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Foreword

For more than two decades, I have been fortunate to have worked in the fast-
paced, highly dynamic world of mechanical product development providing
computer-aided design and manufacturing solutions to thousands of designers,
engineers and manufacturing experts in the western US. The organization where I
began this career was US CAD in Orange County CA, one of the most successful
SOLIDWORKS Resellers in the world. My first several years were spent in the
sales organization prior to moving into middle management and ultimately
President of the firm. In the mid 1990s is when I met Paul Tran, a young,
enthusiastic Instructor who had just joined our team.

Paul began teaching SOLIDWORKS to engineers and designers of medical
devices, automotive and aerospace products, high tech electronics, consumer
goods, complex machinery and more. After a few months of watching him teach
and interacting with students during and after class, it was becoming pretty clear —
Paul not only loved to teach, but his students were the most excited with their
learning experience than I could ever recall from previous years in the business.
As the years began to pass and thousands of students had cycled through Paul’s
courses, what was eye opening was Paul’s continued passion to educate as if it
were his first class and students in every class, without exception, loved the
course.

Great teachers not only love their subject, but they love to share that joy with
students — this is what separates Paul from others in the world of SOLIDWORKS
Instruction. He always has gone well beyond learning the picks & clicks of using
the software, to best practice approaches to creating intelligent, innovative and
efficient designs that are easily grasped by his students. This effective approach to
teaching SOLIDWORKS has translated directly into Paul’s many published books
on the subject. His latest effort with SOLIDWORKS 2016 is no different.
Students that apply the practical lessons from basics to advanced concepts will
not only learn how to apply SOLIDWORKS to real world design challenges more
quickly, but will gain a competitive edge over others that have followed more
traditional approaches to learning this type of technology. As the pressure
continues to rise on U.S. workers and their organizations to remain competitive in
the global economy, raising not only education levels but technical skills are
paramount to a successful professional career and business. Investing in a
learning process towards the mastery of SOLIDWORKS through the tutelage of
the most accomplished and decorated educator and author in Paul Tran will
provide a crucial competitive edge in this dynamic market space. -

Kevin Douglas "

Vice President Sales/Board of Advisors, GoEngineer I.-II] E" I] I "E Er



Foreword

I first met Paul Tran when I was busy creating another challenge in my life. I needed
to take a vision from one man’s mind, understand what the vision looked like, how it
was going to work and comprehend the scale of his idea. My challenge was I was
missing one very important ingredient, a tool that would create a picture with all the
moving parts.

Research led me to discover a great tool, SOLIDWORKS. It claimed to allow one to
make 3D components, in picture quality, on a computer, add in all moving parts,
assemble it and make it run, all before money was spent on bending steel and buying
parts that may not fit together. I needed to design and build a product with thousands
of parts, make them all fit and work in harmony with millimeters tolerance. The
possible cost implications of failed experimentation were daunting.

To my good fortune, one company’s marketing strategy of selling a product without an
instruction manual and requiring one to attend an instructional class to get it, led me to
meet a communicator who made it all seem so simple.

Paul Tran has worked with and taught SOLIDWORKS as his profession for 30 years.
Paul knows the SOLIDWORKS product and manipulates it like a fine musical
instrument. [ watched Paul explain the unexplainable to baffled students with great
skill and clarity. He taught me how to navigate the intricacies of the product so that I
could use it as a communication tool with skilled engineers. He teaches the teachers.

I hired Paul as a design engineering consultant to create the machinery equipment with
thousands of parts for my company’s product. Paul Tran’s knowledge and teaching
skill has added immeasurable value to my company. When I read through the pages of
these manuals, I now have an “instant replay” of his communication skill with the
clarity of having him looking over my shoulder - continuously. We can now design,
prove and build our product and know it will always work and not fail. Most important
of all, Paul Tran helped me turn a blind man’s vision into reality and a monument to
his dream.

Thanks Paul.

These books will make dreams come true and help visionaries change the world.

Peter J. Douglas
CEO, Cake Energy, LLC
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Preface

The modern world of engineering design and analysis requires an intense knowledge of
Computer Aided Design (CAD) tools. To gain this deep understanding of unique CAD
requirements one must commit the time, energy, and use of study guides. Paul Tran has
invested countless hours and the wealth of his career to provide a path of easy to
understand and follow instructional books. Each chapter is designed to build on the
next and supplies users with the building blocks required to easily navigate
SOLIDWORKS 2016. I challenge you to find a finer educational tool whether you are
new to this industry or a seasoned SOLIDWORKS veteran.

I have been a part of the CAD industry for over twenty five years and read my share of
instructional manuals. I can tell you Paul Tran’s SOLIDWORKS books do what most
promise; however, he delivers what others don’t. This book surpasses any CAD
instructional tool I have used during my career. Paul’s education and vast experience
provides a finely tuned combination, producing instructional material that supports
industry standards and most importantly, industry requirements.

Anyone interested in gaining the basics of SOLIDWORKS to an in-depth approach
should continue to engage the following chapters. All users at every level of
SOLIDWORKS knowledge will gain tremendous benefit from within these pages.

Dave Worcester
System Administer
Advanced Sterilization Products - A Johnson & Johnson Company

Author’s Note

SOLIDWORKS 2016 Basic Tools, Intermediate Skills and Advanced Techniques
are comprised of lessons and exercises based on the author’s extensive knowledge on
this software. Paul has 30 years of experience in the fields of mechanical and
manufacturing engineering; 18 years were in teaching and supporting the
SOLIDWORKS software and its add-ins. As an active Sr. SOLIDWORKS instructor
and design engineer, Paul has worked and consulted with hundreds of reputable
companies including IBM, Intel, NASA, US- Navy, Boeing, Disneyland, Medtronic,
Edwards Lifesciences, Terumo, Kingston and many more. Today, he has trained more
than 9000 engineering professionals, and given guidance to nearly %2 of the number of
Certified SOLIDWORKS Professionals and Certified SOLIDWORKS Expert (CSWP &
CSWE) in the state of California.

Every lesson and exercise in this book was created based on real world projects. Each
of these projects have been broken down and developed into easy and comprehendible



steps for the reader. Learn the fundamentals of SOLIDWORKS at your own pace, as
you progress form simple to more complex design challenges. Furthermore, at the end
of every chapter, there are self test questionnaires to ensure that the reader has gained
sufficient knowledge from each section before moving on to more advanced lessons.

