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Preface

Preface

Use of This Book

This workbook is an introductory tutorial to geometric modelings using SOLIDWORKS 2015. It is not intended to
be a comprehensive guide to parts and assembly modelings. It is prepared mainly for those students who have no
experience in SOLIDWORKS geometric modeling, but want to acquire some. | provide this workbook to the
students in my classroom and require them to complete the exercises in 3-4 weeks, to make them feel more
comfortable when working on advanced capabilities of SOLIDWORKS, such as Simulation, Motion.

Companion Webpage
A webpage is maintained for this book:
http://myweb.ncku.edu.tw/~hhlee/Myweb_at_ NCKU/SWG2015.html

The webpage contains links to following resources: (a) videos that demonstrate the steps of each section in this book,
and (b) the finished SOLIDWORKS files of each section. (c) This book, in PDF format.

As for the finished files, if everything works smoothly, you may not need them at all. Every model can be built from
scratch by following the steps in the book. | provide these files just in case you need them. For example, when you run
into trouble and you don't want to redo it from the beginning, you may find these files useful. Or you may happen to
have trouble following the steps in the book, you can then look up the details in these files.

Notations
Chapters and sections are numbered in a traditional way. Each section is further divided into subsections. For example,
the first subsection of the second section of Chapter 3 is denoted as "3.2-1." Textboxes in a subsection are ordered

with numbers, each of which is enclosed by a pair of square brackets (e.g., [4]). We refer to that textbox as "3.2-1[4]."
When referring to a textbox from the same subsection, we drop the subsection identifier. For example, we simply write
"[4]." Notations used in this book are summarized as follows (for further illustration, see page 4):

3.2-1 Numbers after a hyphen are subsection numbers.
[ 23, -- Numbers with square brackets are textbox numbers.
SOLIDWORKS SOLIDWORKS terms are boldfaced.

(Round-cornered textboxes) A round-cornered textbox indicates some mouse or keyboard actions are needed.

(Sharp-cornered textboxes) A sharp-cornered textbox is used for commentary only; no mouse or keyboard
actions are needed in that step.

# A symbol # is used to indicate the last textbox of a subsection.

Huei-Huang Lee

Associate Professor

Department of Engineering Science

National Cheng Kung University, Tainan, Taiwan
e-mail: hhlee@mail.ncku.edu.tw

webpage: myweb.ncku.edu.tw/~hhlee
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Section |.I Arm 3

Section |.1

Arm

I.1-1 About the Arm

[I1The arm is a part
of a clamping
assembly. In this
section, we'll create a
geometric model for
the arm.

[2] Details of the
arm.

2xR0.313

3xD0.25

[3] Before creating a geometry
model, we must have a global
coordinate system in mind. In
this case, the origin is here and
the XY-plane is coincident with
the back surface of the part. #

225

Unit: in.
Thickness: 0.125 in.




[.1-2 Create a New Part

Section |.I Arm

[I1 Double-click to

4

Launch
SOLIDWORKS.
[2] User Interface.
-
3
[J<2015
5 SOLIDWORKS A -9 R = S.‘J”D'OR_ES © searcn files ana mocels ) +] @+ o B X
shESas « SOLIDWORKS Resowrces -
Getting Started Al =
|_] New Document
L.i" Open a Document
[4] Select File>New... [3] If you don't see Pull-Down Menus, ——
move the mouse over the SOLIDWORKS % What's New
logo (at the upper-left corner) to reveal the B Introducing SOLDWORKS
Pull-Down Menus and click to pin it 3 General Information
down (fix it).
SOLIDWORKS Tools A
EE Property Tab Builder
SOLIDWORKS Rx
[5] Part is selected by default. & pectormance Benchmrk Test
Compare My Score
Iy Settings Wizard
Products
a 3D representation of a single design component h" o
tomer Portal
Eack r Groups _
wssion Forum
a 3D arrangement of parts and/or other assemblies | i 'Z:m & News
=] [6] Click OK to
create a Part
E a 2D engineering drawing, typically of a part or assembly document. #
Drawing FA N
=
SOLIDWORKS Premium 2015 x64 E( I Ty
- e— Advanced | Cancel Help | P
N
I— —
About the Textboxes
I. Within each subsection (e.g., |.1-2), textboxes are ordered with numbers, each of which is enclosed by a pair of

square brackets (e.g., [1]). When you read the contents of a subsection, please follow the order of the textboxes.
2. The textbox numbers are also used as reference numbers. Inside a subsection, we simply refer to a textbox by its
number (e.g., [1]). From other subsections, we refer to a textbox by its subsection identifier and the textbox number

(e.g., 1.1-2[17).
3. A textbox is either round-cornered (e.g, [|, 3,4, 6]) or sharp-cornered (e.g., [2, 5]).

A round-cornered textbox

indicates that mouse or keyboard actions are needed in that step. A sharp-cornered textbox is used for

commentary only; i.e., mouse or keyboard actions are not needed in that step.

4. A symbol # is used to indicate the last textbox of a subsection [6], so that you don't leave out any textboxes.

SOLIDWORKS Terms

In this book, terms used in SOLIDWORKS are boldfaced (e.g., Part in [5, 6]) to facilitates the readability.
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|.1-3 Set Up Units

[1] Select
Tools>Options...
which is near the
bottom of the menu.

[7]1 The Options command is
also available here.

Partl L‘:j Search files and models

P-2-=cB8X

File Edit View Insert( Tools ) Window Help Q|Dv§"-.@. ,IET.

b e A IET P TR

faasmonE-F-4-CeRE-00 1| @F8FFR @IS |
Boss/Base < Swept Cut ] Rib Vrap o bJ) &

Reference Curves
Geometry Instant3D

Mirror - -

L
Extruded Revolved L
Boss/Base Boss/Base

Dome

Boundary Boss,

Boundary Cut - - Shell

| Features [“Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluste | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MED

""" R[EIR[F]S] » QAP -F-v- @R - &
¥ ]
P‘E‘ % Part! (Defemlt<<Defaults_Photo Works Di
(7 [£5) History
(] Sensors
= Al Annotations
3= Material <not specified>
- & Front
L€ & Top
& & Right
L, Origin J

I = B 2%

“

“

“

“

“

QveH»ee0O/ |

*

[2] Click Document
Properties tab.

Docunfht Properties - Units

l_a_;l Search Options

[4] Select IPS.

J 4 s
_ [WI«Th M
H o ‘ Detal P} (inch, pound, second)

SOLIDWORKS S o Zustom
Model Display
Material Propertie:
l ln;geQm';:’; s _ _Type Unit Decimals ‘Fﬂcﬂons |mm
Sheet Metal Basic Units 7\
Weldments nches !
PL:M‘BEM Length inches 123 ( )
Dszyert Dual Dimension Length |inches 123
Ez:a&u?[r)l:;‘:mun Angle degrees [12 S 8 Th . I
ghmnl)unerns]l:n Mass/Section Properties [ ] € unlts also
eometric Tolerance
Chomte ot [ o [5] Select .123 (three ?an behset ‘ﬁ’
5P 'phons M .
Contigursions m | decimal places). rom here.
Per Unit Volume ‘
Motion Units
Time second 12
Force pound-force 12
Power vatt 12
Energy BTL 12
[ Decimal
¢ Round half away from zero
" Round half towards zero
" Round half to even [6] Click OK.
" Truncate without rounding
¥ | Only apply rounding method to dimensions
i oK ’ I Cancel I Help I
N
—

5



|.1-4 Draw a Circle

» [1] In the Features Tree

o b 1 I )
T

(% Partl (Default<<Default>_Photo Works

@ History
(7] Semsors
¥ A Annotations

3= Material <not specified»

Bl I

& Em O
Q Top

&y Right
1, Origin

(on the left side of the user
interface), right-click Front
and select Sketch.
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[2] The Front plane
(XY-plane) is ready
for sketching.

(

Feature (Front)

Autosize

3D Sketch On Plane

Section View

Comment v
Parent/Child ...

Add to Favorites

Save Selection

Properties...

[ &0

Go To...

Hide/Show Tree Items..
Collapzs Items Y

¥ Lb?\

[4] Click at the origin and drag outward
to create a circle. Press ESC to dismiss
the Circle command. Press ESC again

-

(or click anywhere in the Graphics
Area other than the circle) to de-
select the circle. The circle is blue-

colored (see [5]).

~

%

.

[6] Right-click anywhere
in the Graphics Area

and select Smart
Dimension.

a2 R d{,@p

Box Selection
.:;

' Lasso Selection
Zoom/Pan/Rotate

Sketch Fillet
Offset Entities
Convert Entities
Trim Entifies

HEN D

Sketch Entities

6k Displaw/Delets Relatios...

Sketch Tools
4% Display Grid

¥

C

L3

\

~

[3] Right-click
anywhere in the
Graphics Area to
display a Context
Menu, and select
Sketch
Entities>Circle
command.

- /

[5] Color Codes of Sketch Entities

A sketch entity is blue-colored (either light-blue or dark-blue) when it is not yet well-defined [4]. A well-defined entity
(i.e., fixed in the space) becomes black (e.g., [7], next page). When over-defined, an entity becomes red.




~

[7] Click the circle and move lower-
rightward to create a diameter; type
0.25 (in) for the diameter. The circle
now turns black (fixed). Use mouse
functions to zoom in/out [8] or pan the
sketch [9]. Drag the dimension to a
location like this. Finally, press ESC to
dismiss the Smart Dimension.

Section |.I Arm
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[8] Scrolling the
Mouse Wheel allows
you to zoom in/out the

sketch.

A

[I 1] The font size of the
dimension text can be
changed (see [12]).

©.250

[12] To change the
font size of

Document Properties - Dimensions

System Options Document Properties

dimension texts, Draffing Standord
. . ¥ Annotations
select Dimension :
. Virtval Sharps
in the Document & Tables
. Detailing
Properties oy
nits
(|. | -3[ | , 2], page 5). ﬁ:ﬁggﬁm
Image Quality

Sheet Metal

Geometric Tolerance
Chamfer Controls
Display Options
Configurations

[14] Image Quality can be
used to improve the
smoothness of the model. #

[9] Dragging the mouse
with Control-Middle-
Button allows you to
pan the sketch.

[10] If you made a
mistake, you always can
Undo the mistake.

select a font size. In this
book, | use a 12-point font.

[13] Click Font... and then

(=] search option o]

Arrows

r Show units for dual
display

 Right

dimensions display

0.13in
0.25in

 Top

" Bottom " Left

Dual precision

wffl [123 =l

am =
15 ‘ Same as nominal J

Primary precision
”
wfl [ 123 =l

|s'n: | same as nominal x|

"

1

[™ Scale with dimension height
syle: [—=  ~| X[

Offset distances

40 236in

Fractional display

Style: |xex El 2% | |wx

Stack size: |100‘L« j

=
Show double prime mark (7: xox l—,
[™ Include leading zero for values less than 1”
Bent leaders
0.25in ~
Leading zeroes: |Standard %
Trailing zeroes:  [smart -

I™ Show units of dimensions
[~ Add parentheses by default

Leader length:

LJo.394in

Radial/Diameter leader snap angle: 15deg
[” Center between extension lines
[ Include prefix inside basic tolerance box
Tolerance..
[~ Display dual basic dimension in one box
[¥ Show dimensions as broken in broken views [~ Apply updated rules
oK I Cancel Help
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‘SOLIDWORKS Commands

There are literally hundreds of SOLIDWORKS commands (tools). All commands can be found in the Pull-Down
Menus [15]. Nevertheless, the most intuitive way to issue a command is through a context-sensitive menu, or simply
called Context Menu [I, 3, 6] (page 6). To issue a command with a Context Menu, you right-click an object on
either the Part Tree [16] or the Graphics Area [|7]. The commands available in a Context Menu depend on
the kind of object you're working on (that's why it is called a context-sensitive menu). In step [I] (page 6), the object
you were working on is the Front plane; in steps [3, 6] (page 6). the object you were working on is the Graphics
Area.

After you accumulate some experiences, you may find that a more convenient way to issue a command is simply
clicking a command on a Toolbar (e.g, [10], last page). In this book, we roughly follow these rules to issue a
command:

I. As novices, we issue a command through a Context Menu, because it is the most intuitive way.

2. If a command is not available with a Context Menu, we select it from the Pull-Down Menus, because

it is the most comprehensive way (i.e., all commands can be found there).

3. As we accumulate experiences, we begin to issue a command by clicking a button in a Toolbar, because

it is the most convenient way.

[I5] Pull-Down Menus. .
[17] Graphics Area.#

i

File Edit View Inset Tools Window Help 37 I_] R -E-2-9 "K' B FE - sketeno.. [ P2 -cB@ X
iTalEg = L-RBEOR” | [&-
QYR eR@-F-w-2028-90 1 [00I0F 0D 0>
e & \N-@-pJ- 2 o 3 I\ Mirror Entities 4 + B
St oty [0+ D - O A i, SR ot HE unsiccnratem +| PP gy | 1| poma
— . S s T . . h Move Entities S .
Features | Sketch [ Weldments } Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBDl
B Pestl Defeul<<Defsalt>_PhotoWorks Display State=) a N\ -
+ 19 History @ Oa-
[+2] Sensors
+-_A] Annotations — T
T T el ElE
&> Front e 0 -
& Top ? .
| & Rint =l
1, Origia i 5l & -
B Sketchl ¥ -
/\ *
[16] In SOLIDWORKS, this is called the .
FeatureManager Design Tree. In this
book, we'll call it Features Tree or simply ®.250 -
Part Tree. As you create entities, they're 7
added to this tree structure. g"' :
“Front \:ﬂv .
Model | 30 Views | Motion Study ¥
WM T FFSIIIFTEIBEI I I ANFVIT I I
SOLIDWORKS Premivm 2015 x64 Edition 0415 030%n Om|Fully Defined | |Editing Sketchl | |8 P . 3 @
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|.1-5 Draw Another Circle

[5] Click Smart
Dimension from the

Sketch Toolbar. [2] Select Circle from the
Sketch Toolbar.

g O 3 L\ Mirror Entities & ~ @ B
e O?set aaa Linear Sketch Pattern L lmiz b Repair | ; Rapid
Entities Entities Entities “" , Relations Sketch Sketch
- - 3O Move Entities v -

Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MED |

[I]If Sketch Toolbar is
not active, click Sketch to
bring it up.

[3] Move the cursor around the X-

axis until an Inference Line [4]
appears. Click to define the center,
move away, and click again to define
\/ an arbitrary diameter.

[4] Inference
Line.

[6] Click the two center points
one after another and then move
the mouse upward and click again

to create this horizontal
dimension; type 1.375 (in).

1.375

) : e
) SRE- D600 f-E-

[7] In the Head-Up Toolbar [8], /\
click Zoom to Fit to fit the )
sketch within Graphics Area. [8] Head-Up Toolbar is at the

top of the Graphics Area.




Menu again.

[9] Press ESC to dismiss
Smart Dimension.

[ L Add Relation...
Select Add Relation from
[rlaz]é:ilzc,: fAdd the Context Menu (you
the Cont ro::n may need to expand the
oo Context Menu).

M E R

Add Relations

-

[17] In the Graphics
Area, click the two
circles' centers.
\ Existing Relations

f =0 "-f‘ v
[20] Click OK to
dismiss the :
Property Box. W)“’
\_ Selected Entities A

Point2

-,

»

Horizontal2
Distancel

@ Fully Defined

»

[18] Click
Horizontal to make
the two points align

=

[19] A Horizontal

relation is added, in

addition to the
existing Distance
relation.
| Adq Relations
-

| orizontal
Vertical
@8 | Fix

\,/ Merge

horizontally.

-

1.375

Section |.I Arm
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[14] Click OK to
dismiss the Property
Box. The Part Tree

[I0] A Property Box
appears in place of the

re-appears. Part Tree.
il =Y B
Add Relations
v)d-
Selected Entities A [11] In the Graphics
Arcl (@) Area, click the two

circles one after the
other. Note that their

names appear here.

Existing Relations N

~

J}_ Equal radius/lengthl

[13] A relation
between the two
entities is added.

@ Under Defined

Add Relations

i) Coradial

O\ Tangent

Concentric

3>

[12] Click Equal to
make their sizes equal.

e R
e [15] De-select the

1.375

two circles (press
ESC or click
anywhere on the
Graphics Area).
_——  Now, the two
circles have the
same radius. The
second circle is still
blue-colored,
meaning that it is
e not well-defined

yet. We now
impose another

relation.
- J

[21] Press ESC to de-select
the two points. Now, the
() second circle becomes black
(fixed) too. #
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|.1-6 Draw the Third Circle

SRR

L Add Relations 7|

1375 — v @
Selected Entities 2
i Paint2
%,
D
Existing Relations A
Vertical4
Distance3
g & Fully Defined
s N

[1] Follow a similar procedure in Aidd Relations A

I.1-5 to draw this circle. All three — | Horizontal

circles have the same radius; the | | vertical

vertical distance between the ef Fix
centers is 2.25 (in); and it aligns with .
the first circle vertically [2]. | Merge [2] Add a Vertical
relation between the
/ centers of the first and
1 the third circles. #
' \_
= 1.375 -y
|.1-7 Complete the Sketch
)

[T Use Circle command to draw

three circles which are concentric RL@
with the first three circles

respectively.




@0%
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1.375

2.250

N\ L

[2] (Remember to press ESC twice.) Use
Add Relation command to make the
radii of the two upper circles equal. Note

that we've moved the dimensions for a e ~
better arrangement. [3] Select Sketch Entities>Line
command from the Context Menu.
Before right-clicking to pop-up the
Context Menu, make sure no command
is active (if so, press ESC to dismiss it) and
no sketch entity is selected (if so, press ESC
to de-select it).

- %

[5] And click the upper

quarter-point of this circle.

[4] Click the upper Double-click to end the line

quarter-point of this

circle...

drawing [6].

2q

1.375

2.250

[6] The Line command can be used to
draw multiple line segments. To end a

session of line-drawing without dismiss

the Line command, simply double-click.
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1.375

2o

O

2.250

MEFREE

= Trim

v

Message

Select an entity to trim to the
nearest intersecting entity or to
drag to an entity

Options

\ F Power trim

== | Corner
v

ﬂ) E Trim away inside
‘E ° Trim away outside

o I— Trim to closest

[7] Follow steps [4, 5] to add
this line.

~
[8] And also draw these two tangent lines.

Note that, to draw the tangent lines, you click
a circle NEAR quarter-points (rather than AT
quarter-points). For these two tangent lines,

the tangent points are not at quarter-points. If

you made any mistakes, you always can Undo

the mistakes (I.1-4[10], page 7).
-

S | Trim Entities ﬁ \

[9] Press ESC to dismiss the
Line command. Select
1,375 Trim Entities from the
= = Context Menu.
250

1.375

l O
\

[12]The sketch
after trimming.

[1'1] Click these
segments to trim
them away [12].

2.250

2.250

[10] In the Property Box,
select Trim to closest.




[14] The radius of this arc
is automatically adjusted to
agree with the relation [2]

(page 12).

[16] All sketch
entities are fixed
(black-colored) now.

) | Sketch Fillet (ﬁ

%o

)

= 1.375 <

2.250

I
[17] Press ESC to dismiss
Smart Dimension.
Select Sketch Fillet from
the Context Menu.

[18] Select this vertex.

[15] And specify
this radius (0.5 in).

[20] Click OK to

Section |.I Arm

[13] Use Smart
Dimension (I.1-5[5],
page 9) to specify this

radius (0.313 in).

MEEREE

(lsmch Fillet 2

4 &
Message A

accept the properties.

Select a sketch vertex or entities to
fillet.

< 1.375 e Entities to Fillet

»

%)
3 Fillet<1>

2.250

Fillet Parameters
’%?

=P }\. IO‘ESUm

Keep cf|nstrained
v corner

Ll ]

[” Dimen| |on each fillet

[21] A dimension is
automatically added.
This completes the s

sketch.

[19] Type 0.25 (in) for
the Fillet Radius.

-
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[23] Line [24] Trim Entities [26] Add Relation
command. command. command.
[ o @-J-is o L\ Mirror Entities +) [® B2
Exit Smart Trim  JConvert ogm Display/D//lete ’ Quick -
Sketch | Dimension - A Entities/ Entities 1 sct aaa LinearsketchPattern | gy opi g Repair) oo Rapid
Entities ... » Sketch Sketch
- - ® n -] * = v g Move Entities

Features | Sketch | Weldments [Wol®dJools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD |

—

[25] Sketch
Fillet command.

I5

[22] The commands used in this
subsection can also be found in the
Sketch Toolbar. [23-26]

[27] Click Exit Sketch. #

|.1-8 Generate 3D Model

B o iR | ||
-Extrude ]
w} &
[5] Click OK.
From A
gi{ 1Isfi[;z;im.l.lte:<Defa1J.lt>_P]'u:|ttJWorks [T— C
[ 7] Sensors Direction 1 A
7./ A1 Annotations T
2 Ve tecitets | [1] Click to highlight Sketchl (which is %] [sund |
*<:>- Front the name of the sketch just created), and 7 17
% Top from Pull-Down Menus, select
% Right Insert>Boss/Base>Extrude.... & 01zsin =
1, Origin
E Sketch . %

aft outware
[4] Type 0.125 (in) bl
for the extruding [ Direction 2 v
Depth.
II_ Thin Feature v |
[2] The Extruded Boss/Base
command is also available in the [selected contours ¥
Features Toolbar [3].
P
& S rap ‘yf v T
) Lin . Reference Curves
Extruded |Revolved Extruded Hole Lof t - Instant3D
e e rd o - . o Geometry

| Features | Sketch | Weldments [ Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD |

/\ —

[3] Features Toolbar.

e
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[6] The finished
3D model.

[7] From Pull-Down Menus, select
File>Save or, on the Toolbar, click Save
button. The Toolbar is on the top of the
user interface. Save this part document with
the file name Arm. The full name of the

document is Arm.SLDPRT . #

O-3{R)&-9-(K]-8 k-

I.1-9 Wrap Up

Window | Help & | [ ] = L,E’ -

Viewport 4
5 | New Window [1] Select File>Close from
Cascade the Pull-Down Menus to
5 | Tile Horizontally close the part document. Or,
(T | Tile Vertically you may select Window menu
and click here.
Arrange [cons
Clos All
|T|\ 1 Arm I s
Customize Menu

[2] Select File>Exit from Pull-
Down Menus to quit
SOLIDWORKS. #
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Section 1.2

Ratchet Wheel

|.2-1 About the Ratchet Wheel [2] The ratchet stop is used to

control the rotational direction of
the ratchet wheel. The ratchet stop
will be created in the next section.

[ITA ratchet wheel rotates in a certain
direction controlled by a ratchet stop [2].
In this section, we'll create a 3D model for

this ratchet wheel.

X [3] Details of the
ratchet wheel. #

1.00

Unit: in.
Thickness: 0.25 in.

|.2-2 Start Up

[1] Launch SOLIDWORKS and create a new part (I.1-2[I, 4-6], page 4). Set up IPS unit system with 2
decimal places for the length unit (I.1-3, page 5). Start a sketch on Front plane (I.1-4[l, 2], page 6).#
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|.2-3 Draw a Construction Circle

[3] Select Smart [1] Select Circle from
Dimension. the Sketch Toolbar.

E|l © [\N-O-n- 2
Exit Smart A Trim
Sketch | Dimension 0- :'\ O~ A Entities
- . -@ N x| .

Features I Sketch I Weldments | Mold Tools I Datz

[2] Draw a circle
centered at the
origin.

[5] Press ESC to dismiss
Smart Dimension.
Right-click the circle and
select Construction

4 Geometry to convert the
circle into a construction
circle.
[4] Specify the = L
diameter of the circle _ 2%
(1.00 ) e GLEY XA~
Box Selection
T‘ -_; Lasso Selection
Zoom/Pan/Rotate »
Recent Commands »

- Sketch Entities ’

/ . BN . o DS .

Relations
Gk Display/Delete Relations...
’ % Fully Define Sketch..
L Selected Entity (Arc1)

m Show Curvature Combs
> Delete

\ 4#  Display Grid

E - / Sketch Tools »

¥

©®1.00

[6] The circle become
centerlined. In
SOLIDWORKS,
Construction Geometry is
represented by centerlines.

[7] Construction Geometry

Frequently used Construction Geometries include construction lines and construction circles. A construction
line can be finite length or infinite length. A Construction Geometry is used for reference only, it is not a
geometric entity. #




|.2-4 Draw Construction Lines

/

\

ST

\\

|

U

~

\
8
s}
/
E Centerline
[1] Right-click anywhere in the
Graphics Area and select
Sketch Entities>Centerline
to create construction lines.
\
8
S
/

/
\

¢

/

s
)

\
N4

[4] Select Smart
Dimension.

E|l ¢ I(\N-O-n- 2
Exit Smart Irim
Sketch | Dimension O-2-0-A Entities
- . NI © 2 T

Features | Sketch | Weldments | Mold Tools | Data

T— e

Section |2 RatchetWheel |9

[2] Draw a vertical line from
the origin to the upper quarter
point of the circle. Double-
click anywhere to end the
drawing without dismiss the
Centerline command.

[3] Draw another
centerline from the
origin to the edge of

the circle.

[5] Click the two
centerlines one after
the other to create an
angle dimension; type
15 (degrees). #

1

T

©1.00

5°

L

/
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|.2-5 Draw aTooth

[5] Select Smart [1] Select Line. }
Dimension.

XN-@-n-

% Sol“t
ma
Sketch | Dimension 0- F} - A

— - N~ %
Features | Sketch | Weldments | Mold Tools | Date

2k

Trim
Entities

T— —

q

[2] Draw lines starting
here...

- v/ \ [6] Click the two newly
|/ . created lines and specify
! J \ an angle of 60 degrees. #
[3] Then click here... [4] Finally click here.

/
L Double-click to end the line- \/

drawing.

\ / e
AN J/

©1.00

©1.00
,/-
\\‘
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|.2-6 Duplicate the Tooth

[4] Click OK.

’%ﬂlar Pattern
)R
Parameters

[I] From Pull-Down Menus, select
Tools>Sketch Tools>Circular
Pattern. And select the centerlined

circle (to define the pattern direction).

'~

A
3| [ Point-1 o ‘
(o, |0in ill 0o
(o> |oin %‘ 4 — 15°
- [2] Type 24 for Number of
4 |360deg j Instances.
[V Equal spacing
" Dimension radius
Dimension angular 24
spacing Z
i [ -l ,
o _l | /
Display instance P!
v count | /
3 |o.41in j .L/
ﬁ |27-0deg j
Entities to Pattern A 8
O [tnes O e
Line6 .

— | -

[3] Right-click this box and select B
Clear Selections from the
Context Menu and then select the

two line segments created in |.2-5
(last page) for Entities to
Pattern.

/

N-@-N-T| % |

& & ] L\ wirror Entities S oy ®
Exit Smart D ) @ A Trim Convert Of?jt - L Sketch Patt R i Quick R@d
Sketch | Dimension TR T Entities Entities Sor o Bt dale sdn Relations €paIr | chaps | RaPl

Entities ..,
. . - N- *| . . " g

[5] The Circular Sketch
Pattern command is also available
by clicking the arrow next to
Linear Sketch Pattern.#

isplay/Delete

Sketch Sketch

Move Entities ~ v -

Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD |
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|.2-7 Finished the Sketch and Generate 3D Model

[3] Select Smart [1] Select Circle.}
Dimension.
%00
15°
—=
B © [\N-O@-n-| 3
Exit Smart Tri
Sketch Dimren:sion O-2-8-A Er_I’E::iLs
= . -®@ N~ o¥| .
Features | Sketch | Weldments | Mold Tools | Data
T— T
] P
[4] Specify a
[2] Draw a circle | / . diameter of
[9] Click OK. centered at the | / 0.25 in.
origin. v y
o '| ﬁ
o
e
| 5 | 2 5
Sketch Plane h —
e
Direction 1 Py
2| [siing =
il
[ x
& 0.25in = ‘
N
BInrar oyt [8] Click here to L
™ Direction 2 v [6] Type 0.25 (in). define the region.
[~ Thin Feature Y| /\
Selected Contours A

[5] Click Extruded Boss/Base
(1.1-8[2], page 15).

O Sketchl-Region<1> @

[7] Click the region
(see [8]).

[10] Save the part with the
name Ratchet. Close the
file and exit
SOLIDWORKS. #
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Section 1.3

Ratchet Stop

|.3-1 About the Ratchet Stop

[1] The ratchet stop is used to
control the rotational direction of

[2P]1 Tlﬁl ratI;:het the ratchet wheel [2]. In this
W eed ‘asheTn section, we'll create a 3D solid
created in the fast model for the ratchet stop
section.

[3] Details of
the ratchet ———
stop. #

0.125 |

Unit: in.
Thickness: 0.125 in.




|.3-2 Start Up

Section |3 Ratchet Stop 24

[1] Launch SOLIDWORKS and create a new part (l.1-2, page 4). Set up IPS unit system with 3
decimal places for the length unit (1.1-3, page 5). Create a sketch on Front plane (1.1-4[1, 2], page 6). #

|.3-3 Draw the Sketch

DYHOQ@ oRVRVE0 LeodOs

Ak gL DCIV

* BHEONJEY

Line

Comer Rectangle
Center Rectangle

3 Pomt Comer Rectangle
3 Point Center Rectangle
Parallelogram

Straight Slot
Centerpoint Straight Slot
3 Point Arc Slot
Centerpoint Axc Slot
Polygon

Circle

Perimeter Circle O/
Centerpoint A

o—_ |

Tangent Arc
3 Point Arc

Ellips=
Partial Ellipse
Parabola
Conic

Spline

Style Spline

Equation Driven Curve
Point

Centerline

Midpoint Line

Belt{Chain

Text

Sketch Fillet
Offset Entities
Convert Entities
Trim Entities
Mirror Entities

View Sketch Relations

[3] Select Smart
Dimension.

i N-@-pJ- 2

i mal Irim

sf:tzh Dlns'lengon O-2-0-A Entities
- - x| .

Features Sketch I Weldments | Mold Tools I Data

-~

[1] Right-click the Graphics Area and select
Sketch Entities>Centerpoint Arc.

[5] Press ESC to dismiss Smart Dimension.
Select Sketch Entities>Tangent Arc from
the Context Menu.

[2] Create an arc like this.
Click the origin first, then
starting point, and finally

the ending point.

