather, we want these faces to 
be a specific distance apart.

FIGURE 6.49
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Select a Distance mate from the Mate dialog box or the pop-up box, as shown in 
Figure 6.53. Set the distance to I inch, as shown in Figure 6.54.

FIGURE 6.53 FIGURE 6.54

A distance mate has two possible configurations. If  you check the Flip Dimension 
box, then the other configuration is selected, as shown in Figure 6.55.

With the mate defined correctly, as in Figure 6.56, click the check mark to apply 
the mate.

FIGURE 6.55____________________________  FIGURE 6.56

Click Esc to close the Mate dialog box. Try to move the hinge by clicking and drag
ging it.

A message appears, as shown in Figure 6.57, stating that the part cannot be moved. 
The three mates that we have applied have completely defined its position and ori
entation relative to the fixed 
hatch. FIGURE 6.57

A second hinge w ill now be added 
to the assembly. Since the second 
hinge w ill be identical to the first, 
no new component needs to be 
created. A second instance of the 
first hinge can simply be added to 
the assembly.
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FIGURE 6.58 ________________ Select the insert Component Tool, and browse 
to the hinge file. Place the hinge into the 
assembly window, as shown in Figure 6.58.

FIGURE 6.59

Using a procedure similar to the one outlined 
previously in this chapter, add two coincident 
mates and a distance mate to fully constrain 
the second hinge in the position shown in
Figure 6.59.

Once defined, mates can be easily modified. 
For instance, assume that a redesign specified 
that the location of the second hinge should 
be 4 inches from the mated edge rather than
1 inch.

FIGURE 6.60
В  I f  Mates

Conadentl (Hatth<l>,Hrige<l>) 
/  Comcident2 (Hatch<l>,Hinge<l>) 
j*-*| Distance 1 (Hinge<l>,Hatch<l>) 
£  CoeTodent3 (Hatch <l>,Hnge<2>) 

Carradent4(Hatch<l>,Hinge<2>)

г (Dtstance2)

^  j Edit Feature к  
Suppress ^

| Flp Mate Algnment

Click the + sign next to the Mates entry in the 
FeatureManager. Locate the distance mate 
associated with the second hinge (called 
Distance2), and right-click on the mate name, 
as shown in Figure 6.60. Select the Edit 
Feature option.

The PropertyManager associated with this 
mate w ill reopen, allowing for editing of the 
mate.
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FIGURE 6.61 Change the value of the distance to 4.00 inches, as shown 
in Figure 6.61. Accept the change by clicking the check 
mark.

The resulting position of the second hinge is shown in 
Figure 6.62.

FIGURE 6.62

In this way a parameter of the mate can be readily redefined. Since we w ill want 
to continue with the 1-inch value rather than the modified 4-inch value, we w ill 
revert to the previous value.

Press the Esc key to close the Mate dialog box. Click the Undo Tool, shown FIGURE 6.63 
in Figure 6.63, to revert to the I-inch dimension. Save the assembly file 
using the name “ Door,”  and close the file.

Note that the new file has the extension .SLDASM, indicating that it is a 
SolidWorks assembly file.

Adding Features a t the  Assembly Level

Assembly models are created from pre-existing part files. However, it is some
times desirable to make modifications to the parts during the creation of assem
blies. In this section, the addition of features at the assembly level w ill be 
described.

In our example, based on our design intent, we would like to produce a hole in 
the hatch component corresponding to each of the four countersunk holes in the 
hinge component. Therefore, we w ill use the existing holes in the hinge to estab
lish relations that precisely locate our new holes to match the holes in the hinge. 
The first step w ill be to create points on the top surface of the hatch where the 
holes w ill be added.

New Undo (C tri+ Z) j
Motion S Reverses the last action. Ŝ .Cv • • -- ‘
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In the Door assembly, select the top surface of the hatch and choose the Normal 
To View, as shown in Figure 6.64. Zoom in on the right-hand hinge. Select the Point 
Tool from the Sketch group of the CommandManager, as shown in Figure 6.65, and 
add points at the center of each of the holes in the hinge, as shown in Figure 6.66. 
(It may be necessary to hold the cursor momentarily over the perimeter of the 
hole to “ wake up”  its center mark.) Exit the sketch, as shown in Figure 6.67.

FIGURE 6.64 _____________________ FIGURE 6.65________________ FIGURE 6.66___________________

FIGURE 6.67
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It w ill be easier to add the holes in the proper position if the hinge is hid
den. Otherwise, the Hole Wizard may not find the proper surface to 
define the hole.

Exit Sketch
Exit this sketch and keep any changes.

Right-click on the hinge in the FeatureManager, and select Hide, as shown
in Figure 6.68.

The hinge is now hidden from view, as shown in Figure 6.69. The points of 
the sketch just created should be visible. If they are not, select View 
Sketches from the Hide/Show Items menu of the Heads-Up View Toolbar.

FIGURE 6.70
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FIGURE 6.68 FIGURE 6.69
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Select the Assembly group of the CommandManager. Click on the Assembly 
Features Tool, which reveals a menu of assembly-level features, as shown in 
Figure 6.70. Select the Hole Wizard.

Four pilot holes w ill be added to the hatch, matching the positions of the holes 
in the hinges. (Note: the holes in the hatch are drilled undersized to allow the 
screws to thread into the hatch.)
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In the Hole Specification PropertyManager, with the Type tab selected, set the FIGURE 6.71 
Hole Type to plain hole, the Size to 7/64 (inches), the End Condition to Blind 
and the depth to 0.75 inches, as shown in Figure 6.71.

Click on the Positions tab in the PropertyManager, and the Hole Position 
PropertyManager will prompt you for the position of the holes. Click the 3D 
Sketch button, as shown in Figure 6.72. Click on each of
the points created earlier, as shown in Figure 6.73, and FIGURE 6.72_______
click the check mark twice to create the holes.

Right-click on the hinge in the FeatureManager and 
select Show.

The holes added match the positions of the holes in the 
hinge, as shown in a wireframe view in Figure 6.74.

✓ *
iH B f ¥ = L
Hole Posrt»on{s)

To create holes m  faces, dkk 9»  
button below.

Repeat the entire operation on the other hinge.

Right-click on each of the sketches defining the hole positions and select Hide. 

Save the changes to the assembly.

FIGURE 6.73

© ©

©

FIGURE 6.75

Adding Fasteners to  the  Assembly

We w ill now add wood screws to the assembly model. Commercial and educa
tional licenses of SolidWorks have an add-in feature called SmartFasteners that 
can be used to intelligently insert appropriate mechanical fasteners into an 
assembly. Some limited-license SolidWorks products do not contain this feature, 
so we w ill create a wood screw part model for this exercise.

Open a new part. In the Top Plane, sketch and dimension a 0.190-inch diameter 
circle, centered at the origin. Extrude the circle upward to a height of 1.00 inches, 
as shown in Figure 6.75.
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Features

Since the holes that we are adding in the tutorial 
affect only the hatch part, we could have added 
them to the part file. Instead, we have added them 
at the assembly level, and the holes do not appear in 
the part model (verify this by opening the hatch file 
after adding one or more of the holes to the assem
bly). There are two types of features: part-level fea
tures, and assembly-level features. Where we apply the 
features should reflect the actual manufacturing and 
assembly processes. For example, if the holes are 
predrilled into the hatch before the assembly with 
the hinges, then the holes should be added to the 
part model and are considered part-level features. If  
the holes are added after placing the hinge on the 

and using the hinge's holes to locate thehatch

drilled holes in the hatch, then these are assembly- 
level features.

The difference between part-level and assembly- 
level features is especially important when creating 
detailed drawings. In this example, the part draw
ings would contain all information needed to man
ufacture and/or inspect the hinge and hatch parts. 
The assembly drawing would show which parts 
make up the assembly (in a Bill o f Materials), and 
would contain only the dimensions necessary to 
assemble them. In this case, the dimensions to 
locate the hinges and the hole definitions would be 
defined on the assembly drawing (we w ill learn 
how to make an assembly drawing in Chapter 8).

FIGURE 6.76
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FIGURE 6.79

Switch to the Front View. In the Front Plane, sketch and dimension the 
three lines and vertical centerline shown in Figure 6.76. Select the Revolved 
Boss/Base Tool from the Features group of the CommandManager, as shown 
in Figure 6.77. Click the check mark to accept the 360-degree default rev
olution.

The revolved screw head is shown in Figure 6.78.

FIGURE 6.77 FIGURE 6.78

64$
Revolved 
Boss/Base

d jjj Swept Boss^ase 

\  Lofted Boss/Base 

. • '"i Boundary BossjSase

Revolved Boss/Base
: Revolves a sketch or selected sketch 
i contours around an axis to create a sobd 

efau feature. ___________

At the bottom of the screw, sketch and dimension the lines shown in 
Figure 6.79 in the Front Plane. Add a vertical centerline.

Note that the "cutting tool" profile extends below the bottom of the 
part. An error is encountered when the profile comes to a single point 
on the centerline.
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Select the Revolved Cut Tool from the Features group of 
the CommandManager, as shown in Figure 6.80. Click the 
check mark to accept the 360-degree default revolution.

The screw body is shown in Figure 6.81.

Open a sketch on the screw head and sketch a rectangle 
centered at the origin. The rectangle should extend 
beyond the edges of the screw by 0.05 inches, and should 
be 0.055 inches tall, as shown in Figure 6.82. Extrude a 
cut 0.040 inches deep to create the slot in the screw 
head, as shown in Figure 6.83. Save this part file as 
“ Screw.”

FIGURE 6.80
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FIGURE 6.81 FIGURE 6.82 FIGURE 6.83

FIGURE 6.84
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Switch back to the door assembly. Expand the defi
nition of the first hinge in the FeatureManager, and 
click on the first hole created in the hinge, as shown 
in Figure 6.84.This will select and highlight the hole. 
Note the position of this first hole, as it will be used 
in the next assembly step.

By placing our first screw in the first hole created, 
we can use the pattern that was previously defined 
for the holes to place the other screws, rather than 
placing them one at a time or defining a new 
pattern.
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FIGURE 6.85 Insert a screw into the assembly, placing it 
approximately in the position shown in Figure
6.85.

Select the Mate Tool. Select the conical surface 
of the screw head, as shown in Figure 6.86. 
Select the conical face of the first hole in the 
hinge, as shown in Figure 6.87.

By default, a concentric mate w ill be created. 
However, we can override the default to create 
a coincident mate. Adding a coincident mate 
to the two conical surfaces w ill completely 
locate the screw in the hole.

FIGURE 6.86 FIGURE 6.87

FIGURE 6.88______________  In the Mate PropertyManager, change the type of
mate to Coincident, as shown in Figure 6.88. Click 
the check mark to apply the mate, and click the 
check mark again to close the Mate 
PropertyManager.

The screw is shown in its final position in Figure
6.89. Rather than add the remaining screws individ
ually, we w ill create a pattern.

FIGURE 6.89 ______________
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Since the pattern of the screws w ill follow 
that of the holes in the hinges, we w ill use 
that pattern to create a feature-driven pattern.

From the Assembly group of the 
CommandManager, click the arrow under the 
Linear Component Pattern Tool and select 
Feature Driven Component Pattern, as shown 
in Figure 6.90. Select the screw as the com
ponent to be patterned. For the Driving 
Feature, click on one of the holes in the 
hinges, as shown in Figure 6.91.

FIGURE 6.90

Edit View Insert Tools Window Heip

I t  {§£ ^
Linear Move

Component Component |
Pattern Fasteners

Show
Hidden

Componer

frfr
*

Linear Component Pattern 
Ciraiar Component Pattern
Feature Dnven Component Pattern к

111 Mirror Components ^

FIGURE 6.91

Click the check mark to complete the pattern, which is shown in Figure 6.92. 

FIGURE 6.92 ____________________________________

Repeat for the other hinge, as shown in Figure 6.93. Save the changes to the 
assembly.

FIGURE 6.93 ____________________________________
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6.5 C reating an Exploded View

Exploded views are often used to visualize assemblies. In this section, an explod
ed view of the door assembly w ill be created.

Select the Exploded View Tool from the Assembly group of the 
CommandManager, as shown in Figure 6.94.

Click on each of the screws to select them. If you accidentally select one 
of the hinges, click on it again to cancel its selection.

These components w ill appear in the Settings box in the 
PropertyManager. A manipulator handle w ill appear in the model w in
dow, as shown in Figure 6.95. This allows for "drag and drop" explosion 
of assembly components.

Click and hold on the manipulator handle that points in the Y direction, and drag 
the fasteners up to the desired location, as shown in Figure 6.96. Release the 
mouse button to place the components.

FIGURE 6.95 FIGURE 6.96

FIGURE 6.94
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FIGURE 6.97
Note that this explosion step, 
denoted Explode Step l, now 
appears in the Explode Steps box 
of the PropertyManager. We can 
make modifications to this step 
by using the PropertyManager 
entries.

Double-click on Explode Stepl in the Explode Steps box of the PropertyManager 
to select it. Change the distance to 4 inches, as shown in Figure 6.97. Click Apply 
to change the distance, and click Done to end Explode Stepl.

The Explode PropertyManager should be open on the screen. The Settings box 
should be highlighted, prompting for the selection of components to explode.

Click on both of the hinges to select them.
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Click and hold on the manipulator handle that points in the Y direction, and drag 
the hinges up to the desired location, as shown in Figure 6.98. Release the mouse 
button to place the components.

FIGURE 6.98 Double-click on the entry 
in the Explode Steps box 
of the PropertyManager 
to select it. Change the 
distance to 2 inches. Click 
Apply to change the dis
tance, and click Done to 
end the explode step.

Click the check mark to 
complete the exploded 
view. Save the modified 
assembly.

Now that the exploded view has been defined, you may toggle between the 
exploded and collapsed views at any time.

In the FeatureManager, right-click on the 
name of the door assembly. Select 
Collapse (Figure 6.99).

The exploded view w ill be toggled to the 
collapsed view.

Right-click on the name again, and select 
Explode, as shown in Figure 6.100.

This w ill toggle the display back to the 
exploded state.

FIGURE 6.99
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DESIGN INTENT Manufacturing Considerations
The placement of the holes in the hatch and the 
hinges can be accomplished in one of three ways, 
and each way simulates a different approach to the 
manufacturing of the door assembly. First, the holes 
could be added to the hatch at the part level, just as 
they are in the hinge part. In this method, at the 
final assembly step, the hatch and the hinges would 
be received with the holes in place. The hinges 
would be aligned with the holes in the hatch, and 
the fasteners inserted. In this case, the holes would 
be classified as part-level features. In the second 
method, neither the hinge nor the hatch would have 
holes before arriving at the assembly step, where the 
holes would be classified as assembly-level features.

In the third method, the hatch would be received 
without holes, and the hinges received with the 
holes pre-drilled. The holes in the hatch would be 
drilled to match the holes in the hinges. This is the 
method modeled in the tutorial. In this case, we 
have combined a part-level feature (the holes in the 
hinges) with assembly-level features (the holes in 
the hatch). Although the final assembly would look 
the same regardless of which method is chosen, the 
definition of where the holes are added can be an 
important consideration in the actual manufactur
ing process, and the method used to create the solid 
model should represent the actual manufacturing 
steps.

FIGURE 6.101
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Explode

Line
Sketch

Instant3D

Explode Line Sketch
Adds or edits a 3D sketch showing the 
relationship between exploded 
components.

Sketch lines can be added to the exploded 
view to show how the parts fit together. 
Although they are not really necessary for a 
simple assembly such as our door, they can 
be very helpful in more complex assem
blies.

Select the Explode Line Sketch Tool from the 
Assembly group of the CommandManager, as 
shown in Figure 6.101.

A 3-D sketch w ill be opened. By default, the 
Route Line Tool w ill be active, as shown in 
Figure 6.102.

FIGURE 6.102

Explode

Route Line
Adds a route tine that connects entities i 
an explode line sketch or a 3D sketch,

FIGURE 6.103 Click on the cylindrical 
surface of one of the 
fasteners. Then click on 
the edge of the corre
sponding hole in the 
hatch, as shown in 
Figure 6.103. Click the 
right mouse button to 
create the sketch line.
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Repeat for the other fasteners, and close the sketch to complete the operation.

The completed explode lines are shown in Figure 6.104. Clicking the 
ConfigurationManager tab shows the 3-D sketch containing the explode lines 
with the associated exploded configuration, as shown in Figure 6.105.

FIGURE 6 .104____________________________________  FIGURE 6.105______________

W hile this exploded configuration offers a clear picture of how the components 
are assembled together, we may wish to produce an animation file to demon
strate the explosion step-by-step. Not only can we easily produce this animation 
using SolidWorks, we can export the animation as a standard video AVI file that 
can be viewed by anyone with video playback software.

Right-click on the Door Configurations(s) entry in the 
ConfigurationManager, and select Animate Collapse, as 
shown in Figure 6.106.

The Animation Controller w ill initiate (shown in Figure
6.107), and the animation of the collapse/explosion 
w ill begin. The Animation Controller contains buttons 
to control the play, playback mode, and play speed of 
the on-screen animation.

FIGURE 6.107 __________________________

FIGURE 6.106
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Click the Stop button to end the animation, as shown in Figure 6.108. Set the 
Playback Mode to Normal, as shown in Figure 6.109.

FIGURE 6.108 FIGURE 6.109_______________________
Animation
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FIGURE 6.110_______________________________  In order to view this animation using the Animation
Controller, access to the assembly model, all part 
models used in the assembly, and the SolidWorks 
software package are required. To allow someone 
without access to the models and software to view 
this animation, we can save it as a video AVI file.

In the Animation Controller, click the Save Animation 
button, as shown in Figure 6.110.

FIGURE 6 .111 The Save Animation to File dialog box w ill appear, as
shown in Figure 6.111. This allows us to select the appro
priate directory and filename for a video file. It also 
allows us to set some parameters that control file size 
and image quality, such as the number of frames per sec
ond to be saved when we create our video file. For this 
application, we w ill accept the default values.

Browse to the appropriate file location, and click Save.

The Video Compression dialog box w ill appear, as 
shown in Figure 6.112. This dialog box allows us to 
select the video resolution of the video file. Higher- 
resolution images w ill result in larger file sizes. For this 
application, we w ill accept the default values for 
Compressor type and quality, except we w ill not use Key 
Frames (which cause animation errors with some oper
ating systems).

Clear the Key Frame checkbox, and click OK to close the Video 
Com pression dialog b o x .

The animation w ill be replayed in the graphics window. W hile 
this is occurring, the video file w ill be written at the frames per 
second and compression level we specified.

The video file w ill be stored using the name and location we spec
ified. In this case, the file w ill be name Door.avi. This file is a 

stand-alone video file; it is not linked in any way to your SolidWorks part or 
assembly files. As such, it can be viewed by anyone with standard video playback 
software, such as Windows Media Player or RealPlayer. Do note, however, that all 
associativity with the model is lost; subsequent changes to the assembly in 
SolidWorks w ill not affect this video file. If  changes are desired, a new video file 
must be created.

FIGURE 6.1 12
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С  Use с г т ? 'а  sspeel ratio
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Save Animation
Saves the arwnation as an AVI or other

[Ш type.

Close the assembly window, without saving the last changes made.
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PROBLEMS
.............

P6.1 Create a 6.5 inch x 2.5 inch x 2 inch block. Using the Hole Wizard, add a 
hole counterbored for a 1/2 inch socket head cap screw with a depth of
2 inches (see Figure P6.IA). Use a linear pattern to create a pattern of four 
evenly spaced holes in the block with a distance of 1.5 inches between 
hole centers. The resulting block is shown in Figure P6.IB, and a section 
view is shown in Figure P6.1C.

FIGURE P6.IC

P6.2 Import the part model created in Problem P6.1 
into a new assembly. Import a socket-head cap 
screw from Chapter 5 into the assembly. Right- 
click on the cap screw and select properties.
Select the 101 configuration. Add mates to locate 
the cap screw, and define a linear pattern to place 
cap screws in the other holes.
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P6.3 Create solid models of a 5-ft. long, 1.5-in. diameter pole (Figure P6.3A), 
and a 4-in. diameter sphere with a 1.5-in. diameter hole in it (Figure 
P6.3B and Figure P6.3C). Using these models and the flange model 
created in Chapter 1 (Figure P6.3D), create an assembly model of a 
flagpole (Figure P6.3E).

F IG U RE  P6.3C

04.00

SECTION A-A

F IG U RE  P6.3D F IG U RE  P6.3E
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P6.4 Create solid models of the shaft segment shown in Figure P6.4A and
Figure P6.4B, and the key shown in Figure P6.4C. Create an assembly with 
these two parts and the pulley model described in Chapter 1. The 
finished assembly is shown in exploded state in Figure P6.4D and in 
normal state in Figure P6.4E.

F IG U RE  P6.4A__________________  F IG U R E  P6.4B______________________________

1.125

F IG U RE  P6.4C____________ ____________________________ F IG U RE  P6.4P^

F IG U RE  P6.4E
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P6.5 Create models of the 2 x 4  members shown in Figure P6.5A. (Note that 
2 x 4s have actual finished dimensions of 1.5 x 3.5 inches.) Create an 
assembly from these 2 x 4s as shown in Figure P6.5B. Consider creating 
one or more subassemblies to reduce the total number of mates 
required.

F IG U RE  P6.5A F IG U RE  P6.5B

: rт
Upright

3.5 Short Side

-  75.0 -

V
45°

Long Side

P6.6 Using simple components (flat boards, 2 x 4s, etc.), design a shelving 
unit for your room or apartment. Customize your design so that some 
items that you own (TV, stereo, etc.) w ill fit on the shelves.

P6.7 The atomic crystal structures of metals are often modeled using spheres 
to represent atoms. The structure illustrated in Figure P6.7A is called a 
body-cen tered  cu b ic structure. Create a model of this crystal structure as 
follows:

F IG U RE  P6.7A _________________
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1. Create a 2-inch diameter sphere part model.
2. Open a new assembly.
3. Open a 3-D sketch in the assembly.
4. Add lines to create a box shape, as shown in Figure P6.7B. Add relations so 

that all lines are along the x, y, and z axes. Add an Equal relation to three of 
the lines so that the sketch defines a cube.

5. Add a centerline connecting two opposite corners of the cube. Add a 4-inch 
dimension of this line, which w ill ensure that the atoms on the corners w ill 
touch the center atom. Add a point to the midpoint of the centerline, as 
shown in Figure P6.7C.

6. Close the sketch.

7. Insert nine atoms into the 
assembly. Turn on the display
of the origins. F IG U R E  P6.7D

8. Add mates between the origin 
of each of the atoms and a 
corner or the center point of 
the 3-D sketch, as shown in 
Figure P6.7D.

9. Turn off the display of the 
origins, and hide the 3-D 
sketch.
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P6.8

P6.9

The pack ing fa c to r  of a crystal structure quantifies how tightly packed the 
atoms of the structure are, and is defined as the volume of atoms 
contained w ithin a unit cell, or basic building block of the crystal 
structure, divided by the total volume available within the cell. Find the 
packing factor of the body-centered cubic structure by following this 
procedure:
1.

2 .

3.

Cut away parts of the model 
created in Problem 6.7 to 
create a unit cell, as shown in 
Figure P6.8. (Note: Extruded 
cuts can be made in 
assemblies using a similar 
tool to that used in parts. The 
Extruded Cut Tool for 
assemblies can be accessed 
from the Assembly Features 
Tool of the Assembly Group.) 
Use the Mass Properties Tool 
to find the volume of atoms 
within the unit cell.
Calculate the volume of a 
solid cube of the same 
dimensions as the unit cell.

4. Divide the volume of the atoms by the volume of the solid cube. 
(Answer: 68%)
Repeat Problem 6.7 for the fa ce -cen ter ed  cu b ic structure in Figure P6.9A. 
The 3-D sketch defining the atom positions is shown in Figure P6.9B. 
Note that a point must be added at the center of each of the six faces of 
the cube.

F IG U RE  P6.9A
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P6.10 Find the packing factor of the face-centered cubic structure model in P6.9. 
The unit cell is shown in Figure P6.10.

(Answer: 74%)

P6.ll Create an assembly model of a split hub clamp, as shown in Figure
P6.11 A. To do this, create the part shown in Figure P6.11B. Assemble two 
instances of this part along with two appropriately sized socket-head cap 
screws to complete the assembly.

F IG U RE  P6.I IB

.250
0.107
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P6.12 Model the workbench shown in Figure P6.I2. The bench is constructed 
from 2 x 4  members (actual dimensions 1.5 by 3.5 inches) and 1-inch- 
thick plywood for the top and shelf. The top is 72 inches wide by 
30 inches deep, and is 34 inches from the floor. The top has a 
2-inch overhang on the front and both sides (but not the back). Set the 
material to Pine for all members, and use the Mass Properties Tool to 
estimate the weight of the assembled bench.

F IG U RE  P6.I2 ____________________

P6.13 Create an exploded view of the assembly created in Problem P6.2.

F IG U RE  P6.I3
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P6.14 Create an exploded view of the flagpole assembly model created in 
Problem P6.3.

F IG U RE  P6.I4

P6.15 Create an exploded view of the pulley assembly model created in Problem 

P6.4.

P6.16 Create and export an animation (*.avi file) of the explosion from 
Problem P6.IS.

225
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P6.17 Create an exploded view of the split hub clamp assembly model created 
in Problem P6.11.

F IG U RE  P6.I7

P6.18 Create and export an animation (*.avi file) of the explosion from 
Problem P6.17.



С HA PTE  R 7
Advanced Assembly 
Operations

In troduction

In Chapter 6, the basic operations FIGURE 7.1_________
required to create a SolidWorks 
assembly were introduced. In this 
chapter, some advanced modeling, 
visualization, and analysis opera
tions w ill be developed. The new 
assembly model that w ill be created 
is shown in Figure 7.1. It includes 
the door assembly created in 
Chapter 6, as well as additional part 
models.

7.1 Creating the Part 
Models

Two additional parts must be created for the new assembly model.

The first model that we w ill create is the hinge pin.

Open a new part, and sketch a 0.5- 
inch diameter circle in the Front 
Plane, centered at the origin.
Extrude it 4 inches. Add a I-inch 
diameter cap on the pin, extruding 
it 0.25 inches.

The pin is shown in Figure 7.2.
Using a new color for this compo
nent w ill aid in visualization of the 
final assembly.

C h ap te r  O bjectives

In this chapter, you will:

■ use an assembly model 
as a subassembly in a 
more complex assembly 
model,

■ create an assembly 
model that allows for 
motion between 
components, and

■ use the interference 
detection and collision 
detection features to 
analyze the assembly 
model.

FIGURE 7.2

227
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Change the color of the part, if desired, and save the part in a file named “ Pin.' 
Close the file.

The final component needed for the assembly is a frame.

Open a new part, and in the Front Plane sketch a 25-inch square 
centered at the origin. Extrude it to a depth of 4 inches. Extrude 
a 14-inch square cut (centered on the front face of the compo
nent), yielding the part shown in Figure 7.3.

Change the color, if desired. Save this part in a file named 
“ Frame,”  and close it.

These parts, along with the assembly model from Chapter 6, 
w ill now be used to create a model of the hatch assembly.

F IG U RE  7,3

7.2 Creating a Complex Assembly of 
Subassemblies and Parts

F IG U RE  7.4 In this section, we w ill create a new assembly using the door assembly cre
ated in the previous chapter as a subassembly. The assembly w ill be a model 
of a hinged hatch, shown in Figure 7.4.

Open a new assembly. If the Begin Assembly PropertyManager does not open 
automatically, select the Insert Components Tool from the Assembly group of 
the CommandManager. Browse to the Frame file, and click the check mark to 
place it at the origin (Figure 7.5).

In the next step, the door assembly created in the previous section w ill be 
used as a subassembly w ithin the new assembly. An assembly can be insert
ed just like a part.

F IG U RE  7.5 Select the Insert Components 
Tool, and click the Browse 
button. In the dialog box, 
change the file type option 
to Assembly files, or All 
Files, and locate the file 
Door.SLDASM. Select it, and 
click Open (Figure 7.6).

F IG U R E  7.6

*k

• >*

*

W*n*ne )D<x-
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Drop the subassembly into the assembly window in the approximate 
position shown in Figure 7.7 by clicking.

