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About This
Course

Prerequisites

Course Design
Philosophy

Using this Book

Laboratory
Exercises

A Note About
Dimensions

About This Course

The goal of this course isto teach you how to build freeform shapes
using SolidWorks mechanical design automation software.

Thetools for modeling advanced, freeform shapes in SolidWorks 2006
are quite robust and feature rich. During this course, we will cover
many of the commands and optionsin great detail. However, itis
impractical to cover every minute detail and still have the course be a
reasonable length. Therefore, the focus of this course is on the
fundamental skills, tools, and concepts central to successfully building
multibody and freeform shapes. You should view the training course
manual as a supplement to, not a replacement for, the.system
documentation and on-line héelp. Once you have developed a good
foundation in the skills coveredinthis course/you canrefer to the on-
line help for information on less frequentlyused command options.

Students attending.this course are expected.to have the following:

m Mechanical design experience,

m Completed the course SolidWorksEssentials. Parts and
Assemblieés.

m Experience with the Windows™ operating system.

Thiseourse is designedaround a process-based (or task-based)
approach to training. Rather'than focus on individual features and
funetions, a process-based training course emphasi zes the processes and
procedures you follow to complete a particular task. By utilizing case
studies todllustrate these processes, you learn the necessary commands,
options and menus in the context of completing a design task.

Thistraining manual isintended to be used in a classroom environment
under the guidance of an experienced SolidWorks instructor. It is not
intended to be a self-paced tutorial. The examples and case studies are
designed to be demonstrated “live’ by the instructor.

L aboratory exercises give you the opportunity to apply and practice the
material covered during the lecture/demonstration portion of the
course. They are designed to represent typical design and modeling
situations while being modest enough to be completed during class
time. You should note that many students work at different paces.
Therefore, we have included more lab exercises than you can
reasonably expect to complete during the course. Thisensuresthat even
the fastest student will not run out of exercises.

The drawings and dimensions given in the |ab exercises are not intended
to reflect any particular drafting standard. In fact, sometimes dimensions
are given in afashion that would never be considered acceptablein
industry. The reason for thisisthe |abs are designed to encourage you to
apply the information covered in class and to employ and reinforce
certain techniquesin modeling. Asaresult, the drawings and dimensions
in the exercises are done in away that compliments this objective.
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Bound inside the rear cover isa CD containing copies of the various
filesthat are used throughout this course. They are organized by lesson
number. The Case Study folder within each lesson contains the files
your instructor uses while presenting the lessons. The Exercises
folder contains any files that are required for doing the laboratory
EXercises.

The screen shots in this manual were made using SolidWorks 2006
running on Windows® 2000 and Windows® XP. You may. notice
differences in the appearance of the menus and windows. These
differences do not affect the performance of thesoftware.

Thismanual uses the following'typographic conventions:

Convention Meaning

Bold Sans‘Serif SolidWorks cemmands and options appear in
this stylerFor. example, Insert, Boss means

choose the Boss option from the Insert menu.

Typewriter Feature names and file names appear in this

style: For example, Sketchl.

17 Do this step

Double lines precede and follow sections of
the procedures. This provides separation
between the steps of the procedure and large
blocks of explanatory text. The steps
themselves are numbered in sans serif bold.

The SolidWorks 2006 user interface
makes extensive use of color to
highlight selected geometry and to
provide you with visual feedback.
This greatly increases the
intuitiveness and ease of use of
SolidWorks 2006. To take
maximum advantage of this, the
training manuals are printed in full
color.

Also, in many cases, we have used additional color in theillustrations
to communicate concepts, identify features, and otherwise convey
important information. For example, we might show the result of an
operation in a different color, even though by default, the SolidWorks
software would not display the results in that way.

About This Course
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Lesson 1
Multibedy Solids

Upon successful completion of this lesson, you will be able to:
m Create various multibody solids.

|dentify the different uses of a multibody solid.

Combine solid bodies with add, subtract and common.

Create an assembly from a multibody part.

Modify a multibody cut using feature scope.
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Multibody Multibody solids occur when there is more than one continuous solid in

Solids the same part file. Often times, multibody techniques are useful for
designing parts that require specific distance separation of features.
These bodies can be accessed and modified separately and later merged
into asingle solid.

Creating a Multibody solids are created in several ways. The following commands
Multibody have the option of creating multiple solid bodies from a single feature:

m Extruded bosses and cuts (including thin features).

Revolved bosses and cuts (including thin features).

Swept bosses and cuts (ineluding thin features).

Lofted cuts.

Thickened cuts.

Cavities.

The most direct way:to create a multibody'solid is by clearing the
Merge result ¢heck box for specific bessand cut features.

However, thisoption does not appear for the first feature.

® 5

Path(Sketch3)
ProfilelSketchs)

Guide Curve(Sketchd)

Multibody Solids 7
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Multibody There are several classes of partsthat are well suited for working in the
Techniques multibody solid environment. To accomplish successful multibody
design, we will explore the following techniques:

Bridging

®

Lo%)erations
Q Symmetry

_t‘, &:
B%\n perations
Weldments

#
[Sheet Metal and

Weldments Manual]

L

Tool Body

& —

Multibody Solids
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Bridging

Multibody Solids

The Bridging technique is used to build connecting geometry between
multiple bodies. This example creates amultibody solid where multiple
bodies are connected and merged by a new boss feature.

QQ

o

New part.
Create a new part with units set to
inches.

Create acylinder asthe first feature
using the Front reference plane as
the sketch plane.

Create a multib
Create a seco

When boss features are created without intersecting the first feature,
they are saved as multiple bodies. The Merge result check box remains
checked by default, and the bodies will merge if they intersect through
alater change.

Introducing:
Solid Bodies
Folder

Where to Find It

The Solid Bodies folder holds al solid bodies in the part. Each
solid body may be hidden from the folder. The names are taken from
the last feature added to that body.

m From the FeatureManager expand the - (@] Solid Bodies(2)
Solid Bodies folder. '

Bridging
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3 Explorethe Solid Bodies folder. =1 (@] Solid Bodies(2)
The second cylinder causesthe creation of another [ Extrudet
solid body. In the FeatureM anager, expand the A0 Extrudez

Solid Bodies folder to view these features.
Note If the part contains one solid, the folder will contain asingle feature.
4 Create a bridge.

Create a boss using the edges of each cylinder. @

1.875 L&

QSN2
Extrude th x 375" and c@ge result.
The idBodies foIdeer aysonly one - (@) Solid Badies( 1)

soli de3

. 0 Extrudes
5 Finish part. @
lete the part by ad the following features:
& illets=
Cuts=1¢ 1"/ diameter
» Cha@ 0625” x 45°

10 Bridging
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Extrude From

Extrude From

Multibody Solids

The Extrude From option can be used with extrusions to move the
starting position of a sketch by moving it's “plane”. Options include:

m Sketch Plane
The default sketch plane is used.

m Surface/Plane/Face
The sketch plane is moved to the selected surface, plane or{(planar)
face.

m \Vertex
The sketch planeis positioned at the vertex or peint.

m Offset
The sketch plane is offset parallel a specified distance.

- . —— ~ — e

Open the part
Extrude From.
The part contains two
ends of.a wrench.

Thecenterline
sketch runs between
bodieswith apoint at the

midpoint of the line. o (’i‘\
TheBridge Profile b g

sketch isenthe Right
Plane.

Up to body.

Extrude the sketch Up
To Body, selecting the
Right Sphere body
asthe end of the
extrusion.

A problem occursasthe
extrusion fillsin some

of the open volume of -
theLeft Sphere. !

Right Flcine

Right Flane

11
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3 Extrude From.
Use Edit Feature and V) X)&)2)

expand the From group
box. Choose Start
Condition: Vertex and
select the point in the
Centerline sketch.

2.

Direction 2 dO
Body, usi e
Q eft SpheQ :

5 Fillets.
Adding 7mm and
0.5mm fillets completes

the part.

6 Save and close the
part.

12 Extrude From
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Local The Local Operations technique is used to make specific

Operations maodifications on one body without affecting another body. A common
example of thistechnique is avariation on shelling. The shelling
operation, by default, affects al features of the solid body that precede
it. In thisexample, a shelling problem will be solved using Merge
result and Combine.

1 Open part.
Open the part
Local Operations.

2 te a section 'er

tion vi this
w the
tsthe

O

0 3 Shell part.
Add a4mm shell that removes the bottom face.

Without shell feature With shell feature

Local Operations 13
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Combined
Bodies

Combine Tool

14
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Modify each boss
feature.

UseEdit Definition on
these three bosses:

Vertical Plate,
Circular Boss,
andRib Under.

Clear theMerge result
check box for each

boss and click OK. \—\
Explore the solid bodies.

After clearing the Merge result check boxfor each
boss, the model breaksinto.four solid bodies.

Expand the Sel1dBedies folder to.view:

Hide.solid bodies.

5 ) soid Badesta)
Hold.down Shift and (@] Solid Bodies

@ Rib_Under
select: @ D_Hale[1]
Rib Under, @ D_Hole[2]
D Hole[1] and [ sheit
D Hole[2]

Right-click.and select \_‘\—I—'—"_l
Hide Bodies.

The'Shell body remainsvisible.

The Combined Bodies techniqueis used to create a single solid by
adding, subtracting or intersecting the volumes of solid bodies.

The Combine tool is used to combine the volumes of multibody solids
into asingle solid body. The bodies can be combined in different ways
using different operations. The combine tool has three options:

Add.

The Add operation uses the Bodies to Combine list to merge the
bodiesinto asingle solid by adding all volumes. This operation is also
known as a union in other systems.

Subtract.

The Subtract operation uses the Main Body and Bodies to Combine
list to merge the bodies into a single solid by subtracting the bodies to
combine from the main body.

Combined Bodies
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Where to Find It

Note

Multibody Solids

m Common.

The Common operation usesthe Bodies to Combine list to mergethe
bodies into asingle solid by finding the volume that is common to all.
This operation is also known as aintersection in other systems.

m Click Combine [®| on the Features toolbar.
m Or, click Insert, Features, Combine.
m Or, select solid bodies and right-click Combine.

Another method of selection isto filter solid bodi%w@

Solid Bodies filter [@].

Ti pQO

@estoCo
lick Show«P
and OK.

8 Exp§9

he part now exists as
G@' le solid body

Combine the solid
bodies.

Click Combine
the Featurestool
UsetheAd

Oper

bod| es

from olid
ies folder for

A

E| . Solid Bodies(1)

mbinel.

The nameis assumed
from the last feature
added to the body.

Features, such asfillets, using the edges formed by merged solid
bodies, will fail if Merge result is unchecked in alater operation.
The following rebuild error will appear:

Filletl: Multiple bodies not supported for this
feature.

Combined Bodies

15
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Examples of The following table displays the results from various combining
Combined Solids techniques available.
Add
Bodyl

Result

4

on - 2 Bodies Intersecting

Result

Body2

Q Common - 3 Bodies Intersecting

0 Body2

16 Combined Bodies
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Using Local Many time successin filleting
Operations to depends on the order in which you
Solve Filleting apply thefillets. Multibody solids
Problems and local operations give you the

ability to alter the sequence in which
fillets are applied. This can be very
helpful with particularly difficult
filleting problems.

1 Open the part né
Problem.

2 Attemptsiat filleting.
ariousattempts to apply a 0.25”
0 not yield satisfactory
Its. Thisisbecausethefilletsare

fected by adjacent faces. The
solution isto fillet the bodies

Q>

Combined Bodies 17
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3 Unmerge the solids.
Right-click theAngled Piece
feature and select Edit Feature.

Clear the Merge results check box
and click OK.

4 Fillet the Angled Pi%

feature.

Apply a0.25” fil permost
face of the & iece.

Click C e |@| on the Features

tool ﬁl
erg two solids using the Add

QQ

6 Fillet.
Apply the remaining 0.25” fillet as
shown.

7 Save and close the part.

18 Combined Bodies
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Common There are avariety of waysto combine multiple bodiesinto asingle
Bodies solid body. This example uses one of the more appealing options,
Common, or intersecting volumes.

1 Open the part Combinel.

7

2 Create a sk h% \% 875 —fa—n
Using the R ence pl the Tt
profil 4 \ / \

3 real Ss extrusion.
%de the sketch using the
Surface end condition
r each direction.
Q Make sure that Merge result is
cleared.

QO

Common Bodies 19
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4 Combine the solid bodies.
Click Combine [@] on the Features ®

toolbar.

CEEEENEE -
. e
Use the Common option for .
Operation Type and select both ® Comman )
bOdI S. Eiodies to Combine -

Click Show Preview and OK.

5 Complete the part. ¢ < >
Add 1/16” filletsto com art. &\ p-

6 Save and close the% &
O

Focus on Features %der apart where the placement of holes, relative to each other and
igi imary importance. In this example, the “plate’ that

\he holesre n‘% e from is based on their |ocation.

1 Op e F % Focus Features
Annaokations
F e u S. @ Design Binder
. . : =1 (@] Solid Badies(13)
he_ partcontains multiple solid 7 O e e

@ myjc large hole
@ small hole

@ pattern small hale[1]

I
0 @ pattern small hole[2]
@ pattern small hole[3]

@ pattern small haole[4]

@ pattern small haole[5]
@ slot

@ mirrar slok

@ pattern slot[1]

@ pattern slot[2]
@ base

20 Common Bodies
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Solid Bodies
Folder Options

Lesson 1
Multibody Solids

The appearance of the Solid () soidsedesus) & (@) sold Bodes(13)
Bodies folder can bemodified =B | = T
fOf ease Of use. \?3 mjc large hole IE mjc large hole
[]--IE small hole % small hiole
i —cli 1 1 []--@ attern small hole[1] ~{[] pattern small hale[1]
RI ght CI : Ck the S0 1 1 d BOdl es []--@ Eattern small hole[2] IE pattern small hole[2]
fOI der (l eft) and ChOOSG Sh ow []--@ pattern small hole[3] IE pattern small hole[3]
F H h []--@ pattern small hole[4] IE pattern small hole[4]
eatu re H I Sto ry to see t e []--@ pattern small hole[S] IE pattern small hole[5]
features used to create the body. E:% ket :% y 4
- atkern slok[1] D atkermslat]1]
$ a:t one Or more femures E% Ea::ern slot[;] @ Eattern slot[2]
(right) and right-click Add to 0 (0 base -Oeese

New Folder to placethemin a
user defined folder. The folder includes a countof the solid bodies.

Combine the solid bodies:

Using the base asthe Main Body
and the remaining.solid bodies as L
the Bodies to Subtract’ Comblne .P (-Add ............................

i Eombine I

with a’Subtractioperation. o0 s
Carmman
Saveiand close the part: — .
B
Eiodies to Subtract -

Solid Body <11 —I

1 P[Eoideody s8> <
Solid Body <10z
Solid Body <12 ¥

Tool Body

Introducing:
Insert Part

Where to'Findt

The Tool'Body technique is used to add or remove model volume
using specialized “tool” parts.

You can use the Insert Part tool to add one or more solid bodies into
the active part, placing the origin of the inserted part on that of the
active part. The inserted parts are then oriented using the Locate Part
dialog.

m Click Insert, Part.

m Or, click Insert Part [&2] on the Features toolbar.

Tool Body

21



Lesson 1
Multibody Solids

22

SolidWorks 2006 Training Manual

Open part.
Openthepart Cover without Tabs

Rollback to just beforethe Fillet1
feature.

Insert a part. [ Insert#
Click Insert, Part and select the part Q
Tool Body Tab. b4

Make sure Launch.Mave Dialog is —

S N,

-

-

checked and‘click OK. " Oas
[ Plane
The part being.inserted issimply a \

Standard part fl |e_ [5urface

Locate Part

[ Cosmetic Thread

Launch Move Dialog

Results.
The'Locate Partsmenu appears and an instance of
the Tool Body Tab is added to the active part.

The Inseft Particommand inserts an instance of a
part into another part. Multiple parts and/or
multiple instances of the same part can be inserted
into theactive part.

2 B

RIS,

&

Coincident
Paralel
Perpendicular
Tangenkt
Concenkric

Mate Alignment

Mates i

Options -

Translate/Rotate

Tool Body
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Introducing: Use Move/Copy Bodies to orient solid bodies within a part. Bodies
Move/Copy Bodies can moved be using two different methods:

1. Mates, similar to the way components are mated in an assembly
2. Specifying trandation and/or rotation with respect to the X, Y, and
Z axes.

The Locate Part dialog is the same as the Move/Copy Bodies dia og.

Where to Find It m Click Insert, Features, Move/Copy.
m Or, click Move/Copy Bodies [®] on the Features toolbar.

This example illustrates using.mates to locate the solid\body. For an
example using explicit trandation and rotation, see Exercise 6: Using
Indent on page 59.

4 Select the faces: o d
Sdlect the reanfaceof the tab andithe

upper face of-the.cover as showni: ®

5 Mate the body. & ?.
Thesystemrselects \(\(2)
Coincident asthe @ 22
default mate type. In B s -
cases when thisis not Pz

what you want, you can
select adifferent type. e

Verify the orientation of Paralel
theTool Body Tab. I Perpendicular
itisupside down, asin
the upper picture

' )
change the Mate
Alignment.
C0|ncldent mates can Mate Alignment
be either Aligned or
Anti-Aligned.

Click Add to apply the mate.

For more information about mates, see the Essentials; Parts and
Assemblies manual.

Tool Body 23
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6 Additional mates.

Add two more Coincident mates, selecting the faces as shown in the
illustration below. This completes positioning the tab.

Examine the feature. - ®, TaolBady Tab >

EXpand the Tool Body Tab E = &TJ Salid Bodies( 1

feature listing. The feature : ) <Tool Body Tabs-<Extrudel =

representingthelocate Body =3 Body-Move/Copyl

command islisted as achildof @y Coincident1 (Tool Body Tab,Extrudel)

the Too1l Body Tab. % Coincident2 (Tool Body Tab,Extrudel)
% Zoincident3 {Tool Body Tab,Extrudel)

Explore the solid bodies. &1 (@] solid Badiest2)

A second solidbodyis listed in the [0 cut-Extruder

folder. IE <Tool Body Tab=-<Extrudel =

Each pattern feature can be used to create instances of solid bodies. The

Bodies'to Pattern field is used to set which body or bodies will be
patterned.

The Bodies to Pattern field existsin the following pattern tools:

Linear.
Circular.
Mirror.

Table Driven.
Sketch Driven.
Curve Driven.

Tool Body
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9 Mirror body.
Insert aMirror
pattern using the
Front reference
plane and the
Tool Body Tab as
the body to mirror.

Keep Merge solids
cleared.

Click OK.

10 Mirror again.

Mirror both tabs,this time using
the Right reference plane as

shown.

11 Combine the solid bodies.
Combinethe solid bodies into one

using. Add.

12°Save and close the part.

Symmetry

Lesson 1
Multibody Solids

IRIN,
~ - ~ =
VRHET FEEEENE i
|ﬂ IFront Plane
PR M IET e T
FEEED U TG e T
BRI T s -
RS iy e -
™ Mergaéelids
T kit slirfacds
=

The Symmetry technique is used to help create parts faster by using

patterns. In this example, solid bodies, rather than features, are
patterned and combined.

Symmetry

25
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1 Open part.
Open the part Symmetry.

It contains the part PowerCordEnd asa
feature.

2 Insert a part.
Insert the part PowerBlock.

Clear the Launch Move Dialegrcheck box, and
click OK.

It drops in the proper position, the Origim, by
default.

3 Createa linear pattern.

Using the Linear Pattern tQol, create 4 [EIDIII
instanees of the solid bady*PowerBlock
40mm apart. 0d

Direction 1

Spacing:  [40.000mm
Instances: (4

4 _lInsert and locate part.
Insert the part PowerSwitchEnd and mateit to
the last instance in the linear pattern.

26 Symmetry
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5 Combine the solid bodies.
Combine the solid bodies into one using Add.

Indent Feature reshape thin walls of the Target Body to
re intersecting Tool Bodies. The indentation

&hi ckness and optional clearance can be controlled by numeric values.
m Target Boo
T % Body isthe body being indented.
|
Th

[ | ody Region
&18 ool Body Region isaselection of both a solid body (tool)
d aregion as the tool body is divided by the target body.

Where to Find IQQ Click Indent [@] on the Features toolbar.

m Or, click Insert, Features, Indent.

Us@i In thisexample, Indent is used to reshape

an existing thin walled feature for a hole,
fastener and clearance for tools. The
selection of the tool body region
determines to which side of the target
body the indent feature is applied.

Indent Feature 27
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1 Open Indentl.

o

Important! Q Make the tool body region selection from the underside of the target

SolidWorks 2006 Training Manual

Open the part Indent1. It
includes two intersecting solid
bodies.

Q;b \
Target andtox
Click e% d select

the Targ

Selections -

bOd Target Body:
W 5clid Eody <>
th ra/OI Ved || ((i ;een SE|ZCt|iDnt's
asthe Tool bo S

region. ISLI Pt Target Body | [Toolbody regian]
The blue owsthe
indent.

body as shown.
Parameters -

Parameters.
Under Parameters, setthe Thickness t00.25” and & [ozsan =

Clearance to 0” as shown. [][poen =
Click OK.
Hide body.

Hide the tool body to seethe
results.

Indent Feature
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5 Section View.
Use the Section View tool with the
Front Plane to cut the display.

Using Multiple Multiple tool bodies can be
Tool Bodies cannot be patterned, the too

with Indent. nt feature
themselve .

6 Rollback and patte
UseRoll to Previ
the rollback
Fllletl ntl

ircular Pattern
ho asshown
@:
eature.

Parameters Tool body region

se Roll to e j
edit the A [omn =
feature
Too glon
the
|onal bodies as
n Change the

earance t00.050”
and click OK.

8 Section View.

QO Use the Section View tool with the

Front Plane to cut the display.

Note how the Clearance isapplied. It
can bereversed [2] if necessary.

Indent Feature 29
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Indent with

Multiple Target
Regions

Target Selections
and Options
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When the Target Body contains features (such as ribs) that subdivide
the Tool Body, multiple target regions are created. In this example, the
base of ablender is used as the target. A solid body representing the
cup and adrain is used as the tool.

In the chartsthat follows, the
yellow bodyrepresents the
Target Body and the red block
represents the Tool Body. In this
example there are six possible
Tool'Body Regions.to select.

Single Tool'Body Region with
Keep Selections:

allndentl

Target Body:

’ = I Solid Body <1

% Keep Selections
' Remove Selections

Target Body

o

Parameters -

& |2.DDDmm =
El ID.DDDmm =

Indent Feature
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Indent Feature

Lesson 1
Multibody Solids

Multiple Tool Body Regions
with Keep Selections:

JJJ

Selections

Target Body:

E ISolld Body <1=
% Keep Selections
' Remove Selections

Tool Body Region:

o

Parameters

& |2 oa0mm
El Io 0a0mm

Tool body redgion

Single Tool"'Body Region, with
Remove Selections:

o

Tool body redgion

31
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Using Cut:

ﬂ_f)_))

Selections

Target Body:

E. ISolld Body <1=
7 Keep Selections
F Remove Selections

Tool Body Region:
Lﬁ_‘, ’Point@Face <l=

vV cut

Parameters

A, I 0.000mrm

1 OpenpartIndent2.
TheIndent2"part isamulti-
body part with solid bodies
(ower base and
upper cup) representing a
blender base and mixing glass.
The featuresused to make the
base are collectedn the folder
base..The cup folder contains
features for the other body.

32

% Indentz
[-[A] Annotations
[]..@ Design Binder
8= Material <not specifiec
[&]-Jsk] Lights and Cameras
(-8 Surface Bodies(3)
- . Solid Bodies(2)
..... IE lower_base
@ Upper_cup
Front Plane
..... ¥ Top Plane
..... % Right Plane
..... L, origin
..... \<§\ Plane1
‘LE:l EBase
[]..@ Surface-Extrudel
[]..@ Surface-Extrudez
[]..@ Surface-Extruded
- Surface-Filll
..... ff 3’ Mirrarl
..... ff 3’ Mirrorg
[j Surface-Planel
[j Surface-Planez
..... Surface-knitl
=- @ Cub-Extrudel
..... () sketehs
) Fillet1
.[[g) shell1
..... \<§\ Planez
-] Rib1
= Cup
[].--6?3 Revolvel
[].-@ Extrudel
[].--6?3 RevaolveZ
[]..@ Cub-Extrudez

- Filletz
() Fillet3

Indent Feature
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2 Interference between bodies.
Sdlect the solid bodies and use

Combine [®] with the Common
option to view the interfering volume
of geometry. Use the Show Preview
button and click Cancel to avoid
adding the feature.

Note The Interference Detection tool can only be used in an assembly:

3 Select Tool Body
Region.
Click Indent [@] and
select the Target
Body as shown.
Select the Tool
Body Region, by
clicking the face
indicated by the
calout. The preview
identifies theface
and region to indent.

Set the Thickness
and Clearance

values as shown.

4 Additional selections.
Additional*regions can be
selected provided that the

sel ections are unique faces.

Selecting aface that has
aready been selected, even in
adifferent region, deselectsiit.

In acase such asthis, with
multiple regions dividing the
same faces, another approach
ismore efficient.

Tool hody region
%

Indent Feature 33
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5 Selections.
Right-click in the Tool Body
Region and select Clear
Selections.

Select the region of the tool
body outside the target.

6 Using Remove Selections.
Click RemoVve Selections to reversethe entity

selection;
All regionsof thetool body.insidethetarget arenow g e <
%I ected- " Keep Selections

% Remove Selections
Click OK.

[T cut
PArSMELers oo -
& ID.IDDin =
i I—|
El ID.DSDln =

Tool body region

34 Indent Feature
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7 Results.
After hiding the tool body solid, the results can be seen.

QP &
ing Dele%@ createsa

Using Cut to
Create
Multibodies

nultiple solid bodies. If this
appears. You can control how

1 Open part Cut into Bodies.

Using Cut to Create Multibodies 35
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2 Create multibodies.

Using Sketch3, create a Through All cut with the All bodies option.

Bodies to Keep ll

OF I Cancell Help |

i~ Bodies
& all bodies

" Selected bodies Q

Explore the Solid Bodies folder. - [m@] Solid Badies(2)
The cut feature creates two solidbodies. [0 cut-Extrudez(1]

Saving Solid
Bodies as Parts
and Assemblies

Default Templates

Introducing: Insert
into New Part

Note

Where to Find It

36

You-an save one or more of the solid bodies in a multibody part as
separate part files. There are several commands to do this, each with
different charagteristics. Some commands give you the option to also
generate an assembly from the saved parts.

The commands in this section create new SolidWorks documents —
eitherapart.or an assembly or both as appropriate. You have the option
of specifying a document template or allowing the system to use the
default template. This choice is determined by the settingsin Tools,
Options, System Options, Default Templates.

Insert into New Part allows you to save individual solid bodies as part
files. Each resulting part file is linked by an external reference back to
the source part. A Stock-<source part name > feature appearsin
the saved part. This features carries the external reference. For more
information about external references, refer to the Advanced Assembly
Modeling training course.

If you select multiple bodies or the So1id Bodies folder, the saved
part will be amultibody part with a Stock feature for each body.

Insert into New Part does not create a feature in the source part. The
solid bodies are saved as they are after the last part feature is rebuilt.
Any changes you make to the source part will propagate to the saved
parts.

m Expandthe Solid Bodies folder and right-click the body you
want to save. Select Insert into New Part.

Saving Solid Bodies as Parts and Assemblies
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4 Insert the solid bodies into new parts.
Expandthe Solid Bodies folder. UseInsert into New Part to create

the parts as shown below, one part for each body.
The new parts are opened automatically.

: s 25l] d
: lid Badies

= Matetial <not specified:
ations

&% Front Plane
+ Top Plane
& Right Plane

QO I_. Crigin

- [0 Stock-Cut into Bodies-1 -»

7 Make changes to the source
part.
Switch back to the source part.

Insert a sketch on the planar face
on the underside of the bottom half
of the clamp as shown.

Saving Solid Bodies as Parts and Assemblies 37
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8 Through All cut.

Click Extruded Cut [@]. Set the
end condition to Through All.

500

9 Click Detailed Preview @).
Under Options, select Show only
new or modified bodies.

Clear the Highlight new or
modified faces check box.

Examine the preview. It shows that the feature

bodies. %
Do not click OK yet. % &
10 Turn off Detailed Pw \
L 4 ‘ .o

Feature Scope

b
Q : i ®

et t ture scope. Feature Scope N
pan d the Feature Scope group box. e
& Selected bodies
ear the Auto-select check box. [ uto-select

Select the bottom half of the clamp and click oK.~ ® P

O

& .500

38 Feature Scope
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12 Results.
The cut feature only affects the selected body.

13 Second Through All c .
Create another Thro

featureasshown

Scopeto I| |t justt

upper half 6

|ne the indi ual
hanges m he source part propagated to the saved files.

RNe™,

5 Save and close the files.

Intro : Save Save Bodies aso alowsyou to save individual solid bodies as part
Bodies files. You can indicate which bodies you want to save. Optionally you
can generate an assembly from the saved parts.

Save Bodies adds a Save Bodies featurein the FeatureManager of
the source part.

The bodies are saved at the point in the part history where the Save
Bodies feature appears. Any subsequent features added to the source
part will not propagate to the saved files.

Feature Scope 39
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Each resulting part file islinked by an external reference back to the
source part. A Stock-<source part name> feature appearsin
each saved part. This features carries the external reference.

m Click Insert, Features, Save Bodies.

m Right-click the So1id Bodies folder and select Save Bodies.

Tip

40

Open part.

Open the part Boat Cleat. There
are two solid bodies representing the
core and the pattern. One body is
shown semi-transparent for
illustration purposes.

Edit color.
Select the topmost.featurein the
FeatureM anager.

Click Edit @olor{E]. Remove the transparency.

Saving the bodies.
Clickinsert, Features, Save,.Bodies. The
PropertyM anager appears.

Asyou move the cursor over the model, the
individual bodieshighlight.

Sometimesitis hard ta tell which callout points to
which bady."Changing the view usually helps.

Body Z
Body 1: 1<None>|

Saving the bodies.

There are two ways to save the bodies as separate
part files:

I’

m InthePropertyManager, under Resulting Parts,
double-click the namefield. The Save As dialog

appears.
m Inthegraphics area, click the namefield of the

callout B ==re=]. The Save As dialog appears.

Save the bodies as Core and Pattern.

R

V)

Message e

Select the bodies you wank
to save.

Resulting Parts -

Double-click to change the
name of the file for save

Resultant bodies state:

" show bodies
¥ Hide bodies
£ Consume bodies

Create Assembly -

Resulting Parts -

pattern. sidprt

core. sidprt

Double-click to change the
name of the file for save

Resultant bodies state:

¥ show bodies
" Hide bodies
£ Consume bodies

Crigin location:

B

Feature Scope
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Note When you save the bodies you can specify an origin location. If you do
not, the saved parts have the same origin as the source part.
Resultant bodies state.
Click Show bodies. Thiswill keep the solid bodies in the source part
visible. The default isHide bodies.

Creating an If you want to create an assembly do the following:

Assembly

1. IntheCreate Assembly group box, click Browse. The Save As
dialog opens.

2. Browse to where you want torsave the assembly.

3. Givethe assembly anameand click Save

In this example it is notinecessary to save the assembly. If later you
decide you need an.assembly you can always create one from the saved
parts using traditional bottom-upassembly modeling techniques.

Click OK.
The'saved parts open.

FeatureManager.

Examine the FeatureM anager design tree of the source part. A Save
Bodies feature hasbeen added. This records the point in the part’s
history when the bodies were saved. Changes made to the source part
after this feature will not propagate to the saved parts.

Make changes to,the source part.
Make surethe source part, Boat Cleat,
is active.

Click Combine [®]. Subtract the core
from the pattern.

The results are shown in a section view
for clarity.

Examine the Pattern part.
The change made to the source part did not propagate to the saved files.

10 Save and close the files.

Feature Scope
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Splitting a Part Sometimesit is easier to start adesign asasingle part. Then, after form,
into Multibodies fit, and function are defined, the part is split into its individual
components. Thisis particularly handy when aesthetics are important.

Introducing: Split Split allowsyou to break a part into multiple solid bodies using
splitting tools such as faces, planes, or surfaces. In the Split command
you have the option to save the resulting bodies as individual part files.

The Split command creates a Sp1 it feature in the FeatureM anager of
the source part. This means the bodies are saved at the point in the part
history where the Sp1it feature appears. Any subsequent features
added to the source part will not appear in the saved files.

If you delete the Split featureinthe original part, the new parts still
exist, but the status of the external reference in the new partsis
dangling.

Where to Find It m Click Split [@] on the Features toolbar.
m Or, click Insert, Features, Split.

42 Splitting a Part into Multibodies



SolidWorks 2006 Training Manual Lesson 1
Multibody Solids

1 Open part named
Handle.

2 Split the part.

Click Split [m] or click
Insert, Features, Split.

3 Trim tools.
Select the Front % &
reference plane as th \
trim tool. \% ¢ \6

&
T

lic Part. The
stem computes the
Q ion of the trim

ols with the part and
calculates the results.

Asyou move the cursor
0 over the model, the
individual bodies
highlight. Click on the
bodies you want to

create. In this case, click
both resulting bodies.

Splitting a Part into Multibodies 43
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Saving the bodies.
There are two ways to save the resulting bodies as
separate part files:

Resulting Bodies -

| I n the PropertyM an®a’1 under ReSUItlng Double-click_to niame File For
bodies state, double-click the namefield. The =™
Save As dialog appears. £ showdaad

m Inthe graphics area, click the namefield of the ¢ niflecg

callout Bz ===, The Save As dialog appears. &Or ‘NI
When you save the bodies you can specify an origin A N
location. If you do not, the saved parts have the same
origin as the source part.

Resultant bodies state.
Click Show bodies. This will keep the solid bodies in the source part
visible. The defaultis Hide bodies:

Click OK.
The new part filesiare created. Open them in their own windows.

Youwould new finish modeling the details of each part.

Note: View rotated for clarity.

Creating an
Assembly

Introducing:
Create Assembly

Where to Find It

Oncethe solid bodies have been saved as part files, you can use them to
create an assembly just as you would with any other parts. You can
create an assembly manually using traditional bottom-up assembly
modeling techniques, or you can automate the process.

Create Assembly collectsthe part files saved by one or more split
features and creates a new assembly from them.

m Right-click the Split featurein the FeatureManager design tree
and select Create Assembly.
m Or, click Insert, Features, Create Assembly.

44
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8 Create Assembly.
Right-click the Sp1it feature and select Create Assembly. The
PropertyManager opens. If you want you can select more than one
Split feature.

9 Click Browse.
The Save As dialog box appears.
Browse to the folder where you want to save the assembly, and.type a
name for the assembly in the File name box.

10 Click Save.
The Save As dialog box closesiand the file name.appears under
Assembly file in the PropertyM anager.

11 Click OK.
The new assembly
document opens.

Note There are no. matesin‘this
assembly. Both compo-
nents are fixedwith their
originsat the-assembly
origin.

12 Save and closethe files.

Summary There is quite an assortment of tools and techniques for saving
individual solid bodies as part files and for creating assemblies from
multibody parts. All of the techniques create an externa reference
between the saved part file and the original source part.

The various commands and techniques are summarized in the table
below.
Technique Results

Insert into New Part

Allowsyou to create
new parts from the
bodiesinthe sSolid
Bodies folder.

If you use Insert into New Part onthe Solid Bodies folder
instead of anindividual body, you will create amultibody part that is
linked back to the original part. Each body will be represented by its
own Stock feature.

Insert into New Part does not add a feature in the FeatureM anager
of the source part. Therefore, any features you add to the bodiesin
the source part will propagate to the saved files.

Creating an Assembly
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Split Part
Allowsyou to split a
single solid body into
multiple bodies.

Addsasplit featurein the FeatureManager of the source part.

The bodies are saved at the point in the part history where the
Split feature appears. Any subsequent features added to the source
part will not appear in the saved files. Any features added before the
Split feature will propagate to the saved files.

Save Bodies

Like Split Part without
the splitting tools. It
takes existing bodiesin
the part and lets you
write them out as parts.

Addsa save Bodies featurein the FeatureManager of the source
part.

The bodies are saved at the point in the part history wherethe save
Bodies feature appears. Any.subsequent features added:to the
source part will not appear inthesaved files.

