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Chapter 2

Sketching

A complex 3D geometry can be viewed as a series of adding/removing material of 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, 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 were 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 V

,//7
W16x50 Beam
2.1-1 About the W16x50 Beam L
In this section, we will create aW16x50 [|-4] steel beam.The beam HE.BBO "
has a a length of 10 ft. ——
628"
. [2] Nominal
[1]Wideflange | | gepeh 16in. | | [3weight 50 Ibife. [4] W16x50 :
|-shape section. cross section. # 9
W16x50
R.375"
2.1-2 Start Up DesignModeler
x

Iy

Welcome to ANSYS Workbench!

If youre new to ANSYS Workbench, we strongly encourage
you fo take just a few minutes to view some tutorials.

If you prefer to get started immediately:
1. Select your desired analysis system from the Toolbox (at

left), drag it into the Project Schematic (at right), and drop it
inside the highlighted rectangle.

2. Right-click on the Geometry cell to create a new geometry or
[I] Double click to import existing geometry.

launch the 3. Continue working through the system from top to bottom.
Workbench. Right-click and select Edit on a cell to start the appropriate
application and define the details for that part of the analysis.

-/

I~ ishow Getting Started Message at Startup

[2] If a Getting Started message window
appears, uncheck this box so that it won't

; [3] Click OK to
appears again at startup.

dismiss the window.




[4] Workbench
GUL

f4Y Unsaved Project - Workbench

4 N
[6] Click the plus
sign (+) to expand

Component
Systems. The
plus sign becomes a

minus sign.

- %

|8 anclysis Systers

¥4 DesignAssessment
B Eigenvalue Buckling
[®) Electric

¥ Exlicit Dynamics
& Fluid Flow (CFX)
B Fluid Flow (Fluent)
[ HarmonicResponse
&4 1 Engine

(] Magnetostatic

B Modal

iy Random Vibration
fifli ResponseSpectnum
& Rigid Dynamics
& Static Structural
) Steady-Stete Thermal
[} Thermal-Electric
[l Transient Structural
R Transient Thermal

B, Turbomachinery Fluid Flow
>@MDUFEMS\‘SIW

Autodyn

4 BladeGen

@) CFx

& Engineering Data

External Data

@ Bxternal Model

@ FiniteElementModeler

Fluent

B2 Fluent (with Fluent Meshing)

GUL

[9] DesignModeler

[@@ Geometry
4 1CEMCFD
I\ Mechanical APDL

[#

|

View All / Customize... |

@ Ready
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[5] Project —

- A
: - Geometry cell to start
Seamey up DesignModeler,

> File View Tools Units Extensions Help SChematlc Wlndow' |
| if ) mmport. . nect (7] Refresh Project ./ Update Project
E} ARl Project Schematic a2 x

[8] Double-click

the geometry editor.

[7] Double-click

Geometry to create a
system in Project

Sc

hematic window.

iz 1Show Progress | ( @ Show 0 Messages

AHE[@[ D1 e
| - W- £+ A~ A- Ceatimeter
TVPlase SN Millimeter
Micrometer

B Extrude *Reval\te &

| BladeEditor: @dlmport BGD |,

Foot

N

RRRR v E%|(SeQRAQEAAQRE e (M
B W [E5|Parameters
Hagiicls @ Clend » % Chanfer @Sl .‘ @Poim B Comversion

Bhde o Splitter ﬁVist:TFExparl - ExportPoints WWStageFluidZone o SectorCut W Throathrea @ CAD Import ~ qﬁ?mfexemes

| FEE S = (FE  Lagp Mol Somun -
U a
=6 A Geometry I e
v,;f-. X¥Plane Radian
5h ZXPlane
/P YZPlane Model Tolerance
&@ 0 Parts, 0 Bodizs
[10] Pull-down-select Units/Inch as
length unit. You can change the units
anytime, as often as you want.
Sketohing  Medaling | | K
S :
Y [11]The units
displays here.#
[12] There are two modes in '
DesignModeler: Modeling )\‘
mode and Sketching mode. The o o L0 i) z x
Modeling is the default mode. # e o |
Mol View | Pint Fuview | / N\
& Ready Mo Selection Inch Degree o o
e y