Paul believes that the most effective way to learn the “world’s most sophisticated
software” is to learn it inside and out, create everything from the beginning, and take
it step by step. This is what the SOLIDWORKS 2016 Basic Tools, Intermediate

Skills and Advanced Techniques manuals are all about.

About the Training Files

The files for this textbook are available for download on the publisher’s website at
www.SDCpublications.com/downloads/978-1-63057-002-6. They are organized by
the chapter numbers and the file names that are normally mentioned at the beginning
of each chapter or exercise. In the Built Parts folder you will also find copies of the
parts, assemblies and drawings that were created for cross references or reviewing

purposes.

It would be best to make a copy of the content to your local hard drive and work from
these documents; you can always go back to the original training files location at any
time in the future, if needed.

Who this book is for

This book is for the mid-level user, who is already familiar with the SOLIDWORKS
program. It is also a great resource for the more CAD literate individuals who want to
expand their knowledge of the different features that SOLIDWORKS 2016 has to
offer.

The organization of the book

The chapters in this book are organized in the logical order in which you would learn
the SOLIDWORKS 2016 program. Each chapter will guide you through some
different tasks, from navigating through the user interface, to exploring the toolbars,
from some simple 3D modeling and on to more complex tasks that are common to all
SOLIDWORKS releases. There is also a self-test questionnaire at the end of each
chapter to ensure that you have gained sufficient knowledge before moving on to the
next chapter.



The conventions in this book

This book uses the following conventions to describe the actions you perform when
using the keyboard and mouse to work in SOLIDWORKS 2016:

Click: means to press and release the mouse button. A click of a mouse button is used
to select a command or an item on the screen.

Double Click: means to quickly press and release the left mouse button twice. A
double mouse click is used to open a program or show the dimensions of a feature.

Right Click: means to press and release the right mouse button. A right mouse click is
used to display a list of commands, a list of shortcuts that is related to the selected
item.

Click and Drag: means to position the mouse cursor over an item on the screen and
then press and hold down the left mouse button; still holding down the left button,
move the mouse to the new destination and release the mouse button. Drag and drop
makes it easy to move things around within a SOLIDWORKS document.

Bolded words: indicates the action items that you need to perform.

Italic words: Side notes and tips that give you additional information, or to explain
special conditions that may occur during the course of the task.

Numbered Steps: indicates that you should follow these steps in order to successfully
perform the task.

Icons: indicates the buttons or commands that you need to press.
SOLIDWORKS 2016

SOLIDWORKS 2016 is program suite, or a collection of engineering programs that
can help you design better products faster. SOLIDWORKS 2016 contains different
combinations of programs; some of the programs used in this book may not be
available in your suites.

Start and exit SOLIDWORKS

SOLIDWORKS allows you to start its program in several ways. You can either double
click on its shortcut icon on the desktop, or go to the Start menu and select the
following: All Programs / SOLIDWORKS 2016 / SOLIDWORKS, or drag a
SOLIDWORKS document and drop it on the SOLIDWORKS shortcut icon.



Before exiting SOLIDWORKS, be sure to save any open documents, and then click
File/Exit; you can also click the X button on the top right of your screen to exit the
program.

Using the Toolbars

You can use toolbars to select commands in SOLIDWORKS rather than using the
drop down menus. Using the toolbars is normally faster. The toolbars come with
commonly used commands in SOLIDWORKS, but they can be customized to help
you work more efficiently.

To access the toolbars, either right click in an empty spot on the top right of your
screen or select View / Toolbars.

To customize the toolbars, select Tools / Customize. When the dialog pops up, click
on the Commands tab, select a Category, and then drag an icon out of the dialog box
and drop it on a toolbar that you want to customize. To remove an icon from a
toolbar, drag an icon out of the toolbar and drop it into the dialog box.

Using the task pane

The task pane is normally kept on the right side of your screen. It display various
options like SOLIDWORKS resources, Design library, File explorer, Search, View
palette, Appearances and Scenes, Custom properties, Built-in libraries, Technical
alerts and news, etc.

The task pane provides quick access to any of the mentioned items by offering the
drag and drop function to all of its contents. You can see a large preview of a
SOLIDWORKS document before opening it. New documents can be saved in the task
pane at any time, and existing documents can also be edited and re-saved. The task
pane can be resized, closed or moved to different locations on your screen if needed.
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The 3 reference planes:

The Front, Top and the Right plane are 90 apart.

They share the same center point called the Origin. RIGHT FRONT
(LEFT) (BACK)

TOP
(BOTTOM)

2”7~ X

Docking Toolbars: 6 Degrees of Freedom

- The docking behavior of toolbars and the CommandManager has changed to
eliminate inadvertent docking and undocking. The move zone for toolbars and
the CommandManager are now more specific so you are less likely to undock
accidentally.

C v

€ | - The move zone is the area of the toolbar or CommandManager where the move
é ) pointer becomes active.

@ -

@ -

P T

(U " -— o & ™ » —_—

@ - ¢/ H-@-@-a-N-0- 10 FHA X D-EWE-"-L-C|E-|E

.

& a i

. S Drag corner
8- L sem @ Right click in this area to access

T E-g- the CommandManager toolbar

EE /- E

& N N @ N M) S

le - - Jp::isounwoms‘ Fle Edit i ‘@2 \'—':- -[&]] o -

— ‘I"” - - Sgih ss;t / i @ i N i ’; onver L >)‘H Heeme DISD‘ElijE\!(E T C:::;k E 32
) G oimmien 1~ 3+ @~ A ek wiies 52 | |1 oot N o™ B || S0 U
= ® - - ¢ @@ |- s = 5] sketch Picture = =

E E Features | Sketch | Evaluate I/\I L J p?f_*b,z@;@@ﬁ%%;]

% CommandManager
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- If the CommandManager is not used, toolbars can be docked or left floating.