W hile the door is an assembly and not a part, it can be handled 
(mated, rotated, moved, etc.) just like a part component in the assem
bly window.

Right-click and drag on the door subassembly to rotate it into the 
approximate orientation shown in Figure 7.8, with the curved portion 
of the hinges toward the frame.

In our previous mates, we have established relationships between 
surfaces of the components to be mated. W hile this is often the pro
cedure we w ill use, it is

FIGURE 7.7

FIGURE 7.8sometimes preferable to use 
the default (Front, Top, or 
Right) planes, the origins, 
or other reference geome
tries in our mates. In center
ing the Door subassembly 
with respect to the frame, 
we w ill establish a coinci
dent mate between the 
Right Plane used in the 
Door subassembly model 
and the Right Plane used in 
the Frame part model.

Select the Mate Tool. Expand the FeatureManager “ flyout”  by click
ing the plus sign, and expand the entries for Hatch and Door. Select 
the Right Plane from each, and establish a coincident relation 
between them, as shown in Figure 7.9. Click the check mark twice 
to apply the mate and close the Mate Tool.

Instances of the hinge parts w ill now be added to the frame.

FIGURE 7.9
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Select the Insert Components Tool. Choose 
Browse, and change the file type option 
back to part files. Select the hinge part. 
Drop it into the assembly, and rotate and 
move the hinge to place it into the 
approximate location and orientation 
shown in Figure 7.10.

FIGURE 7.10
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FIGURE 7.1 I FIGURE 7.12 Click on the Mate Tool to begin 
a mate. Instead of rotating the 
view orientation to select the 
bottom face of the hinge, move 
the cursor over the hinge, 
right-click, and choose Select 
Other, as shown in Figure 7.11. 
With the back face highlighted, 
as shown in Figure 7.12, click 
the left mouse button.

FIGURE 7.13 Select the front face of the frame (Figure 7.13). Click the check 
mark to apply a coincident mate.

The next mate w ill align the faces of the two hinges to be engaged.

Select the face shown in Figure 7.14 on the hinge that was just 
mated to the frame.

Also select the corresponding face on the hinge mounted to the 
hatch, as shown in Figure 7.15. Click the check mark to apply a coin
cident mate.

The effect of the mate can be most easily seen from the Front View, as shown in 
Figure 7.16.

FIGURE 7.14 FIGURE 7.15 FIGURE 7.16

FIGURE 7.17

These two faces now lie in the same plane, but additional 
mates are required to fully constrain the desired relationship 
between these components. The hinges w ill now be brought 
together to share a common axis of rotation.

Select the cylindrical faces of each of the two hinges to be 
mated (Figure 7.17).
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By default, a concentric mate w ill be previewed between FIGURE 7.18 
the two cylindrical faces, as shown in Figure 7.18.

Click the check mark to apply the mate.

The final mate required w ill locate the hinge on the 
frame.

If necessary, click and drag the hatch downward until the 
top of the hinge is below the top of the frame.

Select the top surfaces of the hinge and FIGURE 7.19 
frame, as shown in Figure 7.19, and 
apply a 2-inch distance mate. Close the 
Mate PropertyManager.

The hinge mate is now fully defined. We 
can see the effect of the mates by 
attempting to move the hatch.

Click and drag on the hatch, as shown in
Figure 7.20.

FIG U RE 7.20
Note that the hatch has a degree of freedom 
about the hinge, but is constrained against all 
other types of motion.

Note also that the hatch can apparently rotate 
through the frame, as shown in Figure 7.21. This 
is due to the fact that only geometric relations 
between the entities have been defined, but no 
true physical characteristics have been imparted to 
the objects. (We w ill learn how to use collision 
detection to lim it the motion of the model in the 
next section.)

Insert a second hinge part, and add mates to place 
it as shown in Figure 7.22.

We w ill now add pins to the assembly.

FIGURE 7.22

FIGURE 7.21
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Choose the Insert Components Tool. Click on the pushpin icon, in Figure 7.23.This will 
enable the insertion of multiple parts. Browse to find the pin, and click two locations 
to place pins in the assembly, as shown in Figure 7.24. Click the check mark to close 
the Insert Component PropertyManager.

FIGURE 7.23 FIGURE 7.24

v  Insert Component

To aid in the selection of small details, a f i lt e r  is sometimes used. When a filter is 
active, only certain entities can be selected. We are adding mates between faces, so 
a filter that allows only faces to be selected w ill be helpful.

FIGURE 7.25 FIGURE 7.26
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'0 SobdWorks Office
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Right-click on the menu bar or 
CommandManager. From the list of avail
able toolbars, select Selection Filter, as 
shown in Figure 7.25.

In the Selection Filter toolbar, select the 
Filter Faces Tool, as shown in Figure 7.26.

Whenever a filter is active, a fil- FIGURE 7.27 
ter icon appears beside the cur-  ̂
sor, as shown in Figure 7.27.

FIGURE 7.28 Select the Mate Tool, and select the cylindrical face of 
the pin, as shown in Figure 7.28. (Note that with the 
filter set, you cannot select an edge.)

Select one of the cylin
drical faces of the hinge, 
as shown in Figure 7.29. 
(Either the outer or the 
inner face may be select
ed; since they are con
centric, the resulting 
mate will be the same.)

FIGURE 7.29
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The pin and the hinge will align concentrically in the preview of the 
mate. If necessary, change the alignment (from anti-aligned to 
aligned, or vice versa) of the mate to orient the head of the pin 
appropriately, and drag the pin to the position shown in Figure 7.30.
Click the check mark to apply the mate.

Select the face on the hinge shown in Figure 7.31, and then the 
underside of the head of the pin, as shown in Figure 7.32.

Click on the check mark to apply the mate, the result of which is 
shown in Figure 7.33. Close the Mate PropertyManager.

FIGURE 7.32________  FIGURE 7.33

Select the Clear All Filters Tool, as shown in 
Figure 7.35. Right-click on the toolbar, and 
de-select it from the list to close it.

The Filter Faces Tool is very useful when work
ing with mates. Because it is used so often, 
there is a keyboard shortcut that can be used 
to activate it. Pressing the X key w ill toggle the 
Filter Faces Tool on or off. The E and V  keys 
can be used to activate the Filter Edges Tool 
and Filter Vertices Tool in a sim ilar manner.

Using the procedures from Sections 6.3 and 6.4, add holes and fasteners 
to finish the assembly, as shown in Figure 7.36.

Save the assembly in a file entitled “ Hatch Assembly.”

FIGURE 7.35

FIGURE 7.36

Using this procedure, duplicate 
the assembly of the second pin.

The assembly is now complete, as shown in 
Figure 7.34. Since we no longer need the fil
ters, it is a good idea to clear them.

FIGURE 7.34

FIGURE 7.30

FIGURE 7.31
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7.3 Detecting Interferences and Collisions

In  the assembly mode, the SolidWorks program has the FIGURE 7.37 
ability to check for interferences between components. It 
does this by determining locations where solid volumes 
overlap. This tutorial w ill demonstrate these capabilities.

Open the Hatch Assembly file. Click and drag on the hatch 
to rotate it into the approximate position shown in Figure 
7.37. Press the Esc key to deselect the hatch.

In doing this, we have intentionally introduced an interfer
ence between the door and the frame.

From the main menu, select Tools: Interference Detection.

The PropertyManager shows the parts for which 
interference is to be analyzed. By default, the entire 
assembly is selected.

Click the Calculate button to commence interfer
ence detection (Figure 7.38).

In the PropertyManager, the interference between 
the frame and hatch is identified, as shown in Figure 
7.39. Note that there are seventeen regions of inter
ference detected. In addition to the overlap of the 
door and the frame, the sixteen screws in their 
undersized holes are detected. The Ignore button 
can be used to eliminate the intentional screw inter
ferences from the list.

Click the X in the PropertyManager to end interfer
ence detection.

Although we have seen that components in an 
assembly can be moved by simply clicking and 
dragging them, the Move Component Tool allows 
collision detection to be incorporated into part 
movements.

Click and drag the hatch so that it no longer over
laps the frame.

FIGURE 7.39
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Now drag the hatch upward as far as possible, as shown in
Figure 7.43.

FIGURE 7.42 FIGURE 7.43

ttg ttght faces 

Sound

Г  ig rw e  complex surfaces 
Г*  Thts configuration

Select the Move Component Tool from the Assembly group of the 
CommandManager, as shown in Figure 7.40. In the PropertyManager, 
check “ Collision Detection,”  “ Stop at collision,”  and “ Dragged part only.”  
Under Advanced Options, select “ Highlight faces”  and “ Sound,”  as shown
in Figure 7.41.

FIGURE 7.41 Move the hatch toward the frame until it stops, 
as shown in Figure 7.42.

Note that when the hatch and frame faces touch, 
the faces are highlighted and a tone signifies a 
collision.

FIGURE 7.40

Assembly Refer enc
и Х  Features GeometT

Components

Move Component
Moves a component within the degrees 
of freedom defined by its mates.

The movement stops when the hinges col- FIGURE 7.44 
lide, as shown in the Right View of Figure 
7.44.

Click the check mark or hit the Esc key to 
deselect the Move Component Tool, and close 
the file.
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PROBLEMS
P7.1 Using the parts created in Chapter 6, create a working assembly model of a single 

hinge (Figure P7.I).

FIGURE P7.I

P7.2 Add an angular dimension between the faces of the hinges in the hinge assembly 
model, as shown in Figure P7.2. Use the Move Component Tool with collision 
detection to move the hinge into its lim iting positions. What is the total angle 
through which the hinge can be rotated?
(Answer: 284 d egrees)

FIGURE P7.2______________ _____________

P 7 з Open the flagpole assembly created in Problem P6.3. Modify the diameter of e 
pole component to 2.00 inches, and rebuild the assembly. Use the Interference 
Detection Tool to locate the interferences between the components in the rebui
assembly.
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P7.4 Create
Figure

shown in

b.

c.

Create the bearing race by revolving the cross-section shown in Figure 
P7.4B (dimensions in inches), and adding .02" radius fillets to 
external edges.
Create a roller by modeling a 0.4" long x 0.32" diameter cylinder, 
and adding .02" fillets to the edges.
Insert the race into a new assembly model and insert a single instance 
of the roller. Use one coincident and one tangent mate to add the 
first rolling element, as shown in a Section View in Figure P7.4C. It 
should be centered in the race.
Insert a second instance of the roller. Use one coincident mate and

FIGURE P7.4B
.700

FIGURE P7.4C

I

.160

T

x

the assembly model of the cylindrical roller bearing 
P7.4A. To do this, perform the following steps:

FIGURE P7.4A ___________
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one tangent mate to place the roller 
in the race and a second tangent 
mate to place the two rollers in 
contact (as shown in a Section View 
in Figure P7.4D). 

e. Repeat the previous step until all 
rollers have been placed in the 
model. Check that rotation can 
occur after the mates are complete.

P7.5 Create a model of an appropriately
sized stepped shaft, and assemble the 
bearing of Problem P7.4 onto the shaft. 
The assembly should be similar to 
Figure P7.5. Show that there is no 
interference in the assembly.

F IG U RE  P7.4D

FIGURE P7.5



C H A P T E R  §
Assembly Drawings

In troduction

In Chapters 6 and 7, the development of solid models of assemblies 
from SolidWorks part files was described. In this chapter, the docu
mentation of these assemblies through the use of 2-D assembly draw
ings w ill be introduced.

I Creating an Assembly Drawing

In this section, an assembly drawing of the door assembly created in 
Chapter 6 w ill be produced.

Open the assembly file “ Door.SLDASM” . Make sure that the assembly is 
in the “ collapsed”  configuration. Click the arrow next to the New 
Document Tool, and select Make Drawing from Part/Assembly, as shown
in Figure 8.1.

Select the sheet format that you created in Chapter 2, as shown in 
Figure 8.2, if desired. If you prefer a blank drawing sheet, select 
А-Landscape and clear the “ Display sheet format” box.

i n  Ч А - И - Ж т  f T O l
D New

m
Make Drawing from Part/Assembly

F Ф Make Assembly from Part/Assembly ^

FIGURE 8.2

C h ap te r  O bjectives

In this chapter, you will:

■ create a 2-D assembly 
drawing,

■ incorporate an exploded 
view into an assembly 
drawing, and

■ generate a Bill of 
Materials.

*1
(• Standard sheet sze

Г  Only show standard form ats

| Book A Sze.sW drt 

W Display sheet format 

С  Custom sheet size

« л  Г Height: | Hdp
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Select the Standard 3 View Tool from the View Layout 
group of the CommandManager, as shown in Figure 
8.3. In the PropertyManager click on the assembly 
name (“ Door” ) to select it. Click the check mark.

Three standard drawing views w ill be displayed, as 
shown in Figure 8.4.

If your drawing views display hidden lines, dick on the 
Front View and select the Hidden Lines Removed Style 
from the Display Style menu of the Heads-Up View 
Toolbar, as shown in Figure 8.5. Also, click on the cen
terlines, as shown in Figure 8.6, and delete them.

F IG U RE  8.3
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FIGURE 8.6

Since an assembly 
drawing's purpose 
is to show how 
components are 
joined, hidden 
edges and center
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ally displayed.

FIGURE 8.7
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Scale: |T F

Right-click in the blank area of the drawing and select Properties. 
Change the scale to 1:5, as shown in Figure 8.7.

We w ill now add dimensions to the drawing. For an assembly drawing, 
we want to show only the dimensions associated with assembly-level 
features and operations.

FIGURE 8.8
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Items

Spel! Format j Note 
Checker Painter !
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Select the Top View. From the Annotation group of the 
CommandManager, select Model Items, as shown in Figure 8.8.
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In the Model Items PropertyManager, select “ Only assembly” from the 
Source menu, as shown in Figure 8.9. Click the check mark to complete 
the operation.

The dimensions related to the placement of the hinges are imported, 
as shown in Figure 8.10. You may need to drag them into the positions 
shown.

FIGURE 8.9

Source/Destination

d g isS B 3 >
Г* import items into al

FIGURE 8.10

1.00 1.00

± r t i

Since the two hinges were placed in the assembly separately, the two 1-inch 
dimensions are both imported, and are not related. Note that if we wanted to add 
an equation to the assembly model, then only one of the dimensions would be 
needed.

Adding an Exploded View

In Chapter 6, an exploded view of the door assembly was created. This exploded 
view can be easily added to the drawing.

Select the Model View Tool from the View Layout group of the CommandManager, 
as shown in Figure 8.11.

The door assembly should be selected by default in the PropertyManager. If it is 
not, select it. Click the Next arrow, as shown in Figure 8.12.

FIGURE 8.11 FIGURE 8.12

ill
Model
View

Л
Em .♦&>a  or*

Projected Auxiliary 
View View

+* a
Det-
View

(out 1 Annotation | Sketcn~|~

Model View
1  Adds an orthogonal or named view based 
—I on an existing part or assem bly,

.......................... ..1----------------
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DESIGN INTENT Assembly-Level Dimensions
When importing dimensions into our assembly 
drawing, we selected the option labeled "O nly 
assembly," as opposed to "Entire model." As a 
result, we imported dimensions associated only 
with assembly-level features. If  the other option 
had been chosen, then the dimensions defining 
the components would have been imported as 
well. These dimensions could be edited, resulting 
in changes to the part files.

Including component dimensions in an assembly 
drawing is not usually recommended. One rea
son is that the components are defined in sepa
rate drawings, so adding the dimensions to the 
assembly drawings is redundant. Another reason 
is that a component may be used in multiple 
assemblies, so editing a component at the assem
bly level may produce unexpected changes to 
other assemblies.

FIGURE 8.15

FIGURE 8.13 The PropertyManager w ill now contain a list of avail
able orientations associated with the door assembly.

Insert a single Trimetric View, as shown in Figure 8.13.
Scroll down in the PropertyManager, select Hidden 
Lines Removed as the Display Style, and check the “ Use 
sheet scale” option, as shown in Figure 8.14.

Click on the location in the drawing window where the 
Trimetric View will appear, as shown in Figure 8.15. Click 
and delete each of the centerlines in the new view.

Right-click on the Trimetric View, and select Properties from the menu.

FIGURE 8.14

j o s g  Dcfaed 
| _

Introduction to Solid Modeling 
Using SolidWorks 2011
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The Drawing View Properties dialog box w ill appear. FIGURE 8.16

Check the “ Show in exploded state”  box to change the 
currently selected view to an exploded view (Figure 
8.16), and click OK.

The exploded view w ill now appear in the drawing w in
dow, as shown in Figure 8.17.

^ l ip p r  -U£i
Vic* Properties j Show Hddcn Edges | rtde/Show Components j rtde/Show Bocfces 

Mewrfonnabon
Name Drawing View 12 Type Named Vfew

Model rfcxmabon 
View of Door
Ooojnert D:\MyOoc*4Documerte\SW20! INChapter 6NOw**er 6 Part

Cor^gurahcnrtormation..
С  Use model's Ъ-ше" orta* saved configuration 
<• U>e named conftgurabon

Baloons
| Г* Ьчк ЬаЕзоп ffext to tatfe
I------------ з

Г" Show Enveiooe
l~ >■ Гg r , breaks 0 h  pwent
Г  D isp la y  sheet r t e i & b e n i  no*es i 
Г" Уф:#/ Ыт<%?3 box

Ж

We w ill now add a note regarding the placement of the 
holes in the hatch.

Select the Note Tool from the Annotation group of the 
CommandManager, as shown in Figure 8.18.

Click on the edge of one of the holes in the exploded 
view. This will create a leader for the note, as shown in
Figure 8.19.

Click on the approximate location of the note, as shown
in Figure 8.20.

FIGURE 8.18

J £ ) Balloon 

AutoBc

A : . , ,  Reviso

A
Note

; Mote
i Adds a noteJ
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FIGURE 8.21 _______

J4 -_A В / ц » * * Ш -Hi is g  Я  Л  j

Drill 7/64 holes .75 deep 
to match holes in hinges

If desired, change the font type and size. Enter 
the text shown in Figure 8.21.

Click in the drawing window to place the note, 
and then press the Esc key to end the Note 
command. Click and drag the note to its final 
position.

The drawing is shown in Figure 8.22.

FIGURE 8.22

n _ r u n _ r u

Introduction to Solid Modeling 
Using SolidWorks 2011

8.3 Creating a Bill of Materials

It is often desirable to generate a parts list, or B ill of FIGURE 8.23
Materials (BO M ), associated with an assembly. The щ
SolidWorks program can automatically create this list ТаЫм 
from an assembly file.

Select any of the drawing views. From the Annotation 
group of the CommandManager, select Tables: Bill of 
Materials, as shown in Figure 8.23.

B9 General Table

m Hole Table

ъ BS of Materials

m Excel based B i of

Revision Table
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i
jOK|e Template

FIGURE 8.25

Accept the default selections listed in the PropertyManager, and FIGURE 8.24 
click the check mark (Figure 8.24).

Click anywhere in the drawing to place the Bill of Materials, as 
shown in Figure 8.25.

The table can be edited much like an Excel spreadsheet. The for
matting of your B ill o f Materials may differ slightly but the fol
lowing steps in general can be used to control appearance.

Click anywhere in the table to open it for editing.

We w ill now make changes to the appearance and formatting of 
the table.

Click on the arrows in the upper left corner of the table. This 
causes the entire table to be selected. Click the “ Use document 
font”  icon, as shown in Figure 8.26, to override the default font. 
Select a new font type, if desired, and a larger size, as shown in
Figure 8.27.

; -|

— l.Op 
Ш  NO.

1.00 —  

PART NUMBER■*--*-
±r±

£о

Hinge
Screw

П-П-i n - T U

Change the width of any column by clicking and dragging on the right boundary 
of the column, as shown in Figure 8.28.

FIGURE 8.26 FIGURE 8.27

'Щ w MS ilili
! HI ПП

infuse document font J”

n

FIGURE 8.28

j Century Gothic ■  d j 0 .13n

ITEM N O .

9
10 
11 
12

18 Г NUA

The orientation of the text can also be customized. Click on cell СI to select it, 
and click the Rotate Tool, as shown in Figure 8.29. Keep clicking the Rotate Tool 
until the heading is oriented as desired.

Individual row heights can be changed in a manner sim ilar to FIGURE 8.29 
column widths; however, we usually want the rows to be the 
same height. Therefore, we w ill specify the height for all rows. ш  11

\ jRotate
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FIGURE 8.30___

Learning SolidWorks

r g j-- A.... В
Zoom ^an^otate ►
Recent Commands ►
Insert ►

II

Delete

rtde

►
► PART NUM

1

Formatting

Sort Lock Column Width

Insert - New Part Row Height к

7 Ы Save As... Lode Row H eight^

Entire Table
3 Customize Menu

Right-click the arrows in the upper left corner of the table. 
Select Formatting: Row Height, as shown in Figure 8.30. Set 
the row height to 0.30 inches, as shown in Figure 8.31.

Click on the arrows in the upper left corner to select the 
entire table. Click the Center Align tool, as shown in Figure

8.32.

FIGURE 8.31 FIGURE 8.32

ЕЯЯЕЗЯЯИИ®®®'
Row Height: jo.3n t ]

1  шЩш - В -
1 Century Gojcenter Atgn I zl 14

OK f | Cancel | ДU".....^

FIGURE 8.33
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Pa r t  n a m F

By default, one of the columns is labeled "PART N UM BER." This column con
tains the file name for each component, as most companies store part files by 
number rather than the descriptive names that we use in this book. We can eas
ily change the column heading to reflect our method of naming parts.

Double-click the cell containing the label “ PART NUMBER.”  Change the text to 
“ PART NAME,”  as shown in Figure 8.33. Click outside the table to accept the
change.

Click and drag the move icon in the upper left corner of the Bill of Materials 
to the position desired.

Our drawing is almost complete, but the item numbers in the B ill of 
Materials are not linked with the components in the drawing. We w ill add 
"balloons" with part numbers to the drawing.

FIGURE 8.34

Balloon Surface Finish j§Q]

AutaBatoon | J / *  Weld Symbol -̂(A l 

Symbol U 0  HoleCatout
Ж
A

AutoBattoon
Adds balloons for a l  components in the 
selected views. ______

Select the exploded Trimetric 
View. Select the AutoBalloon Tool 
from the Annotation group of the 
Command-Manager, as shown in
Figure 8.34.

Balloons w ill be added to the 
view, as shown in Figure 8.35. 
The appearance of the balloons 
can be changed from the 
PropertyManager.

FIGURE 8.35
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In the PropertyManager, select I Character from the Size pull-down menu, 
as shown in Figure 8.36. Click the check mark to close the 
PropertyManager.

Click and drag the part numbers and views to postition the balloons as 
desired.

You can also move the arrow end of the leader. Note that if the leader is 
attached to an edge or a point, an arrow appears. If the leader is attached 
to a face, a dot appears at the end of the leader.

Move the drawing views to the desired locations, and add the title with the Note 
Tool from the Annotation group of the CommandManager. The completed drawing 
is shown in Figure 8.37.

Save the drawing with the file name “ Door,”  and close it.

FIGURE 8.36

Balloon Settings

Style
| Circular 

Size 

2 Characters
iTiqht Fit
1 Character
2 Characters
3 Characters

FIGURE 8.37

ITEM NO. PART NAME QTY.

1 Hatch 1

2 Hinge 2

3 Screw 8
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Introduction to Solid Modeling 
Using SolidWorks 2011

Door A ssem b ly

Note that the drawing file has the extension .SLDDRW.
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PROBLEMS
P8.1 Create an assembly drawing, complete with exploded view and bill of materials, for 

the hinge assembly created in Problem P7.1.

P8.2 Create an assembly drawing, complete with exploded view and bill of materials, for 
the flagpole assembly created in Problem P6.3.

F IG U R E  P8.I

F IG U RE  P8.2
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P8.3 Create an assembly drawing, complete with exploded view and bill of 
materials, for the shaft assembly created in Problem P6.4.

F IG U RE  P8.3

P8.4 Create an assembly drawing, complete with bill of materials, for the 
frame assembly created in Problem P6.5.



P8.5 Create an assembly drawing, FIGURE P8.5
complete with exploded view and bill 
of materials, for the split hub clamp 
model created in Problem P6.11.

2 5 0  Part O ne Learning SolidWorks

P8.6 Create an assembly FIGURE P8.6
drawing, complete with 
exploded view and bill of 
materials, for the 
workbench model created 
in Problem P6.12.

P8.7 Create an assembly drawing of the FIGURE P8.7
working hatch assembly created in 
Chapter 7.
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Generation of 
2-D Layouts
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In troduction

Earlier we learned to create 2-D drawings from solid parts and assem
blies. For some tasks, however, working directly in the 2-D environment 
is preferred. For example, floor plans and site drawings, plant equip
ment layouts, and electrical schematic drawings are usually created in 
2-D. The SolidWorks program can be used for these applications, and 
the ease of changing dimensions allows multiple configurations to be 
quickly evaluated.

9.1 A  Simple Floor Plan Layout

In this exercise, we w ill prepare a layout drawing of a simple quality 
assurance lab for a manufacturing shop. The following items need to 
be placed in the lab:

• A tensile test machine, with a rectangular "footprint" of 4 
feet wide by 3 feet deep

• An inspection bench, 8 feet by 3 feet
• A desk, 4 feet by 30 inches
• Three cabinets for storing measuring tools and fixtures, each 

4 feet wide by 2 feet deep

C h a p te r  O bjectives

In this chapter, you will:

■ choose and set the scale 
for a 2-D layout,

■ use a unit system of feet 
and inches,

■ create a floor plan and 
learn how to modify the 
layout to evaluate alter
nate configurations,

■ expand your knowledge 
of using relations with 
2-D entities, and

■ calculate the areas, cen
troid locations, and 
moments of inertias of 
2-D areas.

9^4
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FIGURE 9.1

-s 0-

— 16’or-

14*0*

Parts w ill be brought in bins that are 4 feet 
square, so there w ill need to be room for one 
parts bin. The room that has been proposed for 
the lab is shown in Figure 9.1. We would like to 
prepare a layout drawing to show how the 
equipment should be placed in the room.

Begin by opening a new drawing in SolidWorks. 
When prompted to select a sheet format, pick 
А-Landscape as the paper size, and make sure 
the “ Display sheet format” box is unchecked, as 
shown in Figure 9.2. Click OK. If the Model View 
dialog appears in the PropertyManager, click 
the x to end the Model View command.

FIGURE 9.2

When we im port parts into 
drawings, an appropriate scale is 
automatically set. When prepar
ing a 2-D layout, we must speci
fy the scale. To make the room 
fill most of the paper, we can set 
the scale at 1 inch equals 2 feet.
Thus, the 14-foot dimension 
w ill appear as 7 inches on the 
drawing.

Right-click anywhere in the drawing area, and select Properties. Set the scale to 
1:24, as shown in Figure 9.3. Click OK.

FIGURE 9.3

(• Custom sheet see

Width: j 11.00m Height: |s.50n

A (AN SI) Portrait 
6 (ANSI) Landscape 
С (ANSI) Landscape 
D (ANSI) landscape 
E (ANSI) landscape 
an /ыгсп i

U9e custom property values from model shown n :

I « Л  a™* I
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System OpOons Ooojnent Properfces j

We can use units of feet, inches, or mixed FIGURE 9.4 
feet and inches for this layout. We w ill use 
mixed feet and inches.

Click on the Options Tool. Under the 
Document Properties tab, click on Units.
Select Custom as the unit system, and feet & 
inches from the pull-down menu of length 
units. Set the decimal places to None, as 
shown in Figure 9.4. Click OK.

Select the Corner Rectangle Tool from the 
Sketch group of the CommandManager, and 
drag out a rectangle. Dimension the sides of 
the rectangle, as shown in Figure 9.5. When 
entering the dimensions as feet, include the 
foot symbol (') after the number. Otherwise, 
the dimension units default to inches.

If sketch relation icons do not appear on the 
drawing, select View: Sketch Relations from 
the main menu.

FIGURE 9.5
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FIGURE 9.6 With the Dimension Tool turned off, click and drag the upper-left corner 
of the rectangle until the shape is approximately centered on the sheet. 
Select Fix in the PropertyManager to fix the point on the sheet, as shown 
in Figure 9.6.