Two Types of Textboxes

In this book, a round-cornered textbox [I, 2, 3, 6,7, 8, 10] is used to indicate that mouse or keyboard ACTIONS are
needed in that step. A sharp-cornered textbox [4,5,9, | |, 12] is used for commentary only; no mouse or keyboard

actions are needed in that step.
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2.1-3 Draw a Rectangle on XYPlane

O7 A: Geometry - DesignModeler il =101 x|
Jﬁle Create Concept Tools Umis View Help

| aHB ]| omt Gro s L p@h@ e [ AE|Ssaaa@aaRalses [m
B0 A S S e A AT

| P < o |t 1= “ /Genmh w .l’mmeim

J F.wulv: B Sweep ‘SlunfLuft “ B e @ ~ % Chamier “ @SPoit B Converio

J

J

BladeEditor: ﬁgm\&mn ELosd BOD | = FlowPath ,/E]ade o Splitter jgvmmw “ ExportPoints EMStageFloidZone o SectorCot o Throatirss ¥ CAD Import = | (0 Preferences
1= | = BT

-
=
= Linz
é’ Tangent Line
¢ Lot s [3] The Workbench uses
A Poby .
Sroivgm [I1Current sketching red, green, and blue arrows
B e s plane is displayed here. | : to indicate X,Y,and Z
0 - XYPlane is the i directions respectively.
T default sketching plane. T
Constraduts
A | 5 s
q
[2] Click /L-
SketChlng mOde' 0.000 3.500 ?.E:EID(in) 7 X
1.750 5.250
|M=1er Pnt Preview
L #1 oo [No Seleoton [lnch Degree b
[7] As soon as you begin to draw, a sketch, —

its name Sketch| by default, is created
on the sketching plane.

BFiA: Geometry - DesignModeler =10i%|
JH]B Create Concept Took Unils w  Help P

| E 6] O Gl [[siet % - [mE T WO [0 8] S+QRRQMAC LW+ @[@)

| M- 8- £~ A A A~ N A 7 N
| ¥Flane <k men O - 8 | ijGenemh s o [ElPammets \
I [RExtrode  gliRevolve @pSweep 4§ SkinLoft | W Th %> > % Chamfer Wl H SPoint 5 Con ’\
| BladeEditor: #dllmport B6D  {EfLoad BGD | 2 FlowPath r;fm,da o Splitier :dVlﬁaTFEx;urt .\ ExportPoints  EMStgeFloidZone gl SectorCut ;i,T}uu&tAnI \ycminmn | 5 Proferences
IFP‘"%E 5| = -
[4] Click Look At so that
\ Loe you look at XYPlane, the
6‘ Tangent Line .
& Lins by 2 Tangants sketching plane.
J, Folyline
{ =4Polygon
[aRectugle Auio-Fillt |
O Rectngle w;rm@&
ol [6] Draw a rectangle
Modify |- hly like this by clicki
T roughly like this by clicking
e R B T T a corner and then dragging
M [5] Click to the diagonally opposite
S el Rectangle tool. corner.
Details Ve
)| Details of Sketoh1
Sketch ETT C
Sketch Visibility | Show Shetoh ¥
Show Constints? | N
= | Bdges: 4 ) @
Lie L7 §
Line L I 0,000 3400 7.000 (in)
Lo 2 1750 ]
Line Ll
Micdel View | Fiint Freview
| @ Rectangle - Click, or Press and Hold, for first cormer of rectangle |No Selsction lnch Degree i3 2a ,
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-

[12] Right-click anywhere
on the graphic window to

Selection Filter

@ Select new symmetry axis

open the context menu, " e
File Create Concept Tools Units View Help IS0
o =] Py - Set

@] O G [smal% 5 [mmm e W w] S+ aad and choose Select new e

W0 4 fo e fio Ao A symmetry axis. - Restore Default
| x¥Flane + 3k | Sl -8 || g ZoomTDFil(F?)
| WRExtode  @aRevolve @pSweep §SkinLoft || | 8 Click the oint . |

BladeEditor {@Impot BGD (EfLosd BED | = FlowPal Cons!:tlaints toolbox. [ WOStgeFlnidZone o SechorCut . Thmatires  @WFCAD Import » | 0 Cursor Mode