[4] Specify a radius of
0.188 in.
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[7] Then define another end
point. Double-click to end the
drawing without dismiss
Tangent Arc command.

[6] Click this end point
of the existing arc...

[9] Then define another end.
Press ESC to dismiss the
Tangent Arc.

[8] Click another end
point of the first arc...

[10] From the Head-Up
Toolbar, select Hide/
Show Items>View
Sketch Relations to
show relations.

[I1]A Tangent
symbol appears next to
each tangent point.

[12] Select View Sketch
Relations again to hide
the relations.
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[13] Select Line
command.

Exit Smart Trim
Sketch | Dimension Entities

-

Features | Sketch | Weldments'\\Mold Tools | Data
\\ Insert Line — " —
& R

[15] Click the small triangle
Message A .
. , , next to Line command and
Edit the settings of the next new line or .
sketch a new line, select Centerline.

J
¥
'

Orientation A

& As sketched
" Horizontal
" Vertical

" Angle

Options A
¥ For construction

finite length

MNpoint line

e\

[16] In the Property Box,
select Infinite length.

[14] Draw this line. [17] Click the origin and

then click any horizontal
point to create a
construction line of
infinite length.




[18] Select Smart
Dimension.

E| © [IN-O-p- 2
Exit Smart Trim

Sketch | Dimension O-2-0-A Entities
- . -® -] .

Features | Sketch | Weldments | Mold Tools | Dat:

I— —
&
o>
[19] Finish up the sketch by Q
specify the rest of the -
dimensions. All entities <

must be black-colored. #

0.570

Section |3 Ratchet Stop

|.3-4 Generate 3D Model

[2] Save the part with the
name Stop. Close the file and
exit SOLIDWORKS. #

[I] Extrude the sketch
(1.1-8[2], page 15) 0.125
inches to create this 3D

Extruded
Boss/Base

-

27
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Section |1 .4

Cover Plate

|.4-1 About the Cover Plate

2xR0.188 2xD0.201

8 xRO.15

-<
0.25

[I7 In this exercise,
we'll create a 3D
solid model for this
cover plate. #

2.00

1.25

0.75

0.25

Unit: in.
Thickness: 0.046 in. 1.50

|.4-2 Start Up

[1] Launch SOLIDWORKS and create a new part (I.1-2, page 4). Set up IPS unit system with 3 decimal
places for the length unit (1.1-3, page 5). Create a sketch on Front plane (1.1-4[1, 2], page 6). #
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|.4-3 Draw the Sketch

0.376

0.376

O z e

[
Y
[2] Draw two
E:Eci;a:z;v;ﬁ g concentric circles; g
Equal relation o adq an Equal o~
for them; specify relation for them.
dimensions (0.201,
2.0,0376). [3] Specify a diameter
of 0.376 in.
§ i
9,
Z Q
%, | [41Whie Dimension is Y 2,

still active, select
Leaders tab.

[ Dimension 77

v" 0.376
| Value” Leadersﬂ/otherl

Witness/Leader Display A

= 0O -

[~ Dimension to inside ofa

¥ Use document bend length

|0.47244034in [5] Click Radius.
¥ Exterd bent leader to text K

2.000

Leader/Dimension Line Style A

¥ Use document display [6] The dimension
— | r changes from
B diameter to radius \
= | B (0.188 in). Y
[ custom TextPosion ¥ |




;!.....* I?_zz DC%%

T BPHONIJES

DY@ oRVVE0 LeLNO

Straight Slot
Centerpoint Straight Slot
3 Point Arc Slot
Centerpoint Axc Slot
Polygon

Circle
Perimeter Circle
Centerpoint Lrc
Tangent Arc

3 Point Arc

Ellipse
Partial Ellipse
Parabola
Conic

Spline

Style Spline

Equation Driven Curve
Point

Centerline

Midpoint Line

Belt{"hain

Text

Sketch Fillet
Offset Entities
Conyvert Entities
Trim Entities
Mirror Entities

View Sketch Relations

[9] Draw a rectangle and
specify dimensions (1.5,
0.25,0.25,0.562).

Exit Smart
Sketch | Dimension

-
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-@ - e
Trim
DO -A Entities

O\ @ - k| .

Features | Sketch | Weld\ents | Mold Tools [ Date

T—

-

[7] Select Sketch Entities>Corner
Rectangle from the Context Menu.

. 0.376

_ 0.250

e

[8] The Corner
Rectangle is also available
in the Sketch Toolbar.

2.000

0250




0.376

_,0.250

) f
i
0312 < 0.312
g
)} > T// ~
A /
g
2
o
) | x
%, | §
& q‘bf ©
@-
—| 0.562
1.500

[I1] Use Trim Entities
command to trim away
these three line segments.

[

0312

(e}

[10] Use Line command
to draw these 5 line

segments; specify

dimensions (0.75, 1.25,

0.312,0.312).

0.376

Section |4 Cover Plate

[12] After trimming.

0.250

31

0312

0.750

1.250

2.000




[13] Use Sketch Fillet
(1.1-7[25], page 15)

command to create these 6
fillets of radius 0.06 in.

. 0376 _
3
S
| z
0312 . /1., oan

1.250

0.750

2.000

0.250__

- 0.562 -
—- 1.500 —
) Sketch Fillet 7
v R U
Message ~

Select a sketch vertex or entities to
fillet.

Entities to Fillet

Fillet<1>
Fillet<2>
Fillet<3>

Fillet<4>

>

Fillet Parameters

A\ [orsom

v Keep constrained
corners

Lol |5

[ Dimension each fillet

I ——

[14] Use Sketch
Fillet command again
to create these 4 fillets

of radius 0.15 in.

0.376

Section |4 Cover Plate

"\ Sketch Fillet ?
v I
Message A

Select a sketch vertex or entities to
fillet.

Entities to Fillet

>

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

Fillet<6>

Fillet Parameters A

?\‘ 0.060in —:'

=1
v Keep constrained
corners

[ Dimension each fillet

_0.250

32

0312

[+

1.250

D)
A

2.000

0250

1.500
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0.376
[15] Select Sketch Entities>3 Point Arc
from the Context Menu and draw an arc §
like this. Add two Tangent relations. S
C, |
+ 3
i
Bl o |N-Gxnd-i) ok 0312
Sketch Dimren:sion O- & - A s;:::'.: f g
- . - 2 Centerpoint Arc >
+ N
Features | Sketch | Weld 2 ;?ﬁﬂim o E
— — 2
[16] The 3 Point Arc -
command is also available in ﬁ
the Sketch Toolbar. S
N | /
o N
2 (7]
= 0.376 - @ D X ‘F}?}
o 4 ®
~ | 0562 .
- 1.500

—

0.312

—
o
()
2, | 8
0.562

1.500

[17] Repeat step [15] three

more times.
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0.376

[18] Add Equal relation
among these four arcs.
Specify a radius dimension of

)
0.15 inches. '/‘% @

_. 0.250

0312 _ e 0.312

_—1

+  +) [+

2.000

%
0.750
1250

-

0.376 [19] Trim away these ea."b N f
B < four segments. q.Q@ > | © '/\%
§ ~| 0562 |
: 1.500
# S < =
@ (Of—

0312 __ . 0.312

"

+ +] [+

2.000

%
1.250

N & 2
. R W -
YR - N !
5
K7 Q<’b, S ﬁ’/‘%
@c
~| 0562 |

— 1.500 —




Section |4 Cover Plate 35

0.376

_. 0.250

0312 __ . _. 0312

+  +] [+ \
[20] The finished g
sketch. #

%
\
i
0.750
1250

/
0.250__ /

2}
@'{p 2, l‘b".%,
~| 0562 | _
- 1.500 —

|.4-4 Generate 3D Model

S

N\
I [1] Extrude the sketch
Lingpactad 0.046 inches to create
this 3D model.

e
[2] Save the part with the file \
name Cover. Close the file /
and exit SOLIDWORKS. # @
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Chapter 2

Part Modeling
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Section 2.1

Crank

2.1-1 About the Crank

[1] In this exercise, we'll create a 3D solid model for a crank [2]. The model can be viewed as a series of three two-
step operations; each involves drawing a sketch on a plane and then extruding the sketch. The material of the body is

either added to or cut from the existing body.

[2] Details of
the crank. # 2xDI0
2xRI10

Unit: mm.

75

R22




2.1-2 Start Up

[[I] Launch SOLIDWORKS and create a new part.]

[2] In the Options,
select MMGS as unit

system.
%

Section 2.1 Crank

r Unit system
" MKS (meter, kilogram, second)

GS (centimeter, gram, second)
& MMG5 (milimeter, gram, second)
PS (inch, pound, second)

|

[3] Select None for Decimals
(i.e., zero decimal places for the

2.1-3 Draw a Sketch for the Base Body

[1] Create a

sketch on
Front plane.

" Custom length unit). Click OK.#

Type Unit |Decimals |Fractions |Mure
Basic Units /\/
Length millimeters UNune) ]
Dual Dimension Length inches g
Angle degrees 12
Mass/Section Properties
Length millimeters 12
Mass grams
Per Unit Volume milimeters~3
Motion Units
Time second 12
Force Rz
Power watt RLZE
Energy joule Jd2

T —— S

9
4 N

75

[2] Draw 5 circles and four
tangent lines. Add an Equal
relation for the two smallest

circles; add an Equal
relation for the two medium
circles. Specify dimensions.

%

38



[3] Add Vertical

relation between this
point and the origin.

75

75
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[5] Use Sketch Fillet
command and select these
two lines to create a fillet of
radius of |10 mm. Click Yes

for a warning message.

[4] Add Horizontal
relation between this point
and the origin. All entities

[6] Trim away these
three segments.

75

turn black (fixed) now.

[7] Finished sketch. #
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2.1-4 Extrude the Sketch to Create the Base Body

2.1-5 Add Features to the Base Body

[1] Extrude the sketch
8 mm to create this Extruded
3D body. # e

Toolbar, select View

Orientation>Normal To.

[ [2] From the Head-Up

[17 Right-click the frontal face of
he base body and select Sketch
from the Context Menu.

[

N

[3] The model rotates
so that it is normal to
your line of view.
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50
Revolved
Boss/Base / Boss/Base

[4] Draw a circle on

the plane like this and
specify a diameter of
30 mm.

Features\| Sketch |Weldments Mold Tools

N

[5] Extrude the
sketch 12 mm.

[10] The Normal To is also
available in the Standard
Views Toolbar.

[71The Isometric
N is also available in
the Standard
Views Toolbar.

[6] From the Head-Up
B B8 ma Toolbar, select View
Orientation>Isometric.

[9] Click Normal To [10]
and Draw a circle on the
plane and specify a diameter

[8] Right-click this face
and select Sketch from
the Context Menu
(see [1], last page)
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= o0 @ tmd
Extruded Revolved ' Extruded Revolved
Cut Cut

Boss/Base Boss/Base

Features | Sketch | Weldments | Mold Tools | Data Mié\ition | Direct Editi

[11] From the Pull-Down Menus, select
Insert>Cut>Extrude... or, from Features
Toolbar, select Extruded Cut.

-

[12] Select Through All
for End Condition.

From

I Sketch Plane

[I5] The Part Tree
(Features Tree).

}’,« IThrw:lugh All O/ ﬂ
“1 %]lﬁllﬁl&}l@—l
il

I™ Fiip side to cut €, Partl (Defanite<Default>_Photo Works Display State>)

= i[5 History
@ q ] Sensors

- [+ A] Annotations
Draft autward = Maters ifi

_g e it [17] The base body.
[ Direction 2 ¥ [16] The reference <9 Top
i geometries. O Right
[ Thin Feature ¥ | L, Origin [18] The boss.
. Boss-Extrudel
B Boss-Extrude2
® ﬁ Cut-Extrudel

Direction 1

| Selected Contours ¥

[19] The hole.

[14] The finished
3D model.

[20] A part consists of reference geometries, base body,
and features on the base body. In this example, the
features added to the base body are the boss and the
hole. Note that it is equally good to treat the two small
holes as features on the base body.

[21] Save the part with the file name Crank.
Exit SOLIDWORKS. #

*Trimetric
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Section 2.2

Geneva Gear Index

2.2-1 About the Geneva Gear Index

[17 In this exercise, we'll create a 3D solid model for a Geneva gear index [2].

[2] Details of the Y
Geneva gear index. #

Unit: in.

L__ 025

0.44
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2.2-2 Start Up

[I] Launch SOLIDWORKS and create a new part. Set up IPS unit system with 3 decimal
places for the length unit. #

2.2-3 Draw a Sketch for |/5 of the Gear Index

[[I] Create a sketch on Front plane. J

[3] Draw two lines,
each connects the
origin to an end
point of the arc.

[2] Use Centerpoint
Arc command to draw
an arc centered at the
origin and of a radius of

1.235 in like this.

[6] Draw two circles
centered at the end
points of the centerlined
arc and of the same
radius of 0.1 in.

44

| 7

[4] Specify an angle Q?, [5] Use Centerpoint Arc
dimension of 72° for cb command to draw another arc
the sector.
of 0.625 in. Convert thearctoa
Construction Geometry
(1.2-3[5], page 18).

centered at the origin and of a radius




~
[8] Draw a line connecting

the upper circle to the outer
arc. Add a Parallel relation
between the line and the line
next to it. Add a Tangent
relation between the line and

the connecting circle.

Section 22 Geneva Gear Index 45

4 N

[9] Use Centerline command to
draw a centerline starting from the
origin. Specify the length (1.529 in).
Make the sector symmetric about the
centerline. To do this, select Add
Relation, click the centerline and the
two edge lines of the sector, and select
Symmetric in the Property Box.

-

~

[7] Draw a line connecting the
lower circle to the outer arc.
Add a Horizontal relation on
the line and add a Tangent
relation between the line and the
connecting circle.

- /
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[10] Use Centerpoint
Arc command to draw an
arc centered at one end of

the centerline. Specify a
radius of 0.63 in.

[I'1] Trim away unwanted

segments. Some entities

turn back to blue color;

add relations to fix them
(see [12-14]).

[12] Some entities turn back

to blue, try to fix them by
adding a Coincident
relation for this point...

[13] And this line. Add
another Coincident for
the other side of the sector.

[14] If steps [12, 13] don't fix all
the entities. Try to drag an unfixed
entity to figure out what relations

should be added. #
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2.2-4 Extrude the Sketch

[T Extrude the sketch
0.25in. Thisis a I/5 of
the gear index. #

Extruded
Boss/Base

——

2.2-5 Complete the Full Model

3= Material <not specified>

7 ) d » - . (2 swept Boss/Base = o _ [@ swept cut - tHH

slElRle || @ S @ @ w e 1O W
T | Extruded Revolved L) Lofted Boss/Base ruded Hole Revolved | Lofted Cut Pattern
@ Partl (Default<<Defanlt>_PhoioWarks Display Stafe>) BossfBase BOsS/B€ &) BoundanyBossBase | o0 ' @ goundamycut | .
re | BE — - — - £

T A ‘ Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert |/A0LID
- [¢3] Rensors

[A] Annotstions

S T— N
.5y Front
[1] Highlight the newly created body in [2] The Circular Pattern
the Part Tree and, from Pull-Down command is also available in
Menus, select Insert>Pattern/ the Features Toolbar.
ﬁk Mirror>Circular Pattern.
[6] Click OK.]
[4] Select the edge shown in
—— [5] for Pattern Axis.
ircular Pattern
v
Parameters /ﬁ\(

] Err——

[~4 36000deq E

wfo
ege

9
*
1

5 o 4=

@ual spacing

Features to Pattern Al

s [noee [3] The body is pre-selected
@ [sossBuuset O——— for Features to Pattern.

[5] This edge is used
— as Pattern Axis.
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[7] Right-click this face and select
Sketch from the Context Menu.
Draw a circle centered at the origin

with a diameter of 0.5 in. Extrude

the sketch 0.19 in.

[8] Click to highlight this face
and, from Pull-Down
Menus, select
Insert>Features>Hole>

Wizard... I
7

Flsametric

¥ R

[9] Select Hole for

Hole Type and set

up other settings as
shown.

INo Favorite Selected LI

~.LF

[11] Select the
center of the face.

[10] Select % % %
Positions tab.

Standard:

|aNsTIneh o -~
Type:

IFractionaIDriII sizes O j

[Hole Specifications 4|
Size:
[1;4 e ']

Use the dimensions and other
sketch tools to position the hole or
slot, ° [~ show decimal values

Click on the ‘Type' tab to define the ™ Show custom sizing
hole or slot specification and size.

L ———— |Through Al o
T———
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[13] The finished
3D model.

[14] The Hole Wizard
command is also available in
Features Toolbar.

|

= L (2 swept Boss/Base = 2on = [@ swept Cut 990
5 ? ’ @ w = ’ Fﬁt lir:::ar
Extruded Revolved [ Lofted Boss/Base Extruded Hole Revolved (] Lofted Cut Pattern

Boss/Base Boss/Base Cut Wizard Cut

@ Boundary Boss/Base @ Boundary Cut = =
F I_Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLID
T

[15] Save the part with the file name Geneva. Close
the file and exit SOLIDWORKS. #
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Section 2.3

Yoke

2.3-1 About the Yoke

[IT1The yoke is a part
of a universal joint. In
this exercise, we'll
create a 3D solid
model for the yoke.

[2] Details of the
yoke. #

D1.20

N

Unit: in.

3.55

1.50

‘_L 2x0.75
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2.3-2 Start Up

[I] Launch SOLIDWORKS and create a new part. Set up IPS unit system with 3 decimal places for the length
unit. #

2.3-3 Create a Base Body

®©
N
[[I] Create a sketch on Front plane. J %
£
[2] Draw a sketch like this. If
there are any blue entities (not
well-defined), see [3, 4].
i
o
[4] Another way is to drag an
unfixed entity to figure out
what relations should be added.
|
2
s
®
£ .
Qb [3] If there are any blue entities, select
Hide/Show Items>View
Sketch Relations (1.3-3[10], page
25) to view all relations. Add relations
to fix the entities.
& & + & &
=
| | i | §
o
- - ]




[[) Boss-Extrude )
(W= @
From A
| sketch Plane ]
Direction 1 e

[MidPane O~ x|
d
& 2000in O\E

4

[6] Select Mid Plane so that
the sketch extrudes both sides
(2 inches is the total depth). #

[5] Extrude the

[T Draft cutward sketch 2 in.
[ Thin Feature v ]
| setected Contours v]

PI——

2.3-4 Create Rounds and Holes

P Fillet 22
7
u [ Manual | Filletxpert
Fillet Type A
EREE)
Items To Fillet A

@ IFace<1> O

@ IFace<2> O

v Tangent propagation
& Full preview

" Partial preview

" No preview

P——

[IT From Pull-Down Menus, select
Insert>Features>Fillet/Round...

Select Full Round Fillet and set up the

properties like this (also see [2-5]).

b

[ [2] Face<I>.

[3] Face<2>.

[ [4] Face<3>. J

=

Section 2.3 Yoke

\

[5] This is a Full
Round Fillet.

52
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. 5 Swept Boss/Base . _. @ sweptcut
o (3 swe @ \® ot
Extruded Revolved B Lofted Boss/Base Extrudeq Hole Revolved Lofted Cut
Boss/Base Boss/Base Cut \ Wizard / Cut
) Boundary Boss/Base ) Boundary Cut | T

Features [ Sketch | Weldments | Mold Tools | DltaMigmion\\DimctEdiﬁng [ Evaluate | DimXpert |

[6] The Fillet command is also
[9] Click Hole available on the Features
Wizard. Toolbar. Click it.
|&* Hole Specification
& R

[7] Create another Full

Round Fillet [I]. |:_|_"_I Type ﬁ Posil:lonsl
Favorite A

Y
[10] Set up the ‘
}s.x properties like this. [ Mo Farurte Sciect=d_
*Trimetric Type A
=gy
g il
[8] Click this face. [11] Select Positions tab and click U
the arc-center of the selected face =i
[8]. To locate the arc-center, move %5% E= @
your mouse over the arc, the center W M
will show up. = | = | [ G
Lneie
0 Do
Standard:
& Hole Positior| 3 | ANsiinch o -~
5 Type:

IFraduonalDri\lSuzes O ;I

EI Type | ﬁ Positiunsl

Hole Specifications A
Hole Position(s) A Size:
Use the dimensions and other
sketch tools to position the hole or [BM o v]
slot.

[” show decimal values

Click on the ‘Type' tab to define the

hole or slot specification and size. I Show custom sizing

End Condition A
— [Through Al o ~




2.3-5 Create a Plane

[1] Click to highlight Top

Section 23 Yoke 54

ﬁplane >
and, from Pull-Down —

9 Partl (Default<<Defoult>_Photo Works Display State> Menus, select (‘/k\“

(7] History Insert>Reference Message a |

(i Sensos Geometry>Plane... Fully defined :

= |£| Amotations
;E Material <not specified > First Reference [3] Click OK.

%}\ Front

Q @ Top

$x Right | Poralle]
1, Origin .

« [} Boss-Extrdel L | Perpendicular [2] Type 3.55 (in) for
) Fillet! s Offset distance.
@ Fillst2 }< Cotneident

. [2* 34 (0.75) Dismeter Holel WIED

 — — |355Uin o =
[] Flip offset
e - afl 2

= Mid Plane

T——

[4] A new plane is created by
offsetting Top plane 3.55 in
upward.

4

v

2.3-6 Create the Shaft

[17 Right-click the newly
created plane and select
Sketch from the
Context Menu.

&

[2] Click Normal To
(2.1-5[8], page 41) and draw a
circle centered at the origin
and with a diameter of 1.2 in.

d
Reference
Geometry -

[5] The Reference
Geometry tools are also
available on the Features

Toolbar. #

-

% Partl (Default=<Default>_Photo Warks Display State=)
@-{f5) History
(7] Sensors
[+]- E‘ Annotations
-#= Material <not specified >
\<~> Front
Q Top
&> Right
1, Oriein
& @ Boss-Extrudel

1 [ S8 (0.75) Dismeter Hole1

Q i
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o Binde - e
X G [3] From the Features Toolbar,
select Extruded Boss/Base and T
from A select Up To Surface for End
ISketch Plane j Condition.

Direction 1
@Iup Tosutece O =] [4] Select the top face
}

of the existing body [5] Face<l>.

’I L (see [5]).

¥ Merge result
4

[T Draft outward

[8] The finished 3D
model.

b o#
[7] Turn off View

Planes. Ig &
E A
kb
H Y
=
Y

*Trimetric

[9] Save the part with the file name Yoke. Close the
file and exit SOLIDWORKS. #
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Section 2.4

Support

2.4-1 About the Support

[2] Details of the
support. #

X
[1]1The supportis a
part of the clamping
0.375 1250 z assembly mentioned
| Y in Section I.1. In
0219 | this exercise, we'll
create a 3D solid
model for the
support.
Unit: in.
o —
[¥p)
N
o 0.250
RO.156
o
] 6xD0.25
X V4
= wn 0.125
) I
o 0
o
2.500 1.000 R0O.100
| |
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2.4-2 Start Up

[I] Launch SOLIDWORKS and create a new part. Set up IPS unit system and with 3 decimal places for the
length unit. #

2.4-3 Create Vertical Plate
[2] Draw a sketch like this.
Make sure all entities are

[[I] Create a sketch on Front plane. j fixed (:(I:’?I:;O[I;[ed). I

1.250

&

@
8 g
A o
) I
L L/
I /
@
o
|
\
__l0.375 1.250
[
g ' 2
8 g
= o
&
Ea
X i [3] If there are any blue-colored
S - entities, add missing Relations.
——— Remember, one way to detect
| missing Relations is to drag an
B unfixed (blue-colored) entity.
- 0.375 1.250 -
— 2.500 —
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0.250

o2

[5] Trim away

unwanted segments.

0.219
[4] Draw two circles
like this. Make sure all
entities are fixed.
/
i
|
3
~N
g
o
Vi
il
&
N
@-
s
0.219 . 0.250
/
l
h
2
=}
g

%

[6] Use Sketch Fillet
command to draw two
fillets of the same radius of
0.1 inches. The two fillets
may need to create
separately.

TN
4l



2.4-4 Create Horizontal Plate

-L% Swept Boss/Base

Section 24 Support

[7] Extrude the sketch

0.125 inches. # I

Extruded
Boss/Base

.

[2] Select Reference
Geometry>Plane from the
Features Toolbar.

[@ swept cut o Rib [l Wrap

@0

51 @ @ ) Fillet Linear 2
Extruded Revolved B Lofted Boss/Base Extruded Hole Revolved . Lofted Cut Pattern @ Draft B Dome Geometry Instant3D
Boss/Base Boss/Base Cut Wizard Cut

T Boundary Boss/Base ™) Boundary Cut o S (i Shell @ Mirror

Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLID’WORKSMBD'

L —— S

Q Partl (Default<<Defanlt>_Photo Works Display State=)
-5 History

(3] Sensors
23] LA—I Amnotations

3= Material <not specified » [ [6] Click OK.

R F-II“"“ X Plane U

> I H H

gm‘gh‘ [1] Highlight Top. ] @)W 4=

-1, Origin Message 2
) [ BossExtrudel Fully defined

R — —— Furst Reference

[5] The new plane.

»

[3] Type 0.875 (in) for
Offset distance.

[ [4] Click Flip.

59



% Partl (Default<<Defanlt> Photo Works Display State>)

- {5 Hiswory

- [3] Bensors

& IE Apnotations

3= Material <not specified>
& Front

.y Top

% Right

.1, Origin
@ Boss-Extrodel

B —

[7] Make sure the

new plane is
highlighted.

[9] Click Normal To
and draw a sketch
(including three circles of
the same diameter) like
this. Make sure all
entities are fixed.

e |
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© IN-O-p-i
irf\'::;?on D'S}'@vﬁ
- e-&® “I +

Featutts | Sketch [ Weldments | Mold Toc

[8] Click Sketch in the
Sketch Toolbar.

[10] Remember, one way to detect
missing Relations is to drag an
unfixed entity. You may need to add
a Coincident relation here.

T

11

[

0.125

1.000

0.375

1

[

AVHFE-T

[12] Turn off View
Planes. #

]

v o E-ABRY -

0.375

0.375

_——

1.250

] = [T < [ErERE »

[1'1] Extrude
(upward) 0.125
inches.

@
Extruded
Boss/Base

-
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2.4-5 Create Fillet

[6] Click OK.

[17 In the -

Features —_— Y
Toolbar, click @

Fillet.

anua illetXpe /
[ Manual | Finetxpert [3] Select the edge
A shown in [4].

[2] Select
Constant size.

[¥ Tangent propagation -

& Full preview [5] Type 0.1 (in). }

" Partial preview

" No previ
[4] Edge<I>. — A

Fillet Parameters A
ISymm etric j

A\ 0.100in =
r Multiple radius fillet

Profile:
[circutar |

[7] Save the part with the file name Support.
Close the file and exit SOLIDWORKS. #
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Section 2.5

Wheel

2.5-1 About the Wheel

[1] So far; we exclusively used Extrude command to create 3D solids. In this section, we introduce another
command to create 3D solids: Revolve, which takes a sketch as the profile and revolves about an axis to create a 3D
solid body. We'll create a 3D solid model for a wheel [2]. The wheel is axisymmetric. An axisymmetric body always
can be created by drawing a profile then revolving about its axis of revolution.

45
[2] Details of the
wheel. #

Unit: in.

D4.00 L_ 0.25

. 0.50

0.75




2.5-2 Start Up

Section 25 Wheel

63

[I] Launch SOLIDWORKS and create a new part. Set up IPS unit system with 2 decimal places for the length

unit. #

2.5-3 Create a Sketch for the Profile

\[nsertL'ne

[[I] Create a sketch on Front plane. j

¥ R

Message

A

Edit the settings of the next new line or

sketch a new line,

Orientation e
(" As sketched [3] Click Infinite
" Horizontal Iength in the
" Vertical .
 Angle properties box.

A

4 N

[4] Draw a vertical
centerline of infinite
length passing through
the origin. This
centerline will be used
as the axis of symmetry.

N A

4 N

[2] Draw a horizontal
centerline of infinite
length (see [3]) passing
through the origin. This
centerline will be used
as the axis of revolution.

) \

[5] Draw a sketch like
this. Make sure all
entities are fixed.

_. 0.25

0.75

0.50

0.75

1.75

2.00




[8] Click OK.

[6] Select Tools>Sketch

Tools>Mirror from Pull-Down
Menus and select all entities (you may
use Box-Select or Control-A) for

Entities to mirror.

1= 0.50 <’}
[9] The finished sketch. : 950
! K
| \
- \
|
|
|
| 8
| o o
! -
/
(4
= o
o
__________ | ¥
\
— 0.25
. 075 —
B o [\-O-~N-1 ¥ @
Exit Smart Irim  Convert

Sketch | Dimension

O-9-0-4A
. -0 - *| . .

Entities Entities

Section 25 Wheel

L\ Mirror 7

V)X =

Message A

Select entities to mirror and a
sketch line or linear model edge to
mirror about

Options A

Entities to mirror:

N |Line3 i’
Lined
Line5
[ Lined :]
v Copy

Mirror about:

\

[7] Select the vertical
centerline for Mirror
about.

[10] The Mirror command is

also

available in the Sketch
Toolbar. #

irror Entities

7\
Offset 332 Linear Sketch Pattern -
Entities ...
O Move Entities

-

Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert

64



2.5-4 Revolve the Sketch

Partl (Defanlt<<Defanlt>_Photo Waorks Display State=)

Section 25 Wheel 65

Boss/Base\ Boss/Base
Boundary Boss/Base

‘ Features | Skett#\ I Weldments I Mald Tools

[].. History
() Semsors. [1] While the sketch is
(4] ;T:ﬁ:lﬁifm s highlighted, select
S - o Insert>Boss/
TON
% Top Base>Revolve...
% Right

[2] The Revolve command
is also available in the
Features Toolbar.

[3] Select the horizontal

|64 Revolve 7
)
Axis of Revolution A

ErEOS—

B

“

Direction1
[Biina 4

A1 350.00deg E

[6] Save the part with the file name Wheel. Close
the file and exit SOLIDWORKS. #

[5] The finished 3D
model.
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Transition Pipe

2.6-1 About the Transition Pipe

[17 In this section, we introduce another command to create 3D solids: Sweep, which takes a sketch as the path
and another sketch as the profile; the profile then "sweeps" along the path to create a 3D solid body. In this
exercise, we'll create a 3D solid model for a transition pipe, which is used to connect two pipe segments.

RI/16"
[2] Details of the

2xD3.50 / transition pipe. #
2xD2.50
8xD0.25
R3.50
Unit: in.
R1/8"
2x0.25
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2.6-2 Start Up

[1] Launch SOLIDWORKS and create a new part. Set up IPS unit system with 2 decimal places for the length
unit. #

[2] Draw a sketch like this. This
_ sketch will be used as a sweeping
2.6-3 Create a Sketch for the Path Dath, Noto that cach ond poine
aligns with the origin either vertically
or horizontally.

[[I] Create a sketch on Front plane. j

[3] Click Exit Sketch in
the Sketch Toolbar.#

o IN-@-n-
rf\r::gon O-%-0-A

. -® N~ o
.
Features | Sketch | Weldments | Mold Too
: )

[2] In the Standard Views
Toolbar, click Normal To.

2.6-4 Create a Sketch for the Profile

% Partl (Default<<Default>_PhotoWorks Disp|
- [f5) History
. (7] Sensors
& [A] Annotations
3= Material <not specified »

[1] Right-click Top plane
and select Sketch to create e' ‘@

a second sketch.

BEEEEODD |

; g‘ Cha i [3] Draw two concentric circles like this.
% Right - This sketch will be used as a sweeping
1, Origin profile. Note that the dimension 3.00
[ Sketch (in) can be replaced by a Pierce relation \‘9

between the center of the circles and the
path created in 2.6-3[2].

I='” 3.00



[4] Click Exit Sketch in the
Sketch Toolbar.#

Sketch | Pimension
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\N-O@-n-
O--@-A
. - - *

Features | Sketch | Weldments | Mold Toc

2.6-5 Create the Curved Pipe

Q Partl (Default<<Default=_Photo Works Display States)
- [{5] History

- T—

[ Sensors
[+ &, A pnotations
§= Material <not specified >
& Front
Q Tap
% Right

[1] While the Profile
sketch is highlighted,

Base>Sweep...

select Insert>Boss/

-1, Origin
2 Sketchl

S

[2] The Sweep command
is also available in the
Features Toolbar.

|

Swept Boss/Base I

= I

o
Extruded Revolved 4‘} Lofted Boss/Base
Boss/Base Boss/Base
lﬁ Boundary Boss/Base

Features | Sketch | Weldments | Meld Tools

I ———

[5] In the Graphics Area, click "+"
sign to expand the Part Tree; the
"+" sign becomes "-" sign.

k ~Y% Partl (Defavlt<<Default=_Ph...
{5 History
f I —@ Sensors
E{A] Annotetions
45 Material <not specified =
Profile and Path a — Front
0 | Sketchz 2 Top [6] Select the Path sketch J
— Right (Sketchl).
Bipes
-
[3]The profile | [Gpi0 j v E / \
sketch (Sketch?2) i
is pre-selected. GuldeC!l“s//I/ ¥ | / ™
[start/End Ta /}ency ¥|
I """F“'”’ - 'j [8]The curved pipe. Note
/ that the curved pipe also can

[4] Click to activate
Path box.

:

be created by Revolving
the Profile 90 degrees with
an axis coincident with the
Z-axis. #

e
i

A

*I1sametric
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2.6-6 Create the Lower End Plate

I BEIEa@-%
o @@@@

|

[2] And select Sketch to
create a sketch (for the
lower end plate).

Views Toolbar, click face of the curved pipe.

[3] In the Standard [[I] Right-click the bottom}
Normal To.

(LESBIBDODD |

[4] Draw a sketch like this. The
sketch consists of 7 circles,
including a construction circle of
diameter 2.5 in and four circles of
diameter 0.25 in. ©2.50

*Boftom
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Revclrlved
Boss/Base /Boss/Base

Lofted Boss/Base
Boundary Boss/Base

' Features [ Skivh | Weldments | Mold Tools

I~ | —

[5] In the Features
Toolbar, click
Extruded Boss/Base.

/'\

[7] Click Reverse
Direction.

J
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4|

A
=

[sketch Plane

Direction 1 A
IEImd j
Fd

=

[6] Type 0.25 (in) for
Depth.

@ 0.25in

v Merge result
L

[T Draft outward

[9] The lower end

¥
I plate. #
Fi {
*Isometric
2.6-7 Create a Mirroring Plane
[T Next, we want to create the upper end plate by using
Mirror command. The mirroring plane will be created
by.roFatlng the Top pIan'e 45. degrees about an ax!s [2] From Features Toolbar,
coincident with the Z-axis. First, we create the axis. select Reference
Geometry>Axis.
. (2 swept Boss/Base & (& swept cut @ ::: & Rib (&l wrap b} =
Extruded Revolved 8 Lofted Boss/Base Extruded Hole Revolved Lofted Cut il Fl‘-a"t'-lte::; Q Draft e Dome p;:::;“ 9ures || instant3D
Boss/Base Boss/Base Cut Wizard Cut - ) v
T Boundary Boss/Base ) Boundary Cut - - i Shell @ Mirror - -

Features [ Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MED |

T



[4] The Top and Right
planes appear here.

Selections A
@ Top O/

"s.,| One Line/Edge/Axis

H 'wo Planes

| | >
. »| Two Poin

rtices

| @ | Cylindrical/Conical
|__a_\ ¥

[5] Two Planes is
automatically selected. An axis
is created by intersecting the
two selected planes.

[ 9 | Point and Face/Plane
(R

P —

: ;
|
v
]
n
a)

Section 26 Transition Pipe 71

=% Partl (Defanlt<<Defaults_Ph...
{19 History

@ Sensors

A Annotations

—§E Material <not specified »
*@ Front

{9 Tup (@]

’*I—. Ongm

D—@ Sweepl
LL@ Bo=-E el

[3] From Features
Tree, select Top
and Right planes.

»

Fully defined
First Reference

@ Aml- O\/

| | Perpendicular
[Z] Coincident
§> Project

N

Second Refernce

'D lTnp

N\ Parallel

»

[13] Click
OK.

[9] From the Part
Tree, select the newly
created axis for First

Reference.

v
‘il i
7 ]

*Isometric

[11] Click At
Angle.

~

[10] From the Part Tree,
select Top plane for

Second Reference.

_| | Perperdicular

J

SR
&[T [12] Type 45 (deg)
for Angle.
—| Mid Plane
® o (3 swept Boss/Base @ w0 [ swept cut a1 1
Extruded  Revolved 5 Lofted Boss/Base Extruded Hole Revolved m Lofted Cut Rl ll.a"tjteear;

Boss/Base Boss/Base Cut Wizard Cut

) Boundary Boss/Base ™) Boundary Cut o c

[7]1 The created
axis.

Q.

[8] From the Features
Toolbar, select Reference
Geometry>Plane.

< Rib
@ Draft @ Dome
(@ shen B8 mirror . -

@8l Wrap

Reference (urves I ;\;"BD
Geometry B

Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD |

L T——

S



*Dimetric

2.6-8 Create the Upper End Plate

T‘ o \3 Swept Boss/Base
5 t

Extruded Revolved /) Lofted Boss/Base
Boss/Base Boss/Base
) Boundary Boss/Base

Extruded
Wizard Cut

@ Boundary Cut - -

Section 26 Transition Pipe

[14] The mirroring

plane. #
q-‘—.Lh______-_-—
= Swept Cut @ 298 & rib  [@d wrap 154 r)s >
Hole Revolved Lofted Cut L= Fl,‘a':te:r:‘ @ Draft B Dome LEGEE G Instant3D

Geometry

(H shell

% Partl (Default<<Defavlt=_Photo Works Display State=)
E“E History
(i3] Sensors
D@ Annotations
3= Material <not specified »
&5, Front
{\}\ Top
% Right
1, Origin
(3 Sweepl
#-[§) Boss-Extrudel
L, sl

[T Make sure the newly
created plane is highlighted.

=% Partl (Default<<Defavlts_Ph. .

19 History
—E@ Sensors

[2] In Features Toolbar,
click Mirror.

#-{A] Annotations

“—§E Material <not specified =
—Q Front

A Top

—33 Right

% Origin

ﬂ—@ Sweepl

[ BossExtrudel

s, Aist

5

fral

\

[3] From the Part Tree (or
from the Graphics Area)
select the lower end plate
(Boss-Extrudel).

JEMinw £
(@

Mirror Face/Plane A

| Planet |

Features to Mirror A

@ E»c-ss-Edrudel

72



Qs

- I -

2.6-9 Create Fillets and Rounds

50
Extruded Revolved ﬂ Lofted Boss/Base
Boss/Base Boss/Base

Section 26 Transition Pipe 73

m@- @e PN

[5] From Head-Up Toolbar,
select Hide/Show
Items>View Planes to turn
off the planes display.

[6] The upper end plate. #

@ Swept Boss/Base

0y Ao wiap 154 r)s

. Swept Cut
@ ® Reference Curves [

Extruded Hole Revolved Lofted Cut

Cut Wizard Cut
| Boundary Boss/Base @ Boundary Cut

[I, 6] From Features

Toolbar, click Fillet.

I [3] Edge <I>.

Items To Fillet

Edge<1>

©)

v T1a ngent propagation

' Full preview [2] Type 0.125 (in) for
" Partial preview Radius and select the two
C HNo preview edges shown in [3,4].

[4] Edge <2>.

ISymmetric

A\ 0125in

Profile:

™ Multiple radius fillet

5

ICircuIar

P——

g A

*Isometric



Fillet ¥
] e
Fillet Type A
[10] Click
OK. VvlE
Items To Fillet A
@ Edge<l> (@]

v Tangent propagation

' Full preview

" No preview

" Partial preview
ISymmetnc

A\ 0.0625in Cf/é/

™ Multiple radius fillet

Profile:

=
T——

| Circutar

Section 26 Transition Pipe 74

[8] Edge <I>.

[7] Type 0.0625 (in) for
Radius and select the
two edges shown in [8, 9].

*lsometric

[9] Edge <2>.

model.

[11] The finished

*lsometric

[14] Save the part with the file name Pipe.
Close the file and exit SOLIDWORKS. #

[12] From Head-Up
Toolbar, select Display
Style>Shaded to remove
the edge display.

[13] Shaded model
without edge display.
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Threaded Shaft

2.7-1 About the Threaded Shaft [2] The threaded shaft

is a part of a clamping
assembly.

[I1The threaded shaft is a part of the clamping mechanism
mentioned in Sections |.| and 2.4 [2]. In this exercise, we
will create a 3D solid model for the threaded shaft.

[3] Major
diameter [4] Pitch
Unit: in d=.375in. p=1/16in.
’ D0.625 \/ [5] Thread form:
' Unified National
D0,266 375 I 6UNC Coarse. Do.250

0.438 3.750 0.875

‘ Pitch p ‘

[6] Details of the
threads. #

d=0375in
p=0.0625 in

H = (\/3/2)p = 0.0541266 in

d = d—% x 2 =0.307342 in

=0.015625 in

=0.0078125 in

Major diameter d

®lo AT

Minor diameter d|
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2.7-2 Start Up

[17 Launch SOLIDWORKS and create a new part. Set up IPS unit system with 3 decimal places for the length
unit. #

2.7-3 Create a Shaft Base

0.438 3.750 — 0875

—
L —

|

o)
5 8 8
= ['|] On Front [3] Use this line as the Axis of S &
plane, draw a R luti
sketch like this. evolution.
D;-I'j
Revolved
Boss/Base
- f
[2] Revolve (2.5-4[2], page 65)
R - the sketch 360 degrees to create
Lﬂ’? e £ I the shaft base. Use the bottom
@X line of the sketch as the Axis of
- - Revolution [3].
Axis of Revolution A
I
Direction1 A

[4] The shaft base. #

’\ [Blind 4

[A' 380.00deg |

*Trimetric
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2.7-4 Create Threads

~

[IT On the Front plane, draw a single line

of length 3.75 inches like this. Remember
V V to click Exit Sketch. This sketch will be

used as the sweeping Path.

8 & 7

[2] On the Front plane [5] From the Part Tree, select the
| d ketch of P ,d Sketch2 (created in [1]) for Path and
I;alzv ah§ eté © tr;pezm set up other parameters like this. Note
0.016 cIIicek tE)Islt ;IT&:tn:her:l'thois that the number of turns (60) is calculated
— - ketch will b d ) h by 3.75/0.0625, where 0.0625 (in) is the
s ezs/ve\év;inge;:ce)fi:les the thread pitch. Click OK. )

[4] Sketch3 is used
as Profile.

0.154

G

Profileand Path | A
0 Wlsketens o)

C | E——

. 0 A
[3] With Sketch3 (created = Q
. . . Qrientation/twist type:
¥ / in[2]) highlighted, from
Features Toolbar, click [fwistAlong Path O =]
W Swept Cut. Define by:
. ITurnS O ﬂ
| [60.000 o 4
[~ Merge tangent faces
= V' sh i
@ #10 45’ Swept Boss/Base [@ ﬂﬁ 0 ST
Extruded Revolved 8 Lofted Boss/Base Extruded Hole Revolved m Lofted Cut

L —
Boss/Base Boss/Base __, Cut

Wizard Cut
7] Boundary Boss/Base

@ Boundary Cut
‘ Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | Din

T —

S—
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[8] And click
[6] The threads. Sketch.

@o N-@- -
A Limension | - R+ O - A
. - - %

Features | Sketch | Weldments [ Mold Toc

I ———

[9] In the Sketch Toolbar, click
Convert Entities. This command
converts the selected entities (here, the
boundaries) into line entities. This

completes the sketch.

[10] Click Exit
Sketch.

BN\No [N-O-n- Dk
Exit Smart Irim agm . .
Sketch | pimension O- 28 - Al etite S tities 108 AT EEE
-®@ N ox . T Move Entities
Features | Sketch | Weldments | Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert

T — T

[1'1] In the Features
Toolbar, click [13] Click OK.#
Extruded Cut.

@ Swept Cut

Extruded |Hole Revolved Lofted Cut
Cut i
@ Boundary Cut

@ Swept Boss/Base

.
Extruded Revolved 8 Lofted Boss/Base
Boss/Base Boss/Base

@ Boundary Boss/Base

[Sketch Plane |

Direction 1 A

@ [Through Al (? |
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2.7-5 Create a Hole

0.219 a4

[I] On the Front plane, draw a circle like
this. Remember to click Exit Sketch.

-~
[2] With the sketch
= highlighted, from the
i Gt sty : ‘ Features Toolbar,
¥ R & select Extruded Cut
= and set up the

e &l parameters like this.

lSketch Plane j
Direction 1 A
@ IThrough All O/ j

7|
. @

™ Flip side to cut ioeia
Q) :
) & B

|_ Draft oubward

N\
(W Pirection 2 A
— [through A O =l

*Trimetric

[3]1 The finished
model.

[4] Save the part with the file name Shaft.
Close the file and exit SOLIDWORKS. #
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Lifting Fork

2.8-1 About the Lifting Fork

[T The lifting fork is used in an LCD (liquid crystal display) manufacturing factory to handle glass panels. In this
section, we will create a 3D solid model for the lifting fork.

The cross sections of the prongs (fingers) are not uniform along the length [2, 3, 4]. The Extrude command or
Sweep command can not be used to created the prongs. This exercise introduces a new command to create 3D
solids: Loft, which takes a series of profiles and creates a 3D solid that fits through these profiles.

[2] At the root, the
cross section is
160x60 (mm).

[4] At the midway,
the cross section is
130x20 (mm). #

[3] At the tip, the
cross section is
100x10 (mm).

Unit: mm
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2.8-2 Start Up

[IT Launch SOLIDWORKS and create a new part. Set up MMGS unit system with zero decimal places for
the length unit. #

2.8-3 Create a Transversal Beam

1
. 600 = ]
/
I \
[17 On Front plane,
draw a sketch like this.
[0 Boss-Extrude /]
(@)% & s
[2] Extrude the
T & sketch 200 mm to
[ sketch Plane =] create the transversal
beam.
Direction 1 A
| # | [slind |

1

& 200mm =

[3] The transversal

@ = beam.#
[T Draft ard

[ Direction 2 v|

[ Thin Feature v]

[ selected Contours ¥ |

*Trimetric



2.8-4 Create Two Planes

Section 28 Lifting Fork

*Trimetric

[5] Click OK.

Q Plane u

(v ) =

Message

»

Fully defined

First Reference

»

@ Face<1=

3\ | Parallel

| Perpendicular

4 | Caincident

L |',1\jm_;

[1200mm

[] Flipoffset

‘IT -
I
|

o~ -

= Mid Plane

T—

[4] Type 2 for Number of
planes to create.

%

Zkv
i

*Trimetric

Q Partl (Default=<Default>_Photo Works Display State=)

1:_:2] Sensars
[A] Annotations
3= Material <not specified >
<& Front
% Top
% Right
£, Origin

[2] And, from Features
Toolbar, select
Reference
Geometry>Plane.

Reference
Geometry

(&l Boss-Extrudel
{% Planel
S

[6] Two planes [7, 8]
are created.

([3] Type 1200 (mm).j

[8] Plane2.#

[7] Planel.

82
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2.8-5 Sketch Three Profiles

[3] Right-click Planel
and select Sketch.

[1] Right-click this face
M and select Sketch.

4

[5] Right-click Plane:) W &
Ry

and select Sketch.

31

EY
JoRT
e I
5®
5

[2] Create a rectangle of 160 mm x 60 mm
like this. Click Exit Sketch.

1 130

/
[4] Create a rectangle of 130 mm x 20 mmL
like this. Click Exit Sketch. J/ ]

100

[6] Create a rectangle of 100 mm x 10 mm L [

10

like this. Click Exit Sketch.#
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2.8-6 Create a Finger
[I] From Features Toolbar,

select Lofted Boss/Base.

[3] Click OK.
;;*3 Swept Boss/Base

= 4o =
Extruded Revolved [}. Lofted Boss/Base
Boss/Base Boss/Bas
Boundary Boss/Base

X | Features | Sketch | Weldments | Mold Tools

Ay

—

T—

%

o
- Sketch2 O
Sketchs O

[2] From Part Tree, select the

]

three sketches (in the order
shown) as Profiles. The order is
important.

[4] The created
finger. #

2.8-7 Create the Other Fingers

% Partl (Defavlt<<Defanlts_Photo Works Display State=)

({5 History

(7] Sensors

DHQ Annotations

3= Material <not specified=

[1] In the Part Tree,
highlight the finger.

[2] From the Features Toolbar,

Q Front
‘<9 Top . .
R Rigt click Linear Pattern.
{, Origin
® @ Boss-Extrodel
‘<\>\ Planel
) | Q Plane2 L .
o 3 S @ Loftl ot q | g [&d wrap ! f‘@j‘ cv ™~
Extruded Revolved [} Lo ut R e’ U8 prat @ Dome GZ::;(E UVES || Instant3D
y
Boss/Base Boss/Base iza
T B 0ss/Base cut | . = shel B8 Mirror . -
| Features | Sketch | Surfaces | Weldments [ Mold Tools | Data Migration | Direct Editing | Evaluate | DimXpert | Office Products |
T
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[6] Click OK.
[3] Select an edge for Pattern
Direction (see [4], click
Reverse Direction if the
direction is not rightward) and set
up other parameters like this.

/
dgecls O [4] Edge<I>.

(¢ Spacing and instances

9

" Up to reference

‘Q%: 430mm O E

4 o 4
Direction 2 A
’A(

&+ Spacing and instances

" Up to reference

\(;; 10mm =
o 1 4

[~ Pattern seed only

[V Features and Faces Py
Loftl
@ [5] Make sure
Geometry
attern is de- o
Iﬁ‘ P selected [7] Finished model.
[8odes ///
[hshnr.esmSl‘m v I
Options A
g sketch
sometry pattern
v Propagate visual
properties
" Full preview
(% partial preview

I ——

*Isometric

[8] Save the part with the file name Fork.
Close the file and exit SOLIDWORKS. #
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Chapter 3

Assembly Modeling




Shaft Assembly

3.1-1 Introduction

Section 3.1 Shaft Assembly 87

[17 In this exercise, we'll create a shaft assembly [2, 3].
The assembly consists of three parts: the Shaft [4]
created in Section 2.7,a Handle [5], and a Hinge
[6]. We use a coordinate system for the assembly
which is coincident with that of the part Shaft.

[2] The shaft assembly is a
sub-assembly of the
clamping mechanism.

[4] Shaft.

Unit: in

[5] Handle.

[3] Details of the
assembly.
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3.1-2 Open Shaft

document Shaft, which was
saved in Section 2.7.#

Mmﬁ,{ff?fﬁ‘( [Iéltfﬁné::::"limms}

3.1-3 Create Handle

0 .266
@ﬁvm-@v B <=-

T — m—

[I] Click New and create a
new part. Set up IPS unit ¥
system with 3 decimal places for L.U

the length unit.
[2] On Front plane, draw a
circle centered at the origin
like this.

in, using Mid Plane

[D) Boss-Extrude J]
@X G ([3] Extrude the sketch 3]

88

From a .
option.
ISketch Plane j 2
Direction 1 =y
=
[Midplane O 7|
7| |
& 3.000in o =
® - .
[4] Save the part with the
[T Draft outward % file name Handle.#
||- Thin Feature gl *Trimetric
[ Selected Contours v| G =
O-2(H-)-9-K]-8 5= -
————

T— —



3.1-4 Create Hinge
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©.750

W-%-9-K-8 5E-

—

[1] Click New and create a new part.
Set up IPS unit system with 3 decimal
.

places for the length unit. I_
) Boss-Extrude /|
@ )R Gy [3] Extrude the sketch 0.375 [2] On Front plane, draw a
inches, using Mid Plane circle centered at the origin
From A option. like this.
|sketen Plane |

Direction 1 ezl
Mid Plane 7
d

& 0375in o =

@) &
= Draft outward

[ Thin Feature ]
[Selected Contours ¥|

P——
Boss-Extrude 2

& )R G

From A
| sketch Plane |

d

[V Merge result

|: Draft outward

&, 0750in o) =

Direction 1
Mid Plane %

|~ Thin Feature

®.250

P

*Trimetric

¥

I—.K

[4] On Front plane, draw a
circle centered at the origin
like this.

[5] Extrude the sketch 0.75
inches, using Mid Plane
option.

N

"
Ikﬂ

*Trimetric
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©.250
/ EXEECI

Cut [7] In the Features
Toolbar, click
’ ' Extruded Cut.

[6] On Right plane,
draw a circle centered
*Right at the origin like this.

[8] Select Through All b
(for Direction I only). X

Direction T A
\i [Through A0 =l

”|

™ Flip side to cut

L 4

I~ Draft oubward

[9] The finished
part. [ Direction 2 ¥ |
||_ Thin Feature ¥ |
| selected Contours ¥
I ————————

Dvdr-@-n “ & -
i T— T
T )

. . [10] Save the part with the
Isometric file name Hinge. #




3.1-5 Create a New Assembly

| Window | Help @ L—%} - H v 53 v

Section 3.1 Shaft Assembly

[E\.
[I] If you pull down the Window = :
menu, you can see that three Part . Yo
documents are opened in the =5 | New Window
computer memory. We now Castade [2] Click New
create an assembly consisting of = | Tils Horizontally )
these three Parts. 0 | Tile Vertically
Arrange [cons
Clos A
[3] Select L Shaft
New SOLIDWORKS Document Assembly. | 2 Handle
[7| 3 Hinge
| T E
& 'l a 3D rey Lentation of a single design component Browse Open Documents... Ctel-Tab
Par Customize Menu
I —— —
\% ’ a 3D arrangement of parts and/or other assemblies
Assembly
==
[LL‘ |:| a 2D engineering drawing, typically of a part or assembly
A -
Drawing Ié Beww )
¥ % =
Message A

Advanced I

—

[5] In the Head-Up
Toolbar, turn on
View Origins.

| oK I Cancel Help
\ —
[4] Click OK.

[7] In the
Property Box,
select Shaft.

(DD

[6] This is the origin of the
new assembly. We now
insert the Shaft so that the
part's coordinate system
aligns with the assembly's
coordinate system.

Select a component to insert, then
place it in the graphics area or hit
OK to locate it at the origin,

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:
Handle
Hinge
‘ Browse...
[ Thumbnail Preview ¥
Options A

v Start command when creating
new assembly

[V Graphics preview
[ Make virtual
r Envelope

[V Show Rotate context toolbar

I ——

91



[8] Click the assembly's
origin. The Shaft is inserted
and its coordinate system
aligns with the assembly's
coordinate system. #

*Trimetric

3.1-6 Insert the Other Components

[T In the Assembly
Toolbar, click Insert
Components.

p’jsgummpgg File A\ Tools Window  Help ﬁ

Section 3.1 Shaft Assembly

- @ - - 8 - Asseml * |C/ Search files and models  § -| ? - @ R
Ry AT R LB -0 \H@@@@@@@@lﬂ%‘
B 13 ® K 5 X ™ £l
g Insert Linear Move Assembly Reference | =
Edil te Smart Show New Bill of Exploded Explode |[Instant3D| Update Take
mpo. Compenents Compone... o toners COMPONENt | yien | Features Geometry | \povon | Materials | view Line Speedpak | Snapshot
- Components - - udy Sketch
| Assembly mmqmr- | Evaluate | SOLIDWORKS Add-Ins | SOLIDWORKS MED | aaEn@- D s BB < &
"""""" KRR %) Assem! (Defoult<Defoult_Dis..
|§l.unr 7]
il [3] And click anywhere in
Message Al

Select a part or assembly to insert
and then place the component in
the graphics area. Use the push
pin to insert multiple copies of the
same or different components.

the Graphics Area to
temporally park the part.

Hit OK button to insert a
component at the origin.

Part/Assembly to Insert A

Open documents: 4

Hinge

@ shart

Browse...

[2] Select Handle.
\_

M~

*Trimetric

_ | Thumbnail Preview L2

Options A

Start command when
creating new assembly

¥ Graphics preview o0deg < X|Y|Z
™ Make virtual ~|| ;'UIU]U
HIECIRN[_Model

% LRI ITFFEIY T ENSESI T IITAANFVFTE I I

Leftch:k 1o place the component or use Tab or the rotate menu to change its orientation

[Fully Defined | [Editing Asembly | |

92
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[4] Repeat steps [1-3]
(last page) to insert the
Hinge. #

*Trimetric

3.1-7 Assemble Handle

i
Edit Insert M%ie
-~ Components\_

§ Concentricl s

rn e TN
Q | — — [1] In the Assembly
‘ | M\i\{” & Analys:s ———— Toolbar, click Mate.

face of the Handle.

Mmsuectmk\ A [
[

Face 1>@ || [4]The selected two 2] Select the cylindrical
faces appear here.

IR [6] Click OK to accept the
§ Pocaliel Concentric mate without
dismissing the Property Box.

_| | Perpendicular

Tangent

Cpneentric

ock rotation ¥

E — < *Trimetric

Mate alignment:

~
T —
[5] A Concentric tﬂ Select the cylindrica}

mate is automatically face of the Shaft's hole.
selected.
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[7] The Handle is assembled into the
hole of the Shaft. However, the
Handle is not well positioned yet (you
may move it using your mouse); an
additional Mate is needed. One way is —~

to align the Front plane of the Handle /
with the Front plane of the assembly.

*Trimetric
TT— ——
-9 fsseml (Defanlt<Defanlt Dis...
{19 History
(&) Sensors | Coincident1 ¥
B{A] Annotations [8] In the Part Tree (which is in LK B O
—&> Front the Graphics Area; expand the
f& Top tree if necessary), select Front |% Mates || & Anawsl
<2 Right plane of the assembly.
Ly Origin
Mate Selectio A
5@ (1) Shaft<1> (Default<<De... [11] Click OK to = =
E-RD () Handle<1 > (Defaultes... accept the Front_ _
R Mates in Aseml [9] Select Front plane Coincident mate L N
L % History of the Handle. Expand without dismissing the &
12| Sensors the tree if necessary. Property Box.
B-{A) Annotetions Y | stangard Mates P
3= Material <not spes’ incident
Q Front
Q Top \\ Parallel
< Right _
— 1. Origin [10] A Coincident | L | Perpendicular
{8 BossExtrudel mate is automatically -
#-% () Hings<1> Defavlte<D. . selected. AL
* @@ Mates )} Concentric
/’\
[12] This completes the assembly of
the Handle. The handle still can
rotate about its axis, however, we Mate alignment:
neglect this deficiency. # e

94
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3.1-8 Assemble Hinge

[2] Click this
cylindrical face
of the Hinge's
hole.

[11 While the Mate
Property Box is still
active (if not, simply click
Mate command again, see
3.1-7[1], page 93), click this
cylindrical face of the

Shaft.

[3] Click OK to
accept the
Concentric mate.

[4] The Hinge is not fixed

yet. Use your mouse to slide
the Hinge along the

Shaft's axial direction.

[5] Select the
circular face at the
end of the hole.

[6] And select this
circular face of the
Shaft.

[8] The Hinge is not fixed yet; it
can rotate about the Shaft's axial
Coincident2 s direction. We need one more
N 9 Mate.

[7] Click OK to accept
the Coincident mate.
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S i@ Asseml (Default<Default Dis...
+—{15] History
2| Sensors

(Al Annotati
% poal | [9] Select the Front
> plane of the assembly.

@ Top

&2 Right

L, Origin
+-§ (f) Shaft<1> (Defanlt<<De. .
:

I%% (-) Handle <1 > (Default<«...

% ® () Hinge<1 > (Defanlte<D...
%] Mates in Asseml
{5 History
*_:7" Sensors
FA] Annotations

[ §E Material <not specified =

*@ Front

*:<§\ Top

< Right [10] Select the Front plane

—L Origin of the Hinge. Expand the

# (8 BossExtrudel tree if necessary.

[ BossExtrude?
- #{@) CorExtrude1
w0 Mates

[11] Click OK to accept
the Coincident mate. Click
OK again to dismiss the
Mate command.

[12] The finished
assembly. Note that
we've turned off the

View Origins from the
Head-Up Toolbar.

*Trimetric

[13] Save the assembly with the
file name ShaftAssembly. The
full name of the document is
ShaftAssembly.SLDASM.
Exit SOLIDWORKS. #

O-2 2-9- (K]]8 -

T— S

96
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Universal Joint

3.2-1 Introduction

[17 In this exercise, we'll create a universal joint [2]. The assembly consists of four kinds of parts [3-6], of which the
Yoke [3] was created in Section 2.3.

[5] 4 x Bushing. 3] 2 x Yoke
0D0.75, 1D0.50, >® [(]created in
L0.60.

Section 2.3).
[6] 4 x Pin.
D0.50, L1.35.#
[2]1 The \
universal
joint. %

Unit: in.

[4] Swivel.
0OD1.00,1D0.50,
L2.15.




3.2-2 Open Yoke

D@-ll = \ J T =l ~

\- ——

[1] Launch SOLIDWORKS.
Open the part document Yoke,
which was saved in Section 2.3. #

3.2-3 Create Swivel

‘B-%-9- -8 SE-

[I] Click New and create a
new part. Set up IPS unit
system with 3 decimal places for
the length unit.

[2] Create a 3D model like this. Use
any coordinate system as your
convenience. Save the part with the

file name Swivel. #

.

*Trimetric

Section 32 Universal Joint

1.0

98
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3.2-4 Create Bushing

(O 809: @SB

[1] Click New and create a

new part. Set up IPS unit o’

system with 3 decimal places for
the length unit.

[2] Create a 3D model like this. Use
any coordinate system as your \\
convenience. Save the part with the

file name Bushing. #

W
¥

)*w;: $0.75 905

*Trimetric

3.2-5 Create Pin

«..&'H*f@'&)v[@-m 21 k=l -

[I] Click New and create a
new part. Set up IPS unit
system with 3 decimal places for
the length unit.

[2] Create a 3D model like this.
Use any coordinate system as
your convenience. Save the part
with the file name Pin.#

v
|

)\5 $0.5

*Trimetric
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3.2-6 Create a New Assembly

Window | Help & |_] - Lj’ v H' = v B@ "@
[I7 If you pull down the Window
i »
menu, you can see that four Part Viswport
documents are opened in the =5 | New Window
computer memory. VWe now create Cascade 21 Click New
an assembly which consists of these 5 | Tile Horizontslly [2] Clic ew.
four kinds of Parts. (11 | Tile Vertically
Arrange Icons
Cloz= AL
[3] Select 1 Yoke
New SOLID WORKS Document Assembly. \ 2 Swivel
J 3 Bushing
\' \ J’l a3Dr sentation of a single design component |i| 4 Pin
Browse Open Documents. .. Ctil-Tab
Part
Customize Menu
3 a 3D arrangement of parts and/or other assemblies —r— —
Assembly
[ |
& |:| a 2D engineering drawing, typically of a part or assembly
a N ’
Drawing |§ Bm‘semuy {
¥ X =
Message A
Advanced | oK I Cancel Help Select a component to insert, then
Q place it in the graphics area or hit
\ OK to locate it at the origin.
FR— — Or design top-down using a Layout
with blocks. Parts may then be
. created from the blocks.
[4] Click OK.
Create Layout
Part/Assembly to Insert A
£ Open documents:
LA ¥ W@ B

Bushing
Pin

[7] In the
Property Box,

select Swivel. Yoke

[5] In the Head-Up Browse..
Toolbar, turn on —_—— .
View Origins. Eienen
Options A

[6] This is the origin of the v Start command when creating
new assembly. We now ¥ new assembly
insert the Swivel so that
the part's coordinate system
aligns with the assembly's
o8 coordinate system. I Envelope

[V Show Rotate context toolbar
P

I ——

v Graphics preview

[~ Make virtual




PR .

—/\——

[9] Select IPS unit

system. #

Section 32 Universal Joint 101

[8] Click the origin. Now the
Swivel is inserted and fixed
in the space. It's okay if your
origin is not at the center of

the Swivel.

3.2-7 Insert Bushings and Pins

|glnseﬂ(:ompunmt ¥
« R B
Message A

Select a part or assembly to insert
and then place the component in
the graphics area. Use the push pin
to insert multiple copies of the same
or different components,

Hit OK button to insert a
component at the origin,

Part/Assembly to Insert A
Open documents:

Bushing O/

Pin

Swivel O\

Yoke

| Browse... |

[Thumbnail Preview

«

Options A
Start command when creating
v
new assembly

¥ Graphics preview
[~ make virtual

[~ Envelope

[¥ Show Rotate context toolbar

| —

[1, 3] In the Assembly
Toolbar, click Insert
Components.

[2] Select Bushing
and click anywhere in
the Graphics Area
to park the part. e
Repeat steps [I, 2] —
three more times.

Assembly Sheet !

——

[4] Select Pin and click anywhere in the
Graphics Area to park the part.
Repeat steps [3, 4] three more times. #

m o
o/

&
& IV
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3.2-8 Assemble Bushings and Pins

£
A meert {8 [1] In the Assembly
_Edt Component\ @t Toolbar, click Mate. e
Assembly | Layout | Sheetl
P—

[2] Create 8 Concentric
Mates, so that each Bushing
and each Pin aligns with its
respective cylindrical face in the
Swivel. Use your mouse to
drag the parts to appropriate

positions.

[3] While the Mate command is
still active, click an outer face of
the Swivel.

*Trimetric

[§ Coincident1 7
[4] and click the ¢ R B &

inner face of the :
corresponding |% Ma‘“' & Aﬂa'ﬂ“l

Bushing.

Mate Selections A
@Ei" ’7 Face<7> @Swivel-1

Face<8> @Bushing-4

@in

Standard Mates
Coincident
\\ Parallel

l Perpendicular

N\ Tan gent

>

[5] Click OK to accept the Coincident
mate. Repeat [3, 4] for other 3 Swivel/ =} P
Bushing pairs. Finally, click OK to [Ryflosedes
dismiss Mate command.

Mate alignment:

J £




3.2-9 Assemble Yokes

|§llsut00nwlmt Ed
« R 42
Message "

Select a part or assembly to insert
and then place the component in
the graphics area. Use the push pin
to insert multiple copies of the same
or different components.

Hit OK button to insert a
component at the origin.

Part/Assembly to Insert e

Open documents:

Bushing
Pin

Swivel

‘ EBrowse... ‘

Start command when creating
I~
new assembly

[V Graphics preview
[~ Make virtual
[~ Envelope

[V Show Rotate context toolbar

P ——
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N

[6] Four

Bushings are at

their positions
now. #

[1] Click Insert

lick M .
Components. [3] Click Mate

Assembly Sheet!

P—————

[2] Select Yoke and click
anywhere in the Graphics
Area to park the part. Repeat
steps [, 2] one more times.

/

[5] And select the cylindrical
face of a hole of a Yoke. Click
OK to accept the Concentric

mate.

[4] Select the cylindrical
face of a pin.
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[6] Drag the Yoke to a
position roughly like this.

4 N
[8] And select the
cylindrical face of a
hole of another
Yoke. Click OK.
to accept the
Concentric mate.

z&
[7] While. the Mate corpmapd is [16] Click OK to . 3
still active, click the cylindrical accept the mate. e ?
face of another pin. 5 ¢
| Mates|| £ Analysis|
[I5]Th
- - e
[13] The selected two \Width selections: selected two
faces appear hear. — Eace<i>§:o:ei faces appear
ace<4>@Yoke-
hear.
Tab selections:
Face<5> @Bushing-3

[12] Click this face Face<5>@Bushing-1

and the symmetric
face on the other side. [Standard Mates v|

Advanced Mates (/Q
[E) Profile Center
[14] Click this face Syt
and the symmetric dth
face on the other side. nstraint
ICentered ;l
J™ Path Mate

[I'1] Select
Width.

~

[9] Drag the lower Yoke to
a position roughly like this.

)

PN

*Isometric

[10] Click

linearling A dvanced Mates.

3.500in
@ Odeg

Mate alignment:

=y

4

P——————
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[17] Now, the middle plane of
Yoke's two selected faces is
coincident with the middle
plane of Bushings' two
selected faces.

[18] Repeat foregoing
procedure (steps

[I'1-16], last page) for the

lower Yoke.

[217And click
this face.

[20] Click this
face.

[22] Click OK.

*lsomatric

[19] Click Standard

[25] Note that the

¥ swivel is fixed (3.2-6[8],
page 101). The Yokes
can be move relative to
the Swivel. Now, we

want to release the

Swivel and fix the upper

Yoke instead. #

Mates.
Parallel
: [24] Repeat the
ERAET R foregoing procedure
A\ Tangent (steps [20-22]) for 3
- other pins. Finally,
(Q:I Concentric click OK to dismiss

Mate command.

Lock
[54.53657392mm =

N—

Mate alignment:

Flsometric

[23] Now, a
Pin's outer
face aligns with
a Yoke's outer
face.




3.2-10 Fix Upper Yoke

E@ Asseml (Default<Default_Display State-1x)
[+ @ Hismry

(7] Sensors
(A Amnotations

<& Front

Q Tap

& Right

0
{f) Swivelsl > (Default<<Default>_PhotoWorks Display SM\

{-) Bushing=1» Gjefau.lt«Defaulh_PhntuWurks Display Statex)
% {-) Bushing<2> (Default<<Defavlt>_Photo Works Display State=)
% {-) Bushing=3> (Defavlt«<Default>_Photo Works Display State=)
9§, () Bushing<4> (Default< <Default-_Photo Warks Display State>)
% (=) Pin<1 > {Defavlt<<Default>_Photo Works Display State=)

% {-) Pin<2> (Defavlt<<Default=_Photo Works Display State=)

Q (-) Pin=3> (Defavlt<<Default=_Photo Works Display State=)

% {-) Pin<4> {Defavltz<Default=_Photo Works Display State=)

(5 (=) Yoke<1> (Default<<Default>_Photo Warks Display State=)
% {-) Yoke<2> (Defavlt<<Default>_Photo Works Display State =)

- [ilfil Mates

T—

—

[3] Click Front plane

=9 Aseml Defanlt<Defanlt Dis...
grent (Betukbetvit B of the assembly.

{A] Annotations
Front
:<§ Top O
& Right O
Origin

Section 32 Universal Joint 106

[ITAn (f) before the Swivel indicates that the Swivel is
fixed. Right-click the Swivel and select Float from the
Context Menu. The (f) sign turns to (=) sign, indicating
that it is not fixed any more. Using your mouse, you can
move every part of the assembly. Let's fix the upper Yoke.
To do that, you could simply right-click Yoke<1> and
select Fix from the Context Menu. Another way is to
create three Coincident Mates [2-4].

Assembly Sheet! [2] Click Mate.

—

[5] Now, the upper Yoke
is fixed in the space.

% (-} Swivelzl> (Defanltez...

8 () Bushing=1> (Defaulte..
B () Bushing=2> (Defalte...
["F@ (-) Bushing<3> (Default<...
B () Bushing=d> (Defaulte...
8y () Pin<1> (Default<<Defa...
# 8 () Pin<2> (Default<<Defa...
% () Pin<3> (Defaulte<Defa...
@ () Pin<d> (Defaulte<Defa...
2§ () Yoke<l> Default<<D _
#{%] Mates in Asseml
{0 History

M Sensors

Al Annotations
‘i-:. Material <
_& Front
*Q Top O
—& Right O

—J» Origin

specified =

O

[4] Click Front plane of the
upper Yoke (Yoke<I|>).
And click OK. Repeat [3, 4]
for Top plane and Right
plane. Click OK to dismiss
Mate command.

Y
[7] Save the assembly . ‘,L‘%
with the file name ‘
Joint. Exit *Isometric

SOLIDWORKS. #

[6] Use your
mouse to move
the lower Yoke.

2 ()s-9- -G8 Ga-

i

—



Clamp

3.3-1 Introduction
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[17 In this section, we'll create a clamping mechanism mentioned in Sections 1.1,2.4,2.7,and 3.1. The assembly
consists of 8 kinds of components [2-9], of which the Arm [2] was created in Section |.1, the Support [3] was
created in Section 2.4, and the ShaftAssembly [4] was created in Sections 2.7 and 3.1. Details of other

components are shown in [10-15].

[4] ShaftAssembly
(see details in pages 75

and 87). [5] Grip (see details in

[10], next page).

[9]1 HingeB (see details
in [14, 15], next page).

[6] PinA (see details
in [11], next page).

[2] Arm (see
details in page 3).

[3] Support (see
details in page 56).

[7] PinB (see details in
[12], next page).

[8] PinC (see details in [13],
next page).
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[10] Details of Grip. [I1] Details of PinA.
0375 V D0.312 \/
Do2s D0312
5
S (] i
ws °
1.375 | 075
Thickness: 0.25 ‘
Unit: in.
[12] Details of PinB. [13] Details of PinC.
D0.312 D025 D03I2

D0.25

0.75 0.375

1.125 1.125
\ | \ \
[14] HingeB. The [15] Details of HingeB. #
internal threads are
neglected here. \/
D0.75
‘ D0.375 [Through Al
D0.25

| 0.75 |
| 10 |




3.3-2 Create Grip

[1] Launch SOLIDWORKS.
Click New to create a new part.
Set up IPS unit system with 3
decimal places for the length unit.

3.3-3 Create PinA

B-H-%-9-K-0 FE-

— —

[1] Click New to create a new
part. Set up IPS unit system with 3
decimal places for the length unit.

3.3-4 Create PinB

B-d-%-9-(K-8 -

T— T

[I] Click New to create a new
part. Set up IPS unit system with 3
decimal places for the length unit.

Section 33 Clamp

name Grip.#

convenience. Save the part with the file i

[2] Create a 3D model like this. The
details are shown in 3.3-1[1 1] (last page).
Use any coordinate system as your
convenience. Save the part with the file
name PinA.#

,

[2] Create a 3D model like this. The

details are shown in 3.3-1[12] (last page).

Use any coordinate system as your

convenience. Save the part with the file

name PinB.#

109

[2] Create a 3D model like §

details are shown in 3.3-1]10] (last page).
Use any coordinate system as your
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3.3-5 Create PinC

B -9 -G8 SE-

- — N

[I] Click New to create a new
part. Set up IPS unit system with 3
decimal places for the length unit.

[2] Create a 3D model like this. The
details are shown in 3.3-1[13] (page
108). Use any coordinate system as
your convenience. Save the part
with the file name PinC. #

3.3-6 Create HingeB

B-d-%-9 -G-8 -

— S —

[I] Click New to create a new
part. Set up IPS unit system with 3
decimal places for the length unit.

[2] Create a 3D model like this.
The details are shown in 3.3-1[14,
I5] (page 108). Use any coordinate
system as your convenience. Save

the part with the file name
HingeB.#
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3.3-7 Create a New Assembly and Insert a Support

B-H-2-9- K8 5 E-

——

[2] Select
Assembly. x|

New SOLIDWORKS Document

a3Drg sentation of a single design component

a 3D arrangement of parts and/or other assemblies

Assembly

& IZ' a 2D engineering drawing, typically of a part or assembly

Drawing

H.i_,._..