—
|,477SSOLIDWORKS| File Edit View Insert Tools Windaw Help D'i'l D-FH-8-8-9 ' {8} - Loftand Boundary (Completed)... [ Search Commands

BlEleT

PRAPS U L P& T-

€% Loft and Boundary (Complete|
[i v Annctations
- Selid Bodies(1)

[ surface Bodies

8 Msterial <not specified>
® - [] Front Plane
1

|| Top Plane

[}] Right Plane

L, origin

&l
Docked

[Ej Planed

(52 3DSketcht
[1] Planes
§ tofr

g Lor2

I Lofiz

A oea

,
v
,
»
r P sweept
,
,
,

&< Docked
@xf ]

) Boss-Extrudel
1)) Boss-Extrude?
& split Linel
[} Planes
> g Lofts
[5{e] Mirror1
[ Fillet1
[ Filler2
[ Filler3
[ Filtets
[ Fillets
[ Plane7
[P Filleta

» (@ split Line2 I I
K Z

< >| @ *rront == *Right
Model | 3D Views | Motion Study 1| 1
SOLIDWORKS Premium 2016 x64 Edition Editing Part 1PS £ @

- Toolbars can be toggled off

. . Toalbars Iihnrtcu‘t Bars u Commands ! Menus u Keyboard u Mouse Gestures u Customization |
or on by activating or —

Enable CommandManager

de-activating their check pree s

bOXCSI []122 2Dto3D
CE atign
[] #& Annotation Icon size

. D f\! Assembly ® 0O ~
- Select Tools / Customize / Biocs o o ‘—v
Configurations
Toolbars tab.

Options
Show tooltips
[¥]use Jarge tooltips

D Lock CommandManager and
toolbars

Curves Context toolbar settings
Dimensions/Relations Shaw on selection
DimXpert _

“ Show guick configurations

Display States
Show guick mates

Drawing
Explode Sketch Show in shorteut menu
Fastening Feature

Features

Formatting

NRBAEH SBCTn

Layer

Add-Ins... £l Layout Tools
E Line Format
Save/Restore Settings... ) Macra
li# Mold Tools
Button Size s MotionManager
[& Quick snaps

e OOooooooooooooooo

~. Reference Geometry

] Q Render Tools

["1Fad Screen Capture X

- The icons in the toolbars can
be enlarged when its check
box 1s selected.

Reset To Defaults

oK | | Cancel ‘ [_ Help J
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The View ports: You can view or work with a SOLIDWORKS model or an
assembly using one, two, or four view ports.

JP’SSOL,DWORK5| Fie Eat View st Tooh window Hep 9 ) -P9 - @ -G - -[B]] @ B @ - weermpcowsiorrs | B scchiicandmoses Q- 7 - = O

C © [/-0-v-@

Sketch _ Smart
= t

.| &
Rapid
cn

odity
NP5 | Shet ctch

az

Features | Sketch | Evaluate
@ [E[R[e[€] >
i

83 Water Pump Cover (Default<<Defs ~
v ) Aretbons
» Solid Bodies(1)

Surface Bodies

3 Material <not specified>

[ Font
[l Tep
1] Right
L, origin
> @) Btrudel
> & Revolvel
[ Filtet1
@ Fillet2
[ Plenel
[ Plane2

@ - &

HUED

e

[ Plane3
» fL Left
b @] Extrude2
» S Revolve2
[ Fillet3
[ Filleta
@ Fillets
[ Fillets

[ Shellt

[ Fillets
» Jl Rib1 2

[ Fillet10

[ale] Mirror2 I—sx

[ Filtet11 o
== *Front

< >
[EIAIEI]| Model [ 3D Views | Motion Study 1

- Some of the System Feedback symbols (Inference pointers):
. /_‘ .
o Snap to Vertex (endpoint) -—;/—,\\x Snap to Intersection
—a %~ Snap to Edge (curve) — Horizontal Line
¥ ] §
P Snap to Mid-point . Vertical Line
A

Displays the status of the sketch entity using different colors to indicate:

Green = Selected Blue = Under defined
Black = Fully defined Red = Over defined

The Status Bar: (View / Status Bar)
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2D Sketch examples:

Point 1_\ / Point 2

Inference _ \

Lines

kl 863

Point2

énw 1.331

Point 1 /

Point 3

Point 1 /

Click-Drag-Release: Single entity.

(Click Point 1, hold the mouse button, drag
to point 2 and release.)

Click-Release: Continuous multiple entities.
(The Inference Lines appear when the sketch

entities are Parallel, Perpendicular or Tangent
with each other.)

Click-Drag-Release: Single Rectangle

(Click point 1, hold the mouse button, drag to
Point 2 and release.)

Click-Drag-Release: Single Centerpoint Arc

(Click point 1, hold the mouse button and drag to
Point 2, release; then drag to Point 3 and release.)

Click-Drag-Release: Single Circle

(Click point 1 [center of circle], hold the mouse
button, drag to Point 2 [Radius] and release.)
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3D Feature examples:
% Extrude >

2D sketch 3D feature

% : Revolve > ’
2D sketch 3D feature

g\ o ‘
2D sketch 3D feature

% R '
2D sketch 3D feature
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Box-Select: Use the Select Pointer l}g to drag a selection box around items.

R | | Box-Select from LEFT to RIGHT

Only items within the box are selected.

K Entities NOT selected

Box-Select from RIGHT to LEFT

All items crossing the box boundary
are selected.

ALL Entities selected

The default geometry type selected is as follows:

* Part documents — edges * Assembly documents — components * Drawing documents - sketch entities,

dims & annotations. * To select multiple entities, hold down Ctrl while selecting after the first selection.
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The Mouse Gestures for Sketches, Drawings and Parts

- Similar to a keyboard shortcut, you can use a Mouse Gesture to execute a command.
A total of 8 keyboard shortcuts can be independently mapped and stored in the
Mouse Gesture Guides.

- To activate the Mouse Gesture Guide, right-click-and-drag to see the current eight
gestures, then simply select the command that you want to use.

Mouse Gestures for Sketches Mouse Gestures for Parts & Assemblies =~ Mouse Gestures for Drawings

| Toolbars | Shorteut Bars | Commands | Menus | Keyboard | Mouse GEStUFES
w Enable mouse gestures
\ () 4 gestures
(@) 8 gestures
| Print List..

Reset to Defaults

- To customize the Mouse ctegons e | e
Gestures and include your = P pr——
favorite shortcuts, — I o
go to Insert A MNote..

Insert Model.,
Tools / Customize. e  F——

Insert @ Detail..

Insert {*:'} Center Mark..

- From the Mouse Gestures Tools e
tab, select All Commands ol .
and enable the Show only Tools @ ande.
commands with Mouse Tools ) et
Gestures assigned check Toos @ ConvertEntits.
box Description

Cancel

XXX
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N\

Introduction to 3D Sketch G2

SOLIDWORKS enables you to create 3D sketches. A 3D sketch
consists of lines and arcs in series and splines. You can use a 3D sketch as a sweep
path, as a guide curve for a loft or sweep, a centerline for a loft, or as one of the key
entities in a piping system. Geometric relations can also be added to 3D Sketches.