View

| B 2 = CEE|
E

smm We want to impose
Draw : % Look At
— symmetry constraints. :
Dimensions T x Delete
Come O ] 2] e —O -/ Generate (F5)
77 Fired
it [10] Click
‘ertic:
¢ Perpendiular Symmetry tool.
& Tangent |
3+ Coincident
== Midpoint
Seftings (\- \ /O -
Slstohing | Modeling | / %) C
Devds
Detale of Shetekl__ / [13] Click the
e horizontal axis
s [9] If‘the Sxmmetry and then the two e h
= tool is not visible, C|I.Ck hori aal li [| |] Click the vertical
I to scroll down until orizontal fines - 3 7500 i) :
o the tool to make them 1.750 : 5250 axis and then the two
= youseethe tool symmetric about vertical lines to make
T . H
@ Symmetry - Select fsst point or 2D Ed ge for symmetry co the horizontal = them S)’mn"!etrlC a}bout
axis. the vertical axis.

\ ) N )

[20] Click Zoom to Fit. #

=101x|

OFA: Geometry - DesignModeler
| File Create Comcept Tools Units View Help

| Al ] ]| DUste @reio |||
M- W~ g fr S S S A

| Z¥Plane - | Skl = || JGenemie WP Topclipy  [FE]Peremeters

| [@Extrode  GfaRevolve @ Sweep ‘Skmlbﬂitf . & Slin @Point B Conversion

| BladeEditor;: fImportBGD {Elload BGD | 2B [|4] CI|Ck the port - ExporfPoints MOStageFluidZone o SectorCut (& Thoatfrea @ CAD Import = | <40 Preferences

J 15 | | Dimensions [ v & @

B 3 toolbox.
0O0IDOX /

R O " EEE A IO

%0 [slm

r T
= K1

Draw

H ﬁ*j

Modify
Dimensions Oﬁ O S
: —

o+ LengthDistance
((“Rnrlius .
Py — [15] General is the

L default tool. again to create HI.

i ~ o
[16] Click this line, move the
mouse upward, then click

#f Semi-Automatic s
Constraints - (D\’

Settings

=1 Details of Sketchl
Sketch Shetohl
Shetoh Visttility | Show Sheteh

™~ again to create V2.
-

) . [17] Click this line, move the
= =] mouse rightward, then click

Showr Constisints? | No

[19] In Details

[ e

=/ Dimensions: 2
Hi 700 m

[ =~ | View, type 7.07
et (in) for HI and
[ |uss s 16.25 (in) for V2.

@ Generel — Select point or 2D Edge for dimension or wse RP_

W= —t

~

No Selection

C— defined (fixed).

. " (7 [18] All the lines turn to blue color.
Colors are used to indicate
constraint status. The blue color
means the geometric entities are well-
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2.1-4 Set Up Sketching Options

[5] Click
Display.

= : [3] By default,
i A: Geometry - DesignModelex . .
| Fls Crok Conopt Tock Ui |View Hop DesignModeler displays

| )l Bl @ | ©Uso (| v Shaded Extiorend Bdges Tl Eeseaaamaoxal] dimension names. Let's switch
| M- W e A S A St e to display dimension values.
J X¥Plane = 5| Skwhl TP R Tripol [2%] Paramsters
| M MRFevoive. Wpsueg — & Chenfer @slce || Point B)Conmon
| BladsEditor &g lmport BGD Lm"’ ;"’f“dummy Popliter - JVisIFEsport - ExportPoints  I0StageFluidZone /&,jmwma ¥ CADImport » | ) Prefersnces
———————— 0 jomts
| o bk £ i | Tcuismmm@mnn sl '_ el
2k Display Edge Disctin [ ee—— *
Draw Display Vertices o . L
Modify Cross Section Solids | : |
Dimensions = ——
(Feneral I
‘g}lnﬁzmﬂm |
[ Vertical
4 LengthDistance
((‘Radius
Diameter

o [I1The |‘~uler takfas space
FSemi-hutomatic : b and is sometimes

Constrat : . .