Optionally you can generate an assembly.from the'saved parts.

Create Assembly

Collectsthe part files
saved by one or more
Split featuresand
creates anew assembly
from them.

Thisis aconvenience'tool'that automates generating an assembly
fromasplit feature."You could doe exactly the same thing by
manually openinganew assembly and.adding all the saved parts.

CreatevAssembly does not,add afeature in the FeatureM anager of
thesource part. Therefore, itisnot parametric in the sense that if you
createimore solid bodies later;they do not automatically appear in
the‘assembly.

Using Split Part

You can use Split Part to modify imported geometry or legacy parts

with Legacy that would otherwise be difficult to change.
Data
Before After
46 Using Split Part with Legacy Data
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1 Import an IGES file.
Click Open [2] or click File, Open.

For Files of type, select IGES (*.igs,
*.igesg).

Select thefiles Legacy Data.igs and
click Open.

2 Cutting plane. %

Define areferen is parall

the Front %@ p

the vertex

This asthe cutti g p
Spl

3 Spll Par
plane created in the previous step,

|t the part into two separate bodies.
e bodies are shown herein different colors

Q:for illustration purposes.

Note

Using Split Part with Legacy Data 47
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4 Move/Copy Body.

Click Move/Copy Bodies [] or click Insert,
Features, Move/Copy.

Use Coincident and Distance matesto rotate
the body 180° and move the body 0.75” with
respect to the Z axis as indicated by the

reference triad.
Filling the Gap How you fill in the gap depends on the
shape on the g Qn Inthise

example a simple.extrude featur i\
mple of how a
sedto fill inag

) 5 Q)n

re the Merge results check box is
ected.

Q Thisisavariation of the bridging technique
shown on page 9.

0 6 Results.

7 Save and close the part.
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SolidWorks 2006 Training Manual

Exercise 1: Create this part by following the

Combining a steps as shown.

Multibody Part This lab reinforces the following
techniques:

m Multibody solids
m Combining

m Hole Wizard
Units: inches

Procedure Open anew part using the P%N templ aé@ it Mbody1.

1 Sketch first 4 550
profile. 475
Uselines, fillets szo (
and offsets.

Extrude th \ T
profi Q R2.000

3 ombine bodies.
ine the two solid bodies

4 Add features.
Add boss, cut, hole
wizard and fillet

S00

features.

Finish part with

0.0625" radiusfillets CBORE for #12
Binding Head

and rounds. tMachine Screw

5 Save and close part.

Exercise 1: Combining a Multibody Part 49
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Bridging a
Multibody Part

Design Intent

Procedure
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Create this part by following the
steps as shown.

Thislab reinforces the
following techniques:

m Multibody solids
m Bridging

Units: millimeters

The design intentfor this part is asfollows:

1. Partisnot symmetrical.
2. Holesarethrough all.
3. Allfillets and rounds are’5mm radius.

Openanew part using theRart MM template and name it Mbody2.

Create a multibody part.

I
L

m_—-ll-_ [t— 45—
10—|-—— L f_@m

)
|

|
] Y 1 3

Exercise 2: Bridging a Multibody Part
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2 Finish part with bridge technique.

{25

Qecinnd
QS N
O
0&\
Q

Exercise 2: Bridging a Multibody Part
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Exercise 3: Create this part by following the steps as shown.

Creating a This lab reinforces the following techniques:
Multibody with

Mirror Pattern = Multibody solids

m Patterning

m  Combining

Units: inches
Procedure Open anew part using t

1 Create amultibody :
part.

e

X
N

rude the
re shown as

Q third body.
QO

52 Exercise 3: Creating a Multibody with Mirror
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3 Create feature.
Extrude sketch as shown.

{Q@M& é&
<
&S
NP

5 Insert
Mirror the eombined
ody and'add a
tered boss that 250
g‘&eﬁthe bodiesinto >\/
Q e.

Exercise 3: Creating a Multibody with Mirror Pattern 53
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6 Add mounting lugs.
Add aboss and a cut for the
mounting lug. Mirror the body
across the model. Merge the lugs.

5

ol
" Ao aoele 6;5
0 A

Qdd fillets and rounds.
Finish part with 0.0625" radiusfillets and
rounds.

9 Save and close part.

54 Exercise 3: Creating a Multibody with Mirror
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Exercise 4:
Creating a
Multibody with
Linear Pattern

Design Intent

Procedure

Create this part by following the »~ \

steps as shown.

Thislab reinforces the following -,

techniques:

m Multibody solids
m Patterning

m Combining

Units: inches

The design intent for this partis asfollows:

1. Partissymmetrical
2. All barscircular section are same radius.
3. Equa spacing of bars.

Open a new-partusing the Part INtemplate and nameit Mbody4.

1 Create amultibody part.

— '—7 1.500

15.500

n

n

n

n

n

n

n

n

n

n

A A

2 Save and close part.

Exercise 4: Creating a Multibody with Linear Pattern

22,000

b 2,000
I DETAIL B
b SCALE2:1

DETAIL A
SCALE2:1
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Procedure
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Create this part by following the
steps as shown.

Thislab reinforces the following
techniques:

m Inserting parts
m  Move/Copy bodies
m Incontext editing

Open an existing part named Ba se.

1 Insert part.
Insert the part Lug androtate it as shown:

2 Move body:
Position'the part Lug on the part Base as
shown.

3 Copy body.
Add another instance of the Lug.

Exercise 5: Positioning Inserted Parts
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4 Continue.
Add two more copies of the Lug,
placed as shown.

5 Combine bodies and add-fillets.
Combine al the solid bodiesinto one. Add fillets assshown.

6 Modify,sketch.
Open thed,ug part and change a
dimension.

%35

N
N

Exercise 5: Positioning Inserted Parts 57
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7 Propagate change.
Return to the main part.

8 Save and close part.

SolidWorks 2006 Training Manual

Exercise 5: Positioning Inserted Parts
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Exercise 6:
Using Indent
Procedure
1
2
3
4

Exercise 6: Using Indent

Create this part by following the steps
as shown.

Thislab reinforces the following
techniques:

m Inserting parts

m  Move/Copy bodies
m Combine feature
m Indent feature

Open an existing part named Target Body.

Insert part. 500
Insert the part TeoIBody and
position it as.shown in the
Front and Tep views.

Tool Body

DETAIL A
SCALEZ 1
Interference.
Check to see that there is an interference between the
solid bodies. The volume of interference should look
like this.

Indent.
Indent the Tool Body into the Target Body using the settings
shown below for Thickness and Clearance.

.05—*

/ ~

01—

Save and close parts.
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Exercise 7: Create this part by following
Copying Bodies  thestepsasshown.

Thislab reinforces the
following techniques:

m Inserting parts

m  Move/Copy bodies
m Patterning

m In context editing

Procedure Open anew part using thePart IN template and nameit Mbody6.

1 Insert parts.
Insert and position 12,1 B, 2A and 2B partsas shown.

&.000
1800

L - 2250

1.000

2 “Addspatterns.
Pattern the solid bodies as shown.

&.000
4.500
3.000
1.500

- . - ~ 2250

1.000

60 Exercise 7: Copying Bodies
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3 Connect
bodies.
Create a bridge
that connectsthe
bodies without
merging.

Pattern bridge
with 3 instances.

\\Q\\r

ate feature.

4 Create plate.
Sketchonthe top r I

R.250

Extr@e eature 0.25” and Merge result.

5 dd fillets and rounds.

part with 0.125” radius fillets and rounds.

X
OQ

Exercise 7: Copying Bodies 61
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6 Modify referenced part.
Right-click the feature 2B and choose
Edit in Context.

Change the depth of the extrusion to 2.250”.

7 Propagate change.

Return to th%

62 Exercise 7: Copying Bodies
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Exercise 8: Using the part provided, create
Split Part multiple partsthat are related to
the original.

Thislab uses the following
skills:

m Split Part

Procedure Use the following procedure:

1 Open the part named USB Flash Drive:
This part represents the conceptual design of the product.

2 Split the part.
Split the part to separate the cap
from the remainder.of the body.

Name the saved part
Cap #USBDrive.sldpxt.

[Body 1] \Parts\Cap - USE Drive sidort |

3 WResultant bodies state.
Click Hide.bodies. Thiswill hide the
cap making it easier to split the
remaining body along the parting line.

Click OK.

4%Add a boss.
Create the sketch shown below and
extrude a boss a distance of 0.160”.

R.O%4

Exercise 8: Split Part 63
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5 Split the part.
Split the part to create the upper and lower halves of the body. Use the
Parting Surface asthetrimtool. The surfaceis hidden. It does not
have to be visible in order to useit asatrim tool.

Name the parts as shown in theillustration below.

[Body 1: ] \Parts\Lower Body - USE Drive sldprt

v Gi’_tE!grts\J_lpper Body - USE Drive sldprt |

6 Open the individual parts.
Add‘any additional design details needed.

7 Create an assembly.

8 Save and close all files.

Exercise 8: Split Part
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Lesson 2
Sweeps

Upon successful completion of this lesson, you will be able to:

Explain the difference between sweeping and lofting.

Create a curve through a set of data points.

Create a multi-thickness shell.

Create a non-planar curve by projecting a sketch onto a surface.
Create avariable radiusfillet and aface fillet.

Create boss and cut features by sweeping.

Analyze sketches for curvature, minimum radius and inflection
points.

Analyze surfaces with zebra stripes.

Model threads.

Create an axis.

Create a 3D sketch.

Create a hole using Hole Wizard on a non-planar face.

65
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Sweeps

Introduction

Case Study:
Bottle

Stages in the
Process

Introduction

This lesson contains case studies that explore
different modeling techniques that can be applied
to modeling advanced, free-form shapes. Some of
the commands and techniques that will be
explored are:

m  Sweeping

m Variable-radiusfilleting capabilities
m Analyzing sketches and surfaces

m 3D sketching

Modeling free-form shapes requires'some techniques for creating
featuresthat are quite unlike the extruded or revolved shapes built in
the basic course. This example will go through the steps of creating the
mol ded plastic bottle shewn atithe top of the page.

Sone of the key stages inithe modeling process of this part are givenin
the following list:

Create the basic,shape of the bottle.
Thiswill be dene by sweeping an ellipse in such away that the major
and minar axes will be controlled by two guide curves.

Create ataised outline for the label.

We willsketch the outline of the label area and then project it onto the
surface of the bottle. This projected curve will be used as the path for
sweeping the raised outline.

Add the neck.
Thisis asimple boss extruded upwards from the top of the swept body.

Fillet the bottom.
The radiusfillet on the bottom of the bottle varies from 0.375” at the
two sidesto 0.25” at the center of the front and back.

Shell the bottle.
The bottle has two different wall thicknesses. The neck has to be
thicker (.060") because of the threads. The body is thinner (.020”).

Model the threads.
Thisis another sweeping operation. However, this time a different sort
of path is used: a helix.
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Sweeping and
Lofting: What's
the Difference?
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Both sweeping and lofting are capable of creating
many complex shapes. Which tool you use to
build a particular part depends primarily on what
design information you have to work with. There
are also some general differences between
sweeping and lofting that will influence which
method to use. In essence:

m  Sweeping uses asingle profile sketch.
m Lofting uses multiple profile sketches.

Consider the first feature of aplastic bottle such
asthe one shown in theillustration at the right, If
the design data you are working with consists of
the two curves that describe the outline of ‘the
bottle as seen from.the’front and side, and the
cross section'is similar. throughout. the shape, you
can create the feature’using sweep, withiguide curves controlling the
major and minor. axes of the elliptical 'section.

If thedesign data you are working with consists of aset of cross sections,
you canwse |oft to buildthe part: Thisis especially useful when the cross
sections are dissimilar although that is not the casein this example.

e
K
Starting with this? Starting with this?
Use Sweep. Use Loft.

Sweeping and Lofting: What's the Difference?
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Sweeping

Sweep
Components

Sweeping

Sweeps

Sweeping can be smple or complex.
For example, the spoke of the
handwhee! in theillustration at the
right is swept using a 2D sketch for
the path and an ellipse for the sweep
section. The sweep section does not
vary along the length of the path.

Profile(Sketch?)

Sweeping can be much more
complex than this simple example.
Swept features can al so incorporate
3-dimensional curvesor model edges
as paths, and the sweep section.can
be made to vary asit moves along a
set of other curves called guide
CUrves.

Below isalist of'the major components used in sweeping, including
descriptions,of their functions.

Profile.

Sweeping,only supports asingle profile sketch. It must be a closed,
non-self-intersecting boundary. However, the sketch can contain
multiplecontours — either nested or digjoint.

Path

Nested contours
Disjoint contours
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Curve Through
a Set of Poeints

Where to Find It

Entering Points
“On the Fly”

Note
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m Guide Curves.

Sweeps can contain multiple guide curves which are used to shape the
solid. Asthe profileis swept, the guide curves control its shape. One
way to think of guide curvesisto visualize them driving a parameter
such asaradius. In thisillustration, the profile is attached to the guide
curve. Asthe profile is swept along the path, the radius of the circle
changes, following shape of the guide.

Path(Sketch)

{ Guide Curve(Sketch2]

[FrofietEketcha)

Sweep Rath.

The Sweep Path hélps determine the length of the sweep by its
endpoints. Thismeansthat if the path is shorter than the guides, the
sweep will terminate at the end of the path.

The system'al so-uses the path to position the intermediate sections
along.the sweep. Assuming the profile plane is normal to the path:

m The Orientation/Twist Type option Follow Path means that the
intermediate sections will aways stay normal to the path.

m If theKeep Normal Constant option is used, the intermediate
sections will stay parallel to the plane of the profile sketch.

Curve Through XYZ Points enables you to create a 3-dimensional
curve through aseries of X, Y, Z locations. You can enter these
locations directly into a spreadsheet-like dialog or you can read them
from an ASCII text file. The file should have the file extension

* _SLDCRV or * . txt. The curve will pass through the pointsin the
same order asthey are entered or listed in thefile.

m Click Insert, Curve, Curve Through XYZ Points.

m Or, click Curve Through XYZ Points [f] on the Curves toolbar.
If you haven’'t created atext file containing the locations beforehand,
you can enter the X, Y, Z coordinates directly into the Curve File

dialog. In addition, once you have done that, you can save the point list
asafilefor reuse. To do this, follow this procedure:

The curveis created outside of a sketch. Therefore, the X, Y, and Z are

Creating a Curve Through a Set of Points
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Reading Data
From a File

Editing the Curve

Lesson 2
Sweeps

interpreted with respect to the Front (XY) coordinate system.

Double-click in the upper-left cell  prmym
(top row, under the heading Point) | [r—

7]
_ _rowse.|
and the system will openarow for [Emj—x T v T2 [ sse |
the first coordinate point using the o a—aan bt | = |
default values of X=0.0, Y=0.0, and |——+—&n—15n et |
L7 in in in risert

Z=0.0. 5 -0.81in Ein fin
B -‘I.D??n 5.25?n D?n s |
Type in the appropriate values. Use [ o[ rau 37 %o B

the Tab key on the keyboard to
move from one cell to another-er just double-click each cell'in turn.

Double-click in the next cell below Point #1 to add mere rows. If you
need to, you can insert arew'in the middlieof the list: Highlight the row
by single-clicking the number in the point column and click the Insert
button.

If you anticipate using this data set-again, you can saveit to afileusing
the Save button. [fyou are editing an existing file, Save will overwrite
the origina file; Save As will saveacopy of it.

Instead of entering the point,data directly, we will browse for afile and
readthe data from it.

Thefiles used here must be ASCI| text
files. You can'use spaces or tabs between
the columns of X, 'Y and Z coordinates.
One easy method, of creating the fileisto
use the'Notepad accessory that comes
with'Windows.

&} Bottle from Front.sldc 10l =|

File Edit Format Help

-0.5009n 9.1257n 0.0007n
-1.0%09n 8.5007n 0.0007n
-0.8609n 7.7507n 0.0007n
-0.7209n 7.0007n 0.0007n
-0.8109n 6.0007n 0.0007Nn
-1.0709n 5.2507n 0.0007n
-1.5359n 4.5007n 0.0007n
-1.9309n 3.7507n 0.000in
-2.1659n 3.0007n 0.000in
-2.2651n 2.2507n 0.0007n
-2.2509n 1.5007n 0.0007n
-2.1209n 0.7507n 0.0007n

Remember: the curve is created outside  |-2-120in 0.750in 0.0001n

of asketch. Therefore, theX, Y,andZare | o
interpreted with respect to the Front

coordinate system.

L

If you need to modify the data points associated with a curve created
through a data point set, use Edit Feature, the same as you would for
any feature. When editing the definition of the curve, you have several
options:

m Browsefor and substitute a replacement file.
m Edit the existing point list.
m Edittheorigina fileand read it in again.

Creating a Curve Through a Set of Points 71
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Begin by opening anew part using the Part IN template.

Insert curve.
On the Curves toolbar, click Curve Through XYZ Points [&].

Select the file.
Cl | Ck On B rowse and %I eCt Iodeling CourseLessond14B ottle from Front siderd Browse... I

thefileBottle from =T = 7 z jl savefl” |
(i

Front .sldcrv fromthe 8125in

:
2 -1.09in 8.5in i ave As

d| rectory 3 -0.86in 7.75in i LI
4 0.72in Tin Gi Inzert |

. 5 0.81in Ein 0i

Thefile contents are read & 1.0%in 5 25in i

. . 7 -1.535in 45in i

into the dialog and separated (7= 51 o |

into columns.

The browser can be setto search for Curves (%,.. SLDCRV)
or Text Files (* . txt):

Add the curve.

Click OK toaddthecurve to the part: A smooth spline curve
is created using the points contained in the file as shown at
therightin an'Front view: A feature named Curvel
appears.in the FeatureManager.design tree.

Create the second.guide.curve.
Click Curve Threugh XYZ Points [f] again.

From the browser) select thefileBottle from
Side.sdderwv:

Click"OK to create the second guide curve. This
curverepresents the shape of the bottle when viewed
from the side.

Theillustration at the right shows both guide curves
inaTrimetric view orientation.

Creating a Curve Through a Set of Points
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Introducing:
Insert Ellipse

Important!

Where to Find It

Sweeps
5 Sweep path. —
Select the Front reference plane and open a [
sketch.
Sketch avertical line, starting at the Origin.
Dimension thislineto alength of 9.125".
Thiswill be used as the sweep path. 9 125
EI(»-.._R_%_\

Sketching an-€llipse is similanto sketching a circle. Position the cursor
where you want the center and drag the mouse to establish the length of
themajor axis. Then releasethe mouse button. Next, drag the outline of
the.ellipse to establish the length of the minor axis.

To fully define an e@llipse you must dimension or otherwise constrain
the lengths of .the.major and minor axes. You must also constrain the
orientation.of one of the two axes. One way to do thisiswith aHori-
zontal relation between the ellipse center and the end of the major axis.

m . Click Tools, Sketch Entity, Ellipse.
m Or, click Ellipse [@] on the Sketch toolbar.

Creating a Curve Through a Set of Points 73
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Sweeps

6 Sweep section.
Select the Top reference plane and open a
sketch.

On the Sketch toolbar, click the Ellipse

tool [@] and sketch an ellipse with its center
attheorigin.

7 Relating the sweep section to the guide
curves.
We want the profile of the sweep section to
be related to the guide curves, Thisway the
guide curves will control/the sizeof the
ellipse. We can do thisusing aPierce or a
Coincident relation. Thisis why we
created the guide curvesbefore the profile. L

Press the Ctrl.key, and select thepoint at

the end-of the'major axis and.the first guide

curve. Right-click, and select Pierce. Repeat this procedure for the
minor axis and the second guide curve.

8 (Fully defined.
Since the Pierce. relation on the major axis definesits size and
orientation, we'do not need to further constrain it. If we had used a
dimension to control the size of the major axis, we would need to
control the orientation of the major axisin some way.

9 Exit(the sketch.
The sweep section is now fully defined so you can exit the sketch. We
are now ready to sweep the first feature.

Unlike extruded or revolved features, swept features cannot be created
while active in a sketch. You must exit the sketch first. Thisis because
swept features require multiple sketches which you identify
individually.

74 Creating a Curve Through a Set of Points
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Sweeping

Introducing:
Insert, Boss, Sweep

Where to Find It

Sweep Dialog

Sweeping

Sweeps

The Sweep option creates a cut or boss that uses at |east two pieces of
geometry, aProfile and aPath. The profile (usually a closed sketch) is
the cross sectional shape that is pushed along the path. The path
(usually an open contour sketch or curve) is used to orient the profilein
space. Other components can be added to further define the sweep. One
or more Guide curves can be used to shape the profile as it moves
along the path. There are several options for the profile sketch:

Closed Contour Nested Contours Digoint:Contours

Insert, Boss, Sweep creates afeature from two sketches: a sweep
section and.sweep path. Thesection is moved along the path, creating
the feature.

m  Click Sweep Boss/Base [@] on the Features toolbar.
m Or, click Insert,"Base/Boss, Sweep.

The Sweep.dialog contains selectionlistsfor several ¢z
types of ‘@bjects. Profile, Path and Guide Curves. It

Yo
alsohas options to determine how the system orients Pmm:ﬁﬁf) 2 .
ihe Satiohs while sweeping. e
The dialog is divided into five sections or group < W

bOXGS Cpkions -

] Prof”e and Path ..................................................

/
Options -
Guide Curves I

Start/End Tangency = o
[ EFge SMoo ACES

Thin Feature I—

StartfEnd Tangency -

Start kangency bype:

INone = l

End tangency type:

INone = l

[ Thin Feature A
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The Options group box contains one or more of the following controls
depending whether the sweep is a boss or a cut, a base feature, or a
multibody:

m Orientation/twist type

With a simple sweep, the orientation of the profile is controlled by
choosing either Follow path, Keep normal constant, Twist along
path or Twist along path with normal constant.

If the sweep includes guide curves, the orientation of theprofile ¢an be
controlled by choosing either: Follow path and 1st guide ¢urve,
Follow 1st and 2nd guide curves. Thisis optional.

m Merge tangent faces
With this option on, it mergesitangent faces together, creating an
approximation. Planar, cylindrical and conic.faces are not merged.

m Show preview

With this option on, it displays a shaded preview of the sweep,
changing as'each component is added:, The more complex the sweep,
the longer apreview takes.

m Merge result
With.this.option off, the sweep generates an additional solid body.

m’ Align with end faces
With this option onpit will continue the sweep beyond the geometric
end. For more information, see Align with End Faces on page 104.

SweeprPropertyManager.
ClicksSweep Boss/Base [@], or click Insert, Base,
Sweep to access the Sweep PropertyManager.

Path(Sketchl)

Select profile and path.

Make sure the Profile box is active, and select the
ellipse. When you select the profile, the Path box
automatically becomes active. Select the vertical
line for the path. Callouts appear on each selection.

The preview displaysthe result without the effect of
any guide curves.

Frofile(ketcha)

Sweeping
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12 Guide curves.
Expand the Guide
Curves group box.

Path(Sketchl)

Click inthe
selection list, and
select the two

curves indicated.

A callout appears
only on the last
guide you select.

Showing ex ap can see how the intermediate
Intermediate i generated Mng the Show Sections option.
Sections When the system com ions, it displays a spin box listing
nUmber of the inter e section. You can click the up and down

ows to displ of them.

1 Sh 0W| n g Se Guide Curves o

s button g, 4
. X to display the
atesections. Notice how

f the ellipse isdriven by ¥ Merge smooth Faces
relationship with the guide curves. & 5 =

make sure that the default

Follow Path is selected.
0 Click OK.

Options £

Crientationbwist bype:

ons.
Q Expand the Options group box, and

IFollow Path 'l

Path alignment. type:

Mone =

r Merge kangent Faces

V| show preview

Sweeping 77
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Sweeps
15 Finished sweep.
The swept feature is shown at theright ina
Trimetric View.
The Label The shape of the labelsis created Using.a sketch that is projected onto
Shape the face of the bottle” The curve that'is generated will be used as the

Library Features

File Explorer

Sweep-Rath/0f another swept feature. The sketch is already built and
hasbeen stored as alibrary‘feature.

Library‘Features are generally applied using the Design Library (see
the Essentials: Parts and"/Assemblies manual) but can also be dragged
and dropped from the File Explorer or Windows Explorer.

The File Explorenis used to search drives and folders for SolidWorks
file typessThetiles can be dragged and dropped into SolidWorks.

78
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File Explarer.
Click theFile Explorer tab

ihof the Task Pane.

align end faces
#] Bottle From Front.sldcry

Double-click the folders . #] Bottle from Side.sldcry E’l

label.SLDLFP label »
Lesson 2 and Case & v

. . Sweep with Guides Example
study to find the library
- * -] Exercises
feature label. | ) =3 Lossonos
D Lesson0s

Path: H:ySalidiorks 2004 ] Lessonos

Training FileshAdvanced Part AP o

ModelingiLessoni3Case CAD Productivity Tools

Study'l,labg!.SLDLFP Essentials - Drawings

Date Modified: 01/02{2003 Essentials - Parts and Assemblies

\ Size: 42 KB FOMWorks

The Label Shape
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18

Sweeps

Drag and drop. Clbel | x

Show the Front Plane of
YL
the part. Drag the 1abel . "-/) g) -) ?A)

from the F|Ie EXpI orer and ..... antplane ........................
drop it on the Front _—
Configuration: -

Plane. ...............................................

[ Link ta library part

References -

References.

Select the Sketch Point reference and click the part’s
oxigin. Although thisreference is not required,
selecting it avoids having to repair the dangling relation.

Click OK.

The Library Feature
Folder

Tip

The sketch appears in the FeatureManager design ;. (& sweep!

treein afolder named 1abel<1>. The actual =) label<1 ={Default)
sketch cannot be used in this form, it must be G Sketch3
removed from the library feature folder. -~

Dissolve Library Feature can be used to break down the LibFeat
folder. This removesthe library feature icon and causes each of the
featuresit contained to be listed individually in the FeatureManager
design tree.

Working with a
Non-planar Path

There are several techniques for creating non-planar paths. During the
remainder of this example we will examine the two techniques:

m Projecting a sketch onto a surface.
m Creating a helix.

Working with a Non-planar Path 79



Lesson 2
Sweeps

Projecting a
Sketch onto a
Surface

Introducing:
Insert Projected
Curve

Where to Find It

80

19

20
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In the next part of this example, we will create a projected curveto use
as the sweep path for the label outline on the bottle. We will do this by
projecting a 2D sketch onto the curved surface of the bottle. The sketch
was created using aLibrary Feature.

Projected Curve projects a sketch onto aface or faces of the model.
When these faces are curved, the result is a 3-dimensional curve. This
command can aso merge two orthogonal sketches into one 3D curve.

m Click Project Curve [@ on the Curves toolbar.

m Or, click Insert, Curve, Projected.

Projected Curve dialog@and preview.

Click Project Curve [@], or click Insert, Curve; Projected.

Select the Sketch-onta Face(s) option from the list.

Selections. AN
Click in the Sketch to ﬁ% 2
Project listandselect the ¢ “h&/ 2

g(etch_ Click in the . ............ S ketCthtDFace(s)v

Projection Faces listand |, Foma
select the model face. -

By-default, the system
projects the sketch normal
to the sketch, plane (along

the positive Z axis). If you ™ Reverse Projection |
want to project the curve

onto theback of the bottle,

click Reverse Projection.

Click OK.

Working with a Non-planar Path
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Projected curve.

The system projects the sketch onto the front
surface of the bottle. This curve will be used
as the sweep path to create a boss to outline
the areathe label area on the bottle.

Sketch the profile.

Changeto aRight viewand
select'theRight reference plane.
Open a sketch and draw acirclein
any‘convenient [oeation.

Pierce relation.

Add aPierce relation between the
center-of the circle and the @
projectedicurve to define its

location. Dimension the circle to

0.1225" diameter.

The projected curve pierces the
sketch plane in two places: at the
top and the bottom. The system
chooses the pierce point closest to
where you select the curve. If you
want the circle located at the top,

select the projected curve near the top. It’s that ssmple.

Working with a Non-planar Path

Lesson 2
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24 Sweep the boss for the label outline.

25
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Exit the sketch.

Click Sweep Boss/Base [3@]. Select the
circle asthe Profile and the projected curve
asthe Path.

Click OK.

Notice the system has no difficulty sweeping
afeature with the profile located at the
middle of aclosed path.

Add'the neck:

Select'the top face of the'bettle and open a
sketeh. Use Convert Entities [@] to copy this
edgeinto the active sketch. Extrude the
sketch upward.a distance of 0.625”.

Variable Radius
Filleting

82

A variable radiusfillet runs around the bottom of the bottle. Variable
radiusfillets are defined by specifying aradius value for each vertex
along the filleted edges and optionally, at additional control points
along the edges. Variable radius control points operate as follows:

m The system defaults to three control points, located at equidistant
increments of 25%, 50%, and 75% along the edge between the
vertices. You can increase or decrease the number of control points.

Variable Radius Filleting



SolidWorks 2006 Training Manual Lesson 2

Sweeps

m You can change the position of any control point by changing the
percentage assigned to that control point. You can also drag any
control point, and its assigned percentage will update accordingly.

m Although thereisavisual display of the control points, they are
only activeif you select them and assign aradius value.

m |nactive control points are red. Active control points are black, and
have a callout attached to them indicating the assigned raditis.and
percentage values.

In this case there only a single vertex on the bottom edge of the'bottle.
Therefore, we will use control points.

26

27

Note

28

Tip

Variable Radius Filleting

Fillet the bottom. (D -
Click Fillet [@| on theFeatures toolbar. For Fillet (‘: S
Type, choose Variablefradius. £ Face fle

£ Full raurd fillst

Select theedge.

Select'the bottom edge of the bottlenA
callout appears at the vertex, and three
control points appear along the'edge.

For variable radiustilleting, you must
select an edge. You cannot select a
face.

Yariahle radius:

Variable Radius Parameters &

Assign radius value to the
verik g =

Click the callout and enter a 71—
radius value of 0.375". -

_ _
The assigned radius also appears
in the vertex list in the A

=
PropertyM an@er' % Smooth transition
The buttons Set Unassigned —Jr B

and Set All are used to assign
one radius value to many
vertices (not control points) at
once. If most, but not all,
vertices have the sameradius, it
isfaster to assign the same value
to all of them, and then change only those that require a different value.

Wariahle radius: |0.375i0
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29 Radius values.
Click the control points and use
the calloutsto set theradiusR to
0.25” and 0.375” as shown.
Leave the positions P at their
default values of 25%, 50%, and
75% as shown intheillustration
at theright.

Click OK to create thefillet.

0.375in
50.00%

Wariahle radius: |0.375i0

30 Result.
Theresult of the variableradiusfillet is
shown at theright. The fillet forms a
closed loop varying smoathly from
0.375” t0 0.25” t0 0.375%t0 0.25” and
back to 0.375™ @t the start.

Another Approach This portion of the example was based on the assumption that the

to Filleting design intent calledifor exaet radius values at specific locations around
the base of the bettle. Let’s consider a different approach based on a
different design requirement.

Look at the'bottlefrom the front. The
edge of thefillet, also called therall, is
not straight across the front of the bottle.
L et’s examine how we would fillet the
edge if the design requirement specified
this edge must be straight and located 0.375” from the bottom face. In
other words, rather than have the fillet define the rails, we will define
where the rails should be, and let the system compute the fillet radius.

Adding a/Split Line A split lineis used to divide model facesinto two. Split lines are
created like any other sketched feature. They can be one or more
connected sketch entities. They must be oriented so that they will pass
through model faces when projected normal to the sketch plane.

Introducing: Insert, Curve, Split Lines uses one or more curves to split one model
Split Lines face into two. The curves are sketched on a plane and projected onto
the faces to be split.

Where to Find It m Click Insert, Curve, Split Line.
m Or on the Curvestoolbar, click Split Line [&].

31 Delete the fillet.
Right-click the variable radiusfillet, and select Delete Feature.

84 Variable Radius Filleting



SolidWorks 2006 Training Manual

32 Sketch the split line.
Select the Front reference plane, and
open a sketch. Sketch a horizontal line
making its ends coincident to the
silhouette edges of the bottle. Dimension
it as shown in theillustration.

33 Projection split line.
Click Split Line [&], or

Line. Since we are still

)\
Projection optionis %@H cho
option proj ectsthec ught e

cI|ck

selected fac
34 Select fac \
Click in h sto Spll istt
i ect thef that forms
of the b
sure the Single d| on Check
x cleared 1 nc he sketch is on the
Front pI ide” the bottle.
he sket: projected in both
di rectlo letely split the face.

ompl ete the command.

Qes ults.
The horizontal sketch line breaksthe single face

into two faces.

O

375

, Curves, 3 i
e sketch,

375

Lesson 2
Sweeps

\ Typeofsplt .-
 Sihoustte
' Projection
" Inkersection
TS e

|_§ I ISketch6

[ single direction

= Rewverse direction

}7

Variable Radius Filleting
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Face Fillets

Introducing:
Face Fillet

Where to Find It
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A facefillet differsfrom an edge fillet in that instead of selecting a
edge, you select two sets of faces. The advanced options enable you to
use geometry to define the radius of the fillet instead of specifying a
numeric radius value. Thisis very powerful.

The Fillet command has an additional group box, Fillet Options,
where aHold Line can be assigned to define the fillet’s tangent edge or
rail. Defining the rail of thefillet definesthe fillet’s radius. Inthis
example, the edge created by the split line will be used.

m Face Fillet islocated on the Fillet PropertyManager:

Note

86

36

37

Insert Fillet.
Click FiIIet- [@l. In Fhe Fillet Type group box, choose V) X)(2)
the Face Fillet option. v .
Pt RS
Since the Hold.line'will define theradius, you do not ot s
need to enter-a radius value. Alsa, when'you expand Clianes
the Fillet Options group box and'select the hold el
H H H H Items To Fillst -
lines, the radius field disappears. o 5
N IT
N P
¥ ;ra;:?:;;tion
' Full preview
€ Partial preview
& Mo preview
Select the faces.

Verify that the Face Set 1 selectionlistis
active and select the bottom face of the
bottle.

Activate the selection list for Face Set 2
and select the face created by the split
line.

Face Set 1: [0.375in

Variable Radius Filleting
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38 Fillet Options. TE— .

Expand the Fillet Options group AR

box. Click in Hold line selection

list, and select the edge created by

the split line.

. . Hold Line [ Curvature
Click OK to create the fillet. continues

[T Constant width
Help paoint:

Face Set 1: [0.375in

39 Results.
The face created by the split
line (Face Set'2) is.completely
removed. Thefillet is created
with'a variable radius defined
such that the fillet ends exactly
onthe hold line.

Analyzing SolidWorks has saverd tools that are used to obtain information and to
Geometry assess the quality of curves and surfaces. They include:

Display-Curvature
Show Curvature Combs
Show Minimum Radius
Show Inflection Points
Zebra Stripes

What is To avoid getting too deep into mathematics, we will use this working
Curvature? definition: Curvatureisthe reciprocal of the radius.

If asurface has alocal radius of 0.25, it has a curvature of 4. The
smaller the curvature value, the flatter the surface.

Introdueing: Display  Displaysthe faces of the model rendered in different colors according

Curvature to their local curvature values. You can assign different curvature
values to the scale of colors. Red represents the largest curvature
(smallest radius) and black represents the smallest curvature (largest
radius).

Analyzing Geometry 87



Lesson 2
Sweeps

Where to Find It

Tip

Show Curvature
Combs

Introducing: Show
Curvature/Combs

88

40

41

42
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m Click Curvature [W] on the View toolbar.

m Or, click View, Display, Curvature.

m You can display the curvature for selected faces by right-clicking
the face, and selecting Curvature.

Displaying the curvature can be system resource intensive. In many
cases you can improve performance by displaying the curvature only
on the face or faces that you want to evaluate.

Display Curvature.

Click View, Display,
Curvature. The partis
rendered in colors
according to the curvature
of the faces. Asyou move
the cursor over aface, a
print out appears giving
both the curvature.and
radius of curvature values.

Look at thefillet.

Notice the dramatic change
in‘calor from the body of the bottle to the fillet around the bottom. This
indicates that although the fillet is tangent to the body, it is not
curvature continiuous.T his means the faces do not have the same
curvatureat,the edge where they meet.