Delete the bottom line and replace it with the two lines shown in Figure 
9.7. Dimension each of the new lines, and add a collinear relation to the 
lines.

FIGURE 9.7

I 6'0"-

.14'0"

The drawing should be fully defined.

There are several ways that the doors and the arcs that represent their swing paths 
can be drawn and dimensioned. The method here uses relations to define the 
geometry.

FIGURE 9.8 Draw the vertical lines as 
shown in Figure 9.8.
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Select the Centerpoint Arc Tool from the Sketch group of the F IG U RE  9.9 
CommandManager, as shown in Figure 9.9.

View

This tool allows you to construct an arc by picking the center of the 
arc and then the two endpoints.

F IG U RE  9.10

<? \  • 0  • pJ - ж Ь
Smart _ —

Dimension I J » * J  *  £ /
Tri

Entr

Move the cursor directly over the intersec
tion of one of the vertical lines and the adja
cent horizontal line, as shown in Figure 9.10.
Click once on the intersection to set the cen
ter point of the arc. Click again on the other end of the ver
tical line, as shown in Figure 9.11, to set the starting point 
of the arc. Drag an arc 90 degrees, as shown in Figure 9.12, 
and click to finish the construction of the arc.

* О  ’
Centerpoint Arc к.

D
A

Tangent Arc ^  

3 Point Arc
View Layout | Ann

F IG U RE  9.12

Check the “ For construction”  box in the PropertyManager.

Repeat for the other door, as shown in Figure 9.13.

With the Ctrl key depressed, select the endpoints of the arcs, as shown in Figure 
9.14.

Vtv A

F IG U RE  9.13 F IG U RE  9.14
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In the PropertyManager, click Merge, which joins the two points, as shown in 
Figure 9.15. Select both arcs, and add Equal and Tangent relations. The arcs will 
now appear as shown in Figure 9.16.

F IG U RE  9.15 F IG U RE  9.16

\ I 

f
-----------------1 - Ж - --------

F IG U RE  9.17

The drawing should once again be fully defined.

In order to make the outer walls and doors stand out, we w ill make those lines 
thicker. For this, we w ill use the Line Format toolbar, as shown in Figure 9.17.

If the Line Format toolbar is not shown, right-click in the Menu Bar or 
CommandManager. Click on Line Format to add the toolbar.

Select the lines representing the walls and doors. In the Line Format 
toolbar, select the Line Thickness Tool, as shown in Figure 9.17, and pick 
a thicker line than the default. Click the check mark in the 
PropertyManager to apply the selected line thickness.
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We w ill now place the tensile test machine in the room.

Draw a rectangle somewhere in the room, and dimension it as FIGURE 9.19 
4 feet by 3 feet, as shown in Figure 9.19.

The dimensions that we added are not necessary to show in the 
drawing, but are required to set the size of the machine's footprint.
We can hide the dimensions so they do not show, but still control 
the size of the rectangle.

Turn off the Smart Dimension Tool. Right-click on one of the dimen
sions and select Hide, as shown in Figure 9.20. Repeat for the other 
dimension.

FIGURE 9.20

The rectangle is fully defined except for its position on { 
the drawing. By clicking and dragging on one of the 
corners, you can move it.

Click and drag a corner of the rectangle until it is 
placed near the upper-right corner of the room, as 
shown in Figure 9.21.

Note: if you drag a corner until it contacts another 
point or a line, as shown in Figure 9.22, then a relation 
is automatically created with that entity, and you w ill 
be unable to move the rectangle away from the entity. 
If  you desire to do so, then click on the coincident icon 
and delete it.

3 ' 0 "

- 4 '  0 м-

** Select Other

Zoom/Pan/Rotate ►

Recent Commands ►

Dwnension (05# 5k e td iie0rawLSLD0RW) ШЖ
Hide
Reverse
Driven

Action

FIGURE 9.21 FIGURE 9.22

1 6'0"-

W hile it is not necessary to fix the rectangle in place, doing so is a good idea in 
that it w ill make the drawing fully defined if all other required dimensions and 
relations are present. If  you fix the position of the rectangle and the status bar 
reports that the drawing is still underdefined, then you w ill probably want to 
check existing dimensions and relations to see why.

Click on a corner of the rectangle to select that point and display its properties 
in the PropertyManager. Click Fix to fix that point, and close the PropertyManager. 
Press Esc to deselect the point.
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FIGURE 9.23---
A Balloor

Note

к
AutoB.

Revise

■4
Note

i Adds a note.

The drawing should now be fully defined. We w ill now label the rectangle as the 
location of the tensile test machine.

Click on the Annotation tab of the CommandManager. Select the Note Tool, as 
shown in Figure 9.23. Click at the approximate location of the note, near the new 
rectangle.

Set the desired font, size, and alignment (centered), as shown in Figure 9.24. Type 
“ Tensile Test Machine” in the text box.

Click anywhere outside of the note box, and then Esc to end the note creation.

(If  you want to place the same note in another location, then you can click the 
note down in multiple locations before using the Esc key to end the process.)

Click and drag the note to its final position, as shown in Figure 9.25.

If you want the note font changed for the entire drawing, do so from Document 
Properties: Annotations, as shown in Figure 9.26.

FIGURE 9.25
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F IG U RE  9.27
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Add the first of the cabinets by drawing and 
dimensioning the rectangle as shown in Figure 
9.27. Hide the dimensions.

After drawing the cabinet and moving its location 
around, you may decide that turning the cabinet 
90 degrees w ill allow it to fit into the space better. 
The easiest way to do this is simply to switch the 
values of the dimensions. This w ill require show
ing and editing the currently hidden dimensions.

Select View: Hide/Show Annotations from the main 
menu, as shown in Figure 9.28. The hidden dimen
sions will be shown in gray. Click on each dimen
sion that you want to show, as shown in Figure 
9.29. Select Hide/Show Annotations again or Esc to 
return to the editing mode. Change the cabinet 
dimensions as shown in Figure 9.30. Hide the 
dimensions again.

FIGURE 9.29 FIGURE 9.30

-  4'ч> -
f
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■
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FIGURE 9.31

f|90.00deg

u m
1 V Ю
Use document font 

Font., i

Add a note identifying the cabinet. If desired, 
rotate the text 90 degrees by clearing the “ Use 
document font”  box and changing the angle in the 
PropertyManager, as shown in Figure 9.31. Click 
the check mark.



Add the other two cabinets. Dimension, locate, and label them, as shown in Figure
9.32.
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F IG U RE  9.32

Note that if  you want to use Copy and Paste to add the cabinets, then the dimen
sions defining their sizes must also be copied, or else the cabinets w ill change size 
when dragged into a new position. Hidden dimensions cannot be copied, so you 
must first unhide the dimensions before using Copy and Paste commands.

Add and dimension rectangles representing the inspection bench and desk, as 
shown in Figure 9.33.
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Label the inspection bench and desk. Add and label the 4-foot-square parts bin, 
with the lines representing it shown as construction lines. Fix all of the entities in 
position so that the drawing is fully defined. Hide the dimensions defining the 
bench, desk, and parts bin. The finished drawing is shown in Figure 9.34. Note that 
the sketch relation icons are not shown when the drawing is printed.

Suppose that we wish to rotate the tensile 
test machine 45 degrees to give the opera
tor better access to the machine. To do so, 
it w ill be necessary to delete some of the 
relations created automatically when the 
rectangle was drawn, and to add some 
new relations to maintain the rectangular 
shape and orient the rectangle properly.

Click on the Fixed icon, as shown in Figure 
9.35. Delete it. Delete the horizontal and 
vertical relations from the four lines defin
ing the machine position. Add parallel rela
tions between each of the pairs of oppo
site sides, as shown in Figure 9.36. Select 
two adjacent sides, and add a perpendicu
lar relation, as shown in Figure 9.37.

FIGURE 9.34

The addition of these relations defines the 
shape as a rectangle, but the removal of 
the horizontal and vertical relations 
allows it to be rotated. The hidden dimen
sions still apply to the rectangle, and fix its size

FIGURE 9.35 FIGURE 9.36
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FIGURE 9.37
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FIGURE 9.38

\

Tensile Test 
Machine

% 7

Select the Smart Dimension Tool. FIGURE 9.39 
Select one of the vertical lines of 
the rectangle and then a horizon
tal wall, as shown in Figure 9.38.

This will create an angular dimen
sion between the lines, as shown 
in Figure 9.39. Change the dimen
sions to 135 degrees, reflecting a 
rotation of 45 degrees, as shown 
in Figure 9.40.

Click to select the note. Rotate the text FIGURE 9.40
labeling the machine -45 degrees, as ___________
shown in Figure 9.41.

Hide the angular dimension, drag the box 
and text into position, and fix one of the 
corner points of the box.

The drawing is now complete, as shown 
in Figure 9.42. Dimensions can be added 
to precisely place the objects in the room, 
if required. (It w ill be necessary to delete 
the fixed relations of the points if these 
dimensions are to be added.)

FIGURE 9.41 FIGURE 9.42

Tensile Test 
Machine

135.00'

If  you would like to estab
lish such dimensions, or 
further optimize the lay
out by moving the fixtures 
and furniture, you can cre
ate a block entity that 
includes both the object 
shape and the text.

Delete the Fixed relation setting the location of the Inspection Bench, so that both 
it and its label are free to move. With the Ctrl key depressed, select the four lines 
and the text that comprise the Inspection Bench. From the main menu, select

Inspection Bench



Chapter 9 Generation of 2-D Layouts 265

FUTURE STUDY

Industrial Engineering
In this example, we created a floor plan to see 
if  the proposed lab space would accommo
date the equipment required for the lab. 
Consider the challenge of planning the lay
out of a manufacturing plant with hundreds 
of thousands of square feet of floor space and 
hundreds of machines. If  not well planned, 
the operations of the plant w ill be crippled 
by inefficiencies in the ways that raw materi
als and parts move through the plant. 
Efficient plant layout is one of the functions 
of industrial engineers.

Industrial engineers perform many other 
functions toward the goal of improving oper
ations. These functions might include moni
toring and improving the quality of finished 
products, streamlining material handling 
and product flow, or redesigning work cells 
for better efficiency.

W hile the word "industrial" refers to the 
manufacturing environment where industrial

engineers have traditionally worked, the 
skills of industrial engineers are now being 
widely used in service sector businesses as 
well. For example, many hospitals use indus
trial engineers to help improve quality and 
efficiency. Package-delivery companies, fac
ing monumental logistics challenges associ
ated with delivering packages worldwide 
under extreme time pressure, also use the 
services of industrial engineers.

Industrial engineers also are involved with 
product design, usually from the standpoint 
of ergonom ics, the consideration of human 
characteristics and lim itations in the design 
of products. In this area, there is overlap with 
the functions of the industrial designer.

Most engineering students in other disciplines 
take some coursework in industrial engineer
ing topics. These topics could include engi
neering economy, quality control, project 
management, and ergonomic design.

Tools: Block: Make, as shown in Figure 9.43. Click the check mark to cre
ate the block and close the Make Block PropertyManager.

A block is a grouping of drawing entities that can now be treated as a sin
gle entity. We can now move or rotate the group of entities together.

FIGURE 9.43

FIGURE 9.44

j -taot. j M g att j  к > - Ц - & -

Click and hold a corner of the 
Inspection Bench, and drag it to a 
new location, as shown in Figure 
9.44. Note that the entire block 
(lines and text) move together. If  you 
later decide to separate the entities, 
the block must be exploded. This can 
be done by clicking on any part of 

the block to select it and selecting Tools:Block:Explode from the main 
menu.

Locate the Inspection Bench as desired, and reapply a fixed relation to 
locate the block. Save the drawing if desired, and close it.
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9.2 Finding the Properties of 2-D Shapes

The SolidWorks program can be used to determine the properties of areas. For 
example, the areas of complex shapes can be determined, and the locations of 
cen tro id s and the values of m om en ts o f  inertia  of areas can be computed.

9.2.1 Calculating the Area of a Shape

FIGURE 9.46
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FIGURE 9.47
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Consider the building lot shown in Figure 9.45. 
Suppose that we want to find the acreage of this 
lot. The first step is to draw the lot. In order to 
fit the drawing on an 8-1/2 x 11 inch sheet, the 
minimum scale factor possible w ill be 1320 
inches (110 feet) divided by 8.5 inches = 155. 
We w ill use a scale factor of 1:200.

Open a new drawing. Choose an A-Landscape 
paper size without a sheet format displayed. Set 
the drawing scale to 1:200 and the units to feet 
& inches. Draw and dimension the lot shown in 
Figure 9.45. Fix one corner of the lot, and the 
drawing should be fully defined.

Press the Esc key to deselect any points or lines. 
Select Tools: Section Properties from the main 
menu, as shown in Figure 9.46. Click the Options 
button, uncheck the Scientific Notation box, and 
check the Use custom settings option. Set the 
units to feet and the number of decimal places 
to 6, as shown in Figure 9.47. Click OK.

The area w ill be displayed in the units selected, 
in this case square feet. However, the area dis
played w ill be that of the draw ing  area, not the 
actual area. Since the area of the drawing in 
square feet w ill be small, a large number of dec
imal places w ill be needed for accuracy.



The area displayed is 0.318910 square feet, as shown 
in Figure 9.48. To determine the area of the lot, the 
calculated area must be adjusted to account for the 
scale. Since area has the units of length squared, 
the calculated area must be multiplied by the scale 
factor squared:

Area = (0.318910 ft2)(2002) = 12,756 ft2

To convert to acres, the conversion factor of 
43,560 ft2/acre must be applied:

Area = (12,756 ft2)/(43,560 ft2/acre) = 0.29 acres
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9.2.2 Calculating the Section Properties of a Shape

In mechanics of materials, it is often necessary to compute the moment of iner
tia of the cross-section of a structural member. For simple shapes, such as a rec
tangle or circle, easy formulas can be used for this computation. For compound 
shapes, such as a T-beam constructed from two rectangular shapes, the calcula
tions are lengthier.

Open a new drawing. 
Choose A-Landscape 
paper without a 
sheet format dis-

* played. Draw and 
dimension a rectan
gle, as shown in 
Figure 9.49.

Add and dimension the second rec
tangle shown in Figure 9.50, making 
sure to snap the first point of the 
new rectangle to the edge of the first 
rectangle.

FIGURE 9.SO

T
1.00

_ L

FIGURE 9.49

FIGURE 9.48

-l~l xl
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To center the second rectangle relative to the first, 
we could add either additional dimensions or rela
tions. Add the centerlines shown in Figure 9.51, and 
add an Equal relation between them.

To compute the area or moments of inertia of the 
shape, it is not necessary to locate the drawing on 
the page. However, if we want to know the location 
of the centroidal axes, then we need to set a point at 
a known location.

Select the lower-left point of the second rectangle, 
as shown in Figure 9.52.

FIGURE 9.52

j
i

*
1.00

In the PropertyManager, set the coordinates of the point 
to x = 5 and у = I, as shown in Figure 9.53.

In drawings, the lower-left corner of the page is the ori
gin of the x-y coordinate system.

Select Tools: Section Properties from the main menu. A 
message will be displayed that the sketch has intersect
ing contours. Close the Section Properties dialog box.

The properties can be computed only for a sketch or 
drawing containing a single, closed contour.

Select the Trim Entities Tool from the Sketch group of 
the CommandManager. Trim away the overlapping por
tions of both rectangles, as shown in Figure 9.54.

Select Tools: Section Properties from the main menu.

Я
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FUTURE STUDY

Mechanics of Materials
The study of mechanics of materials involves 
determining stresses, strains, and deform ations 
in bodies subjected to various loadings. 
Stress is the force per unit area acting on a 
point in a body, and the calculation of stress 
is necessary to predict failure of a structure. 
Strain is a measure of geometrical changes 
within a body. Stress and strain are related 
by properties of the material used. 
Deformations are related to strains in the 
body. W hile strain applies at a given point, 
deformation is the dimensional change of 
the entire body. For example, consider a 1 x 
6-inch wooden plank resting on sawhorses 
near its ends. If  the span of this beam is 6 feet, 
and a 175-pound man stands in the middle, 
how much w ill the plank move downward?

Using mechanics of materials concepts, it can 
be determined that the deflection of such a 
beam is:

8: P L '48EI
where: 

P = 
L = 
E =

force = 175 lb 
span = 72 in
modulus of the material. A typical 
value for wood = 1,500,000 lb/in2 

I = moment of inertia of the cross- 
section

For a rectangular shape, the moment of iner
tia is:

1
I = 12 bh3

So for our plank, with base b = 6 inches and 
height h = 1 inch, I = 0.50 in4, and the deflec
tion = 1.81 inches. If  we could carefully place 
the plank so that it is resting on the 1-inch 
edge, then the values of b and h are switched. 
The moment of inertia increases to 18 in4 and 
the deflection reduces to 0.05 inches. 
Therefore, the bend in g stiffn ess of the plank 
has increased by a factor of 36 by changing its 
orientation. The moment of inertia is 
increased by moving material to the greatest 
possible distance away from the cen troida l 
axis (the axis passing through the centroid, or 
center of area, of the section). W ith  wood 
construction, this is done by aligning the 
members appropriately, as with floor beams 
that are placed with their long dimensions 
perpendicular to the floor. In steel construc
tion, wide-flange beams maximize bending 
stiffness by placing most of the material in 
the flanges, as far from the centroidal axis as 
possible.

When complex shapes are used, calculation 
of the moment of inertia can be cumber
some. First, the centroid must be located, and 
then the moments of inertia of simple 
regions of the shape must be calculated and 
adjusted for their distances away from the 
centroidal axis. Finally, the moments of iner
tia of the individual regions are summed.

The Section Properties Tool can be a useful 
tool for calculating and/or checking the value 
of moment of inertia.
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FIGURE 9̂ 55__________ The section properties are displayed, as 
shown in Figure 9.55.

There are two principal moments of inertia 
calculated. The moment labeled "Lxx" is 
the moment of inertia about an axis 
through the centroid of the cross-section, 
parallel to the x axis. The location of this 
axis is given by the у coordinate of the cen
troid, 5.75 inches. Since a point at the bot
tom of the section was set at у = 1 inch, the 
axis is 4.75 inches above the bottom of 
the section, as shown in Figure 9.56. The 
moment of inertia about this axis is 55.25 
in4. The other principal moment of inertia 
is about the axis shown in Figure 9.57. The 
value of the moment of inertia about this 
axis is 18.50 in4.

FIGURE 9.56 FIGURE 9.57
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PROBLEMS
P9.1 Place the items from section 9.1 into the space shown here, which 

includes two 18-inch-square columns.

P9.2 Sketch a floor plan of your room or apartment, showing the locations of 
furniture.

P9.3 A builder desires to construct a house on the irregular lot shown here. 
The desired house w ill be rectangular in shape, 55 feet by 40 feet, with 
the front of the house 55 feet wide. The front of the house is to be 
parallel to the street. If  local regulations require that there be 10 feet 
between property lines and any point on the house, can the proposed 
house be built on the lot?
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Note: Three of the angular dimensions w ill be driven dimensions, since 
the length of all sides and one angle defines the lot shape. However, 
when property is surveyed, all lengths and angles are measured. 
Trigonometry is then used to ensure that the dimensions are consistent 
to w ithin a certain tolerance. This method allows for incorrectly 
measured or recorded lengths and angles to be detected. The angles are 
measured in degrees and minutes (1 minute = 1/60 degree).

Hint: Use the Offset Entities Tool to offset the property lines 10 feet 
inward. You can then check to see if the house plan fits w ithin the offset 
lines.

P9.4 Find the number of square feet in the lot described in P9.3.
(Answer: 6506 f t 2)

P9.5 Find the location of the centroid and the principal moments of inertia of 
the channel shape shown here (dimensions in inches). Make a sketch 
showing the locations of the centroidal axes.

FIGURE P9.5 _____________

3.00
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P9.6 Frames for industrial equipment are sometimes built out of prefabricated 
aluminum extrusions. These extrusions are cut to length and assembled 
with custom fasteners, providing engineers with the ability to construct 
custom framing without the need for complicated fixturing and welding. 
A typical cross-section for such an extrusion is shown in Figure P9.6 
(dimensions in inches). Create a drawing of this cross section, and use it 
to determine the cross-sectional area and principal moments of inertia of 
the shape.

FIGURE P9.6
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P9.7 a) Fiber-reinforced composite plates are often made by stacking up layers 
of material with the fibers oriented in specified directions. Consider a 
б-inch by 12-inch rectangular plate that is to be made up of two layers 
with fibers oriented at +30 degrees relative to the long axis of the plate, 
and two layers with fibers oriented at -30 degrees, as illustrated in 
Figure P9.7A. If  the fiber-reinforced material comes on a roll that is 
24 inches wide, with the fibers oriented along the length of the roll, 
determine the length L that is required for a rectangular portion of 
material from which the four required layers can be cut (see the 
example in Figure P9.7B). Since the material is expensive, try to place 
the layers in a manner that reduces the amount of scrap. Calculate the 
percentage of material that w ill be scrap.

FIGURE P9.7A FIGURE P9.7B

+30 Degree Layer -30 Degree Layer

24 00

b) Suppose you are asked to evaluate a suggestion that the material be 
cut into rectangular sections from which two complete plates can be 
made (that is, four +30 layers and four -30 layers can be cut from 
the rectangular section). Can you develop a cutting pattern that w ill 
reduce the scrap percentage calculated in part a?

P9.8 A foam pad for an industrial product is shown 
in Figure P9.8 (dimensions in inches). The pad 
w ill be mass-produced by die-cutting it from an 
11-inch by 11-inch sheet of material. The die- 
cutting process requires that the parts must be 
separated by at least 0.1 inch from each other 
and the edge of the sheet. Design a layout for a 
die to cut as many parts as possible from the 
sheet, and use the information from the Section 
Properties Tool to determine the percentage of 
the raw material that w ill be scrap.

FIGURE P9.8

••— Fiber Direction— ►
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С Н А Р Т Е  R 10
Solution of 
Vector Problems

In t ro d u c t io n

Many engineering problems involve the manipulation of vectors. A 
vector is a representation of a quantity that is defined by both a mag
nitude and a direction, as opposed to a scalar quantity that can be 
defined by a magnitude only. For example, the speed of an object is a 
scalar quantity, while velocity is defined by both the speed and the 
direction of the object's motion, and therefore is a vector quantity. The 
SolidWorks 2-D drawing environment allows for easy graphical solu
tion of vector problems.

V ector A dd ition

Consider the two forces acting on the hook as shown in Figure 10.1. 
We would like to find the resultant force, or the single force that affects 
the hook in an equivalent manner to the two forces. The resultant 
force is the vector sum of the two vectors A  and B. (Vector quantities 
are usually denoted by bold type or by a bar or arrow over the sym
bol: A  or A or A.)

FIGURE 10 .1______________________________

В = 70 lb

C h a p te r  O b je c tiv e s

In this chapter, you will:

■ learn how to add vector 
quantities graphically,

■ work with driving and 
driven dimensions,

■ learn to solve for any 
two unknowns (magni
tudes and/or directions) 
in a vector equation, and

■ perform position analysis 
for some common 
mechanisms.

275



Analytically, the vectors can be added by 
adding the components of the two vectors. If 
we define an x-y coordinate system, then 
each vector can be broken into its x and у 
components, as shown in Figure 10.2.

The components of the resultant vector R are 
found by adding the components of A and B:
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x  com ponent у com ponent 

A - 6 0  cos (2 5 °) = - 5 4 .3 8  lb. 6 0  sin (2 5 °)  = 2 5 .3 6  lb. 
В 70 cos (6 0°) = 3 5 .0 0  lb. 70 sin (6 0 °) = 6 0 .6 2  lb. 

R - 1 9 .3 8  lb. 8 5 .9 8  lb.

From the components, the magnitude and direc- FIGURE 10.3 
tion of R can be determined (see Figure 10.3):

R = V (1 9 .3 8 )2 + (8 5 .9 8 )2 = 8 8 .1 4  lb.

e = t a n 4 f i )  ° 7 7  3  d e g

10.2 V ector A dd ition  w ith  SolidW orks
Open a new drawing. Choose А-Landscape as the 
paper size, w ith  the “ Display sheet form at”  box 
unchecked. Close the Model View Manager if  i t  opens 
automatically.

We must now choose scales: one for the magnitude of the vectors and 
another for the drawing. The vectors must be drawn to scale so that 
the length is proportional to its magnitude. If we choose to let 1 inch 
represent 10 pounds of force, then our two vectors will be 6 and 7 
inches long. To fit onto our 8-1/2 x 11-inch drawing, it will probably 
be necessary to draw the vectors at one-half scale.

Right-click anywhere in the drawing area, and select Properties from 
the pop-up menu. Change the scale to  1:2.

(The default scale is defined in the template selected when creating 
the drawing.)

Select the Line Tool, and drag out a diagonal line to  represent the firs t 
vector. From the starting  point of the firs t vector, drag out a horizon
tal centerline, as shown in Figure 10.4.

FIGURE 10.4

19.38 lb

FIGURE 10.2

Bv , /
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If sketch relations are not shown, show them by selecting View: Sketch 
Relations from the main menu.

Dimension the length of the vector line as 7 inches, and the angle between 
the vector line and the horizontal centerline as 60 degrees, as shown in Figure 
10.5.

To add vectors graphically, we set them "tip-to-tail. That is, the second vec
tor starts at the end of the first vector.

Draw the second vector line diagonally from the 
end of the firs t vector. (Be sure not to  align this 
vector line w ith  any of the dashed lines tha t 
appear. Doing so w ill add a constraint to  the 
line th a t w ill have to  be deleted before the vec
to r ’s magnitude and direction can be defined.)
Add another horizontal construction line, and add 
the 6-inch and 25-degree dimensions as shown in 
Figure 10.6.

The resultant vector extends from the starting point 
of the first vector to the ending point of the second 
vector.

Add the line representing the resultant vector, as 
shown in Figure 10.7, snapping to  the endpoints. Add 
a length dimension to  th is line.

When you add th is dimension, you w ill get a mes
sage th a t adding th is dimension w ill make the draw
ing over defined, and asking if  you want to  make the 
dimension driven or leave i t  as driving (Figure 10.8). 
Click OK to  make the dimension driven.

FIGURE 10.8

I lta ke  Dimension Driven? Ш 2Sl|
Adding ths dvnensan w i make the sketch over defined or ит**е 
to solve. Do you want to add it as a driven dmenaon ristead?

<• Mate this dmension driven 1 K r"

С  Leave the drnension driving Cancel |

F  Don't adc again

A driving dimension is one that helps control the size and position of the draw
ing or sketch entities, while a driven dimension does not.
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FIGURE 10.9
Add a horizontal centerline and the angular dimension of the result
ant vector, as shown in Figure 10.9. Click OK to  make the dimension

driven.

To change the display of the resultant vector 
length to  3 decimal places, select that dimen
sion and choose .123 from the pull-down menu 
in the PropertyManager, as shown in Figure 
10.10. Also, set the angular dimension of the 
resultant vector to  2 decimal places.

The length of the resultant vector is 8.814 
inches, corresponding to a magnitude of 
88.14 pounds. This value and the angle of 
77.3 degrees relative to the horizontal agree 
with the results found analytically.

Applications of SolidWorks

10.3 Modifying the  V ector A dd ition  Drawing

The drawing just created is fine for calculating the magnitude and direction of the 
resultant vector, but visually is not clear. Vectors are usually shown with arrow
heads to indicate their directions, and the line format of the vector lines can be 
changed to make them stand out from the construction and dimension lin . 
Also, the dimensions of the resultant vector can be shown differently to make 
them stand out from the input dimensions. We will modify the drawing to ma 
it more understandable, and to allow easy modifications of the input quantities.

For this exercise we will use the Formatting and Line Format toolbars.

Right-click on any toolbar or the CommandManager. If 
they are not already displayed, click on Formatting and 
Line Format to  display those toolbars.

We will first add arrowheads to the vectors. We will use 
a simple arrowhead: a single line segment.

Add a line to  the end of the 7-inch vector line. Add a 
length dimension of I inch and angular dimension of 20 
degrees, as shown in Figure 10.11.

FIGURE 10.11

1.00

-20°
7.00

60°

FIGURE 10.10

Value p le ad e rs  jj O frw  j
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Select both the vector line and the FIGURE 10.12 
arrowhead line. From the Line Format 
toolbar, click on the Line Thickness Tool, 
as shown in Figure 10.12, and choose a 
th icker line style. If desired, change the 
color o f the lines, using the Brush Tool to  
the le ft of the Line Thickness Tool. If you 
change the line color, clear the “ Default”  
check box so tha t the line color tha t you 
specify overrides the default colors fo r 
under defined and fu lly defined entities.

These lines now stand out, as shown in FIGURE 10.14 
Figure 10.13.

Hide the I-inch and 20-degree dimensions, 
as shown in Figure 10.14.

Add and dimension arrowhead lines to  the 
other vector lines. Hide the dimensions, and 
change the line thicknesses and colors, if 
desired, of the vector and arrowhead lines
(Figure 10.15).

Use a different color for the resultant vector to make it stand out from the 
other vectors.

Modify the text o f the dimensions by selecting them and changing the point sizes 
from  the Formatting toolbar. Make the dimension text associated w ith  the result
ant vector larger than those of the other vectors. You can also make these text 
items bold by clicking the “ B”  Tool on the Formatting toolbar, as shown in Figure 
10.16. To change the default color of the driven dimensions from grey to  black, 
select Tools: Options from the main menu. Under the System Properties tab, select

Colors, and change the color of Dimensions, 
FIGURE 10 IS N°n Imported (Driven) to  black (or to  some

'  other color, if desired).
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One of the main benefits of using the SolidWorks program to 
add vectors is that the vector drawing can be easily modified to 
solve different problems. We will use our drawing to add a differ
ent pair of vectors.

To make this drawing more useable, define the orientation of the 
vectors from a common reference: the +x direction.

Delete the 25- and 77.3-degree dimensions and associated refer
ence lines. Add new construction lines and dimensions as shown 
in Figure 10.18. Add the 155-degree dimension firs t so th a t the 
102.7-degree dimension is the driven one.

Dimensions can be chang
ed from driven to driving or 
from driving to driven by 
right-clicking on the dimen
sion and checking or un
checking Driven. Of course, 
if too many dimensions are 
driving, the drawing will be 
over defined.

FIGURE 10.17 ________________ The completed vector drawing is shown in Figure 10 .17.

FIGURE 10.18

FIGURE 10.19 

22 lb

Let's use this drawing to add the two vectors 
shown in Figure 10.19.

We will let 1 inch equal 1 pound for the vec
tor's scale.

Change the dimensions of the input vectors to  
22 inches and 110 degrees (from the horizon
ta l) fo r the firs t vector, and 45 inches and 
15 degrees fo r the second vector.

Of course, the drawing now extends beyond 
the edges of the sheet.

Right-click anywhere w ith in  the sheet borders, 
and select Properties. Set the scale to  1:5.
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In the dialog box tha t appears, leave the check boxes as shown in FIGURE 10.20
Figure 10.20 and click OK.

This will allow the relative position of the dimension to stay the Do you want to...
same, without changing the size of the text. W Scale the annotations' position

Drag the drawing into the sheet boundaries, and drag the dimensions
Г  Scale annotations' text height

in to  desired positions, as shown in Figure 10.21.

FIGURE 10.21

The resultant vector has a magnitude of 48.3 pounds, and is oriented at 42 degrees 
counterclockwise (CCW) from the x axis.

10.4 F u rthe r Solution o f V ector Equations

In the previous example, two vectors were added to find the resultant vector s 
magnitude and direction. In a vector equation, any two unknowns (magnitudes 
and/or directions) can be determined. The following 
examples illustrate this concept. FIGURE 10.22

A small plane can travel at an airspeed of 300 miles per 
hour. The flight path is to be at a heading of 15 degrees. 
(Heading is the angular direction measured CW from due 
North.) The wind is blowing from the WNW, as shown in 
Figure 10.22, at 60 mph. Find the plane's ground speed 
and the direction of the plane's travel relative to the air.

*



The vector equation for this problem is:

V * »  =  V , „  +  V p la n e /a ii

where:

V P. , „ t =  absolute velocity of the plane (ground speed)—magnitude unknown and 

direction known

V , i , =  wind velocity—magnitude and direction known

Vpia™/ai,= velocity of the plane relative to the air (airspeed)—magnitude known 

and direction unknown.

Open a new А-size drawing and set the drawing scale to  1:50. We will let 1 inch 
equal 1 mile per hour.

FIGURE 10.23_______________  Begin by drawing and dimensioning the vector
representing the wind speed, as shown in Figure 
10.23, near the bottom  of the sheet.

It is helpful when we are dragging vectors 
together later to have a point fixed on the 
drawing.

Select the starting  point of the firs t vector and click on the Fix icon in the 
PropertyManager.

If you need to move this point later, click on the point and the Fix relation will be 
listed in the PropertyManager. Select this relation and use the Delete key to 
remove it. The point can then be dragged to a new location.

FIGURE 10.24_________________  Add the airspeed vector o f 300 mph at an arbi
tra ry  angle, as shown in Figure 10.24.

282 Part Two Applications of SolidWorks
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Add the resultant (ground speed) vector at 15 degrees from ver- FIGURE 10.25 
tical. The length is unknown, but make the line long enough so 
tha t the airspeed vector w ill intersect it  when rotated into posi
tion, as shown in Figure 10.25. If desired, change the color o f the 
resultant vector line to  make i t  easy to  distinguish from the a ir
speed and wind vectors.

Click and drag the endpoint of the airspeed vector until i t  in ter
sects w ith  the ground speed vector (see Figure 10.26).

With the Trim Entities Tool, trim  away the end of the ground speed 
vector, as shown in Figure 10.27. (Make sure that the Trim option 
is set as “ Trim to  closest.” )

15°
FIGURE 10.26

Add dimensions fo r the ground speed magnitude and the direction of the airspeed, 
as shown in Figure 10.28.

The result is that the ground speed 
is 279 miles per hour. Relative to 
the wind, the plane must fly about
4 degrees east of due north to achieve 
the desired course.

Variations of this problem can be eas
ily solved by changing the input quan
tities. For example, consider the case 
where the wind is blowing from due 
west at 70 mph.
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Change the dimensions defining the FIGURE 10.29 
wind speed vector, as shown in Figure 
10.29.

Figure 10.29 shows the resulting vector 
equation. The ground speed is now 310 
miles per hour, as the wind contributes 
to the east-to-west component of the 
plane's travel.

10.5 K inem atic Sketch o f a Simple Mechanism

In Chapter 11, we will look at the application of the SolidWorks program to 
model mechanisms, with assemblies of 3-D component parts. Often, the first 
step in the design of a mechanism is the preparation of a kinematic sketch, a 2-D 
drawing showing simplified representations of the members. For example, a four- 
bar linkage, which is a common mechanism used in many machines, can be rep-

In a kinematic analysis, the 
velocities and accelerations of 
the links and points are calcu
lated, based on the velocity 
and acceleration of the driving 
link. For example, if Link 2 is 
connected to a motor and 
rotated about its pivot point at 
a constant velocity, the angu
lar velocities and accelerations 
of the other two moving links 
and the translational velocities 
and accelerations of points on 

those links can be calculated. The accelerations are important because force is pro
portional to acceleration. If the accelerations are known, the forces acting on the 
members and joints can be calculated. (Note: Although there are only three moving 
members, this mechanism is referred to as a four-bar linkage because it is connected 
to a fixed or ground link, which is usually called Link 1.)

resented by four lines, as shown in Figure 10.30.

L j  =  7  inches
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The first step in any kinematic analysis is a position analysis. For a given position 
of the driving link (the angular position of Link 2), the positions of the other 
links must be calculated. Obviously these positions can be calculated using 
trigonometry. For many mechanisms, a position analysis using trigonometry is 
surprisingly complex. A graphical solution is often utilized. The SolidWorks pro
gram is an excellent tool for graphical position analyses, in that dimensions can 
be easily changed and the effects on the rest of the linkage can be determined.

The links are often represented 
by vectors, as shown in Figure
10.31. In this case, all of the 
vector magnitudes (lengths) 
are known, as well as two of 
the vector angles (Link 1 is hor
izontal, and we will be per
forming the analysis for a given 
orientation of Link 2, the driv
ing link). Therefore, we can 
solve the vector equation for 
the two unknown quantities, 
the angles 0, and 04.

In the previous sections, we used a SolidWorks drawing to create our sketches. For 
this example, we will sketch within a SolidWorks part file. For creating a quick 
sketch, the part file is often preferable because the sketches automatically scale. 
That is, since the sketch is not required to fit a paper size, we can enter the dimen
sions in any scale and simply change the viewing scale to display the entire sketch. 
(Sketches can also be created in assembly files. Often, a layout sketch within an 
assembly is used to size and/or position the components of a mechanism.) To 
print a copy of a sketch created in a part file, the screen capture utility can be used 
to copy and paste the sketch to a word processing file. The advantages of using a 
drawing file to create a sketch are that the drawing can be printed to the precise 
scale and with a title block, if desired, and the drawing can be formatted and 
annotated more easily.

Open a new part file. Select the Front 
Plane.

Beginning at the origin, draw three 
lines at a rb itra ry  orientations, as 
shown in Figure 10.32, w ithou t adding 
vertical, horizontal, o r perpendicular 
relations.

Add a centerline representing Link I, 
and add a Horizontal relation to  this 
line, as shown in Figure 10.33.

FIGURE 10.33
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Add length dimensions, as shown in Figure 10.34. Be sure to  add dimensions o ri
ented w ith  the links, not horizontal or vertical dimensions.

Add the angular dimension between Links I and 2, setting i t  to  90 degrees, as 
shown in Figure 10.35.

Add horizontal centerlines from which the angular positions of Links 3 and 4 w ill 
be measured, as shown in Figure 10.36.

7.000
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Add an angular dimension between Link 3 and the 
adjacent horizontal centerline. A box w ill appear 
w ith  the message tha t this dimension w ill over 
define the drawing. Select OK to  make the dimen
sion driven, as shown in Figure 10.37.

Add an angular driven dimension defining the posi
tion  of Link 4. Set the decimal places of these 
dimensions to  2.

Select the Options Tool. Under 
System Options: Colors, scroll to  
Dimensions, Non Imported (Driven) 
and select Edit, as shown in Figure 
10.38. Change the color to  blue.

The completed sketch is shown in 
Figure 10.39.

When driven dimensions are 
shown in a different color, it makes 
clear that these dimensions do not 

control the position of the mechanism. Double-clicking on these driven dimen
sions will not allow their values to be edited.

The advantages of modeling mechanisms in the SolidWorks environment are seen 
when multiple variations of the mechanisms are to be found. For example, if we 
need to find 0 and 04 for a value of 0: = 45 degrees, we need to change only that 
dimension.

Double-click on the 90-degree dimension and change its value to  45 degrees.

FIGURE 10.38
System Options • Colors

System Opion* ) Document Prcpertle»}

Drawngs
D ertayS t* 
Area

Sketch
Reie bore/Snaps 

Oepiay/Selectjon

External Refer encesM  
Default Templates 
F*e locations 
FeatureManager

Curent color scheme:

Color scheme setfings
Drawing*, Paper Cotor 
Drawngs, Background 
Drawngs, Visbte Model Edges 
Dramngs, Hidden Model Edges 
Drav»ngs, Model Edges (Spee<f>ak) 
D'awngs, Model Tangent Edges

FIGURE 10.37
Ш  x ]

Addng this drnenaon wfl make the sketch over defined or unable 
to solve. Do you want to add it as a driven dtnensian instead?

Make this dimenaon driven «  H

Г  Leave this cimension driving Cancel j

Г  Don't ask again

FIGURE 10.39
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FIGURE 10.40 Notice that the driven dimensions 0,

We can now click and drag the end
point of Link 2, as shown in Figure 
10.42, to investigate the range of 
possible motions. This mechanism 
is classified as a crank-rocker because 

one of the members that pivots about a fixed point can rotate 360 degrees (a 
crank), while the other member that pivots about a fixed point oscillates back and 
forth (a rocker). We notice that as the crank, Link 2, revolves, there are two posi
tions for which Link 4, the rocker, is vertical. If we want to determine the positions 
of the crank for which this condition applies, then we need to make 04 a driving 
dimension.

and 04 are updated accordingly, as 
shown in Figure 10.40.

A driving dimension can be changed 
to a driven dimension by right- 
clicking and selecting Driven, as 
shown in Figure 10.41.

Change the 45-degree dimension to 
Driven.

FIGURE 10.41
P fL ttla n i:

J x

&

X

e

#

Add Relation... 

Dispiay£eiete Relations... 
Relations/Snaps Options... 
Delete

Exit Sketch

Display Grid

L r* Values
T&verse Dreceon " ' v

Driven к J
M afrFor D raw ing
Display Options * 
Annotations ►

Change Annotation View (Uhassgned Items) ►
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Drag one o f the links until Link 4 is almost 
vertical, as shown in Figure 10.43.

Right-click on the dimension defining the 
angular position of Link 4 and clear the 
Driven check mark. Change the dimension to 
90 degrees.

We see in Figure 10.44 that 0; equal to 59.95  
degrees results in Link 4 being vertical.

When dragging Link 2 through its full range 
of motion, we found that there are two con
figurations for which Link 4 is vertical.

Set the 90° angle defining Link 4 to  Driven. 
Drag the mechanism to  approximately the 
position shown in Figure 10.45, and set the 
dimension back to  Driving. Set the dimension 
to  90 degrees.

We see that 0: = 11.13 degrees is another 
solution for which the rocker is vertical.

We can now examine the effect of changing 
the length of one of the links.
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Set the mechanism back to  its original posi
tion, w ith  62 as the driving dimension and 6< 
as a driven dimension, as shown in Figure 
10.46.

Double-click the 6-inch dimension and 
change its value to  4 inches, as shown in
Figure 10.47.

Change the 90-degree dimension to  150 
degrees.

Note that the position of the links remains unchanged. This is because the posi
tion we have entered is not possible. The "No Solution Found" message in the sta
tus bar, as well as the color-coded highlights of the geometric conflicts, indicate 
this, as shown in Figure 10.48. To understand why the position is invalid, we can 
drag the links to determine their range of motion.

FIGURE 10.48
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Set the 150-degree dimension to  Driven, and drag the endpoint of Link 2 as far 
as possible in the counterclockwise direction, as shown in Figure 10.49.

We find that when 0: reaches about 123 degrees, Links 3 and 4 are aligned, pre
venting Link 2 from rotating further. This condition defines a toggle position of the 
mechanism. The mechanism is called a double-rocker, since neither link that piv
ots around a fixed point can rotate 360 degrees.

To find the precise location of the toggle position, a relation between Links 3 
and 4 can be added.

Select Links 3 and 4, and add a collinear relation. The value of 02 shown in 
Figure 10.50, 123.20 degrees, defines the toggle position.

A second toggle position exists at 0: = -1 2 3 .2 0  degrees.

If you want to move the mechanism, it is necessary to either click on the 
collinear relation icon on the drawing and press the Delete key, select either 
Link 3 or Link 4 and delete the collinear relation from the PropertyManager, 
or use the Undo key to remove the relation.
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PROBLEMS

P10.1-10.4  Find the vector C, which is the sum of vectors A and B, graphically. Check your 
results by adding the x and у components of the vectors. All angles are measured 
CCW from the +x axis, as shown in Figure P10 .1.

Vector A Vector В

Magnitude Angle Magnitude Angle

p lO .l
p l0 .2
p l0 .3
p l0 .4

300 lb. 45° 150 lb. 90°
10 m/s 0° 15 m/s 270°
50 N -10° 70 N 80°

5 ft./s2 120° 4 ft./s2 300°

P10.5-10.8 Consider the vector equation A + В = C. Graphically find the unknown
quantities for each set of vectors. All angles are measured CCW from the +x axis.

Vector A Vector В Vector С

Magnitude

A

Angle

8,

Magnitude

В

Angle

e.

Magnitude

С

Angle

f t :

pl0 .5  200 lb. 25° ? 160° 300 lb. ?
p l0 .6  ? ? 22 m/s

оОО

36 m/s 78°
p l0 .7  ? 130° ? 95° 50 N 110°
p l0 .8  8 ft./s2 112° 5 ft./s2 ? ? 00 00 О
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P10.9 Consider two cars A and В approaching an intersection as shown in Figure 
P I0.9. Using the vector equation vH = vA + vB/A, find the velocity vB/A, which 
is the velocity of В relative to A (that is, the apparent velocity of car В when 
viewed from car A). Comment on the result. Repeat the problem to find 
t>B/A if car В is travelling away from the intersection at 40 mph.

РЮ.10 The motion of a piston within a cylinder can be represented by the 
kinematic sketch shown in Figure I0.I0A. Create this sketch, with the 
center of the rectangle representing the piston coincident with the vertical 
centerline. Examine the motion as the crank (the 2-inch long link) is 
rotated about the origin. Add the two angular dimensions shown in 
Figure 10.1 OB, with the connector angle (the 22.5-degree dimension) 
being a driven dimension. Find the extreme values of the connector 
angle.

FIGURE P10.9

i Car A: 
v = 30 mph

FIGURE P I0 .I0A FIGURE PI0.I0B
Г r



PlO.llThe mechanism illustrated in Figure P I0 .11 is called an offset slider-crank.
As Link 2, the crank, rotates, Link 4, the slider, moves back and forth along a 
horizontal line. The distance L, is the horizontal distance from the pivot point of 
the crank to the pin joint between the connector, Link 3, and the slider. Link 1 is 
the ground, and the distance L, is the offset distance.

Construct a layout drawing of the mechanism, with L, = 30 mm, L2 = 50 mm, and 
L, = 150 mm.
a. Find L„ and 0, for a crank angle 0, = 45 degrees 

[Answers: 170.4 mm, 25.8 degrees)
b. Find L4 for values of 02 of 0, 90, 180, and 270 degrees.
c. Find the minimum and maximum possible values of L4, and the corresponding 

crank angles.
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C H A P T E R \ \
Analysis of 
Mechanisms

In t ro d u c t io n

A mechanism  is an assemblage of links and joints that are connected 
together to achieve a desired motion task. The links provide the 
mechanical structure of the mechanism, while the joints provide the 
ability for the mechanism to move. Some typical kinds of mecha
nisms used by mechanical engineers are shown in Figure 11. 1.

FIGURE I 1.1

4-Bar Linkage

The ways in which we can connect links with joints and provide a 
mechanism with the ability to move are seemingly endless. Also, the 
links can take on any shape and size we desire, and the motion may 
change in complicated and seemingly unpredictable ways as we mod
ify the links. The design of a mechanism may seem like a daunting 
task.

6-Bar Linkage

C h a p te r  O b je c tiv e s

In this chapter, you will:

■ learn some basic termi
nology associated with 
mechanism design,

■ use the assembly model
ing techniques learned in 
Chapter 6 to develop a 
working model o f a 
mechanism,

■ perform a motion simu
lation o f a mechanism, 
and

■ export a motion simula
tion as a video file.

295
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Computer-aided design (CAD) packages have become valuable tools in the design 
and analysis of mechanisms. The ability for the design engineer to adjust the size, 
shape, and interconnectivity of links and joints and quickly assess the impact on 
the mechanism has accelerated the design cycle of mechanisms. The SolidWorks 
program, with its ability to represent geometric constraints between structural 
components using assembly mates, is ideally suited to the design and virtual pro
totyping of complex mechanisms.

The remainder of this chapter will be devoted to the use of the SolidWorks program 
in the design of mechanisms through a case study involving the design of a four-bar 
linkage.

11.1 Approaching Mechanism Design 
w ith  SolidW orks Assemblies

Consider the four-bar linkage, a classic 
mechanism used in engineering, shown 
in Figure 11.2.

It consists of three structural links, con
nected to each other and to fixed pivot 
points by pin joints that allow for rotating 
motion between the links. Though it only 
has three physical links, it is called a four- 
bar linkage because there is an implied 
fourth structural link that connects the 
fixed ground points, as shown in Figure
11.3.

While the choice of a four-bar linkage as 
our preliminary design solution is an 
important step, the parametric design 
problem of selecting the appropriate link 
lengths and ground pivot locations to 
give us the desired motion is a difficult 
engineering task. We will develop a 
SolidWorks model to aid in this para
metric design phase.

The features that we will employ are the 
assembly capabilities. The development 

of assembly models and the definition of assembly mates were covered in 
Chapter 6. Mated assemblies are an ideal tool for use in mechanism design, since 
the joints that provide the physical relationships between the links are analogous 
to the mates that define the geometric relationships between parts.
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The pin through the holes in the links allows for rotation between the links, 
giving a "scissors" action. The mated assembly representation of this type of 
link/joint assembly would involve two parts, with two mates serving the 
same geometric purpose as the pin joint in the physical linkage:

• The front face of one link is aligned with the back face of the other 
link using a coincident mate; this allows one link to "slide by" the 
other without any interferences between the surfaces.

• The hole in one link is aligned with the hole in the other link using a 
concentric mate; this keeps the holes aligned at their central axes.

By capturing the essential geometric constraints that underlie a pin joint, this 
sequence of two mates imparts the same motion capabilities to the solid model 
that are seen in the physical mechanism.

Using this simple two-link mechanism as a building block, complex mechanisms 
can be assembled and virtually tested. Mechanism motion can be tested and 
debugged without the need for physical prototypes to be constructed. The follow
ing section will step through the development of a model of a four-bar linkage.

Think about two links connected by a pin joint, as shown in Figure 11.4. FIGURE 11.4

I 1.2 Developm ent o f Part Models o f Links

In this section, a step-by-step tutorial will lead you through the development of 
the part models required to make a "working" assembly model of a four-bar link
age. Four links, similar in shape but of different lengths, will be constructed.

Open a new part. Select the Front Plane. Choose the Slot Tool from the Sketch 
Group o f the CommandManager, as shown in Figure 11.5. In the PropertyManager, 
set the type o f slot to  Centerpoint Straight Slot (this option can also be selected 
directly from the pull-down menu beside the Slot Tool), check the Add Dimensions 
box, and make sure tha t the type of dimensioning is Center-to-Center, as shown in 
Figure 11.6.

FIGURE 11.5__________________

Cfii£alld Walks g He stt wew а»a t  т«

\  • 0  ♦ fJ  * t$j 
И  * ” *) ’  0  ' e** 

T'li * ж

Parti (Defautt<<l

FIGURE I 1.6

Centerpoint 
Straight Slot

Center-to-Center
Dimensioning
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Click on the origin to  place the center of the shape, and drag the cursor horizon
tally, as shown in Figure 11.7. Note tha t a centerline connecting the centers of the 
arcs is created as the cursor is being dragged. Click to  place the end of the cen
terline, and drag the cursor upward, as shown in Figure 11.8. Click to  complete 
the shape, and the dimensions w ill be added, as shown in Figure 11.9. Click the 
check mark to  tu rn  o ff the Slot Tool. Double-click each dimension and set the 
values to  7 inches and I inch, as shown in Figure 11.10.

FIGURE 11.7

- 3.64, 180*

FIGURE 11.8

X.

FIGURE I 1.9

• /.2Z9-

i
■ y

FIGURE I 1.10

We could now extrude the link and add the holes in a separate operation, but 
instead we will add the circles representing the holes to our sketch and complete 
the link as a single extruded feature.

Select the Circle Tool. Add circles centered at both ends of the centerline, as shown 
in Figure 11.11. Add an equal relation between the two circles, and add a 0.5-inch 
diameter dimension to  one of the circles, as shown in Figure 11.12.

Select the Extruded Boss/Base Tool from  the Features group o f the 
CommandManager. Set the extrusion depth to  0.25 inches, and click the check 
mark to  complete the extrusion.
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The completed part is shown in Figure 11.13. Note that our sketch included more 
than one closed contour. In previous chapters, when we have had a sketch with 
multiple closed contours, we have had to select the contours that we wanted to 
extrude. However, in this case, one of the contours (the overall shape) complete
ly surrounded the other closed contours (the circles), and the interior contours 
did not touch or overlap each other. When this is the case, by default the outer 
contour is extruded and the interior contours are not.

Save the part as “ L ink I.”

The easiest way to create each of the other three links is to modify the length of 
the first part and save it with a different name. All dimensions except the length 
should be identical for the four links.

Double-click Boss-Extrude I in the FeatureManager. The dimensions defining this 
feature w ill be displayed, as shown in Figure 11.14.

Double-click the 7-inch length and change i t  to  
3 inches. Rebuild the model (Figure 11.15). 

Choose File: Save As from the main menu. Save 
this part as “ Link2.”
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Create the other two links, using the lengths as shown in Table 11.1, and save them 
using the names “ Link3”  and “ Link4.”

TABLE I I . I Lengths of the Four Link Parts

Length

Linkl 7 in.
Link2 3 in.
Link3 6 in.
Link4 5 in.

I 1.3 Developm ent o f the Assembly 
Model o f the Four-Bar Linkage

The part models developed in Section 11.2 will now be used to construct an 
assembly model of the four-bar linkage. It is this assembly model that will allow 
us to perform parametric design and simple motion analysis of the mechanism.

Open a new assembly. If the PropertyManager shown in Figure 11.16 does 
not appear, open it  by selecting the Insert Component Tool from the 
Assembly group of the CommandManager. Select Browse, and select the file 
Link I. Click the check mark to  place this part.

This first part will be fixed in space—note the "(f)" beside its name in the 
FeatureManager. We refer to it as the "ground link" since all motion of the 
other links will be relative to this fixed link.

Select the Insert Component Tool. Browse to  select the file Link2. Click to  
place Link2 in the approximate position shown in Figure 11.17.

FIGURE 11.17

FIGURE 11.16

*, Begin Assembly

Select a component to insert, 
then place it И the graphics 
area or h it OK to locate it a t 
the origin.

Or design top-down using a 
Layout with blocks. Parts may 
then be created from the 
blocks.

Create Layout 

P art/A ssem bly to  In s e rt «

Open documents:



Note that you can click and drag Link2 to move it to a new position, as shown in 
Figure 11.18.

Chapter 11 Analysis of Mechanisms

FIGURE 11.18

A coincident mate aligning the faces of these links will be defined. 

Press Esc to  cancel any selections made when moving Link2.

Select the Mate Tool to  in itia te  a new mate.

The Mate PropertyManager will open.

Using the Rotate View Tool, FIGURE 11.19_____________________
rotate the parts so tha t 
the back faces of the links 
can be seen. Select the 
back face o f Link2, as 
shown in Figure 11.19.

Switch to  the Trim etric FIGURE 11.20 
View, and select the front 
face o f Link I, as shown in
Figure 11.20.

301
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Link2 will automatically move toward Linkl so that the selected faces show a 
coincident mate.

FIGURE I 1.21

Click the check mark in the PropertyManager or the pop-up box to  apply the 
mate.

A concentric mate between the holes must also be added to simulate the kinemat
ic constraint of the pin joint.

Select the inside surfaces o f the holes at the le ft end o f the links (Figure 
11.21).

FIGURE 11.22

A concentric mate w ill be previewed, as shown in Figure 11.22. Click the 
check mark to  apply the mate. Click the check mark again to  close the 
Mate PropertyManager.

The kinematic constraints of the pin joint are now fully defined. Link2 
is still free to move, as long as the movements do not violate the mates 
that we have placed on it. We can experiment to see the type of motion 
still allowed under the constraints we have imposed.

Click and drag Link2. Confirm th a t you can rotate the link 
though a full 360 degrees. Leave Link2 in the approximate 
position shown in Figure 11.23.

Note that the only unconstrained motion is rotation 
about the mated hole, as if the links were pinned together.

FIGURE 11.23 _____
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Select the Insert Component Tool. Select Link4 and place i t  in to  the assembly. 

Select the Mate Tool.

In earlier chapters, we learned a shortcut method of selecting faces not visible 
from the current view orientation. We will use that technique to select the back 
face of Link4.

Mow the cursor over Link4. Right-click, and pick Select Other, as shown in Figure 

FIGURE I 1.24

The back face o f the link is highlighted, as shown in Figure 11.25. Click the left 
mouse button to  accept the selection. Select the fron t face o f Link I. A coincident 
mate w ill be previewed; click the check mark to  accept the mate.