— [2] Pull-down-select : annoying. Let's turn it off.

o View/Ruler to | "

= turn off the ruler.

| Detailef et For the rest of the
Sketoh Sketchl
Setoh Vislaly | Shov Shetoh book, we leave the ¥

Show Constiaints? | Ho

=/ Dimmensions: 2 ruler off. *
HL 707 ¥
/ 5.000 ‘

m 1625 in 0.00 10.000 (in)
=) Edges: 4 J 1
— T 2566 7-50) =~
L Lk — 4
Tine T8 L] | Mo Vi [ Print Paviaw |
| &9 General - Select point or 2D Edge for dimension or use RME for options Mo Selection Inch Degree o a v
S — T
) A: Geometry - DesignModeler =131

| Bils Creste Concept Took Units View Help

| HE @ Dise @reto s[4y - [ M R W& | EH[|[SE QAR Q|40 0

| B~ W~ £~ fi- S~ A= A AT

| XTFlane v 3| Seen - ¥ || 2/ Gonemie @i Tom [E5] Perameters

| EEstde giRevolve QpSweep §Skinboft || WM wiiis G bld o & Chane @ik || @Pont 2D Cowen

| BladeEditor: (fimport B3D f2Losd BGD | 22 Flowiy- - fem=gart '\ Exportfoins E0StgeFluidZone o SectorCut | Thiosifea ¥ CAD Import » | /) Prefereaces

ol [6] Click Name |2

y

| IR S = (R

4
to turn it off. -C: E> i
Value | { =
automatically '
turns on. [7] Now dimension values
i are displayed in place of
B names. For the rest of the
98 Disly Vo, T Y, : book, we always display
/Ocmk ) ﬁ : dimension values. In steps
IM ) [ [8-12] (next page), we'll set
Vo 2 Value as the default
B e m Dimension Display.
]azh:thhi]ity? Show Sketch —ﬁ
e [4] If the .
e Display tool is i X
g - || not visible, click t
s i3 < |uw| toscrollall the ;
| @ Display - Set dimension display options way down to the [No Selection [fnsh Degree [ T
bottom.

R — T



O A: Geometry - DesignModelex i

| File Croate Concept | Tools Unit: View Help
I H B & G =
| W~ - A~ - U
| R¥Flne o) 0 Hored Sele
| BExmis gReval —
| BlsdeEditor. FifiTmport &~
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=131

C BEEE | EE|SSCAAQEAQE M ke 0

berate @ hars Toy

Do [EE|Parameters
fun/Fuface Qe Blend » % Chamfer @Slce

I @Fomt 2 Cowveron

/Blde of Spliter Vit TFExport - EoportPoints MESteeFlidZons o SectorCut (o Thioathren ¥ CAD lmpont - | ) Prefersnses

Sketoling Anslysis Tools

= | Details of Sketeh  £2) Farmeters

|Sketeh Shets

Sketoh Visitility

Show

Tm il
w2 =
= Bdgas: 4
Line |17
Line

ad e

f——F07

| —

Shore Constsinis? | No 4 Upgrade Feature Version.

Model View | Prnt Preview

| @ Displsy - Set dimension display options No Selection [tnch Degree b,
O ptis X
[8] Pull-down-select — - .
Tools/Options... G % Do S S
@ Geometry =) Sketching . -
> Graphics Glotel Auto Constraints =
Y Miscellaneons Churser At Constisints On
% Sketching Value [e] =
% Toolbars = Common Grid Defaults
o> Units Show Gad (in 2D Display Mode) | Mo
o ﬁ“"’:ﬁﬂi‘;l;]]"’t Snp to Gad (while v Sletehing) | No Al
M:zhmg Apply Gud Defanls 1o Avtive Flane | No ~
({3 FE Modeler (5| Gid Defavlts (Metexs) [10] Select Value as the
Mindvrum fszes Length 35 . .
T - default leensmn
Mince-Steps per Major 5 Dlspla.y.
. Gnd Snaps per Minoy 1
[9] Select Sketching. | | i Contimeros
Mindrruwm Axes Length 35
Major Gad Specing
Minor-Steps per Major 5
| Lad Qoore e Wlancn 1 :I
Reset (o) ] coa | Hb |