Parameters
| | .
¥ X Coordinate
"y Y Coordinate

Z Coordinate

Curvature (Spline curvature at the frame point)

Tangency (In the XY plane)
Tangency (In the XZ plane)

S 3 Ta NIy
()

(

Tangency (In the YZ plane)
!

Space Handle q%

When working in a 3D sketch, a graphical assistant is provided to help you maintain
your orientation while you sketch on several planes. This assistant is called a space
handle. The space handle appears when the first point of a line or spline is defined
on a selected plane. Using the space handle you can select the axis along which you

want to sketch.

=
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Introduction to 3D Sketch

View Orientation Hot Keys:

Ctrl + 1 = Front View

Ctrl + 2 = Back View

Ctrl + 3 = Left View

Ctrl + 4 = Right View

Ctrl + 5 =Top View

Ctrl + 6 = Bottom View

Ctrl + 7 = Isometric View

Ctrl + 8 = Normal To
Selection

Dimensioning Standards: ANSI
Units: INCHES — 3 Decimals

@ 3D Sketch

Ej Circle

) Sketch Fillet

Tools Needed:

{_ 2D Sketch 2 Sketch Line
N : : Add Geometric
i Dimenston J:" Relations
Tab| Tab Key P Ba;%e]zgss
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1. Starting a new part file:

Mew SOLIDWORKS Document
=) Boa
- Click File/New. |\ | _ §
- Select the Part template and
click OK.
= | ]

2. Creating a 3D Sketch:

- Click @ or select Insert / 3D Sketch, and change to Isometric view

- Select the Line tool / and sketch the first line along the X axis.

Reference Axis

Indicator
Y
zA‘A
- Sketch the second line along the Y axis as shown. 5
| 5.096
| w
Inference lines %

Wy,
S
2o

Reference TRIAD Sw

1-3
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3. Changing direction:

- By default your sketch is relative to the default coordinate system in the model.

- To switch to one of the other two default planes, press the TAB key and
the reference origin of the current sketch plane is displayed on that plane.

Space Handle \

“0" The TAB key

While sketching the

lines, press the TAB

key to switch to other
planes/directions.

4. Completing the profile:

- Follow the axis as labeled; press TAB if necessary

to change the direction. /@

| o
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5. Adding dimensions:

- Click €\ or select Tools / Dimensions / Smart Dimension.

- Click on the first line and add a dimension of 3.00in.

- There is not a general sequence
to follow when adding dimensions,
so for this lesson, add the dimensions
in the same order you sketched the lines.

See

1 Note*

* Note: To make the dimensions parallel to the lines .
as shown, select the line and an endpoint
instead of selecting just the line.

- Continue adding the dimensions to
fully define the 3D sketch as shown.

4.000

4.000

- Rearrange the dimensions so 3,000
they are easy to read, which will 5,000 ™
make editing a little easier later on.

/
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6. Adding the Sketch Fillets:

- Click j or select Tools / Sketch Tools / Fillet.

- Add .500” fillets to all the intersections as indicated.

- Enable the Keep Constrained Corner check box (Maintains the virtual
intersection point if the vertex has dimensions or relations).

- Click OK when finished.
3.000
R.500
6,000 ‘\ +
SE(R[¢[S]
™) Sketch Fillet ©)
v X |E|
Message S
Select a sketch vertex or entities to R.500
fillet.
Entities to Fillet ~

Fillet<1=
Fillet<2=
Fillet<3=
Fillet<4>
Fillet<5=
Fillet<6=
Fillet<7 >

Fillet<8>

Fillet Parameters

EI Keep constrained corners

~

[~ Dimension each fillet

- Exit the 3D Sketch | B2
or press Control + Q.

Add Relations

_pr Along X

ek g 1;1. Along ¥
)" Geometric Relations 2| Along Z
/’ Collinear

Geometric Relations such as Along X, Y, Z L | Pesmenmare

and Equal can also be used to replace some i_\ zaraulgl
of the duplicate dimensions. L;f F_gua
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7. Creating the Swept feature:

- SOLIDWORKS 2016 introduces the new Circular Profile sweep option. It allows
you to create a solid rod or hollow tube along a path, edge, or curve directly on a
model without having to sketch the circular profile. This enhancement is available
for Swept Boss/Base, Swept Cut, and Swept Surface features.

- Click & or select Insert / Boss-Base / Sweep.

- Select the Circle Profile option and enter .250in for the diameter of the profile &.

- Select the 3D Sketch for Sweep Path c (3Dsketchl).

- Click OK ¢).

G BRI & @
@S\l\reep @@

v X

Profile and Path ~
() Sketch Profile

-: @) Circular Profile

C EE

@ |0.250in

Options b4

[C] Thin Feature b

Curvature Display b, i

8. Saving your work:
- Select File / Save As.

- Enter 3D Sketch for the file name.

- Click Save.
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UOdaCton O 0 J it

. When using 3D Sketch you do not have to pre-select a plane as you would in 2D Sketch.
a. True
b. False

. The space handle appears only after the first point of a line is started.
a. True
b. False

. To switch to other planes in 3D Sketch mode, press:

a. Up Arrow
b. Down Arrow
c. TAB key

d. CONTROL key

. Dimensions cannot be used in 3D Sketch mode.

a. True
b. False

. Geometric Relations cannot be used in 3D Sketch mode.

a. True
b. False

. All sketch tools in 2D Sketch are also available in 3D Sketch.

a. True
b. False

. When adding sketch fillets, the option Keep Constrained Corner will create a virtual
intersection point but will not create a dimension.

a. True

b. False

. 3D Sketch entities can be used as a path in a swept feature.

a. True

b. False dNLe  3STV4L
ISv49  3STV4°S
IS4y J°¢

NULT ALl
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Exercise: Sweep with 3D Sketch
1. Create the part shown using 3D Sketch.

5.000

5000
~y

5000 5.000

ol
PN

AN

5.000

3000
"

/
AV:AN

LS 000

B
Froat Flane

Falh(ZDekelch 1)

2. Save your work as
Sweep w_3D Sketch_Exe.
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Exercise: 3D Sketch & Planes

A 3D sketch normally consists of lines and arcs in series, and
splines. You can use a 3D sketch as a sweep path, as a guide
curve for a loft or sweep, a centerline for a loft, or as one of the
key entities in a routing system.