FIGURE 11.25

Add a concentric mate to  the inner faces o f corresponding holes in Link I and 
Link4. Close the Mate PropertyManager.



Click and drag Link4 to  the approximate FIGURE 11.26 
position shown in Figure 11.26.

Insert Link3 into the assembly. Add three 
mates:

1. A coincident mate between the 
back face of Link3 and the fron t 
face o f e ither Link2 or Link4,

2. A concentric mate between the 
inner faces o f the corresponding 
holes o f Link2 and Link3, and

3. A concentric mate between the inner faces o f the corresponding holes of 
Link3 and Link4.

Note that only one coincident mate is required. The coincident mate between the 
back face of Link3 and the front face of one of the other links completely defines 
the z-direction location of Link3. If another coincident mate is added between the 
back face of Link3 and the front face of another link, the assembly will be over
constrained and simulation problems may result.

The completed assembly is shown in Figure 11.27.

Click on Link2, and drag to  rotate it .  The link w ill rotate 
though a fu ll 360°, and the motion o f the other links can 
be observed. Save the assembly w ith  the file name 
“ Linkage.”
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11.4 C reating S im ulations and A n im a tion  
w ith  a M otion Study

In Section 11.3, we created a model of a four-bar linkage, and demonstrated the 
motion by manually dragging one of the links. In this section, we will learn to 
use the simulation tools built into the Assembly mode to create motion in our 
mechanism.

SolidWorks and its add-ins provide a number of levels of motion simulation. 
These include:

• Animation, available through the MotionManager, for animating the 
motion of assemblies with linear and rotary motors driving the motion,
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• Basic Motion, available through the MotionManager, for studying the 
motion of assemblies with the effects of contact between members, 
gravity, and springs in addition to motors, and

• SolidWorks Motion, an add-in package, used for performing physical 
simulations with quantitative analysis of velocities, accelerations, and 
forces. A tutorial covering the use of SolidWorks Motion is available on 
the book's website, www.mhhe.com/howard2011.

This section covers simple animation with the Animation Tool; Section 11.5 will 
demonstrate more complex simulations using the Basic Motion Tool.

At the bottom left-hand corner of the assembly window, note that there are two 
tabs: a Model tab, and a Motion Study tab (labeled Motion Study 1). Note that 
if the Motion Study tab is not available, it can be added by selecting View: 
MotionManager from the main menu.

Click on the Motion Study I tab, as shown in Figure 11.28.

The MotionManager will appear, as shown in Figure I i .29. The 
MotionManager allows us to add simulation components such 
as motors, springs, and gravity to our model, lets us define the 
duration and resolution of our simulation, and gives us the 
ability to output animation files of our simulation.

FIGURE I 1.29
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The first step in our simulation will be to add a rotary motor to FIGURE 11.30 
drive Link2.

Press the Esc key to  deselect any selected part. Click on the 
M otor Tool, as shown in Figure 11.30.

Motor
Moves a component as if acted upon 
by a motor.

Г

http://www.mhhe.com/howard2011
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The Motor PropertyManager will open, as shown in 
Figure 11.31, with the Component/Direction box 
highlighted.

Select the fron t face o f Link2, as shown in Figure
11.32.

This adds a motor to the link, with the "drive shaft" 
of the motor oriented perpendicular to the selected 
face. The red arrow shows the direction of rotation; 
this direction can be reversed by clicking the Reverse 
Direction button next to the Component/Direction 
box if desired. The type and speed of the motion can 
also be set; we will use the default constant speed 
motion.

Change the speed to  10 RPM, as shown in Figure 
11.33. Click the check m ark to  close the 
PropertyManager.

We will adjust the simulation time to show us two 
complete revolutions of the motor.

Click and hold on the diamond-shaped key th a t marks 
the to ta l simulation tim e, as shown in Figure 11.34.

FIGURE 11.33
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FIGURE I 1.34
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Drag i t  to  the right, stopping at the 12-second mark, as shown in Figure 11:35.

FIGURE 11.35

Click on the Motion Study Properties Tool, as shown in Figure FIGURE 1136 
11.36.

The Motion Studies Properties Property-Manager will initiate.
By default, the resolution of the simulation is set to 8 frames 
per second; this means that the simulation will produce a 
"snapshot" of the motion every 0.125 seconds (or every 7.5° of 
motor rotation, since our speed is 10 RPM). The higher we set 
the frames per second, the "smoother" the motion will appear 
in our simulation, but both more memory and more computa
tion time will be required.

Set the Frames per second to  60 (by e ither moving the scroll 
wheel, clicking the up arrow, or typ ing in the value d irectly), as 
shown in Figure 11.37, and click the check mark to  close the 
PropertyManager. This will create a "snapshot" of motion at 
every 1 ° of motor rotation.

Save the assembly.

Click the Calculate Tool to  compute the simulation (Figure 11.38).
The simulation will be computed, and displayed to the screen.

Motion Study Properties
Specifies simulation properties for the

[M o tion  Study.

’ и  a  ®
i6 s e c  18 sec . i l O s e c ^  |i:

FIGURE I 1.37______________

^  X
Animation a

Frames per second:

Ш Ш Ш Й »

FIGURE I 1.38

Calculate
; Calculates the Motion Study. J

4 -J /  . *Trimetric
Anmabon ▼ j jj a £> ►  B  0
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FIGURE I 1.39
Play from  Start Stop

I Play Ii я

As long as no modifications are made to the model, the simulation need 
only be computed once; after this, it may simply be replayed, using the Play 
from Start, Play, and Stop controls, shown in Figure 11.39.

Click the Play from  Start Tool to  replay the simulation.

Now that the simulation has been computed, an animation can be created 
from the simulation.

FIGURE I 1.40

Save Animation
Saves the animation as an AVI or
other file  type.
т

) « ч е  з  $  d l i
|8 sec |10sec

Click the Save Animation Tool, as shown in Figure 11.40.

The Save Animation to File dialog box will appear, as shown in 
Figure 11.41. This allows us to select the appropriate directory and 
filename for our video file. It also allows us to set some parameters 
that control file size and image quality, such as number of frames per 
second to be saved as we create our video file. For this application, we 
will accept the default value.

FIGURE I 1.41

filename: Four Bar Assembly - L  S a « ^

Saveastype Wcrosoft AVIHeCavi) ................ .....'J Q  S d ie d ie ^

Renderer: j SofcdWorks screen Cancel

H*>
Image See and Aspect Rat»

2  1196 Ш  384

|£ j Fixed aspect ra t»

Use camera aspect ra t»  

ф  Custom aspect ra t»  (width : height)

Frame Information 

Frames per second 7.5 

#  Entire animabon 

Time range

12

Browse to  the appropriate file location, and 
click Save.

The Video Compression dialog box will appear, 
as shown in Figure 11.42. This dialog box 
allows us to select the image resolution of the 
video file. Higher-resolution images will result 
in larger file sizes. For this application, we will 
accept the default values for Compressor type 
and quality.

FIGURE I 1.42

Video Compression

Compressor:

Microsoft \Adeo t Cancel
Compression Quafty: 85

Q Configure..

@] Key Frame Eveiy 8 frames
About..

Click OK to  close the Video Compression dialog box.

The simulation will be replayed again in the graphics window. While this is 
occurring, the video file will be written at the frames per second and compres
sion level we specified.
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As with the animation of the assembly explosion created in Chapter 6, the result
ing file is an AVI file. It can be played with any standard video playback software. 
It is not associated in any way with the SolidWorks software or files; subsequent 
changes in your part or assembly files will not be reflected in the AVI file.

The animation file is essentially a "screen capture" of the Assembly window 
during the motion simulation; the motion will appear using the model orien
tation and scale shown in the Assembly window. In order to optimize the qual
ity of the animation, the model should be oriented, centered, and scaled appro
priately prior to creating the animation. If desired, the MotionManager and the 
FeatureManager can be collapsed prior to creating the animation file, in order 
to give the largest window area for the screen capture.

11.5 Investigating Mechanism Design

In this section, we will exploit the parametric modeling capabilities of 
SolidWorks to further investigate the design of mechanisms. In Section 11.4, we 
simulated the motion of the four-bar linkage using some given link lengths. In 
this section, we will modify the link lengths, and use motion simulation to pre
dict the impact of the design changes on the motion of the mechanism.

The motion profile of a four-bar linkage is controlled by the relative lengths of 
the links. In the existing linkage, Link2 is capable of rotating through a full 360°. 
Such a link is called a "crank"; in a four-bar linkage a crank link will exist when 
the following equation is satisfied:

L + S < P + Q

where:

L = the length of the longest link 
S = the length of the shortest link 
P, Q = the length of the other two links.

In our linkage, L = 7 inches, S = 3 inches, P = 5 inches and Q = 6 inches. Since the 
condition is satisfied, at least one link (Link2) is a crank.

We will now modify our mechanism, and use a motion study to determine the 
impact of the redesign on the motion of the linkage.
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FUTURE STUDY

Machine Dynamics and Machine Design
In this chapter, we have examined a four-bar 
linkage and performed some simple motion 
analysis. If we were designing this mecha
nism for an engineering application, many 
more questions would remain:

• How fast will the output link oscillate, if 
we know the speed of the input link?

• What size motor would be required to 
drive the input link?

• How will we transmit the rotational 
power of the motor to the input link?

Providing the answers to these questions 
would generally require the expertise of a 
mechanical engineer. The analysis of link 
speeds and accelerations is classified as a 
kinematics problem; extending this analysis 
to the sizing of motors is classified as a kinet
ics problem. Most engineering curricula 
include basic courses in physics and dynam
ics, which address the essentials of kinematic 
and kinetic analysis. However, because of the 
great emphasis in mechanical engineering on

applying these principles to mechanisms and 
machinery, many mechanical engineering 
curricula include upper-level courses in the 
advanced application of kinematic and kinet
ic analysis. Such a course is often called a 
machine dynamics course, and may include 
the study not only of linkages, but also of the 
dynamics of gears, cams, and other mechani
cal devices.

The question of power transmission requires 
further insight beyond kinematic and kinetic 
analysis. The choice of transmission also 
requires the investigation of various alterna
tives, such as a geared transmission, a system 
of belts and pulleys, or a chain and sprocket 
drive. The selection and sizing of the appro
priate transmission system requires knowl
edge not only of kinematic and kinetic analy
sis, but also of the application of stress analy
sis to the transmission components. This type 
of analysis is often covered in mechanical 
engineering curricula in machine components 
or machine design courses.

Click on the Model tab, as shown in Figure 11.43. Double-click on Link3 in the 
modeling window, change the length to  4 inches (Figure 11.44), and rebuild the 
model.

FIGURE 11.43 FIGURE 11.44

| Motion S h idy l Г
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FIGURE I 1.45

The model may temporarily appear to be disas
sembled, as in Figure 11.47. Disregard this.

The modified model is 
shown in Figure 11.45.

Click on the Motion Study I 
tab to  bring up the 
MotionManager. The Update 
In itia l Animation State dia
log box w ill appear (Figure 
11.46). Click Yes to  close the 
box.

FIGURE 11.46__________________________________

Update Initial Animation ta te

Due to model changes, the (blowing components or features 
camot be set to their previouslyspedfied locations or values at 
the start o f the animation:

link 3< 1> • position 
J Link 4<2> - position

WoiJd you ike to update the affected keys? Select Yes to 
update the start o f the animation to the new positions or values. 
Select No to leave the animation unchanged.

1 ** 1 I »  1

In order to better simulate 
the physics behind the 
motion of the mechanism, 
we will use a higher-level 
motion simulation tool 
called Basic Motion.

Use the Type o f Study pull-down menu to  change the study type from  Animation 
to  Basic Motion (Figure 11.48). Click the Calculate Tool to  generate the motion 
simulation.

FIGURE 11.48
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The linkage begins to move as before, until the Basic Motion simulation detects 
a position in which the linkage "locks up," as shown in Figure 11.49. Notice that 
in this position, Link3 and Link4 are aligned, and no further rotation of Link2 
is possible. The position in which the mechanism "locks up" is called a toggle 
position (this was also demonstrated in Chapter 10). The presence of a toggle 
position is sometimes undesirable, since it prevents full rotation of the input 
link. Sometimes, however, toggle positions are designed into a linkage, so that it

can be used as a clamp or fixturing device. 
Checking our equation with these new dimen
sions, we now have L = 7 inches, S = 3 inches, P = 
5 inches, and Q = 4 inches. The equation is no 
longer satisfied, which is further evidence of the 
presence of a toggle position.

A second toggle position also exists in our mech
anism. We will find it by further modifying our 
motion simulation.

Click on the slider bar at the top  o f the MotionManager, which shows the current 
tim e o f the simulation, as shown in Figure 11.50, and drag i t  to  zero, as shown in 
Figure 11.51. Right-click on the m otor (R o taryM otorl) in the MotionManager tree 
and select Edit Feature, as shown in Figure 11.52. Click the Reverse Direction bu t
ton in the PropertyManager, as shown in Figure 11.53. Click the check mark to 
apply the change.

FIGURE 11.50
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Moving the time back to zero before making this 
change causes the modification to the motor to take 
effect at the beginning of the simulation. The motor 
parameters can be edited at other time points in the 
simulation, causing the motor to change speed 
and/or direction during the simulation.



Click the Calculate Tool to  compute the new simulation.
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The mechanism will again stop at a toggle position, as shown in Figure 11.54.

We have examined the 
motion case of a four-bar 
linkage where L + S < P + Q 
(where Link2 could rotate 
through 3 6 0 °), and also the 
case where L + S > P + Q 
(where we found toggle 
positions). We will now 
explore the special case 
where L + S = P + Q.

Click on the Model tab to  return  to  the assembly. Change the length of Link3 to 
5 inches and rebuild.

FIGURE 11.55 The rebuilt model is shown in Figure
11.55.

Click the Motion Study I tab to  return  to 
the MotionManager. Click Yes to  close the 
Update In itia l Animation dialog box. Drag 
the diamond-shaped icon tha t marks to ta l 
simulation tim e to the 24 second mark, as 
shown in Figure 11.56. If necessary, click 
the Zoom Out magnifying glass icon in the 
lower righ t corner of the screen to  display 
the entire tim eline. Click the Calculate 
Tool to  calculate the new simulation.

FIGURE 11.56
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The motion of the linkage will appear unusual. If you watch it carefully you will 
notice that the two complete motion cycles of Link2 produce two completely dif
ferent motions for Link3 and Link4 (as shown in Figure 11.57). This mechanism 
is unstable. When the linkage passes through a certain point (when all links are 
aligned), there are two possible paths for the links to take.

FIGURE I 1.57

In a stable four-bar linkage, the links can be assembled in either of two configu
rations, shown in Figures 11.58 and 11.59. Once assembled, the configuration is 
set. In an unstable linkage, both configurations are possible, and the mechanism 
may switch from one configuration to the other during the motion cycle. 
Unstable mechanisms are generally avoided in real motion applications, since 
their behavior can be unpredictable.

FIGURE I 1.58 FIGURE I 1.59
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P ll .l  A type of mechanism used in engineering systems is the slider-crank (see 
Figure PI 1.1 A). In the slider-crank, the input link (crank) rotates 
continuously through a full 360 degrees, while the output slider slides 
along a fixed surface. Among other things, the slider-crank is the working 
schematic for a single cylinder of an internal combustion engine. Create 
a working SolidWorks assembly model of this mechanism, using the 
dimensions shown in Figure PI M B . The dimensions are mm. (Hint: 
The bottom of the slider is always coincident with the ground plane.)

FIGURE PI I . IA  FIGURE PI I . I В

P11.2 The mechanism described in P ll .l  can be modified by offsetting the
pivot location of the crank from the path of the slider, creating an offset 
slider-crank, as shown in Figure PI I.2A. This type of mechanism is 
sometimes called a quick-return mechanism, since the back-and-forth 
motion of the slider is different in one direction from the other. Create 
a working model of this mechanism, using the dimensions shown in 
Figure PI I.2B. The dimensions are mm.

FIGURE PI I .2A FIGURE PI I.2B
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P11.3 Additional links can be added 
to a four-bar linkage to modify 
the motion of the links. A 
common engineering example 
is the six-bar linkage. Figure 
P11 .ЗА shows a model of a six- 
bar linkage that simulates the 
operation of a car's windshield 
wipers. The Crank is attached 
to the wiper motor, which 
rotates at a constant speed.
The lengths of the Crank 
and Connector 1, along with 
the attachment location to the 
blade, are selected so that the
rotational motion of the wiper motor is converted to the desired 
oscillating motion of the first wiper blade. Connector 2 links the two 
blades together so that they move parallel to each other.
Model the components shown in Figure PI I.3B, and assemble them 
into the mechanism, using the spacing of ground joints shown in Figure 
PI I.3C.

FIGURE PI I.3B
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P11.4 In the 1700s, noted engineer James Watt devised and patented a
mechanism for generating straight-line motion with a rotational input. 
In this mechanism, shown in Figure PI 1.4A, the center point of Link 3 
will trace out a straight line in space as the input link (Link 2) rotates, 
as illustrated in Figure PI I.4B. Originally designed for guiding the 
stroke in a steam engine piston, this mechanism is currently used to 
guide axle motion in automotive suspension applications'. Develop a 
working model of the Watt Straight Line Mechanism. Use a length of 
8 inches for Links 2 and 4, and a length of 4 inches for Link 3. The 
distance between the fixed pivot points is 16 inches. (Note: This is 
considered a double rocker mechanism; the input link is not able to rotate 
through a full 360 degrees.)

FIGURE PI I.4A

Link 3

* Robert L. Norton, Design o f  Machinery, 2nd ed. (New York: McGraw-Hill, 1999).



P11.5 A geneva mechanism, which is illustrated in Figure P11.5A, is used to
transform constant rotational motion into intermittent motion. Among 
other uses, this type of mechanism is used to control the motion of an 
indexing table in an assembly line. An indexing table will remain 
stationary for a period of time, and then rotate a fixed amount.
Model the components necessary to create a model of the geneva 
mechanism:
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a. T he geneva wheel, as detailed in Figure PI I.5B (thickness = 0.25 
inches)



b. The locking disk, as detailed in Figure PI I.5C (thickness = 0.25 
inches)
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c. The crank, as detailed in Figure PI I.5D (thickness = 0.25 inches)

d. The ground link, as shown in Figure PI I.5E (thickness = 0.25 inches) 

FIGURE PI I.5E

4.00
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e. A cylindrical shaft, 0.75 inches in diameter by 2 inches long
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f. A cylindrical pin, 0.375 inches in diameter by 0.50 inches long.

Create the subassembly shown in Figure PM .5F from a shaft and the geneva 
wheel. Add mates so that the wheel is completely fixed relative to the shaft.

FIGURE p | l ,5F Create the subassembly shown in Figure
PI 1.5G from a shaft, the crank, the pin, 
and the locking disk. Add mates so that 
the crank, pin, and disk are all completely 
fixed relative to the shaft.

FIGURE PI I.5G

Create a new assembly with the ground 
link as the fixed component. Add the two 
subassemblies created above, and create 
mates so the shafts can rotate within the 
ground link. Orient the assembly so that 
the pin on the crank subassembly is 
aligned with one of the slots on the geneva 
wheel.

To view the motion, click on the Move 
Component Tool (Figure PI I.5H). In the 
PropertyManager, click the Physical 
Dynamics option, and move the Sensitivity 
slider to the right, approximately 3/4 of 
the way toward Max (Figure PI 1.51). Drag 
the crank in a circle to view the motion, as 
shown in Figure PI l.5 j.

FIGURE PI I.5H
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P11.6 Develop a motion simulation of the geneva mechanism model created 
in P11.5. In order to do this, perform the following steps:
1. Create a motion study, and add a rotary motor to the crank 

subassembly.
2. Use the pull-down menu to change the motion type to Basic Motion.
3. Add a 3-D Contact between the pin and the geneva wheel by:

a. Selecting the Contact Tool from the MotionManager (Figure 
PI I.6A)

FIGURE PI I.6A____________________

Contact .
Simulates contact between selected 
components.

\ f

b. Clicking on the pin (from the crank subassembly) and the geneva 
wheel part to define a contact between these components in the 
PropertyManager (Figure PI I.6B)

FIGURE PI I.6B

c. Clicking the check mark to close the 3-D Contact 
PropertyManager

The motion can now be simulated. Set the properties such that four full 
rotations of the crank are simulated. Export an AVI file of the motion.
Note: It may be necessary to add a second 3-D contact between the 
locking disk and the geneva wheel to prevent overlapping of those two 
parts.
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P11.7 A Scotch yoke mechanism is used to convert continuous rotary motion 
into reciprocating linear motion. The mechanism is shown in Figure 
PI I.7A. Create a simulation of the Scotch yoke mechanism by performing 
the following steps.

a. Using the crank, shaft, and pin parts from Problem P11.5, create the 
subassembly shown in Figure PI I.7B. All parts should be fully 
constrained in the assembly. Save the assembly file as "Scotch crank.''

FIGURE PI I.7B
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Sketch the slotted T-shaped part, as shown in Figure PI 1.7C. Extrude 
it to a height of 0.25 inches, and save the part file as "yoke."

FIGURE PI I.7C

All dimensions are inches 
Thickness = .25

Introduction to Solid Modeling 
Using Solid Works 2011

PROBLEM 11.7 YOKE

Create the base part shown in Figure P.I I.7D. Save it with the name 
"Scotch base."

FIGURE PI I.7D

All dimensions are inches

Г  .25

Introduction to Solid Modeling 
Using Sol id Works 2011

PROBLEM 11.7 SCOTCH BASE

Assemble the Scotch yoke mechanism to allow for motion. (Hint: 
Use a tangent mate between the pin in the Scotch crank subassembly 
and the slot in the yoke part, and use coincident mates to establish 
the sliding motion between the slot in the Scotch base part and the 
yoke part.)
Add a 10-rpm motor to the crank, and create an animation of the 
motion showing two complete rotations of the crank. Save the 
animation as an AVI file.



C H A P  Т Е R 1  2.
Design of Molds and 
Sheet Metal Parts

12.1

In t ro d u c t io n

A design engineer must always consider the method of manufacture 
when designing any part. Failure to do so may result in part designs 
that are more expensive to make than necessary, have high scrap rates, 
or cannot be made at all.

Some manufacturing processes create unique challenges from a solid 
modeling standpoint. For example, when designing a mold, the shape 
of the part to be molded must be removed from the interior of the 
mold, usually with the dimensions adjusted to allow for shrinkage of 
the part during the cool-down portion of the molding cycle. Sheet 
metal parts are cut from flat material, and then bent into the final 
shape. Therefore, the part definition must include both the flat shape 
and the finished geometry. The SolidWorks program has specialized 
tools for working with molds and sheet metal parts.

A  Simple Two-Part Mold

In this exercise, we will make a mold to produce a simple cylindrical 
part. We will begin by making the part itself.

Open a new part. Draw and dimension a 3-inch diameter circle in the 
Right Plane, centered at the origin. Extrude the circle using a midplane 
extrusion, as shown in Figure 12.1. Set the to ta l depth of extrusion to
5 inches. Save th is part w ith  the file name “ Cylinder.”  Do not close the 
part window.

C h a p te r  O b je c tiv e s

In this chapter, you w ill:

■ create a cavity within a 
mold base,

■ create and modify two 
mold halves that are 
linked to the mold base 
with a cavity,

■ make a simple sheet 
metal part,

■ learn how to show a 
sheet metal part in 
either the flat or bent 
state, and

■ make a drawing o f a 
sheet metal flat pattern.

325
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The next step is to create a mold base, from which a cavity in the shape of the part 
will be removed. The mold base must be large enough to completely enclose the 
part.

Open a new part. Draw and dimension a 4-inch by 6-inch rectangle in the Top 
Plane centered about the origin (Figure 12.2).

Extrude the rectangle w ith  a midplane extrusion, as shown in Figure 12.3. Set the 
to ta l depth of extrusion to  be 4 inches. Save th is part w ith  the file name “ Base.”  
Note tha t i t  is a good idea to  create a new directory to  contain the files associ
ated w ith  a mold. Do not close the part window.

We will now place the part within the mold base.

From the main menu, select File: Make Assembly from Part, as shown in Figure
12.4. Click OK to  accept the default assembly template.

FIGURE 12.3 ______________________________ FIGURE 12.4
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A new assembly window will open, with the Insert Component Tool active.

Select the Base from the lis t of open documents, as shown in Figure 12.5. Click the 
check mark to  place the part in to  the assembly, w ith  the origin of the part placed 
at the origin o f the assembly.

FIGURE 12.5

Begin Assembly

Message
Select a component to insert, 
then place it in the graphics 
area or hit OK to locate it at 
the oogn.

Or design top-down using a 
layout with blocks. Parts may 
then be created from the 
blocks.

Create Layout

Part/Assembly to Insert a
Open documents:

Note that placing the origin of the first component 
of an assembly at the origin of the assembly itself is 
not required, since the first component will be fixed 
and subsequent parts will be located relative to the 
first part. However, placing the first part in this 
manner is good practice, since the Front, Top, and 
Right Planes of the assembly, as well as the origin, 
can be used as mating entities.

Select the Insert Components Tool. Select the cylin
der part from the lis t o f open files.

Click the check mark to  place the cylinder in to  the 
assembly, w ith  the origin of the cylinder placed at 
the origin of the assembly. Save th is assembly w ith  
a file name o f “ Mold Assembly.”

The cylinder is now centered within the base, as 
shown in the wireframe view of Figure 12.6. Rather 
than work in a wireframe mode, it is helpful to dis
play the base as transparent.

FIGURE 12.6
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FIGURE 12.7________  Right-click on the part name “ Base”  in the FeatureManager. Select Appearance:
Appearance. In the PropertyManager, select the Advanced tab. Select 
Illum ination, and move the Transparency slider bar (as in Figure 12.7) to  the 
right to  display the base in varying degrees of transparency. Click the check 
mark to  apply the desired transparency.

The cylinder can now be seen within the base, as shown in Figure 12.8.

We will now create the cavity. Since the cavity will be created in the base, the 
base must be selected for editing.

From the main menu, select Insert: Molds: 
Cavity, as shown in Figure 12.10.

In the PropertyManager, select the cylinder 
part from the FeatureManager as the com
ponent defining the cavity. Set the “ Scale 
about”  option to  “ Component Origins”  and 
the scale to  3%, as shown in Figure 12.11. 
Click the check mark to  create the cavity. 
Click on the Edit Component Tool to  end 
the editing of the base.

FIGURE 12.8 Select the Base from the FeatureManager. 
Choose the Edit Component Tool from the 
Assembly group of the CommandManager, 
as shown in Figure 12.9.
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The scale factor causes the cavity to be larger than the finished part. Most mold
ing materials shrink during cure or cooling, so the scale factor allows for that 
shrinkage.

The cavity can now be seen within the base, as shown in Figure 12.12.
If you look closely, you can see that there are gaps between the edges 
of the part and the corresponding edges of the cavity, because of the 
shrink factor.

The base, which now includes the cavity, needs to be split into two 
halves. For this simple mold, the two halves will be identical, and so 
we could cut away half of the original base part. However, if the two 
mold halves will be different (as in the next exercise), then copies of 
the base must be made. This procedure of creating derived parts is 
illustrated here.

Select the Base from the FeatureManager. From the main menu, 
select File: Derive Component Part, as shown in Figure 12.13.

A new part window is opened, and a copy of the base (includ
ing the cavity), is created. The advantage of creating a derived 
part rather than simply saving a copy of the base part is that 
associativity is maintained. That is, if a change is made to the 
cylinder part, then the cavity in the assembly, the base, and the 
derived mold half part are all updated.

Open a sketch on the fron t face of the new part. Select the Line 
Tool, and draw a line completely through the part, passing 
through the origin, as shown in Figure 12.14. Extrude a cut w ith  
a type o f Through All, w ith  the direction to  cut arrow pointing 
up.

The resulting part is shown in Figure 12.15.

FIGURE 12.13

Pack and Go... 
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К

Reload...
Replace...
Find References...
Derive Component Part...

t 3 Properties... ^

FIGURE 12.12

FIGURE 12.14 FIGURE 12.15
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To illustrate the associativity of the parts, open the cylin
der file and change the diameter of the part from 3 to 2 
inches. Rebuild the part. If you switch immediately to 
the mold half part, then no changes will be seen. 
However, if you switch to the mold assembly, then the 
cavity will be updated. Then, switching to the mold half 
will cause the change to be implemented, as shown in 
Figure 12.16.

Two of these mold halves can now be assembled, and 
mold-level features (fill and vent ports, alignment pins, 
etc.) can be added.

FIGURE 12.16_______________________________  Save the part w ith  a file name of “ Mold Half.”

12.2 A  Core-and-Cavity Mold

In this exercise, a two-piece mold for making the card holder from Chapter 4, 
shown in Figure 12.17, will be created. The shape of this part requires that the 
mold geometry consist of a core half (Figure 12.18), with features protruding 
outward from the parting line, and a cavity half (Figure 12.19), with features cut 
inward from the parting line.

FIGURE 12.17 _______________________  FIGURE 12.18____________________________________

FIGURE 12 .19 Our procedure will be similar to
the one followed in the previous 
section. Since there are several 
files involved in this procedure, 
it is helpful to consider the 
process steps, which are illustrat
ed in Figure 12.20. An interim 
assembly will be made from the 
mold base and part, so that the 
cavity can be placed in the mold 
base. From that assembly, copies 

of the mold base (with the cavity) will be derived. 
These copies will be modified to become the two 
mold halves. Finally, the two mold halves will be 
brought together into an assembly.

FIGURE 12.20
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The first step of the process will be to create the mold base, which must be sized 
so that the card holder part fits completely within its boundaries.

Open a new part. In the Top Plane, draw and dimension a rectangle centered about 
the origin, as shown in Figure 12.21.

FIGURE 12.21_____________________________ The dimensions shown are each
1 inch greater than the correspon
ding dimensions of the card 
holder, allowing for 1/2 inch 
clearance between the part and 
the mold edges.

The height of the mold base will 
be selected to allow for 1/4 inch 
above and below the part.

Extrude the rectangle upward a distance of 1.5 inches.

--------------------- 6.500--------------------

X
U:---------------------------------------- --------

■ 3.C

FIGURE 12.22

Edit Appearance
Edit the appearance of entities in the 
model.

Choose the Edit Appearance Tool from the 
Heads-Up Toolbar, as shown in Figure 12.22. 
Select the Advanced tab and Illumination, and 
move the Transparency slider bar toward the 
right, as shown in Figure 12.23.

The transparent part is shown in Figure 12.24.

Save th is part as “ Mold Base.”

FIGURE 12.23________  FIGURE 12.24
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Select File: Make Assembly from Part from the main menu to  open a new assem
bly. Insert the mold base into the assembly by clicking the check mark. Choose 
the Insert Components Tool and browse to  locate the card holder part. Click to  
place i t  in the assembly in the approximate position shown in Figure 12.25.

We will now align the card holder with the mold base.

Rotate the view so tha t the bottom  surfaces of the card holder and the mold base 
are visible, as shown in Figure 12.26.

FIGURE 12.25 ___________________________________ FIGURE 12.26____________________________________

FIGURE 12.27

FIGURE 12.29

Choose the Mate Tool. Select the bot
tom surface of the card holder (Figure 
12.27), and then the bottom  surface of 
the mold base. A coincident relation 
w ill be previewed. Select the Distance 
Mate icon from the PropertyManager 
(Figure 12.28). Set the offset distance 
between the two surfaces to  be 0.25 
inches. If necessary, check the Flip 
Dimension box so tha t the bottom  sur
face o f the card holder is above the 
bottom  surface of the mold base, as 
previewed in Figure 12.29. Click the 
check mark to  apply the mate.

FIGURE 12.28
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Select the Front Planes o f the card holder and mold FIGURE 12.30 
base, as shown in Figure 12.30. Add a coincident mate, 
as shown in Figure 12.31.

| Assembly [ layout | Sketch |

Add a coincident mate between the Right Planes of the 
card holder and mold base. Close the Mate 
PropertyManager.

The card holder is now placed within the mold base, as 
shown in Figure 12.32.

FIGURE 12.31

*  X

■%  Mate! j  £>  Analyse

Mate Selections

Standard Mates

В

^  Top Plane 
^  Right Plane 

Origin
^  (f) Mold Base<l> (D. 
Ф~ЁЙ Mates in Assem2 

шУ Sensors 
(fb lA ) Annotations 

§— Material <not sp..

^  Top Plane 
^  Right Plane 

Origin 
£} Щ  Boss-Extrudel 

(-) Card Holder <1> (. 
ф-ЁЙ Mates in Assem2 

3  Sensors 
Ф~0О Annotations 

I — Material <not sp.. 
nt Plane *  

Top Plane 
^  Right Plane

FIGURE 12.32

FIGURE 12.33

Save the assembly as “ InterimMoldAssy.”

Select the mold base from the FeatureManager. Choose the Edit Component Tool 
from the Assembly group of the CommandManager.

From the main menu, select Insert: Molds: Cavity. In the PropertyManager, select 
the card holder as the component defining the cavity. Set the “ Scale about”  option 
to  Component Centroids and the scale to 1%, as shown in Figure 12.33. Click the 
check mark to  create the cavity. Click the Edit Component Tool to  end the ed it
ing of the mold base.

Scale about:

Component Ongns

Jjj/j Uniform scafang

1.00%
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Select the mold base from the FeatureManager. From the main menu, select File: 
Derive Component Part. Click OK in the New SolidWorks Document dialog box to  
select the part template.

A new part window is opened, and a copy of the mold base is created.

Display the part in the Wireframe mode, as shown in Figure 12.34.

We will now cut away the top portion of 
the mold to create the lower mold half. 
This cannot be done with a simple extrud
ed cut, since that would also cut through 
the core feature that will form the under
side of the card holder. Rather, we will per
form two separate cutting operations to 
achieve the desired geometry.

Select the top surface of the part and 
choose the Sketch Tool from the Sketch 
group o f the CommandManager to  open a 
sketch. Select the four edges of the cavity 
shown in Figure 12.35. (Remember to  use 
the Ctrl key to  select m ultiple entities.)

Select the Convert Entities Tool, which 
w ill create lines from the selected edges.

Extrude a cut w ith  a type o f “ Up to  
Next.”  This w ill cut away the top of the 
mold, but only to  the cavity, as shown in
Figure 12.36.

In order to cut away the material around 
the edges of the mold half, it is necessary 
to use a different type of cut: one that 
cuts down to the parting surface.

FIGURE 12.36
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Open a new sketch on the top surface. FIGURE 12.37 
Convert the eight edges shown in Figure 
12.37 into lines, using the Convert Entities 
Tool.

Extrude a cut, w ith  a type o f “ Up to 
Surface.”  For the surface, choose the bot- 
tom  surface of the cavity, which corre
sponds to  the parting line, as shown in
Figure 12.38.

The completed mold half is shown in 
Figure 12.39.

FIGURE 12.38 FIGURE 12.39

FIGURE 12.40

Save th is part as “ MoldHalfLower.”

We will now create the upper mold half.

Switch back to the assembly containing the mold 
base and the card holder (InterimMoldAssy). 
Select the mold base, and from the main menu, 
select File: Derive Component Part.

In the new part, select the Section View Tool 
from the Heads-Up View Toolbar. Click the 
check mark to  accept the Front Plane as the 
section plane. Zoom in to  the bottom  o f the 
cavity, and click on the bottom  surface to  
select it ,  as shown in Figure 12.40. Open a 
sketch on th is surface by selecting the Sketch 
Tool from  the Sketch group o f the 
CommandManager.

Turn o ff the Section View and select the Top 
View. Using the Corner Rectangle Tool, drag 
out a rectangle such tha t the entire part is 
enclosed w ith in  the rectangle, as shown in
Figure 12.41.

M old 8ase<l>@ Intenm M oldAssem W y
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FIGURE 12.42 Select the Extruded Cut Tool, and set the type of cut to  
Through All. Make sure tha t the direction of the cut is 
downward. Rotate the view so tha t the bottom  of the part 
is visible, as shown in Figure 12.42, and click the check 
mark.

Since this cut will produce two separate solid bodies (the 
mold half and part o f the core), you are prompted to iden
tify which of the bodies you want to keep. In our case, we 

do not want to keep the core with
____________________  the upper mold half. In the dialog

box, checking the Selected bodies 
option allows you to choose which 
of the solid bodies you want to 
keep, and which will be deleted.

FIGURE 12.43
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Choose the Selected bodies option. 
Check the box fo r Body I (the 
mold half) and clear the box for 
Body 2 (the core), as shown in 
Figure 12.43. The selected body is 
highlighted. Click OK to  complete 
the cut.

The resulting part is shown in 
Figure 12.44.

FIGURE 12.44______________________  Save th is part as “ MoldHalfUpper.”

Open a new assembly. Insert the two mold halves, as shown in 
Figure 12.45. Make sure to  place the lower mold half at the o ri
gin of the assembly.

Add three mates to  align the mold halves together, as shown in
Figure 12.46.

Choose the Section View Tool from  the Heads-Up View toolbar.

FIGURE 12.45 FIGURE 12.46
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FUTURE STUDY

Materials and Processes

Our simple two-piece mold includes a cavity 
the shape o f the finished part. If we created 
this mold for making a few prototype parts 
from a room-temperature curing material, 
such as polyurethane, then we could add 
holes for bolting the halves together, a hole 
for pouring in the material, and a vent hole, 
and our mold would be functional.

Most molds require many other features, how
ever, and tooling design is an important func
tion at any manufacturing company. If a plastic 
part is to be injection-molded, then the injec
tion points and vent locations must be careful
ly designed so that the molten plastic fills the 
cavity completely. The plastic's melting and 
cooling temperatures and its resistance to flow 
must be considered when designing both the 
part and the mold. The tolerances required for 
the finished part might require that a filler be 
added to the material for dimensional stability. 
Ejector pins might need to be added to help 
remove the part from the mold. (Note that in 
our example, even though the part walls are 
tapered, the shrinkage of the part onto the core 
will result in forces that will need to be over

come in order to remove the part from the 
lower mold half.) Since the plastic must be 
injected hot but allowed to cool before 
removal from the mold, cooling lines for circu
lating water are usually added to the mold 
halves.

Other materials have different processing 
requirements. Composite materials used for 
automotive materials are mostly compres
sion molded, in which the raw material is 
placed between two mold halves and formed 
by applying pressure with a hydraulic press. 
Lower-quantity parts can be produced by 
resin transfer molding, in which dry fabric is 
placed in a mold and liquid resin is pumped 
in under low pressure.

Often the choice o f a process depends on the 
quantity o f parts to be made. A high-quality 
tool for injection molding can cost tens of 
thousands of dollars, but if this cost can be 
spread over 100,000 or 1,000,000 parts, then 
the fast cycle times resulting from a good 
mold design can result in significant cost 
savings.

Click the check mark to  accept the Front Plane as 
the section plane.

The mold cavity can now be clearly seen (Figure 
12.47).

Save the file w ith  the name 
Assembly.”

“Card Holder Mold

Suppose that we now want to change the thickness 
o f the molded part. Often, if a material change is 
specified, the thickness will need to be changed, 
since the flow o f the material in the mold is a limit
ing factor on the thickness.

FIGURE 12.47
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FIGURE 12.48
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Open the card holder part. Right-click on the shell feature in the Feature- 
Manager. Select Edit Feature, and increase the thickness from 0.06 to 
0.125 inches, as shown in Figure 12.48. Rebuild the model.

Open, or switch to, the in terim  mold assembly, and then the mold assem
bly. At each step, the models w ill be updated to  reflect the new thickness.

The updated mold assembly is shown in Figure 12.49. O f course, the 
mold we created is not usable without some way to get material into the 
mold. The manner in which this is done depends on the molding 
process, as discussed in the Future Study
box. Many other features may also be FIGURE 12.49______________
required for the mold to be usable. Mold 
design is a very specialized field, combining 
mechanical design with material science.

However, an essential part o f any mold design is the 
creation of the mold cavity and the separation of the 
core and cavity mold parts, such as we have done in 
these exercises.

Return to  the card holder part and change the part 
thickness back to  0.060 inches. Switch to  the interim  
mold assembly and then the mold assembly to 
update the models, and then save and close all open 
models.

12.3 A  Sheet Metal Part

In this exercise we will create the sheet metal part shown in Figure 12.50. The part 
can be shown in either the bent or flat state.

FIGURE 12.50 Open a new part. From the Options Tool, select FIGURE 12 .51_________
Document Properties: Units. Set the un it system 
to  MMGS (m illim eters), and the number of dec
imal places to  None for both the length and 
angular values.

Select the Right Plane. Sketch and dimension 
the three lines shown in Figure 12.51, placing 
the origin at the m idpoint o f the 70 mm ve rti
cal line w ith  a m idpoint relation. Use the ve rti
cal centerline to  align the endpoints of the diag
onal lines.

Note that we are not adding radii to the sharp 
corners. In sheet metal parts, bends are added as 
separate features to a part.
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Select the Extruded Boss/Base Tool from the Features group o f the FIGURE 12.52 
CommandManager. Set the type to  Mid Plane, and the extrusion depth to  100 BS2E5353I 
mm. Since the sketch is open, a thin-feature extrusion w ill be created. Set the x to
thickness to  2 mm, as shown in Figure 12.52.

Change the direction o f the thickness if  necessary 
so tha t the dimensions apply to  the outside of the 
part, as shown in Figure 12.53. Click the check mark 
to  complete the extrusion.

There are a number of tools that are specific to 
sheet metal parts. We can access these tools through 
the Sheet Metal toolbar or by adding the Sheet 
Metal tools to the CommandManager.

Right-click on one of the CommandManager tabs, as 
shown in Figure 12.54. In the lis t of tool groups tha t 
is displayed, click on Sheet Metal, as shown in Figure
12.55.

The Sheet Metal tools are now included FIGURE 12.54
in the CommandManager. ^

Bounder;

Select the Sheet Metal tab. Select the Features | Sketch [
Insert Bends Tool, as shown in Figure
12.56. »

FIGURE 12.56

FIGURE 12.55
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Select the middle face as the one tha t w ill remain 
fla t during the bending, as shown in Figure 12.57. 
Set the radius to  4 mm, and set the К-factor to  0.5. 
Leave the auto relief checked w ith  the type as 
Rectangular and the factor set to  0.5, as shown in 
Figure 12.58. Click the check mark to  complete the 
operation.

$5 Solid Works a f k  Ж  » •  Ireert

щ  6 fc >  ( 3 s , w , , t  60

FIGURE 12.58

Creates a sheet metal pa it from  the

FIGURE 12.57
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The К-factor is used in converting the bent geometry into 
the flat geometry. A К-factor of 0.5 means that the length 
of the flattened metal will be calculated based on the arc 
length at the mid-thickness of the metal. This is typical 
for relatively large bend radii. If extremely tight bends are 
desired, then the К-factor may need to be adjusted to get 
a better correlation between the flat geometry and bent 
geometry dimensions.

The FeatureManager now shows several new items, as 
shown in Figure 12.60. These new items include Sheet- 
Metal, where the bend radii, К-factor, and Auto Relief fac
tors are defined, Flatten-Bends, where individual bends 
can be edited, and Process-Bends, which restores the 
bends when the part is rebuilt. The Flat-Pattern, which is
shown as suppressed, contains the information to show the flattened configura
tion of the part.

The part can now be toggled between the flat and bent configurations using the 
Flatten Tool.

Click on the Flatten Tool (Figure 12.61) to  show the part in the flattened state, as 
shown in Figure 12.62 (shown in Wireframe to  show the bend lines clearly).

FIGURE 12.60
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Notice that the Flat-Pattern is now active in the 
FeatureManager. Expanding the Flat-Pattern shows the bend 
lines and individual bend properties, as shown in Figure 
12.63.

FIGURE 12.63
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Click the Flatten Tool again to  display the FIGURE 12.64 
part in the bent state.

With the part in the bent configuration, the 
bends themselves can be suppressed with the 
No Bends Tool, as shown in Figure 12.64. 
This tool allows you to toggle between the 
geometry with sharp corners and the geome
try with the bends shown.

g  UnfeU
a 0

|  « No Bends Insert

b
Bends

^  Hatter»

чШVbj 4* J  0’ ."#• ft fa
No Bends
Rolls beck all bends in the sheet metal 
part.

Select the No Bends Tool, as shown in Figure 12.64. FIGURE 12.65 
Note tha t the bend properties are grayed out in the 
FeatureManager, and th a t the rollback bar is above 
the bend properties, as shown in Figure 12.65.

To add the tabs, we need to create a new plane. Since 
the tabs are to allow the part to mount flush to anoth
er surface, the new plane needs to correspond to the 
front edge o f the part.

I_, Origin 
m  Extrude-Thinl 

Sheet-Metatt
Wetten-lendsl 

ф-§Й Process-Bendsl 
Flat-Patteml

Select Insert: Reference Geometry: Plane 
from the main menu or the Features 
group o f the CommandManager. If there 
are any items already selected, clear them 
by right-clicking in any white space and 
selecting Clear Selections.

Select the edge shown in Figure 12.66, and 
then the edge shown in Figure 12.67. Click 
the check mark to  create the plane.

View the plane from the right view to make sure that it is in the correct location, 
as shown in Figure 12.68.

FIGURE 12.67 FIGURE 12.68

New
Plane
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FIGURE 12.69
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Select the new plane. Sketch and dimension the firs t tab, 
near the upper-left corner of the part, as shown in Figure 
12.69. Make sure to  add a line along the bottom  of the 
tab so tha t a closed contour is created.

Add centerlines, snapping to m idpoints on the edges. Use 
the M irror Entities Tool from the Sketch group of the 
CommandManager to  place the other three tabs, as shown 
in Figure 12.70 (shown w ith  sketch relations hidden for 
clarity). To use the M irror Entities Tool, select all of the 
lines and arcs to  be mirrored and the centerline that 
the entities are to  be mirrored about, and then click the 
check mark.

FIGURE 12.70
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Extrude the tabs toward the rear o f the part. 
Check the “ Link to  thickness”  box, shown in 
Figure 12.71, to  set the thickness as the same 
value tha t was chosen when the part was 
defined as a sheet metal part. Click the check 
mark to  complete the extrusion. Hide the 
construction plane, Plane I.

Note that the tabs have sharp corners rather 
than bends, as shown in Figure 12.72. This is 
because the tabs were added with the No 
Bends Tool selected. In the FeatureManager, 
note that the tabs (Boss-Extrudel) appear 
before the bend properties, as shown in 
Figure 12.73. Therefore, when we turn off the 
No Bends Tool, bends will be applied to the 
tabs.

Click the No Bends Tool to  apply the bends.

FIGURE 12.73
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The tabs now appear with bends, as shown in Figure 12.74. The metal 
around the bends was cut per the Auto-Relief parameters set earlier. 
(The width of the cuts is 0.5 times the thickness, and the cuts extend 
0.5 times the thickness beyond the end of the bends.)

The cutout in the part must be added in the flattened state, so that 
it can be cut as a circle.

Drag the Rollback Bar to  just below Flatten-Bends in the 
FeatureManager, as shown in Figure 12.75. To display the bend edges, 
select Tools: Options: System Options: Display/Selection from the main 
menu and set the display of tangent edges to  As Visible. On the front 
surface sketch and dimension the 25-mm circle as shown in Figure 
12.76, using a centerline and a m idpoint relation to  place the circle.

FIGURE 12.75

Extrude-Thinl 
^  Sheet-Metall 
^  Planel 
Щ  Boss-Extrudel 

Flatten-Bendsl 
Process-Bendsl 

t-Jj Flat-Patternl

Ф-

Cut the hole w ith  a through-all 
extruded cut. Show the part in 
the bent shape by dragging the 
Rollback Bar to  the end of the 
FeatureManager, as shown in 
Figure 12.77. The finished part 
appears in Figure 12.78, w ith  the 
tangent edges hidden.

FIGURE 12.77 FIGURE 12.78
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Save the part as “ Sheet Metal Part.”

While drawings of sheet metal parts showing their final 
dimensions are often made, a manufacturing drawing 
will show the dimensions of the flat pattern and bend 
notes detailing how the pattern is bent into the final 
configuration. We will now make a manufacturing 
drawing o f the part that we just modeled.

Open a new А-size drawing, w ith  a tit le  block if  desired. 
The Sheet Metal Part should be highlighted in the Model 
View Manager. Click the Next arrow, and choose the Flat 
pattern as the view, as shown in Figure 12.79. Click in 
the drawing area to  place the pattern, as shown in 
Figure 12.80.

^  X ф ф
Message Я -

Please select a named view 
from the fet below and then 
place the view.

Note that the tet of 
orientations corresponds to 
the named views saved in the 
model.

Reference
Configuration 2

DefoJSM-RAT-W * j

R enam e Configuration «

Orientation Л

p i  Create multiple 
LJ views

Standard views:

m ®
э н © ®

m
More views:

ЙЕЗЭИИ *
Current Model Vi 

у  Rat pattern

< 1.3Д >
OPreview

FIGURE 12.80

D O W N flf r  R .16DQ W M .flf r  Jt 16

UP 70* R.16

R 16 DOWN
V

Introduction to Solid Modeling 
Using SolidWorks 2011



Chapter 12 Design of Molds and Sheet Metal Parts 345

Select the Options Tool. Under Document Properties, select Units and set the un it 
system to  MMGS, w ith  one decimal place fo r length dimensions and no decimal 
places fo r angles. Select Sheet Metal, and set the bend note style to  W ith Leader, 
as shown in Figure 12.81. Click OK. The notes are now shown w ith  leaders po in t
ing to  the bend lines, as shown in Figure 12.82.

FIGURE 12.81 ________________________________________
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Each bend note shows the bend radius and angle of the bend, as well as the direc
tion o f the bend (up or down) relative to the plane of the flat pattern. Importing 
dimensions into the drawing will not work correctly for most dimensions since 
the part dimensions are relative to the bent configuration. Instead, dimensions 
are added manually with the Smart Dimension Tool.

Add dimensions and notes as shown in Figure 12.83. Add a detail view to  show 
the dimensions of one of the tabs. Change the dimension and note font sizes as 
desired. Save the drawing file.

CHAPTER 12 
SHEET METAL PART
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PROBLEMS
P12.1 Open the interim assembly of the mold base and card holder that was 

created in section 12.2 (Figure P I2 .1). Perform an interference detection 
on the assembly. How are the interferences found related to the 
shrinkage factor used to create the cavity?

FIGURE P I2 .I

FIGURE PI2.2B

P12.2 Create a two-piece mold for the flange part o f Chapter 1, allowing a 2% 
shrink factor. Figure PI2.2A shows the lower mold half. Note that the 
material forming the holes is contained in the lower mold half. Figure 
PI2.2B shows the upper mold half. Note that the chamfer feature is 
included in the upper mold half.

FIGURE P I2 .2A

Hint: The easiest way to cut away material 
from the mold halves is to use revolved cuts. 
Figure PI2.2C shows the sketch defining the 
"cutting tool" to be revolved around the 
centerline to create the lower mold half.

FIGURE PI2.2C
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P12.3 Create an assembly of the two mold halves of P12.2 and the flange.
Show a section view of the assembly, with the mold halves transparent, 
as shown in Figure P I2.3.

FIGURE P I2.3

P12.4 Create a model of the sheet metal part shown in Figure PI 2.4. The
metal thickness is 0.060 inches, and the bend radii are 0.125 inches. All 
dimensions shown are in inches.

FIGURE P I2 .4A  FIGURE PI2.4B
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P12.5 Create a model o f the sheet metal part shown in Figure P I2.5. The
metal thickness is 0.060 inches, and the bend radii are 0.125 inches. All 
dimensions shown are in inches.

P12.6 Create the box shown from the parts created in exercises P12.4 and
P I2.5. Since the sides of the box are mirror images of each other, it will 
be necessary to have two different part files. Open the part created in 
P12.5, and select one of the vertical faces. Then select Insert: Mirror Part 
from the main menu. Click the check mark, and a new part file is 
created, linked to the original file. Save this file with a new name, and 
then assemble the three parts to form the box.

FIGURE P12.6
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P12.7 Design a sheet metal bracket similar to the one shown in Figure PI2.7A. 
The bracket is intended to be used to join a wood 2 x 4  (actual 
dimensions 1.5 by 3.5 inches) to a 4 x 4 (3.5 by 3.5 inches) post, as 
shown in Figure PI2.7B, with nails or screws. Make a dimensioned 
drawing of the flat pattern of the part, including the bend notes.

FIGURE P I2.7A FIGURE PI2.7B



C H A P T E R  1 3
The Use of SolidWorks to 
Accelerate the Product 
Development Cycle

In t ro d u c t io n

Any company that designs and/or manufactures products has seen an 
increase in global competition over the past decades. To remain com
petitive, there is great pressure to develop new products. As a result, 
product models have shorter lives, and development costs are spread 
over a fewer number of units.

With these increased pressures, there has been a greater emphasis on 
improving and accelerating the product development process. While 
different industries and companies have their own unique procedures, 
there are some activities that are typically a part o f a modern product 
development cycle:

• Physical prototypes are used early and often.
• Computer analysis is used extensively to complement physi

cal testing.
• Engineering functions are performed simultaneously as 

much as possible, necessitating better teamwork and data 
sharing.

Solid modeling is an important tool in the product development 
process. The solid model becomes the common database used for a 
variety of engineering functions. In this chapter, we will explore two 
of the most common uses of solid modeling in product design: rapid 
prototyping and finite element analysis. We will also consider the 
challenge of managing and controlling the data produced during the 
product development cycle.

C h a p te r  O b je c tiv e s

In this chapter, you w ill:

■ be introduced to  the 
most popular rapid pro
totyping processes,

■ see how a stereolithog- 
raphy file is used to 
define a solid part,

■ learn how to create a 
stereolithography file,

■ be introduced to the 
capabilities and limita
tions o f finite element 
analysis, and

■ learn about Product 
Data Management soft
ware.

351
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13.1 Rapid P ro to typ ing
The introduction o f solid modeling made possible a new industry called Rapid 
Prototyping (RP), Additive Manufacturing (AM), Solid Freeform Fabrication 
(SFF), or Additive Fabrication (AF). Rapid prototyping refers to the creation of 
physical models directly from an electronic part file using an additive process. 
That is, the model is created by building it layer-by-layer rather than starting with 
a block and removing material to create the finished shape.

The first commercial RP method to be 
introduced was stereolithography (SLA) 
in 1987. In this process, a photopolymer, a 
liquid resin that cures under the applica
tion of certain wavelengths of light, is 
cured layer-by-layer by a precisely guided 
laser beam. The SLA process is 
illustrated in Figure 13.1. The part is sub
merged in a vat o f photopolymer, sup
ported on an elevator platform. The 
fabrication of each layer begins with the 
elevator lowering by the thickness of a 
layer, typically about 0.005 inches. The 
part is then covered by uncured resin. A 
mirror system directs the laser beam across 
the area to be cured for that particular 
cross-section. Laser power and the speed 
o f the beam across the resin surface are 
controlled to ensure a complete cure of the 
resin while maximizing the speed of the 
process. When all o f the layers are com
pleted, which is typically several hours 
after the beginning of the build, the eleva
tor lifts the essentially finished part out of 
the resin. Cleaning the part with a solvent 
and curing in a UV oven to complete the 
cure of the photopolymer are usually the 
only steps necessary to finish the part.

In the early 1990s, many new RP process
es were commercialized. Among the most 
important was Selective Laser Sintering 
(SLS). In this process, plastic powder is 
sintered, or fused together, by the heat 

from a precisely guided laser beam. The SLS process is illustrated in Figure 13.2. 
As each layer is completed, the build platform drops by the thickness of one layer, 
and a fresh layer of powder is spread over the part and leveled. The laser is then 
directed onto the surface of the new powder layer, sintering the powder in the 
desired areas. The advantage of this process is that many engineering plastics, 
including nylon and polycarbonate, can be used. This process can also be used to

FIGURE 13.1
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make metal and elastomeric parts. Another 
advantage of the SLS process is that for 
complex shapes, the loose powder sup
ports the part as it is being built. In most 
other RP processes, supporting structures 
must be built for complex parts, and then 
removed in a post-processing operation.

Another process that achieved commercial 
success was Fused Deposition Modeling 
(FDM), a process illustrated in Figure 13.3.
The FDM process can be thought of as pre
cisely directing a fine hot-glue gun to build 
up a part. The thermoplastic material (usu
ally ABS or polycarbonate plastic) is fed 
from a spool. There are actually two feed 
spools and extruder heads, as the material for building support structures is dif
ferent from the part material. The support material is formulated to break away 
from the part easily, or to dissolve in water. The introduction of FDM was espe
cially significant in that no laser or hazardous materials were required, allowing 
the machine to be placed in an office environment.

When RP was introduced, the available modeling materials had low strength and 
were extremely brittle. As a result, the only practical use of RP was to produce visu
al aids. This use was important, since the effective communication o f complex 
designs can minimize errors in the interpretation. However, improvements in 
materials have allowed RP models to be used for many other functions. RP is cur
rently being employed for such advanced applications as the production of work
ing prototypes, creation of patterns for manufacturing operations, production of 
tooling, and even the direct digital manufacturing of working parts. The fact that 
an RP model can now be used in a functional prototype product or in tooling 
(which usually requires the longest lead time of all development activities) has 
increased the usefulness of RP greatly over the past few years.

Also, the growth of direct digital manufacturing (or rapid manufacturing) is an 
exciting trend. Rather than a prototype part, the final part is produced with direct 
digital manufacturing. This application o f RP technology has the potential to 
make many low-volume parts cost effective, since no tooling costs need to be 
amortized. Also, parts that are difficult or impossible to make with conventional 
processes can be made with RP technologies.

One of the biggest obstacles to increased use of RP has been cost. The systems 
described above range in cost from about $100,000 to well over $500,000. When 
the costs o f maintenance, materials, and a trained operator are added, the costs of 
producing even a small RP model can be in the hundreds of dollars. Also, even 
rapid prototyping systems can be too slow at times. An engineer who has an idea 
for a new design concept in the afternoon and a design meeting the next morning 
probably will not be able to have a physical model in time for the meeting.

FIGURE 13.3
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A new generation of RP machines has focused on lower costs and higher speeds, 
with some sacrifices made to accuracy and durability. The combination of low- 
cost materials and inexpensive off-the-shelf printing technology results in a fast 
and affordable prototyping process.

These low-cost RP machines are called 
concept modelers or 3-D printers. One 
of these uses the FDM process described 
above. The other is a powder-based 
process similar to SLS, but instead of 
using a laser to sinter the powder togeth
er, an inkjet printer head is used to 
spread binder fluid onto the surface of 
the part. A powder-based concept mod
eler is shown in Figure 13.4. Notice the 
cross-section of the ribbed flange part 
from Chapter 5 being printed. These 
newer-generation machines are bringing 
RP technology into applications that 
were previously unaffordable; produc- 
tion-quality machines are priced in the 
$5,000-$30,000 range, and a new gen
eration of machines based on FDM tech

nology are being sold in a kit form in the $ 1,000 price range. Proponents of this new 
technology predict a trend toward "personal fabrication," where the ability to design 
and fabricate custom components will be available to everyone. Companies dedicat
ed to this personal fabrication model are springing up around the world, and offer 
both amateur and professional designers the ability to showcase their work, share 
files and designs, and have short-run parts built at an affordable cost.

FIGURE 13.4

FIGURE 13.5

Most domestic RP machines accept as input a type of file called a stereolithogra- 
phy (.stl) file. The structure of an .stl file is quite simple: the surfaces of a solid 
model are broken into a series of triangles, the simplest planar area. Each triangle

is defined by four parameters: the 
coordinates of each o f the three cor
ners, and a normal vector that points 
away from the part, identifying which 
of the two faces of the triangle repre
sents the outer surface o f the part.

FIGURE 13.6

To illustrate how an .stl file defines a 
solid part, consider the simple part 
shown in Figure 13.5. Since this part 
has only flat, rectangular surfaces, two 
triangles can exactly define each sur
face, as shown in Figure 13.6. Since 
the part has six surfaces, the part can 
be described by 12 triangles.
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To illustrate how an .stl file is created for a part with curved surfaces, consider the 
ribbed flange part modeled in Chapter 5, which is shown in Figure 13.7.

To create an .stl file from a SolidWorks part, select File: Save As from the main 
menu and select STL as the type of file from the pull-down menu, as shown in 
Figure 13.8.

FIGURE 13.7

Before saving the file, select 
the Options button. This 
opens the Export Options 
dialog box, and allows you 
to adjust the resolution of 
the .stl file, as shown in 
Figure 13.9. If the Preview 
option is selected, then the 
triangles of the .stl file are 
shown displayed in the part 
window.
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FIGURE 13.10 The triangles created for a resolution set to Coarse are shown in 
Figure 13.10. Note the rough approximation of the fillets by the 
triangles.

The number of triangles created and the file size are displayed in 
the Export dialog box. For the Coarse resolution, 1984 triangles 
are used, and the size of the .stl file is 99 kb.

If the resolution is changed to Fine, then many more triangles are 
added to the curved surfaces, resulting in a smoother approximation 
of the actual shape, as shown in Figure 13 .11. In this example, 5512 
triangles are created, resulting in a file size of 276 kb. This file size is 
small enough to be easily transferred by e-mail or temporary storage 
media.

When the .stl file is received by the computer controlling the RP 
machine, it is "sliced" into cross-sections by machine-specific soft
ware. Some machines allow for the thickness of the sections to be 
adjusted. Thinner layers result in greater accuracy, but of course 
longer build times. Most machines allow for multiple parts to be 
made simultaneously.

A model o f the ribbed flange being removed from a powder-based 
concept modeler is shown in Figure 13.12. As with the SLS 

process, the loose powder around the model supports it during the build process. 
When the model is removed, it has low strength and must be handled carefully. 
The model is then infused with wax, cyanoacrylate adhesive ("super glue"), or 
epoxy to give it strength. The finished model, infused with epoxy resin, is shown 
in Figure 13.13.

FIGURE 13.11
Usually, the Fine quality is sufficient. For parts where greater res
olution is desired, the Custom quality can be selected, and the 
slider bars moved toward the right. The only trade-off for this 
higher quality is larger file sizes. However, since the transfer of 
large files via e-mail or Internet has become easier in recent years, 
file size is usually not a major problem.

FIGURE 13.12 FIGURE 13.13
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.2 F in ite E lem ent Analysis
Finite Element Analysis (FEA) is a method of predicting the response o f a struc
ture to loads by breaking the structure down into small pieces {elements). The 
points where the corner points o f elements merge are called nodes. Equations pre
dicting the response of each element are then assembled into a series o f simulta
neous equations. Solution of this system of equations yields the displacements 
of the nodes. From these displacements, the stresses (forces per unit area) are cal
culated for each element. From the stresses, the factor of safety against failure of 
the structure can be predicted. The finite element method can also be applied to 
fluid flow analysis, heat transfer, and many other applications.

Solid modeling has enabled the increased FIGURE 13.14 ____________________
usage of FEA, because it automates the task 
that in the past required the most time: cre
ating the geometric model and the finite ele
ment mesh. A finite element mesh can be 
created from a solid model with only a few 
mouse clicks. Figure 13.14 shows a mesh cre
ated from the bracket model of Chapter 3.

A 50-pound load will be applied to the end 
of the flange. After the mesh is created, the 
loads and boundary conditions are applied.
Boundary conditions are the displacements 
controlled by external influences. For exam
ple, if we assume that the bolts attaching the 
bracket to the wall cause the back face of the 
bracket to be perfectly fixed, then we would FIGURE 13 15 
apply corresponding constraints to the 
movements of the nodes on that face. The 
stresses resulting from the 50-pound load are 
shown as stress contours in Figure 13 .15.

As FEA has become easier to use, it has also 
become easier to misuse. While the software 
takes care o f the number-crunching, a 
knowledgeable engineer is required to set 
up the analysis and interpret the results.

Among the common errors made by inex
perienced users of FEA are:

• Inappropriate choice o f  elements. Solid modeling software with a built-in 
FEA mesh generator allows a mesh of solid elements to be easily created 
from a solid model. However, in many cases solid elements are not the 
best choice. Relatively thin structures subjected to bending loads are usu
ally better approximated with shell elements. A frame made up of weld
ed structural members may require tens of thousands of solid elements to 
produce an acceptable grid, while a few beam elements will produce bet
ter results with substantially less calculation time.
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• Use o f  only linear behavior. Linear analysis is based on the assumption that 
structural response varies linearly with loading. For example, under the 
assumption of linear behavior, the deflections and stresses of the bracket 
when loaded to 100 pounds are exactly double those produced by a 50- 
pound load. There are two types of nonlinearities possible, however, that 
would violate this assumption. Geometric nonlinearity is present when the 
structure's stiffness is significantly different in the displaced configuration 
than it is in the original configuration. Material nonlinearity is present when 
the material is stressed beyond its yield point. When the material has yield
ed, it may not break, but will deflect further with little or no additional load
ing. Both of these nonlinearities require iterative solutions. That is, rather 
than applying all o f the load at once, an increment of the load is applied and 
the equations are solved. The equations are then reformulated based on the 
results of the first solution, and solved again. This process is repeated until 
the solution is found. While this procedure requires much more processing 
time, it is necessary to obtain an accurate solution for many problems.

• Inappropriate boundary conditions. In the example of the analysis of the brack
et, it was assumed that the back face of the bracket was fixed to a rigid wall.
Is this a reasonable assumption? Maybe, but if the screws holding the brack
et stretch slightly, then the top of the bracket will separate from the wall, 
placing more force on the bottom of the bracket. Most actual structural 
restraints are neither perfectly fixed nor perfectly free, requiring the engineer 
to use judgment in specifying the conditions to be placed on the model. In 
some cases, the analysis may be performed several times with different 
boundary conditions to obtain the limits of possible structural response.

• Misinterpretation o f  results. In Figure 13.15, the stresses displayed are the 
von Mises stresses. These stresses are calculated based on a specific failure 
criterion (the von Mises criterion) that is an excellent predictor of the 
yielding of ductile materials, but it may be inappropriate for predicting 
the failure of many materials.

These common errors are not presented to discourage the use of FEA, but rather 
to encourage the proper use of the method. An engineer should have a good 
understanding of mechanics of materials and at least an introduction to FEA the
ory before using FEA for any important application. A tutorial for conducting a 
simple analysis of the bracket from Chapter 3 is available on the book's website, 
www.mhhe.com/howard2011.

13.3 Product Data Management
We have mentioned earlier that solid modeling supports concurrent engineering, 
since many engineering functions can work from the same database (the solid 
model). Allowing multiple users to work on the same model or drawing, howev
er, creates challenges, as well. How do companies manage their part files and 
drawings to control who can make changes?

Before answering this question, it is helpful to consider how companies managed 
paper drawings and other data before solid modeling was introduced. When a 
draftsman completed a drawing, it was checked and then went through a release 
process in which it was approved and signed off by various department representa
tives (design engineering, manufacturing engineering, safety, etc.). Copies were 
made and distributed, and then the released drawing was stored in a vault. Most

http://www.mhhe.com/howard2011
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medium-sized and large companies had a configuration management department that 
controlled the release process and subsequent changes. When a change was request
ed, a formal engineering change order process was followed. When the change was 
approved, it was amended to the drawing, or the drawing was modified and given a 
revision number, if the change was significant. It should be noted that many draw
ings would eventually have dozens of associated change orders, so managing this 
process was an important job. When a user of the drawing, say a stress analyst about 
to begin an FEA model, needed a copy, the configuration management department 
provided the latest version, including all change orders. Similarly, the Bill of 
Materials for each part was maintained and provided to the purchasing and manu
facturing departments. In addition to controlling the drawing changes, the configu
ration management department would maintain drawing trees that showed how 
drawings related to each other.

A change in a part could affect an assembly at the next level. Other data might 
have been controlled but not necessarily linked to the drawings. For example, a 
stress analysis report might have been released and stored in the vault, but a per
son looking at the drawing would probably not know that the analysis had been 
done, or where to find it. Similarly, in industries where weight is important, mass 
property reports were produced, but usually not linked to drawings.

The introduction of solid modeling presented many new challenges to configura
tion management. Some of the features that make solid modeling so exciting to 
design engineers—associativity between parts, assemblies, and drawings, ability to 
use the solid model for many functions—could cause huge problems from a data 
management perspective. That is, one person could make a seemingly simple 
change to a component and that change would propagate throughout an entire 
assembly without the person being aware of its effect. Now that some companies 
model major systems with solid modeling, controlling who can make changes is 
vitally important.

Product Data Management (PDM) software is used to perform some of the tasks of 
the configuration management department, while streamlining communications 
between various departments. PDM entails two broad categories of functions:

• Data management, the control o f documents (part files, drawings, stress 
reports, etc.), and

• Process management, the control o f the way in which people create and 
modify the documents.

The data management function is similar to that of the paper-based configuration 
management department, except that the released drawings are now electronic 
files and are stored in a virtual vault instead of a physical vault. (Actually, backup 
tapes and disks of the virtual vault are often stored in a fire-proof physical vault.) 
Since the part and drawing information is stored in a relational database, imme
diate location and retrieval o f files is possible. This helps to reduce redundancy, 
especially among standard components such as rings and fasteners. A design engi
neer who needs to specify a fastener can easily determine if there is already a sim
ilar fastener with a part number assigned in the system. If there is, then the pur
chasing department will not have an additional item to buy.

Process management is the control o f active procedures: who generates the data 
and how the data are transferred from one group to another. One important
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feature of PDM systems is work history management. In a paper-based system, 
having old, outdated drawings around is an invitation for trouble, since they can 
be used by mistake. But by destroying old drawings, the history of the modifica
tions made to that drawing can be easily lost as well. PDM software can track the 
change history of a part, an important function in Total Quality Management 
(TQM), while protecting against accidental usage.

What does the future hold? Most manufacturing companies implemented 
Manufacturing Resource Planning (MRP) systems long before PDM became pop
ular. MRP systems allow the tracking of raw materials, work in progress, and 
finished inventory in the plant. The move to reduce inventories and adopt just- 
in-time raw materials deliveries necessitated the adoption of MRP systems. In 
many ways, implementing PDM to engineering functions is analogous to imple
menting MRP for manufacturing.

The logical next step, then, is to combine MRP and PDM systems into a single 
system referred to as Product Lifecycle Management (PLM) or Enterprise Resource 
Planning (ERP). As with any new large-scale system, implementation is expensive 
and time-consuming, and so these systems are not widely used in most industries.

A recent example of the complexity of engineering data and the challenges of 
managing that data is the delay announced in 2006 of the production of the 
Airbus 380 jumbo jet. Both Airbus and its competitor in the commercial aircraft 
market, Boeing, have suppliers around the world. Coordinating the work of these 
suppliers is a monumental challenge. On October 3, 2006, Airbus CEO Christian 
Streiff announced that delivery of the 550-seat A380 would be significantly 
delayed because of data translation problems between engineers in Germany, who 
were designing and building the wiring harness for the plane, and engineers in 
France, where the final assembly of the plane was taking place. As a result o f the 
errors, the wiring harnesses would not fit correctly—a major problem for a plane 
with hundreds of miles of wiring. The problems were expected to cost Airbus over 
$6 billion dollars in profits.1

13.4 Some Final Thoughts
The widespread adoption of solid modeling has been part o f a revolution in the 
way that products are designed and developed. As many companies have thrived 
with new technology, others that have not kept up have not been able to com
pete and have been forced to close. Although no one can predict the future, one 
thing seems certain: the pressure on companies to develop new products faster 
and better will not lessen.

On a more personal scale, the same concept has held true for many engineers. An 
engineer who is adverse to change and reluctant to learn new tools is at a great 
competitive disadvantage to his or her peers.

The good news is that most people who enter the engineering profession do so 
because they have the curiosity to want to leam new things. Keeping that curiosity alive 
will allow an engineer to have a rewarding career that is always fresh and interesting.

^'PLM: Boeing's Dream, Airbus' Nightmare," Mel Duvall and Doug Bartholomew, Baseline, 
February 1, 2007, Vol. I number 69, Ziff Davis Media.
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Recommended Settings

Recommended changes to the default settings of the SolidWorks pro
gram are summarized in this appendix. These changes are introduced at 
different points in the text, but some users might prefer to change all of 
the settings at one time or to apply settings for a new installation of 
SolidWorks without going back through the early chapters of the book. 
For those users, step-by-step instructions for changing and saving the 
recommended settings are presented here, and a list o f the recommend
ed settings is shown on the inside back cover of this book.

A. I S ys te m  S e ttin g s

Open a new SolidWorks session. Move the cursor over the SolidWorks 
logo in the upper left corner of the screen to display the Main Menu. 
Click the push pin icon, as shown in Figure A .I, so that menu is always 
displayed. From the menu, select View. If a check appears by Task Pane, 
click to clear the check, as shown in Figure A.2.

Choose the Options Tool, as shown in Figure A.3. Under System Options: 
Drawings: Display Style, select Hidden lines visible as the display style for 
new views and Removed as the option for tangent edges in new views, 
as shown in Figure A.4. Under Colors, choose Green Highlight as the color
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FIGURE A.5
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scheme, as shown in Figure A.5. While still in the 
Color options, browse to  the color setting for 
Drawings, Paper Color, and select Edit, as shown in 
Figure A.6. Choose white as the paper color and click 
OK. (Note tha t the Current color scheme box w ill be 
blank after making this change.) Also make sure that 
the boxes are labeled “ Use document scene back
ground”  and “ Use specified color for drawing . . are 
checked. Under Display/Selection, select Removed as 
the option for tangent edge display, as shown in 
Figure A.7. Click OK to close the Options window.
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A.2 P a rt S e ttin g s

Choose the New Document Tool, as shown in Figure A.8, choose Part, as shown in 
Figure A.9, and click OK.

FIGURE A.8 FIGURE A .9
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Right-click any tab of the CommandManager. In the lis t of FIG UR EA.IO ____________________
CommandManager tabs, click to  clear all of the tabs except for §g$oliiiWorks a ,  ^  
Features and Sketch, as shown in Figure A. 10. — z--------~-----;—5 ----------------------
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Select Customize from the pull-down menu beside the Options Tool, 
as shown in Figure A. 11. If desired, check the box labeled “ Large
icons.”  Clear the box labeled “ Show in shortcut menu,”  as shown in __
Figure A. 12. Select the Commands tab. Locate the Rotate View Tool Л  Ske*ch ^
from the View group, as shown in Figure A. 13, and click and drag it  
onto the Heads-Up View Toolbar, as shown in Figure A. 14. Repeat for 
the Pan Tool, also found in the View group, as shown in Figure A. 15, 
and the Trimetric View Tool, found in the Standard Views group, as 
shown in Figure A. 16. Click OK to  close the Customize window.
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The Heads-Up View Toolbar should now have the tools shown in Figure A. 17. (The 
locations of the added tools are not critical.)

FIGURE A .I7

Note that all of the settings made so far are automatically saved and will be applied 
in future SolidWorks sessions. The changes made in the remainder of this section 
are applied to the open document only and will need to be saved in a template file 
if they are to be applied to future part documents. Instructions for saving a template 
file are presented at the end of this section.
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Select the arrow beside the Apply Scene Tool, as shown in Figure
A. 18, and select Plain White from the pull-down menu.

In the Features Group of the CommandManager, if the Instant 3-D 
Tool is turned on (as indicated by the “ depressed”  appearance of 
the tool, as shown in Figure A. 19), click i t  to turn  i t  off.

Select the Options Tool (Figure A.3). Under the Document Properties 
Tab, select Drafting Standard and set the overall standard to ANSI, 

as shown in Figure A.20. Under Dimensions, set the Primary precision to three dec
imal places (.123), as shown in Figure A.2I. (If you see a message that the drafting 
standard has been changed to ANSI-Modified, ignore it.) Under Grid/Snap, click to 
check the box labeled “ Display Grid,”  as shown in Figure A.22. Under Units, set the 
Unit system to IPS, the decimals for length units to .123, and the decimals for angles 
to None, as shown in Figure A.23. Click OK to close the Options window.
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As noted earlier, these last changes apply only to the open part document. To save 
these settings for future use, they must be stored in a template.
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From the Main Menu, select File: Save As. Change the FIGURE A.24 
file type to  Part Templates, as shown in Figure A.24.
The file directory w ill automatically change to the one 
where the templates are stored. Click on the file 
named Part to  select it, and click Save. You w ill be 
prompted to  confirm that you are overwriting an 
existing file; click OK.

D ra w in g  S e ttin g s

Choose the New Document Tool, choose Drawing, and 
click OK. A dialog w ill prompt you to  select a sheet 
size, as shown in Figure A.25. (If this prompt does not 
appear, then there is already a sheet size and format 
defined in the template, and you w ill have an oppor
tun ity  to  change i t  later.) If you have already created 
a title  block that you want to  use for most drawings 
tha t you w ill make, clear the box labeled “ Only show 
standard formats”  and select your tit le  block from the 
list, checking the box labeled “ Display Sheet form at”  so 
that the title  block appears on the drawing. Otherwise, 
choose the А-Landscape sheet (8-1/2 x 11-inch sheet 
oriented w ith  the long side horizontal), clear the check 
box labeled “ Display sheet format,”  and click OK.

If the Model View Command opens, click the X to  close 
it, as shown in Figure A.26.
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Right-click any tab of the CommandManager. In the list 
of CommandManager tabs, click to  clear all of the tabs 
except for View Layout, Annotation, and Sketch.

Select the Options Tool (Figure A.3). Under the 
Document Properties Tab, select Drafting Standard and 
set the overall standard to  ANSI. Under Dimensions, set 
the Primary precision to  two decimal places (.12). 
Under Detailing, check the boxes for auto-insertion of 
Center marks for both parts and assemblies, and 
Centerlines, as shown in Figure A.27. Under Units, set 
the Unit system to  IPS, the decimals for length units 
to .12, and the decimals for angles to None. Click OK 
to  close the Options window.

FIGURE A.26
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FIGURE A.28
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Right-click in the drawing area and choose Properties, as shown in Figure A.28. 
Set the projection type to  Third Angle, as shown in Figure A.29. If you were not 
prompted for a sheet size earlier and wish to specify a custom title  block, you 
may now choose it  from the list. Click OK to  close the Properties window.

Before saving the settings in a drawing template file, note that if you chose a 
sheet format other than a plain sheet, or if a sheet format had been stored ear
lier in the default template, then the sheet format is stored in the 
FeatureManager as Sheet Formatl under the Sheetl entry, as shown in Figure
A.30. If you save the template with this entry, then the specified sheet format 
will be loaded for each new drawing. If you delete the Sheet Formatl entry, 
then you will be prompted to specify a sheet size every time a new drawing is 
created.
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If you want to be prompted to  select a sheet size for every new drawing, then delete 
the Sheet Formatl from the FeatureManager if it  exists.

From the Main Menu, select File: Save As. Change the file type to Drawing Templates. 
The file directory w ill automatically change to the one where the templates are 
stored. Click on the file named Drawing to select it, and click Save. You w ill be 
prompted to  confirm tha t you are overwriting an existing file; click OK.

A.4 A s s e m b ly  S e ttin g s

Choose the New Document Tool, choose Assembly, and click 
OK. If the Model View Command opens, click the X to  close 
it, as shown in Figure A.31.

Right-click any tab of the CommandManager. In the list of 
CommandManager tabs, click to  clear all of the tabs 
except for Assembly and Sketch.

Select Customize from the pull-down menu beside the 
Options Tool. Select the Commands tab. Locate the Rotate 
View Tool from the View group (Figure A. 13), and click and 
drag it  onto the Heads-Up View Toolbar (Figure A. 14). Repeat for the Pan Tool, also 
found in the View group (Figure A. 15), and the Trimetric View Tool, found in the 
Standard Views group (Figure A. 16). Click OK to  close the Customize window.
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From the pull-down menu beside the Apply Scene Tool, select Plain White.

Select the Options Tool. Under the Document Properties Tab, select Drafting Standard 
and set the overall standard to  ANSI. Under Dimensions, set the Primary precision 
to  three decimal places (.123). Under Units, set the Unit system to IPS, the decimals 
for length units to  .123, and the decimals for angles to  None. Click OK to close the 
Options window.

From the Main Menu, select File: Save As. Change the file type to  Assembly Templates. 
The file directory w ill automatically change to  the one where the templates are 
stored. Click on the file named Assembly to  select it, and click Save. You w ill be 
prompted to confirm tha t you are overwriting an existing file; click OK.

The next time that you save a SolidWorks document, the default directory will be the 
one where the templates are saved. Make sure to change the directory to the one 
where you want to save the file.

Your computer is now set to match the configuration used in the book. If you would 
like to back up these settings or copy them to another computer, go on to the next 
section.

A.5 B a ck in g  U p  and T ra n s fe rr in g  S e ttin g s

The settings that you have specified and stored can be easily copied for backup FIGURE A.32 
purposes or to transfer the settings to another computer. Except for the 
document-specific settings that were stored in the templates, settings are stored 
in the Windows registry. While editing the registry directly is not recommend
ed, there is a SolidWorks tool for copying settings. To access this tool, choose 
the Start button in Windows and select All Programs. Browse to the SolidWorks 
folder and locate the SolidWorks Tools folder. Choose the Copy Settings 
Wizard, as shown in Figure A.32. The wizard will prompt you to save your set
tings, as shown in Figure A.33. After specifying the location to store the settings 
file and choosing the settings to save, as shown in Figure A.34, an executable file
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FIGURE A.35 is made, the icon for which is shown in Figure A.35. This is a small file that can be 
saved to a CD or flash drive. To apply these settings to a different computer or after 
a re-installation, double-click the file and choose Restore Settings. You will be 
prompted to apply the settings to the current user (the usual choice for a personal 
computer) or to all users of the computer, as shown in Figure A.36.

In order to back up your templates, you must first determine where they are stored. 
To do so, open SolidWorks and choose Options: System Options: File Locations. 
Choose Document Templates from the list, as shown in Figure A.37. The location of 
the templates will be displayed. You can then browse to this folder and copy the 
three template files, which are shown in Figure A.38. (The files may be in a hidden 
directory, in which case you will need to change the folder options to display hid
den files. The method for doing this varies depending on your operating system.) To 
install these templates to a new computer, find the location of the template files 
from the System Options and copy the desired template files to that location.
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The SolidWorks Interface: 
Use and Customization

The SolidWorks user interface allows for commands to be accessed in a 
number of different ways, and the interface can be customized to reflect 
the preferences of the user.

In this book, we access most commands from the CommandManager. 
The CommandManager is a relatively new (since 2004) addition to 
SolidWorks, and many experienced users prefer to use toolbars to access 
most commands. The CommandManager can be toggled on and off by 
selecting Customize from the pull-down menu beside the Options Tool, 
as shown in Figure В. I , and checking/unchecking the box labeled "Enable 
CommandManager" under the Toolbars tab, as shown in Figure B.2.

When the CommandManager is turned off, then toolbars correspon
ding to the active groups of the CommandManager are displayed. For 
example, if the Features and Sketch groups are active on the 
CommandManager, then the corresponding toolbars are displayed 
when the CommandManager is turned off, as shown in Figure B.3.
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FIGURE B.4
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Note that these toolbars are "docked" to the left and right edges of the screen. A tool
bar can be moved from its default position by clicking and dragging the "handle" at 
the top or left of a docked toolbar, as shown in Figure B.4. The toolbar can be 
docked to another position along any edge of the screen, as shown in Figure B.5, or 
"floated" over the graphics area, as shown in Figure B.6 (an exception is the Head- 
Lip View Toolbar, which can be edited or turned off, but which is always positioned 
at the top of the graphics area). When floated, the toolbar's handle disappears and 
the toolbar can be moved by clicking and dragging its title bar. The toolbars can also

be re-sized by clicking and dragging an edge of the tool
bar, as shown in Figure B.7 (although the re-sizing is 
somewhat limited by the way in which tools are grouped 
within a toolbar). Clicking the X in the upper right cor
ner of the toolbar closes that toolbar, and it can be 
reopened as described in the next paragraph.
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There are many other toolbars available. To 
see the complete list, select Customize from 
the pull-down menu beside the Options 
Tool (or by right-clicking any toolbar or the 
CommandManager). Any active toolbar 

will have a check mark beside its name. To open another toolbar, click to 
place a check, as is shown in Figure B.8 for the Standard Views toolbar. 
Note that if the toolbar is docked in a position where there is not enough 
space for all tools to be displayed, as in Figure B.9, then a double-arrow 
at the bottom or right end of the toolbar indicates that not all tools are 
shown. Clicking on the double-arrow displays the hidden tools, as shown 
in Figure B.IO.

The advantage of using toolbars instead of the CommandManager is that 
all tools are available with a single mouse click, while with the 
CommandManager it is often necessary to click once to change the group 
of tools and then click again to select the desired tool. For new users, the 
CommandManager is preferred because many tools have text labels.

FIGURE B.8
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As with toolbars, the CommandManager can be moved to other locations on 
the screen. If the CommandManager is moved or turned off accidentally, then the 
default position can be restored by selecting View: Workspace: Default from the 
main menu. Users with wide screen monitors may want to try selecting View: 
Workspace: Widescreen. The widescreen mode places the CommandManager at 
the left side of the screen, as shown in Figure В. 11, creating a better aspect ratio for 
the graphics area. When the widescreen mode is activated, the PropertyManager is 
allowed to float on the screen. The ability to move the PropertyManager is avail
able in the default workspace configuration as well, but its default position is to 
occupy the same location as the FeatureManager. The FeatureManager is displayed 
unless an entity is selected, in which case the PropertyManager is displayed. When 
you click and drag the PropertyManager to a new position, several "docking" posi
tions appear on the screen, as shown in Figure В. 12. Dragging the PropertyManager 
to the docking position at the top of the FeatureManager causes the two to share 
the same space, as they do with the default workspace configuration.

FIGURE B. 12
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FIGURE B.I3
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FIGURE В. 14

Tools can be added and removed from toolbars 
and the CommandManager. When Customize is 
selected from the pull-down menu beside the 
Options Tool, active toolbars and all Command
Manager groups can be edited. To remove a tool, 
simply click and drag it into the graphics area. For 
example, in Figure В. 13, the Plane Tool, which is 
used to create planes in a 3-D sketch, is removed by 
dragging it from its position in the Sketch group of 
the CommandManager into the graphics area. As 
shown in Figure B. 14, the other tools in the group 
are re-ordered after the Plane Tool has been 
removed. (Note that removing this tool from the 
CommandManager does not mean that the tool 

itself has been deleted; it can be accessed from the Main Menu under Tools: 
Sketch Entities.) To add a tool, you must first locate it in the Customize box 
under the Commands tab. Commands are listed in groups. For example, you 
might want to add a Centerline Tool so that you do not have to select it from 
the pull-down menu of the Line Tool each time you want to use it. The 
Centerline Tool is located in the Sketch group, as shown in Figure B.I5. To 
move it onto the CommandManager, click and drag it to the desired position. 

A plus sign will appear when the cursor has been moved to a position where the tool 
can be placed, as shown in Figure B.I6. Releasing the mouse button causes the tool 
to be placed, as shown in Figure В. 17. Note that all tools with pull-down menus are 
included in the group named "Flyout Toolbars." For example, the individual Line 
and Centerline Tools are contained in the Sketch group, while the Line Tool that 
contains both the Line and Centerline Tools in a pull-down menu is contained in 
the Flyout Toolbars group.
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In a toolbar, only the icon appears. In the 
CommandManager, there is a mix of tools with icons 
only and those with text labels. When you drag a tool 
into a group of tools in the CommandManager, then 
the appearance of the new tool matches those of the 
other tools in the group. For example, when the 
Centerline Tool is moved into a group of tools with
out text, then the Centerline Tool will be added with
out text. However, the appearance of the text label can
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be customized for each tool. By right-clicking on the tool, you can select Show Text, 
as shown in Figure В. 18. This will cause the text to appear beside the tool. Tools with 
text to the side can be "stacked" in a column of tools. Right-clicking again allows 
you to choose Text Below, as shown in Figure B. 19. The result, as shown in Figure 
B.20, is that the tool icon occupies a width of the CommandManager by itself, and 
no other tools can be placed above or below it. O f course, if all tools were displayed 
this way, there would not be enough room on the screen for all o f the tools to be 
shown. However, with a wide screen monitor, there is usually plenty of room to add 
and customize tools as desired.

FIGURE В. 19 FIGURE B.20

^  | C e n t e r * ^ J M e l___PF4 .....jo»
Show Text

* Tert Below
W’

Begin a Group

l f f i Z 2 3 Delete

ttew insert Tods W K to* H«fc

* A  j
Q  , ж Centre Trim Con 

Enbbes Ent

teet Meta! [  Weldments | Mold Tool

It should be noted that tools can be mixed and matched onto toolbars and 
CommandManager groups. That is, tools other than sketch tools can be placed on 
the Sketch toolbar or the Sketch group of the CommandManager, and tools can be 
duplicated. For example, the Evaluate group of the CommandManager contains the 
Mass Properties Tool. You may find that you use this tool often but do not 
use the other Evaluate tools regularly. Rather than display the Evaluate group 
or access the Mass Properties Tool from the main menu when needed, 
the tool can be added to another group of the CommandManager, most log
ically the Features group. To do this, locate the tool from the Tools group of 
the Command list and drag it onto the Features group o f the 
CommandManager, as shown in Figure B.21. The Mass Properties Tool is 
now available from the Features group, as shown in Figure B.22, as well as 
from the Evaluate group of the CommandManager.

FIGURE B.21
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In addition to the default groups of the CommandManager, additional FIGURE B.22
groups can be added by clicking on the New Tab icon, as shown in Figure _____________
B.23. A list o f available groups is shown, along with the option of creating a 
custom group of commands. For example, if Standard Views is chosen from 
the list, then a Standard Views group is added to the CommandManager, as 
shown in Figure B.24. A group added in this manner can be removed by
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FIGURE B.25
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right-clicking its tab and selecting Delete, as shown in Figure B.25. The 
default groups cannot be deleted, but their appearance can be toggled on or 
off as discussed in Appendix A.

Other options for displaying toolbars and the CommandManager are con
trolled by the checkboxes shown in Figure B.26. When the "Enable 
CommandManager" box is checked, the box labeled "Use large buttons 
with text" allows the display of text labels with some tools as described pre
viously. When this box is unchecked, the CommandManager contains unla
beled icons similar to those of a toolbar, as shown in Figure B.27.

FIGURE B.26 FIGURE B.27
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The "Large icons" option is self- 
explanatory; large icons in the 
toolbars and CommandManager 
are easier to interpret but take up 
more room on the screen. Tooltips 

are the descriptions of each tool that appear when the cursor is held over the tool 
momentarily If the "Use large tooltips" box is unchecked, then the tooltip displayed 
contains only the name of the tool, as shown in Figure B.28. If the box is checked, 
then a more complete description is displayed, as shown in Figure B.29.
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Context toolbars appear when certain enti
ties are selected when the box labeled 
"Show on selection" is checked. For exam
ple, if a flat surface is selected, then the 
menu shown in Figure B.30 is displayed. 
Although the icons are small, holding the 
cursor over an icon displays its function, as 
shown in Figure B.31. (This is true even if 
the tooltips are turned off.) We use these 
context toolbars sparingly in the text but 

have found the tools to open a sketch 
on the selected surface or to change 
the view orientation to be normal to 
the selected surface to be handy 
shortcuts. Below the "Show on selec
tion" box is one labeled "Show in 
shortcut menus." A shortcut menu is 
the menu that appears when you
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right-click a feature. For example, 
right-clicking the surface shown in 
Figure B.32 causes the menu shown to 
be displayed. If the "Show in shortcut 
menus" option is enabled, then the 
context toolbar is shown at the top of 
the menu, as shown in Figure B.32. If 
that option is cleared, then many of 
the commands from the context tool
bar are displayed instead in the short
cut menu, as shown in Figure B.33.

Most new users will probably find it 
easier to select a command such as 
"Edit Sketch" in the menu instead of from a small icon. Therefore, in the text and in 
Appendix A we recommend leaving the "Show in shortcut menus" option turned 
off. Leaving the "Show on selection" box checked and the "Show in shortcut menus" 
box unchecked allows either selection option to be utilized: a command can be 
selected from the context toolbar by selecting (left-clicking) a feature, or the com
mand can be selected from a menu by right-clicking the feature.

Many users find keyboard shortcuts to be useful. For example, when you want to 
zoom out to see more of your model, pressing the Z key allows you to zoom out 
without having to access any menu. Similarly, holding the Shift key while pressing 
the Z key allows you to zoom in. The F key scales the view so that the entire model 
can be seen (zoom to fit).

One keyboard shortcut that is worth mentioning is the Shortcut Bar, which is 
accessed by pressing the S key. The Shortcut Bar is context-sensitive; that is, it dis
plays sketching tools if a sketch is open and feature tools otherwise. As an example, 
suppose that we want to add a hole from the top surface of the block shown in 
Figure B.34. We can open a sketch by selecting the Sketch Tool from the context tool
bar. With the sketch open, pressing the S key causes the menu in Figure B.35 to be 
displayed. The Circle Tool can be selected and a circle added. Pressing the S key 
again allows the selection of the Smart Dimension Tool, as shown in Figure B.36,
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and the sketch can be dimensioned. The sketch can then be closed, also from the 
shortcut menu, as shown in Figure B.37. With the sketch closed, pressing the S key 
results in a menu of feature tools to be displayed, from which the Extruded Cut Tool 
can be selected, as shown in Figure B.38. Note that when the S key is pressed, the 
Shortcut Bar appears at the location of the cursor. This makes it a very efficient way 
to select commands, minimizing the mouse movements between selections. The 
Shortcut Bar can be customized like any other toolbar by right-clicking on the tool
bar and choosing Customize. However, the default settings contain the most com
monly used sketch and features tools, and most users will find these to be sufficient.

FIGURE B.37 FIGURE B.38

To view all of the keyboard shortcuts, select Customize from the pull-down menu 
beside the Options Tool and select Keyboard. Checking the box labeled "Show only 
commands with shortcuts assigned" makes browsing the keyboard shortcuts easier, 
and clicking the "Shortcut(s)" column heading organizes the shortcut keys alpha
betically, as shown in Figure B.39. Shortcuts can be removed or reassigned, but this
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should be done with caution as many of the shortcuts, such as copy and paste, 
match standard Windows shortcuts. A list of some of the most handy keyboard 
shortcuts is shown here:

KEY(S) COMMAND

Viewing Tools

F Zoom  to fit: allows entire m odel to be seen

Z Zoom  out

Shift +  Z Zoom In

Space B ar O rientatio n: displays a p o p -u p  m enu of standard view  orientations

F IO Toolbars: toggles display of the toolbars and C om m andM anager to  provide  a larger graphics area

Selection Filter Tools

E Filter Edges: allows only edges to be selected

X Filter Faces: allows only faces to be selected

H Toggle Filters: toggles the selected filter off and on

File Tools

C t r l+ N N ew File

C t r l + 0 Open File

C t r l+ P Print

C t r l+ S Save File

Other Commands

S Shortcut Bar

A note about the selection filter tools, which are often used in assembly mates to 
assist in selecting the proper entity: when a selection tool is active, a "filter" icon 
appears next to the cursor, as shown in Figure B.40. When a selection feature tool is 
active, then only the type of entity specified by the filter can be selected. 
Occasionally, a user will press a key by accident (most likely the X key), which 
causes a filter to become active, preventing any other selections. If this happens, 
pressing the F6 key clears the filter.

FIGURE B.40
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Another way of selecting some commands is with mouse gestures. FIGURE B.4I 
When mouse gestures are enabled, then holding down the right 
mouse button while moving the mouse slightly in any direction dis
plays a circular menu like the one shown in Figure B .41. If the mouse 
is then moved to any of the segments of the circle, then the correspon
ding command is executed. Mouse gestures are controlled by selecting 
Customize from the pull-down menu beside the Options Tool and j§)



selecting the Mouse Gestures tab, as shown in Figure B.42. If mouse gestures are 
enabled, then the menu can be set to include either four commands, as shown in 
Figure B.4I, or eight commands, as shown in Figure B.43. The commands on the 
Mouse Gestures menu are context-dependent. The commands shown in Figures
B.41 and B.43 are associated with part and assembly documents; a different set of 
commands is displayed in drawings or if a sketch is active. Mouse gestures may seem 
awkward at first, but with a little practice some users will find them useful.
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FIGURE B.42
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In this Appendix, we have seen that the SolidWorks User Interface allows for multi
ple ways to select commands and for a great deal of customization to fit a user's 
preferences. In this book, we focus primarily on the CommandManager and the 
I leads-Up Toolbar to select commands, with a minimal amount of customization 
(such as adding the Rotate View, Pan, and Trimetric View Tools to the Heads-Up 
Toolbar), and we recommend that new users limit customization. Experienced users 
will no doubt find many individual preferences for setting up and using the inter
face.
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placem ent, 2 5 9 - 2 6 0  

rotation o f  items, 2 6 3 - 2 6 4  
walls, 2 5 8  

Fly-out feature, 7 
Four-bar linkage, 2 9 5 -2 9 7 ,  

2 9 6
assem bly m odel, 3 0 0 -3 0 4  
developm ent of, 2 9 7 - 3 0 0  
m echanism  design, 

3 0 9 -3 1 4  
m odifying length o f  links, 

3 0 9 -3 1 4  
m otion  sim ulation, 

3 0 9 -3 1 4  
sim ulation  and anim ation, 

3 0 4 -3 0 9  
Four-hole pattern, 1 0 4 -1 0 6  
Four-View option , 26  
Front Plane, 9
Front Plane, selecting of, 9 -1 0  
Front View, 17 
Fully D efined, 11 
Fused D eposition  M odeling 

(FD M ), 353

G
G eom etric d im ensioning, 67  
G eom etric D im ensioning  and 

Tolerancing (G D & T), 67 
G eom etric Tolerance Tool, 67  
G eom etric tolerances, 66, 67 
G eom etry 

defined, 88
swept and part creation, 

1 3 0 -1 3 4  
Groups, 3 7 3 -3 7 4  
Guide curve, 129

H
Handlebars, 1 3 5 -1 3 6  
Heads-Up View Toolbar, 13 
Helix, 1 3 2 -1 3 4  
H idden lines, 56 
Hide/Show Items Tool, 14 
Hinge pin, 2 2 7 - 2 2 8

Holes, see also  Bolt holes,
C ircular Pattern Tool, 164 

H ole Wizard, 1 9 3 -1 9 5  
H orizontal relations, 31

I
Independent parameter, 152 
Industrial design, 129 
Industrial engineering, 265  
Instant 3D , 9
International O rganization 

for Standardization 
(ISO ), 8 

Intersections, and m ism atch, 
159

IPS (inch, pound, second), 8 
ISO. see  International 

O rganization for 
Standardization (ISO ) 

Isom etric view, 14

Joints, 2 9 5  

К
Keyboard shortcuts, 3 7 5 - 3 7 7  
K-factor, 3 4 0
Kinem atic analysis, 2 8 4 -2 8 5 ,  

2 85
position  analysis, 2 8 5  

Kinem atic sketch, 2 8 4 -2 9 1  
crank-rocker, 2 8 8  
double-rocker, 291 
driven dim ensions, 27 7 , 

2 8 7 - 2 8 8

Layout sketch, 285  
Line Tool, 4 0  
Links, 2 9 5
Lofted and shelled part, 

1 1 9 -1 2 9  
business card holder, 

1 1 9 -1 2 9  
design intent, 123 
fillet tool, 1 2 5 -1 2 6

guide curve, 122
Shell com m and, 1 2 4 -1 2 5
two sketches for, 1 2 0 -1 2 1

M
M achine design, 310 
M achine dynam ics, 310 
M anufacturing

considerations, 214 
M anufacturing processes,

67
M anufacturing Resource 

Planning (M RP), 3 6 0  
Mass Properties, 4 3 , 4 5 -4 6 ,

91
M ate Alignm ent Tool, 201 
M ated assembly, 2 9 7  
M ate D ialog Box, 201 
M ate PropertyM anager, 2 0 0  
M aterials and processes, 3 3 7  
M aterials, m ass properties, 43 , 

4 5 - 4 6 ,  91 
Mates, 197 
M ate Tool, 2 0 0 -2 0 5  
M echanical engineering 

system, 5 
M echanics o f  m aterials, 2 6 9  
M echanism , 295  
M enu bar, 6 - 7
M echanism  analysis, 2 9 5 -3 1 4  

design investigation, 
3 0 9 -3 1 4  

design with SolidW orks 
assem blies, 2 9 6 - 2 9 7  

developm ent o f  four-bar 
linkage, 3 0 0 - 3 0 4  

developm ent o f  part 
m odels o f  links,
2 9 7 - 3 0 0  

introduction to, 2 9 5 - 2 9 6  
sim ulations and 

anim ation , 3 0 4 -3 0 9  
M echanism  design,

2 9 6 - 2 9 7  
M etrology, 67
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M icrosoft Excel Spreadsheet, 
design table, 1 7 4 -1 7 6 , 
178

Mid Plane extrusion, 90 
M irror Entities, 98 
M irror image, 98 
M irroring 

arcs, 9 8 -9 9  
and sym m etric sketch, 

9 6 - 9 7
M odeling techniques, 8 5 -1 0 7  
M odel View Tool, 69-70  
M old, 3 2 5 - 3 3 8  

base, 3 2 6
core-and-cavity, 3 3 0 - 3 3 8  
cylindrical part, 3 2 5 - 3 3 0  
two-part, 3 2 5 - 3 3 0  

M olded flange, 1 5 2 -1 6 4  
blending with ribs,

1 5 9 -1 6 0  
M otion  Studies Properties 

PropertyM anager, 307 
M otion  study, 3 0 4 -3 0 9  
M otion  Study Properties Tool, 

307
M otionM anager, 110-111, 

3 0 4 -3 0 9  
M otor PropertyManager,

3 0 6
M otor Tool, 305  
M ouse Gestures tab,

3 7 7 - 3 7 8

N
Newton's Second Law, 45 
No Bends Tool, 341 
Nodes, 3 5 7  
N orm al To Tool, 14 
N orm al vector, 3 5 4  
N ote Tool, 68 -69

О
O ptions tool, 8 
Over Defined, 11

P
Pan Tool, 15 
Param etric equations, 

1 6 5 -1 6 8  
Param etric m odel

introduction to, 1 5 1 -1 5 2  
m olded flange, 1 5 2 -1 6 4  

Part-level features, 208  
Part m odeling 

anim ation , 304  
bracket, 9 4 -1 0 7  
business card holder, 

1 1 9 -1 2 9  
and design table, 1 7 6 -1 8 3  
eDrawing, 1 0 8 -1 0 9  
hinge pin, 2 2 7 - 2 2 8  
lofted and shelled part, 

1 1 9 -1 2 9  
Record Video, 110-111 
swept geometry, 1 3 0 -1 3 4  
w ide-flange beam  section, 

8 6 -9 3  
Part settings, 3 6 2 -3 6 5  
Part tem plate, 34  
Perspective m ode, 1 4 -1 5  
Photopolym er, 3 5 2  
PhotoView  3 6 0 , 14 
Pierce relation, 134 
P ilot holes, 206  
Pin joints, 2 9 6 , 2 9 7  
Plane alignm ent, 85 
Plane, creating new, 1 6 -1 7  
Plane o f  symmetry, 85 
Position analysis, 2 8 5  
Previous View Tool, 13 
Process m anagem ent,

3 5 9 - 3 6 0  
Product Data M anagem ent 

(PD M ), 3 5 8 - 3 6 0  
Product Data M anagem ent 

(PD M ) software, 3 5 9  
Product developm ent cycle,

3 5 1 -3 6 0  
finite elem ent analysis 

(FEA), 3 5 7 - 3 5 8

introduction to, 351 
product data m anagem ent,

3 5 8 - 3 6 0  
rapid prototyping (RP), 

3 5 2 - 3 5 6  
Product Lifecycle

M anagem ent (PLM ),
3 6 0

Properties, finding, 2 6 6 - 2 6 8  
PropertyM anager, 10, 13, 28  

and circle tool, 10 
m oving of, 371 
and too l selection, 10

R
Radius dim ension, 37 
Rapid Prototyping (RP),

3 5 2 - 3 5 6
3-D  printers, 3 5 4  
cost, 3 5 3 - 3 5 4  
Fused D eposition 

M odeling (FD M ), 3 5 3  
Selective Laser Sintering 

(SLS), 3 5 2 - 3 5 3  
stereolithography (.stl) file, 

3 5 4 - 3 5 6  
Record video option , 110-111 
Reference G eom etry Tool, 133 
Reference Plane, 95 
Relations, see  Sketch Relations 
Resolution, and .stl files, 3 5 6  
Resultant vector, 2 7 7  
Revolved Boss/Base Tool, 38  
Revolved features, 34 
Revolved geometry, 3 0 -3 1 , 

3 4 - 4 6  
Rib pattern, 1 6 2 -1 6 3  
Ribs, 1 0 0 -1 0 3 , 1 5 6 -1 5 7  
Rotary m otor, adding, 

3 0 6 -3 0 7  
Rotate View Tool, 15 
Round, 22

S
Save, 18
Scale factor, 3 2 9
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"Scissors" action, 2 9 7  
Screw threads, 1 7 1 -1 7 2  
Section properties o f  a shape, 

calculating, 2 6 7 -2 6 8 ,  
270

Section Properties Tool, 90 
Section View Tool, 13 
Selective Laser Sintering 

(SLS), 3 5 2 -3 5 3  
Settings, recom m ended, 

3 6 1 -3 6 8  
Sheet form at, 7 1 -7 7  
Sheet m etal part, 3 3 8 - 3 4 6  
Sheet M etal toolbar, 339  
Shell com m and, 1 2 4 -1 2 5  
Shelled part, see  Lofted and 

shelled part 
Shell Tool, 125 
Shrinkage, in m olding 

m aterial, 3 2 9  
Sim ulations, 3 0 4 -3 0 9  
Sintered, 3 5 2  
SI units, 9
Sketch and Features tabs, 7 
Sketch dim ensions, editing, 

2 5 - 2 6
Sketch relations, 12, 2 9 -3 3 ,  

127
Sm art D im ension  Tool,

1 1 -1 2 , 17, 2 9 - 3 0  
Solid Freeform  Fabrication 

(SFF), 3 5 2  
Solid m odeling

and engineering design,
4 - 5

introduction to, 3 
Solid part, 5 - 2 4 .  see also 

Flange
SolidW orks interface, use and 

custom ization, 3 6 9 - 3 7 8  
SolidWorks® program, 

defined, 3 
SolidW orks M otion, 305  
Statistical Process C ontrol 

(SPC ), 67

Status Bar, 7 - 8  
Stereolithography, 3 5 4 - 3 5 6  
Stereo lithography (.stl) file, 

3 5 4 - 3 5 6  
Stl files, 3 5 4 - 3 5 6  

creating, 355  
resolution, 3 5 6  

Sweep path, 1 3 0 -1 3 4  
3-D  sketch, 1 3 5 -1 4 1  
helix, 1 3 2 -1 3 4  

Sym m etric sketch, 94 
Symmetry, 33 , 85 
System settings, 3 6 1 -3 6 2

T
Tabs, sheet m etal part, 

3 4 1 -3 4 3  
Tangent Arc Tool, 97 
Task Pane, 7
Techniques, m odeling, see 

M odeling techniques 
Template, 34 
Text, adding to part, 127 
Thin  feature extrusion, 192
3-D  printers, 3 5 4
3-D  sketch 

fillets, 139
fully defined, 1 3 8 -1 3 9  
handlebars, 1 3 5 -1 4 1  
options, 136 

and sweep path, 1 3 5 -1 4 1  
Title block, 71 
Tolerance, 55

and dim ensions, 66, 67 
Toolbars

adding tools, 372
and com m and manager,
3 6 9 -3 7 0
icons and text labels, 
3 7 2 - 3 7 3
m ixing and m atching, 
3 73
rem oving tools, 3 7 2  
use and custom ization, 
3 6 9 -3 7 0

Tool selection, 10 
Total Q uality M anagem ent 

(TQ M ), 3 6 0  
Transfer settings, 3 6 7 - 3 6 8  
Triad Tool, 1 9 9 -2 0 0  
Trim Entities Tool, 8 7 - 8 8  
Trim etric view, 14 
2-D  drawing, 4, 5 5 - 6 6  

center hole, 6 2 - 6 4  
chamfer, 6 4 - 6 6  
dim ensions, 6 0 - 6 2  
flange, 5 5 -7 0
options and settings, 5 6 - 5 9  
part file im port, 59 
pictorial view, 6 9 -7 0  
trim etric view, 6 9 -7 0  

2-D  layouts, 2 5 3 - 2 6 8  
floor plan, 2 5 3 - 2 6 5  
properties o f  2-D  shapes, 

2 6 6 - 2 6 8  
2-D  sketch, into a 3-D  part,

1 2 -1 3
Two-part m old, 3 2 5 - 3 3 0  

U
Under Defined, 11 
U ndo Tool, 27  
Units and D im ension 

Standard box, 5 - 6  
default values, 5 - 6  

US units, 9

V
Vector addition, 2 7 5 - 2 7 8  
Vector drawing, 2 7 5 - 2 7 8  

equations, 2 8 1 -2 8 4  
kinem atic sketch, 2 8 4 -2 9 1  
m odifying, 2 7 8 -2 8 1  

Vertical relations, 31 
Video, and part m odeling, 

110-111 
Video com pression, 308  
View O rientation  Tool, 14 
View Settings Tool, 1 4 -1 5  
Virtual vault, 359



384 Index

w
Walls, 2 5 8  
Web, 86
W ide-flange beam  section, 

8 6 -9 3  
changing shape of, 

9 1 -9 2  
defining geometry, 

8 8 - 8 9  
d im ensioning, 86 , 

8 8 -8 9

m aterial and weight, 91 
part m odeling of, 

8 6 - 9 2  
relationships, 8 8 - 8 9  
trim m ing away, 8 7 - 8 8  

W idescreen m ode, 371

Z
Z oom  to Area Tool, 13 
Zoom  to Fit Tool, 13



RECOMMENDED SETTINGS
►  WITHIN PART ENVIRONMENT (*Save in Part template):

Main menu: Always displayed (page 7)
CommandManager: Sketch and Features groups displayed; others hidden (page 7)
CommandManager: Features group: Instant 3D off (page 9)
View: Task Pane display off (page 7)
Options: System Options: Colors: Green highlight scheme (page 8)
Options: System Options: Display/Selection: Tangent edge display removed (page 23)
Options: System Options: Display/Selection: Third angle projection (page 27)
Heads-Up Toolbar: Add Rotate View, Pan, and Trimetric tools (page 15)
Customize: Context toolbars: Show on selection, do not show in shortcut menu (page 25)
‘ Options: Document Properties: Drafting Standard: ANSI (page 8)
* Options: Document Properties: Grid/Snap: Display grid (page 8)
* Options: Document Properties: Units: IPS system, Length decimals = .123, Angle decimals = None (page 9)
* Heads-Up Toolbar: Apply Scene: Plain white (page 14)

►  WITHIN DRAWING ENVIRONMENT (**Save in Drawing template):

CommandManager: View Layout, Sketch, and Annotation groups displayed; others hidden (page 59)
Options: System Options: Drawings: Display Style: Hidden lines visible, tangent edges hidden (page 56) 
Options: System Options: Colors: Drawings, Paper Color: white; use specified paper color (page 56)
* ‘ Options: Document Properties: Drafting Standard: ANSI (page 57)
** Options: Document Properties: Detailing: Auto-insert o f center marks and centerlines (page 57)
* ‘ Options: Document Properties: Units: IPS system, Length decimals = .12, Angle decimals = None (page 57)
* * Sheet Properties: Third-angle projection (page 58)

►  WITHIN ASSEMBLY ENVIRONMENT (***Save in Assembly template):

CommandManager: Assembly and Sketch groups displayed; others hidden
* * ‘ Options: Document Properties: Drafting Standard: ANSI
* * ‘ Options: Document Properties: Units: IPS system, Length decimals = .123, Angle decimals = None
* * * Heads-Up Toolbar: Apply Scene: Plain white

These recommended settings can be set by following the instructions of Appendix A, page 361.
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