.:*
Advanced I | oK I Cancel Help
[4] In the
Head-Up 5
Toolbar, turn 3] Click OK
on View [3] Clic ’
Origins. 2 )
% [5] The assembly's origin.
- |/? Begin Assembly 7
(1]
& R =
&
Message A

Select a component to insert, then
place it in the graphics area or hit

. .. OK to locate it at the origin.
[7] Click the origin. The
P Or design top-down using a
Suppor,t Is mserted and ﬁxed Layout with blocks. Parts may then
in the Space. be created from the blocks.
Create Layout
[6] Click Browse and open UL R U T A
the part Support, which was SEENCEEIETS
saved in Section 2.4. ' Grip
% HingeB
% PinA
% PinB
PinC
(o
¢ — [8] Select IPS F——

unit system. #

P——————
*Trimetric



3.3-8 Mirror the Support

~
[2] For Mirror

o T ‘ plane, select the

o foread S, Linear & Front plane of the

. Components == Compon... Fai[:: assembly (see [3])
o [——=

heet| FE

Assembly S

Linear Component Pattern

34 | Circular Component Pattern

=9 Aseml (Defoult<Default Dis..

kR
L]
é’

o
% Curve Driven Component Pattern

g: Chain Component Pattern
[hli | Mirror Components Q

Pattern Driven Component Pattern

Sketch Driven Component Pattern

Section 33 Clamp

Il‘.lli Mirror Components

=

& R

Step 1: Selections

= ©

Select face/plane to mirror abou
and the components to be
mirrored.

Selectiol

%irror pla

Front

[6] Click
Next.

Components to Mirror:

Support-1

|

[4] For Components
to Mirror, select
Support from the

Part Tree (see [5]).

l

[9] It says that the geometry
of the mirrored Support is
different from the original one.
By default, a new file with the
name MirrorSupport (in
the same folder as Support)
will be created.

#{f9] History \
Ell im;fﬁo 3 [I] In Assembly Toolbar, pull-down
[ ant [ ]IThe Ff':“t Linear Component Pattern and
e o plane of the select Mirror Components.
<\> Tap assembly.
43 Right
| @ o [51The | [Flimi
+ % {f) Support<1> (Defaults<.. Support Mirror Components
B v )X @O
|D‘|i Mirror Components e a
= The mirrored components

¢ X selected in step 2 need new

- - geometries. This may be new
Step 2: Set Orientation . files or new configurations in
Verify the orientation of the . existing files. Specify the new
components to be mirrored //nd [|0] Click OK. configuration or file name using
adjust accordingly using tl Click Yes for the options below. | —
buttons below .

any warning
messages.
Orient Components A %/ Opposite Hand Versions 2~
& suwpory
[8] Click
Next. [I'1] Save the assembly
with the name Clamp. #

[7] Click Create
opposite hand

version.
Reorient mponents
ofid [, |
Mirrar pe:

*/Bounding box certer

Center of mass

Create opposite
hand version

Q

Isolate selected component

Create new derived
" configuration in existing
files

¥ Create new files

|Add prefix

| Mirrar

™ Place files in one folder

*Isometric

112
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3.3-9 Unfix the Supports

@ Asernl (Defanlt<Default Display State-1x)

. ({5) History
E’ Sensors

e @ Annotations
&y Front
&y Top
%y Right

[
tes
& [} YliorComponent

pportz] = (Default< <Defavlt> Photo Works Display States) gi

[2] Right-click Support and
select Float from the
Context Menu. The (f) sign
turns to (=), indicating that
Support is not fixed now.

[I] In the Features Tree,
an (f) sign before Support
indicates that it is fixed.

3.3-10 Assemble Two PinBs

[1] In the Assembly
Toolbar, click Insert
Components.

*Trimetric

[3] Using your mouse, drag the original
Support so that the original and the
mirrored Supports separate from
each other like this. Note that we've
turned off View Origins, #

[3] Hold the Control key and click-
and-drag PinB. Another PinB is
duplicated.

5\5

[4] Click Mate.

Part/Assembly to Insert

Open documents:

Grip

(anywhere in the Graphics

[2] Select PinB and park

Area.

HingeB

PinA

PinC

Browse...

*Trimetric
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[5]1 Apply 2 Concentric
Mate and two Coincident
Mates to assemble this
PinB (see [6]).

)y

[6] After the assembling,
the spacing between two
Supports is 0.75 in.

[7]1 Apply 2 Concentric Mate
and a Coincident Mate to
assemble this PinB (see [8]).

[8] Both PinBs
are assembled. Click
OK to dismiss
Mate command.
Save the file.

@ Assemn] (Default<Default Display State-12)

e Hiacey
-] Sensors
[A] Annotations
% Front
“{Q Top
3 Right
.1, Origin
@ (-) Bupport<1 > {Default<«Defanlt>_Photo Works Display State=)
8 <1> (Default<=Lelaplt>_| orks Display >
& % (-) PinB«2> (Default<=Defgplt> Photo Works Display States=)
@[ﬂ] Mates
- MirrorComponent!
— I —
[9] Right-click Support<I> and . .
select Fix from the Context [10] An error messages window may appear when executing
Menu. The (-) sign turns to (f), step [9], saying that the assembly is over defined. The
indicating that the Support s fixed assembly is actually not over defined. To fix this problem,

in the space. If an error messages close the messages window, right-click Support<I1> and
window appears, see [10]. select Float, and execute step [9] again. #
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3.3-11 Assemble PinC

[2] Apply a )
Concentric Mate
and a Width Mate
(Advanced Mates)

to assemble PinC.
Dismiss Mate
command. Save the

Part/Assembly to Insert A

Open documents:

Browse. ..

[1] In the Assembly Toolbar,
click Insert Components,
select PinC and park anywhere

in the Graphics Area.

3.3-12 Assemble Arms

[2] Apply 2 Concentric
Mate and a Coincident
[1] In the Assembly Mate to assemble the Arm.

Toolbar, click Insert Dismiss Mate command.

Components, browse
and open Arm, which

Part/Assembly

Open documents:

Grip . . [3] Hold the Control
HingeD was saved in Section .1, e d click-and-d
b and park anywhere in the Aey an Af 'c r;an A rag
Ping Graphics Area. rm. Another Arm
o is duplicated.

Browse, .,

[4] Repeat step [2] for the
new Arm. Note that the
spacing between two Arms is
0.375 inches.

4 [6] Create a
Concentric Mate
so that the two
Arms align with
each other. Dismiss
Mate command.
Save the file. #

\_

[5] Note that each
Arm can rotate
about the PinC

independently.

*Isometric




3.3-13 Assemble PinA

Part/Assembly to Insert

»

Open documents:

Grip

HingeB

[17 In the Assembly Toolbar,
click Insert Components,
select PinA and park anywhere
in the Graphics Area. ¥

N

*lsometric

\
[3] Click to switch to
Standard Mates.

3.3-14 Assemble Grip

(Y
[6] Click Parallel.
Click OK to
accept the
Parallel Mate.

Part/Assembly to Insert

Open documents:

[I] In the Assembly Toolbar,
click Insert Components,
select Grip and park anywhere
in the Graphics Area.

HingeE
Pind
FinB
RinC

dismiss the Mate
command. Save
the file.

Browse...

[4] Select the top face (or
bottom face) of the Grip
and the assembly's Top
plane (or any horizontal

face, such as [5]).

N
Click OK again to —8 ))ara“ﬂ
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[2] Apply
Concentric Mate and a
Width Mate
(Advanced Mates) to
assemble PinA. Dismiss
Mate command. Save the

File.#

|% Mates @ Anatysisl

Mate Selections A

| Face<7>@Grip-1

Standard Mates { &

}( Coincident
A~

N

J_ Perpendicular

i -
W =

Mate alignment:
G

| Advanced Mates ¥

| Mechanical Mates ¥ |

[5] You may select

this horizontal face.
*Isometric

[2] Apply 2 Concentric Mate and a

Width Mate (Advanced Mates)

to assemble Grip. Note that the
Grip can rotate about PinA.




*Isometric

3.3-15 Assemble HingeB

Part/Assembly to Insert

Section 33 Clamp 117

[7] Drag the Grip to
make sure that it keeps in
a horizontal position. #

/

[1] In the Assembly Toolbar,

Open documents:

s Hingeb o

T——

S

‘ Browse. ..

click Insert Components,
select HingeB and park
anywhere in the Graphics
Area.

*Isemetric

[2] Apply 2 Concentric
Mate and 2 Width Mate
(Advanced Mates) to
assemble HingeB. Dismiss

Mate command. Save the file.
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3.3-16 Assemble ShaftAssembly

[3] And apply a Concentric

Mate between the hole of
HingeB and a cylindrical surface
of Shaft. Dismiss Mate

Part/A: bly to I t
abidaeacabbiiodnis command. Save the file.

Open documents:

»

Grip
HingeB
PinA
PinE
PinC

[2] Apply a
Concentric Mate
between this
cylindrical surface and

a hole in Arm.

| mowse. | [AllFiles (-2) -

[1] In the Assembly
Toolbar, click Insert
Components, browse and
open ShaftAssembly, which
was saved in Section 3.1, and
park anywhere in the
Graphics Area.

*Isametric

3.3-17 Test the Clamping Mechanism

[I] Drag any component to see
how the mechanism works.
Note that the Grip keeps

horizontal.

[2] Exit SOLIDWORKS. #

*Isometric




Index

Add Relation, 10, 15,45
Advanced Mates, 104, | 14
Angle dimension, 19,44
Arm,3,16,107,115
Arm.SLDPRT, 16
Assembly, 91, 100
Assembly Modeling, 86
Assembly Toolbar, 92, 93
At Angle, 71

Axis of Revolution, 76
Axisymmetric, 62

Base Body, 38, 42

Boss, 42

Boundaries, 78

Box-Select, 64

Browse, | | |

Bushing, 97, 99

Centerline, 19, 45
Centerpoint Arc, 24, 44
Circle, 6, 1 |

Circular Pattern, 47
Circular Sketch Pattern, 21
Clamp, 107, 112

Clamping assembly, 3, 56, 75
Clamping mechanism, 87, 107, 118
Clear Selections, 2|
Coincident, 94, 102

Color Codes, 6
Components to Mirror, |12
Concentric, 93, 95
Constant size, 6|
Construction Geometry, 18, 44
Context Menu, 6, 8
Control, 113, 115
Control-Middle-Button, 7
Convert Entities, 78
Coordinate system, 87,91

Index

Crank, 37

Create opposite hand version, | 12
Depth, 70

Direction 1,90

Display Style>Shaded, 74
Distance, 10

Document Properties, 5,7
End Condition, 42, 55
Entities to mirror, 64
Entities to Pattern, 21
Equal, 10

ESC, 6, 10, 12

Exit Sketch, 15, 67,77
Extrude, 22,27,41
Extruded Boss/Base, |15
Extruded Cut, 42,78
Extruding Depth, I5
FeatureManager Design Tree, 8
Features, 40

Features to Pattern, 47
Features Toolbar, 15
Features Tree, 6, 8,42
File>Close, 16

File>Exit, 16
File>New, 4

File>Save, 16

Fillet, 53,73

Fillet radius, 14

Finger, 84

First Reference, 71

Fix, | 14

Fixed, 106

Flip, 59

Float, 106, 113

Font, 7

Font size, 7

Fork, 85
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Front, 6

Full Round Fillet, 52,53

Geneva, 49

Geneva Gear Index, 43
Geometry pattern, 85

Global coordinate system, 3
Graphics Area, 6,8

Grip, 107,108,109, | 16

Handle, 87, 88

Head-Up Toolbar, 9, 25
Hide/Show Items>View Planes, 73
Hide/Show Items>View Sketch Relations, 25,51
Hinge, 87, 89

HingeB, 107,108, 110, | 17

Hole, 42,48

Hole Type, 48

Hole Wizard, 49, 53

Horizontal, 10, 39, 45

Horizontal dimension, 9

Image Quality, 7

Inference Line, 9

Infinite length, 18,26

Insert Components, 92, 101
Insert>Boss/Base>Extrude, 15
Insert>Boss/Base>Revolve, 65
Insert>Boss/Base>Sweep, 68
Insert>Cut>Extrude, 42
Insert>Features>Fillet/Round, 52
Insert>Features>Hole>Wizard, 48
Insert>Pattern/Mirror>Circular Pattern, 47
Insert>Reference Geometry>Plane, 54
IPS, 5, 17

Isometric, 41

Joint, 106

LCD, 80

Line, 12, 15

Linear Component Pattern, | 12
Linear Pattern, 84

Linear Sketch Pattern, 21

Liquid crystal display, 80

Loft, 80

Lofted Boss/Base, 84

Major diameter, 75

Mate, 93, 102

Mid Plane, 52

Mirror, 64,72, 112

Mirror about, 64

Mirror Components, |12

Index

Mirror plane, |12

Mirroring plane, 72
MirrorSupport, | 12

MMGS, 38

Mouse functions, 7

Mouse Wheel, 7

New, 88

Next, | 12

Normal To, 41, 67, 69
Number of Instances, 21,47
Number of planes to create, 82
Offset distance, 54, 59
Options, 5

Over-defined, 6

Pan,7

Parallel, 45

Parallel mate, 116

Park the part, 92

Part, 4,42

Part documents, 91

Part Modeling, 36

Part Tree, 8

Path, 66

Pattern Axis, 47

Pattern Direction, 85

Pierce, 67

Pin, 97,99

Pin down, 4

PinA, 107,108,109, 1 16
PinB, 107,108, 109, 1 13
PinC, 107,108,110, |15
Pipe, 73

Pitch, 75

Positions, 48, 53

Profile, 62, 66, 84

Property Box, 10

Pull-Down Menus, 4

Radius, 14,73

Ratchet, 22

Ratchet stop, 17,23

Ratchet Wheel, 17,23
Reference geometries, 42, 54
Reference Geometry>Axis, 70
Reference Geometry>Plane, 59,71, 82
Reverse Direction, 55, 70, 85
Revolve, 62, 65,76

Right, 71

Round-cornered box, 4
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Save, |16

Second Reference, 71|

Shaft, 79, 87, 88

Shaft Assembly, 87
ShaftAssembly, 96, 107, | 18
ShaftAssembly.SLDASM, 96
Sharp-cornered box, 4
Sketch, 6

Sketch Fillet, 14, 15, 39
Sketch Toolbar, 9, |5
Sketching, 2

Smart Dimension, 6,9
SolidWorks, 4

SolidWorks Terms, 4
Standard Mates, 105, 116
Standard Views Toolbar, 41, 67, 69
Stop, 27

Sub-assembly, 87

Support, 56,61, 107,111,113
Sweep, 66, 68

Sweeping Path, 77

Sweeping Profile, 77

Swept Cut, 77

Swivel, 97,98

Symmetric, 45

Tangent, 25, 45

Tangent Arc, 24

Tangent line, 13
Textboxes, 4

Thread form, 75

Through All, 42,78

Toolbar, 8, 16
Tools>Options, 5
Tools>Sketch Tools>Circular Pattern, 21
Tools>Sketch Tools>Mirror, 64
Top, 54

Transition Pipe, 66

Trim Entities, 13, 15

Trim to closest, 13

Two Planes, 71

Undo, 7, 13

Unfixed entity, 46, 51
Unified National Coarse, 75
Units, 5

Universal Joint, 50, 97

Up To Surface, 55

User interface, 4

Vertical, 11,39

Index

View Orientation>lsometric, 4|
View Orientation>Normal To, 40
View Origins, 91, 96, 100

View Planes, 55, 60
Well-defined, 6

Wheel, 62, 65

Width Mate, 104, 15,116
Window, 16,91

Yoke, 50, 55, 97,98, 103, 106
Zoom infout, 7

Zoom to Fit, 9
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