Turn.off curvature display.
Click View, Display, Curvature to turn off the curvature display.

v -

Provides visual representation of the slope and curvature of most
sketch entities. You can use Show Curvature Combs to evaluate
splines before they are used to sweep or loft solid features. You can also
indirectly evaluate curved faces by generating intersection curves and
then evaluating the curves.

Show Curvature Combs gives
agraphic representation of the
curvature in the form of a series
of lines called acomb. The
length of the lines represents the
curvature. The longer the line,
the greater the curvature (and
smaller the radius).

When the comb crosses the <A ANEIARSS
curve, it indicates an inflection point. An |nflect| on point is where the
curve changes direction. This only appliesto splines.

Analyzing Geometry
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Where to Find It

Intersection
Curves

Introducing:
Intersection Curve

Where to Find It

Analyzing Geometry

Sweeps

You can use Show Curvature Combs
to learn other things about how curves

are connected. Look at theillustration at .
the right. The two sketch entitiesare a
circular arc and a quarter of an ellipse. *

The two curves are tangent but not matched in curvature. Thisis
indicated by the fact that the curvature lines are the common endpoint
are:

m Collinear (indicates tangency).
m Not the same length (different curvature values)

In the illustration at the right, the two

entities are not tangent as indicated by

the fact that the curvature lines at the .
common endpoint.are not collinear.

* t

The curvature.comb remains visible

when you close the sketch (unless the sketch has been made into a
feature)xTorremove the display, right=click the sketch entity, and select
Show Curvature Combs again from the shortcut menu to remove the
check mark.

m’ Click Show Curvature Combs [&] on the Spline Tools toolbar.
m Or, right-click the sketch entity, and select Show Curvature
Combs.

Show Curvature,Combs only works on sketch entities. In situations
where yourdo not have a sketch entity, you will have to apply other
techniques. For example, to evaluate aface or surface, onetechniqueis
to generate an intersection curve.

Intersection Curve opens a sketch and creates a sketched curve at the
following kinds of intersections:

m A planeand asurface or amodel face.
Two surfaces.

A surface and amodel face.

A plane and the entire part.

A surface and the entire part.

Click Intersection Curve [&] on the Sketch toolbar.
m Or, click Tools, Sketch Tools, Intersection Curve.
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43

44

45

Intersection curve.
Select the Front Plane reference plane and
open a sketch.

Click Intersection Curve [&] on the Sketch
toolbar.

Select the face of thefillet and the main body
of the bottle.

Results:

The system generates intersection curves
between the sketch paneand the selected
faces. Two sets of intersection curves are
created becausethereference plane intersects
the faces in two locations. Only one set is
needed for this example.

Turn'off thesintersection curve tool.

ClickIntersection Curve [#] again to turn off
the tool.

Analyzing Geometry
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Color

Show Minimum
Radius

Where to Findt

Show Inflection
Points

Analyzing Geometry

46 Show Curvature Combs.

Sweeps

Right-click one set of the intersection
curves and select Show Curvature
Combs.

Note the following:

m Thefillet hasacircular cross section
asindicated by the curvature comb.

m Thefillet and the side of the bottle
are matched in tangency.

m Thefillet and the side of the bottle
are not matched in curvature as
indicated by the different.lengths of
the curvature combs.

The color of the curvature comb is
controlled by Temporary Graphies,
Shaded whieh islisted under Tools,
Options; System Properties, Color:
Depending on'the color of the viewport
background, you may want'to ¢change
the temporary graphics eolor for maximum visibility.

47 Modify Curvature Scale. R
Right-click theintersection curve and choose V)(2)
Modify Curvature Scale. Slide the bar right — =
(d&rm) Or Ieft (i ncrm) to Charlgethe g:aleof the .................................................
curvature combs. —_——

Show Minimum Radius (of curvature) can be used to graphically
display the position and value of the minimum radius of curvature on
the curve. Thisisimportant information for shelling and offset
geometry.

m Click Show Minimum Radius [@] on the Spline Tools toolbar.
m  Or, right-click the sketch entity, and select Show Minimum
Radius.

Inflection Points are those pointson a

curve where the curvature changes

direction, shown in the curvature comb _
display as acrossover. These pointscanbe  prceton
shown on the curve.
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m Click Show Inflection Points [%] on the Spline Tools toolbar.
m  Or, right-click the sketch entity, and select Show Inflection Points.

48 Minimum Radius.

49

50

51

52

92

Right-click the curve and select

Show Minimum Radius. A graphiccircle,
tangent to the curve, appears on the screen.
A radius value is attached to the circle.

Inflection Points.
Right-click again turn off Show Curvature
Combs.

Turn on the Show! Inflection Points option.

A small double facing arrow symbol appears at
each inflection point in the curve.

Turn off'the displays.

Right-click the intersection curves, and select
Show Inflection Points and Show Minimum
Radius.

Exit the sketch.

Rollback.
Right-click the sketch, and select Rollback.

@355

@355

Analyzing Geometry
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Zebra Stripes

Introducing:
Zebra Stripes

What is a
Singularity?

Boundary
Conditions

Where to Find It

Analyzing Geometry

Sweeps

Zebra Stripes simulate the reflection of long strips of light on avery
shiny surface. Using zebra stripes you can see wrinkles or defectsin a
surface that may be hard to see with a standard shaded display. Also,
you can verify that two adjacent faces are in contact, are tangent, or
have continuous curvature.

Properly interpreting the zebra stripe display
requires some explanation. To illustrate, we will
look at some examples using abox with afillet.

Thefirst point to consider is the pattern of the
stripes. By default, the part appearsto be insidea
large sphere that is covered on theinside with strips
of light. The zebra stripes are. dways curved (even
on flat faces) and display singularities.

A singularity is wherethe zebra
stripes appearto converge to a point.

Singularity

Thenext point te.consider is how
the zebra stripesiare displayed
where they.cross the boundaries
of faces! Evaluating the zebra
stripe display'will give you
information about how the faces Tangent
within a part are blended one into
thewother.

There are three boundary
conditions:

Contact

m Contact — the stripes do not 83;{.?}3{,?,3

match at the boundary.

m Tangent — the stripes match,
but there is an abrupt change
in direction or a sharp corner.

m Curvature continuous — the stripes continue smoothly across the
boundary. Curvature continuity is an option for face fillets.

m Click Zebra Stripes [N] on the View toolbar.
m Or, click View, Display, Zebra Stripes.
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53

Zebra stripes.
Click View, Display, Zebra Stripes.

Rotate the view and watch how the
pattern of stripes changes. Pay particular
attention to how the stripes blend from
the face of the bottle to the fillet. The
fillet is matched in tangency, but not
curvature.

Save this view display state so.you can
return to it later.

Curvature
Continuous Fillets

Where to Find It

The Curvature continuous option for face fillets can create a
smoother transition between adjacent surfaces. Only face fillets can be
curvature continuous./There are twio waysto specify the radius of a
curvature continuous, face fillet:

1. Specify aRadius value:
2. UsetheHold line option. This requires two hold lines, one for each
set offaces.

m_ On theFillet,PropertyManager, select Face fillet, expand the Fillet
Options group box, and click Curvature continuous.

Note

94

54

55

56

Turn off zebra stripes.

Rollback:
Right-click the fillet, and select Rollback.

Second split line.

Open a sketch on the bottom face and
create an offset of 0.375”. Use this
sketch to split the bottom face.

Thiswill cause an error in the next step because the split line eliminates
one of the faces that was selected for the face fillet.

Analyzing Geometry
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Fillzt Cptions -

57 Roll forward and Edit
Feature. i ——

One of the face set lists Edoe <I>
will be empty. Click in | ’
that list, and select the

face created by the split @ Curvature

continuous

I | ne. [T Constant width

ClickintheHold line | [————
list, and select the edge
of the face for the second hold line.

Hold
Kine

Click Curvature continuous, and OK.

58 Inspect the curvature.
Roll forward and examine the curvature
of the intersection-eurves. Notice
particularly how the curvature display:for
the fillet has.changed. The unequal
lengths.of the'curvature comb indicate
thatdhe fillet is'not circularin cross
section.. Thisis understandable.
Curvature continuous fillets are not
circular. Also, the last comb element on
the'body and the first element on thefillet
are the samelength. This indicates that
the fill et iseurvature continuous with the
body of the bottle:

59 Delete the sketch.
Delete the sketch which contains the intersection curves. We do not
need it any more.

60 Zebra stripes.
Click View, Display, Zebra Stripes.
Examine how the stripes blend from the
body of the bottle to the fillet.

61 Turn off zebra stripes display.

Analyzing Geometry 95
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Filleting the Thenext step isto create afillet around

Label Outline theinside and outside edges of the label

Selecting Edges

outline, shown herein red.

Filleting (other than a face blend fillet) depends on selecting edges.
There are a number, of different ways to select edges. You can:

m Sclect individual edges. If Tangent Propagation is enabled,

sel ecting one edge will select other edges that form atangent chain.
m Sdect aface. Selecting.a face will fillet all the edges of that face.
m. Select aloop.

Consider the examples below:

Sdlect Face

Select L oop

Click the handleto
Select Edge Select Loop select the edges of the

adjacent face.

What is a Loop?

96

A loop isaset of connected edgesin aface. In asolid, an edgeis
always the boundary between two faces. Therefore, when you use loop
selection on an edge, there are always two possible results. A handle
points to the face whose edges are being selected. Clicking the handle
selects the edges of the adjacent face.

Filleting the Label Outline
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Introducing: Select
Loop

Where to Find It
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Select Loop can be used to select multiple, connected edges that
constitute one loop of aface.

m Right-click the edge, and select Select Loop.

62

Fillet the label outline.

Run a0.060" radiusfillet around
the inside and outside edges of the
swept label outline. Thisfillet,
shown herein red, has to be added
before the bottle is shelled.

Experiment with different'ways of
selecting the edges to be filleted:

m Selecting tangent edges
m Sdectingaface
m Selecting.aloop

Multi-thickness
Shell

Shell the Bottle

The Shell Feature command gives you the option of creating a multi-
thickness shell, in which some walls are thicker (or thinner) than
others. You should decide what thickness represents the usual case,
which is applied t@ mast faces. Then, you should determine what
thickness represents the exceptions, applied to fewer faces. In the case
of the'bottle,al facesare 0.020” thick except the neck, which is0.060".

Createaimulti-thickness shell, removing the top of the bottle neck. Use
awall thickness of 0.060” for the neck and 0.020" for all the other
faces.

Selecting Edges

63

64

Parameters -

SheII Command. ..................................................

Click Shell [@ onthe Features  « [oon =
toolbar, or click Insert, N
Features, Shell.

Set the Thickness t0 0.020” as I shell outward
the default. T showprevew

For the Faces To Remove,
select the top face of the bottle neck.

Multiple thickness.
Expand the Multi-thickness Settings section. Face selections here
will not be the default thickness.
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65 Select thicker faces.
Click in the Multi-thickness Multhickness Seffings =
Faces field and select the «6 [poeon =
outside face of the bottle neck. L [Feee
Set the thickness to 0.060".
Click OK to create the shell.
66 Results shown in section view.
Theillustration at the right shows a section view,
viewed from the back.
67 Save your work.
We have invested alot of timedinto this case study.
Now would be agood timetosave the file.
Performance When working on apart like this one, performance tendsto slow asthe

Considerations

Performance
Settings

98

geometry getsmore camplex. Sweeps, lofts, variable radiusfillets, and
multi-thickness shells in particular have an impact on system resources
and performance. There are, however, some steps you can take to
minimize this impact and optimize system performance.

The PerfO rmance tab fOf TO 0 I S ’ " Update mass properties while saving document
Opt| ons, System Opt| ons COntaI ns ™ Use shaded preview

I~ | Wse Software OpenGL

settings which affect all documents. oo mege sty _|

Turning off shaded/dynamic
previewing and limiting updates to affected faces can speed up the
process.

Im ag e Qu al |ty %ttl ngS fOI‘ —5Shaded and draft quality HLR{HLY resalution

Shaded and Wireframe also | = el g

have an impact on system Devistion: [0.026262160

performance. U% the |0WESt [~ Cptimize edge length (higher quality, but slower)

p0$ bl e %tt' ngs that $| | | ™ &pply to &l referenced patt documents

gl Ve a:ceptabl e | m&e [~ Save tessellation with part document

qual Ity- "V:f;r:ﬁame anil high quality HLR/HLY reso'I-|Li|;|:25|ower)
4

Performance Considerations
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Suppressing
Features

Parent/Child
Relationships

Accessing the

Suppress Command

Interrupt
Regeneration

Lesson 2
Sweeps

Suppressing a feature causes the system to ignore it during any
calculations. Not only isit removed from the graphic display, the
system treats suppressed features as if they aren’t even there. This will
significantly improve system response and performance when working

with complex parts.

Parent/child relationships affect suppressing features. If you suppress a
feature, its children will automatically be suppressed also. When'you
unsuppress a feature (turn it back on again) you have the option.of
leaving its children suppressed or unsuppressing them as well-

The second implication of parent/child relationsand suppressed
featuresisthat you cannot access or reference any of the geometry of a
suppressed feature. Therefore, you need to give careful consideration to
modeling technique when you suppress something. Don’'t suppress a
feature if you will needto reference itsgeometry later.

There are severa ‘ways to access the Suppréess command:

On.the'Features toolbar click Suppress [1&].
On the pull=down menu.click Edit, Suppress.
Onthe right-mouse menu click Feature Properties.
On the right-mouse menu click Suppress.

Press Esc to interrupt the regeneration of apart. This also works when

opening partsyduring rollback, and so on.

When yousinterrupt the regeneration of a part, the system completes
regeneration of the current feature and then placesthe rollback bar after

that feature:

68 Suppress features.
In the FeatureM anager design tree, select the
features for the label outline (Sweep2), the
split line features (Split Linel and
Split Line2), thefaceblend fillet
(Fillet1), thefillet around the label
outline (Fi1l1let2) and the multi-thickness
shell (Shelll).

Click Suppress [I&] on the Features toolbar,
or click Edit, Suppress. The features are
removed from the graphics window and
grayed out in the FeatureManager tree.

Performance Considerations

% bottle

£

£
£

..... |A] Annotations
]@ Design Binder
§E Material <nat specified =
F- ] Lighting

| @] Solid Bodies(1)

..... Q Fronk Plane

..... &5 Top Plane

..... Q Right Plane

I_, CIrigin

]@ Sweepl

i) label<1>{Default)
]@ SweepZ

-[[§ Extrudel

n-J Spit Linet

0-J7 Split Line2

-4 Fillet1

-4 Fillet2

[Jll] Shell1
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69 Offset plane.
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Models can contain two types of threads: standard or cosmetic threads,
and nonstandard threads. Standard threads are not modeled in the part.
Instead, they are represented in the model and on the drawing using
thread symbols, drawing annotations, and notes.

Nonstandard threads should be model ed. These threads, like the threads
on the neck of this bottle, cannot simply be specified by anoteon a
drawing. Model geometry is needed because downstreamiapplications
such as NC machining, rapid prototyping, and FEA requireit.

A thread is modeled by sweeping a profile along ahelical path. The
helix can aso be used to sweep,springs and worm.gears.

The major stepsin modeling threads are:

Create the helixs
The helix is based0n a sketched circletiedto the diameter of the neck.

Create the'sketch for the cross.section of the feature.
The sketch is oriented with respect to the helix and penetrates the neck.

Sweep'the sketch alongthepath (helix) either as a boss or a cut
feature.
In'this example, thethreads are a swept boss.

Insert, CurvegHelix/Spiral createsahelical 3D curve based onacircle
and definition values such as pitch and number of revolutions. The
curve can then be'used as a sweep path.

m ClickHelix and Spiral [8] on the Curves toolbar.
m Or;click Insert, Curve, Helix/Spiral.

In the remainder of thisexample, wewill
build the threads on the neck of the
bottle as shown at the right.

7T

-

Modeling Threads

Create areference plane offset 0.10”
below the top of the bottle neck. Thisis
where the threads will start.
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70 Insert sketch.
With this plane selected, open a new sketch.

71 Copy the edge.
Copy the edge of the bottle neck into the

active sketch using Convert Entities [@.
Thiscirclewill determinethe diameter of
the helix.

72 Create the helix. B

Click Helix and Spiralg]. The Helix Curve diaog V) X)2)
is used to specify the definition of the helix. The o

Defined By: -
threads have@a Pitch of 0:15” foril.5:Revolutions. | [Pich and Revalution =] ST
The threads are'Cloeckwise and go-down the neck —— .
fromastafting Angle of 0°. & & R
Asyou changethe parameters of the helix, the [¥ Reverse drecton
preview. graphics update to'show the result. Revalutions:

E—
Click OK to create the helix: start angle:
& Clockwise

7 Counterclockwise

I Taper Helix Fs

¥ Taper cutward

73 Insert a sketch.

(=040 ()3 (et
Using another library feature,
insert the sketch used for the thread T /\
profile. Insert the library feature . 30°
thread.sldlfp ontothe T !
Right reference plane. 050 !r._._.t_._. .
=
] %__.' \{
R.020

Modeling Threads 101
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Relations.

Edit the sketch of the library feature.
Create arelation of Collinear between

the horizontal centerline of the sketch /\

040 it e 0z0

and the plane Planel. f 07
Use asilhouette edge to add a 080 4:;;—_};
Collinear relation between the ; 55
vertical centerline and the outer edge e Y
of the model. The sketchisnow fully = RO20

defined. Exit the sketch.

Sweep the threads.

Click Sweep Boss/Base [@].
Select the sketch as the'sweep
section, and the helix as the' sweep
path.

Click OK.

If you are wondering what the
option Alignwith End Facesis used for, we will cover asimple
exampleexplaining its purpase after we finish with the bottle. See
Align with End Faces on page 104.

Profile(Sketchl1

Results.
The results of sweeping the thread are
shown atsthe right.

Add the finishing details.

An easy way to round off and finish the ends of the
thread isto create arevolved feature. Do this for both
ends of the thread.

An easy way to create the centerline that is needed for
the revolved feature isto use Convert Entities to copy
the vertical edge where the thread meets the body of
the neck. Then change the line’s properties to
Construction Line and you have your centerline.

Modeling Threads



SolidWorks 2006 Training Manual Lesson 2
Sweeps

78 The finished bottle.
The bottlein thisillustration has an added
lip around the base of the neck. Thisisa
simple extruded boss. Many bottles have
thislip to provide a secure grip for those
shrink-wrapped, tamper-evident seals that
are so common.

R O
Using Twist The Twist Al
ption can wi
h

Sweep e Profile
arou d move
aong.it.

etwist can bedefined by a
of Degrees, Radians

Turns along the entire
Q length of the path.
< ’ 1 Open part.

Open the part Twisted Ring. It
contains two sketches:

m Sketch?2 istheProfile
m Sketch3 isthePath

Using Twist 103
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Click Cut Sweep [E] and
create a simple cut sweep
using thedefault Follow Path
option.

Edit Cut-Sweepl
feature.
Edit the Cut - Sweep1l

feature and %t the ! LETT T

Orientation/twist type

Twist Along Pat _

MNP

turns. Hong Pat _

@ o

ding aR

edg&(of)@

You are probably wondering what the
option Align with End Faces isused for.
Consider this simple example. Suppose
you wanted to create a cut by sweeping a
profile along the edge of amodel as
illustrated at the right.

Align with End Faces
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Sweeping
Along Model
Edges

Propagate Along
Tangent Edges

What'if the Edges
Aren’t Tangent?

If you use Align with End Faces, the cut
continues al the way through to the end
face of the model. Thisissimilar to the
Through All end condition used in
extruded features. Thisisusually desirable
and iswhy thisoptionis selected by default
—when you are sweeping a cut.

If you do not use Align with End Faces,
the cut terminates when the profile reaches
the end of the path, leaving a small lip of
uncut material.

The reason we didnot:use Align ‘withhEnd
Faces when.sweeping the threadsis
because there'were no end faces for the
bossto align with. Using it4n that case
could have forced the system to give an
incorrect result. Fortunately, Align with
End Faces is deselected by default when sweeping a boss.

There is something else this example shows: model edges are valid
entities for a sweep path. They can be selected directly, without
copyingthemiinto a sketch.

When you select amodel edge as a sweep path, an additional option
becomes available in the Sweep dialog. This option is Tangent
propagation and it serves the same function as the similar option in
filleting. If you select a single segment of the edge, this option causes
the sweep to continue along the adjacent, tangent edges.

The sweep command only allows you to select asingle entity for the
path. Therefore, you cannot use the right-mouse menu option Select
Tangency.

Consider a situation where you want to run
a swept feature around a number of edges,
not all of which are tangent. The Sweep
Path selection list only accepts one
selection. Thereis no way to select
multiple edges. And since some of the
edges are not tangent, they won’t

propagate.

Sweeping Along Model Edges 105
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A Composite Curve enables you to combine reference curves, sketch
geometry, and model edgesinto asingle curve. This curve can then be
used as aguide or path when sweeping or lofting.

m Onthelnsert menu, click Curve, Composite.
m Or, click Composite Curve [%] on the Curves toolbar.

Composite Curve dialog.
Click Composite Curve [~ on the Curves toolbar.

Composite Curve

Introducing:
Select Tangency

Where to Find It

Select Tangency. isused to select atangent-continuous chain of edges.

m Right-click an edge and select Select Tangency from the shortcut

106

Select the edges:

Right-click ene of,the side edges, and
choose Select Tangency. All the tangent
edges are chosen.

menu.

Select remaining edges.
Do the same for the other side and add the single @ 5) 3)

edges.

Create curve.

Click OK to create the composite curve. Thecurveis
listed in the FeatureM anager design tree with itsown
unique icon — & compewrver . YOU can edit the definition
of the curve to add or remove edges.

Sweeping Along Model Edges
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5 Sweep the cut.

Click Swept Cut [E] or click Insert, Cut, Sweep. Select the circle as
the Profile. Select the composite curve for the Path.

Click OK.

ProfilefSketcl

PathiCompCurve)

3D Sketches

Plane At Angle

You cancreate 3D sketches by
sketching on reference planes
or planar facesin a model or
assembly. In this.example, the
3D sketch will be used as the
path in asweep.

An angled plane will be created using the Plane At Angle option. Note
that planar model faces or user-defined coordinate systems can also be
used, asthis planeis, to orient the geometry of the 3D sketch.

New part.
Open anew part using the Part IN template.

Introducing:
Insert Axis

Where to Find It

3D Sketches

Insert, Reference Geometry, Axis creates an axis that appears in the
FeatureManager. The axis can be renamed and dragged to any length.
They are useful when any vector information is required.

m Click Axis [~| on the Reference Geometry toolbar.
m Or, click Insert, Reference Geometry, Axis.

107
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2 Axis tool. _
Click the Axis tool [~] and click the Two Planes 4] (?)
option O

“ertices

alfConical Face

3 Plane geometry. %
SelecttheRight P
Top Plane ref@ es. o

Click OK to

V) D=

24 Angled
Click'the e tool [&].
Sel heRight Plane
erence plane and the

Set the Angle to 35°

d click Reverse
Q Dl reCt | on |f na:e%ry. EI Through Lines/Poinks )
CI I Ck O K " Parallel Plane at Point

Selections -

0 Name the new reference [l [45.00deq =
pl ane Angle. 0.100in j
[T Reverse direction
S0 c
Maormal ko Curve
@ On Surface

5 Open a new 3D Sketch.

Click the 3D Sketch tool 2] to start a new sketch. Change to the
Isometric view. Click View, Axes to seethe axis.

108 3D Sketches
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10

Sweeps

Sketching aline.

Click the Line tool and start sketching at
the Origin of the sketch. Drag theline
using the Horizontal marker — to keep it
on the X axis of the default XY plane.
Make the line about 50” long.

54.515

Switch sketch planes. 5

Deselect the Linetool. Pressthe Ctrl key and »° ke %
click the plane named Angle.in the ' :
FeatureManager design tree. .

When you start sketching themext line, the $ \{ ¥
XY plane will be aligned with the reference
plane named Angle.

Continue sketehing. 21414
Sketch the next [ine from the endpointat the ™~
Originjand move along the axis ofsthe

sel ectedplane. Make the lineabout 20” long.

Depending on how the plane named Angle
was defined, you will be sketching along
either the X or thexY _axis. Intheillustration at
theright, thelineis sketched along the
horizontalX, axis.

Continueito sketch in the plane.
Continueto sketch the lines on the reference
plane named Angle. The horizontal line
should be about 25” long.

Stop the last line on the axis. Thisadds a
Coincident relation between the end of the
line and the axis.

- B2073

A
7 §5,<—
</< \\

Switch sketch planes.
Deselect the Line tool. Hold down
Ctrl and select the Top plane.

Click the Linetool again and sketch
along the X axis of Top, stopping
near the end of thefirst line. w7489

To switch between standard planes
(Top, Front and Right) you can
also pressthe Tab key.

109
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Along Z Relation.

Add arelation between the endpoints
of thefirst and last lines. Use the
Along Z %] relation because they
should both be aligned along the Z axis
of the default plane, Front.

Dimensions.

Add dimensions as shown.
Dimension the true length of three
lines. Because of the relations; the
sketch will be fully defined.

15.00

Fillets.

Add fillets to the set of lines

using the sketch fillet tool. RS.00
Addtwo pairs of filletsradius
5""and 10" as.shown.,

Exit the 3D sketch.

Sweep can use a multiple contour sketch asthe Profile. The rules are
similar to those used for an extrusion.

Profile.

@1.25
Create aplane at the end of the
sketch line and create two circlesto
represent the ID and OD of the tube.
®1.50

3D Sketches
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16 Sweep.

Sweep abossfeature using the
circles as the profile and the

3D sketch as the path.

Lesson 2
Sweeps

Using the Hole

Wizard on Non-

planar Faces

3D Sketches

TheHole Wizard is used to.create cutsin the form of standard holes. It
can also be appliedto non-planar faceswith,a3D Sketch.

17 Zoom in.

Zoominonithe left open end of
the model..Select the cylindrical

face.

18. Hole Wizard.

Click the Hole Wizard
and'set the properties
for the counterbore as

shown.
Click Next.

Hole Definition

Counterbore |C0untersink| Hale: I Tap I PipeTap I Legacy I

—Favorites
IND Favarite Selected j ’/ﬂ y"
Add | Delete | Update | i 3
Property Parameter 1 I Parameter 2 | |
Description CBORE for #5 Binding Head Machine Screw
Standard Ansi Inch =
Screw bype Binding Head Screw =
Size #5 =
End Condition & Depth Lp To Mext jbﬁ 1.000in
Selected Item & Offset 0.000in
Hole Fit: & Diameter Mormal j:ﬂ‘ E: 0.1360in|
Angle at Bottom LSBJ 11adeg
" - Cs " .
C'Bore Diameter & Depth o, 0.296%in |‘L| r'i 0.0750in |-
Head Clearance ]nﬁ 0.000in
Mear Side C'Sink Dia, & Angle i, 4 0.0000in |’f:t’ Odeg LI
= Back | Mext = Cancel | Help |
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19 Hole center.
A point islocated on the face of the
model, Coincident toit. The
sketch isa 3D sketch.

20 Location.
L ocate the point Coincid he Top

reference planeand 1” f d face.
Note In a 3D sketch, you sion dir

e g %
Zrllld thefla@ e of the{ )
{%{ and closeth*e.0
S
\()
Nk
Q®

112 3D Sketches
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Exercise 9: Create these three parts using swept features. These require only a path
Sweeps without and a section, no guide curves.
Guides Units: millimeters
Cotter Pin The Cotter Pin usesa path that describes the inner edge of the

sweep.

- 100 -
RE R10
- il

R2.50
SECTION A2,
SCALES 11
(CROFPED)

Paper Clip The paper.Clip isdefined by apath that describes the centerline of
the sweep:

Path

10 1.50 — F3.50

1.50 — [ ] —tm—

—t 32 -

o

SECTION A-A
SCALET12:]

Thanks to Paul Gimbel, TriMech Solutions, LLC for submitting these examples.

Exercise 9: Sweeps without Guides 113
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Mitered Sweep TheMitered Sweep isdefined by a path that describes the outer
edge of the sweep.

114 Exercise 9: Sweeps without Guides



SolidWorks 2006 Training Manual

Exercise 10:
Attachment

Design Intent

Procedure

Note

Exercise 10: Attachment

Create this part using the step by
step instructions provided. Use
relations or link values where
applicable to maintain the design
intent.

This lab uses the following skills:
Sketching

Planes

Extruding

Sweeping

Multi-thickness Shelling
Variable-radiusFillet

The design intent.for'this part is@s follows..

1. Partissymmetrical.
2. Wallsthickness is uniform:

Open anew part using the.part MM template and name it
Attachment.

Layout sketch.
Sketch alayout,of the
part on the Front
reference plane. The
sketchsets the locations
and dimensions for the
two main features.

The 26° angleis
dimensioned to the
Right reference plane.

Name the sketch
Layout.

115
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2 Plane normal to curve.
Create a plane that is normal to the
endpoint of the upper line of the Layout
sketch.

cyl plane

—-Cylplane

3 Plane through 3 points:
Create another sketeh/on
the Top referenceplane
and add ashort vertical line
fromthe Origin.

Exitthe sketch.

Using the Through Lines/
Points method, select the
endpoints of this line and
the sharp corner of the
Layout sketch, to define
another plane.

‘evl plane

Namethisplane intake.

4=Sketch the profile. i plone
Sketch on the intake
planeto createthe profile
of the nozzle.

Use symmetry to create
the sketch andtieit to the
Layout sketch.

116 Exercise 10: Attachment
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5 Axis.
Create an axis defined
by the intersection of
the Front and Top
reference planes.

Thiswill be the vector
for the extrude
direction.

6 Extrude.
Extrude the profi i condltlon Select theaxis
for the Dlreé\ trusmn th to 28mm.

Exercise 10: Attachment 117
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7 Cylinder. oyl plane
Onthecyl plane,
sketch a34mm diameter
circle, centered on the end
of the upper linein the
Layout sketch.

Thiscircle will be used to
extrude a cylinder.

118 Exercise 10: Attachment
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End Condition:
Up to Surface

On-line Help

Exercise 10: Attachment

Ideally, the end condition of the cylinder should be such that it stops

exactly flush with the front face of the first feature. The end condition
most people think of in thistype of situation isUp to Next. However,
that will not work in this case.

On-line help isavital resource for learning more about the SolidWorks

software. Refer to it whenever you need to find the answer to &

particular question. In this case, use the on-line help to look‘'up.the text
string “end condition extrude’. Thiswill give you a concise

explanation of the different end conditions for extruded features.

End Condition Extrude

When you extrude a profile, you need to select a Type from the Extrude Feature dialog box.

Isometric Wiew

Top View

0}

=

Function

Blind. Extends the
feature from the

sketch plane for a
specified distance.

Through All. Extends
the feature from the

sketch plane through
all existing geometry.

Up To Next. Extends
the feature from the
sketch plane to the
next surface that
intercepts the entire
profile. (The
intercepting surface
must be on the same
part.)

119
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Up To Vertex.
Extends the feature
fram the sketch plane
to a plane that is
parallel to the sketch
plane and passing
through the specified
vertes,

:

k5 Sketch vertices

are now valid
selections for Up To
Vertex extrusions.\

Up To Surface.
Extends the feature
from the | ne

Offset From Surface,
Extends the feature
fram the sketch plane
to a specified distance
fram the selected
surface,

Now!

Up To Body.
Extends the feature
fram the sketch plane
to a specified body.

You can use Up To
Body with assemblies,

mold parts, or
multibody parts.

Mid Plane. Extends
the feature from the
sketch plane equally in
both directions.

From the on-line help it is easy to see that the end condition

Up to Surface meets our needs. Up to Surface extends the extrusion
from the sketch plane to the selected surface. The surface can be aface,
areference plane, or a stand-alone surface.

Exercise 10: Attachment
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8 Up to Surface. @34
Click Insert, Boss,
Extrude. Verify from the
preview that the bossis
extruding in the correct
direction. If it isnot, click
Reverse Direction.

From the End Condition:
list, select Up to Surface.

Sdlect the front face of the
swept first feature.

Select Draft, and set the
angle to 2°, and check
Merge result.

Click OK.

9 Multiple-thickness o
Shell. ﬁ .

Shell thie solid 2mm .
to.the'inside, Nl
selecting the end ‘
faces for removal’:
Select the cylindrical
face and setiit to
4mm.

Thickness 4mim

Thickness 2mim

Exercise 10: Attachment 121
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10 Fillets and rounds.
Add fillets and rounds to the
outside of the solid body as
shown.

11 Variable radius fillet.
Add avariableradiusfillet

to the set of tangent edges
shown. Thefillet varies
fromsmmsto 10mm at the L

middle,'and back to 5mm.

Thistechnique simplifies
assigning the values to the

SolidWorks 2006 Training Manual

'

Yariahle radius:

“ariahle radius:
Yariahle radius:
“ariable radils;

vertices R
1 Click Fillet [&@l. Smm’
2 Click Variable radius.
3 Right=click an edge,
and pick Select
Tangency.
4 SettheRadius to5mm,
and click Set All.
5 Set the number of
control pointsto 1.
6 Clickintheltems To
Fillet list.
7 Usethearrow keyson
the keyboard to cycle
through the list of
selected edges. Asyou
do so, the control point
will move from one \
edge to another. :
8 When the control point appears on the correct edge, click it in the
graphics area. Then, use the callout to assign the 10mm radius.
9 Click OK.

Exercise 10: Attachment
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10 Fillet.
Add 5mm radiusfillets to
the edges shown.

ner fillets and rounds.
Add fillets and rounds of 3mm

on the inner edges of the part as
shown in the section view at the
right.

12 Save and close the part.

Exercise 10: Attachment 123
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Exercise 11: Create this by following the steps as shown.
Hanger Bracket  Thjs|ab usesthe following skills:

m Multibody solids

m Sweep using guide curves

m Merging bodies

Units: inches

Design Intent Thedaslgnmtent fo sasfollo &

\
Q)
0 0@

Procedure %nﬁa new part using the Part IN template and name it
a

er Bracket.

reate sweep ends.
Create two extruded solid
bodies to represent the ends of

QQ )

PO 000

124 Exercise 11: Hanger Bracket
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2 Create sweep path.
The path and the guide curve
must each be in separate
sketches.

Create the path sketch using the
existing geometry.

O .

Tip yo ched all the geometry in one sketch, it can still be used.
ge the two lines and the arc that form the guide curve to
Qy ruction geometry. Open a new sketch for the guide curve. Use

onvert Entities (@] to copy the guide geometry into the new sketch.
4 Create sweep

0 section.
Create the sweep
section asasketch  .500
using the
dimensions shown
at theright.

Exercise 11: Hanger Bracket 125
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5 Insert sweep.
Using the sketches, sweep the feature. Use
the Merge result option to combine al the
solid bodies.

6 Create through holes.
Add two through hol%

Insert fi ounds.
Add 0 d rounds, shown herein
0 COo ethe model.

Ti pg Filleting by feature works best.

8 Save and close the part.

126 Exercise 11: Hanger Bracket
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Exercise 12;
Tire Iron

Design Intent

Procedure

Exercise 12: Tire lIron

Create this by following
the steps as shown.

Thislab usesthe
following features:

m Sweep feature
Revolve feature
Sketch fillets
Polygon tool
Dome feature

Reference planes

The design intent.fer this part is asfollows:

1. Regular end.issymmetrical using angled cuts.
2. Wrench end iscreated using a hexagon cut.
3. Section'is constant diameter.

..\

Open anew part using the Part IN template and name it
Tire Iron.

Create the sweep path.
Create the sketched lines then add the fillet.

R2.280 *\ 16000

05.00°
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2 Insert sweep.
Create a new reference plane and use it to sketch the sweep section

sketch. Sweep the profile along the path.

profile

@.625

3 Revolved feature.
Create arevolvedfeature on the angled end of the sweep feature. This
boss will hold'theihexagon cut.

F1.376
L
I
|

R.100

P 1260

1.500

R0 N,

4“*“Hexagonal cut.
Create a hexagonal cut using the

Polygon tool [@].

128 Exercise 12: Tire Iron
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Dome Feature

Introducing: Dome

Where to Find It

The Dome feature lets you deform the face of amodel creating either a
convex (default) or concave shape.

To create adome, select the face or faces you wish to deform. Specify a
distance and optionally, a direction. By default the dome is created
normal to the selected faces. You can select faces whose centroid lies
outside the face. This allows you to apply domesto irregularly shaped
faces.

m Click Dome [8] on the Features toolbar.
m Or, click Insert, Features, Dome.

Exercise 12: Tire lIron

Round the bottom of the cutusing the
Dome feature.

Click Dome [8] on the Features tool bar;
Clear the Continuets:;dome check box.

Select the hexagonal face at the bottom of the
cut.

Specify'a Distance of 0:25”.

Click Reverse Direction'&d to make the dome
concave.

Click OK.

Through all'cut.
Createtheflat end of the part using a sketch and a through al cut.
| 2000 ‘

lj S0ED

j

Save and close the part.

129
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Create this by
following the
steps as shown.

Thislab usesthe
following skills:

m 3D sketching

m Linesand
fillets

m  Sweep

Open anew part using the Paxt ™ MM template and'name it
3D Sketching.

New 3D sketch.
Create anew 3D Sketch and change the view orientation to
Isometrich

the Oxrigin. Sketch the linginthe X

direction. ) \

Sketech lines.
Clickithé Line tool and start the first line at )L

9422

Switch planes.

Begindragging the second line to see the

axes. Press the Tab key to switch from the

default Front planeto the others. Switch to

theRight plane orientation and sketch along P

b
.|"\\\_

the Z axis. '
&5 7497
Z

Continue lines.
Continue sketching
lines and switching
planes so that you are
always sketching on X,
Y or Z inthe appropriate
direction.

Exercise 13: 3D Sketching
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5 Relation.
Add aCoincident relation
between the endpoint and line
shown at the right.

6 Dimensions.
Dimension the true length of 100
the lines as shown to fully N
define the sketch. Select the \
endpoints of the linesor.the
lines themselves.

7

115

75

7, Filets.
Add 20mm filletsat
the vertex'points.

8 Profile sketch.
Create a new
plane using
Normal to Curve
at the endpoint of
the 3D sketch.
Sketch acircle of
diameter 15mm.

Exercise 13: 3D Sketching 131



SolidWorks 2006 Training Manual

9 Sweep.
Sweep thecircle
section along the
3D path.

.
Optional Edit the profile sketch o to cr m l.
10 Edit sketch.
Edit the prof' e add a concentri

circle, diam . Exit the

dified"sweep.
oncentrl c
6 form

aII in the

OQH Save and close the part.

132 Exercise 13: 3D Sketching
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Exercise 14: Create this part by following the steps as shown.
3D Sketching This lab uses the following skills:
with Planes a 3D sketching

m Linesand fillets

m Sweep

T)p}/f‘:'

Angle 0

Angle 15
Right

Angle 40 Sk Top
Angle &0

Procedure Open an existing part named 3DSketchAngle.

1 “New 3D sketch.
Create anew 3D Sketch and change the view orientation to
Isometric.

2, Sketch lines.
Click the Line tool
and start the first
line at the
Origin.

Use the planes
Angle 15,
Angle 60 and
Top to orient and
constrain the lines
of the sketch.

Addfillets. Use
Link Values to
make the fillet radii equal.

Exercise 14: 3D Sketching with Planes
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3 Sweep.
Create acircle profile and use
the sweep command to
complete the exercise.

% P20 ‘Q
4 Save and closetheparg \\

*

8

134 Exercise 14: 3D Sketching with Planes



SolidWorks 2006 Training Manual

Exercise 15: Create this by following the steps as
Hole Wizard and  shown.
3D Sketches This lab uses the following skills:
m HoleWizard
m Reference planes
m 3D sketching
m Patterning
Procedure Open an existing part named HeleWizard.

1 Reference planes.

Create two new referenceplanes as follows:

m At Angle —angleof 10°

Offset Distance —0ffset 25mm
from theEront plane.

using atemporary axis and
amodel face.

Exercise 15: Hole Wizard and 3D Sketches

10 deg

10 deg
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Hole size.
Sdl ect the curved face of the model and

click Hole Wizard [&].

Choose the settings for the description
“CBORE for M6 Hex Head Bolt”.

Use the Up To Next end condition.

Placement.

Position the hol€'s locating.point in the
3D sketch by making it coineident to
both the 25 of £ andthe.10.deg
planes.

The axis of thehole ishow
perpendicular to the face at that point,

Patterns.

The objective isto have 5
holes equally spaced

through a total angle of _
160°, on‘both.the front and
back.of the part, for a total

of 10,holes. Do this by
patterning the hole.

Should you mirror the hole,
and then make a circular
pattern of the mirror
feature? Or should you
make acircular pattern, and
then mirror the circular pattern?

Write an equation that determines the
proper angle for the circular pattern
based on the plane angle. At right, the
plane angleis 20°.

Save and close the part.

Exercise 15: Hole Wizard and 3D Sketches
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Lesson 3
Lofts

Upon successful completion of this lesson, you will be able to:
m Create aboss by |ofting between profile sketches.

m Model free-form shapes using advanced lofting and filleting
techniques.

a Use'Split Entitiesto divide a sketch curve.
m Usethe Deviation Analysistool to compare faces along edges.
® Modify solid bodies using Flex.

137
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Basic Lofting

Basic Lofting

L ofting enables you to create features
that are defined by multiple sketches.
The system constructs the feature —
either aboss or a cut — by building the
feature between the sketches. We are
given the dimensions of the bottom, top,
and an intermediate section of the part,
aswell asits height. This sort of
problem lendsitself very well to lofting.

R.375

1
8.000

Nl

1.800 — SECTION A
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Stages in the
Process

Introducing: Loft

Where to Find It

Procedure

140
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The major steps in this operation are:

Create the sketches.

For best results they should be made up of the same number of entities
and you should give some thought to how the entities will map one to
the other during the loft. To save time, the sketches have already been
created for this example.

Optionally create guide curves.
Guide curves can optionally be used with lofting to give mare control
over the transitions between the profiles.

Insert loft between profiles.
Where you select each profileand the order inwhich you select themis
important.

Inserting a Loft creates a boss, cut,or surface using profiles and
optionally, guide.curves. The loftisfirst ereated between the profiles
and optional .guides provide additienal control over how the shape in
between the profiles is generated.

m. Click'Lofted Boss/Base on the Features tool bar.
m< Or, click Insert; Boss/Base, Loft.
m = Or, click Insert, Cut, Loft.

- ~—— - -

Consider the follewing procedure:

Open thepart Defroster Vent.
The part‘consists of three sketches as shown.

Insert a loft.
Click Insert, Boss/Base, Loft, or click Lofted Boss/Base |&] on the
Features toolbar.

Basic Lofting
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Note

Tip

3

o\

5

Lofts

Loft PropertyManager.

Click in the Profiles list and select the two sketches
in the graphics window. You should pick in roughly
the same location on corresponding entitiesin each
sketch.

When |ofting three or more sketches they have to be
in the proper sequence. If the profiles are not in the
correct order in the list, you can reposition them
using the Up and Down buttons.

Although Show preview improves visualizati )
you select the profiles, with shapes, t \ ¥ Show preview

preview tendsto s ow th espon P Werge resul

Preview.

Asyou select th he system apreview showing
which vertlc etches 0 ed during the loft. Pay
close attenti prewew b |II show you if theloft is
goin callout aI |dent|fy the profiles.

Click Thin Feature.

Set the Thickness to
0.090 inches. Make sure
the thicknessis added to
the outside of the
profiles.

Click OK to create the
feature.

Basic Lofting
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Merge Tangent
Faces
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The Merge tangent faces option causes the surfacesin the | oft feature
to be tangent if the corresponding segments in the profiles are tangent.
Faces that can be represented as planes, cylinders, or cones are
maintained. Other adjacent faces are merged, and the sections are
approximated. Sketch arcs may be converted to splines.

Edit the feature.
Edit the definition of the Loft feature.

Under Options, click Merge tangent faces.
Click OK.

Notice that the edges that.corresponded to the ends of the lines and arcs
in the profiles are now.gone. Compare thisto the resultsin step 5.

Start and End
Constraints

When lofting, you can control how the feature is built by using options
that influence how the system starts and ends the | oft at the beginning
and ending profiles. You can also control the length and direction of the
influence at each end.

142

Edit the feature.

StartfEnd Constraints -

Edit the definition of the loft feature. Expand the T statconsrants
Start/End Constraints group box. By default, no e

End constraink:

special tangency options were applied to the start Cr—

and end of the loft.

Basic Lofting
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8 Normal to Profile.
Select the options Normal to Profile for both the start and end of the
loft. The tangent vector arrows should point in the directions shown.

If they do not, click Reverse Direction [#] to reverse the direction.

Leavethe start and end tangent length values at the default 1. Changing
the tangent length change the influence on the shape of the loft:"You
can change al the Tangent Length values by typing a value and
clicking Apply to all. Individually, a single tangent vector,arrew can
by dragged.

StartfEnd Constraints

Start constraint:

INormaI Tar Profile 'l
[0-00deg =
(2] T =

™ apply ko al

Profile(ketch)

End constraink:

Harmal Ta Prafile

[ododeg, 0 =

Pay attention to the preview. If the tangent arrows are in the incorrect
direction, the preview will look something like the illustration below.

F Y
i

A
]3-
T

B
¥

Frof &)

lefSk
&Y
=

Click OK.
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Results.

Theresult isthat the
shape of theloft is
altered so that the faces
of the feature start and
end normal (perpendicu-
lar) to the plane of the
profile sketches.

The Draft Angle option
oo =] with
Normal to Profile
applies draft with
respect to the planes of
the profiles. If it is used'with the Direction Vector option, the draft is
applied with respect to the direction vector.

Save and closeithespart.

Merging a
Multibody with
Loft

144

The Merge=result check box'can be used on any boss feature aside
from thefirst feature. In thisexample, we will create the transitional
feature from the head of agolf club into the shaft using a multibody.

Open Lofted Merge.
The part containstwo solid bodies that cannot be merged.

Insert aloft feature.

Insertal oft feature between the
planar faces of the two bodies.
Select the facesin similar areas.

Start/End constraints.
Thetwo tangency options
used are Tangency To
Face for the selection on
the head and Normal to
Profile for the selection
on the shaft.

The Next Face button is
used to resolve any
ambiguity asto which set
of facesis used.

StartfEnd Constraints -

Start constraint:

ITangency To Face 'l
_
=

V' apply ko al

End constraink:

INormaI Tar Profile 'l
[0-00deg =
AT =

V' apply ko al

Merge result must also be checked.

Basic Lofting
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Note

Lofts

The option Curvature To Face could be used in place of Tangency To
Face to make the faces match in curvature.

Merged feature.
Once the feature is added, the part
contains only one solid.

Using Derived
and Copied
Sketches

L ofted features may have many sketches to describe the Profiles,
Guide Curves or Centerlines: Many of the sketchesmay be similar or
exactly the same. Derived.and copied sketches.can help reduce the
amount of sketchingrequired.

m Derived Sketches are Original Sketch
exact duplicates.of the
original sketchrand retain
the link from the original
toithe derived. They_ ean
only“be placed, not
changed.

Copied Sketch

m “Copied Sketches are also
duplicates of the original
sketch but can be changed
inany.way. Thereisno
link back to the original.

Consider a decorative shape
like.the one shown in the
illustration. Two sketches of the |oft are the same (the original sketch
and derived sketch) while the third is similar, but not identical.

Derived Sketch

Open part. -
Open the part Derive&Copy.
It contains a single sketch
named Source.

Copying a
Sketch

To create another profile of similar shape, copy and paste the existing
sketch onto the desired sketch plane. Copied sketches can be edited in
any way and are not linked back to the original. In this example, the
sketch Source will be copied onto the plane Right and edited.

Using Derived and Copied Sketches 145
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2 Select sketch.
Select the sketch Source. The sketch geometry will highlight on the
screen.

3 Copy sketch.

Using Ctrl+C, or Edit, Copy or the Copy tool |&| on the Standard
toolbar, copy the sketch to the clipboard.

4 Select plane and paste.
Select the plane Right from
the FeatureManager design tree
and click Ctrl+V, or Edit,

Paste or the Paste tool [&] on
the Standard toolbar. The
sketch will be pasted from'the
clipboard to the selectedplane.
It will appear onthe:screenin
the plane’s orientation.

5 Edit sketch.
Select the new sketeh and Edit Sketch. Use /

Modify Sketch to rotate and move the
sketch geometry.\Relations and dimensions
will be needed to fully define the sketch.

R12

6 Add relations.

Add Collinear and Coincident relations /

between the profiles. The sketchisfully
defined.

R1Z

146 Copying a Sketch
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Derived
Sketches

Introducing:
Insert Derived
Sketch

Where to Find lt

Creating a Derived
Sketch

Locating the
Derived Sketch

Derived Sketches

Lofts

Make changes. 100
Make some changesto
the dimensionsin the
sketch. Changethe bold, o Re
red, underlined R12
dimensions as shown. | /7
Note that two of them | 1

| ]

|

=]
=
tn
o
]

are also changed from 65°
Diameter dimensions. y

Exit the sketch and 12.50 —
rename it Copied.

A Derived Sketch isused tocreate a copy of.the’'Source sketchon a
different plane and location. The derived.sketch will be a child of the
original sketch

Insert Derived Sketch is aso used to create a copy of a sketch.
Derived sketches are dependent on the original for size and shape but
not locationvand usage. You cannot edit the geometry or dimensions of
a derived,sketch. You can only locate it with respect to the model.
Changes to the original sketch propagate to the derived copies.

m From thelnsert menu, choose Derived Sketch.

Create the'derived sketch on the plane Top. Once copied, the sketch
can be rotated andrepositioned if it is at the wrong orientation.

Select sketch and plane.

Held down Ctrl and select the sketch Source and the plane you want
it copied to (Top). The sketch will be copied to the selected plane in
the next step.

Insert a derived sketch.
Click Insert, Derived Sketch. The sketch isinserted onto the selected
plane, but it is under defined.

Unlike Copy and Paste, the system automatically puts you into the
Edit Sketch mode. Also, notice that derived sketches are identified as
such by the derived suffix appended to their namesin the
FeatureM anager design tree.

Derived Sketches are inserted under constrained and often out of
orientation.
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Modify the sketch.

Click Modify Sketch [&].
Position the cursor over the
black origin symbol as
indicated. Click the right-
mouse button to mirror the
sketch.

Drag.
Move the sketch to the right
and close the Modify Sketch
dialog.

Fully define:

Add Collinear and Coincident
relations similar to those used in
step’G.

Derived Sketches
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13 Insert a loft.
Click Loft Boss/Base [&]. Select Merge tangent faces.

L oft the three profiles without using guide curves or centerlines. Select
the profiles near acommon vertex.

S
Profile(Sketch1)

Profile(sketch)

Loft Viewing L oft features can be viewed with Connectors or Mesh previewed. By

Options default, only the selection connectors are shown in the loft and no mesh
is displayed.

Where to Find It m Right-click in the graphics window while editing a L oft feature and

choose Show All Connectors or Hide All Connectors.

m Right-click in the graphics window while editing a L oft feature and
choose Mesh Preview, Mesh All Faces or Mesh Preview, Clear
All Meshed Faces.

Derived Sketches 149
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14 Show All Connectors.
Right-click Show All
Connectors to view
connections between al the
profile endpoints. Each
endpoint can be dragged and
dropped. Right-click Hide All
Connectors.

15 Mesh Preview.

Right-click Mesh Previ %
Mesh All Faces.

mesh overlays t

preview. Ra\ sh ,

i0 .
Previe , Meshed
Fac OK.
16 Save and close the p
Q

Profile(sketch)

Advanced
Lofting

he part sho heright is a heat shield that goes over a hot gas
manifol@ s of several shapes— a semi-circle, arectangle, a
half elli | of which must be smoothly blended together. Since the
basi are the result of blending two or more profiles, lofting is

Qpp ach of choice.
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1 Open part.
Open the part Heat Shield. To savetime, wewill start with this part
that already has the basic geometry defined.

Preparation of the When lofting, you haveto give specia consideration to the way you

Profiles sketch the profiles,‘and how you subsequently select them in the L oft
command. In general, there are two rules you should follow for good
results:

m Pick the'same corresponding spot on each
profile:
The'system connects to points you pick. If you are
careless;the resulting feature will twist.

If the profiles are circles there are no ends to pick
such as there are on rectangles. That makes picking
corresponding spots tricky at best. In this situation,
put a sketch point on each circle and pick them when
you select the profiles,

Advanced Lofting 151
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m Each profile should have the same
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number of segments.

In the example at the right, a closed semi-
circle (2 segments) was lofted to arectangle
(4 segments). Asyou can see, the system
blended one side of the rectangle into part
of the arc, another side into the remainder
of the arc, and so on. Thisdoes not givea
good resullt.

You have two options:

m Interactively add or move coennector
points during the L oft' command.

m Subdivide the arci/manually so you can
control exactly which pertion of the‘arc
corresponds to each'side of the
rectangle.

Insert a loft.
Click lwoft Boss/Base [@]yorelick Insert, Base, Loft.

Preview. +
Select thetwo profilesand
notice the preview. Be
careful to pick the same
relative corner of ‘each
profile:

Because of theimportance
of where you pick the
profiles, it is usually not a
good ideato select them

+

/ [Profie(Sketchd)

from the FeatureM anager

design tree.

Centerl I ne. Centerline Parameters e
Expand the Centerline «° I
Parameters group box. Mumber of secions

Sdlect the centerline
(Sketch3).

Click OK to create the
feature.

+

Profile(ketch)

Advanced Lofting
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5 Results. +

Sharing Sketches Sketches that have been ¢
revolves, sweeps and |o

Profiles Sk ch5
the lower %the
ketch4 s;%fr m
eature Manager. U etch2
\ Centerlih%
7 ha&etch.
%t;;hzl is shared by both
@ ures, as indicated by

e name and the £ symbol.
Q Editing the sketch would

Profiler Sketchd=2=)

Centerlinersketch)

change both features.
0 Unfortunately the |oft shape, E“g L'jmkﬂ )

Q athough valid, is not E zkﬂtzhj
desirable. The fact that the P sketh
profiles have different B A Lotz
numbers of edges adversely I sketchs
influences the shape of the A sketchz
feature. L sketcha
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8 Show Connectors. +
Right-click the Loft 2 feature
and select Edit Feature. Right-
click in the graphics area and
select Show All Connectors.
Colored circles appear at the
endpoints of the segments of the
profiles. Notice that a connector
has been added to the
semicircular profile. Thisis
because both profiles must h
the same number of segment u did not
system breaks them for

Profile(Sketchd=2=)

9 Synchronize the profi
Drag the con
how the rect

* CerterlinefSketch2)

10 Results.
Althou agging the connectors
isvery interactive, it may not be
reci ugh for some

lications. If precise control is
over how the profiles map

each other, you should manually
Q subdivide the profile.

11 Delete.
Delete the Loft 2 feature and use a modified sketch with equal
numbers of segments.

12 Recreate the sketch. .
Select the flat face and open a
sketch. Click Convert Entities to
create copies of the arc and line
edges in the sketch.

154 Advanced Lofting
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Introducing:
Split Entities

Where to Find It

Split Entities breaks a single sketch curve into multiple pieces at
selected locations.

m  On the Sketch toolbar click the Split Entities tool [£].
m Or, click Tools, Sketch Tools, Split Entities.
m  Or, right-click a sketch segment and choose Split Entities.

14

Advanced Lofting

Split entities.

Divide the arc into three
pieces by using Split
Entities at two Iocatlon

along itslength. Positi
breaks on either sid
center. All three
coradial but tg

are under

Angular dimensions.
imension the arcs at 3

3 pomt angul

ew Loft.
Create a second centerline loft
between the two four-sided
sketches using the centerline
curve. Right-click Show All
Connectors to display the
matching endpoints.

CerterlinefSketch2)

155



Lesson 3 SolidWorks 2006 Training Manual
Lofts

17 Results.
The second |oft merges into the
first, forming asingle solid.

Introducing: The Deviation Analysis too be used to determ
Deviation Analysis difference between f mon edg )
indicates perpendicul degrees |% :
Where to Find It m Fromthe To click the %n Analysis tool [&].
m Or,click ion"Analysis.

18 An p
Clic
num
ck Calculate.

Ng
&'— -
Q

19 Deviation Analysis graphics.

QO The results of the deviation analysis appear as pairs of 3D arrows on

the edge. They are color coded to show the change in angle between the
faces along the common edge.

Win Deviation: 09

Average Deviation: 37"

e Deviation: 907

156 Advanced Lofting
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20 Color settings. o ——— R
Thecolor settingsused for thearrowscanbe Mertm s
changed. TN

ki m deviation:
% S Y >
21 Add fillets 6 \

Run a25mm filletd

two sharp edges nd

loft. Runa5s sfillet

up the edg etwo .
|Of P\
create 0 separateflll

Note sshown in color for clarlty

e an offset plane.
eate aplane offset 100mm from
e Top reference plane. Thiswill
be used to sketch the profile of the
rectangular inlet tube.

QO
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23 Sketch profile.
Sketch arectangular profile as
shown. Fillet the corners with
sketch fillets. The profileis
centered | eft-to-right with respect
totheOrigin.

24 Extrude.
Extrude aboss using
condition Up to Nex

Outward Drﬁt\Q
&
Q~

flllet
12.5mm flllet around

&he base of tQ

,&()

eII part.
Shell the part
towards the
inside using a

wall thickness
of 1.5mm.

Save and close
the part.
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Other Sometimes the best approach to modeling a free-form shape is not to

Techniques use sweeping or lofting. Consider, for example, the two part assembly
shown below. Thisis aweather-proof service head for an electrical
conduit.

The'cover presents an interesting modeling problem. Let’s take alook
at just'its basic shape whichiisshown below in asimplified drawing.

50

80-"-' <

| R38.95 )

42

RZ25

i

R20 T

44

| ) w/

We can see from the drawing that the shape is defined by two
“teardrop” profilesthat are blended together along the path shown in
the front view.
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Some of the key stages in the modeling process of this part are givenin
the following list:

Extrude up to surface.
Having defined the basic profile and the angled plane, we extrude a
boss up to the plane.

Advanced filleting.

We will use some advanced filleting techniques to round off thepart
creating the smooth, blended transition between the two teardrop
shapes.

Symmetry.

Given the symmetry of the part, we want to takeadvantage of
mirroring. We will model halfiof it and then mirrorieverything using
Mirror All.

Shell.
After mirroring,the basic shape, we will shell it out to the desired wall
thickness.

Procedure

160

Begin by opening an existing part.
Open part.

Open the part
Cover Sketches.

There arethree sketches used
to form the profiles of the
“teardrop’ shape.

The plane Up To is generated from three endpoints of sketches and
therefore is skewed.

Up to Surface.

Using Sketchl, create an
extrusion Up To Surface
using the plane Up To asthe
surface.

Click OK.
This makes the basic shape.

Next, we have to round off
the edge.

Other Techniques
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Advanced Face
Blend Fillets

Introducing:
Face Fillet

Where to Find It

A face blend fillet differs from an edge fillet in that instead of selecting
aedge, you select two sets of faces. The advanced options enable you
to use geometry to define the radius of the fillet instead of specifying a

numeric radius value. Thisis very powerful.

The Fillet command has an additional group box, Fillet Options,
where aHold Line can be assigned to define the fillet’s tangent edge or
rail. Defining the rail of thefillet defines the fillet’s radius. In this'Case

the bottom edge of the part will be used.

m Face Fillet islocated on the Fillet PropertyManager.

Note

Other Techniques

Insert fillet.

Click Fillet [@]. Inthe Fillet' Type group box, choose
the Face Fillet option.

SincetheHold.line will define the radius, you do not
need toenter-a radius value. Also, when you expand
the Fillet\Options group box and select the Hold
lines, the radius field disappears.

Select faces.

Verify that the Face Set 1
selection list is active and select
the top face of the part.

Activate the selection list for
Face Set 2 and select one of the

three side faces.

With the default condition
Tangent propagation enabled,
picking one face will select all three.

0,

FIEETRE. ... 2
™ Constant radios
7 Yariable radius
¥ Face fillet

£ Full round Fillet

Items To Fillet -

A IlD.DDmm j

l;j IFace <1z
NI ?
Tangenk

propagation

' Full preview

' Partial preview

& Mo preview
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Add fillet options.

Fillzt Cptions -

Expand the Fillet Options AR,
group box. Click in Hold line Edge <I>
selection list, and select the
three edges as shown in the
illustration. M Coims

. . |_ onstant wi -
Click OK to create the fillet. e

L

Face Set 2

Results.

The three vertical faces

(Face Set 2) are

completely removed.
Thefilletis created with
avarigble radius defined
suchthat the fillet ends
exactly on the hold lines.
Convert.and drag.

Switch to a Front view and
open a new'sketch on the
Front,reference plane. Select
and convert the two straight
edges of thefirst feature.
Although converted edges are
fully defined, you can drag the

endpoints, making the lines
longer and therefore, under defined.

Offset sketch geometry.

Click Offset Entities [Z],

and select one of the two

converted edges.

Set the offset value to

12.7mm and use

Select chain to offset both 1270
connected edges.

Click OK.

Other Techniques
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9 Dimensions.
Add linesto close off
theendsand dimensions
to fully define the
sketch.

10 Exit sketch.

11 Offset plane.

Create anew plane
named 2.5 offse!b'
that is offset2.5

from the Up
that was u r the
b

This plane will serve &
he termination
%e for the bo

1 xtrude usi ind.
Extrude etch 50mm
or more.

S
o

A\

Introduei Q Solids can be cut with a surface, that isatrue surface, aface or a

CutV ce reference plane. In this example a blind extrusion will be cut using a
reference plane.

Where to Find It m  OnthelInsert menu click Cut, With Surface.

Other Techniques 163



Lesson 3
Lofts

Note

13 Cut with surface.

14 Direction.
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From the Insert
menu, choose Cut,
With Surface and
select the plane
2.5 o0ffset.

= {surfacecut

Flip the direction

arrow to point in the :
d| rectl on |nd| Cail ngt .........................
portion to remove,

Click OK. Q\

oss discontinuous faces.
ore, you will haveto

thro
ace f| llets do not work
{T

Q eate these fillets in two operations, one for each end.

Introducir@ror

164

Not counting mirroring within sketches, there are four types of
mirroring in SolidWorks:

m Mirror Part: Creates a new part that isthe mirror image of a
previously constructed (and saved) part. The copy has an external
reference back to the original (like aderived part) so that changesto
the original propagate to the copy.

m Mirror Feature: Creates a copy of afeature (or multiple features),
mirrored about a plane.

m Mirror Faces: Allowsyou to mirror features by selecting all of
their faces. Thisisideal for imported, non-parametric parts.

m Mirror Body: Creates asymmetrical part by mirroring an existing
solid body with respect to a planar face.

Since this part is symmetrical, we will use Mirror Body.

Other Techniques



SolidWorks 2006 Training Manual Lesson 3

Where to Find It

Conclusion

Other Techniques

16

17

Lofts

m Click Mirror [®] on the Features toolbar.
m Or, click Insert, Pattern/Mirror, Mirror.

Mirror body.
From the Insert menu, choose Pattern/Mirror, Mirror and select the
planar face to mirror about. Under Bodies to Mirror, select the solid.

Click OK.

]

V) X)'2)

Mirrak FacedPlane -

BefOI’e I Merge solids After

™ it surfaces

Shell part.

Remove thetwo flat faces by shelling
the part with.awall thickness of
2.5mm,

Therest of the features are fairly
simple and basic so we will not take
theitime to go into them here. In fact,
if we were to complete building this
part, wewould probably postponethe
mirroring operation until the end.
Thiswould simplify the process of
creating the fillets and the hole and
boss on the side.
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Using Flex The Flex feature is used to bend, twist, taper or stretch selected solid

bodies. The feature is applied to the geometry between the Trim Planes.

Where to Find It m Click Flex [®] on the Features toolbar.

m Or, click Insert, Features, Flex.

Triad and Trim
Planes

The Flex is controlled using the Triad and Trim Planes. These
components appear during the command.

m Trim Planes
Trim Planes are created
at the extents the part
but can be moved by
dragging the «« arrow.

Trim Plane 2

m Triad
TheTriadisa
coordinate system that
sets the center,of the
flex andithe
orientations of the Trim
Planes.

m (Flex Input
The Flex Input
determines how'the
geometry isflexed. The
options are shown in
the chart below.

Bending Twisting Tapering Stretching

Bending occurs
about the (red) Bend
Axis between the
Trim Planes.

Twisting occurs
about the (blue) Z
axis between the
Trim Planes.

Tapering occurs
along the (blue) Z
axis between the
Trim Planes.

Stretching occurs
along the (blue) Z
axis between the
Trim Planes.

Trim Plane 2

Trim Plane 1

Trim Plane 2

Trim Plane 1

|Trim Plane 2pe —.

Trim Plane 1

Y
Trim Plane
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1 Open part.

Open the existing part named Flex. The part

isan imported solid body.

2 Flex Input.
Click Flex 0w and
select the solid-body.
Select Bending asthe
Flex‘Input:

Select Hard edges to
avoid creating spline-
based geometry
whenever passible.

The Trim Planes appear
at the'upper and |ower
extents of the part with
the Triad and Bend
AXis between them.

3. Bend.

+Bending
' Twisting
" Tapering
€ Stretching

V' Hard edges
LA} I Odeg j
A [esmorein =

Position the cursor over Trim Plane 1
or Trim Plane 2 to display the bending

cursor 7. Drag the plane to produce a

bend similar to that show at right.

Using Flex

Trim Plane 2

Trim Plane

Trim Plane 2

'
|
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Flex Options There are several useful options available to you while the Flex
preview is active. These options are available by right-clicking the
centerpoint of the Triad.

m Reset Flex Select Other
Removes the bending, twisting, tapering or ZoomjPanjRatate »
stretching and resets the graphics to the pre- Reset Flex
drag state. ok
m  Align Trim Plane Axis to Selection ;;u
Aligns the trim plane normal to selected Q] rodral

geometry: normal to a planar face, parallel to a N7 ene s o Sefecte
. . -, Align Bend Axis to Selection
line or though a point and.the origin. :

Center and Align ko Component

Center and Align to Principle

m Align Bend Axis to Sglection Move Triad to Plans 1
Aligns the bend axisto selected geometry: Move Trisd to Plane 2
normal to a planartace or parallel-to aline: Customize Menu

m Centerand Alignto Component
Move thetriadto the centreid position and align the axes to the global
axes.

m /Center and Align to Principle
Move the triad to the centroid position and align the axes to the
principal axes:

m Move Triad.toyPlane 14 or 2
Move the triad to,align with the Trim Plane 1 or 2 position to place the
bend axis on'the trim plane.

Note The Triad can also be dragged and dropped onto faces and edges to
changeits orientation. It can also assume the orientation and position of
an existing coordinate system.

am - —

. 4 Reset.
Right-click the Triad and choose Reset Flex to remove the bending
created by the drag.
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Tip

Using Flex

5 Alignment.

Lofts

Changetheview orientationto Front. A | g -4
closer look at the trim planes and axes {Tin Plane 2
shows that they are not aligned to the :
principal axes of the part. The next steps
will set the alignment and reposition the
trim planes.

Align Trim Planes.
Right-click the Triad and chooseAlign Trim Plane Axis to Selection.
Select the planarnface’as shown.

Trim Plane 2

Trim Plane 1

[Trim Flane 1

Select this face

Move Trim Planes.

Drag Trim Planes 1 and 2 to the
approximate positions shown using the
«« handles.

Trim Plane 2

The trim planes can also be located to a e

specific location by selecting a vertex or
endpoint, or by entering a Trimming
Distance value.

Trirm Flane 1 -

v EETT—
@ e

Trim Plane 184
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8 Move Triad.
Right-click the Triad and select Move
Triad to Plane 1. The Triad is aligned to
the trim plane position.

Trim Plane 2

Trim, Plane 1§88

9 Bending.
Drag Trim Plane 2.0 bendthe model.

Note Because the bend axisis on the trim plane, the portion of the model
below the trim plane remains fixed.

10=More precise control.

Flex Input -
You can set either the Angle or Radius option to & i';lgag;a;;;; """""""
achieve more precise control over the bend. |
& Eendin
Click OK to create the flex feature. c R
Tapetir
(o Stritchiig
¥ Hard edges
(B [oses
A [somen =
Controlling This command does not have aReverse Direction button like other
Direction commands do. Instead, enter a negative or positive value to control the

flex direction.

11 Save and close the file.
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Hard Edges The Hard Edges option creates analytical surfaces (cones, cylinders,
planes, and so on) whenever possible, and often results in split faces
where the trim planes intersect the bodies. If this option is cleared, the
results are spline-based, so surfaces and faces may appear smoother
and original faces remain intact.

Hard Edges Cleared

Using Flex 171
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Exercise 16:
Poker

Design Intent

Exercise 16: Poker

Create this part using the
dimensions provided. Use
relations and equations where
applicable to maintain the
design intent.

Thislab uses the following
skills:

m Sketching
m Up To Next extrusion
m Faceand EdgeFillets
m  Mirror All

Units: millimeters

The design intent for.this part is asfollows:

1. Thepartis symmetrical.
2. Circular holeis on the centerline.

===e€:

o -
h—:
i
i

j><—i
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1 Open part.
Open the part
Poker.sldprt.

SolidWorks 2006 Training Manual

2 Points*forthe
plane.
Create three points located
above the sketch positions
as shown (these are

reference dimensionsonly).

Create the required planes

and use one sketch for each

point.

Instead of creating
reference planes and
individual sketches, can
you create one 3D sketch

containing all the necessary

points?

R385

! — 30
4° X 4

?\\'

Exercise 16: Poker
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Exercise 16: Poker

3 Upto

Ut surface

surface
plane.

Using the
three points,
createaplane
that passes
through
them.

The
Isometric
and Front
Y' ewsare p-e‘ro suface
illustrated. *

Extrusion.

Extrude the sketch Up
To Surface, selecting
the planeasthe surface.
The extrusion is
terminated by the
plane.

Fillet.

Add afillet, radius 2mm, on the
inner edge. Thisfillet could also
have been added in the profile.

Draft.

Add draft to selected faces using
the Top reference plane asthe
neutral plane. Use 7° of draft. Note
the arrow indicating the pull
direction.

Mevtral Plane Top)
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7 Face fillet.
Using faces of the model, create a
Face Fillet that includes Hold Lines.

Select the faces in two sets as shown
intheillustration. Usethe outer edges
to stop thefillets.

Face Set 1

o

QB\/ariabler et

Sd&tt@b er edges
and leradius
fiIIE@thefilletfrom
3mm to 2mm aong the

ed edges.
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Exercise 16: Poker

9

10

1a

12

13 Save and close the part.

Edge fillet.

Add 1.5mm fillet
along the edges
indicated in the
illustration.

Extend the

handle.

Using theflat face asa
sketch plane, copy the
edges and extrude them
40mm to extend the
handle.

Mirror body.
Use Mirror to.create the
other half ofithe part.

Cut.

Create acut diameter
9mm, 12mm deep to
complete the model.
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Design Intent
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178

SolidWorks 2006 Training Manual

Create this part using the dimensions
provided. Use relations and equations
where applicable to maintain the
design intent.

This lab uses the following skills:
m Derived Sketch
m  MidPlane Extrusion

Units: millimeters

The design intent for this part.is’as follows:

1. All materia thicknessfor flangesis equal te thatof the square plate.
2. Partissymmetrical.

3. Round holes areequal diameter and placement.

4. All filletsandrounds 3mm.

Use thefollowing graphics with the
design intent to create the part.

»/

AN/

@35

A

Three views.

G

Exercise 17: Derived Sketch
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Exercise 18: Create this part using the dimensions
Copy Sketch provided. Userelations and equations
where applicable to maintain the

design intent.

This lab uses the following skills:

m Up To Next Extrusion

m Copy Sketch for similar features

Units: millimeters

Design Intent The design intent for this partiis asfollows:

1. Partisnot symmetrical.
2. Vertical holes arethough all.
3. All fillets and rounds3mm.

Dimensioned Use the following.graphics with'the design intent to create the part.
Views Top View.
A - 40 D35
1
Sf
20 —/ R17.5
Front view. j
60 J, /
| 1?4 | I
!— 85 -~ ¢

Exercise 18: Copy Sketch 179
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Right view — 55—

@19——m |
\V 20

L - 120 a

Cutaway view

Optional Build this part using
adifferent approach:

1. Usemultibodies.
2. Usesdected

contours. body 1
3. Addafull round

fillet.

sketch
with multiple
contours

180 Exercise 18: Copy Sketch
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Exercise 19:
Funnel

Procedure

Exercise 19: Funnel

Create this part using the
information and dimensions
provided. Thislab
reinforces the following
skills:

m Lofting
m Shelling
m  Sweeping

Open anew part using the Part ~IN template and nameit Funnel.
Sketchsthe first

profile. ~=11.500 D 4.500
Use ellipses, lines

and arcsto create jL + *

this profile. 1.000 . L

T\j*/

].OOOJ -~ 43]10—~

Second profile.

Create anew planethat is
parallel to the Top reference
plane 3.25" below it. Sketch
acircle lined up with the
Origin.

Thiscirclewill beused asthe
second profilein aloft, after
itisdivided up into sections
that match the first profiles
endpoints. If the circleis not
broken up, the loft will
decide what the breakup of Plane4
the circle should be.
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Note
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Breakup.

Add centerlines radially from the circle’'s center to the endpoints of the
first profile. This geometry will crossthe circle's circumference at sev-
eral places.

@1.000

Divide circle.

Using the Split Entities || command, add six split points, breaking the
arc into piecessMake each split point coincident with a centerline. You
can add Coincident relationser you can drag and drop them onto the
centerlines.

@1.000

First loft. _
Exit the sketch and loft between '
the two profiles. Select two
endpoints that will match
position, one from each sketch.
Thiswill ensure that the “ start
point” of the loft will be
positioned correctly.

The option Merge Tangent —
Faces should be used. - A

An extracallout was added to
theillustration for clarity.

Exercise 19: Funnel
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6 Resulting loft.
Theloft solid should ook
like this when completed.

7 Initial neck sketch.
The funnel neck is
formed by another loft,
this time using two
sketched circles. Flip the
modelover and sketch a
circleon'the end face,
making it Coradial'with
the<Circular, outéredge.

Add apoint related to the
Origin with aVertical
relation on.the edge.

8 Neck end sketch.
Create anew reference f
plane offset from the ?.450

circular face by 2”.
Sketch acirclethat is
lined up with the
Origin. Add apoint
on the circumference of
the circle that is related
totheOrigin witha
Vertical relation. The
points are used to “line
up” the profilesjust as
the centerlines were
used in the first |oft.

Circular Edge ——»
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9 Neck loft.
Using the point entities to select the sketches, |oft between the profiles.

10 Shell the funnel.
The dimensions are
given for theinside of
the funnel."Create a thin
walled part by shelling
tothe outside, a
thickness of 0.06%.
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11 Build the rim.
Sketch the outline of the rim using the dimensions given. Use Convert
Entities to create the inner outline. Extrude the rim to a depth of 0.06”.
If desired, use Link Values to tie the two thickness values together.

12 Sweep alip onthe
underside of'the rim.
The cross-section of thelip
isasemi-circle, 0.060” in
diameter. Use the model
edge of the rim asthe
sweep path.

Profile(Sketch?) /
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13 Make arib onthe neck
of the funnel.
Funnelsdon’t work well
if air can’t get out of the
bottle. Sweep the
section along a curve
that lies on the inner
face of the funnel neck.

An easy way to
construct thiscurveisto
sketch aline and
constrain it with Pierce
relationsto model edges
at the opening and wherethefinside of the neck meets the main body.

14 Pattern the «ib.
Make atotal ofthreeribs, equally-spaced,
using acircular pattern.

Profile Sweep Path

15 A hole inthexim.
Using the dimensions provided, sketch a
profile to cutthrough the rim so the funnel
can be hung on a hook. Notice the use of an
angular dimension on an arc. This can be
created by picking the arc’s centerpoint and
its two ends.

- 4.500 -

*//’

200 —=

110,007
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Detail of the hole.

R.250
1100 %e 1.125
\/Lr

16 Save and close the part.
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Lesson 4
Surface Modeling

Upon successful completion of this lesson, you will be able to:
Create extruded, ruled, lofted, and planar surfaces.

Modify surfaees by trimming.

Create filled surfaces for blending.

Convert surfaces into solids.

Use surface intersections to create 3D curves.

Create surfaces to fill gapsin imported models.

Delete and patch model faces.
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Working with
Surfaces

What are
Surfaces?

Stages in the
Process

Working with Surfaces

Surface Modeling

There are anumber of different
situations when it is necessary to
work with surfaces. Oneiswhen
you import data from another
CAD system and theresult isa
collection of surfaces, not asolid
model. Another situation iswhen
the shape you want to createis
best modeled using free-form
surfaces that are then knit
together to form a solid. In this
case study we will explore.using surfaces to model ashape —aremote
control — that would be difficult to model using only. solid modeling
techniques.

The outer skin of‘a solid4nodel is madeup of surfaces. Surfaces are
what define the.shape of the facesof asolid — whether they are flat or
curved. The difference between a surface model and a solid model is
one of intelligence and completeness: Solid models are always closed.
There arenot any gaps or.overlapping edges. Surface models can be
open..Multiple surfaces may.not meet along their edges. They might
overlap or fall short.

Solid models areiintelligent. The system knows what space lies
‘inside’ thesolidiand what lies “outside”. Surface models lack that
intelligenee,, You.might consider a surface to be the ultimate “thin
feature” /It has a shape, but no thickness. When multiple surfaces are
put together so that the edges all meet and there are no gaps, the result
can be“filled”, transforming it into a solid.

Some of the key stages in the modeling process of this part are givenin
the following list:

Capture the design intent.

The industrial designer provided concept sketches of the remote
control. These were scanned to create image files that can be inserted
into a sketch. The sketch pictures will serve as a guide when modeling
the remote control.

Parting lines and draft angles.

Asagenera rule you should begin modeling by defining the parting
line and setting up the draft angles using reference surfaces. With the
vast mgjority of free-form parts, you must build draft in as you model.
Generally you cannot add draft later as alocal feature.
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Surfaces Toolbar

Using Sketch
Picture to Capture
Design Intent

Where to Findlt

Procedure

192
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Splines.

Consumer products are characterized by smooth, curvature continuous
shapes that cannot be modeled using lines and arcs. Splines are the
curves that in turn create the surfaces.

Lofted and swept surfaces.
One portion of the remote control will be lofted using a series of
profiles and guides. Another portion will be swept using guide curves.

Blending surfaces to fill in gaps.
Not all the necessary surfaces can be created using loft.or sweep. The
remaining portion will be created as afilled surface:

Knitting.
Once the surface model is complete, the surfaces are knitted into a
solid.

Symmetry.
The knitted solid'is mirrored.

Associativity'and-design changes.
After'evauating the model ,, we will"*change the underlying curves.

Breaking the master model into separate parts.
From the'master model 'we will break out individual piece parts.

Specialized features for plastic parts.
Mounting bosses, snap hooks, and snap hook grooves can be built
easily using specialized fastening features.

The Surfacestoolbar contains shortcutsfor all the surfacing commands.
These commands can also be accessed viathe Insert, Surface menu.

Surfaces k|
CACGLIDILBOGET @2

We will start the modeling process with a couple of sketches of the
design concept provided by the industrial designer. These will be used
as guides as we create the basic curves.

m Click Tools, Sketch Tools, Sketch Picture.
m Click Sketch Picture [&] on the Sketch toolbar.

Begin by opening a new part with units set to inches.

Side view sketch. 5,750

Open a sketch on the 2.750
Right reference X
plane. :

Sketch ahorizontal line as shown. Thisreference linewill be used toin
subsequent operations.

Working with Surfaces
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2 Sketch picture.

Working with Surfaces

Click Tools, Sketch Tools, Sketch Picture.

Inthe Case Study folder for thislesson, browse
tothe Remote Control\Sketches from ID
folder.

Select theimage Remote-side-view.tif
and click Open.

The picture will come in very large. Note that the
Width is over 42 inches.

Resize the picture.

Lesson 4
Surface Modeling

P cketch Picture

VYD

Properties

I:] IW:I
vB [ooon
3 [0 oy
- V-

T4 cemecszan :I

Matlo

Make sure Lock aspect ratio is selectedand'scale the image to
approximately the correct size by, settingthe Width to 5.75in.

Fine tune the position of the picture by dragging Rg and resizi ng = it.
The objectiveisto line the picture up with the sketched reference line.

5750

Transparency.

Expand the Transparency options. Select User
defined and click the white background area of the
picture to define the transparent color.

Set the Transparency slider to 1.00.
Click OK.

Transparency £

© None

£ From File
' Fullimage
% User defined

—

it IMatching kolerance:
I 0,00

Q Transparency:

—1 1w
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Surface Modeling

5 Top view sketch.
Thisonewill also comeinlarge. Anditis
rotated.

Rotate the image by setting the Angle to 90°.

Make sure Lock aspect ratio is selected and
scale the image to approximately the correct
size by setting the Width to 5.75in.

Fine tune the position of the picture by dragging
and resizing it.

Lineit up with the referencelinein the first
sketch.

Set the Transparency t0,1.00 and select the
white background-of. the picture asthe
transparent color.

6 Sketch the parting line.
Open anew sketch on the Right reference plane.

Use Convert Entities [@] to copy the reference line from Sketch1l
into the active sketch.

Using tangent arcs and lines, sketch the parting line shown herein
green for clarity.
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Note

Introducing:

Fit Spline

Where to Find It

Working with Surfaces

Surface Modeling

7 Dimension the sketch.

Sketchl ishidden for clarity. Do not worry about the values of the
dimensions. Your values may vary. The goal right now isto constrain
the sketch.

274890 _l R1.1 9?122 ’—-—-—— 842074

[ |
= & & 5

R1.110320

The dimensions are shown in6 decimal places justito illustrate that we
are not worrying about the exact dimensionwvalues at thistime.

Fit Spline creates aspline that follows,or fits, sketch segments within
atolerancethat you specify. Fit splinesare parametrically linked to
underlying geometry so thatichangesto the geometry update the spline.

m Click Tools, Spline Tools, Fit Spline.
m_ Click Fit Spline [A] onthe Spline Tools toolbar.

Fit spline. .

Click Fit'Spline:[&] on the Spline Tools toolbar. V) X) 7))
Clear the Closed spline check box. (m— S
Right-elick the line and select Select Chain. P
Thesystem creates a spline and converts the pibetiod

 Fixed

original sketch entities to construction geometry.
The splineisrelated to the original sketch entities

Taolerance -

by aFitSpline relation asindicated by the i [oooaeron =
e Symbol. e
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9 Changethe dimensions.
Fine tune the parting line geometry by editing the dimension values as
shown below. Notice that the spline updates accordingly.

R1.750
275 — 842

Y S

I & L a & B

| R1.250
Similarities While surface madelinghias many unique’and specialized commands, a
Between Solid number of surface commands are.identicalto their solid modeling
and Surface counterparts. for example:
Modeling m Insert, Boss, Extrude = Insert, Surface, Extrude

m Insért, Boss, Revolve= Insert, Surface, Revolve
m.. Insert, Boss Sweep,= Insert, Surface, Sweep
B/ Insert, Boss, Loft = Insert, Surface, Loft

— - — ~———

10 Extrude a surface.
Extrude the parting line
sketchrso that it extends
beyond what will be the
edge of the model. A
distance of 1.5” works
well.

It isonly necessary to
extrudeinasingle
direction because we are
going to take advantage of the part’'s symmetry and use mirroring.

Introducing: When you mode! using surfaces, it is not & (8] suface Sodes(s)
Hide/Show Surface uncommon for you to create extrasurfaces ~ SMOWN T uteenm
Body as reference geometry or construction aids; Surface-Trinz

- Hdd — <> urface-Extrude
surfaces that are not part of the finished eden RS et

model but rather are a means to an end.

These surfaces are grouped in the Surface Bodies folder. These
surfaces can sometimes get in the way. Hide/Show Surface Body is
used to control the visibility of these surfaces.
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Surface Modeling

Where to Find It m Right-click on surface in the graphics area, and select Body, Hide.
m Expandthe Surface Bodies folder in the FeatureM anager
design tree. Right-click the surface and select either Hide Surface
Body or Show Surface Body.
m Right-click the Surface Bodies folder to hide or show
everything in the folder.

Splines A splineis acurve that can have alocally very simple form, yet.at the
same time be globally flexible and smooth. Splines are very.useful for
modeling free-form shapes that are smooth and fair. [Fair isaterm
often used in boat building. A “fair curve’ is one thatis as smooth as it
can be as it follows the path it must take around the hull of a boat; it is
free of extraneous bumps<or hollows.]

Introducing: Splines are used to sketeh curves that are

Spline not arcs, or conic sections such as ellipses
or parabolasSplines are definedby a
series of interpolant-points. I nterpolant o .
means that the curve passes through the 5
points. You can‘modify a spline by adding L
or deleting points, moving:the points,
dimensioning the points.or adding S ¢
geometric relations: The spline can aso be L
changed by modifying the spline handles
(arrows) that control the tangency of the curve at the interpolant points.

Where to Find It m Click Spline[e’] on the Sketch toolbar.
m Or, click-Tools, Sketch Entities, Spline.

- a ~——

11, Hide surface.
In the graphics area, right-click the extruded surface and select Body,
Hide from the shortcut menu. Thiswill make it easier to see what we
are sketching in the next step.

Splines 197
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12 Sketch a 4-point spline for top view of parting line.

Make both ends Coincident to the ends of the referencelinein
Sketchl.

Make the tangent handles at both ends Perpendicular to the reference
linein Sketchl.

Turn on the curvature combs. Adjust the positions of the pointsand
drag handles until you are satisfied with the spline and howuit fits the
sketch. When finished, exit the sketch.

Trimming
Surfaces

Introducing:
Trim Surface

Whereito Find It

When you add features to a solid model, all the overlapping faces are
automatically trimmed. When you work with a surface model, the
trimming has to be done manually.

Surfaces can be trimmed to their intersection with other surfaces, the
face of asolid, or reference planes. Additionally, you can select a
sketch that will be projected onto the surface to create a trim boundary.
The system highlights the various solutions to the trimming operation.
You have the option to select what you want to keep or what you want
to remove.

m Click Insert, Surface, Trim.
m Or, click Trim Surface [2] on the Surfaces toolbar.
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13 Trim the parting surface. 2
Click Trim Surface [2]. V) X)(2)
FOI’ T” m Type, C|ICk Standard . Trim Type -
% Standard
For the Trim tool, select the sketch we just created £ e
|n gq) 12 Selections -
Trim kool:
Click Keep selections and click inthe selection & s =7
list. Identify the portion of the parting surface that 5 Kt sclcrhons
2 Removeselections
you Want to k%p Q Surface-Extrudel-Trimd
Click OK to complete the trimming operation. !
Portion of surface you want to'keep —
Surface Split Options -
™ split all
& Matural
 Linear

Trim tool

Ruled Surfaces In general, aRuled Surface can be thought of as an
infinite number of line segments connecting
corresponding points on opposite sides of the surface. / i
In the case of a SolidWorks ruled surface, one edge is | .' RALA
defined by the edges or edges of existing surfaces. The /| l__'..". inid
other edge is calculated by the system based on the
options you choose. Unlike other types of surfaces, for the Ruled
Surface, you do not need to create sketches.

i

Introducing: Usethe Ruled Surface to create surfaces that are either perpendicular
Ruled Surface or tapered away from the selected edges.
Where to Find It m Click Ruled Surface [¥] on the Surfaces toolbar.

m Or click Insert, Surfaces, Ruled Surface.
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14 Ruled surface. " Ruled Surface
In this case we want to create areference surface
. .w (:).
that follows the edge of the parting surface and that DY

has 3° of draft with respect to the Top reference "o
plane. We will use this surface in subsequent steps £ Normal to Surface
to help define the geometry of the part. @ Tapered to Vestor

For Type, select Tapered to Vector.

For Distance enter 0.5”. The distanceis not
critical. We just need something big enough to

work with easily. . :
For the Reference Vecto t the Top \ [ao0ieg ]
reference plane and clicl rse Directi & Edge Selection -
Set the Angle t0 3.0 . %&

For Edge S
trimmed

[Reference Vectar(Top Flanel |

\E
.

5 Offset plane.
Create a plane offset from the Top plane. Thiswill be used for
sketching the area around the keypad.

In this case, the offset was 0.480”. Depending on how you scaled the
sketch picture, your results may differ.

.480

Top Flane
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Note From the looks of the sketch picture, it appears the upper face of the
remote control is angled with respect to the Top plane. However, we
checked with the industrial designer and were told that the two should
indeed be paralldl.

Lofting The surface that will actually be part of

Surfaces the finished model is one half of the
upper part of the housing. Thiswill be
alofted surface and to create it, we
need severa profile and guide.curves.

16 Sketch a 3-point splinefor outlineiof'the keypad area.
Make both ends,Coincident to the endsof the referencelinein
Sketchl!
Make the handles at both ends Perpendicular to the referencelinein
Sketechl.
Turn on the curvature combs. Adjust the positions of the points and
drag handles until you are satisfied with the spline and how it fits the
sketch. Whenfinished, exit the sketch. Thiswill be the guide curve.

Note Since the spline is not dimensioned, it is under defined and appears

Lofting Surfaces

17

blue in the sketch. It is shown here highlight in green for clarity.

First profile curve.
Create a new sketch onthe Right reference plane.

The profileis a2-point spline. Creating thisis a multistep process:

1. Sketch the spline. The ends are Coincident
to the end of the guide curve (step 16) and
the corner of the ruled surface.

Note: For clarity, the sketch pictureis not
shown.
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2. Make the spline tangent to the edge of the
ruled surface. Thisis necessary to maintain
the 3° draft angle when we loft the surface.

3. Sketch aconstruction line }.
tangenttotheotherendofthe ., . o -
spline. Create an angular !

dimension between it and the
plane the guide curve is on

(step 15).
Set the angle to 2.00°.

4. Display the curvature combs
and show the sketch picture.

Adjust thelengths of the
tangent handles until yoware
satisfiedwith the shape ofithe

spline.
Tip The PropertyManager is very useful for making — .
small adjustmentsto the length of the tangent Ve T
handles. O E——
5. Exit the sketch. P )

B/ Tar.00043037°

i Tangent Driving

Reset This Handle
Reset All Handles
Relax Spline

" Proportional

18 Second profile curve.
Repeat the preceding procedure for the profile
curve on the front end of the remote control.
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19 Offset plane.
Create aplane offset 0.75” fromthe Front plane. Thiswill be used for
sketching athird profile curve.

Flane2  Front Plane

20 Third profile curve.
Create anew sketch on Plane?2.

Switch to a Front view'orientation.

Sketch a 2-point ‘spline./Add Pierce
relations between the‘ends and the
guide curve and the edge of the ruled
surface.

Sketchtwo construction lines
tangent to the spline anddimension
theirrangles as shown.

Display the curvature combs and
adjust the lengths of the tangent

handles until you.are satisfied with the shape of the curve. In this case,
the sketch'pictures do not offer any guidance use your best judgement.

21 koft thessurface.
Select the three profile
curves.

Profie(aketcha)

For Start/End Constraints,

select Normal To Profile for
both.

For Guide Curves, select
Sketché (step 16) and the
edge of the ruled surface.

For the edge tangency, select
Tangency to Face. For Sketché, select None. Click OK.
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22 Evaluate the results.
Use any of the techniques that were
introduced in Analyzing Geometry on
page 87 to evaluate the resulting | oft.
Theseinclude Display Curvature and
Zebra Strips.

Sometimesit is also helpful to add
another directional light to give more
illumination to the side of the model.

Looking at the Front view, the surface does n
rounded enough in the areai &\
’ %&
23 Add aloft secti \
Right-clic surface,

- I
Sel l%ectlon fr the
generates a@ plane
pI’OfI Ie curve

@9

selected plane.
ProperlyM anager, select the Use selected
v
ane check box. ®
Loft sections: -
Select the Front reference plane and click OK. g [Bechres>
0 Sketchg<d

V' Use selected plane

|ﬂ Front Plane

25 Show sketch.
In the next step we will edit the new |oft section. Before we do that,
show the sketches for the second profile and the guide curve.
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26 Edit the new loft section. L

Modeling the
Lower Half

Surface Modeling

View the sketch relations. If there are not
already Pierce relations between the
ends and the guide curve and the edge of
the ruled surface, add them.

Sketch construction lines tangent to each
end of the spline. Add Parallel relations
between them and the construction lines
in the second profile.

Display the curvature combs and adjust
the spline until you are satisfied'with the
shape.

Exit the sketch to rebuild.thelofted surface.

We will use.asimilarapproach modelingthe lower half aswe did for
the upper half: Namely, we will use the'sketch picture asaguideto help
establish'the shape of the part. However, instead of lofting, we will use
Sweepwith Guide CurvesandiFill Surface.

_—— v -

27 Ruled surface.

Create a secondruled surface a'so with
3° of draft. Thistime, it should extend
upwards from the edge of the parting
surface:

Thiswill.be used as a reference when
modeling the lower half of the remote
control.

28“Spline.

Modeling the Lower Half

Open anew sketch on the Right reference plane. Show the side view
sketch picture.

Create a 5-point spline. You need Coincident relations between the
endpoints and the corners of the ruled surface. Add Tangent relations
between the spline and the edges of the ruled surface.

Display the curvature combs and adjust the shape of the spline until
you are satisfied. Then exit the sketch.

Thisisthe guide curve for the sweep.
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Introducing:
Partial Ellipse

Important!

Where to Find It
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29 Offset plane.

30 Sketch the sweep path.

Create aplane offset 1.750” from the Front plane. Thiswill be used
for sketching a the sweep profile.

Plane3 Front Flane

Open anew sketch on theRight
reference plane. Sketcha
horizontal line through the origin.

One end of the lineis‘coincident
with the end of the'spline. The
other'end is coincident with
Plane3.

Exitthe sketch.

Sketching apartial elipseis similar to sketching a centerpoint arc:

m Positionthecursor where you want the center and drag the mouse
to-establish the length of the mgjor axis. Then release the mouse
button.

® Next, drag the outline of the ellipse to establish the length of the
minor axis.

m Finaly, click where you want the ellipse to start, and drag the
mouse to establish the length of the circumference.

To fully define an elipse you must dimension or otherwise constrain
the lengths of the major and minor axes. You must also constrain the
orientation of one of the two axes. One way to do thisiswith aHori-
zontal relation between the ellipse center and the end of the major axis.

m Click Tools, Sketch Entities, Partial Ellipse.
m Or, click Partial Ellipse [#@] on the Sketch toolbar.

Modeling the Lower Half
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31 Sketch the sweep profile.
Open anew sketch on Plane3.

Modeling the Lower Half

The sweep profileisapartia ellipse. Sketching thisisamultistep
process:

1.

Click Partial Ellipse [@] on the Sketch
toolbar. Sketch a partial ellipse as shown. It
should be approximately the lower-right
guarter of acomplete elipse.

It isgood if the start point of the ellipseis
below the end of the minor axis.

Sketch it out in space so.as het to
inadvertently capture and unwanted relations.

Add aHorizontal relation between theccenter
and the point ‘at'the end of theminer axis.

Note: Sketch relations have been viewed on
for illustration purposes.

Sketch construetion lines from the end of the
minor axis tothe center and then to the end
point.ofitheellipse.

Dimension the angle between them and set
the value to 3.00°.

Add aPierce relation between the end point
of the ellipse and the bottom edge of the ruled
surface.

Add aCoincident relation between the other
end point of the ellipse and the end of the
major axis.

Then add a Pierce relation between the end

point of the ellipse and the sketched guide
curve.
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Note
Filling in Gaps
]
]
]
Introducing:
Filled Surface
Where to Find It
Preparation«for
Using.Filled
Surface
33
208
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Sweep the surface.

Select the profile, path, and
both guide curves to sweep the
surface.

An extraguide curve callout
has been shown for illustration
purposes.

There are situations where special tools are needed to fill in areas of a
model with surfaces. For example;

Blending shapes.
Sometimes the shape you need cannot easily hecreated using fillets,
sweeps, or |ofts.

Repairing gapsor incorrect geometry»in imported surfaces.
Sometimes imparted surfaces lack,the completeness or precision to be
knitdnto a solid. In these situations atool is needed to fill in missing
surface patches.

Cloesing holes in apart.

In preparation for modeling a core and cavity mold, through holesin
the part have towbe clased off. Surfaces are used to do this. However,
when the edges of the hole are not planar, creating a surface patch
requiresia special tool.

TheFilled Surface feature constructs a surface patch with any number
of sides, within a boundary defined by existing model edges, sketches,
Or curves.

m Click Filled Surface [¢] on the Surfaces toolbar.
m Or, click Insert, Surface, Fill.

To properly blend the filled surface to its adjacent boundaries, you
should not rely on using curves for boundaries. It is much better to use
the edges of surfaces. This however, usualy requires you to create
reference surfaces prior to using the Filled Surface command.

Trim surface.
Trim the 3° draft reference surface using
Plane3 asthetrimming tool.

Thiswill serve as one of the reference surfaces
for the filled surface.

Keep this piece

Filling in Gaps
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35

36

37

Extrude a surface for the second reference.
Open anew sketch onthe Right reference
plane.

Use Convert Entities [ to copy the sketched
guide curve into the active sketch.

Sketch avertical construction line, coincident to
Plane3, and useit to trim the converted curve.

Extrude a surface 0.5” in the direction shown. Do not use draft:

Filled surfce.

Click Filled Surface [©] on
the Surfaces toolbar.

For Edge settings, select
Tangent.

Select the edges.of the three (Faigert 8 - Bourary
surfaces.

Edge settings:
Click OK.
Hide.and show surfaces. [Targe =
Hide the reference surfacesand show the lofted ,'; sz:t T
surface. ¥ Show preview

¥ Presiew mesh

Zebra stripes.

Click Zebra Stripes [N] on the View
toolbar. Evaluate the quality and
smoothness of the surfaces. Pay
particular attention to the filled surface
and how it blends with the swept
surface.

To review Zebra Stripes, see Zebra
Sripes on page 93. To review other techniques for evaluating the
quality of surfaces, see Analyzing Geometry on page 87.

Filling in Gaps
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Introducing:
Planar Surfaces

Where to Find It

Introducing:
Curve Through
Reference Points

Where to Find It

Note

210

38

39

40
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You can create a planar surface from either a closed single contour non-
intersecting sketch, or a closed set of planar edges.

m Click Insert, Surface, Planar.
m Or, click Planar Surface [&] on the Surfaces toolbar.

Curve Through Reference Points creates a spline through sketch
points, vertices, or both.

m Click Insert, Curve, Curve Through Reference Paoints:

m Or, click Curve Through'Reference Points onthe Curves
tool bar.

-_ — - — e

Click Curve Through/Reference
Points [B].

Select the two vertices shown, creating
astraight spline,

We couldjust as easily have sketched a
line.

Planar surface.

Click Insert, Surface; Planar or click
Planar Surface [ on the Surfaces
toolbar.

Select the curve you just created and
the open edge of the lofted surface.

Click OK.
Results.

The resulting planar surface fits exactly
across the opening of the lofted surface.

Filling in Gaps
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41 Another planar surface.
Open anew sketch on the Right reference plane and sketch a
rectangle somewhat larger than the outline of the part.

Click Planar Surface [&]. The system automatically creates a planar
surface using hte active sketch. Click OK.

, click Mutual.

all five surfaces:. the lofted surface, the
ace, and both planar surfaces.

Remove seléctions and click in the selection list. Identify the
\ n of the rface that you want to remove.

Q Remove this portion ~

0 43 Results.

N
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In this particular example, instead of creating an oversized planar
surface and trimming it, we could have simply created the planar
surface by selecting the edges of the existing surfaces. However,
sometime those edges might not be planar, or they might extend
beyond where they should. In those cases it is better to create an
oversized surface and use Mutual Trim.

It's Not a Solid — Yet

Creating a Knit
Surface

Introducing:
Knit Surface

Where to Find It

Although the collection of surfaceslooks salid, it isnot. It ishollow. To
transform these surfaces into a solid, two more steps are required:

1. All the surfaces must becombined into a single composite surface.
2. Theresulting compaosite surface must be filled to make a solid.

KnitSurface isused to'combine or sew several surfacesinto one
composite surface. If the knit surface encloses a complete volume, with
no'gaps, it can.befilled to become a solid.

Use Knit to combine two or more reference surfaces or faces into one.
The edges of the.surfaces or faces must be adjacent and not
overlapping..Use the option Try to form solid to form the knit surface
into asolid provided the surfaces form a closed volume.

m . Click Insert, Surface, Knit.
m Or, click Knit Surface [f9] on the Surfaces toolbar.

212
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Knit surfaces.
Click Insert, Surface, Knit or click Knit Surface @ 5) 3)

on the Surfaces toolbar. Select the trimmed sur- ~_~ ~ —
face and the two planar surfaces by either clicking < IFace<1>

them in the graphics window or the Feature- Facocas
Manager design tree.

Face<4>
Face<5>

Select the Try to form solid check box. &

C“Ck OK IV Try ko Form solid

Filling in Gaps
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46

Results.

The resulting solid doesn’t look much
different from the surfaces. However,
the FeatureM anager design tree
indicates that a solid body now exists
in the part.

(@] Solid Bodies(1)
[ surface-knitt

A Solid Bodies folder appears.

Mirror.

Click Mirror [®] on the Features
toolbar. Select the planar fac

(step 41) asthe Mirror Fac .
Expand the Bodies to @st and

select the solid body

Make sure Merg ids‘is sd % :
andclickoh;(\ \

Design
Changes

Design Changes

the desi QQ . There are three areas that don’t ook

he curves of the parting line and the edge of the area where the
x eypad goes do,not compliment each other well.
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Editing

Introducing:
Move/Size Features

Where to Find It
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The curvethat ultimately controlsthe outline of the remote @--@séyrace-mm
LB () sketche

control isthe parting line and it is embedded under the
trimmed surface.

When you edit this
sketch, the part is
rolled back and all the
geometry disappears.
Fixing the overall
shape of the remote
control would take along process of trial and error because you would
be working blind.

Dynamic feature editing enablesyou to make changes to features and
sketches without rolling,back the part. Thiswayyou can see the effects
of the changes as you make'them.

Move/Size Featurés enables youto dynamically edit features. When
you drag theentities of a sketch,(either with or without opening the
sketchritself./The preview updateswhen you release the mouse button
after dragging.

m-. Click'Move/Size Features [$| on the Features toolbar.

Click Move/Size\Features [€2].
Expand the trimmed surface and show the underlying sketch. Adjust
the shape of the spline by dragging the interpolant points.

Design Changes
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Design Changes
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2 Dynamically edit a sketch.

Expand the |ofted surface feature and double-click the sketch that
defines the edge of the flat area where the keypad will go.

Use viewports to see the top and front views at the same time.

If+you decide to dimension the sketch, ' 3.860
turn’off Move/Size Features for 2300
improved performance. With Move/Size

Features-on, themodél will rebuild each By
time you add a dimension.

Edit'the ather sketches. £

Repeat this procedure as necessary
to'edit the other sketches that
make up the lofted surface.

Thisis an exercise in judgement
and atheistics. Thereis no unique
right or wrong solution.
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Replacing a Face

4 Sketch an arc.
Open anew sketch onthe Right
reference plane.
Sketch a3 Point Arc [©] and
dimension it as shown.
The endpoints have Coincident
relations with the vertices at the
ends of the planar face.
Exit the sketch. Q
5 Create a plane. %

Create areference pI el to the
Front plane, p gh theo
centerpoi nt ou just sk
step 4.

h a second c.

eanew sketchion Plane4, the plane
ou just cr

Sketch int'’Arc [®]. Thetwo
endpoi rce relations with the
edges of lanar face.

eference point on the arc. Relate it

reate
@ arcinthe previous sketch with aPierce

OQ

Add aCoincident relation between the arc’s
centerpoint and the Right reference plane.

+ 2

7 Exit the sketch.
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We will create a new, concave face to replace the planar face.

/

Centerpoint of arc

First arc

Design Changes
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Merge Result

Design Changes

8

10

Surface Modeling

Filled surface.

Click Filled Surface [©] on the
Surfaces toolbar.

Contact - S0 - Boundary

(Eketchl5)

For Edge settings, select Contact.

Select the two edges of the planar
face.

Under Constraint Curves, select
the two arcs.

Under Options, select Merge
result.

Click OK.

The planar face is replaced.with the
concave face.

Thebehavior for this option depends on the boundaries. When all the
boundaries bel ong to the same solid body, you can use thefilled surface
toreplace aface of the solid: This streamlines your work, eliminating
the need to use the Replace Face command. For more information
about Replace Face; see Exercise 23: Using Import Surface and
Replace Face on page 255.

Sketch.
Open a sketeh on the Right
reference plane.

Sketch aline tangent to the
silhouette edge as shown.

Split the line and change the left-most portion to construction
geometry.

Adjust the angle of the line so it barely intersects the bottom of the
front portion of the remote control.

Cut through all.

Click Extruded Cut [@]. Sincethisis
an open profile, the end condition will
be set to Through All automatically.

The goal isto create asmall flat spot
to the remote can be set on atable
without falling onto its side.

If the area of the cut istoo big or too
small, use Move/Size Features to adjust the sketch dynamically.
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11 Dome.
Create a Dome feature about 0.065”
deep. The exact depth is not critical.

To review the Dome feature, see Dome

Feature on page 129.
Finishing In this next section we will: .
Touches m  Split the part into sep %’eﬁ, eachr amajor

component of the re‘%mtrol; K

m Shell the part; Xﬂ

m Definethe b ry and eypad;

m Create ! eatures g features,

m Savet idual bodies
Splitting the Part into multiple bodi as covered in Lesson

thistopic, see Splitting a Part into

Solids. To
Mult es on page 40

ude the A‘
urface.
Reuset
partl

E| @ face-Extrudel

%Lgle asurface

id Plane asthe
d condition and set
the Depth issuch that it
extends beyond the

QO body of the part.
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Finishing Touches

2 Split the part.

Surface Modeling

Click Split [m] or click
Insert, Features, Split.

Body 1:

Select the parting
surface as the trim tool.

Click Cut Part. The
system computes the
intersection of the trim
tool with the part and
calculates the results.

[Bady 2] Z=rionez|

We want to create both bodiesbut we do not want
to save them as separate part files at this time.

Sdl ect the check boxesfor both bodies but | eavethe
fl |e name %t tO <None >, Diouble-click ko narme File For

save operation,

Qgsulting Bodies -

For Resultant.bodies state, select Show bodies. | Resuant bodies state:

¥ show bodies

Cl | Ck O K . " Hide bodies

£ Consume bodies

Hide the parting surface.

Rename the solid bodies.

Expand the Solid'Bodies folder. ~ UPper Housing

Rename the bodies Upper
Housing and Loewer Housing.

Change the colors of the upper and
lowershousing so it will be easier to
tell them apart.

Lower Housing
Hide the Lower Housing.

To savetime we will use alibrary feature for the sketch of the holesfor
the keypad. The sketch is straightforward and creating it step-by-step
contributes nothing to this case study about surfacing.

Reference plane.
Show the Top reference
plane. Thisisthe plane
onto which we will
insert the library
features (sketch).

Flane
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2 Library Feature.
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+i Sketch for Keypad

VOV

Drag the library feature named Sketch for
Keypad from the Design Library and drop it onto

the Top rererence pl ane. PIacementPIane .................... -
lTopPIane—
COTREERETE o -
~ Mo Nt
S, W D

Sketch Point1

Locating Dirmensions:
Associate the external references to the target

part’'s Right reference plane and erigin.
Cl l Ck OK . Size Dimensions: i |

Dissolve thelibrary feature.
Right-click the library feature and select Dissolve Library Feature
from‘the shortcut menui.

Extrude a cut.
Extrude acut- Through All in both
directions. Use 1.00° of draft.

_ Draft inward

A sliver face is left if the cut is not
extruded in both directions.

Draft outward

Shell.
Shell the Upper Housing using a
Thickness of 0.080 inches.

Reference plane.

Create areference plane offset
0.240" from the plane that was used
to sketch the area around the keypad
(step 15 on page 200).

Finishing Touches
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The 0.240” dimension was obtained by adding 0.010” to the sum of
0.080" (the shell thickness) and 0.150” (the dimension on the arc in
step 4 on page 216).

Intersection curves.
Open a sketch on Planes.

Click Intersection Curve [8] on the Sketch toolbar.
Select the two faces as shown on the inside of the Upper Housing.

lanes

Turn'off 'thedntersection-Curve tool and hide Plane5s.

Keypad.

Change the two intersection curves to construction geometry and
sketch the outline'of the keypad as shown. Use an ellipseand a
rectangle and trim.as necessary.

The intersection Curves are used as a guide to make sure the keypad
doesn'tinterfere with the inside of the housing.

Planar surface.

Click Planar Surface [&] on the
Surfaces toolbar.

Create a planar surface using the
active sketch.

Finishing Touches
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Cut with Surface

Where to Find It
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You can cut asolid model by removing material with a surface or a
plane. In amultibody part, you use the Feature Scope to determine
which body or bodies to cut.

m Click Cut With Surface [E] on the Features toolbar.
m Click Insert, Cut, With Surface.

Question:

Answer:

10

Cut with surface. ‘= surfaceCut
Click Cut With Surface [B] on the Features ‘J ?)
»,

toolbar. Under Surface Cut Parameters, select N
: arameters
theplanar SJrfmeand thecuttlng wrf&e. ........................................

BT

Under Feature Scope, dlick-Selected bodies andy, ... ... .
select the Auto-selecteheck box. € 4l bodies

& Selected bodies
Cl l Ck OK . ¥ auto-select

Since the surfacewe are using is planar, why not just cut using the
referenceplane?

The advantage of using a surface rather than a
planeisthat the extent of the cut islimited by the
boundaries of the surface. If we cut with the
reference plane, the entire body would have been
cut, not just the areas around the keypad holes.

Introducings
Thicken

Where to Find It

Creates a solid feature by thickening one or more adjacent surfaces. If
the surface you want to thicken is comprised of multiple adjacent
surfaces, you must first knit the surfaces together before you thicken
the surface.

m Click Thicken [@l] on the Features toolbar.
m Click Insert, Boss/Base, Thicken.
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13

14

Surface Modeling

Thicken.
Click Thicken [@]] on the Features toolbar. @3)3
Select the planar surface. (e — .
Set the Thickness to0 0.080 inches and clear the - !hkn_
Merge result check box. A2
Examine the preview. i [ooeon 7 5]

Select either Thicken Side 1
or Thicken Side 2 as
necessary so that the surface
isthickened away from the
solid body.

Click OK.

Rename.
Name the solid body
Keypad:

Offsetithe edges.

Openva new sketch on the uppermost
face of the Keypad. Thiswill be the
sketch for the buttons.

The Upper®#Housing isshown
transparent for iltdstration purposes.

Click Offset-Entities [Z]. Offset the
edgesof the keypad holes 0.010".

Thicken'in this
direction

Press the Enter key to repeat the previous command.

Extrude.

Extrude the sketch using Offset From
Surface and an Offset Distance of
0.100".

Set the Draft Angle to 1.00° and
make sure the draft is inward.

Select Merge result and use the
Feature Scope to select the Keypad.
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Dome.
Create 20.050” dome on the top of the round button.

Fillet.

Add 0.020" radiusfilletsto the
edges of the keypad buttons,
shown herein red for
illustration purposes.

Appearance Gap

The next step in the processisto sweep a
cut to create an appearance gap between
the upper and lower housings.

First we will ereate two 3D curves;

m  Thesweep path
m Theguide curve

Appearance gap

Then we will sketch the sweep profile.

Note

224

Hide the Keypad body.

3D sketch.
Click 3D"Sketch [2] on the Sketch toolbar to open anew 3D sketch.

Fit'spline.
Click Fit Spline [&] on the
Spline Tools toolbar.

Right-click the outermost
edge of the Upper
Housing and select Select
Tangency from the shortcut
menu.

Tighten the Tolerance until the Actual Deviation islessthan 0.001".
Click OK. Thisisthe path for the sweep.

The resulting splineis shown herein red for illustration purposes only.
It does not mean the splineis over defined.

Exit sketch.
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Repeat.

Repeat steps 2 through 4,
fitting a second spline to the
inside edge of the Upper
Housing. Thisistheguide
curve for the sweep.

We could also have used

Composite Curve for the
path and guide. To review
Composite Curve, see Introducing: Composite . Curve on page 106.

Profile sketch.
Open a sketch on the
Right reference plane.

Sketch arectangleas
shown. Thisistheprofile
for the swept-cut feature.

The uppermast linein the
rectangle does not need to
be fully defined.

Sweep acut.
Select'the Profile, Path, and Guide
Curve as shown in theillustration.

Expand the Options listing. Y .

For Orientation/twist type, select [ g [Ehcec)]
Follow part and 1st guide curve. "

Click OK.

Draft

Introducing: Draft

Where to Find It

Finishing Touches

We could have built the required draft angle into the profile sketch.
However, in this case we will add draft using the Draft feature.

The Draft features tapers selected faces in the model by a specified
angle with respect to the pull direction of amold. You can add draft
using aNeutral Plane or aParting Line.

m Click Draft [®] on the Features toolbar.
m Click Insert, Features, Draft.
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1 Parting line draft.

Click Draft [®] on the Features toolbar.
For Type of Draft, select Parting Line.
For the Draft Angle, enter 1.00°.

For Direction of Pull, select the Top
reference plane.

Click Reverse Direction.

For Parting Lines, select themodel edge (" \
shown and click OK.

Draft Analysis

Where to Find It

The Draft Analysis tool is useful in determining whether the part has
sufficient draft to be removed from the mold based on a set draft angle.

m Click Draft Analysis [R] on the Mold Tools toolbar.
m Or, click Tools, Draft Analysis....

226
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Finishing Touches

2 Draft analysis.

Surface Modeling

Click Draft Analysis [R] on the
Mold Tools toolbar, or click
Tools, Draft Analysis.

For Direction of Pull, select the
Top reference plane.

Click Reverse Direction.
Set the Draft Angle to 1.00°.

Sdlect the Face classification
check box.

Click Calculate.

LY

The green faces have positive
draft with respect to thepull
direction. The red faces have negative draft.

Click cancel’

For amerein-depth discussion of draft analysis, see Analyzing Draft on
a Modehon page 271.

Hide and show bodies.
Hide the Upper'Housing. Show the Lower Housing.

Hole for fastener.

Open a sketch onthe Top reference plane and
sketch.a0.250" diameter circle as shown. The
distance from the origin is not critical but it
should'be located near the rear of the remote.

Add‘a Coincident relation between the
circle's center and the Right reference
plane.

Extrude a cut as follows:

m TheFrom position is Offset 0.75” from
the sketch plane.

The End Condition isThrough All.
The Draft Angle is1.00°.

Select the Draft outward check box.
For Feature Scope, select the Lower Housing.
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Shell.

Shell the Lower Housing
using aThickness of 0.080
inches.

Clearance hole.
Click Hole Wizard [&] on theFeatures toolbar.

Standard = ANSI Inch

Type = Screw Clearances

Size =#4

Fit = Normal

End Condition = Through All
Feature Scope = Lower Housing

Add@aConcentric relationbetween the locating
point and the-edge of the-eut feature.

Fastening
Features

Where to Find. It

Fastening Features streamline creation of common Fastening FagmiE|
features forplastic parts. You can create:

b=
il
=
23

m Mounting Boss

m, Snap Hook

m Snap Hook Groove

® Vent (also useful in sheet metal parts)

Click Mounting Boss [@], Snap Hook [@], Snap Hook Groove

[&], or Vent [B] on the Fastening Features toolbar.
m Click Insert, Fastening Feature, and select either Mounting
Boss, Snap Hook, Snap Hook Groove, or Vent.

228

Appearance.
Show the Upper Housing.

Make the Lower Housing Ssemi-transparent. A transparency of 0.75
works well.

Finishing Touches
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2 Mounting boss.
Click Insert, Fastening Feature, Mounting Boss. Creating a
mounting boss is a multistep process:

1. Change to a bottom view It Mounting Boss
orientation and select the P
- W) X) ?
inside face of the Upper \)\)\)
Housing. Onetechniqueis Messade oo M|
to select the face through the 2 o
fastener clearance hole. i

&

2. To define the direction ofthe
mounting boss, select theTop
reference planeand click Reverse
Directiony This'orients the mounting
boss correctly. with respect to'thepull
direction.of the mold.

3.+ To position the mounting boss, select
the edge of the.clearance hole.

4. To definethe

height of the @ [omon |2
mounting boss, Opnter boss helght
select the planar ® Select ating Face
faceontheinside &
of the Lower I
Housing as i H
shown. e

Set the Diameter t0 0.350” and the Draft Angle to 2.00°.
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5. Toorient thefins, select theRight reference .

plane. Set the other Fins options as follows: A

m Height = 0.375" ZINCEC =
m  Width = 0.060” P ojooson 2
m Length =0.3125” b [oszon 2
m Draft Angle =2.00° PR [200des |2
m Number of fins =4 4 v

6. A mounting boss can have a P, -
pinor ahole. In this we .w ..........................
want ahole. Pin > ® Hole

Parameters
| %ect HOIe [ i (%) Enter diameter
Select Enter diameter © Select mating edge
2

m
m Diameter.=.0.086" : =
m Depth=0.825! dh [oesn |3
m Draft.Angle="1.00° Hole FA [1oodes |3
7. Click OK.
3 Results.

The mounting boss is added to the inside of the Upper Housing.

Note The mounting boss is shown in red for illustration purposes.

4 Appearance.
Hide the Upper Housing.

Remove the transparency from the Lower Housing.
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5 Offset plane.
Show the sketch that wasinserted as
alibrary feature for the keypad
cutout (step 2 on page 220).

Create aplanethat is parald to the
Front reference plane and that
passes through the point at the
center of the circular keypad.

6 3D sektch.
Open anew 3D sketch.

Insert two points. Make them
Coincident with the inside.edges of
the Lower Housing and aso
coincident (On Surface) with the
offset plane.

7 (Snap hook.
Click Insert, Fastening Feature, Snap Hook.

Select one of the points in the 3D sketch.

Select the Top reference plane to define the
vertical direction of the snap hook.

Selectthe Right reference plane to define the
direction of the hook.

Set the Body height at 0.070”.
Enter the Snap Hook Data as shown.
Click OK.

S

Front Flame_

Lesson 4
Surface Modeling

Planed

Message £

First select a reference for the
hook’s position, then define a
wertical {standing) direction,
and finally a direction of the
hook itself,

Snap Hook Selections -

4 I|Point2@3[>sketch9
Tﬂ |—|T0p Plane

[T Reverse direction

4l I Right Plarie

[T Reverse direction

& Enter body height

™ Select mating face
S —
Snap Hook Data -
O —
N C—
N
S —
S —
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Repeat.
Create a second snap hook using the second point in the 3D sketch.

Show solid body.
Show the Upper Housing.

Snap hook groove.
Youmust create a snap hook before'you can create ( @ ( ?9 ( 3

a snap,hook-groove.

Message e
Click Insert, Fastening\Feature, Snap Hook Select » snap hock Feature and
Groove.

Feature and Body Selections &
Select the SnapiHook1 feature. A Wsre ook

. % Solid Body <1

Select theUp_per Hou.sing asthe solid body that . ||—0005m—:|
the groove will be.applied to. O
Enter.the dimension values as shown. oo =
The dimensions of the snap hook groove aredriven & [oosn =
by the snap hook. The valuesin the sl [o.100m =

PropertyManager are offsets, or clearances, so you
can make the groove dlightly larger than the hook.

Click OK.

Second snap hook groove.
Repeat this process for Snap Hook2. The results are shown below.

Section View

The cut faces of the section view have been colored for clarity.

Finishing Touches
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Saving the Bodies
and Creating an
Assembly

Rapid
Prototyping

Rapid Prototyping

12

13

Surface Modeling

Save Bodies allows you to save individual solid bodies as part files.
You can indicate which bodies you want to save. Optionally you can
generate an assembly from the saved parts.

To review Save Bodies and Create Assembly, see Introducing: Save
Bodies on page 39.

Save bodies. %
Right-click the So1id Bodies folder and select @
Save Bodies from the shortcut menu. & .

Save the three solid bodies as;

|

| Uppe r HOU. S i ng . Resulting Parts -
m Lower Housing ﬂ#@ﬂ
» |1 Jpper Housing. sidpr
m Keypad 2|;A_ Kevpad.sidpn
3

If you want to create an assembly do the following:  peuble-cick ta change the name

of the file For save operation.

Resultant bodies state:

¥ show bodies

1 IntheCreate Assembly group:box, click

Browsg. TheSave As dialog opens. € tide bodies

2 Browseto where you want to save the ;‘ _ Clr: o
mbl y. rigin location:

3 Givethe assembly a name and click Save. |

Create Assembly -

I troliRemate Control, sl

Browse. ..

Save and“close-all the files.

By using rapid prototypes early
in the product development
cycle, you can receive critical
feedback early in the design
process. Rapid prototyping is
sometimes called 3D printing.

The 3D printing process often
takes advantage of arapid
prototyping process known as
stereolithography, or layered object manufacture. 3D printers come
with special software that imports the CAD file and dlicesit into thin
horizontal layers 0.003 inches to 0.01 inches thick. Each thin cross-
section is sent to the 3D printer, which builds up the model, layer by
layer, starting from the bottom of the part and moving upward. In a
matter of minutes or hours, the model is complete.
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Print3D isaweb portal linked to the SolidWorks software. Using
Print3D, you can contact selected rapid part and prototype vendors to
request price quotes or place an order for rapid prototypes of the
currently open part document. Some vendors provide instant price
guotes; otherswill contact you viae-mail.

Print3D automates the process of requesting a quote or ordering a
prototype, eliminating the need to search for reliable services, save
parts as STL files, FTP the filesto vendors, or perform other
operations. Model datais encrypted prior to transmission, so your data
is always secure.

m Click Print3D [&] on the Standard toolbar.

You may have to use Teols, Customize t@addthe Print 3D icon to the
Standard tool bar.

2
g:lidWorks Prmt3D

| whatis Print3D? | Termsof Use | Privacy

Quickparts.com, Inc.
ulckpa An Inc. 500 Company; Instant Quotes ~ Single Source for Quick Parts
» Stereolithography {SLA) # CQuickTurn Injection Malding
» Fused\Depasition Modeling (FDM) » Silicone Molding
» Selective baser Sintering {SLS) » CHNC, Sheet Metal, Castings
| Talk to vour Quickparts Team today about our material sample kits!
{p) 1-877-521-8683, (&) qphelp@quickparts.com

B Pri3D"at Quickparts Tell me more

The Protomold Company, Inc.

Protornold's Rapid Injection Molding service produces real injection molded parts in engineering
grade resins within 5 days of receipt of your native Solidworks file, starting as low as $1,995 for
25 parts.

Real Parts. Real Fast, Real Savings!

Print3D at Protomold Tell me more

f Xpress3D, Inc.
Xpress3D instantly provides price quotes from multiple rapid prototyping services.
XPRESS|3D Easily c:h_oos_e based on price, deli_very time, rapid prototyping process, ar mgterial.
Prototyping includes SLA {Stereolithography), FDM {Fused Deposition Modeling), and 3DP (3D
Printing}. ®press3D’s autornatic file compression, encryption, and upload make this the fastest,
easiest, and securest way to order prototypes,

Print3D at Xpress3D, Inc. Tell me more

SolidWorks Corporation - 300 Baker Avenue - Concord, MA 01742
Phone: 800-693-9000 - International: +975-371-5000 - Email: irfo@solidwarks conm
Copyright @ 2003 SolidWoarks Corporation, &ll rights reserved,

Rapid Prototyping



SolidWorks 2006 Training Manual

Intersection
Curves and
Splines

Stages in the
Process

Design Intent

Intersection Curves and Splines

One of the keysto any sweep operation is
creating the required curves to use as the path
or guides. In this example, a decorative piece
of wrought iron is modeled by sweeping a
circle along a curved path. The path is created
by finding the intersection between two
reference surfaces.

Computer-Aided Products, Inc.
for submitting this example.

The major stepsin this operation are:

Create arevolved surface.
Thiswill.use asketched spline.

Createra helical surface.
Thisis done by sweeping aline along a straight path, with a helical
guide curve.

Generate intersection curve.
Find the intersection between the two reference surfaces. Thisisthe
path for the twisted sweep.

Sweep one of the “spokes”.
A circular profile is swept along the intersection curve.

Pattern the “spokes”.
A circular pattern of the swept feature completes the part.

Some of the design intent we have to consider includes:

1. Thediameter of the helix hasto be equal to or greater than the
diameter of the revolved surface.

2. Theheight of the helix and the height of the revolved surface have
to be equal.

3. Thehelix isdefined by its height and the number of turns. The
system will calculate the pitch.

Lesson 4
Surface Modeling
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To save time, we will begin by opening an existing part.

Open part.

Open the existing part named Wrought
Iron. Thisrepresents the base of an
ornamental object such as the base of a
lamp. A sketch is also included.

Hide solid.
Right-click the revolve feature, and select Hide Solid Body.

Edit an existing sketch.
Edit the sketch spline grid:

Create spline. 0o g
Click Spline [ and sketch a spline whoseshape is LoaRz2 Dl
approximately the same asthe one showftin the Hl H r
illustration at,the right, attachingto lines'and ot
endpoints. The splineshould have 7,interpol ant ! -'r L
points. TR
A
[
&.000 1!--!—!- -8

Dimension.

Use ordinate dimensions to dimension the o 82
spline points. To maintain symmetry in the

spline, you can use Link Values on the pairs _j

of vertical ordinate dimensions.

2.125
1.250

5.000

1.250
2.125

Intersection Curves and Splines
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Note

6 Vertical relation.

Surface Modeling

Select the upper end
spline handle (arrow)
and add a Vertical
relation.

Repeat the procedure
for the lower end
spline handle.

Revolve surface.
Select the vertical centerlineat

the zero datum, and clicK [gal-en
the Surfaces tool bar.

Set the Angle to 360¢.
Click OK.

25125
17250

1.250
S 25

Circle far the helix.

Open‘a'sketch on the Top reference
plane, and sketch acircle.
Dimension it so that it is larger than
the.diameter of the revolved surface.

An equation can be used to ensure
that the diameter of the circleis
always greater than the diameter of
the revolved surface.
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9 Add helix.
With the sketch active, click Helix/

Spiral [El.

Insert a helix with the following
parameters:

m Defined by = Height and
Revolution

Height = 8.00"
Revolution =1

Starting angle = 90°
Clockwise

Thishelix will be used astheguide
curve for a swept surface.

Note An equation can be'used to set the
height of the helixéequal to the
height of therevolved surface.

10 /Sketch the sweep path:.
Open a new sketch on the Front
reference planexShow the sketch of
the revolved surface.

Select the vertical.centerline, and
click Convert Entities to copy it
into the sketch.

11 Exit the sketch.
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12 Sketch the sweep profile.
Open anew sketch on the Top
reference plane. Sketch aline from
the bottom end of the sweep path to
the end of the helix.

Important! Be sureto add a Pierce relation
between the end of the line and the
helix. Add the line without
capturing a horizontal relation.

13 Exit the,sketch.

14 Sweep a surfaces
Sweep a surface using the path, section, and guide as shown below.

Path(Sketchd)

Frofile(ketchs)

Guide CurvelHeliz2)

Intersection Curves and Splines 239
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15 Intersection curve.
Open anew 3D Sketch. Hold down
Ctrl and select the two surfaces.

Click Intersection Curve [].

The system generates the intersection
in a3D sketch, and automatically puts
you into Edit Sketch mode.

16 Exit the sketch.
Exit the 3D sketch and hide the two
surface bodies.

17 Sh body
ngh evolve
o |d Body. @.250
e h the sw oflle
reme aplan o the top end of
e intersec ve, and sketch a
0. 25 CI

Qo\
S
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19 Sweep.
When sweeping the boss, use the option Align with end faces and
Merge result to ensure that the boss completely merges with the
revolve feature.

21 Save and close the file.
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Exercise 20: Under Construction
Stapler

May not be suitable for.class. Building theinitial loft using a 3D sketch
with a 3D spline may be too daunting atask.
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Exercise 21: Use surface commandsto create athin
Surface walled solid model.
Modeling Disclaimer:  The primary purpose

of this exerciseisto give you the
opportunity to practice using some of
the surfacing commands. In reality,
there is no compelling reason to build
this part using surfaces. The stepsin
the procedure may be somewhat con-
trived so that certain commands will

be utilized. *
Thislab reinforces the f i \
ills: \

n Surface

6\
. extendw

hlcken surg
Procedure 2 Open alm%ng the Part IN template and nameit Baffle.

1 Ske
a etch on
eFront reference

using this
Q metry.

165°

5.000

: 3,000
R3.000

2 Extruded surface.
Extrude a surface 5” using the end
condition: MidPlane.
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3

Split line.
Create a sketch on the Top
reference plane as shown.

Using the sketch, project a Split
Line onto the extruded surface.

This creates four additional
faces.

Delete Face

N\

@:ﬁcka
er candsdect [ e

" Delete and Patch

elete Face. The £ Delote and Fil
PropertyM anager
will open and you can select the faces you want to delete.

4

Delete faces.

Delete the faces that fall outside the split line
shape. Use the Delete option, not Delete and
Patch.

A DeleteFacel feature @ DelsteFacel iS
added to the FeatureManager design tree.
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Instead of manually
splitting the faces of the
extruded surface and then
deleting them, you could
have used Trim Surface to
achievethesameresultina
single operation. You
would have clicked Trim
Surface [#] and selected
the sketch asthe Trim tool.
The technique of splitting

246

xte
%\d the top edge of the revolved surface
Qt at it extends well beyond the extruded

.
the surface and then Q ) xo
deleting the unwanted fa%s used in thi %: to illustrate how
to delete selected faces from-a surface.

g&rface.

rface.
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Tip

Tip

Trim surface.
Trim both the extruded and revolved
surfaces, leaving the portions shown.

Mutual Trim can be used.

Sweep surface.
Create areference plane normakto the
surface edge and sketch alineas shown.

Using the line as the sweep section and the
surface edge as the sweep path, create the
surface shown.

Create a composite'eurve from the'edges of
the surfaces.

Filleting Surfaces

Rules

Surfaces are filleted using the same command as for solids. However,
surface behave alittle different than solids. The difference depends on
whether the surfaces are separate, discrete surfaces, or whether they
have been knit together.

There are a couple of simple rules that make filleting surfaces very
straightforward:

m If the surfaces are knit, select and fillet the edge, just like you
would with asolid. Thisisthe simplest, most straightforward case.

m If thesurfacesare not knit, use aFace Fillet between the individual
surfaces.

m |If the surfaces are not knit, after they are filleted, the result is knit.
Filleting will automatically trim the filleted surfaces and knit them
together with the fillet, forming a single, composite surface.

m  When using aFace Fillet on surfaces, preview arrows will appear
indicating the side of the surface to which the fillet will be applied.
Thisis because when filleting untrimmed surfaces, there can be

multiple solutions. Click Reverse Face Normal [ ] to reversethe
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arrows. For example, as illustrated on the following page, an
intersecting cylinder and curved surface can yield four different
results, depending on which side of the surfacesthe fillet islocated.

9 Kbnit surface.
Combine thetrimmed and swept surfacesinto a single surface using
Knit/Surface.

10, Surfacefillets.
Add afillet of 0.125” radiusto the
surface edges as shown in the
illustration.

01250
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Making it Solid

Introducing:
Thicken Feature

Where to Find It

Similar to athin feature, you can thicken a surface by adding material
on either side or equally, on both sides. If there are no solid featuresin
the model, the thickened surface will be a boss, or more specifically,
thefirst feature. If the surface that you select is a knit surface that
encloses a complete volume, you have the option of filling the volume
completely.

A thickened surface feature can be created as either a bo
feature.

m Click Thicken [@] on the@:%toolbar.‘
m Orclick Insert, Boss/Ba

o

O

11 Thicken surface.
Create thefirst f
0.0625" thick

%es.
Garr e two symmetrical

13 Save and close the

einside
ert, Boss/B

fles as shown using
Planar Surface [@] and
Thicken. Note that the
baffle plates are shown
in asectioned view.

25
Thickness 1/14"

part.
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Use surface commands to
model the halyard guide.

Thislab reinforces the
following skills:

m Surface Sweep

Surface Trim

Creating Planar Surfaces
Knit Surface

Surface Fillet

Thicken Surface

Open anew part using thePart IN template and nameit
Halyard Guide.

Sketch first. guide‘edrve. B
Open asketchonthe Right
reference plane; and createthe .

sketchishown at the right: 1.250

1.500 !

Offset plane. ’
Create aplane offset 0.25" below _/
the Top.reference plane.

Plonel

Sketch second guide curve. :

Open ask(_etch on the off_set plane | 00
(Planel intheillustration above), and

create the sketch shown at the right.

1.500

f 1430 1
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4 Sketch third guide curve. 1 : t
Open another sketch on the ; : !
offset plane, and sketch a | -
vertical centerline from the
Origin.

Sketch a second vertical
centerline whose lowermost
end is aligned with the

Origin.

Sketch an arc tangent to the
centerline.

Add Symmetric relations.between the are.in this sketch and the arc in
the sketch of the second guide curve.

5 Sketch the path.
Open a sketch on the Top reference
plane, and sketch'avertical line

starting at the Or igin. Adda
relationsorthe length of thelineis
driven by the guide curve sketches. / %

e

6 “Sketch'the sweep profile.
Open a sketch on the Front
reference plane, and sketch an arc
centered on the Origin. Sketch
two tangent lines as shown.

7 Add relations.
Add Pierce relations between the
ends of the tangent lines and the
second and third guide curves.

Add a Coincident relation
between the arc and the end of the
first guide curve. The sketch
should be fully defined.
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8 Sweep a surface.
Using the profile, path, and three
guide curves, sweep a surface.

Important! Use Path Tangent for the
Start tangency type.

9 Trim the surface.
Trim the swept surface using
the Top reference plane as
the trim tool. Keep the
uppermost portion of the
surface.

10 Sketch.
Open asketch on the Top
reference plane. Convert
the edge of the trimmed
surface, and complete the
sketch using the
dimensions given.

R.250
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11

12

13

14

Planar surface.

Click Planar Surface [@] to
create aplanar surface using
the active sketch.

Second planar

surface.

Mirror the first planar
surface to create the

second one.

Knit the surfaces and

fillet thevedges.

Knit the three surfaces

together, and then fillet
the edges shownwith'a
532" radius fillet,

0156250

Thicken.

Create the first feature by
thickening the surface 0.08".
Check the preview to ensure
the material is added to the
correct side.
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Mirror body.

Use Insert, Pattern/
Mirror, Mirror to create
the other half of the guide
and Merge result.

Countersunk hole.
Add 4 countersunk
holes. Select the flat
face of the model’and

click [&].

Chooseithe settings
for the description
“ANST #10 Flat
Head Machine
Sc¢rews (100)".

Use mirrering in.the
sketch tofacilitate
creating all four holes
in onefeature.

Fillet the edges.
Add a0.020" radiusfillet
to the edges of the part.

Save and close the file.
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Exercise 23: This demonstrates some techniques
Using Import for modifying imported models.
Surface and The lab uses a surface imported
Replace Face from a Parasolid (x_t) file. The

surface is moved to anew position
and used to replace afacein the
solid.

This lab uses the following skills:
m Delete Face

m Import Surface

m Move Surface

m Replace Face

1 Open existing file,
Open the existing Parasolid file named
Button.x_ t: [tisfoundin the
Replace Face folder.

Note If you'are prompted to select atemplate,
choose Part IN.

Theface to be replaced is highlighted in
green.

2 Delete faces.
Before we can replace the face, some
fillets have to be deleted. Click

Delete Face [®| on the Surfaces toolbar.
Select the faces shown.

Be sureto zoom in on the corners. There
are some small faces there.

Tip Drag a selection box around the corners
to be sure to select the small faces.

Select the option Delete and Patch, and
click OK.

Exercise 23: Using Import Surface and Replace Face
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3 Import surface.
Import a surface into the part using Insert,
Features, Imported. Select the Parasolid file
named New Surface.
The surface color was changed for clarity.

4 Move the surface.
Click Insert, Features;
Move/Copy;or click Move/

Copy Bodies [#] onthe
Surfaces toolbar. )

Usethe Translate option,
Enter2.5” for Delta V.
Click OK.

5 Replace'face. < Replace Facel

Repl ace the top face of the part >
withthe imported surface. LI

Replace Parameters e

Click Insert, Face, Replace, or

click Replace Face [&] on the
Surfaces toolbar.
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6 Hide the surface.
Right-click the surface, and select Hide
Surface Body.

7 Fillet.
Add a0.025” fillet as shown.

8, 'Save and close the file.

Exercise 23: Using Import Surface and Replace Face
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Lofting can be'accomplished using sketches, faces or surfaces. In this
example, lofting is performed between two surfaces to form a solid.

This lab includes two small exercises
in using surfaces to create solids.

m Thefirst one creates asolid by
lofting between two surfaces.

m The second uses the method of
knitting surfaces to combine
multiple bounding surfacesinto a
solid.

This lab uses the following skills:
m Lofting between surfaces
m Importing an IGESfile

m Repairing missing surfaces
m Knitting surfaces

Open the part.

Open the existing part named

LOFT SURF. The part consists of two
imported surfaeces.

Insert loft.

Using Insert, Boss/
Base, Loft, select
the two surfaces as

the Profiles of the
loft.

Pick the surfaces

near mating corners,

like you would

using sketches.

Theresultisasingle

solid body.

Exercise 24: Using Surfaces
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3 Fillets and shell.
Add fillets of radius 0.5” and a
shell of 0.125” to complete the
body.

4 Save and close the file.

Repair and Knit Knit surface allows you to.combine severa surfacesinto asingle,

Surface larger surface or in some‘Cases, asolid.For a solid, the surfaces must
comprise a closed volume. If surfaces are'missing from the imported
data, the gaps must be filled.

1 Import an IGES file.
Click File, Open, or click @pen []. Set Files of type: to IGES
Filés (*.igs;*.iges). SelectthefileSurface Repair.IGS.

2 Click Options.
Verify that the'optionTry forming solid(s) is selected and click OK.

Import Options

File Fo
eneral ¥ Surfacefsolid entities

& Try Forming solid(s
‘ L IDF ¥ 9 ()
. r E-Rep mapping

" Knit surface(s)
[ Do not knit
|
[~ Free pointfcurve entities
& Import as sketchies)

€ Impart as 30 curves

[ Import multiple bodies as parts

[+ Perform Full entity check and repair errors

|_ Customize curve tolerance: Ig,ommm ﬁ

Unit:
’7 ' File specified unit

" Document template specified unit

IGES
™ show IGES levels ‘

STEP
’7 ™ Map configuration data ‘
’7 [ Import tool bodies,

UG ‘

Reset Al |

OF I Cancel Help
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3 Click Open from the Open dialog.
If you are prompted to select atemplate, choose Part IN.

4 Results. % Surface Repair
Theindividual surface [/ Annotations
patches are knit into asingle €3 Design Binder
imported surface. However, 3= Plain Carbon Steel
there are some gaps. - Lste] Lighting

Eﬂ--@l Surface Bodies(1)
----- 5 Front Plane

----- &5 Top Plane

----- £ RightPlane

..... L. origin

@ Surface-Importedl

5 Click Filled'Surface [2].
Set Edge settings to
Tangent.

Select the Apply to all
edges check box.

6 =Select edges.
Right-click one of the edges
of the opening, and select
Select Open Loop.

Select the Merge result
check box.

Click OK.
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7 Results.
A surface patchis created tofill in the
opening. It isshown hereina
different color for illustration
purposes.

Since the Merge result option was
selected, the new patch has
automatically been knit to the existing
surface.

8 Repeat.
Repeat this process for the remarning
three openings.

Important! When doing the last opening, also select'the option Try to form solid.
Thiswill thicken'theresulting knit surface into a solid.

9 Results.
Although thegraphics look the same, asolid has
been formed."Only by looking at the Sol1id
Bodies folder can youtell the model is now a
solids

10 "Save and close thefile.

Exercise 24: Using Surfaces

% Surface Repair
Annokations
Eﬂ--@ Design Binder
&= Plain Carbon Steel
- Js%] Lighting

- [@] Solid Bodiss(1)

----- 5 Front Plane

----- &5 Top Plane

----- 5 Right Plane

..... L. origin

@ Surface-Imported:
Surface-Filll
Surface-Fillz
Surface-Filla
Surface-Fills
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This lab demonstrates a technique
for using image files in a sketch.

The lab uses a JPEG file that is \\
“traced” in a sketch using splines

and other geometry.

This lab uses the following skills:

m Insert picture

m  Splines
m Combine
Open anew part using thePaxt IN templateand nameit Fork.

Images.
Create a new sketch onthe Front
reference plane.

From the Toels menu, choose,
Sketch.Tools, Sketch Picture and
inseft the FORK SIDE . jpgimagefile.

Using the Top plane and the
FORK TOP . jpgfile, create another
sketch.

Size theimage to'the same width.

Set the Width (the X dimension) to 6”. \

Front sketch.

Edit the'sketch with the

FQRK SIDE. jpg

Image and “trace” the lower edge of the image with a spline.

Zoom in after creating the spline to move or add more spline points.
The sketches can be fully defined at a later time, if necessary.

Extrude.

Using athin feature,
extrude the sketch with
athickness of 0.0625”.

Theimagefilein the
sketch can be
suppressed.

Exercise 25: Inserting a Picture and Combining
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4 Top sketch.
Using lines, arcs and
splines, trace the

image shape. Use
symmetry whereit is
appropriate.

5 Extrude and combine.
Extrude the boss feature and
combine the solid bodiesinto
one.

6 Save and close the part. %

Exercise 25: Inserting a Picture and Combining 263
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Lesson 5
Core and Cavity

Upon successful completion of this lesson, you will be able to:
Apply shrinkage to'resize a plastic part.

Analyze amode to check the draft angles of model faces.
Fix un-drafted faces on the plastic part.

Determine parting line edges to build parting line surfaces.
Create shutoff surfaces.

Create parting surfaces.

Create interlock surfaces.

Create atooling split.

Utilize multiple parting lines and parting surfaces

Create side cores, lifters, and core pins.

Model an electrode.
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Case Study:
A Simple Two
Plate Mold
Design

Stages in the
Process

Core and Cavity

Designing mold tooling is a multi-step process. Once you create the
model for which you want to design amold, you need to follow several
stepsto create the core and cavity. This case study demonstrates how to
create a simple two plate mold for this plastic dust pan.

Rendered With Real View Graphics

The key stepsin this|esson are listed below. Each of these topics
describes a section in the lesson.

Fixing File Translation Errors.

Many times mold designers will need to build amold for a plastic part
that was designed in another CAD system. Use the Import
Diagnostics command to find and fix errors on translated CAD
models.

Check the plastic part for correct draft.

A solid model of aplastic part is provided to create the mold tooling.
The model must be drafted correctly or the molded part will not gect
from the tooling. Use the Draft Analysis command to determine if the
part can gject from the mold.

Fix the un-drafted faces.
When a plastic part is not drafted properly, the mold designer must fix
the plastic part model to ensure that the part gjects from the mold.
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Scaling the plastic part.

When the hot injected plastic cools during the molding process, it
hardens and shrinks. Before creating the mold tooling, the plastic part
isscaled dightly larger to compensate for plastic shrinkage.

Establish the parting lines.

Parting lines must be established on the plastic part. The parting lines
are the edges of the plastic part from which the parting surfaces are
created. They are the boundary edges between the core and the cavity
surfaces.

Create shut-off surfaces for_holes in the plastic/part.

After the parting lines are established, shut-off areas on the plastic part
are sealed with surfaces. A shut-off areaiswheretwo pieces of mold
tooling contact each otherto form a hole or'a window in the plastic
part. Holes molded in the plastic requirea shut-off surface. Not all
plastic parts requirethis:

Create the parting surfaces.

Once the shut-off surfaces are created, parting surfaces can be created.
Theparting surfaces are projected away from the parting line edges all
aroundthe parting lines perimeter. Typicaly, these surfaces are
perpendicular to the direction of pull, although there are other
techniques to model them. These surfaces are used to define and
Separate the tooling.boundaries.

Develop the'interlock surfaces.

Around the perimeter of the parting surfaces, tapered surfaces are
created-torhelp lock the tooling components together when the mold is
closed. These tapered surfaces are tapered 5° from the direction of pull.
This angle keeps the steel from galling as the mold closes and opens.
Nt all tooling requires these special surfaces. If you do createinterlock
surfaces, these surfaces are knitted to the parting line to help separate
and establish the boundaries between the tooling bodies.

Separate the tooling into separate solid bodies.
The last step of the tooling design isto separate the solid bodies of the
mold tooling from the plastic part and from the parting surfaces.

Side Cores and Lifters can be established.

When necessary, an optional design step is applied to separate “side
cores’ and “lifters’ from the core and cavity bodies. This creates
tooling that does not travel in the same direction as the primary parting
direction of the tooling.

Electrode modeling.

Surface modeling techniques are demonstrated to model el ectrodes that
are used to burn complicated geometry on the tooling. The Move Face
command is used to quickly clear back an electrode.

Case Study: A Simple Two Plate Mold Design
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Problematic File
Translations

Introducing: Import
Diagnostics

Where to Find It

Core and Cavity

A common problem for mold designers is data translation errors.
Sometimes a plastic part is designed in one brand of CAD system and
then sent to another brand of CAD system for the tooling to be
designed in. Many times the tranglation is not successful. To
successfully design the tooling, the translated data must be free of.gaps
and errors. The SolidWorks application hastoolsto help find and repair
these problematic areas on translated models. The dustpan.in‘this case
study is not a water-tight solid model. The tooling cannet be'created
until the model is fixed and becomes a solid body.

The Import Diagnostics.command is used tofix problems with the
geometry on an imported'body or surface'body:

m Click Impert Diagnostics [@],onithe Tools toolbar.

m Click Tools,import Diagnostics...

m Right-click theimported body.in the Feature Manager design tree
and choosemport Diagnostics.

Open the file named Translated Dustpan.
This part was imported from an IGESfile. It could not be knit into a
solid body.

Right-clickssurface-Importedl and click Import Diagnostics
from the popup menu.
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[ Import Diagnostics

Right-click the first face in the Faulty face N>

|is?. ’ VO
UESSEEE ey <

The popup menu allows several options for s agda‘-f@

working with faulty faces. Pﬁgﬁ%ﬂ‘;’;’ﬁ%

Click Zoom To Selection from the popup et B o rer

menu.

¢t Fa Re-check Face
ﬁ Fag  What's Wrong?
ﬁ Faq  Zoom to Selection

ﬁ Faq Invert Zoom to Selection

Color...
Gapsbetwel  pemave Face from List

T Gap=<1>[3]

Attempt to Heal All

Click What's'\Wroang.
Right-click'again the first face in the Faulty face list and click What'’s
Wrong,from the popup menu.

The message indicates that this face is overlapping other facesin the
model. Thisis preventing the model from knitting into a water tight
solid body.

Inspect the Gap.
Right-click Gap<1 > inthe Gaps between faces list.

Click Zoom To Selection from the popup menu.
Inspect the highlighted edges on the model.
Zoom in closer if necessary.

Notice the gaps where these edges come together.
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5 Repair the face. %
Right-click the first face% Ity face |5K\
Click Repair Face f% opup me«%\'
=

efacesar ise and

Analyze Problem -

Faulty faces:

Gaps between faces:

Tip Q Use the Attempt to Heal All button to automatically fix the problems
on an imported model. If the results are not satisfactory, use the
commands on the popup menus for the Faulty faces list, or the Gaps

between faces list to fix the problems individually.

Analyzing Draft  To createthetooling for amold, the plastic part must be engineered and

on a Model drafted properly so that it g ects from the surrounding tooling. To
analyze the draft on amolded part, use the Draft Analysis command to
help find draft and design errors.

Analyzing Draft on a Model 271
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Checking the
Mold-ability of a
Plastic Part

Determining the
Direction of Pull

Note

Introducing:
Draft’/Analysis
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If the faces of the plastic part are not drafted properly, aplastic part
may be scored or even get stuck in the tooling when it is gjected from
the mold. To determineif apart is moldable, an analysis of all the faces
on the model must be done to verify that the part was properly drafted,
and also to seeif enough draft was applied.

In the following diagram, a cupcake is used as a ssimpleillustration to
explain the direction of pull. Notice that the bottom of the cupcakeis
drafted. That is done so that the cupcake does not get stuck in thepan.
The sameideaisused on plastic parts. They must be drafted,properly or
the part may get stuck in the surrounding tooling. Tesun,a Draft
Analysis on aplastic part, the term direction of pull needs to be
explained.

The direction of pull isthe direction Cupcake and cupcake pan.
in which the plastic part iS'\going to
be gected from thetooling . A
simple way to think-ef this, isto
think of a cupcake'and the direction
it falls out of‘the cupcake pan. The
direction vector of the topplane of
the pan represents the direction of
pull. The direction of pull isalso
analogous to the*path of least
resistance.” Keeping thisin mind,
mold designers.design'amold so
that the plastic part easily comes out
of the moldwith the least amount of
tooling.as possible. Thiswill help The direction of pull is shown by the arrow.
keep the cost of the mold down.

Complicated molds can have more than one direction of pull. This
Situation will be covered in Case Sudy: Multiple Parting Directionson
page 311.

The Draft Analysis command is used to make sure that all faces on the
plastic part have enough draft on them. When the Draft Analysis is
run, all of the facesin the plastic part are traversed and colors are
assigned to the faces to show the amount of draft, and to specify the
peice of tooling that the face should be molded by.

The Draft Analysis displays:

m Facesthat are not drafted.

Faces that are drafted incorrectly.

Faces that do not have enough draft on them.

Faces that straddle the parting line.

Faces that have draft, but include areas with insufficient draft.

Analyzing Draft on a Model
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Where to Find It

Draft Analysis

Colors

Tip

Draft Analysis Colors

Core and Cavity

m Click Draft Analysis [R] on the Mold Tools toolbar.

m Orclick Tools, Draft Analysis.

6 Check the part for proper draft.

Click Draft Analysis [R] on the Mold Tools tool
bar.

Select the top planar face of the dust pan for the
Direction of Pull.

Set the Draft Angle toleranceto 1°.

Select the Face Classifications/Check box.
Select the Find Steep Faees ¢heck box.
Click the Calculate button.

The direction of pull'is the top face of the dust pan.

I'n the PropertyManager for the Draft Analysis
command, six Color Settings are used to display
what the draft |ooks like on the model.

The default colors are shown in theillustration at
the right and they are used and described in this
example. Click Edit Color to change any of the
colors.

The color settings are described in detail over the
next pages.

R

RIS,

Analysis Parametérs -

[ [4oodes :
Ca
Faice cassification
Find steep faces

Color Settings -
Positive draft:

o

Requires draft:

@ 2]

MNegative draft:

@) o)

Straddle faces:

Positive steep faces:

@) I o)

Megative steep faces:

@) o)

In the Draft Analysis command, use the (@] Show/Hide buttonsin the
Color Settings areato hide or show the faces with different types of
draft. Sometimes these surfaces are very small and hard to find on the

part when all the surfaces are visible.
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Positive Draft

Negative Draft

274

SolidWorks 2006 Training Manual

Positive draft displays the faces that can be g ected away from the
positive side of the parting plane.

Imagine shining a beam of light at the plastic part, parallel to the
direction of pull. If thelight can illuminate the face, it has positive
draft. The green facesin the illustration below all get hit with the light
beam. They have positive draft. The red faces do not get hit with the
light beam because the green faces block the light from the surfaces
under the part.

Positive Draft

Parting Plane

The beam of light hits all the green faces first.

Negative draft displays the faces that can be gjected away from the
negative side of the parting plane.

Imagine alight beam shining in the opposite direction. All of the red
faces of the model now get hit with the light beam. They have negative
draft.

Negative Draft

The beam of light hits all the red faces first.

Draft Analysis Colors



SolidWorks 2006 Training Manual

Requires Draft

Note

Straddle Faces

Note

Draft Analysis Colors

Core and Cavity

When Draft Analysis
identifies aface that hasless
than therequired draft angle,
that faceis colored yellow
andisclassified asRequires
draft. The face either has no
draft, or needs to have more
draft added. The plastic part
must be adjusted to ensure
that it gjects properly from
the tooling.

Requires draft

The plastic part in the previous diagram'shows a face that requires
draft. The next casestudy will analyze thi's plastic cordless electric drill
cover and explain how to deal withifaces that do not have the correct
amount of draft onithem.

Straddle faces are faces that straddle the parting line. You must split
straddle faces into two pieces te separate the tooling surfaces. Splitting
the face can be done manually with the Split Face command or it can
be dene with the Parting Line command, automatically, by clicking on
the'Split Faces. option.

There are no straddl e faces in the dustpan example.

An example of apart with astraddle face, the Forged Ratchet
Body, Is shown in the following diagram.

This face must be split into two faces where the parting plane bisects it.

Straddle face Parting Plane

One piece will be formed by the cavity and the other will be formed by the core.

275



Core and Cavity

Positive Steep
Faces

Negative Steep
Faces

Scale the
Plastic Part to
Allow for
Shrinkage

Scale the Plastic
Part

Introducing: Scale

Note

Important!

Where to Find It
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These faces include portions of the face
that have lessthan therequired draft. If the
entire face had less than the required draft,
it would be classified as Requires draft.
These faces are found on the positive side
of the mold.

Positive steepfaces

These faces include portions of the face
that have less than the required draft.
These faces are found on the hegative side
of the mold.

Negative steep faces

Moldstooling is manufactured dightly larger than the plastic part
produced from the mold. Thisis done to compensate for the shrinkage
that results after the hot, g ected plastic cools. Before the tooling is
created from the plastic part,mold designers scale the plastic part larger
to account for shrinkage. Different plastics, geometry, and molding
conditions allhave an effect on the shrink factor.

You can usethe Scale‘command to grow or shrink the model geometry.
Scale the part slightly larger so that when the molded part cools and
shrinks, all"ef the molded features are the correct size.

The Scale command applies a scaling factor. The scaling can be
Uniform or vary inthe X, Y, and Z directions. In this example, the body
isuniformly scaled larger by 5%.

The Scale command changes the size of the part, but it does not change
the dimensions of preceding features.

When scaling a part with non-uniform scaling, remember that
cylindrical holes may no longer be cylindrical. You may have to make
changesto the model to compensate for this before you create the mold
tooling.

m FromthelInsert menu, click Features, Scale.
m Or, click Scale [@] on the Mold Tools toolbar.

Scale the Plastic Part to Allow for Shrinkage
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Core and Cavity

7 Scale the plastic part.
Click Scale [ on the Features toolbar. . @ 5) 1?)
The scaling type can be either about the Centroid,  scraances B
about the Origin, or about aCoordinate System. Sc't"dt .
Select Centroid [ niform scaing
Select the Uniform Scaling Factor check box. i

Set the Scale Factor to 1.05 (5% larger). Click OK.

Determine the
Parting Lines

Establish the
Parting Lines

Introducing: Parting
Lines

Parting Lines are the edges of the molded plastic part that border the
cavity and the core surfages. Theedges of the parting line are the edges
used to separate the surfaces that belong tathe core and to the cavity.
They are also the edges'that form the inside perimeter of the parting
surfaces.

Now that thepart.isproperly draftediand:scaled, the parting line can be
established. After another Draft Analysis isrun, the parting lines are
typically identified as the etlges on the model that share two faces,
classified as positive and negative draft.

Inthe next illustration, the.cavity surfaces (positive draft) are green and
the core (negative draft) surfaces are red. Any edge that sharesared
and green face'is.a parting line edge.

Parting Line;

The Parting Line command allows the designer to automatically or
manually establish the parting edges. Later, this Parting Line feature
will be used to create parting surfaces. In case the plastic part geometry
was changed, the Draft Analysis is done as part of the Parting Line
command.

m Click Insert, Molds, Parting Lines.
m Or, click Parting Lines [@| on the Mold Tools toolbar.
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8 Establish the parting lines. % Parting Line1
Click Parting Lines [®] on the Mold Toolstoolbar. ®
Click in the Direction of Pull field. g -
The parting line is complete, but
Select the top face of the dustpan. it core ) cavty. o may
need to create shut-off
Set the Draft Angle to 1°. i

Click the Use for Core/Cavity Split option.

Clear the Split Faces option.

Q, QO
’Q\\

Click Draft Analysis.

[ split faces
At +/- draft transition
At specified angle )
Tip Usethe Spln |on to aut spl it straddle facesinto two
pieces bef mg your par
9 Sel he partin ges Pamng e
When e Draft Analy plete all of the

[ |> »

th are shar b and red faces are
atlcally sal and added to the Parting
s list.

Cl|ck OK Qﬂ

@ ureis added to the model. (] =

Note There may be more than one parting line feature in amodel. The option
Use for Core/Cavity Split isused to specify which parting line should
be used as the primary parting line for the Tooling Split command.
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Manual
Selection Of
Parting Lines

Tip

10

11

Core and Cavity

In this example, the parting line edges are automatically selected when
the Parting Lines command is run. Because thisis a simple parting
line boundary, the edges are automatically added to the Edges list in
the Parting Line PropertyManager.

Sometimes the parting line may be more complex and the software will
not automatically find the parting line. When this happens, use the edge
selection buttons that appear next to the Edges list box to.manually
select the parting line.

iy Add selected edge.
@  Select next edge.

&  Zoom to the selectedwedge.

Undo
Redo

Remember that theSelect Tangency, Seleet Loop, and Select Partial
Loop commands,canal be usedwhen establishing parting lines.
Accessthesecommands from the shortcut menu when right-clicking in
the graphics area.

- -

Edit the parting line feature.
Edit'the Parting Linel feature. Right-click in the Parting Lines
list box and select Clear Selections from the shortcut menu.

Select an edge:on the model.
Select.anedge on'the model that shares ared and a green surface.

Notice that the message at the top of the PropertyManager has changed
to instruct the designer to select the edges that represent the parting
linesNotice also that the edge selection buttons appear in the Parting
Lines list box.

)

v X)2)

Select edges that form a dosed
loop.

Parting Lines £

P JJEEE

&9 |F

When you select the edge, the edge is added to the list box.
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Manual Selection Designers will use the buttons next to the Parting Lines list to select
of Parting Line the next edge, or pick another candidate. The message at the top of this
Edges PropertyManager provides feed back to let them know when thay have

a continuous parting line selected.

Additionally, the next edge that is a candidate for the Parting Lines list
will be marked with a 3D arrow in the model view. If the next edgeis

acceptable, click Add selected edge ;. If the next candidateis not

satisfactory, use the Select next edge % button teselect adifferent
edge that shares the same end point as the last edgeadded to the list.

A designer can use theZoom to the Selected Edge &< button, and

the model view continueszooming intothe next edge selection
automatically. as they continue selecting-edges.

If acompleted [oop is selected, the message onthe &
ProperyM anager changes to inform the designer

. X)(?)
thatithey haveecompleted selecting a closed loop WB\Y
. . Message —
that can be used for a complete parting line. et
it core ) cavty. o may
need to create shut-off
surfaces.
12\ Cancel the dialog.
Click Caneel to discard the changes.
Note A complete |oop is not required to create a parting line feature. Parting

lines can be incomplete and finished later in the mold design process.

Shutting Off Holes/ After the parting lines are established, the

or Windows in the next step isto determine any open molding

Plastic Part areas on the plastic part that need Shut-off
Surfaces. An open molding areais either
ahole or window in the molded part where
two pieces of tooling touch coincidentally
to form the hole. Theillustration shows a
simple shut-off surface. It is created on the
smaller end of the tapered window.

Tapered Through hole

The Shut-Off Surfaces command
automatically shuts off the open holesin a

plastic part. 4
Shut-off Surface
Shut-off Surface Callouts are used to choose what type of shut-off surface to create.
Patch Types
m  Tangent
m Contact
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m  No Fill
The following table shows the results of the different patch types.

Tangent patch type — tangent to faces below the loop

¢

Tangent patch type— tangent to face abovetheloop

Contact patch type

~

No Fill patch type

o Fil

S
S
o

Manual Selection Of Parting Lines 281



Core and Cavity

Introducing: Shut-
off Surfaces

Where to Find It
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The Shut-off Surfaces command allows designers to automatically or
manually shut-off any open holes or windows in the plastic part. The
shut-off surfaces are stored as a feature in the FeatureManager design
tree. Shut-off surfaces are later used to help separate the mold tooling
surfaces. To select the different options click the callout in the graphics
area. The patch types can be globally changed by selecting the
appropriate type from the Reset All Patch Types options.

m Click Shut-off Surfaces [&] on the Mold Tools toolbar.
m Or, click Insert, Molds, Shut-off Surfaces.

13

Note

Create the shut-off surfaces:

Click Shut-off Surfaces [&]on
the Mold Tools toolbar.

Rotate the part and zoom‘in on
the areain the handlethat
requires a shut-offisurface.

If necessary, manually select the
loop shown in the diagram:

Setthe Patch Type.as Tangent.

Toggle the tangency arrow if
needed.

Click OK.
Theshut-off-surface is created.

The surface bodiesfor the cavity
and core are created and
organized in the Surface Bodies folder.

Established parting line features may be used to define the boundaries
for the shut off surface.

Autemation

Note

282

A great deal of automation was built into the process of creating tooling
for amolded part. Some examples aready examined include:

m Automatically selecting the edges for the parting line based on the
common edges between the positive and negative draft faces.

m Automatically knitting two surface bodies— one for the core and
one for the cavity.

If shut-off surfaces were not needed, the knit core and cavity surface
bodies would be created when a complete Parting Line featureis
added. In thisexample, shut-off surfaces arerequired, and the Shut-Off
Surfaces command knit the surfaces and organized them in the
Surface Bodies folder.

Automation
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Modeling the
Parting
Surfaces

Parting Surfaces

Introducing: Parting
Surfaces

Where to Find It

Core and Cavity

Later in this chapter, the Tooling Split command is used to
automatically create the tooling. This command requires that three
surface body folders, each with the appropriate surface bodiesin them,
must exist. The folders are:

m Cavity Surface Bodies
m Core Surface Bodies
m Parting Surface Bodies

At this point two folders and surfaces exist that representithe.core and
cavity surfaces. Thisthird required surface is created with the Parting
Surfaces command.

The next step is to create parting surfaces around the perimeter of the
parting lines. Currently the surfaces are organized into two core and
cavity surface bodies. The Shut-off Surfaces command separated the
knit surfaces./Anotherknit surface body, theParting Surface, needsto
be added.

Parting surfaces are ribbon-like, knit-surface bodies that generally
extrude perpendicular to the pull direction, away from the parting line
edges on the plastic part. This parting surface helps split the tooling
blocks where the cavity andcore faces touch around the perimeter of
the plastic part. Usethe Parting Surfaces command to create this knit
surface geometry. that separates the mold tooling blocks.

Parting Surfaces

The Parting Surfaces command allows designers to automatically
create parting surfaces. The Parting Surfaces command creates
surfaces that extrude from the parting line in a perpendicular direction
to the direction of pull. The parting surfaces form the splitting surfaces
that separate the mold cavity faces from the mold core faces.

m Click Parting Surfaces [&] on the Mold Tools tool bar.
m Or, click Insert, Molds, Parting Surfaces.
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When creating mold tooling, remember that the tooling is
manufactured directly from the design. There are several processes that
take place in the machining of the tooling. Two of these processes are
CNC milling and EDM machining.

CNC milling requires end-mills with rounded tips, called ball-mills, to
machine the 3D shapes into the metal. When there are tight or sharp
transitionsin the 3D shape, a ball-mill cutter may not fit in the areato
machine it. When an end-mill cannot fit into the more complicated
geometry transitions, another manufacturing process called.EDM
machining is used to eliminate the material that the.end-mill could not
remove. EDM machining is avery time consuming,process. The more
EDM machining you canéliminate from the manufacturing process,
the faster the mold can.be'manufactured.

To address this, the Parting Surfaces command includes a
Smoothing Optionto adjust the parting line geometry, minimizing
sharp cornersthat are‘inaccessibletotheball-mill. Although it may not
completely remove the sharp areas, it can drastically cut down on the
amaunt of EDM machining.needed to create the tooling.

S

J

AON /

This Ball-mill Does Not Fit In The Corner ~ Smoothing Allows Ball-mill Into Corner

Another benefit of smoothing the parting surfacesisto eliminate the
sharp edges on the parting surfaces. Sharp edges on the tooling wear
out faster than rounded corners. The smoothing process allows longer
lasting tooling to be designed.

a =

/ f

Sharp Edges Wear Faster Rounded edges last longer

Smoothing the Parting Surface
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14 Create the parting surfaces. P ————
Click Parting Surfaces [€] on the Mold Tools
toolbar. ®®®
Mold Parameters -
Select Perpendicular to pull from the Mold O tangent to surface
(O Normal to surface

Parameters options.

Set the Distance t0 0.5”. The default Smoothing
option is set to Sharp.

Select the Knit all surfaces and the Show iy, i S
preview check boxes.

The preview of the parti isdi ing:
around the perlmet |ng lines SK =
% \ Options :
[ Knit all surfaces
% [+] Show preview )
15 sharp corn &
iew the shar‘ on the

SR

Qle Use the smoothing option.

0 Under the Smoothing options, click
Smooth u] . Set the Distance t0 0.25".

Now examine the same area.
The sharp corners have been rounded.

This option provides better machining
conditions, and makesthe parting surfaces
last longer when the mold isin
production.

Click OK.
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Mold Tooling

Automatic
Interlock Surface
Creation

Creating the
Mold Tooling

Automatic Tooling
Separation

Introducing: Tooling
Split

Where to Find It

286
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The next step isto create interlock surfaces around the perimeter of the
parting surfaces. The interlock surfaces are tapered from the parting
surfaces, usually at a5° angle. Tapered surfaces help the mold seal
properly and they help guide the tooling into place when the mold
closes. The interlocks also keep the tooling aligned when the mold is
closed. This ensures that the tooling does not shift, creating uneven,
unpredictable wall thicknesses on the parts created in the mold. The 5°
taper also keeps the steel that forms these surfaces from galling when
the mold is open or shut.

When using the Tooling Split command, select the interlock surfaces
option to automatically create the interlock surfaces. This works well
when the parting line does’t include any sudden radical jogs that
require extra surface modeling to fill.

All the surfaces required to create the mold.tooling are now organized
in the correct'surface body folders. You can/now create the mold
tooling.

The Tooling Split commandrautomates the creation of the solid bodies
that represent the cavity andcore of the mold tooling. In afew mouse
clicks, the tooling bodies are created and organized as multi-body
solidsin the Solid Bodies folder.

TheTooling Split.command creates solid bodies from the tooling
blocks based On the surfacesin the Surface Bodies folder.

The core’surfacebodies and the parting surface bodies are combined
and used to cut a solid block that encompasses these surface bodies.

Simultaneously, amold cavity is created by combining the cavity
surface bodieswith the parting surface bodies. These surface bodies are
cutfrom the same solid block.

m Click Tooling Split [§] on the Mold Tools toolbar.
m Or, click Insert, Molds, Tooling Split.

Create an offset plane.
Select the planar top face of the dustpan and create an offset plane
1.00” aboveit.

Interlocking the Mold Tooling
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18 Split the tooling.
Click Tooling Split [§] on the
Mold Tools toolbar.

Create arectangular sketch
around the perimeter of the
dustpan on the plane that was
just created.

19 Use the Interlock.Surface
option.

Set the block sizeste-3.00” and 5:00” .
Sdlectithe Interlock Surface check.box.

Set the Draft-Angle to 5%

Notice that the surface bodies for the core, cavity
and parting surface have automatically been placed

in‘their appropriatelist boxes.

20 Examine the preview.
Notice the interlock

Core and Cavity

1400

# Tooling Split1

IR

Block Size -

«& | 3.000000n :

«& | 5.000000n =

Interlock surface

SEE—

Core -

(] Shut-Off Surface1[1]

Cavity £

L3 I Shut-Off Surface 1[7]

Parting Surface -

(] I Parting Surface1

e

surfaces are generated
automatically.

Click OK.

I

4
\~ Interlock Surfaces /.

Creating the Mold Tooling

2
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21 Hide all surface and solid bodies.
Show the solid bodies one at atime to examine the tooling.

Case Study:
Plastic Bezel of
a Cordless Dirill

Fixing un-drafted faces on imported geometry.
Using the Ruled Surface command.
Thickening the surface body into a solid
Fixing steep model faces.

Inverting the current selection.

Creating complex shut-off surfaces.

Creating interlock surfaces manually.
Selecting a partial loop.

Using the Lofted Surface command.

QO The following topics will be explained:

288 Case Study: Plastic Bezel of a Cordless Drill
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Creating New
Drafted Faces

Delete Faces that
Do Not Have Draft

Disclaimer

Core and Cavity

Open the part named Cordless Drill.
Click Draft Analysis [B] on the Mold Tools tool bar.

Select the Top P1lane for the Direction of Pull.
Set the Draft Angle toleranceto 1°.

Select the Face Classification and the Find Steep Faces check
boxes.

Click Calculate.

Examine the draft analysis
results.

The arrow in the illustration
shows aface that requires
draft.

The draft analysis foundtwo
faces that must be fixed.

Rotatethe part and find the
other yellow face. Itis
parallel to the yellow facein
the illustration.

Click OK to exit.the
PropertyManager.

When closing the/PropertyManager a message asks you if you want to
keep theface colors. Click Yes.

The yellow faces cannot be molded. The part designer added a
strengthening rib to this model, but did not apply draft to therib. If this
file were engineered with SolidWorks software, you could just edit the
rib feature and add draft. However, many mold designers work with
data that isimported from other CAD software. When using an
imported file, al of the design history islost, and you must resort to
surface modeling. To fix this part designers will:

m Delete the un-drafted faces.
m Construct new faces with draft.
m Trim them back to the faces of the engineered part.

The first step to fix the draft, isto delete the un-drafted faces from the
solid body. This process turns the solid model into a surface mode!.

In this example, the geometry of the rib is ssmple enough that you can
add draft using the Draft command. Typically, things are rarely this
simple. The more general approach to this situation isto delete and to
surface model the faces that require more draft.

Creating New Drafted Faces 289
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3 Delete face.

Click Delete Face [®] on the Surfaces toolbar.
Select the two yellow faces. Select the Delete option and click OK.

Delete these faces.

4 Examine the.Surface Bodies folder.

When the un-drafted faces were deleted from the part, the part became
asurface body. Look in the FeatureM anager design tree, and notice that
now there isone body inthe Surface Bodies folder named
DeleteFacel. The Solid Bodies folder isgone.

Color The part has | ost allof. the colors assigned to the model faces during the
draft analysis. The draft analysis colors are no longer valid because the
geometry ofithe body has changed. Another draft analysis will be
required after the new faces are built and knit back to the model.

Create New To create new drafted surfaces, use the Ruled Surface command.

Drafted Surfaces

Introducing: Ruled
Surface

Where to Find It

Usethe Ruled Surface to create surfaces that are either perpendicular
or tapered away from the selected edges. The ruled surface tool has
many uses for mold design. In this step, it is used to create new drafted
faces that were deleted them from the model. Later, this command will
be used to create interlock surfaces around the parting surfaces
perimeter.

m Click Ruled Surface [$¥] on the Mold Tools toolbar.
m Orclick Insert, Molds, Ruled Surface.

290
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5 Create new ruled surfaces.
Click Ruled Surface [#] on the Mold Tools VX))
toolbar. o .
Select the Tapered To Vector option. 8;?:‘;5;‘*
Set the Distance t0 1.0”. ® Tapered to Vector

Perpendicular to
O Vectol

Click in the Reference Vector field.
Select the Top P1ane from the FeatureManager

design tree.
Click inthe Edge Selection list: ®ige Selecton -

Select the two horizontal,edges on the remaining @
face of therib.

Do not click OK yet.

Options £
[ 7rim and knit

[ connecting surface

6. Preview. _
Examine the preview and verify ~
that the surfaces draft outward. If %pmmcyé

one or both do not' g&t the ajge [Reference Vectar(Top Plane)] @
or edgesinthe Edge Selection list
and click/Alternate Side.

7 Choose Ruled Surface options.
At the bottom of the
PropertyManager, clear the Trim and
Knit check box.

Clear the Connecting Surface check
box.

Click OK.
Two surfaces are created.
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Trim the New
Surfaces

Tip
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Now trim back the two new ruled surfaces to the underside of the drill
housing. Then trim back the surfaces on the drill housing to the new
ruled surfaces. Thisis done using the Mutual option in the Trim
Surface command. Trimming these surfaces requires two steps.

Trim the ruled surfaces.
Click Trim Surface [2] on the Surfaces tool bar.

Select Standard from the Trim Type options.
Click in the Trim Tool field.
Select an inside face of the surface body.

Select Keep selections and select the two ruled'surfaees by clicking
on the portion you want te-keep, and click . OK.

Trim Tool Pieces to Keep

Mutual trimithessurfaces.
Switch,towwire-frame mode to better
view the trimming operation.

Click Trim Surface [2] on the
Surfaces tool bar.

Select Mutual from the Trim Type
options.

Click in the Trimming Surfaces list. \

Select the two ruled surfaces and the
inside face of the drill housing. Sliver faces

Creating New Drafted Faces
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10

Core and Cavity

Select the surface pieces
to keep.

Select Keep selections and
identify the portions of the
three surfaces you wish to

keep.
Sel ect the two trimmed ruled

surfaces and the inside face
of the drill housing.

Click OK and examine the g
results.

Thicken the
Surface Body

The surface modeling required to corregt the fages with insufficient
draft is complete. Note that the Trim.Surface command automatically
knit all of the surfacesinto a single surfacebody. The surface body will
now be converted back into a solid body by thickening the surface
body: After thickening, the Draft Analysis will be repeated.

11

12

Thickenthe surface body.
Select the Surface-Trim2 feature from the
Y v

FeatureM anager design tree. ®

Thicken Parameters -
Click Insert, Base/Boss, Thicken. i [ sufaceTrm2
Click Create solid from enclosed volume and Th/kn/ 7
Merge result. S
Click OK. e volume.

[+] Merge result )

Fillet the rib.

Put aFull round fillet on the
top of the new rib.

Run a0.030" radiusfillet
around where therib
intersects with the body of
the drill housing.
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Check the part for draft.

Click Draft Analysis [®B] on the Mold
Tools toolbar.

Use the same analysis settings that
were used in step 1 on page 289.

The faces of therib are now classified
as having negative draft.

Click OK and click Yes to save the
face colors when prompted.

Fixing the Steep
Faces

During the Draft Analysis*Some steep faces were found. Sometimes
these can be ignoredaslongas they have.some draft on them. In other
cases, modificationsare needed if the steep face is going to be part of
the parting linethat isa so an interlock surface. In thismodel the barrel
has a steepface that should be adjusted. A draft angle of 5° isusually
required'on.a surface that will be part'of an interlock surface. This
keepsthesteel from one side of the tooling from galling the steel on the
other side of the tooling when the tooling opens and closes. See
Automatic I nterlock Surface Creation on page 286 for a thorough
explanation of interlock surfaces.

294

14

15

Find the.negative steep face on the
model.

The steep face in the opening of the barrel
must be adjusted because it isright on the
parting line, and it is also used to develop
theinterlock surfaces.

Create an offset
plane.

Create an offset plane
7.0" away from the
Right Plane sothat
itisin front of the
barrel.

Creating New Drafted Faces
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17

18

Core and Cavity
Fix the steep faces.
Open a sketch on the new reference
plane. Create the sketch as shown
in theillustration. The intent isto
create some draft at the very

|
bottom of the circular edge. ’

Use the Convert Entities I }‘ > -\
command to convert the arc. Then

. 1.34
create angled lines tangent to the
converted arc.

Cut the sketch into the model.
Extrude acut aDepth of(1.00% into the part. Thiswill create faces with
draft on the inside of the barrel.

Recheck the draft.

The face was divided into three
separate fages, All three faces are
now classified as negative draft and
areno longer classified as steep
faces.

New face
with draft

The part can now be molded and the
tooling can be created.

19

20

21

Scale the Part.
Scale the'part larger by 1.05% to allow for shrinkage

Examine the results.
Look in the FeatureManager design tree and see that the Scalel
feature was added.

Create the Parting Lines.
Click Parting Lines [€] on the Mold Tools toolbar.

Click in the Direction of Pull field.

Select the Top Plane from the FeatureM anager design tree.
Set the Draft Angle to 1°.

Click the Use for Core/Cavity Split option.

Clear the Split Faces option.

Click Draft Analysis.

All the parting lines are automatically found.

Click OK.
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Introducing: Invert
Selection

Where to Find It

The Invert Selection command will un-select the currently selected
objects and then select every un-selected object on the model
document. Invert Selection will be used to select all of the faceson the
model so that the colors can be removed from them. The appropriate
selection filter should be used when using the Invert Selection
command.

m Click Tools, Invert Selection.
m Click Invert Selection from the right mouse button,popup menu.

296

22

23

Remove the colors assigned by Draft Analysis.
Click Filter Faces [=].onthe Selection Filter toolbar.

Select any face on.the model.

Remember what face you selected.

Right-click that face and click Invert Selection from the popup menu.
Hold down the control key ‘and reselect the original selected face.
Click.Edit Color [E].

Click Remove Color and then click OK.

All of the colers.are removed from the model faces.

Find theshut-off/'surface areas. - Shut-0ff Surface
Click Shut-off Surfaces [&] on the Mold Tools V) X)2)
tool bar. .

B[

Edge<1>
@ Edge<2>
Edge<3>

N i, 2 “, - i ey g v
iz : - Pt : Edge<4>
Loop: |Cortact = 4 Locp: [Cartact

Edge<5>

£ Edge<6> =
. Edge<7>
Edge<8>

G

e 4 Edge<5=
Edge<10>
Edge<11>
Edge<12>
Edge<13>

o aan

<

The solid model is analyzed for areas that require :T; oo

shut-off surfaces. The colors assigned by the Draft [Jshow preview
Analysis were removed to make the selected green Mshow calouts
loops more visible. . o

© © @

The All Contact [©] patch typeis used by default.

Creating New Drafted Faces
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Note

Note

Core and Cavity

If the All Tangent patch typeis used, potential shut-off loops are

displayed with red arrows and a callout. Use the red arrows to toggle
the faces that you want the shut-off surfacesto be tangent to.

[
-‘

\\

o - e -
4

g

24 Create the shut-off surfaces.

The shut-off@areas on this part are all'planar. Therefore, the Tangent
option is not needed:

Clickthe All“Contact patch type.

Makesurethat you select:the Knit option, and then click OK.

25 Examine'the results.

Shut-off surfaces were created for the three vent holes in the side of the
bezel. Also, thereare shut-off surfacesfor all of the through holesin the
part.

Shut-off Surfaces

You may also use Parting Line features as the boundaries for shut-off
surfaces.

26 Examine the surface quies. £1.{85] surface Badies(2)
The FeatureM anager desi gn tree now E{El Cavity surface Bodies(1)
containsaSolid Bodies and a . Shut-Off Surface1[2]
SurfaceBodies folder. TheSurface (&) core surface Badies(1)
Bodies folder in turnincludestwo other > Shut-OfF Surfacel[1]
folders.
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Expand the Surface Bodies folder and its sub-folders.
Expand the Cavity Surface Bodies andthe Core Surface
Bodies folders. Note that the Shut-off Surfaces command created
two surface bodies: one representing the core and one representing the
cavity of the mold.

Hide the solid bodies.

The moddl contains both surface and solid bodies. To work on the
surfaces only, right-click the solid body in the So1id Bodies folder
and select Hide Solid Body from the shortcut menu.

To.hide all of thessurface bodiesin the Surface Bodies folder,
right-click on'thefolder named Surface Bodies, and select Hide
Bodies frem the shortcut menu. This technique can also be used to
hide all the badiesinthe Sol1id Bodies folder.

Hide the surface bodies.
Hide all-of the surface bodies and show the solid body again.

The Shut-off Surfaces command automatically

found all of the shut off surfaceson thispart. There @ | E 3333; """"""""""
are many cases where shut-off surfaces are more R
complex. In such cases, use the selection tools from By

the Edges list box to select shut-off surface o —
boundaries. If an edgeis selected that is not aclosed

loop, the selection buttons appear next to the Edges

list.

Unda

These buttons work the same way as they do in the ki

Parting Line PropertyManager. See Manual ™ Show preview

Selection Of Parting Linesto review how these DS s

buttons work. Resst Allpatch Types 4
G [©]

Complex Shut-off Surfaces
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Important!

Tip

Core and Cavity

Sometimes a shut-off surface istoo complex to use this command.
When this happens, choose the No-Fill shut-off surface type. After the
shut-off surfaces are established, manually surface model the complex
shut-off.

If atooling split is created from a part where there were manually
created shut-off surfaces, a copy of the manually created shut-off
surfaces must be created. Thisis done with the Move/Copy Body
command.

Drag one copy into the Cavity Surface Bodies folder,and the
other copy into the Core Surface Bodies folder. These surface
folders are referenced when using the Tooling Split,command.

Any surface in the Cavity 'Surface Bedies folder is
automatically added to the cavity surfaces list when the Tooling Split
command is useds The same is trueforicoresurfaces and any parting
surfaces that were created manually.

The Ruled/Surface command has many options for creating complex
shut-off surfaces. The Tapered to Vector option and Sweep options
are particularly useful for.creating complex shut-off surfaces. Refer to
Exercise27: 80mm Fan Bezel for a complete example of how ruled
surfaces were used to model’complex shut-off surfaces. This example
also 'shows how.the surfaces were copied and placed in the appropriate
surface bodies folder:

30

31

Create the parting surfaces.
Click Parting Surfaces [&] on the Mold Tools toolbar.

Under Mold Parameters select Perpendicular to pull.
Set the Distance t0 0.1875".
Select the Knit all surfaces and the Show preview check boxes.

Examine the preview.

o
Too Plane
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In certain cases, the distance or other Parting Surface options may
need to be adjusted to achieve an acceptable parting surface.

Click OK.
The parting surfaces are created and the Part ing Surfacel feature
is added to the FeatureManager design tree.

The parting surfaces.are shown in color for clarity

Altheughithis process isautomated, some manual surface modeling is
sometimes required to adjust the surfaces created in this step.
SolidWorks software allows you to trim, model, and knit new surfaces
to this parting surface feature.

Interlock
Surfaces

300

Sometimes;.depending upon the complexity of the parting surface,
interlack surfaces cannot be created automatically. In this example,
They are created manually because of the sudden changesin parting
surface geometry. The battery pack mounts, the trigger, and the barrel
areas of the bezel are areas where some simple surface modeling can
create interlock surfaces

Interlock Surfaces Completed

Interlock Surfaces
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Modeling the
Interlock Surfaces

Select Partial Loop

Core and Cavity

Use the Ruled Surface command to create the tapered, ribbon like,
surfaces that form the interlocks.

The parting surfaces can contain many small edges. To construct ruled
surfaces along edges of parting surfaces, a series of connecting edges
will need to be selected. To facilitate this process, use Select Partial
Loop to select achain of connecting edges. The chain direction is
based on where you select the second edge:

m Left of midpoint — chain moves left
m Right of midpoint — chain moves right

Interlock Surfaces

33 Create a ruled surface.

Click Ruled Surfaces.[&*on the Mold Toels teol bar.
Select the Tapered.to Vector option.
Set the Distance 10 0.625".

Click in the Reference Vector field and select the Top P1ane from
the FeatureManager design.tree.

Set the Angle to 5°.

34(Select a partial logp of edges.

Click in the Edges selection list. Select the first edge on the parting
surface as showniin the illustration.

Right-click en the second edge as shown. Select it near the end that is
closest.toithe first'edge you selected.

ClickiSelect Partial Loop from the shortcut menu.

~.1.) Select edge

artial Loop Selected

2.) Right-click second edge
Click the Trim and knit option.

Clear the Connecting Surface check box.
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Tip When selecting the first edge, examine the preview. If the preview of
the ruled surface points in the wrong direction with respect to the pull
direction, click Reverse Direction. If the preview tapers inward
towards the parting surfaces instead of outward, click Alternate Side.

Incorrect: click Incorrect: click Correct
Reverse Direction Alternate Side

35 Examine the preview.
Make sure that the.surfaces are drafted outwards.

Click OK. The results are shown in color
below.
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36 Create two more ruled surfaces.
Use the same technique to create the remaining interlock surfaces
around the perimeter of the parting line.

g
\ ree ruled su@mpleted.
Fill in the Gaps Now the ruled surf
With Lofted qget " fill the gapsii nterlock
C

es. Usethe Lofted Surface

Surfaces .
\ and to createsurfaces that ;
onnect the of the ruled l
surfacesQ
Lofted Surface / .

Introducing: Loft Qse the Lofted Surface command to create more interlock surfaces.
Surface reate |ofted surfaces using the two edges of the ruled surfacesthat are
open. Select the two edges near the same starting point to keep the

Q surface from twisting.
@ ind It m Click Lofted Surface [&] on the Surfaces toolbar.

m Or, click Insert, Surface, Loft....

-

.
gi

.
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37 Create a lofted surface.

Click Lofted Surface [&] on the
Surfaces toolbar.

Select the two edges as shown in the l

illustration.

Select both the edges near their bottom
or top endpoints to prevent the surface
from twisting.

Click OK.

38 Create two more
lofted surfaces.
This completes the a
of ribbon-likeinter
surfaces.

20

Lofted Surfaces

Completing t There are threen
Interlock Sur pen areas tha

Th e
amajor |
artin e OCCUrs.

ext few steps use £
Q‘e Extend Surface
d Trim Surface
commands.
0 39 Fill in the open interlock areas.
Click Extend Surface [&] on the
Surfaces tool bar.

Select the uppermost edge of the
surface.

Open Areas

Drag the handle so that the surface
extends past the highest point on the
parting surface. The exact distanceis
not critical.

Click OK.

40 Repeat.
Repeat this procedure for the other open areas with lofted surfaces.
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41 Examine the results.
The resulting surfaces should extend past the highest points of the
parting surfaces.

42 Trim the e surfaces
Cli ce |2 on Sur toolbar.

im Type sel

lntheTrlmm g Surfaces list.
each of ded surfaces from the graphics area and the
art ing el feature.

Select t elections option.

Q ieces to Keep list.
ect the same surfaces in the appropriate areas to mutually
hem.
ick OK.

Interlock Surfaces 305



Core and Cavity

43

SolidWorks 2006 Training Manual

Results.
Examine the results of the Trim Surface command.

Knit the Interlock
Surfaces to the
Parting Surfaces

All ofithe interlack surfacesare now-complete. The next step isto knit
the interloek surfaces and the parting surfaces together. Knitting the
interl ock surfaces and the parting surfaces creates a complete surface
body to split the mold toeling. The Mutual trim option knit the three
extended surfaces to the parting surfaces. However, the other portions
of the interlock surfaces are still separate surface bodies.

44

45

KrTit the'all of thersurfaces together. & (38 surface Bodies(6)
Click Knit Surface [f] on the Surfaces - [$8] Cavity Surface Bodies(1)
tool bar: [ [€¥] Core Surface Bodies{1)

.[®] Parting Surface Bodies
o SYRuled Surface2
o SYRuled Surface3

Clear the Try to form solid check box. B Jruled Surface4
o S surface-Trim3

Sdlect all the surfacesin the Surface
Bodies folder.

Click OK. Select these

surfaces
Examine the Surface Bodies EI{EI Surface Bodies(3)
folder. _ . @ (& Cavity Surface Bodies(1)
TheSurface Bodies folderisupdated 4 (@] core Surface Bodies(1)
to show the knit surface body. - [#] Parting Surface Bodies

Preparations for
the Tooling Split

306

To create the tooling split, the perimeter of the parting surface body
must be larger than the outside profile of the tooling blocks. A planar
faceis created that is larger than the tooling blocks and the parting
surfaces. Thisfaceisused to cut and form the top faces of the tooling.

Interlock Surfaces
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Interlock Surfaces

46

47

Create an offset
plane.

Create areference
plane offset 0.5” below
the Top plane.

Usethisplaneto create
alarge planar surface

Name this plane
Tooling Plane.

perimeter of the toolin

Sketch the outside %
Create a new sketch eb
Tooling Plan

L 2
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49 Trim the planar surface.
Use the Mutual option to trim the new planar surface to the bottom of
the interlock surfaces. The result is the surfaces are knit together.

50 Parting Surface folder. 5 (@) sufacebodests)
Drag and drep the resulting surface into'the e
Part ing Sur f ace fOI der =[] Parting-Surface Surface Bodies(1)

&> Surface-Trimé

51 Create'the tooling.
Click Tooling Split [£] on the Mold Tools toolbar.

The PropertyManager appears prompting you to choose a plane,
surface, or a sketeh to use for the perimeter of the tooling.

Select the'largeplanar surface from the graphics area.
The part isnow in sketch mode.

52, Create.an offset
sketch.
Create an offset 0.5” to
the inside of the planar
surface as shown.

Click Exit Sketch to
continue.

The Tooling Split
PropertyManager
appears.
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53 Adjust the sizes of the tooling blocks.
Change the tooling Block Sizes.

Set the Depth in Direction 1 t03.0".
Set the Depth in Direction 2 t02.0".

Make sure the Interlock Surface check box is

cleared.

The Core, Cavity, and Parting Surfaces selection

lists are automatically populated by their

corresponding surfacesin the Surface Bodiesg

folder.

Changetheview to an *Tgemetric or *Eront
view to get a better angle of-the tooling blocks.

Click OK.

54 Examine the tooling.
The Tooling Split is
finished.
The core, cavity and plastic

part bodies are organized in
the Solid Bodies folder.

Additionally, the Tooling

Spliti feature was added

to the end of the

FeatureM anager design tree.

Interlock Surfaces

Core and Cavity

Block Size

[N 2

& [on ]
& [z |

[interlock surface

7 4

.9 I Shut-Off Surface 1[2]

Parting Surface -

(] I Surface-Trim4
S

309



SolidWorks 2006 Training Manual
Core and Cavity

55 Hide the surface bodies.
Hide all the surface and solid bodies. Show them one at atimeto

examine the results.

Solid Bodies Surface Bodies

Molded Part

Parting Surface

Cavity Surface

Cavity Solid

Core Surface

Core Solid

56 Save and close all files.

Tip An assembly of the tooling can be created by right-clicking on the
Solid Bodies folder and selecting Create Assembly. Refer to the
topic Saving Solid Bodies as Parts and Assemblies on page 36 for more
information.
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Case Study:
Multiple Parting
Directions

The previous exercises created molds with only two pieces of tooling.
Molds can be more complicated. Some molding areas require tooling
that does not travel in the same direction that the plastic part gects
from the mold. This requires engineering more than just a cavity and a
core. Other pieces of tooling such as side cores and lifters are required
to form molding areas that cannot be g ected from the primary parting
line. SolidWorks software provides commands to help create tooling
that travelsin a different direction than the primary parting,plane.

1 Open the part that requires side cores.

Open Power Saw with Side Actions.
Thetooling split for this part was already created.

In the next steps, you roll back the model, and determine how the
tooling split was created.

An Undercut Analysis will be done to find molding areas where
additional tooling needs to be created.

Case Study: Multiple Parting Directions 311
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Rollback the part.
Right-click Scalel
in the FeatureM anager
design tree and select
Rollback from the
shortcut menu.

SolidWorks 2006 Training Manual

Tip The body for the plastic part isshown withdtransparency. Right-click
the body in the solidbodies folder and choose Appearance, Color....
In the Optical Properties groupbox;use the transparency slider to
remove the transparency from thepart.

Introducing: The Undereut Detection.command helps determine where there are

Undercut Detection

Where to Find It

trapped'molding areas. A trapped molding areais an area on the plastic
part that cannot be rel easedfrom the tooling using the primary
direction of pull..This command will help locate areas that will need
tooling such asliftersand side cores.

m Click Undercut Detection [#] on the Mold Tools toolbar.
m Orxclick Tools, Undercut Detection.

312

Check the model for
undercuts.
Click Undercut Detection

on the Mold Tools
toolbar. Choose the Top
Plane astheDirection of
Pull. Press Calculate.

Zoom in to the battery
pack and the trigger
location to see the faces
that are colored red.

These areasrequiretooling
that travel perpendicular to
thedirection of pull. Close
the dialog without saving
the face colors.

‘&1 Undercut Detection

X9,

Analysis Parameters -

[ Coordinate input

@ |— Top Plane

Undercut Faces -

Direction undercut:

Direction2 undercut:

Ocduded undercut:

<) M)

Straddle undercut:

Mo undercut:

Case Study: Multiple Parting Directions
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4 Examine the parting lines.

Right-click curve1 in the FeatureManager design tree and select Roll
Forward from the shortcut menu.

Examine the parting surfaces
Notice that this part has two parting lines and two parting surfaces.

SolidWorks allows the use of multiple parting lines.

Roll;to end
Right-click anywherein the FeatureManager design tree and select
Roll to End<romhe shortcut menu.

Trapped
Molding Areas

Side*Cores

Introducing: Side
Core

Where to Find It

After the undercut analysisis complete, SolidWorks software colors
certainfaces on the model red. These areas trap the plastic part from
coeming out of the tooling. Ideally plastic parts should not include any
trapped areas. When there are no side cores or lifters, the mold is less
expensive to design and manufacture. However, trapped molding areas
cannot always be avoided. In such cases, additional tooling needsto be
created to form the trapped molding areas.

A side coreis a piece of tooling that slides out of the mold
perpendicular to the direction that the part is gjected from the mold.

The Core command creates side cores based on the active sketch.
Sketch around the areathat requires new tooling. Create the sketch on a
plane or aface parallel or perpendicular to the direction in which the
tooling travels away from the plastic part.

m Click Core [&] on the Mold Tools tool bar.
m Or, click Insert, Molds, Core.

Trapped Molding Areas
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7 Examine the Side Core Sketch.
Select and edit the sketch named Side
Core Sketch.

This sketch was created on an inside
face of the cavity body. The faceis
drafted 5° from the direction that this
side core travels This side core travels
perpendicular to the direction of pull.

Note This sketch can be created on aface that is not parallelito the direction
that the side core will travel.

8 Exit the sketch.

Exit the sketch without changes.
9 Create the side core. &
Select the Side Core Sketch from the N\ (3
: V) X) ?

FeatureM anager. design tree. D&
Selections -

Click Gore [@ on the Mold Toolstool bar. LJ [0 core et

Clickithé Front plane for.the extraction L Fron P

direction, o | =

Click on the Cavity to select the Core/Cavity —— .

body | | 5.00deg =

Set the Draft Angle to5° with the Draft outward Dd“"m”"”""d

. Elin w

option. = :

Set the first'End Condition to Blind. Blind 3
& [ 0.300m :

[¥]Cap ends
Set the first Distance to
45",

Set the second End
Condition to Blind.

Set the second Distance
10 0.3".

Click OK.

Creating the Side Core
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10 Examine the Solid Bodies folder.

Notice that there is now a new folder named Core bodies.
The Side Core command created a new solid body for the side core.

This command created the body, and then subtracted it from the cavity
body.

Any bodies created by the side core command are & ) sid Bodies(s)

stored in this new folder in the FeatureM anager design D
tree.

Flastic Part Body
Tooling Split1[1]

O coret[n]

The'cavity was hidden to show the resulting body of the side core command

Lifters

Lifters

Lifters need to be created when thereis a
trapped molding areathat not even aside core
can create. Look to the trigger area of the saw
bezel. Thereis akey shaped opening that is
used for a safety lock. Because thereis
limited room in the trigger area, adding aside
coreis problematical. In this situation, mold
designers create a mechanical device called alifter.
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This piece of tooling is moved by the g ector box. As the g ector box
strokes forward, it pushes the lifter upwards and backwards on an
angle, leaning away from the molding area. Asit slides up and away
from the molding area, it helpsto lift the plastic part off of the core.

(@,
o h 30O

The lifter slides upwards andraway from the molding area.

EdittheLifter Sketch. 15
The shank of the lifter is |eaned back 15° 5°
from the direction of pull: 373

P —L— 2,000

1.375 *
This actgasan interlock, and keeps the part 1.000
from.sliding al the way through the bottom

of the core.

Exit the sketch without changes.
Hide the cavity body and the plastic part body.
Show the core body.

Netice also the 5%angle on the front of the
profile.

Lifters
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12

13

Core and Cavity

Create the lifter.
Select the Lifter Sketch from the y Tl c
) W) X)?)
FeatureManager design tree.
Selections -
Click Core [@] on the Mold Tools tool bar. 2 |

@ Center Of Lifter Plane

Select the core for the Core/Cavity body.
Click Draft off. m’
Clear the Draft outward option. e CSEN i

Set both End Conditions to Blind. |

Set both of the Depth along extraction direction
valuesto .500".

2| 0.500in =
.
Click oK. A CE—

Cap ends

Examine theresults.
Hide all.of ‘the bodies except for the new
lifter.

Notice that this new body islisted in the
Core bodies folder.

Renamethisfeature Lifter.

) >
O\
el j
_ ® |

O

4

Core Pins

Core Pins

The Side Core command can
also be used to separate the
core pin molding areasfrom the
tooling. Core pins are created
to form detail areasin the
plastic part. These molding
areas are areas that can wear
faster than the other faces of the
tooling. By creating molding
areas with core pins, the mold can be easily repaired by switching out
core pins, rather than replacing an entire piece of tooling.
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Note

Case Study:

Electrode
Design
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Core pins. &

Show the cavity body and make it transparent. V)%)(2)
Select the Core Pin Sketch. Click Core [8] on  seecton: -
the Mold Tools tool bar. LJ | [corepr et

A, Face<1>

Click the top face of the cavity asthe Extraction
Direction.

Click the cavity asthe Core/Cavity body.

Click Draft off. & %—F

Set thefirst End Condition t0 Blind and set the [eind v

Depth along extraction direction to 1.000". & [ 1.oooin -

Set the second End Condition to Through'All. e -
& | 0.000in

Click the Cap Ends,option. [ cap ends

It may be necessary.to reverse theextraction

direction.

Examine the'results.

All of‘the core pins (10 solid bodies) are added to the model and the
Core bodies folder.

Rename the last feature to CorePins and hide all of the solid bodies
except the plastic part and the core pins.

P ']l || P

T T

AN

Save and close all files.

Electrode design is another challenging part of amold design and
manufacturing. Electrodes are used to remove steel from areas on the
tooling that cutting tools like end-mills and ball-mills cannot reach or
fit into. SolidWorks provides great modeling tools to produce accurate
and complicated electrodes. This case study demonstrates how to use
multi-body solids to create electrodes. Afterwards the Move Face
command is demonstrated to show how to quickly clear back the
material on the electrodes that will interfere with the areas of tooling
that should not get EDM machined.

Case Study: Electrode Design
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Core and Cavity

Open the part named Electrode.

This part has two solid bodies. One represents the cavity for the power

saw bezel mold, and the other represents an electrode.

The electrode is needed here because there are sharp internal corners

into which an end-mill cannot fit to machine this tooling properly.

Hide the electrede blank.
Zoom in to view the Electrode Body.

Right-click the Electrode Body inthe Solid Bodies folder.
Click Hide Solid Bedy from the popup menu.

Examine the areathat the electrode will burn.
End mill cutters cannot be used to machine the highlighted edges.

The cutters are round and these corners are dead sharp. Electrode
machiningisthe only way to accurately machine these parts of the
cavity.

Show the Electrode Body.

Make a copy of the cavity body.
Use the Move /Copy command to make a copy of the cavity body.

A copy is needed because in the next step, the Subtract option in the

Combine command is used to subtract the copied cavity geometry

from the electrode blank. This eliminates the copied cavity body from
the Solid Bodies folder. Later, the original cavity body will be used

to visualize the clearance between the cavity and the electrode.

Case Study: Electrode Design
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Electrode
Clearances

Over-burn

Orbiting
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5 Subtract the copied cavity body from the electrode body.

Click Insert, Features, Combine... from
the menu.

Usethe Electrode Body asthe main
body, and subtract the copied cavity
body from it.

Examine the resulting body.

More work needs to be done to finish the
electrode.

Electrode clearances will need to be
model ed.

Now that the el ectrode shape has been
extracted fromithe cavity, certain areas
of this electrode need to be removed.
Other‘areasrequire clearance between
the electrode and the tooling.

The highlighted faces in.the diagram to
the right are faces that can'be cleared
back, or in other'words, “pushed away
from the tooling.”, These faces can be
cleared back because they can easily be
machined on the cavity without using
EDM machining.

Even though the electrode geometry is the reverse of the cavity, the
electrode faces that contact the tooling should be offset away from the
tooling because of over-burn. Over-burn allowance must be considered
because EDM machining requires that clearance exists between the
electrode and the tooling to allow for flushing. Asthe electrode burns
the shape into the metal, EDM fluid is used to flush out the burned
metal. There should be clearance between the electrode and part to
allow the flushing to get in and clear the scrap metal.

To make up for the offset geometry, the electrodes are orbited in the
areathat they are to machine. Orbiting the electrode will help the
machinist achieve the exact dimensions of the shape in the steel being
machined. Also, the wider the orbit, the faster the unwanted metal can
be removed from the tooling.

Electrode Clearances
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Tip

Moving Back the
Faces

Core and Cavity

The section views below shows different ways this el ectrode might be
orbited. Asthe orbit is made larger, more steel will be removed
wherever the electrode makes contact with the steel.

Orbiting on Right Plane Orbiting,on Top Plane

Offsetting the electrode geemetry can either be.done on the CAD
model, or thetool paths can be offsetin the CAM system to achieve the
same effect.

The Move Face,command movesaor rotates model faces. It will be used
to clear back the faces that do not need to be burned in the cavity. The
adjacent surfaces will be automatically extended and trimmed to the
newposition of the moved faces.

Electrode Clearances

Remove the pins.
Use the Delete Face command to remove the faces that make up the
pins and the radii,around them.

Useithe Delete and Patch option to heal the model into a solid.
There are 6 faces total to delete.

‘a

Use the Delete Face command to remove these faces.
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7 Move the faces.
Click Insert, Face, Move...
Click Offset.
Set the Distance to .875.

Select the 3 faces in the diagram below and flip the direction if
necessary.

" Move Face

o [ 0.39370078in A
v

Flip direction

Move these three faces downwards

8 Inspect the adjacent faces.
Notice how the adjacent faces were extended and trimmed to the new

moved faces.

e —
™.,
.,

|

Before After

Note If the electrode was cleared back by extruding cuts straight down
without extending the angled surfaces, witness lines could appear in the
cavity where these surfaces originally ended. The witness lines would
show up in the cavity after the EDM machining was compl eted.
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9 Move two more faces.

Move the two highlighted faces down another .875".

This electrode can now be orbited with out burning the lands for the
interlocks.

Show the cavity again and inspect the electrodes clearances.

The lelectrode now has plenty of.clearance

Keeping the
Sharp Edges

Flash

Keeping the Sharp Edges

Onemore thing'to keep in
mind when'modeling
electrodes is that sharp'‘edges
onthe tooling must'be kept
sharp. This electredeis
currently burningitoo much of
the cavityyandwill catse some
critical sharp edges to become

dull for rolled over. If this N

electrode was orbited from the Ve /\\</

top plane, these critical edges

would become rounded or ~

dulled. Critical Edges Must Stay Sharp!

The highlighted edges in the previous diagram are critical tooling
edges. These edges need to be kept sharp or the plastic part may acquire
flash around it’s edges during the molding process.

Flash is unwanted plastic that forms around the parting lines when the
sharp edges are not created properly or when the mold does not sedl

properly.
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To avoid this situation, this electrode
will be cleared back so that it only
burns one area of this cavity. The area
that is not burned by this electrode
would then have to be modeled on
another electrode and then burned
separately. Burning these areas
separately will ensure that these edges
stay sharp. To keep the edges sharp,
the first electrode can be orbited from
the top plane, and then the secondary
electrode can be orbited from the side
plane.

This Plastic Part has Flash.

10 Clear back the electrode.
Open a sketch.on this face and
convert'the'edges.

Cut-Extrude specifying the
Through All end condition using
the highlighted-edge.as the
Direction of'Extrusion.

11 Examine the finished Electrode.
The electrode can now be used to
machine this areain the cavity and
the critical edges will remain sharp.

12 Save and close all files.
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SolidWorks 2005 Training Manual

Exercise 26:
Tooling for
Plastic Power
Strip

Procedure

Exercise 26

Create the tooling for the
plastic power strip.

Thislab reinforces the
following skills:

m Checking for correct draft.
m Establishing the parting
line edges.
m Closing off open windows
and holes.
m Creating parting surfaces.
m Creating interlock surfaces: Rendered With Real View Graphics
m Splitting the tooling into
separate bodies.

Open the part.named Power Stxip:

Check the part for the correct draft.
Use Draft Analysis to check the draft
on the part. Make sure al surfaces have
at least 2° of draft on them. Usethe Top
Plane for the Direction,of Pull.

Determine.the parting line
edges.

Use the Parting Lines
command to establish the
parting lines around the
perimeter of the part.

LULEL LU
#[Coopr [Cortact

Fill in the open areas on the plastic part.

Click Shut-off Surfaces [&] onthe Mold
Tools tool bar and examine the patch
callouts on the model. Set al patchesto
Contact by clicking the button from the
Reset All Patch Types options.

F
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4 Create the parting surface
geometry.
Create the Parting Surfaces
with aDistance of 0.5”. Make
them perpendicular to the pull
direction of the mold.

5 Create tapered i I .
Create Rule ound
the perimet ting line.
ca penbigs

Set t istance t0 0.6 &
Tip Can create all four
\ f in one step.

26 Compl erlock
surf e@
Use%?fted Surface
%j\ to fill in the openings

interlock surfaces.
0 7 Fillin the remaining

gaps.
Extend the ruled
surfacesto fill the
remaining openings
where the parting line
jogs upward.
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8 Mutual trim the
surfaces.
Usethe Trim Surface
command to trim the
excess surfaces back to
the parting surfaces.

9 Knit all the surfaces
together.
Select all the surfacesin the
PartingSurfaceBedies
folder and Knit them tegether.

10 Create aplanar surface.
Create a planar surface onareference plane 0.5" below the Top plane.

11 Mutual trim the surfaces.
Rotate the part and mutually trim the planar surface to the interlock
surfaces.
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12 Split the tooling into separate bodies.
Use the Tooling Split command and create the core and the cavity for
thistooling.

Optionally, create an assembly from the resulting bodies.

Rendered With'Real View Graphics
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Exercise 27:
80mm Fan Bezel

Procedure

This exerciseis an excellent example of amold with multiple parting
directions. The tooling, already created from the Tooling Split
command, consists of acavity and a core. In this case think of the
tooling as an upper and lower core. This example also shows how you
can create complex shut-off surfaces to shut off the primary tooling.
These shut-off surfaces are used to interlock the upper and lower cores.

o
('w oY
v >
J K¢ ~/
.

»

Thislab reinforces the following skills:

m Checking forundercut.
m Creating Side.cores.

Openthetooling already created for the 80mm Fan Bezel.

Open‘ansexisting part.
Open the 80mm Fan Bezel. Thetooling for this part was created
except for the side cores.

2 Roll back to the Parting Linel feature.

Exercise 27

Rolling the model back to this position puts the model back to the state
it was in before any tooling was created.
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3 Undercut analysis.
Perform an undercut analysis on thismodel. Usethe Top P1ane asthe
Direction of Pull. The analysisfinds several areas with red faces. The
red faces on the outside faces of the part require side cores. The red
faces on the inside of the part are formed by the core and cavity,
consequently, side cores are not necessary in these areas.

Click OK and keep the face colors when prompted.

4 Show'Surface Bodies;
Roll the FeatureM anager. design tree forward
past the Complex ‘Shutof £ folder. Show al
ofsthe surface bodiesin the
Surface Bodies folder to understand how
this complex shut-off was surface modeled.

5 Roll torEnd.
Roll'the model forward to the end of the FeatureManager design tree.

6 <Create aside core. &
Selett Side Core Sketchl and create aside
. . v) X) ?
core with the Core command. Use the main core as _J 2
the solid body to subtract the side core. acns =

Wi I Side Core Sketch1
@ Face<1>
g I Solid Body<1>

Parameters -

Blind v

o« [ 20.00mm

Blind v

& [ 0.00mm

Cap ends

Important! Notice how the side core sketch was created. Seemingly, 4 side cores
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are required. However, this geometry is forgiving enough, allowing
you to create two side cores instead of four.

Creating less tooling will reduce the engineering and manufacturing
costs needed to create the mold.

7 Create another side core.
Select Side Core Sketch2 and create another side core using the
same settings in the previous step.

8 Examine the solid bodies.
Use the Move / Copy command to move the side
cores away from the tooling.

7. Body-Move, Copy2

SN2

[Jcopy

Translate -
ax om
S —
a2 om -

Rotate

4

Rendered with Real View Graphics
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Numerics
3D curves 80, 89, 210
See also curves
3D sketch 107-110, 130, 133, 135, 240

A
advanced filleting 86, 161
advanced lofting 150
analyzing geometry 87
draft analysis 269, 273-277, 294

B
bending 166
blends, Seefillets
bodies
add tofolder 21
hide/show 14
bodies to keep dialog 35
boolean operations 8
bridging 8-9

C
colors

draft analysis 273
combinetool 14
combined bodies 14

examples 16
common bodies 19
composite curves 106
convert entities 48, 82, 101-102, 125,

154, 162, 185, 238, 295

copy sketch 145

Sce also'derived sketch
coreand cavity, 267-288

corepin 317

side core, 313

tooling split 269, 286
counterbore, See hole wizard
curvature

definition of 87

display 87

inspect 87

show combs 88
curvefile 70
curves

composite 106

editing 71

from afile 70-72

helix 100

intersection 89

Advanced Part Modeling

projected 80

split lines 84

through reference points 210
through XY Z locations™70
through XY Z locations 70~72

D
datum plane, See planes
delete
selected faces of a surface or
solid 245, 255, 290
derived sketch 147
Seealso copy sketch
detailed preview 38
display curvature 87
dissolve library feature 79
dividing a curve, ‘See split entities
dividinganentity»155
domefeature 129
draft
in extruded features 158
draft analysis 269, 273-277, 294
colors 273
negative draft 274
positive draft 274
steep faces 276, 294
straddle faces 275
drag and drop
library feature 79
drill, See hole wizard

E
edge selection
loop 97, 301
partial loop 301
tangency 105-106
edit
curve dataread fromfile 71
suppress 99
elipse 73
ellipse, partial 206
end conditions
up to next 158
up to surface 119-121, 160
entities
convert 48, 82, 101-102, 125, 154,
162, 185, 238, 295
offset 162, 308
split 155
explode, See dissolve library feature

Index

extendisurface 304
extrude from 11

F
face
delete” 245, 255, 290
replace 256
facefillets 86, 161
feature scope 38
FeatureM anager design tree
library feature folder 79
solid bodies folder 9-10, 14-15, 36—
37,40, 45, 213
surface bodies folder 196-197, 290,
298
features
dome 129
fillet 82,157
flex 166
helix 100
history by solid body 21
holes 111, 135
indent 27
library 78-79
loft 68, 139-155
multi-thickness shell 97
parting lines 277
scale 276
shell 97, 158
split line 84-85
suppress 98-99
sweep 6869, 75-78, 104-105
thicken 249
thread 100
tooling split 269, 286
variable radiusfillets 82
file extensions
SLDCRV 70
SLDLFP 79
TXT 70
filled surface 208
fillets
advanced face blend 86, 161
curvature continuous 94
hold lines 87, 162
multiple radii 157
surface 247
variableradius 82
finding undercuts 312
flex 166

333



Index

bending 166

controlling direction 170

hard edges 171

options 168

stretching 166

tapering 166

triad 166

trim planes 166

twisting 166

folders

solid bodies 9-10, 14-15, 36-37, 40,
45, 213

surface bodies 196-197, 290, 298

G

geometric relations
aongZ 110
coincident 109
collinear 102
pierce 74, 81

H

helix 100

hide/show bodies 14

hold line, fillets 87, 162
holewizard 111, 135

hollowing a part, See shelling a part

|
import surface 256
indent 27
inflection points
show 91
insert
base/boss, thicken 249,293
boss, sweep 75
composite curve 106
curve through XY Z points 70-72
derived sketch 147
ellipse 73
ellipse, partia 206
fillet 86, 161
helix 100
loft 140
part into an existing part, 21
partial ellipse” 206
pattern, mirror 165
projected curve, 80
shell, 97
solid body into new part 36
spline 197
splitline 84
surface, fill 208
surface, knit 212
surface, planar 210
surface, trim 198
inspect curvature 87
interlock surfaces 286-306
intersection curves 89

K
knit surface 212, 306
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L
library features 78-79
dissolve 79
feature folder 79
light lines, See zebra stripes
local operations 8, 13
loft 140
advanced 150
basic 139
blending between two bodies 144
center line 152
compared to sweep 68
merging a multibody 144
preparing the profiles 151-152
reorder profiles 141
rulesfor profiles 151-152
surfaces 258
tangency control 142144
loop 97, 301

M
merge result' 749-10, 13-15, 19
minimum radius
show 91
mirror
al 164
feature 164
part 164
sketch 148
modify sketch 146, 148
mold cavity. 267-288
move surface 256
move/copy body 23
multibody parts 7-45
bridging 9
combined bodies 14
common bodies 19
creating 7
creating with cuts 35
feature scope 38
local operations 13
merge result 7, 9-10, 13-15, 19
merging 14
merging using loft 144
saving as assemblies 36
saving bodies as parts 36
sweep 76
symmetry 25
techniques 8
tool body 21
multiple parting directions 311, 318
multi-thickness shell 97

N
n-sided patch, Seefilled surface

@]
offset
entities 162, 308
plane 157, 163
options 36

P
parent/child relationships 99
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partia ellipse 206
partial loop 301
parting lines 277
parting surfaces 283-300
smoothing 284-285
parts
inserting 21
inserting a solid body into a new
part 36
performance considerations 98-99
planar surface 210, 307
planes
3 point 116, 160
at angle 107
offset 157, 163
switch.sketch planesin 3D
sketch 109
preview, detailed 38
projected.curves 80
propagate a ong tangent edges 105
properties
feature 99

R
reading curve data from afile 71
reference geometry
composite curve 106
curve through XY Z points 70-72
helix 100
projected curves 80
reference plane, See planes
relationships, parent/child 99
replace face 256
rounds, Seefillets
ruled surfaces 199, 290, 301

S
saving solid body asapart 36
scaling apart 276
section views 98
select loop 97, 301
select tangency 105-106
selecting items
edge loops 97, 301
propagate along tangent edges 105
tangent edges 106
sew surface, See knit surface
sharing sketches 153
shelling apart 97, 158
show curvature combs 88
show inflection points 91
show minimum radius 91
show/hide bodies 14
shrink, See scaling a part
shut-off surfaces 280, 282
silhouette edges 102
sketch
3D 107-110, 130, 133, 135, 240
convert entities 48, 82, 101-102,
125, 154, 162, 185, 238, 295
copying 145
See also derived
derived 147
See also copy
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dlipse 73
modify 146, 148
offset entities 162, 308
partial ellipse 206
split entities 155
start position 11
switch planesin 3D sketch 109
sketches
sharing 153
solid bodies folder 9-10, 14-15, 36—
37,40, 45, 213
spline 197
split entities 155
split line 84-85
splitting
faces 85
splitting curves, See split entities
stock feature 36
stretching 166
suppress
features 98-99
surface bodies folder 196-197, 290,
298
surfaces 191
deleting aface 245, 255, 290
extend 304
filled 208
filleting 247
importing 256
interlock 286-306
knit 212, 306
loft 258
moving 256
parting 283-300
planar 210, 307
replacing aface 256
ruled 199, 290, 301
shut-off 280, 282
thicken 249, 293
toolbar 192
trimming 198, 292293, 305
what arethey? 191
Sweep
align with end faces 104
along model edges 105
compared to loft, 68
components 69
guidecurves 70, 74
maltibody 76
options 75
path 70,78, 79
profile 69
propagate along tangent edges 105
section 69, 74-75, 110
show intermediate profiles 77
show preview 76
twist 103
symmetry 8, 25

T
tangent edges 105-106
tap, See hole wizard
tapering 166

thicken surface 249, 293
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threads, modeling 100

tool body 8, 21

tooling 267-288
draft analysis 269, 273-277, 294
interlock surfaces 286-306
parting lines 277
parting surfaces 283-300
shut-off surfaces 280, 282
split 269, 286

tooling split 269, 286

tools, options 36

trim surface 198, 292—293, 305

twisting 166

twisting along a sweep path 103

U
undercut detection 312

\%
variational sweep, See sweep, guide
curves

W-Z

weldments 8

work planejSee planes
zebra stripes 87, 93-94

Index
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