-y EEE—

[11] Click OK to dismiss the
Options window. Click Yes to
confirm the changes. #

Background Color

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 want to change it to white, pull-down-select Tools/Options in Workbench
GUI (not DesignModeler GUI; see 2.1-2[4], page 57) and click Appearance.
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2.1-5 Draw a Polyline

| Fle Creste Comsept Took Usits View Help

=

T R®

on the graphic window

=

~ ?? Closd End

[7] Right-click anywhere

Back

Selection Filter »

| 45 Prefers;

o Tsometric View
52 Set
33 Restore Default

Zoom to Fit (F7)

Cursor Mode »
Fiew 3
P9 Look At

-/ Generate (F5)

o —

[4] Click the second point
roughly here. Before

clicking, make sure a € and
an H (horizontal) appear.

BT, e L mEEec  m A S
|m- m [1] Select to open the context
e | menu, and select Open
| B=nay Draw toolbox. End to end the
| BladeEdior\_ N
‘ Polyline tool. #
- [2] Select
S | Polyline tool. i
# Tangent Line . ——
# Line by 3 Tangents T
[ 7, Poline O
(=3 Polygon Y
[ Rectungle L
Res
g
[3] Click roughly here to start a
polyline. Before clicking, make
sure a € (coincident) appears.
Sketohing
N
= Details of Sketoh1 N
Bletch Blhetchl
St vy vt | [6] Click the fourth point
a7 rogghly here. Before (9 ©
w  uza | clicking, make sure an H -
N and a C appear.
Line La#
Tine 129 [ bodel View [Tt Peview |

9 Folyline — Click for start of palyline

No Selection

Inch

2.1-6 Copy the Polyline

[5] Click the third point roughly
here. Before clicking, make sure

a V (vertical) appears.

OHA: Geometry - DesignModeler . . i
AR r— [4] Right-click anywhere on | :;”jzeh;’mﬂmb
| Fik eat onge] ool it ew  Hel . o . A 1 ot Paste
& L@H Dtno @retn |[Sest[ty Ty [ m T [ & [ W W] S 4 & the graphlc WIndOW, and @ End / Use Plane Origin as Handle
| M- M- fe A A A S A select End/Use Plane T
| x¥Plae * S| Skethl v ¥ || /Generte Wil Topoosy  [FE]Parameters . e
| REstde gRRevols @oSveep G Ski \1 ®i- || @2 Orlgm as Handle. Selection Filter »
JE':E;“ Eﬁ’@“{“i’f @L‘*ﬂ Ad| [1] Select the ’:ﬂ"‘; o Py ———
. — J Modify toolbox. - 150 o
= wf
Y 137 Restore Default
— f—FF——— B
— e M ] Zoom to Fit (F7)
[ —x
P~ Chemfer =
o [2] Select the gwm X
- Trm 18N
?\fﬁm Copy tool. ; #9 Look At
] Dmg
% Cu o < Delete
B Copy (T C) =
Pm [l 18] 0O 155 7 Generate (F5)
Dimensions
Constants [3] Select the three
Settings newly created
Setcling [Modeling | by clicki
Do Vi segments by clicking
) Details of Sketwad one after another. v
Sleteh Sleetohl / H
Sketch Visibility | Show Sketoh H &
Show Constaints? | No J C L—- X
= Dirnensions: 2
Hi 707m N
v2 1625 in
= Edges: 7 -
Tia [ L] | Mode1 Vi [Peint Peview |
@ Copy (Ctrkt C) - Seleot 2D Pomts or Edges [No Selection [Inch Degree o 0
N




Sketching Toolboxes

Diraw
Modify
[ Fillet
[~ Chamfer . .
= Cormer [5] The active tool is
- Trim automatically switched
T Extend
¢3S from Copy to Paste.
] Dree
33 Cut (Ctel+ X)
Copy (Ctcht )
EPasie T+ V) r=[c0" =2
EIIlE: MDVE
Dimensions -
Constraints
Settings
Shetohing | Modeling |

[8] Right-click-select End to end
Paste tool. An alternative way
(2 more convenient way) is to

press ESC to end a tool. #

Rotate by r
Rotate by -r

Flip Vertical

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

End
Cut {Ctelt X)
Copy (Ct+ C)

(u]
(i Restore Defanlt

@) Zoom to Fit (F7)

Curszor Mode
View
(9 Look At

-/ Generate (F5)

O—
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[6] Right-click-select
Flip Horizontal.

at Plane Origin.

<[[7] Right-click-select Paste

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

[I7 Click: add/remove a
sketching entity to/from
the selection set. (Press

ESC to deselect all.)

[6] Middle-click-drag: rotate.
Shift-middle-click-drag: zoom.

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.

Control-middle-click-drag: pan. #

[5] Scroll-wheel:
zoom in/out.

[2] Click-Sweep:
continuous selection.

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

[3] Right-click: open
context menu.
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ing

2.1-8 Trim Away Unwanted Segments

ching Toolboxes

[] Drag
4 Cut (Ctr X)

Tenore Am@

[2] Turn on Ignore Axis.
Without turning it on, the
axes would act as trimming
tools, which is not desirable
in this case.

Copy (Ctrlt C)
[ Paste (Ctelt )
o Move

o Replicate
Duplicate

[1] Select Trim tool
from the Modify

toolbox.

= Offset
? Spline Edit

Dimensions

Constraints

Settings

Sketohing | Modeling |

[3] Click this
segment.

2.1-9 Impose Symmetry Constraints

Sketching Toolboxes

Drraw
Modify

Dimensions

Constraints

77 Fixed

= Horzontal

4| Vertical

~¢ Perpendicular
o Teangent

4 Coincident

Q -]
\

[4] And click
this segment. #

[I] Select
Constraints
toolbox.

== Mid point

s Symmetry

/» Parallel
Concentric

% Equal Radins
«~ Equal Length
é}Equ&l Distance
faud Ao Constraints

Settings

[2] Select
Symmetry.

Sketohing | Modeling |

|

[3] Click the horizontal axis and
then two horizontal segments on

both sides as shown to make

them symm

etric about the

horizontal axis.

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

Select new symmetry axiz @

Selection Filter 4

) Tsometric View
IS0

o Set

:j‘: Restore Default

@) Zoom to Fit (F7)

Cursor Mode 4
View »
(19 Look 4t
X Delete

-/ Generste (F5)

[5] Click the vertical axis and then two
vertical segments on both sides as shown to
make them symmetric about the vertical axis.

Although they seem already symmetric

before we impose this constraint, but the
symmetry is "weak" and may be overridden
by other constraints. Now, the symmetry is
"strong" and cannot be overridden. #
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2.1-10 Specify Dimensions

Draw toolbox.
Modify

| Dimensions 1=

|@General .

S el j [2] General is the default tool.
[ Vertical

g}Lengﬂu‘Disbame

(C‘Radius
?EEM [5] Select Horizontal. ]
7 Semi-Automatic

Shetching T8 [1] Select Dimensions]

Sketch Visibility | Show Sketch
Show Constsints? | No

—|| Dimnensions: 4 E
H [707m :
T H4 R o A B Y AR A P

vvgz [16.25 in [4] In Details View,

s O<jtype 0.628 (in) for V3.

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

horizontal dimension (H4).

& Edit
HMove
Egm]:w [3] Click this vertical segment
Ry RN
and move leftward to create a
Constraints = dimension (in details view, the
Settings name isV3). |
Sketohing | Modeling | -‘ U" -
(1) i ]
T N :
0.628
-] Details of Sketchl | [7] In Details View, O
Skeich B type 0.38 (in) for H4. ﬁ
1

)

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

—f —

ing Toolboxes !
Draw 0628
Modify A
Fillet Radivs: [0.375in
Ehamfex [I] Select Modify
= Comer toolbox.
+ Trim
— Extend
£ Split [2] Select
£ Drse Fillet tool. [3] Type 0.375 (in) for
g Cut (Ctrlt X) Radius.
Copy (Ctelt C)
[ Paste (Ctilt )
E::IE:‘ Muve
o Replicate
Dophioate [4] Click these two
= gf::: o segments to create a
2 Spline Edd fillet. Repeat this step
Dtistisiiris 7 for the other three
Constreints concave corners.
Settings
Shetching | Modeling

TR—

[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). VWe
could specify a Radius
dimension (selecting from
Dimensions toolbox)
to turn the fillets blue.
However, we decide to

: ignore the color. We
O want to demonstrate that
i an under-constrained
sketch can still be used.
Remember, however, it is

2.1-12 Move Dimensions

OfA: Geometry - DesignModeler
| File Create Comeept Tools Units ¥iew Help

a good practice to make
all entities blue-colored. #

=1oix|

JaHE @ e Gri |[setfn & T EW v | En|SAQRQEQA R E |10 [

|- M- £ A~ fo- A S A

| XVPlane o T - 8 || ek Wi Tl
| @Estrode  @Revalve @pSwesp §Skinfoft || W Thiniodoe @l -

[EE|Parameters
% Chamfer @pSle

!7 @Poit B Comversion

| BlodeEditor: i@ImportBGD {EjLosd BGD | = FlowPath 7 Blade o Splitr —JVistaTFExport ' ExportPoints EMStageFluidZone o SectorCut & Throathres % CAD Import » | <7 Preferences

i k| =il

I

Draw
Modify
Dimenstons

& Genenl |

e m@

7

[3] Click a dimension

et Horizontal
[ Vertical

- Length/Distnce
(< Radins

3 Diemeter

A Ange
FESemi-Antomatic
& Edit

@ Mave

[ Animate

[1] Select \
Dimensions D62
toolbox.

value and move it to a
more appropriate
position as you like.
Repeat this for other
dimensions. #

S Deply

Constraints -
Settings

Sketching [Modeling |
&
-] Details of Sketol -
| Sketeh [Satedt |
|Sketch Visibility | Show Sketoh
| how Constisints? | No

= Dimensions: 4

[2] Select Move.

-

y—— i — |

RELEY

{=l

E:

Modal View [ Puint Previaw |

| @@ Move - Select dimension to move

o Selection

T ea—
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2.1-13 Generate 3D Solid Body

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

—rsm—cmu—cmm—m—nq TEW HEIp
[ W &[] O \lv o |[sdee 5 Tor] |\/4’f ER[SeARaEACE E e 0
|- 8- 4 A 4 A-VA-fo
S| T oo | e [ oot [ patameters
hmﬂa

|.le;wlu @ Sveen  §Skinloft || (@ ThiwSoface @ Blend ~ @ Chamfer @ Slice H @Fomt E) Conversion

ElsdeEditor: £ Tmy ZjLosd BGD |3Finwl'aﬂ1 o Blade o Spliter  —JVistaTFEsport '~ ExporiPoints  MOStsgeFluidZone ol SecorCut 1 Throathres . .
J - g P Jueifmen B [1] Click the little cyan

BE S = The BN R h h .
e . sphere to rotate the view
@ & [4] Click Extrude. 7 to an isometric view, which
3 ZEPhne { r S . . .

N [ A is a convenient 3D view.
4 Extrude] ! g
L0 Pty D B [5] DesignModeler : r| \
switches to Modeling =
mode automatically.
¥
[6] Click Apply. By | ™ L
default, the active . ;,/ T .

Geome! Shetohl O——
O]maﬁ:yr\ 434 Material ] Sketch (Sketchl [3])
B e e el is selected as 16.05

ﬁ
T Geometry. R Y
e = O ’ ,L
I ~

As ThinSurface? Ho
Merge Topalegy? | Yes

= ¥ ion: 1

Sketoh [Sheteht | T

[7] Type 120 (in) for

"7 Extrude Creation - Click the Generate button 1o co . Tnch Degree (T R
Depth. [2] The view rotates
to an isometric view.

Ot A: Geometry - DesignModeler =10l x|
| Fie Create Comcept Took Units View Help 7\ 7\

| E @] Dme G skl & BERERR ¢ L8| SeaQaQ@Ea e s itk /0

(B 0 £ fo S A S AT Vaud I~

| XFlare v 3| Swon - #4 || et @@Shar Topology [FF]Parometers

| [RExtrude *Revnlva s Sweep askmfi,nft J\ -ThmpSudace @ Blend ~ 4 Chamfer QS}M “ B Conversion
| BladeFditor: ