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Chapter 2

Sketching

A complex 3D geometry can be viewed as a series of adding/removing material from simple solid bodies. Each solid
body is often created by first drawing a 2D sketch, and then using the sketch to generate a 3D solid body with tools such
as Extrude, Revolve, Sweep, Skin/Loft, etc.

Purpose of This Chapter

This chapter provides exercises for the students so that they can be acquainted with sketching using DesignModeler.
Profiles of several mechanical parts are sketched in this chapter. Each sketch is then used to generate a 3D model using
either Extrude or Revolve. The use of these 3D tools is so trivial that we may focus on 2D sketching techniques.

About Each Section

Each mechanical part will be completed in a section. Section 2.1 sketches a cross section of W16x50; the cross section is
then extruded to generate a 3D beam. Section 2.2 sketches a triangular plate; the sketch is then extruded to generate a
3D solid model. Section 2.3 does not provide a hands-on case. Rather, it overviews the sketching tools in a systematic
way, attempting to complement what was missed in the first two sections. Sections 2.4, 2.5, and 2.6 provide three
additional exercises, in which we'll purposely leave out some steps for the students to figure out the details.
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Section 2.1

W 16x50 Beam

2.1-1 About the W16x50 Beam

In this section, we will create aW16x50 [1-4] steel beam. The beam
has a length of 10 ft.

[2] Nominal
depth 16 in. [3] Weight 50 Ib/ft.

[1TWide-flange
I-shape section.

W16x50

2.1-2 Start Up DesignModeler

[4] W 16x50
cross section. #

R.375"

Welcome to ANSYS Workbench!

If youre new to ANSYS Workbench, we strongly encourage

' ‘ you to take just a few minutes to view some tutorials.
td

T — If you prefer to get started immediately:

17.0

1. Select your desired analysis system from the Toolbox (at
left), drag it into the Project Schematic (at right), and drop it

T
/\ inside the highlighted rectangle.

import existing geometry.

[I1 Double click to

16.25"

[ 1

2. Right-click on the Geometry cell to create a new geometry or

launch Workbench. 3. Continue working through the system from top to bottom.
Right-click and select Edit on a cell to start the appropriate

[2] If a Getting Started message window
appears, uncheck this box so that it won't
appear next time at startup.

I™ {Show Getting Started Message at Startup |

application and define the details for that part of the analysis. =

[3] Click OK to dismiss

this window.




[4] Workbench GUL.

fi\ Unsaved Project - Workbench

Section 2.1 W16x50 Beam

=loix|
Fle Vew Tools Units Extensions Jobs  Help
| dlimeort... ‘ (4] RefreshProject -~ Update Project | B3 ACT StartPage
SR s o
i Modal |

i} Random Vibration
@y ResponseSpectum

f&d Rigid Dynamics
/ . . \ & Static Structural
[5] If there is a plus sign B Sicady-Stste Thermal
(Y Thermal-Electric
(+) before {2 Transient Structural
Component ¥ Transient Thermal

[8] Double-click the
Geometry cell to start
up DesignModeler,
the geometry editor.

2 @ Geometry

Geometry

Systems, click the plus
sign to expand it. The

B4, Turbomachinery FluidFlow
B Cpmponent Systems ‘
% ACP (Post)

|z ACP (Pre)

. @ Autodyn

plus sign becomes a 8 sincecer
minus sign (-). @ cx

& Engineering Data

External Data

@ Bxternal Model

@ Feedback Iterator

Finite ElementModeler

B Fluent

Fluent {with Fluent Meshing)
[@ Geomety

# ICEM CFD

B reepak

I\ Mechanical APOL

@ Mechanical Model

@ Mesh
[

» Ready

[9] DesignModeler GUI.

View All / Customize... ‘

/([7] if you couldn't find
O:

Geometry, scroll
down to reveal it.

[6] Double-click Geometry to
create a system in Project
Schematic window. If you

couldn't find Geometry, see [7].

F% 30 Manitor,.. | rishow Progress | 9 show 0 Messages

File Create Concept Tools |Units View Help

=10l x|

Meter

|
JaHE | @] Do
]

—
ul

RREE ¢ E ]S aQAEEQ XA e @

Centimeter

W e £ e A

Millimeter

| X¥Plane <3k | = " te WP Topcloy  [EE|Pasemeters
| it romeder
| @Extrde  gReRevolve G - Sufsce @pBlend - % Chamfer MBSl || @@ Point B Converson
| BledeEditor: flmpot BGD [ FlowPath 7/ Blade o Splitter —JVistaTFExport - ExporiPoints IDStageFluidZone  #f SectorCut 4 ThroatArea
[BEE S = (B Lug Mot Super N\ - | S
: = 2
=&l &: Geometry v REe (@)
3k X¥Plane Radian
3 ZHElane
5 YZPlone Model Tolerance: 4
8 0 Parts, 0 Bodies .
Y [10] Pull-down-select Units/Inch as the
length unit and make sure Degree is also
selected. You may change units anytime.
Sketehing Modeling 1 K
Dets L
[I'1] Units are

[12] There are two modes in
DesignModeler: Modeling mode
(default) and Sketching mode. #

displayed here.

0.000
3.500

T Model View | Frint Freview

h\

@ Ready

No Selection

Qm:h[)egme’ 0 o 4

57

About Textboxes

In this book, a round-cornered textbox (e.g., [1-3, 5-8, 10]
needed in that step. A sharp-cornered textbox (e.g., [4, 9,
actions are needed in that step.

) is used to indicate that mouse or keyboard ACTIONS are
I1-12]) is used for commentary only; no mouse or keyboard
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2.1-3 Draw a Rectangle on XYPlane

Cl/A: Geometry - DesignModeler =10l x|
| File Create Concept Tools Unite View Help

| &[] Do Gre |[seee[4) B |[om @ (o [0 8 [[S ¢ QO QRMQQEE][+® |2

|- 10 g fie S A A A F

| xPaxe O 3| Mo o B || SGememe W ool ([FEPemetrs

| R Extrude )&Rmdw Qo Sweep g Skinoft |J W Thinfurfere. Qe Blend -~ % Chamfer M Slice |J @Point & Converon

| BladeEditor ﬁg}\}{mEGD f2fLosd BOD | Load NDF | S FlowPath # Blade o Splitter —JVistaTFExport - Exporffoints MPStageFludZone @l SectorCut ki Thoatires

| 165 & L | - - | D
T‘. e 2
Draw

Jtesais | [1] Current sketching [3] This is the global
6‘ Line by 2 Tangents . . .
A Palyline plane is displayed here. coordinates system.
g;“;‘f;';‘h XYPlane is the default Workbench uses red, green, and
¢ Rectngl by 3 Points sketching plane. blue (RGB) arrows to indicate XY,
— Medity = and Z directions, respectively.
Dimensions .\"‘-.‘__
™~ ) ,/)

[2] Click the
Sketching mode.

0,000 6000 (in) Z,/L x
|

3.000
Model Wiew | Fuint Freview | 1
| '@ Ready [No Selecton Tnch Degee 0 0
—
[7] As soon as you begin to draw, a
sketch (with default name Sketchl)

is created on the sketching plane.

I =10 x|

| Bl Cmate Comept Tools Units | f Help N
o HE| @] Do il (s & [mpE 0o (e[S QRaEQCE M@+ e m)
|- W - fie A A AP A
[
[
I

K¥Flane < 5| Sewht O - 8 || /Gemene W Tl [EfPammeters i
BExnde ghRevole Qoivep & @Point =) Conerin j\$
EldeEditor. ifImport BGD  2]Load BG: it ExportPoints MOStageFluidZons g SectorC Throatd
—]J S0 | [6] Draw a rectangle roughly — S =
Sirching Toal like this by clicking a corner
Drew ] .
e and then dragging to the

¢ Tengont Lie diagonally opposite corner
{5' Line by 2 Tangents
/\, Polyline
((~sPolyzon
DRemng]e
¢ Rectangle by 3 Pomnl
0wl

[4] Click Look At so that
you look at the sketching
plane, XYPlane.

Dimensions

Constraints .
Setings [5] Click the
Shuvling [Moine] Rectangle tool.
Dehﬂs‘)’iew
/| Details of Sketchl

Sheteh Sletehl
[Sheteh Visthility | Show Shetoh
Show Constsints? | No

| Bages: 4
[Line L7
Line LaB
Line L8
Line Lal0 '

Model View [ Pint Foview

| @ Rectangle - Click, or Press and Hold, for first comer of rectangls o Selection [Inch Degree 10323 ,

0.000 7.000 (in)
1

T — e
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[12] Right-click anywhere on the

graphic window to open a context

menu, and choose Select new
symmetry axis.

Selection Filter

571 A: Geometry - DesignModeler
File Create nt  Tanle Units View Help

) Tsometric View
’I[ lj,f Set

\ (R Reic HSelect‘K T;‘"’E =

[8] Click the Constrjamts fAAE %9 Restore Defualt
toolbox. We want to impose |1 = % || Jomme @i [ :
. ey §Skinoft || WDuvsodics e Blend - & Clonnter Wpslie || @it B) Comension @), Zoom to Fit (F7)
symmetry constraints. = : -
HLowd BGD [p|Losd NDF | P FlowPath o/ Blede o Spliter —JVistaTFExport - ExporfPoints WDStageFluidZone g
) = AP Y Cursor Mode 4
View »
79 Look At
X Delete
Foed '-/5 Generate (F5)
= Horizonsl [10] Click the
4] Vetical P————
¢ Perpntilz Symmetry tool. .
O\ Tengent
e Coincident
== Midpoint
[ Symmetry (@) . 0.
Seftings (- =
Sketohing | Meodeling | 7 / X (@] C
e «| [ [13] Click the
[ Details of Sketelt horizontal axis
h and then the i
[9] If thg 'Symr'netry ool two horizontal - [I'1] Click the vertical axis and
is not visible, click to scroll lines to make | 00w 7.000 () icald
down until you see the tool. the lines 3 500 : then the two vertical lines to
| o make the lines symmetric
i symmetric : .
| Symmetry - Select first point or 2D Edge forsy about the 1 Edge \ about the vertical axis.
horizontal axis. —

-

[20] Click Zoom to Fit.#

=Ioix

B0 A- Geometry - DesignModeler
| File Create Comcept Tools Units View Help
Al E @ || DUote GRetc [ty G- (@ E W[ e[ w5 4 & Q
AR ; [16] Click this line, move the
- 3 | Skewdl - ) Generste WP 5hare Topolozy  [2%]Parameters .
Revolve (g, Sweep gsmﬂ‘nn“ ]/.,u;‘;m“ @ Blend - \A-;.L—.m Wsice || @Point B Conversion mouse upward, and click to
mport BOD  f=2{Load BOD [»/Load NDF | Sy FlowPath 7 Blsde e Splitter ,Jvmr?ﬂxyon < Exportfoints [ create HI.
=1 = @

1

[14] Click the
Dimensions toolbox.

f—H1—

[17] Click this line, move the
mouse rightward, and click
again to create V2.

(O Dimensions -
[@emerl (),
1= Hoxizontal

[ Vestical
~LengthDisteace
N [15] General is the

) Dismeter

%:WA _ default tool.

2% Seni vkl

Consteaints >
Setlings |

Sketching | Modeling

[18] All the lines turn to blue

ol i color. Colors are used to

g :;:l]s‘-mhms:ﬁw - [|9] In Details —_ Inqllﬁatilconsltralnt St?:us.

Shatoh Vihility | Show Sketoh View, t)’Pe 707 € Dblue color means e
geometric entities are well-

BT (in) for HI and )
ooy | defined (fixed in the space).

jiﬁ*lmn T 16.25 (|n) forV?2. |omo | L

Line L7
Lire Lk Lz | Mote1 Vi [Pint Paiow

) General - Select pointox 2D Edge for dimension o1 vse RMB for options

[No Selection Inch Degree o b

S

- ——
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2.1-4 Set Up Sketching Options

[5] Click
Display.

& A: Geometry - DesignModeler
| Fils Crests Concept Tooks Units | View Help

A E| @ || Dundo ([ v Sheded Exterior and Edges

RS S -aaamaa

[3] By default, DesignModeler
displays dimension names (e.g.,
HI,V2). Let's switch to display

dimension values.

J.. We A~ S S A~ Shaded Exterior
J

IFlane = 3 | Shewht ;V“':‘:"‘; o , [pIombe [EZ Parameters
| BExrude  gfaRevolve  § Sweep ps TR Elend - 4 Chemier Wpilice || @Point E)Conversior

| BledeEditor: figlmport BGD LoeF;’:’”“J‘?":ﬂ““‘“‘“" /Bl of Spitr JVinTFEgon - Exord” 0StesFilZone o SootorCut o Thioathees
T E = = ¢ el s Jont =
| E S = CEE| | v Cros Section Aliguments LA N
Disglay Ed ge Direstion (- a3

| Dmv Diglay Vertioes

Modify Cross Section Solids ’-@

| famiw T -

’Gmml—

gﬂunzunhl ’7

[ Vextical

+LengihDistance

(< Radins

{3 Dismeter

A hngle

Semi-Avtomatic

censtuns | [2] Pull-down-select [1] Thz ruler tak'es space
Settings VieW/Ruler to an. IS sonlﬁetlmes

Siating annoying. Let's turn it off.

Skatoh Skatchl
Sketch Visihility | Show Sketch

=]/ Dimensions: 2

turn off the ruler.
m_u Detail of Setel For the rest of the
book, we leave the
Siow Consint? [ o ruler off.

H 707 in
65 |

0.000

1

-

10,000 (in)
—

=)| Edges: 4
Line [La?
Lise |0s L] | Mot Vi [FistPeview |

| @ General ~ Select point or 2D Edge for dimension ox use RME for options

No Selection

|Inch Degree o b 4

Bl A: Geometry - DesignModeler
File Create Comcept Tooks Units View Help

OB @] Otne Gr [ty L mERWR G [ HE||SeQAQEQ QR 4wl [0

J
|
| B 0 £ fie fr Ao S A
|

X¥Flase - 3k | Sewn - ¥ H  Generate Q1

lozy  [F%]Parameters

| BEstode gloRevale QoSweep g Skanoft || WM T S El -

& Charnfer W Slice H $Point B Conversion

BladeEditor: g Import BGD LnsdEGD);\'_"""L‘—‘“_""'—L““'\ﬂSphﬁsr JVistTFEsport ' ExporiPoints EDStageFluidZone  # SectorCut ke Throathrea

L] [6] Click Name
to turn it off.
Value
automatically
turns on.

J
23

Details of Sketchl -
Sketch Shketohl
Sketch Visthality | Show Shetoh
Show Constraints? | No

Di ions: 2

H1 07 in
vz [
(=] Bdges: 4
Lire a7
Lie B3 L= ]

| @ Display - Set dimension display options

LA Y

Lo

[4] If the
Display tool is
not visible, click
to scroll all the

way down to the
bottom.

[7] Now dimension values (e.g.,
16.25) are displayed in place of
the names. For the rest of the

i book, we always display
dimension values. In steps

[8-12] (next page), we'll set
Value as the default
Dimension Display.

¥

..

)

Mo Selection

[nch Degee 0 0

—

T



[8] Pull-down-select
Tools/Options...

[9] Select Sketching.

[+ @1 Common Settings|
=3 DesignModeler
- Geometry
i @ Gyaphics
- Miscellaneous
(R e tching
@) Toolbars
P 5 Units
4] Lgwa
# g Mechanical
[+ Meshing
[+ {73 FE Modeler

Resst

i A: Geometry - DesignModeler

| File Crole Consept | Tools Unite View Help

[ QBB © b

|- u- 4- Afﬂum 7

] EVFlane = | 3 W K

Selection
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=1oIx|

aiololiol JE%S

En||SeQaa@

QO E 4@l [

herate W9 fce Topolozy (2] Paremeters

| [@Extude  gBRevol 2 ittty

hinfSurface

@ Bt - 8 Clanier WSloe || @Point &)

Y EISion

m Iifid-Surface

SFowPath 7/ Blde of Spliter —JVistaTFExport '~ EsportPoints  MOStgeFiuidZone  # SectorCut i Thioathrea

& Toint
| B FE S = (ol
Dk Symmetny
Modi [ Fill
Dimensioy B Surfece Bxtension
Y Sdsce Batsh
s Surdace Flip
W S0t Exciension (et
N Merze

=l Commect

(< Radivs

Sheteh Visibility

Show Constaints?

P e
HL 707 @

2 1625 in
=] Bdges: 4
Line |La?

LA X

a

G m—

¥

Le..

Line | Lng

_Model View | Fuint Pueview |

| &) Display - Set dimension display options

Mo Selection

b b

[Inch Degree

T —

=]

T

[10] Select Value as the
default Dimension
Display.

the

Sketching P
Globel Auto Constsints [on
Chuscr Ao Constraints Cn /‘
Value (=
Common Grid Defaults _ \t
Show Gad (in 2D Disglsy Mode) | No
Snap o Gad (while in Sketching) | No
Apply Grid Defaalts to Active Flane | No
Grid Defaults (Meters)
Mindrmurn Axes Lergth >
Majr Grid Spacing 5
MinceSteps pex Msjr 5 [I'1] Click OK to dismiss
(had e pes M ! Options window. Click Yes to
Giid Defaults (Centirneters)
Mo o Eogl = confirm the changes. #
Major G Spacing 5 T
Dfince-He) x Majou 5
i ‘!“nwlﬁf\.ﬂml 1 IILI
i oK ) | Bl | Help ‘
S~—"
T

Background Color of the Graphic Area

In this book, for better readability, the background color of the graphic area is always shown in white. If your
background color is not white and you want to change it to white, pull-down-select Tools/Options in
Workbench GUI (not DesighModeler GUI; see 2.1-2[4], page 57) and click Appearance.
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2.1-5 Draw a Polyline
[7] Right-click anywhere on the

graphic window to open a context

Closed End

£)4: Geometry - DesignModeler menu, and select Open End to Back

Fle Crate Comept Took Unibs View Help .

- end the Polyline tool. #

N @ || Do Groio [Jsier % 7 |[pm/m [ WL y Selection Filter »
B~ S A A S X T |
[I] Select the -« ok | Skewu -5 “ <) Generse WP STuce Topolosy  [F6|Parameters 1 ‘ Tsometric Fiew
Draw toolbox. oRevole BoSweep g SkinLoft “ W ThiSudace @ Blend ~ 4 Chamfer @islice H @roint =) Conversion 150 o
tu Se

GflmotBGD B ~Qah /Blde o Spliter JVstlFEigont “\Exportfoint WOStecFuilZone  #SectorCut (e Tha
150
j’ Restore Default

(& R = [ & = ‘ adm@
Fehing [2] Select the = :
i Zoom to Fit
Dies Polyline tool. @), Zoom to Fit (F7)
=, Line
& Tangent Line Cursor Mode »
# Line by Tangent .
View »

sure a € (coincident) appears.

[APobim O N
@‘}:nlygul_: e Q\ ﬂa Look &t
[3] Click roughly here to start a -/ Generate (F5)
polyline. Before clicking, make 1635
——

- 5 [4] Click the second point
Dl of vkt =1 roughly here. Before
swavas 3 [6] Click the fourth point clicking, make sure a € and
-vmsime2 | roughly here. Before Q an H (horizontal) appear.
- i clicking, make sure an H \ B

S and a C appear. N

Line
Line L) m—

|3 Folytine - Click for startof polyline [No Selection [5] C|iCk the thil‘d point roughly
here. Before clicking, make sure

O T——
. a V (vertical) appears.
2.1-6 Copy the Polyline k
4] Right-click anywhere on

| Fie Creste Comept Took Units View Help
| el || DUaio 2o ||set 7, B [|@m o M|« = | the graphic window, and

i fr A S A select End/Use Plane

U

Clear Selection

End / Set Paste Handle
@ End / Use Plane On 3
End / Use Default Paste Handle

[|] .Se|ect the e | [Swn =8 fjsemmf .;:rmtj:m.u Pmm/a Orlgm as Handle. ,
Modlfy tOO|bOX. oive QoSweep @ Skinloft || W ThuvSudece @ Blend - 8 Chamier Selection Filter »
)nnEGD {BLoed BGD  <)Losd NDF | SSFlowPath o/ Blde o Splitr ¢ : .
Bo= (ER - T E I ﬁ‘ummemc 2w
wpw Set
ﬁi Restore Default
F— } Zoom to Fit (F7)
—
Cursor Mode 4
73* Tiew ’
79 Look At
X Delete
ECw T O O 16.25 & /7 Generate (F5)
8 Paste (Ctike ¥)
Dimensians P ——
Constreints
e | [3] Select the three
Shevhing newly created
Iz | segments by clicking
=/ Details of Sketchl v
B sai| one after another.
Sletch Visibility | Show Skef © -
Show Conshsints? | No j '—O—‘ L 1L
| Dirnensions: 2
Hi [707a —+
[O¥  [uza | 1
= Bdges: 7 x| | Mcdel Yiew [ BaxtPreview
No Selection Inch Degree b

&) Copy (Ctrlt C) — Select 2D Points or Ed ges

T —— S



Sketching Toolboxes

Diraw
Modify
( Fillet
F’_Chamfer
~j Comer
+ Trim [5] The Paste tool is
] automatically selected.
< Split
N D
[E
& Cut(Ctel+ X)
Copy (Ctelt C)
[EFeste CEH T t=[o0" t=[2
E::EE MDVE
Dimensions h
Constraints
Settings
Sketohing | Modeling |

[8] Right-click-select End to end
the Paste tool. An alternative
way (a more convenient way) is
to press ESC to end a tool. #
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Rotate by r
Rotate by - . .

sl S [6] Right-click-select

Flip Horizontal.

Flip Vertical
Scale by factor f
Scale by factor 14 . k
rerameinen O U1 Resgen Pasee
Change Pasts Handle gin.
End

Cut (Ctel+ X)

52 Restore Default
@] Zoom to Fit (F7)

Cursor Mode 4

I Look At

-/ (enerate (F5)

Fiew ’ RS, —

2.1-7 Basic Mouse Operations in Sketching Mode

Now, try these basic mouse operations in sketching mode [1-6]. Press ESC to deselect all entities. After trying any
of [4-6], click Zoom to Fit (2.1-3[20], page 59) or Look At (2.1-3[4], page 58) to go back to the fitting view.

[1] Click: add a sketching entity
to the selection set. Click a
selected entity to remove it

from the selection set.

[6] Middle-click-drag: rotate.

Shift-middle-click-drag: zoom.

Control-middle-click-drag: pan. # [3] Scroll-wheel:

zoom in/out.

[4] Right-click-drag:
box zoom.

[2] Click-Sweep:
continuous selection.

[3]1 Right-click: open a

context menu.
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2.1-8 Trim Away Unwanted Segments

ng Toolboxes

Draw

Modify -~
{ Fillet
{ Chamfer

~} Comer

[+ Trm
~ Extend
O Split
[ Dme
§, Cut (Ctl+ )

Iamreﬂwﬂ

[2] Turn on Ignore Axis.
Without turning it on, the
axes would act as
trimming tools.

Copy (Ctrl+ C)
(R Paste (Ctlt 7)

[I] Select the Trim
tool from the Modify

Sketohing | Modeling |

= Move
o Replicate toolbox.
Duplicate
= Offset
p Spline Edit
Dimensions -
Constraints
Settings

[3] Click this
segment.

2.1-9 Impose Symmetry Constraints

Stoching Toolhores

Draw
Modify TH o7 *—ﬂ
Dimensions —r
Constraints Q -

77 Fixed \

= Horizontal

Al Vertexl [1] Select the

¢ bl Constraints :

2\ Tangent :

4 Coincident toolbox. ‘L

== Midpoint E 16.25
|.~i‘=\Symmeny

/ Parallel ;

Concentric

i Equal Radins 25s !

elect O QO

oS o S [n?\metr O\

2+ Equal Distance y Y. -

AUT8 Aty Constred

Settings v
Sketohing | Modeling |
—r

h? 07 ‘—ﬂ

[4] And click
this segment. #

[3] Click the horizontal axis and
then two horizontal segments on
both sides as shown to make the

segments symmetric about the

horizontal axis.