The following exercise demonstrates how several planes can be used
to help define the directions of 3D Sketch Entities.

pienaa

1. Sketching the reference Pivot lines:

- Select the Top plane and .
- 7
open a new sketch ) ‘ .
’ - | e
- Sketch 2 Centerlines [« | | 4-000\\><//4-000 "
and add Dimensions €\ e )
as shown. o

2. Creating the 1st 45° Plane:

- Select Insert/Reference Geometry/Planes i .

- Click the At Angle button and enter 45 for Angle (arrow).
- Select the Top plane and the Vertical line as noted.

EEREL

[l Planel ?
« X

Message

Fully defined

First Reference ~
o I
| Parallel

_| | Perpendicutar

>
\ /.—"f
| A| coincident \'\.. -
45.00deg = AN
7 A

O Fiip offset e L]
&ilo

=] Mid Plane L

Second Reference ~
) Imﬂ@sm:hz
| | perpendicular i .

Coincident

L | project

Select the top plane
and the vertical line...

_Click OK /v/).

Third Reference v

Options ~
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3. Creating the 2nd 45° Plane:

- Click the Plane command or select Insert/Reference Geometry/Planes i .
- Click the At Angle option and enter 45 for Angle (arrow).

TN

- Select the Front plane and the Horizontal line as noted.

o i

BREEEIL -
[l Plane2 ? A \
ik Select the front plane
S s and the horizontal line
First Reference ~ “‘-\\
3y Fortrene | Y
"&] Parallel ,
[ L] Perpendicuar . .\}
|4 coincident i
. 4500deg = e :/'
[ Flip offset R
e A
=] vid iane e
Second Reference -~ I
@ Jore20skent <j
[ L] perpendicutar
Caincident
[2] project
Third Reference v
Options ~
- Click OK /v).
Starting point
(At the endpoint

of the centerline).

4. Creating the 3D Sketch:

- Select the Top plane
and click Insert/3D Sketch @

- Sketch the 1% line along the Z direction as
noted (or Vertical along the Top plane).

Plone2

1-11
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- Select the Plane2 (45 deg.) from the Feature Manager tree and Sketch the 2"
line along the Y direction (watch the cursor feedback symbol).

9:‘)35//’\
Dy 1% line N \
e Switching Planes Lo \
5 '\\ﬂ
While sketching the lines, // T \
hold the Control key and &/ h .
click a plane to switch A \ ‘
from one plane to another, : \\\ [
or simply select them from ' b, /B\/g\/
the Feature tree each time. : X ey LN
ha ~"/ /)
\ >4
7

- Sketch the rest of lines on the planes as labeled.

- For clarity, hide all the planes (select the View menu and click off Planes).
We will select the planes from the FeatureManager tree when needed.

1-12



SOLIDWORKS 2016 | Advanced Techniques | Introduction to 3D Sketch

Top View (Ctrl + 5)

- Add Dimensions f\

\
\
i
i
\
\
i
i
\
\
\
i
i
\
\
i
i
\
\
y

e

Right View (Ctrl + 4)

to fully define the sketch.
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- Add Sketch Fillets j of .500 in.

to all corners.

o —
S ER[¢[®
™) Sketch Fillet @
v X | all
Message ~
Select a sketch vertex or entities to fillet,
Entities to Fillet ~
Fillet<1>
Fillet«2>
Fillet<3>
Fillet<d>
Fillet<5>
Fillet<6>
Fillet<7>
| Fillet<a=
Fillet Parameters -
r( 0.500in
[¥] Keep consteined corners
[C] Dimension each fillet

0

- Exit the 3D Sketch or
press Ctrl+Q. P/Oo
e

5. Creating a Perpendicular plane:

- Select Insert/Reference Geometry/Plane i .

- Select the line and its endpoint approximately as shown.

- The Perpendicular option should be selected by default.

‘ é‘ Project
(=t

Second Reference

[ set origin on curve
[A] coincicent
‘g,;! Project

Third Reference

Options

© Bl & &

W Plane3 ?
v X

Message ~
Fully defined

First Reference -~
) |M:.
Coincident

=
Q leel@}DSketchl <:.
Perpendicular

Click
here

S

- A new plane normal to thx\ 7’
selected line is created. N e y
\’/ Plane2

- Click OK (v/).
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6. Sketching the Sweep Profile:

- Select the new plane —
(Plane3) and open a new sketch | L_. e

@.500 7
- Sketch 2 Circles @ @'
on the same center and | .
add the dimensions as paos <7 ‘
shown to fully define L
the sketch. \ . '

7. Sweeping the Profile along the 3D Path:

- Click || or Select Insert/Boss Base/Sweep.

- Select the Circles as the Sweep Profile ® .

- Select the 3D Sketch as the Sweep Path c.

BEIEREE

@ Sweep @ ®

v X

Profile and Path fad
(@ Sketch Profile
(©) Circular Profile

0 '| Sketch2

 Wposketent

Guide Curves

Options

4
~
Start and End Tangency »
[C] Thin Feature v

~

Curvature Display

- Click OK/v/).
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- The resulting Swept feature.

8. Hiding the Planes: | £

\ o "
. \ 7 Planez
- From the menu, select View/Planes. -

- The planes are temporarily put away
from the scene.

9. Saving your work:

- Select File / Save As.

- Enter 3D Sketch_Planes
for the name of the file.

- Click Save.
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Exercise: 3D Sketch & Composite Curve

A 3D sketch normally consists of lines and arcs in series and
Splines. You can use a 3D sketch as a sweep path, as a guide
curve for a loft or sweep, a centerline for a loft, or as one of
the key entities in a routing system.

(e

(

=

The following exercise demonstrates how several 3D Sketches
can be created, combined into 1 continuous Composite Curve,
and used as a Sweep Path.

=
1.000 -
1. Creating a 2D sketch:
- Select Top plane and sketch -
a 1.00in diameter Circle Gj
- T G BR[| @]
and 2 Centerlines¢* |. / —fF— IS HeliSpiral1 @
i\/ ’::AH =N /‘:‘/1 v X
2. Creating a Helix: Sl i S
A = : :
|: ’}_.c'\\"- N {/'}'\ ._45‘ Pitch and Revolution -
- Select Insert/Curve/ (’<>(g'f'”*“* — N/ Picuncices ~
' | ?4// : . @ Constant pitc
° ° B i,(\'(\ = \)( a :a ri a; Ietth:hh
Helix-Spiral : X === ”
|: N >{ Pitch:
e Syt :
= PltCh .250 in ()\\\ .‘ DReverse direction
\_\;"/- 1 Revolutions:
. s 10 ~
- Revolution: 10. T
Start angle:
0.00deg :
- Starting Angle: 0 deg. @ Clockunise
) . ) Counterclockwise
- Click OK @ - [l Taper Helix v
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3. Creating the 1st 3D sketch:

Go
v

- Select Insert/3D Sketch

3.500

- Select the Line command
and sketch the 1% line
along the X direction.

i)

I
A%

1.500

i

ET

7
}
AN

Y
I
A

On-Plane relation
(End point & Right plane)

2000

- Add other lines in the directions as labeled.

&

- Add Dimensions

S ER[eS]

™) Sketch Fillet @
-«

Message Ead ( -
Select a sketch vertex or entities to fillet.

Entities to Fillet fa

1.500
Fillet<1>
Fillet<2>
Fillet<3>
Fillet<4>
Fillet<5>
Fillet<6>

Fillet<7>

Fillet Parameters o~

{( 0.250in

E| Keep constrained corners

>

1

R.250

D Dimension each fillet

2.000

/

- Add Sketch Fillets _1
of .250 in. to all corners.

Go

- Exit the 3D Sketch

or press Ctrl + Q.
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to fully define the sketch.
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2.000
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2.500

2.500

——R.250
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4. Creating the 2nd 3D sketch:

- Select Insert/3D Sketch @ .

- Select the Line command / and sketch the 1° line along the X direction.

- Sketch the rest of the lines following their direction shown below.

@

On-Plane relation
(End point & Right plane)

- Add Dimensions e\ to
fully define the sketch.

- Add Sketch Fillets
to all corners.

R.250

%,
I

%Y
1
\/

I
A

TPy

A0

PR
M

(2.500)

s

- Exit the 3D Sketch or press Ctrl+Q.
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5. Combining the 3 sketches into 1 curve:

- Select the Composite Curve command E below the Curves button or select
Insert / Curve / Composite.

-l @ & - i? 3D Sketch&Composite Curves, SLDPRT *
"

@ Wrap =) [:] U
é'a Intersect | Thread EEJOE:;T_; ey

Hkﬂ Mirror

S

AhgmB B splitLine

@l Project Curve

Instant3D | Move/Copy

Bodies

N

l R| Composite Curve
U Curve Through XYZ PMints
@ Curve Through Reference Points
B Helix and Spiral

- Select the 3 Sketches either from the Feature Manager tree or directly from the

graphics area.

G BB [@]

R"| Composite Curve @
v X

Entities to Join Ea

U 3DSketchl
3DSketch2
Helix/Spirall

- Click OK v).

- The sketches are now

combined into 1 continuous curve.
We will use it as the sweep path in the next few steps.
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6. Creating a Sweep using Circular Profile:

- Select Insert/Boss Base/ Sweep Ll

- Select the Circle Profile option (arrow).

- Enter .165 in for the diameter of the sweep profile ().

- Select the Composite Curve as the Sweep Path c

G BB e & Z

P Sweep @ @
v X
Profile and Path tad
() Sketch Profile
-: @) Circular Profile
7
@ [oesin B
Options b
[Z] Thin Feature v
Curvature Display W
- Click OK (v,

=

7. Saving your work: —
- Click File/Save As. =

- Enter 3D Sketch_ Composite Curve ==

for the name of the file.

- Click Save.
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Planes | #
Advanced Topics

- In SOLIDWORKS, planes are not only used to sketch geometry, but also
used to create section views of a model or an assembly. Planes are also used
as the end conditions to extrude features and as neutral planes to define the
draft angles, etc.

- There are several options to create planes:

S Parallel Plane. E At Angle Plane.
J_ Perpendicular Plane. E Offset Distance Plane.
‘ Coincident Plane. /// Mid Plane.

Project Plane.

- Each plane requires slightly different types of
references; some of them may require only one
and some others may require two or three.

- This chapter discusses how planes are created
using sketch geometry and other features that ™
are available in the model as references. \‘

2-1
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Plane Creation

View Orientation Hot Keys:

Ctrl + 1 = Front View
Ctrl + 2 = Back View
Ctrl + 3 = Left View
Ctrl + 4 = Right View
Ctrl + 5 =Top View
Ctrl + 6 = Bottom View

Ctrl + 7 = Isometric View Dimensioning Standards: ANSI
Ctr]l + 8 = Normal To
Selection Units: INCHES - 3 Decimals

Tools Needed:

{" Insert Sketch % Rectangle Circle

Add Geometric : :
[l Planes +h Relations &% Dimension
[# Sketch Mirror [E | Offset Entities @ Boss/Base
e o= Revolve
T = e o
sl Circular Pattern [@ Extruded Cut @ Fillet/Round
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1. Starting with a new Part document:

- Select File / New / Part and click OK.

- Select the Front plane from the FeatureManager tree.

- Click t or select Insert / Sketch.

- Sketch the profile below and add dimensions f\
as shown. (It might be easier to sketch a circle, instead of a centerpoint arc, add
the 2 centerlines, and then trim away the bottom half of the circle.)

R2.500

/_ Revolve Line

Direction
arrow

- Set Revolve Type to Blind.

—R2.500

- Set Revolve Angle to 360 deg.

- Click OK ¢).

- Note: Drag the Direction arrow to
see the preview of the rotate angle.



SOLIDWORKS 2016 | Advanced Techniques | Plane Creation

3. Creating a Tangent plane: (Requires a cylindrical face and a parallel plane).

- Click ' or select Insert / Reference Geometry /
Plane.

SE[R[e[S]

‘ Planel ?

v X
Message ~

- Click the face of the sphere. Cylindrical face

First Reference ~

Y Fecec |

Tangent

O Flip offset

Second Reference ~

Q IFn:mt

Parallel

Perpendicular

Coincident

SE |
E |
=] wid Prane

Third Reference ~

o] |

Options ~

Parallel [ Flip normal

- Expand the FeatureManager tree and plane
select the Front plane.

- The Tangent option is selected automatically.
- Click the Parallel option in the Second Reference section.

- Click OK #).

4. Adding a Center hole:

- Select the new plane (Planel) and open
a new sketch.

- Sketch a Circle centered on the origin.

- Add a 1.000” diameter dimension.

- The circle should be fully defined at this point.
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. G El ¢ @
- Click @ or select mrmlgl—l—lg
Insert / Cut / Extrude. |+ x =
From ~[1.00
[sketch Plane -
- Select Through All for “ﬁ"“ ~
Direction 1. . (ough d
Flip side to cut
) .. = =]
- Clle OK w. ["] Draft outward
Direction 2 ~

5. Creating a flat surface:

- This step will demonstrate the use of geometric relations to fully define the sketch
without using dimensions.

- Select the Right plane from the FeatureManager tree.

- Click t or select Insert / Sketch and switch to the right view (Ctrl+4).

- Sketch a Line and add the Relations J:I- as shown.

1. Coincident 2. Vertical
Endpoint and Endpoint and
circular edge origin

3. Coincident
Endpoint and
Planel

4. Horizontal
Endpoint and
origin




SOLIDWORKS 2016 | Advanced Techniques | Plane Creation

6. Extruding a Cut:

- Click @ or select Insert / Cut / Extrude.

- Use Through All Both for Direction 1 and
Direction 2.

Flip side to cut

® | =

[] Draft outward

- Click OK ¢/).

- Take a look at the examples below for the option Flip Side to Cut.

Flip Side to Cut Selected Flip Side to Cut Cleared
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7. Creating an At-Angle plane: (Requires a Reference Plane, a Reference Axis, and
an Angular Dimension).

- Select the Front plane from FeatureManager tree.

- Click i or select Insert / Reference Geometry / Plane.

- Select the horizontal centerline as reference axis.

- Select the At Angle option.

- Enter 15 deg. in the dialog box and click Flip Offset.

- Click OK ).
=1 BRlé&|&
ﬁ Plane2 ?
v X
Message ~
Fully defined
First Reference R ~
¢
|§ Parallel

8. Creating a ©.750 hole:

- Select the new plane (Plane2).

- Click

- Sketch a Circle Gj and add the

Coincident
15.00deg
Flip offset

ll] Perpendicular

11D

;
E! Mid Plane

Second Reference ~
Q) Pureroskernt <:-
|l] Perpendicular

Coincident
|@ Project

Third Reference v

Options ~

dimensions and a vertical
relation as shown.

C or select Insert / Sketch.

Reference Axis

Vertical

“)“Show Sketch

Right click on Sketchl
(on the FeatureManager
tree below the Revolvel)
and select Show.

Add a ref.
centerline
to use later
in step 10.
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- Click @ or select Insert / Cut / Extrude.

- Direction 1: Through All Both.

- Click OK ¢/). SBRI®[&]

Cut-Extrude3 ®@
v X ®

From Cal

[sketch Plane -

Direction 1 Lol
[mhrough All - Bath -
) I
[T Fiip side to cut

i 3]

[] Draft outward

Direction 2 -~

[Thmugh All v]
®| 2
Selected Contours 7

9. Showing the Sketches:

- On the FeatureManager tree expand the Cut-Extrudel (click the + symbol),
right click on Sketch2, and select Show.

- Expand the Cut-Extrude2 (click the + symbol), right-click on Sketch3, and
select Show ; also Hide the Sketchl.

IEIRIEIEIE
Show 2 =
Sketches (% Plane Creation (Default<<Default= D
L4 History
Sensors
L Anrmtation;
3 Solid Bodies(l)
Surface Bodies
55 Material <not specified>
m Front
W Top
2 ™ Right
- L Origin
& Revolvel
Planel [2 [%’ 1@ q
v @ Cut-Extrude] =)
= ﬂf’] Cut-ExtrudeE:&J \'L
N
Bl Plane2

v (@ Cut-Bxtrude
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10. Creating a Coincident plane: (Requires a Reference Line and a Sketch Point
or a Vertex).

- Click ‘ or select Insert / Reference Geometry / Plane.

- Select the Centerline and the Endpoint as indicated.
- The Coincident option should be selected automatically.

- Click OK /).

1. Select the
centerline
(from step 10)

S BRB[o[E]
ﬁPlamﬁ ?
7\/)(

Message A~

Fully defined B

First Reference ~

@ [ [nct@sketcns |
IQ Perpendicular

Coincident

(3] ot

Second Reference ~
! Ibomtz@Sketchs

Coincident

Project

0 =

‘Third Reference ~

2. Select the
endpoint

Options ~

11. Creating the @.500 holes:

- Select the new plane (Plane3).

- Click C or select Insert / Sketch.

- Sketch a Circle Gj and Mirror it E’ﬁ
(Use either Dynamic Mirror
or Mirror Entity to
mirror the circles). Mirror

Centerlin\
- Add Dimensions e\ //’

as shown to fully define
the sketch. 1.000
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- Click @ or select Insert / Cut / Extrude.

- Direction 1: Through All Both. Cut-Extruded @
v X W

- Clle OK w From Lal

[Sketch Plane -]

Direction 1 Pt

S BER ¢S

[Through All - Both ~|

1

Flip side to cut

= =)

[C] Draft outward

Direction 2 ~
[Through Al -|

)| =

Selected Contours b4

1.000 ©.500

12. Creating a Parallel plane: (Requires a Reference Plane and Reference Point).

- Click i

or select Insert / Reference Geometry / Plane.

- Select the Top plane and the Endpoint as indicated.

- Based on the selection, the system selects the Parallel and Coincident options.

- Click OK ¢/}

2. Select the
Endpoint

G B &€
[ Pranca 1 1. Select the
TOP plane
Second Reference A

Parallel D IanL‘l@Skekh} |
Perpendicular @ Coincident

|Cﬂin(ident | Project
e [o

(8 [o | Third Reference v

lg‘ Mid Plane Options A
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13. Creating the ©2.500 Recess:

- Select the new Plane (Plane4) and insert a new sketch

- Sketch a Circle

O

C.

and add Dimension

&

- Click @ or select Insert / Cut / Extrude.

- End Condition:

- Hide ["W the Sketch2, Sketch3 and all planes.

Blind.

2-11

G EBR &[]
Cut-Extrude5 @
v X W
From ~
[sketeh Plane -
Direction 1 Zo
[Biing -
1
y [0.625in EH
Flip side to cut

|

D Draft outward

[[] pirection 2

Selected Contours
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14. Creating an Offset-Distance plane: (Requires a Reference Plane and a
Distance dimension).

- Click i or select Insert / Reference Geometry / Plane.

- Select Plane3 (from the FeatureManager tree) to offset from.

- The Offset Distance option is automatically selected.

- Enter 3.375 for offset value.

- Make sure the new plane is placed below the Plane3 (click Flip if needed).

- Click OK /).

SIEAEE)
ﬁPIaneS ?

v X
Message ~
Fully defined

First Reference ~

oy P |
Parallel
Perpendicular
| A Coincident
%[0

3.375in

[ Flip offset

‘g’ Mid Plane

Second Reference ~

ol

Third Reference v

|€l|

Options ~

15. Creating the Bore holes:

- Select the new plane (Plane5) and insert a new sketch t .

- Select the circular edge of the hole and press Offset-Entities .

2-12
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- Enter .100 in. for Offset Distance (Only one offset can be done at a time, since
the 2 circles are not connecting to each other).

Offset 2

edges \

Plane5

100

- Click @ or select Insert / Cut Extrude.

o S ERISIe]
- End Condition:  Blind. ot btrudes ®
v X @&
- Extrude Depth:  1.500 in. " Feom ~
. ;A N [sketch Prane v
- Clle OK w Direction 1 ~
[Biind -
1
£ [1.500in H
[T Fiip side to cut
| =
[ Draft outward
Direction 2 v
- Hide the Plane5.

16. Creating a Perpendicular plane: (Requires a Reference Line or Curve & a Point).

- Click ' or select Insert / Reference Geometry / Plane.

- Show the Sketch1 and select the Arc and the Endpoint as noted.
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- The Perpendicular and Coincident options should be selected automatically.

S ER[G[&] | :
ﬁPlaneB ? i
v X
Message

Fully defined -

Select the arc
and the endpoint.

First Reference ~

IArc1@Sketchl

@
Perpendicular

[ set origin on curve
@ Coincident
Second Reference A
@ [Jrointo@sketcnt
Coincident
I.g)_‘ Project

@[

Third Reference v

Optit;ns

- Click OK /).

17. Creating the side-grips:

- Select the new plane (Plane6) and insert a new sketch t .

- Sketch a Circle at the endpoint of the arc and add a ©.625 dimension.

Coincident

Note: Use the Coincident or Pierce

. . S i

relation when selecting \rff}atlon
2 points, but use the .
Pierce relation when S
selecting a point and
an arc. . o

@.625

4 /_//
-
\:‘?C:os =
- =l

- Click @ or select Insert / Cut Extrude.

- Direction 1: Through All Both.
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- Click OK ¢).

R A -~
\\/O, 3 o
N
o4 e
S

- Hide the Sketchl and the Plane6.

18. Creating a Circular Pattern of the Grips:

o
- Click [#n

S ER[¢|&]

Cut-Extrude? @
v X @&
From Eal
[sketch Plane -]
oo Direction 1 Ll
s
g 7 | [through All - Beth -
.
‘)/) ’ I‘
g
-
1./‘/
> al [ Flip side to cut
Draft outward
Direction 2 ~
[Through Al v
Selected Contours w

or select Insert / Pattern Mirror / Circular Pattern.

- Click View / Temporary Axis and select the center axis as indicated.

T
SHEIE IR
T
Brn CirPatternl @
v X
Parameters L
™ |Axi5<1>
[ [s60.00deg =
# S
Equal spacing
Features and Faces Ea
@ |cut-Exrude? |
[ Bodies ~
Instances to Skip W
Options ~
[[] Geomeatry pattern
|:| Propagate visual properties
) Full preview
@) Partial preview
[[] instances to Vary W

- Equal Spacing;:
- Total Angle:

- Number of instances:

Enabled.
360 deg.

12.

- Select the Cut-Extrude6 as Feature To Pattern.

- Click OK ).

Select this axis

2-15
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19. Adding another recess:

- Select the upper face of the recess and insert a new sketch t )

- Sketch a Circle centered on the Origin.

- Add a 1.750 diameter dimension.
Sketch face

®1.750

- Click @ or select Insert / Cut Extrude.

- End Condition: Blind.

- Extrude Depth:  .175 in.

- Click OK ¢').
BB ¢ Q
Cut-Extrude8
v X @
From -~
[Sketch Plane -]
Direction 1 -~
. [Blind
1
&5 0475in
[T Flip side to cut
| =)
:l Draft outward
Direction 2 v
Selected Contours W
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20. Creating a Mid-Plane: (Requires 2 parallel planes or 2 planar faces).

- Click ‘ or select

Insert / Reference G EBR e[
Geometry / Plane. ) Plane? ?
- Expand the Feature-
Manager and select the
Plane3 and the Plane5
to use as the first and E““E'd |
second references. K o
- The Mid-Plane option ~ |®°¢ |
is selected automatically; |= "™~
if not, click the mid plane Sgld:ﬂ“:
button (arrow). S
Perpendicular
- A preview of the new C“““"’*"f !
plane appears in %‘%;:
the middle of the ID)E Mid Plane
two selected Trird Reference
planes. Dt

- Click OK /).

21. Creating a rectangular pocket:

- Select the new plane (Plane7) and insert a new sketch C .

- Sketch a Center Rectangle that is centered
on the origin.

& « /-6
SI(E:trih D\ri:‘:gnn ﬁ
-] - ®-@
Features | Sketchj Surfaces |
. BRI
- Add the width and | =7 rectange
height dimensions |~ 1600
to fully define the | =
sketch.
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- Click @ or select Insert / Cut Extrude.

- End Condition: Through All.
- Reverse Direction: Enabled (arrow).

- Draft: 1deg. Outward (arrow).
- Click OK ¢). %/ 8 MI_

[@ Cut-Extruded

v X W

From ol

[Sketch Plane -

Direction 1 Lo

[Thraugn ANl

I:

[T Flip side to cut

1.00deg H

[¥] Draft outward

[C] Direction 2 v

Selected Contours »

22, Adding fillets to the pocket:

- Click @ or select Insert Features / Fillet-Round.

- Use the default Constant Radius option.

" :
- Enter .093" for radius. T R
[ Fittet @@
v X
- Select the 4 edges of
the pocket as noted.
5
Tangent propagation
@ Full preview
(©) Partial preview
) No preview
. /&, [0.083in =]
- Enable the Fllll PI’CVICW [T Multiple radius fillet
checkbox.
- CliCk OK @. Fillet Options ~
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