[4] Right-click-select Select
new symmetry axis.

Select new symmetry axizs @

Selection Filter 4

) Tsometric View
150

wfa Set

ﬁ: Restore Default
Zaoim 1o Fit (F7)

Coursor Mode

View »
{9 Look At

X Delete
-/ Generate (F5)

L —

-

[5] Click the vertical axis and then two
vertical segments on both sides as shown to
make the segments symmetric about the
vertical axis. Although they seem already
symmetric before we impose this constraint,
the symmetry is "weak," i.e., they may be
overridden by other constraints. Now, the
symmetry is "strong" and cannot be

~

idden. #
overridden )
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2.1-10 Specify Dimensions

Sketching Toolboxes

[1] Select the

Dimensions toolbox}

[2] General is the default tool.

\L [5] Select Horizontal. ]

[3] Click this vertical segment
and move leftward to create a
dimension (in details view [4],

the name isV3).

Draw
Modify
Dimensions -
|@ General
1+t Horizontal AT
[ Vertical
J) Length/Distance
(C‘ Radius
e Diamneter
A hngle
%I Semi-& viomatic
& Edit
= Move
[ Animate
 Disles
Constraints
Settings
Shetching | Modeling |

=I| Details of Sketchl

Sketch | 8ketchl
Sketoh Visibility | Show Sketch
Show Constrsints? | No

[=]| Dimensions: 4

i35

B—E
b L

0.628

-
[7] In Details View,
type 0.38 (in) for H4.

HI 707 i

H4 038 in o
V2 1625 i

V3

Bemn O<'\ktype 0.628 (in) for V3.

/([4] In Details View,

[6] Click these two vertical
segments one after the other
and move upward to create a

horizontal dimension (H4).

B
o

)

[8] All the sketching entities are
blue-colored, meaning that they are
well-defined (fixed in the space). #
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2.1-11 Add Fillets

Drravw

Modify

[ Fillet
V_Chamfer
~; Comer
+ Trim
7 Exctend
<y Split
[ Dree
¥ Cut (Cult X)
Copy (Ctcl+ C)
[ Paste (Cet V)
I:. MDVE
& Replicate
Duplicate
= Offset
7> Spline Edit

[2] Select the
Fillet tool.

Dimensions
Constraints
Settings

Sketching | Modeling

—

2.1-12 Move Dimensions

0.628

[1] Select the
Modify toolbox.

J

Radius.

[4] Click these two
segments to create a

[3] Type 0.375 (in) forj
H

fillet. Repeat this step
for the other three
concave corners.

[4] Click Zoom to Fit. #

[5] The greenish-blue
color of the fillets
indicates that these fillets
are under-constrained.
The radius specified in [3]
is a "weak" dimension
(may be overridden by
other constraints). We
could specify a Radius
dimension (in the
Dimensions toolbox)
to turn the fillets blue.
However, we decide to
ignore the color. We
want to demonstrate that
an under-constrained
sketch can still be used.
Remember, however, it is
a good practice to make
all entities blue-colored. #

[1] Select the
Dimensions

toolbox.

07/ A: Geometry - DesignModeler =101 X
| File Creste Comcept Tools Units View Help

JaHE || ovse Greo [[swct[ &  mERW & K u]|S ¢ Q(QE QG [+ 6 m

| M- W- £ - S Ao foe AP

| ¥Plane * 3n | Swwohl - X “ -/ Generste W1 oz [Z5]Paremeters

| RExtrode gfoRevolve @ Sweep @ Skinfoft || W Thufiudioe @B & Chamfer  MpiSlice \ @Point 5 Converion

| BladeEditor: g4mport BGD {HLoad BGD (<5|Load NDF | S FlowPath 7 Blade o Spliter ) VistaTFExport - Exporffoints @ESteeFlnidZone  # SectorCut e ThatAres
| . L L N

HR s = CER

Draw
Modity . R
O’ Dinmeions = /[3] Select a dimension
& Ganeml value and move it to a
Je Hoizontal .
[ Vertical more appropriate
iy position. Repeat this
(zﬁwwﬂfm for other dimensions.
Fyseni kbt Shift-middle-click-drag
B o] C>< to zoom in/out
Bvinee (2.1-7[6], page 63)
H
— E whenever necessary.
Seftings
Sketohing ¥
“ L
(=] Details of Sketchl - i
Sketch Sketohl -
Skatoh Visiblity | Show Skatoh | D ¢
Show Constaint? | No |
e T L= | ptte Vi [P '
3 Move - Select dimension to move [No Selection Izch Degree [
—




Section 2.1 W16x50 Beam 67

2.1-13 Generate a 3D Solid Body

[3] Remember that the active sketch
is shown here (2.1-3[7], page 58). [8] Click Generate. .
=10 %

| File Creatr Comept Took| fuils View Help

mll\nlawﬁwew mn*n \\@@.\-ﬂ\!i\"“@l@\@s@@iﬁ il @e 3

|W- - 4 e
| = o swewnt - *:JI ;G;mm Wi Topoly (5 Parsmeters
| (@ Extrude) EaRevolve \gas §Sknlot || NEThpMdae @ Blend - R Chomfer WpSkee || @Point 2 Conversion
| PoeRtind §dimportBGD fS{Losd BGD [loedNDF | SFowketh o/ Elade of Spliter ) ViTFEsport - Exgorfoint W0StegeFPhilZone [1] Click the little cyan
B LA AT sphere to rotate the view
to an isometric view, which
[4] Click " is a convenient 3D view.
Extrude. “F e | [5] It automatically switches | "
8:=01.| tothe Modeling mode. | | T
: 062 A‘&
-
_ N
[6] Click Apply. e | | y

Dk Bl || By default, the e

wmw s O——_ active sketch (see

et [3]) is selected as 15 C——

N Geometry. \ .

[

Mugs Topolegy? | Yes X
=) Geometry Selection: 1

Skatoh [Sathi \

[71Type 120 (in) for [2] The view rotates
["-7 Extrode Creation - Click the Generate b De th . . N e zice b o~
pth. to an isometric view.
| — —

7 A: Geometry - DesignModeler =1k

| Fie Create Comcept Took Units View Help

Jad 8| @] D @ren [fset]4 b | BRE R ©- \:.;l“sg'@({l@@qqggm*(;ﬁ‘ﬂ
B0 A f- A A A A >~ N

|
| xtPine - b | Sew -5 H ~/ Generate  @Share Topology [3%]Parameters

| BEsnde gfoRevaive @pSveep @ SkinLon | | [@ThinSudsce @ Blend + Chamter @Sice | @/t ) Conversion
|

|

BladeEditor: flmportBGD  {Z{Load BGD < Losd NDF | S FlowPath 7 Blade o Splitier :,Jvmmy// “Exportfoints E0SiageFluidZone o SectorCut |

p R e = () - B m [9] Click Display
 Tec outine Plane to turn off
N Tt the display of
S [10] Click Zoom to sketching plane.

<y P ZEPlane

‘E‘E{fﬁﬁ Fit. Feel free to use
this tool any time.

m

<y 3 Skeichl
/& 1 Part, 1 Body
. @ Solid

&

Shewhing Modeling

= Details of Ectradel

Gecrmty Sketeh
Opesstion Add Matedal
Diection Vaotor | None (ommald
Dection Howrral
Extent Type Fixed.

FDI, Depth (0) | 120 in
Az ThinSudace? o
Mexgs Topalogy? | Yas
] Geometry Selection: 1
Shketch [$1meht

~

o [11] Click all plus signs (+) to
(9 iy expand the model tree and ... ¢ 7
browse its structure. #
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2.1-14 Save Project and Exit VWorkbench

File Create Concept Tools Units View Help

|%] Refresh Input : . .
| Staut Over (Cik 1) File View Tools Units Extensions Jobs
% Load DesignModeler Dafabase... (Ctrl+ O) 1 New Cirl+N
=] Save Project (Ctrl+ §) e L7 Open... Ctrl+0
@ Export. = Save Ctrl4s
) Attsch o Active CAD Geometry [1] Pull-down-select File/ B savens...
) Ioport External Geometry File... Close DesignModeler. ,

;—J Save to Repository
‘ Import Shaft Geometry... N

4 Open from Repository
q. Write Script: Sketch(es) of Active Flane
q‘ Run Script... - i -
EAuﬁu—s&veNow anage Repository Project »

Restore Auto-save File & [2] Click Save PrOjeCt &> Manage Connections
and type W 16x50 as the &  Launch EKM Web Client...
project name.

éj Import...

& archive...

@ Restorz Archiva...

Fle omEm{ Tools Units Extensions Jobs Help PrreT »

RIEEIEY Project

m Reconnec! Refresh Project # Update Project | g ACT Start Page
o - 0
|2 Analysis ystams =
Design Assessment

Eigenvalue Buckling v A
Explicit Dynamics 2 @) Geomery
Fluid Flow - BlowMolding (Polyflow)
Fluid Flow- Extrusion (Polyflow)
Fluid Flow (CFX)

Fluid Flow (Fluent)

Fluid Flow (Polyflow)

Harmonic Response

Hydrodynamic Diffradion
Hydrodynamic Response

IC Engine (Fluent)

IC Engine (Forte)

Magnetostatic

Modal

Random Vibration

[

Export Report...

1 E:\ANSYS\Book 17\SecD2-1\W 16x50. wbpj

—

[3] Pull-down-select
File/Exit to exit
Workbench. #

Geometry

Response Spectum
Rigid Dynamics
Static Structural
Steady-State Thermal
Thermal-Electric
Transient Structural
Transient Thermal

ERNECHNEECEERRRERERARAREEER

Turbamachinery Fluid Flow

Component Systems
ACP (Post)
ACP (Pre)
Autodyn
BladeGen

@y X ~|

| T View All / Customize. .. ‘

Gon

B0

@ Ready J1¥ Job Menitor... | miShow Progress | ( %:Show 0 Messages | .:

S

Supporting Files
To download the finished project files or view the demo videos, please visit the SDC Publications website. See the
inside front cover for details.




Section 2.2

Triangular Plate

2.2-1 About the Triangular Plate

The triangular plate [, 2], with a thickness of
10 mm, is made to withstand tensile forces
on three side faces [3].

In this section, we'll sketch a profile of
the plate on XYPlane and then extrude a
thickness of 10 mm along Z-axis to generate
a 3D solid body.

In Section 3.1, we will use this sketch
again to generate a 2D solid model, which is
then used for a static structural simulation
to assess the stress under design loads.

The 2D solid model will be used again in
Section 8.2 to demonstrate a design
optimization procedure.

2.2-2 Start up DesignModeler

N

Workbench
170

5
fu

[I] Double-click to
launch
Workbench.

69

Section 22 Triangular Plate

applied on the three
side faces. #

[3] Tensile forces are

[2] The radius
of the fillets is
10 mm.

30 mm

40 mm

[1]1The plate has
three planes of
\ symmetry.

300 mm

fi) Unsaved Project - Workbench

J gj Import... ‘

File View Tools Units Extensions Jobs Help
Jl““ldl\ﬂl Project

[3] Double-click to start

Toolbox +yax
iy ACP (Pre) ]
@ Autodyn
% BladeGen
@ CrX
& Engineering Dats
External Data
@ Bxternal Model

@ Feedback Iterator

(@3 Finite ElementModeler

& Fluent

Fluent (with Fluent Meshing)

== up DesignModeler.

2 L’ Geometry

Geometry

’ﬁZ] Double-click to create a
Geometry system
(2.1-2[5-7], page 57).

—
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GlA: Geometry - DesignModziex

File Create Consept Took Units Fiew Help

=0l x|

| A BB DR |[seit[7] % |[1lm T W [ & | =
|- M- - - A A- A X~

/7N

5S¢ QQEEQ R a6 m)

| x¥Fine o | e - || /Cemene Wi Lopolory [FEJParmeters
| RExrode gloRevolie @5 pep g Skinkoft || WM @ Heud - 8§ Clonier @ils
EladeEditor: filmport BGD

| @rant o

- @

02d BGD [<|Load NDF | S FlowPah 7 Blde of Spliftr —JVistTFExport - ExportPoints MDStageFluidZone &sml Throatires.
\ =l
0 P

=

¢ Line by 2 Tangents
2\, Polylne
(=sPolygon

[ Rectungle
Revtangle by 3 Points
0wl

[4] Pull-down-select
Units/Millimeter.

[7] Click Look At to
look at XYPlane. #

o Cirela

Modify |«

Dimensions

[5] The length unit and the
angle unit are shown here. |

..

[6] Select
Sketching mode.
Model Fiew | Print Preview |
'@ Ready

2.2-3 Draw aTriangle on XYPlane

Sketching Toolboxes

.
[No Seleotion ! Millimeter Degres 9 b

i [3] Click the second point [5] Right-click-select
.\'ITAM nt Line r'oughly here. Before Closed End to close the
. L"mg: 2 Tangents clicking, make sure a V polyline and end the tool. #
ne JIL . .
|f\_1>01ymi = (vertical) appears.
(=4 Polygon : — i
1 Rectangle Zoom to Fit (F7)
¢ “Rectangle by 3 Points [ | ] Select Cursor Mode N
0wl Polyline. i o v .
() Circle - iew
£ ACircl by 3 Tangents : L-"’ (9 Look At
=4 by Tangent o -
4% Arc by 3 Points 7 -} Genersts (F5)
4o Arc by Center _’_,/"‘_
B Ellipse .--""'_'.--A | —
& Spline T
# Constroction Point .’,""
24 Constroction Point at Intersection Q- - L 4 s
Modify - T
Dimensions T
Constraints i e
Eetgpes “‘*-—@ [2] Click roughly here
Sletcling

[4] Click the third point roughly here. Before
clicking, make sure a € (coincident) appears.
Auto Constraints is a useful feature of
DesignModeler (see 2.3-5, page 83).

 —

N

to start a polyline.
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2.2-4 Make the Triangle Regular [2] Click this and the

vertical segments to
make their lengths
equal.

Sketching Toolboxes:

Dracw

Modify H O

Difnetsions o
)

Constraints O |

7 Fixed

== Horizonts]
4] Vertical

~¢ Perpendicular
O\ Tangent [I] From the Constraints
A toolbox, select the Equal

== Mid point
i Symmetry Length tool.

£ Parallel

Coneentric /
O

5 Equal Radius

| o= Equal Length
%Equ.a.l Distance
s Auto Constradnts

Settings [3] Click this and the !
Shewhing [Modelng | vertical segments to
make their lengths

equal. #

2.2-5 2D Graphics Controls

Tools for 2D graphics controls are available in the Display Toolbar [1-9]. Click the tools in [3-5] to switch them
on/off. Feel free to use these tools any time. Try to click each tool now. They don't modify the model. Note that
other ways to Pan, Zoom, and Box Zoom are given in 2.1-7 (page 63) and 2.3-4 (page 82).

[3] When on, Pan allows you to [2] Zoom to Fit [7] Click Next [I] Look At rotates
click-and-drag on the graphic fits the entire sketch View to go to the view so that you
area to move the sketch. in the graphic area. next view. look at the sketch.

\
s b qaamad e[

[5] When on, Zoom allows [4] When on, Box Zoom [6] Click Previous
you to click-and-drag on the allows you to click-and-drag View to go to
graphic area to zoom in/out. a box on the graphic area previous view.
to enlarge that portion of
the graphics.

[8] Click Undo to undo what ) ,
you've just done. Multiple undois ——— 3 Undo (& Redo [?] Click Redo to redo .what.you ve
allowed. This tool is available only in Just und.one. This tool is available
Sketching mode. only in Sketching mode. #
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2.2-6 Specify Dimensions

[4] In Details View, type

(2.1-12[2-3], page 66). #

300 (mm) and 200 (mm) for . A
the dimensions just created. -
- Click Zoom to Fit N
Details View
2.2-5[2],1 .

Sketching Toolboxes Details of Sketchl ( 5[ ] ast Page)

Disw Shetsh Shetoh - K

Modify Sketoh Visibility | Show Sketoh i

Dimensions O - Show Constints? | No
&> General [-|| Diveensions: 2
[ty Horizomtal
T Verticel
@Lewme ............................................ B, ap———
(< Radius
{53 Diameter —
A Bnge . .
7 Semi- Automatic [I] From the Dimension \“\
& it toolbox, select Horizontal. 0 o
HMDVE ‘\&
[ Animate
8 Disply
co ’;m’:m [5] Select Move and move the m

e dimensions to appropriate positions 200 -

Sletehing [Modeling |

T——

2.2-7 Draw an Arc

Sketching Toolboxes

Diraw

O

", Line
6 Tangent Line
6 Ling by 2 Tangents

s
[3] Click the vertex on the left
and the vertical axis, and then
move the mouse downward to
create this dimension. All the
segments turn blue, indicating

they are well defined now. (The
value 200 is typed in step [4].)
-

[3] Click the second point
roughly here. Before clicking,
make sure a € (coincident)

J, Polyline
(=sPolygon

constraint appears.

T Rectangle
Rectangle by 3 Points
42 Owal

(=) Circle

4 ACircle by 3 Tangents
= Arc by Tangent

¢~ 4rc by 3 Pomts

ctaEllipse

= Spline

# Construction Point

Az Constroction Point at Intersectl

Modify

Center.

Dimensions

[42n Arc by Center [y

[1] From the
Draw toolbox,
select Arc by

Constraints
Settings

Shetohing [ Modeling |

S ———

=00 é J

~
[2] Click the vertex on the
left (before clicking, make sure
that the cursor turns to a
point) and the vertical line on
the right, and then move the
mouse downward to create
this dimension. (The value
300 is typed in step [4].)

- J

[2] Click this
vertex as the arc
center. Before

clicking, make sure
a P (point)
constraint appears.

[4] Click the third
point here. Before
clicking, make sure a
C (coincident)
constraint appears. #
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2.2-8 Replicate the Arc

[4] Select this vertex as paste
handle. Before clicking, make
sure a P (point) appears.

bicthns Tooboes
Draw [1] From Modify toolbox,
Modify O select Replicate. Type 120 g
(—Fillet (degrees) for r (rotate). //
¥~ Chamfer Replicate is equivalent to -
= Comer Copy+Paste (2.1-6[2, 5], //i‘,/ [3] Right-click-select
T oot pages 62, 63) el | End/Set Paste
PN 7 Handle.
{>Selit ~ N
Ej D -
4 Cut (Ctil+ ) // O |
Copy (Ctrlt C) 7 .
B8, Poste (Chilt ¥) p——— e
.= Move S End /SetPaste Hendle @
= Repliale 1=[120° (9 112 ey [2] Select End / Use Plane Origin as Handle
Duplicate \\ the arc End / Use Default Paste Handle
:“Off.set ) g Selection Filter 4
5> Spline Edit T~
- ) Tsometric Visw
D . RN 20 Set
Constraints ] \ 0 -

P 200.000 - ‘@l . o .

o k: [8] Selection Filter is
Skething [Modelng] | J also available in the

= -300.000

context menu.

]

> Delete
-/ Generate (F5)

Rotate by -r
Flip Horizontal
Lol [5, 9] Right-click-select
Scale by factor f Rotate by r from the
Scale by factor 14 context menu. : A
Paste at Plane Origin 7
Change Paste Handle P
) e [71 Whenever you have
End « B difficulty making P appear,
Soloation Fi T click Selection Filter:
election Filter 4 T . .
N Points in the toolbar.
@ lo [6] Click this vertex to /" 4 P Selgctlop Filter is also
52 Set ! : — available in the context
< paste the arc. Before L ! H — 8
3" Res  clicking, make sure a P o } : menu, (see [8]).
o g’ ............................................ . ..................... “B—|
@) Zo appears. If you have |
difficulty making P appear, T /
C see [7,8]. gy
Vie e S
#9 Look At by
-/ Generats (F5) \"x
200 i .
i -
=00 J,
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.
H ) /’
P
a</ g |
,:"f- W -l
P /" ) : ———
n—.._\\\.. ...................................... ..: ..................... ——
\\ ) : ]
\"‘-—.,__‘_ ."‘ E . e
S i
o ' \"“"-'-n, [10] Select this vertex
200 \6 to paste the arc.
Before clicking, make
200 sure a P appears.

We chose to manually set the paste handle at a vertex [4] (last page) because we

Rotate by r

Rotate by -r

Flip Horizontal

Flip Vertical

Scale by factor £
Scale by factor 14
Paste at Plane Origin
Change Paste Handle

Selection Fil!/ z 4

[I'1] Right-click-select End in the
context menu to end the
Replicate tool. Alternatively,
press ESC to end the tool. #

View »
7 Look it

-/ Generate (F5)

B ——

want to demonstrate the use of Set Paste Handle [3] (last page). In this case,
select Use Plane Origin as Handle, Rotate by r, and then Paste at Plane
Origin have the same effect (similar to the steps in 2.1-6[4, 7], pages 62, 63).

2.2-9 Trim Away Unwanted Segments

Sketching Toolboxes

-

[ Dree
& Cut (Coh X)
Copy (Ctrl+ C)
[ Paste (Ctrl+ ¥)
o Move

o Replicats
Duplicate

=, Offset

E) Spline Edit

[1] From the
Modify toolbox,
select Trim.

Dimensions v

Constraints

Settings

Sketehing | Modeling |

| —

[2] Turn on Ignore
Axis (2.1-8[2], page 64).

[3] Click to trim away
these 6 segments. #

00 : e
200 i

00 : ,




2.2-10 Impose Constraints

Sketching Toolboxes

Draw
Modify
Dimensions

Constraints O

-

77 Fixed
> Horizontal
4| Vertical
~¢ Perpendicular
N Tangent
4 Coincident
== Mid point
s Symmetry
# Parallel
Concentric
A, Equal Radivs
|,Q/*='Equal Length
p‘.!(iElIUﬂl Distance

[4] Select Symmetry]

75
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[2] Select this segment and
the vertical segment to
make their lengths equal.

[5] Select the
horizontal axis as
the line of

symmetry.

[3] Select this segment and
the vertical segment to
make their lengths equal.

[6] Select the lower
and upper arcs to
make them

symmetric. #

oM Auto Constraints

Settings

Sketching | Modeling |

Length.

[I] From the Constraints
toolbox, select Equal

00 J‘

| — —

Constraint Status

The three straight lines turn blue, indicating th

ey are well-defined, while the three arcs remain greenish-blue, indicating

they are not well-defined yet (under-constrained). Other color codes are: black for fixed, red for over-constrained, and

gray for inconsistency.

2.2-11 Specify Dimension for Side Edges

Sketching Toolboxes

Draw
Modify
Dimensions
|@Gemm]
t Horizontal
[ Vertical
\.i}-Length.‘Dismme
(< Radius
3 Diameter
A Angke
—'/’I Semi- Lutomatic
&, Edit
2] Move
[ &nimate
5 Disly

=

3
\

[I] Select the Dimension
toolbox and leave General
as the default tool.

Constraints
Settings

Sketching [ Modeling |

-

=] Details of Sketchl

| Sketch Sketchl

Sketoh Visitility | Show Sketoh

Show Conshzints? | No

[=]| Dirnensions: 3
° H1 [ 300 wm

H2 [ 200 v
73 [40mm O

|

[3] Type 40 (mm)
for the new
dimension. #

[2] Click the vertical segment and move

0o the mouse rightward to create this

dimension. All the entities turn to blue
now. (The value 40 is typed in [3].)
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2.2-12 Create Offset

Sketching Toolboxes

Draw

Modify QO

| -

[~ Fillet

[ Chamfer
= Comer
- Trm
= Extend
£ Split

4 N

[2] Sweep-select all the segments
(sweep each segment while
holding your left mouse button
down, see 2.1-7[2], page 63).
Sweep-select is also called paint-
select. (Also see [3].)

- /

[ Deg
& Cut (Ctelt 1)

Copy (Ctlt C)
[ Paste (Ctlt V)

[I] From the Modify
toolbox, select Offset.

E::l:: MOVE

o Replicate
Duplicate
==, Offset

" Spline Edit

d

Dimensions

Constraints
Settings

Sketohing | Modeling |

JSelect: ’EW| ] E |
=4 T; Single Select
3 || 4R

[3] Another way to select
multiple entities is to switch
Select Mode to Box Select,
and then left-click-drag a box to
select all entities inside the box.

e

<

[4] Right-click-select End

selection/Place Offset in the

context menu.

[6] Right-click-select
End in the context

Clear Selection
()

selection { Place offset

Selection Filter 4

) Isometric View
1s0

o Set

Tj‘: Restore Default

Zoomn to Fit (F7)

Cursor Mode 4
Tiew 3
09 Look At

X Delete
-/ Generste (F5)

menu, or press ESC, to
close the Offset tool.

[5] Click roughly
here to place
the offset.

Clear Selection

Selection Filter 4

) Tsometric View
:S,;E Set
'3 Restore Default

Zoom to Fit (F7)

H Coursor Mode 4
// e Wine ,
H {9 Look 4t

-/ Generate (F5)
e

200
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]| Details of Sketchl
Modify Sketoh [Sketohl
Dimensions O I; Sketch Visibility | Show Sketch
& General Show Consteaints? | No
[t Horizantal =) Dirensions: 4
v 40 ol T —
o LengthDistance
(B I H2 Q]Jm'm
& [7] From the %. .......... .. 4 30wm O
4/ Dimension —t v 40 e
:I toolbox, select
= Horizontal.
L [9] Type 30 (mm) for
the new dimension.
Cm;t:l:s - [10] If you see something
like this, never mind; there is
Stetching | Modeling | nothing wrong with it. #
o — [8] Create this dimension by

clicking the two arcs on the left and
move downward. Note that all the
entities turn to blue now.

2.2-13 Create Fillets

[2] Click these two segments to
create a fillet. Repeat this step to
create the other two fillets. The
fillets are in greenish-blue color,
indicating they are weakly defined

(see [3]).

-

[I] In the Modify toolbox,
select Fillet. Type 10 (mm)
for Radius. P ‘

Sketching Toolboxes

Draw
Modify

IR
[ Filkt Redivs: |10 mom K §

¢ Chamfer
~; Cormer

+ Trim
— Extend . T P, -
Sl [3] Dimensions [
| Drag specified in a toolbox | O R SN
¥ Cut (Ctrkt ) are "weak," meaning /’ -
B Copy (Ctil+ C) they may be overridden / ~
(8, Paste (Ctit V) . / /
SR by other constraints or /
"= Repliss dimensions (also see d o
Duplae 2.1-11[5], page 66). ~_/
=, Offset o
5 Spline Edit

Dimensions } -
Constraints
Settings
Shetching | Modeling | 200

I ——

et H
300 : |
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ketching Toolhoxes

[5] Click one of the fillets to
create this dimension. This

Draw
Modify
Dimensions
@Gemrﬂl
1 Horizontal
[ Vertical
& LengthDistance
|(\" Radius
eDiameter
A hngle

"strong" one. Now, all the
fillets are blue-colored. #

turns a "weak" dimension to a

7 Semi-Automatic
& Eiit

H Move

[ Animste

4 Dilay

[4] From the
Dimension
toolbox, select
Radius.

Congstradnts
Settings
Sketohing

| w

36

2.2-14 Extrude to Create 3D Solid

5 4 Geometry - Desicni il L2 IROLLLS Extrude.#
File Create Concept /\

300 {

[5] Click Display
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2.2-15 Save the Project and Exit WWorkbench
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Section 2

More Details

2.3-1 DesignModeler GUI

DesignModeler GUI consists of several areas [I-7]. On the top are pull-down menus and toolbars [I]; on the
bottom is a status bar [7]. In-between are several window panes. Separators [8] between window panes can be
dragged to resize the window panes. You even can make a window pane "float" by dragging or double-clicking its title bar.
To return to its original position, simply double-click its title bar again.

Tree Outline [3] shares the same area with Sketching Toolboxes [4]. To switch between Modeling mode
and Sketching mode, simply click a mode tab [2]. Details View [6] shows the detail information of the objects
highlighted in Tree Outline [3] or Graphics Window [5]; the former displays a Model Tree (discussed next
page) while the latter displays the geometric model. Note that we focus on 2D functions of DesignModeler in this
chapter and will discuss 3D functions in Chapter 4.

[I] Pull-down

menus and toolbars. .
[4] Sketching
& A: Geometry - DesignModeler \/ Toolboxes, in
K ¢ Help sketching mode.
[3] Tree Sty B B R@R G- W oW S &R Q @ 5 fa| H
. . =4 .
& Outline, in x - [5] Graphics \/ I
Modeling mode, | = = | 7ot @3 0L [ :
1 g " b Skinloft ‘ B Thinfurface 4 window. | @ Point B Conversion Sketching Toolboxes
BladeEdiior: gglm| ABGD {EjLosd BGD | S, FlowPath 7 Elade o Spliter -V FpOTt - ExportPoints  IOStageFlnidZone gs“mc_-
2 i L - G 8@ *. Line
: G | Greohics N | & Toentlie
=8 A: Geometry 6 Line by 2 Tangents
R Xglz’; u A, Palyling
v ] .
> ZHPlane [ =4Folygon
:E YEZPlane [2] Mode tabs. 1 Rectangle
o Extrodel .
v 3 Sieh:hl ':}Reciangle by 3 Points
Ry Son
@ Solid (= Circle
[8] Separators £4Circle by 3 Tangents
[Ehebline_ biodeling | Q allow you to resize = Arc by Tangent
 Desi T window panes. # ¢+ firc by 3 Points
=) Details of Extrudel 4 Axc by Center
Extrude Eoctrude 1
Geomety | Eketohl CBEU"_WB
Opersticn | 844 Material 7 Spline _ .
Divection Vectr | Noms (NaamaD # Construction Point
Dieotion Morral & Constroction Point at Intersection
Esctent Type Fixed
FDI, Depth GO | 10 mm [6] Details Modify v
A5 Thinuface? | No . Dimensions
Mesge Topolegy? | es View. [7] Status bar. :
= Geometry Selection: 1 Constraints
| Sketoh Shetchl \ [ Settings
Model View | Pant Preview | V ‘
I_a Ready No Selection Shetohing | Modeling
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Model Tree

Tree Outline [3] contains an outline of a model tree, the data structure of the geometric model. Each branch of the
tree is called an object, which may contain one or more objects. At the bottom of the model tree is a part branch, which
is the only object that will be exported to Mechanical for simulations. By right-clicking an object and selecting a tool
from the context menu, you can operate on the object, such as delete, rename, duplicate, etc.

The order of the objects is relevant. DesignModeler renders the geometry according to the order of objects in
the model tree. New objects are normally added one after another. If you want to insert a new object BEFORE an
existing object, right-click the existing object and select Insert/... from the context menu. After insertion,
DesignModeler will re-render the geometry.

2.3-2 Sketching Planes

A sketch must be created on a sketching plane, or simply called a plane; each plane may contain multiple sketches. In the
beginning of a DesignModeler session, three planes are automatically created: XYPlane, YZPlane, and ZXPlane.
The currently active plane is shown on the toolbar [I]. You can create as many new planes as needed [2]. There are
several ways to create a new plane [3]. In this chapter, since we always create sketches on XYPlane, we will not
discuss how to create sketching planes now and will discuss it in Chapter 4.

: 1
[1] Currently |A: Geometry - DesignModele)ill PANI) create: a = Foreeropry .
active plane. [ile Crate Concept Tools Vie new plane, click Flona -
New Plane. [3] There are

Base Plane several ways of

Teansform 1 (RMB) creating a new
Reverse Normal/Z-fods? plane. #
Flip ZY-fixes?

Expout Cocudinate Systern? | Mo

2.3-3 Sketches

A sketch consists of points and edges; edges may be straight lines or curves. Dimensions and constraints may be imposed
on points and edges. As mentioned (2.3-2), multiple sketches may be created on a plane. To create a new sketch on a
plane on which there are yet no sketches, you simply switch to Sketching mode and draw any geometric entities on it.
Later, if you want to add a new sketch on that plane, you have to click New Sketch [I]. Exactly one plane and one
sketch is active at a time [2-5]; newly created points and edges are added to the active sketch, and newly created
sketches are added to the active plane. In this chapter, we almost exclusively work with a single sketch; the only
exception is Section 2.6, in which a second sketch is used (2.6-4[l, 2], page 105). When a new sketch is created, it
becomes the active sketch. More on creating sketches will be discussed in Chapter 4.

[2] Currently [3] Currently active
active plane. sketch.
[1] To create a new sketch
\/ \/ on the active sketching
X¥Flane v 3= | Sketchl - @ plane, click New Sketch.
[4] Active sketching plane [5] Active sketch can be
can be switched using the switched using the pull-down
pull-down list, or by clicking list, or by clicking in Tree
in Tree Outline. Outline. #
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2.3-4 Sketching Toolboxes

When you switch to Sketching mode by clicking a mode tab (2.3-1[2], page 80), you see Sketching Toolboxes
(2.3-1[4], page 80). There are five Sketching Toolboxes: Draw, Modify, Dimensions, Constraints, and
Settings [1-5]. Most of the tools in the toolboxes are self-explained. The best way to learn these tools is to try them
out individually. During the tryout, whenever you want to clean up the graphics window, pull-down-select File/Start
Over. These sketching tools will be explained, starting from 2.3-6 (next page) until the end of this section.

Before we discuss these sketching tools, let's emphasize again some important tips about sketching.

Pan, Zoom, and Box Zoom

Besides Pan tool (2.2-5[3], page 71), a sketch can also be panned by dragging your mouse while holding down both the
control key and the middle mouse button (2.1-7[6], page 63). Besides Zoom tool (2.2-5[5], page 71) a sketch can also
be zoomed infout by simply rolling your mouse wheel (2.1-7[5], page 63); the cursor position is the "zoom center."
Besides Box Zoom tool (2.2-5[4], page 71), box zoom can also be done by dragging a rectangle in the graphics window
using the right mouse button (2.1-7[4], page 63). When you get used to these mouse shortcuts, you usually don't need
Pan, Zoom, and Box Zoom tools (2.2-5[3, 4, 5], page 71).

Context Menu

While most of the operations can be done by commands in pull-down menus or toolbars, many operations either
require or are more efficient using a context menu. The context menu can be popped-up by right-clicking an entity in
the graphics window or an object in the model tree. Try to explore whatever is available in the context menu.

Status Bar

The status bar (2.3-1[7], page 80) contains instructions on each operation. Look at the instructions whenever helpful.
When a draw tool is in use, the coordinates of your mouse pointer are shown in the status bar.

[I] Draw [2] Modify toolbox. ] ]
toolbox. [3] Dimensions
- d\:{ | toolbox. [4] Constraints
odify
toolbox.
LEs . (st v
", Line ¢ Chamfer Dimensions I
# Tangent Line =} Comer | .
« Line by 2 Tangents + Trim [ General Constroints ’
/7, Polyline 7 Eend e = Fized
[sPalyzon <5 Sl I Vertieal = Horizontal
— Rectangle [ Dre «Length/Distance 4| Vertical [5] Settings
3 i & o (e 1) (<" Radivs Perpendicular toolbox. #
¢ “Rectangle by 3 Points &z Copy (Ctl+ C) —— ¢ Perpendic .
00\'&1 [, Paste (Ctrl+ V) e e a\ Tangent
(=) Circle "= Move 4 hngle e Coincident I v
£ACixcle by 3 Tangents = Replicate ¥ Somi-Auiomatic - Midpoint =
—*, Arc by Tangent Duplicate & Edit A Symmetoy . EEats
&% Arc by 3 Points =, Offset H Mu}ra 7 Parallel G“‘_i ; _
= e by Center 2> Spline Edit [ Animate @) Conentric &5 Major Grid Spacing
Ellipse Dimensions | W4 Display 7 Equal Radivs &5 Minor-Steps per Major
D . 1 <5 Snaps per Minor
> Spling = Equal Length
# Constuction Point ggiEqua.l Distance
4% Construction Point at Intersection N Auto Constraints q_'ﬁ




2.3-5 Auto Constraints[Refs |.2]

By default, DesignModeler is in Auto Constraints mode, both globally
and locally. DesignModeler attempts to detect the user's intentions and
tries to automatically impose constraints on sketching entities. The following
cursor symbols indicate the kind of constraints that are applied:

C -The cursor is coincident with a line.
P -The cursor is coincident with a point.
T -The cursor is a tangent point.

| -The cursor is a perpendicular foot.

H -The line is horizontal.

V  -The line is vertical.

/I -The line is parallel to another line.

R -The radius is equal to another radius.

Both Global and Cursor modes are based on all entities of the active plane
(not just the active sketch). The difference is that Cursor mode only
examines the entities nearby the cursor, while Global mode examines all the
entities in the active plane.

2.3-6 Draw Tools[Ref31 )

Line

Draws a line by two clicks.

Tangent Line

Click a point on a curve (e.g, circle, arc, ellipse, or spline) to create a line
tangent to the curve at that point.

Line by 2 Tangents

Click two curves to create a line tangent to these two curves. Click a curve
and a point to create a line tangent to the curve and connecting to the point.

Polyline

A polyline consists of multiple straight lines. A polyline must be completed by
choosing either Open End or Closed End from the context menu [2].

Polygon

Draws a regular polygon. The first click defines the center and the second
click defines the radius of the circumscribing circle.
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Constraints

7 Fixed
— Horizontsl
4| Vertical
~¢ Perpendicular
2 Tangent
e Coincident
== Mid point
S ety
4 Parallel
Concentric
x Equal Radius
> Equal Length

«ZxEqual Distance

[?mﬁ“‘ﬂ Constraints Global: |v Cursor: [v

——

[1] By default,
DesignModeler is in
Auto Constraints
mode, both globally and

locally. #

[I] Draw
toolbox.

V

Draw

*., Line
é,' Tangent Ling
6 Line by 2 Tangents
J, Polyline
(=aPolygon
T Rectangle
s Rectangle by 3 Points
‘{y Oreal
(=) Circle
fi‘j Circle by 3 Tangents
— Arc by Tangent
¢~ Are by 3 Points
am e by Center
¢t Ellipse
> Spline
# Construction Point
4% Constroction Point at Intersection

83



84  Chapter 2 Sketching

Rectangle by 3 Points

The first two points define one side and the third point defines the
other side.

Oval

The first two clicks define two centers, and the third click defines
the radius.

Circle

The first click defines the center, and the second click defines the
radius.

Circle by 3 Tangents

Select three edges (lines or curves) to create a circle tangent to
these three edges.

Arc by Tangent

Click a point (usually an end point) on an edge to create an arc
starting from that point and tangent to that edge; click a second
point to define the other end and the radius of the arc.

Arc by 3 Points

The first two clicks define the two ends of the arc, and the third
click defines a point in-between the ends.

Arc by Center

The first click defines the center, and two additional clicks define
two ends.

Ellipse
The first click defines the center, the second click defines the
major radius, and the third click defines the minor radius.

Spline

A spline is either rigid or flexible. A flexible spline can be edited

or changed by imposing constraints, while a rigid spline cannot.

After defining the last point, you must specify an ending condition
[3]: either open end or closed end; either with fit points or
without fit points.

Construction Point at Intersection

Select two edges, a construction point will be created at the
intersection.

[2] A polyline must be
completed by choosing either
Open End or Closed End

from the context menu.

Y

Open End
Closed End

Back
Selection Filter 4

) Lsometric View

IS0

o Set
3% Restore Default

i

@) Zoom to Fit (F7)

Cursor Mode >
View 4
19 Look At

-/ Generate (F5)

2 OpenEnd

2> Open End with Fit Points

2 Open End with Control Points

2 Open End with Fit and Control Points
¢ Closed End

¢ Closed End with Fit Points

)

J

[3] A spline must be
complete by specifying an
ending condition from
the context menu. #

How to delete edges!?

To delete edges, select them and choose
Delete or Cut from the context menu.
Multiple selection methods (e.g., control-
selection or sweep-selection) can be used to
select edges. To clean up the graphics
window entirely, pull-down-select File/
Start Over. A general way of deleting any
sketching entities (edges, dimensions, or
constraints) is to right-click the entity in
Details View and issue Delete. See
2.3-8[6, 7] (page 88) and 2.3-9[3, 4] (page 89).

How to abort a tool?
Simply press ESC.




2.3-7 Modify Tools[Ref 41 )5

Fillet

Select two edges or a vertex to create a fillet. The radius of the
fillet can be specified in the toolbox [2]. Note that this radius
value is a weak dimension; i.e., it can be changed by other
dimensions or constraints.

Chamfer

Select two edges or a vertex to create an equal-length chamfer.
The sizes of the chamfer can be specified in the toolbox.

Corner

Select two edges, and the edges will be trimmed or extended up to
the intersection point and form a sharp corner. The clicking points
decide which sides to be trimmed.

Trim
Select an edge, and the portion of the edge will be removed up to
its intersection with another edge, axis, or point.

Extend

Select an edge, and the edge will be extended up to an edge or
axis.

Split

This tool splits an edge into several segments depending on the
options from the context menu [3]. Split Edge at Selection:
Click an edge, and the edge will be split at the clicking point. Split
Edges at Point: Click a point, and all the edges passing through
that point will be split at that point. Split Edge at All Points:
Click an edge, the edge will be split at all points on the edge.
Split Edge into n Equal Segments: Click an edge and
specify a value n, and the edge will be split equally into n segments.

Drag

Drags a point or an edge to a new position. All the constraints and
dimensions are preserved.

Copy

Copies the selected entities to a "clipboard." A Paste Handle
must be specified using one of the methods in the context menu
[4]. After completing this tool, Paste tool is automatically
activated.
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[I] Modify
toolbox.

\

Modify

(~ Fillet

{” Chamfer
~; Corner
T Trim

7 Exdend
£ Split

[] Drag

¥ Cut
Copy
[ Paste

o Move
= Replicate
Duplicate
=, Offset
j) Spline Edit

[2] Radii of fillets can be
suggested; it is a "weak"

dimension.
Modify
mt Radivs: [25 mm
{ Chamfer
~} Comer
- Trim

[3] Options of
Split in the
context menu.

v Split Ed ge at Selection
Split Ed ges at Point
Split Ed ge at A11 Points
Split Ed ge into n Equal Segments

[4] Options of
Copy in the
context menu.

Clear Selection v

End / Set Paste Handle
End { Use Plane Origin as Handle
End / Use Defauvlt Paste Handle
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Cut

Similar to Copy, except that the copied entities are removed.

Paste

Pastes the entities in the "clipboard" to the graphics window. The
click defines the point at which the Paste Handle positions.
Many options can be chosen from the context menu [5], where
the rotating angle r and the scaling factor f can be specified in the
toolbox.

Move

Equivalent to a Cut followed by a Paste. (The original is
removed.)

Replicate

Equivalent to a Copy followed by a Paste. (The original is
preserved.)

Duplicate

Similar to Replicate. However, Duplicate copies entities to
the same position in the active plane. Duplicate can be used to
copy features of a solid body or plane boundaries.

Offset

Creates a set of edges that are offset by a distance from an
existing set of edges.

Spline Edit
Used to modify flexible splines. You can insert, delete, drag the fit
points, etc [6]. For details, see the referencelRef4l,

2.3-8 Dimensions Tools[Ref31

General

Allows creation of any of the dimension types, depending on what
edge and context-menu options are selected. If the selected edge
is a straight line, the default dimension is its length [2]. If the
selected edge is a circle or arc, the default dimension is its radius

[3].

[5] Options of
Paste in the
context menu.

/

Rotate by r Degrees

Rotate by -r Degrees
Flip Horizontal

Flip Vertical

Scale by factor f
Scale by factor 14
Paste at Plane Origin
Change Paste Handle

[6] Option of
Spline Edit in the
context menu. #

|

Select New Spline

Re-fit Spline

Create Missing Fit Points
Delete New Fit Points

Create Mising Control Points

Dirag Fit Point
Drag Control Point

Insert Fit Point
Delete Fit Point

T —

[I] Dimension
toolbox.

\/

Dimensions

|@Gemml

e+ Horizontal

[ Vertical
‘.P;ALengWDistame
{< Radivs
pDinmeter

A hngke
-fISenﬁ—.ﬁ.utnmaﬁc
& Edit

[ Move

[ Animate

93 Display




Horizontal

Select two points to specify a horizontal dimension. If you select an edge
(instead of a point), the end point near the click will be picked.

Vertical

Similar to Horizontal.

Length/Distance

Select two points to specify a distance dimension. You also can select a point
and a line to specify the distance between the point and the line.

Radius

Select a circle or arc to specify a radius dimension. If you select an ellipse, the
major (or minor) radius will be specified.

Diameter

Select a circle or arc to specify a diameter dimension.

Angle

Select two lines to specify an angle. By varying the selection order and location,
you can control which angle you are dimensioning. The end of the lines that you
select will be the direction of the hands, and the angle is measured
counterclockwise from the first selected hand to the second. Before you click
to locate the dimension, if the angle is not what you want, repeatedly choose
Alternate Angle from the context menu until a correct angle is selected [4].

Semi-Automatic

This tool displays a series of dimensions automatically to help you fully
dimension the sketch.

Edit

Click a dimension and this tool allows you to change its name or values.

Move

Click a dimension and move it to a new position.

Animate

Click a dimension to show the animated effects.

Display
Allows you to decide whether to display dimension names, values, or both. In

this book, we always choose to display dimension values [5] rather than
dimension names.
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[2] Options of
General in the
context menu if you
select a line.

V

= Horizontal
I[ Vertical
& Length/Distance
A Angle
Select Padr

[3] Options of General
in the context menu if
you select a circle or arc.

|

f(_\ Radivs
{ e Diameter
Select Padr

[4] Repeatedly choose
Alternate Angle from
the context menu until the

correct angle is selected.

V

| bemate angle

Do Not Move with geometry
Edit Name/Value

Dimensions

& General

1 Horizontal

[ Vertical

o Length/Distance
(< Radius
3 Diameter

A gl
#F Semi-Automatic
&, Edit

=] Move

Animate

T Dy

Name: [~ Value: v

[5] In this book, we

always display
dimension values.
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How to delete dimensions?

To delete a dimension, select the dimension in Details
View, and choose Delete from the context menu [6]. You
can delete ALL dimensions by right-clicking Dimensions
in Details View [7].

2.3-9 Constraints ToolsRef €] p;

Fixed

Applies on an edge to make it fully constrained if Fix Endpoints is
selected [2]. If Fix Endpoints is not selected, then the edge's
endpoints can be changed, but not the edge's position and slope.

Horizontal

Applies to a line to make it horizontal.

Vertical

Applies to a line to make it vertical.

Perpendicular

Applies to two edges to make them perpendicular to each other.

Tangent

Applies to two edges, one of which must be a curve, to make them
tangent to each other.

Coincident

Select two points to make them coincident. Or, select a point and

an edge to make the edge or its extension pass through the point.

There are other possibilities, depending on how you select the
entities.

Midpoint
Select a line and a point to make the midpoint of the line coincide
with the point.

Symmetry

Select a line or an axis, as the line of symmetry, and then select two
entities to make them symmetric about the line of symmetry.

=] Details of Sketchl

-] Dimensions: §

Sketch Sketchl
Sketch Visibility | Show Sketch
Hhow Constraints? | No

[7] You can delete
all dimensions by
right-clicking
Dimensions. #

H1 300 mm

[6] You can delete a
dimension by right-clicking
it in Details View.

[I] Constraints
toolbox.

|

Constradnts

7 Fixed

= Horizontal

4| Vertical

+¢ Perpendicular
o\ Tangent

e Cotncident

=-= Midpoint

o Symmetey

4 Paralle]l
Concentric

#, Equal Radius
+2Equal Length
%Equ&l Distance
i Avto Constraints

[2] If Fix Endpoints
is selected, the edge will
be fully constrained.

|

Constraints
[ Foed Fix Endpomts v
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Parallel

Applies to two lines to make them parallel to each other.

Concentric

Applies to two curves, which may be circle, arc, or ellipse, to make their centers coincident.

Equal Radius

Applies to two curves, which must be circle or arc, to make their radii equal.

Equal Length

Applies to two lines to make their lengths equal.

Equal Distance

Applies to two distances to make them equal. A distance can be defined by selecting two points, two parallel lines, or
one point and one line.

Auto Constraints
Allows you to turn on/off Auto Constraints (2.3-5, page 83).

How to delete constraints?

By default, constraints are not displayed in Details View. To display constraints, select Yes for Show
Constraints? in Details View [3]. To delete a constraint, right-click the constraint and issue Delete [4].

ST | (3] Select Yes for

=) Details of Sketchl | Show Constraints?
Sketch Sketchl in Details View.
Shetch Viability Showr Sketch
Show Constaints? Tes
-|| Dimensions: 5
H1 300 v
H2 200 rrin
H4 30 vrim
RS 10 vom
Vi 40 vrirn
=|| Bdges: 12
—|| Line La?
Vertical s Line Vhsds
Coincident Point Crl0 Centex
Coincident
Equal Length '/'ff (Grenerate
Equal Length 3
Cofncident Base Paint | Point Crl2Base [4] Right-click a constraint
Coincident: End Point Point Cr10 End and issue Delete. #
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2.3-10 Settings Tools[Ref 71 )y

Settings
Grid Grid .
r o i Spocing [I] Settings
& Minor-Steps per Major toolbox.

Allows you to turn on/off grid visibility and snap

55 Snaps per Minor

capability [2, 3]. The grid is not required to enable

snapping.
[3] Check here
. . . to t
Major Grid Spacing 2] Chse;k here to wrn OS::;fn
Allows you to specify Major Grip Spacing [4, 5] if on Show in ZD.

Show in 2D is turned on.

| Fom Show 2D [ Swp. [ |

Minor-Steps per Major

Allows you to specify Minor-Steps per Major [6, 7]
if Show in 2D is turned on.

[4] If Show in 2D is turned
on, specify Major Grid
Spacing here.

Snaps per Minor !

Allows you to specify Snaps per Minor [8] if Snap is 5 Major Grid Spacing 10 o
turned on.

[6] If Show in 2D is turned
on, specify Minor-Steps
per Major here.

[5] Major Grid
Spacing = 10 mm.

e \/ oy Minor-Steps per Major |2

L

40 mm /\ [8] If Spap is turned on,
[7] Minor=-Steps specify Shaps per
per Major = 2. Minor here. #
/*’_’_’__H?—‘ — 1 ] . | \/
|5 Snaps per Minor 1

References
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Section 24

M20x2.5 Threaded Bolt

2.4-1 About the M20x2.5 Threaded Bolt[Refs | 2]

In this section, we'll create a sketch, revolving the sketch 360° to generate a 3D solid body, a body representing a portion
of an M20x2.5 threaded bolt [1-6]. We will use this sketch in Section 3.2 again to generate a 2D solid body, which is then

used for a static structural simulation.

[3] Major
diameter
d =20 mm.

[6] Calculation
of detail sizes. #

[2] Metric
system.

[4] Pitch
p=2.5mm.

H=(3/2)p=2.165 mm
d =d—(5/8)Hx2=17.294 mm

H

[5] Thread
| d standards in
metric system.

27.5

IIxp

Internal
threads
(nut)

[1]1 The threaded
bolt created in this

. Minor diameter of internal thread d
exercise. !

Major diameter d
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2.4-2 Draw a Horizontal Line -

Launch Workbench and create a Geometry system.
Save the project as Threads. Start up DesignModeler.
Select Millimeter as the length unit.

On XYPIlane, draw a horizontal line. Specify the
dimensions (8.647 mm and 27.5 mm) as shown [I].

[I] Draw a
horizontal line
with dimensions
like this. #

2.4-3 Draw a Polyline

Draw a polyline of 3 segments and specify dimensions (30°, 60°, 60°, 0.54] mm, and 2.165 mm) as shown [I-2]. To specify
angle dimensions, please see Angle, 2.3-8, page 87.

[1] This is the line ™ =~ 0.541
drawn in 2.4-2[I].

|

. |
e 30.00°
I / g
T
e \
~. .
A 60.00
/'/ “‘
7
T L
A/'-/
u( /.»/ g
f o - [2] Draw a polyline of
B0 "m f<\ 3 segments. #
! \x"-
L T



2.4-4 Draw Fillets

Draw a vertical line and specify its position [1].

Create a fillet and specify its position [2-3].

[2] Create a fillet (also
see [3]) and specify its
position (0.541 mm).

0.541 —

§
!
\}' oo°

2.4-5 Trim Away Unwanted Segments

0.541 —

60.00°
\

[1] Trim away these
three segments.

3
\ N )
30 !,IU ey

60.00°
;

Section 24 M20x2.5 Threaded Bolt

-
[I] Draw a vertical
line and specify its

position (0.271 mm).

60.00°
{

—.271

[3] Before creating fillets,
specify an approximate
radius value, say 0.5 mm.#

Modify -

}Ir—Fﬂlet

Radius: @

0.541 —

\
|

g0.00°
;

[2] The sketch after
trimming. #

93
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2.4-6 Replicate 10 Times

3.647

Select the Replicate tool and select all segments except the
horizontal line (totaling 4 segments), and replicate 10 times. Set
the Paste Handle as shown [1]. You may need to use
Selection Filter: Points [2] (also see 2.2-8[7-8], page 73).

0.541 =

%

-]
h “".

= 1
. .
<30 [’n 1 B0.00°

ol J
o
IE'"-».,
2] Selecti [I] Set Paste A
election Handle at this i3
. . K
Filter: Points. # E E -:l . ‘ point (also see [2]). 3
P
-3
B
{27500 i
2.4-7 Complete the Sketch *
L
Follow steps [1-5] to complete the sketch. }E
3
|
gl E
0.541 A '}
B
“30.d0° 60.00° ‘. ...... . S— EP—ceeainee '.F}[’ ..................................
. 5 LSg
3 d
[2] Draw this vertican\ P
line, which passes — ﬁ:
through the origin.J/ A
>
3
5

[1] Create this
segment, using
Replicate.

[5] Draw this
horizontal line. #

[4] Draw this vertical

[3] Specify
this dimension
(4.5 mm).

4.500

line. You may need to
trim away extra length
later after the next step.
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2.4-8 Revolve to Create 3D Solid

Click Revolve to generate a solid of revolution. Select the Y-
axis as the axis of revolution [I]. Remember to click Generate.

Save the project and exit from Workbench. We will
resume this project in Section 3.2.

ﬁRevolve

P

[=]| Details of Revolvel

Revalve Revaolvel

Geornetor Bketchl

fods 2D Edge o

Opesstion 244 Materisl

Dhection NMoomel
FOL fncle ) s [17 Select the Y-axis as the Axis

::;M"ﬁm e of revolution. (Make sure you
xge Topology? Ves

correctly select the Y-axis.)

=] Geomety Selection: 1
Sketch [ Eheteht
T— ——
References

I. Zahavi, E., The Finite Element Method in Machine Design, Prentice-Hall, 1992; Chapter 7. Threaded Fasteners.
2. Deutschman,A. D, Michels,W.]., and Wilson, C. E., Machine Design:Theory and Practice, Macmillan Publishing Co., Inc.,
1975; Section 16-6. Standard Screw Threads.
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Section 2.5

Spur Gears

Subsections 2.5-1 and 2.5-2 detail the geometry of the spur gear used in this section. If you are not interested in these
geometric details for now, you may skip them and jump directly to 2.5-3 (page 98).

2.5-1 About the Spur Gears[Refs I.2]

The figure below shows a pair of identical spur gears in mesh [1-4]. Spur gears have their teeth cut parallel to the axis of
the shaft on which the gears are mounted, transmitting power between the parallel shafts. To maintain a constant angular
velocity ratio, two meshing gears must satisfy a fundamental law of gearing: the shape of the teeth must be such that the
common normal [8] at the point of contact between two teeth must always pass through a fixed point on the line of
centers[Ref 11 [5]. This fixed point is called the pitch point [6].

The angle between the line of action [8] and the common tangent of the pitch circles [7] is known as the pressure
angle. The parameters defining a spur gear are its pitch radius (r, = 2.5 in) [3], pressure angle (& = 20°) [8], and number
of teeth (N = 20). The teeth are cut with a radius of addendum r, = 2.75 in [9] and a radius of dedendum rq = 2.2 in [10].
The shaft has a radius of 1.25 in [11]. All fillets have a radius of 0.1 in [12]. The thickness of the gear is 1.0 in.

[11The driving
gear, rotating
clockwise.

[8] Line of action (common
normal of contacting gears).
The pressure angle oc = 20°.

[2] The driven gear,
rotating counter-
clockwise.

[4] Pitch circle of the
driving gear.

[3] Pitch circle

6] Contact point
rp=2.5in. Le] P

(pitch point).

[9] Addendum “ :
ra=275in.
, 0/

[10] Dedendum ""

[7] Common tangent of
the pitch circles.

[I'1] The shaft has a
radius of 1.25 in.

[12] Al fillets has a

ra=22in.
radius of 0.1 in. #
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2.5-2 About Involute Curves(Refs 1-2]

To satisfy the fundamental law of gearing, gear profiles are usually cut to an involute curve [1], which may be constructed
by wrapping a string (BA) around a base circle [2], and then tracing the path (A-P-F) of a point (A) on the string.

Given the gear's pitch radius r, and pressure angle ¢, we can calculated the coordinates of each point on the involute
curve. For example, let's calculate the polar coordinates (r,0) of an arbitrary point A [3] on the involute curve. Note
that BA and CP are tangent lines of the base circle, and F is a foot of perpendicular.

4] Contact point P
[I7 Involute [ . ;
[3]An curve (pitch point).
Since APF is an involute curve and arbitrary

BCDEF is the base circle, by the definition Pﬁl:\:oT:tzhe A [5] Li ¢

. ine o
of involute curve, curve. {

(0

—

BA = BCDEF 0 .
CP = CDEF ?)
In AOCP, D E QIF [6] Common
- a 3 tangent of
T =1, €OS 3) ¢ AR pitch circles.
In AOBA, ; ’
r
r= b (4) B b a
Or, cosg " [7] Line of centers; the length
r OP is the pitch radius rp. #
¢ =cos ' (5) ¢ 0 i
r
[2] Base circle.
0]
To calculate 6, we notice that
DE = BCDEF — BCD — EF
Dividing the equation with r. and using Eq. (1),
rb rb rb rb
If radian is used, then the above equation can be written as
0= (ang)—-¢ -6 (6)
The last term 6 is the angle ZEOF, which can be calculated by dividing Eq. (2) with r,
CP _ CDEF
—= ,ortana = +6,or
rb rb
6, = (tanax) — o (7)

We'll show how to calculate polar coordinates (r,0) using Egs. (3-7). The polar coordinates then can be easily
transformed to rectangular coordinates, using O as origin and OP as y-axis,

X =—rsinf, y =rcosf ®)
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Numerical Calculations of Coordinates

In our case, the pitch radius r= 2.5 in, and pressure angle @ = 20°; from Egs. (3) and (7) respectively,

r. =2.5co0s20° = 2.349232 in

0

0

20
6= an20" .

7 = 0.01490438 (rad)

The table below lists the calculated coordinates. The values in the first column (r) are chosen such that, except the pitch
point (r = 2.5 in), the intermediate points are at the quarter points betweenr, (r = 2.349232 in) and r (r = 2.75 in). Also
note that, when using Egs. (6) and (7), radians are used as the unit of angles; in the table below, however, degrees are used.

r 1) 0 x =—rsinf y =rcosf
in. Eq. (5), degrees | Eq.(6), degrees in. in.
2.349232 0.000000 -0.853958 -0.03501 2.3490
2449424 16.444249 -0.387049 -0.01655 24494
2.500000 20.000000 0.000000 0.00000 2.5000
2.54%616 22.86748I 0.442933 0.01971 2.5495
2.649808 27.555054 1.487291 0.06878 2.6489
2.750000 31.321258 2.690287 0.12908 2.7470
2.5-3 Draw an Involute Curve [2] Re-fit spline. #
reate Missing Fit Points
Delete New Fit Points

Launch Workbench. Create a Geometry system.
Save the project as Gear. Start up DesignModeler.
Select Inch as the length unit. Start to draw sketch on
the XYPlane.

In the Draw toolbox, select Construction Point,
draw 6 points and specify dimensions as shown. Note
that the vertical dimensions are measured from the X-
axis and the pitch point [1] is coincident with the Y-axis.

Connect these six points using the Spline tool in
the Draw toolbox, leave Flexible option on, and finish
the spline with Open End.

It is equally good that you draw the spline
by using the Spline tool directly without
first creating construction points. Select
Open End with Fit Points from the

0.12905
context menu at the end of the Spline

0065875

Create Missing Control Points

S ——

[1] The pitch point
is on the Y-axis.

| 2 RARG
} 2 B489

2.5495

tool. After dimensioning each point, use
the Spline Edit tool to edit the spline 0.01371
and select Re-fit Spline [2] from the
context menu to smooth out the spline.




2.5-4 Draw Circles

Draw three circles using the Circle tool in the
Draw toolbox [I-3]. Let the addendum circle
"snap" to the outermost construction point [3].
Specify radii for the shaft circle (1.25 in) and
the dedendum circle (2.2 in).

[2] Dedendum
circle.

[1]1 The shaft
circle.

2.5-5 Complete the Tooth Profile

Draw a line from the lowest construction point to the
dedendum circle, and make it perpendicular to the
dedendum circle by using the Perpendicular tool in
the Constraints toolbox [I-3]. When drawing the
line, avoid a V auto-constraint (since this line is NOT
vertical). Draw a fillet [4] of radius 0.1 in to complete
the profile of a tooth.

Sometimes, turning off Display Plane may be
helpful to work on the graphics window [5]. In
this case, all the dimensions referring to the

plane axes disappear.

[5] Turn off Display
Plane to clear up the
graphics window. #
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[3] Let the addendum circle
"snap" to the outermost
construction point. #

y
[1]The lowest q
construction point. Y
b
\
\ [4] Draw a
[3] Make this line fillet of radius
perpendicular to the 0.1'in.
dedendum circle.
[2] The

dedendum circle.
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2.5-6 Replicate the Profile

Select the Replicate tool, type 9 (degrees)

for r. Select the profile (3 segments), End/ e
Use Plane Origin as Handle, Flip —_— \

Horizontal, Rotate by r,and Paste at / ', [2] Pitch
Plane Origin [1]. End Replicate tool by fﬂ \ point. #

pressing ESC.

Note that the gear has 20 teeth, each
spanning |8 degrees. The angle between the / b
two pitch points is 9 degrees. .

[1] Replicated
profile.

2.5-7 Replicate the Tooth 19 Times

Click Replicate tool again, type 18
(degrees) for r. Select both left and

S
right profiles (6 segments), End/ 'Tf ! ‘;‘} ﬁi; ( ﬁ‘ “"«h__‘&
Use Plane Origin as Handle, g | '“Eji7 8 ,E__H £|_ I .
Rotate by r,and Paste at q( - . j;,,—f Nﬂ“‘{ JIRN .
Plane Origin. Repeat the last two VAR 7” “\iﬁ,.f*"-h
steps (rotate and paste) until /,rf__n_\ ;ﬂ’ N,
completing a full circle (totaling 20 AN q? I N\
teeth). /e Y,

- j
&,H \ . L Pp;.sﬁ ,,7!
i {;\ " P S fm /
=Y ~— 1B LN/

! Hj AN Lo N
\ AN L
N/ . A T
S g 7 /

o B F ;\ S Y (}/ R2.2
R Fo AR "L e
- e
| e SN
~ T—Be————— ~
L f g % \ ‘L L
K\ _‘f I"'
\"'-\. ‘J." \‘ I| o

- ’ by ‘\' = o~
—L N L
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2.5-8 Trim Away Unwanted Segments

Trim away unwanted segments in the
addendum circle and the dedendum g
circle, as shown.

2.5-9 Extrude to Create 3D Solid

Extrude the sketch 1.0 inch to create a 3D solid. Save the
project and exit from Workbench. We will resume this
project again in Section 3.4.

It is equally good that you create a single tooth (a 3D solid
body) and then duplicate it by using Create/Pattern in the
Modeling mode. In this exercise, however, we use
Replicate in Sketching mode because our purpose in this
chapter is to practice sketching techniques.

References
I.  Deutschman,A. D., Michels,W.].,and Wilson, C. E., Machine Design:Theory and Practice, Macmillan Publishing Co., Inc.,

1975; Chapter 10. Spur Gears.
2. Zahavi, E., The Finite Element Method in Machine Design, Prentice-Hall, 1992; Chapter 9. Spur Gears.
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Section 2.6

Microgripper

2.6-1 About the MicrogripperReft I.2]

The microgripper is made of a polymer material, actuated by a shape memory alloy (SMA) actuator [I-3], its motion
caused by temperature change, the temperature in turn controlled by electric current. In the lab, the microgripper is

tested by gripping a steel bead of a diameter of 30 micrometers [4].
In this section, we will create a solid model for the microgripper. The model will be used for simulation in Section

13.3 to assess the gripping forces on the bead under the actuation of the SMA actuator.

2 i [17 Gripping 4 £ 1§ ° X | [2]Actuation

direction. direction.
D30 H*—n

Unit: um
Thickness: 300 um o
o
[3] SMA
actuator.
=)
¥
- 1
[
o
S
¥
[4] Steel =
bead.

480

| | P——




2.6-2 Create Half of the Model

Launch Workbench. Create 2 Geometry system. Save the project

as Microgripper. Start up DesignModeler. Select Micrometer

as the length unit.

Draw a sketch on XYPlane [I]. Trim away unwanted segments [2].
Note that we drew half of the model, due to the symmetry. Extrude the
sketch 150 um both sides symmetrically (total depth is 300 um) [3]. We

now have a half of the gripper [4].

16—

10—t

(=]
3%}

i‘ﬂ—"rdB—ﬁ-

[2] After
trimming.

140
o (=
o 400

Exttent Type
FDI, Depth G-0) | 150 [e)

As ThinfSwface? No

Merge Topology? Tes

r_‘

[3] Extrude
both sides
symmetrically.
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[1] Before
trimming.

ba—F—

fatat
oo

1403

[4] A Half of the
model. #
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2.6-3 Mirror Copy the Solid Body

([3] Click this yellow area
to bring up the Apply/
Cancel buttons.

Create Concept Tools Units Vi
P Wew Plane

[@ Extrude

* Revolve

s Sweep

§ SkinLoft
B ThinSurface

@ Fixed Radius Blend [2] In the graphics

. . window, select the solid
e body and click Apply.

< Vertex Blend
S IO
Pattern [=|| Detaals of Micoxl
ﬁ Body Operation I ol
jas?

Body Transformation ,..! Move Foeserve Bodies? | Yes

‘ Boolean D Translate -
i B Bicdies 1

B Slice &l Rotate

Delete 4 rn| — T——
& Point ! [4] In Tree Outline,

Primitives y select YZPlane and click

Apply.
[1] Pull-down-select Create/

—————

Body Transformation/
Mirror.

H ‘.,,? (renerate O

—

[5] Click
Generate. #
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2.6-4 Create the Bead

[I] Select

XYPlane.
Create a new sketch on XYPIlane as shown in [I,2] and

draw a semicircle as shown in [3-6]. Revolve the sketch
360° about the Y-axis to create the bead [7]. Note that the
two bodies are treated as two parts [8]. Rename the two
bodies as Gripper and Bead respectively [9].

[3] The semicircle can be v?
created by creating a full [6] Impose a Tangent + Sketchi
circle and then trimming it constraint between the o8 Shetehz
using the axis. semicircleandthe | v ¥ ZXPlane
sloping line. | v 3= TZPlane
= @ Extrudel
4 ¢’ Sketchl
[4] Close the sketch by |  %¥—_ | =~ “» A Mirrorl
drawing a vertical line. =, @8 Revolvel

[7] Revolve about the Y-axis
to create the steel bead.
[5] Specify the radius [9] Right-click to rename
(15 um). each body like this. #

*Revolve

e

[8] The two bodies
are treated as two
parts (see [9]).

Wrap Up
Close DesignModeler, save the project and exit
Workbench. We will resume this project in Section 13.3.

References

I. ChangR.], Lin,Y.C, Shiu, C. C,, and Hsieh,Y.T,, “Development of SMA-Actuated Microgripper in Micro Assembly
Applications,” IECON, IEEE, Taiwan, 2007.
2. Shih, PW, Applications of SMA on Driving Micro-gripper, MS Thesis, NCKU, ME, Taiwan, 2005.
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Section 2.7

Review

2.7-1 Keywords

Choose a letter for each keyword from the list of descriptions

I. () Auto Constraints 8. ( ) Object

2. () Branch 9. () Paste Handle
3. () Constraint Status 10.( ) Sketching Mode
4. () Context Menu I1.( ) Sketching Plane
5. ( ) Edge 12.( ) Sketch

6. () Modeling Mode 13.( ) Selection Filter
7. () Model Tree

Answers:

(] ) 2(G) 3 (M) 4 (1 ) 5.(D) 6 (B ) 7. (F ) 8 (H)
9. (L) T10.(A) IL.(C) I2(E ) I3.(K)

List of Descriptions

( A') An environment under DesignModeler, its function to draw sketches on a plane.
( B ) An environment under DesignModeler, its function to create 3D or 2D bodies.

( € ) The plane on which a sketch is created. Each sketch must be associated with a plane; each plane may have
multiple sketches on it. Usage of planes is not limited for storing sketches.

(D) In Sketching mode, an edge may be a (straight) line or a curve. A curve may be a circle, ellipse, arc, or spline.
( E ) A sketch consists of points and edges. Dimensions and constraints may be imposed on these entities.
( F ) A model tree is the structured representation of a gecometry and displayed on Tree Outline in

DesignModeler. A model tree consists of features and a part branch, in which their order is important. The parts are
the only objects exported to Mechanical.
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( G) Abranch is an object of a model tree and consists of one or more objects under itself.

( H) Aleaf or branch of a model tree is called an object.

(1 ) The menu that pops up when you right-click your mouse. The contents of the menu depend on what you click.
(] ) While drawing in Sketching mode, by default, DesignModeler attempts to detect the user's intentions and
tries to automatically impose constraints on points or edges. Detection is performed over entities on the active plane,
not just active sketch. Auto Constraints can be switched on/off in the Constraints toolbox.

( K) A selection filter filters one type of geometric entities. When a selection filter is turned on/off, the corresponding
type of entities become selectable/unselectable. In Sketching mode, there are two selection filters, namely points and

edges filters. Along with these two filters, face and body selection filters are available in Modeling mode.

(L) A reference point used in a copy/paste operation. The point is defined during copying and will coincide with a
specified location when pasting.

( M) In Sketching mode, entities are color coded to indicate their constraint status: greenish-blue for under-
constrained; blue and black for well constrained (i.e., fixed in the space); red for over-constrained; gray for inconsistent.

2.7-2 Additional Workbench Exercises

Create Models with Your Own Way

After so many exercises, you should be able to figure out many alternative ways of creating the geometric models in this
chapter. Try to re-create the models in this chapter using your own way.





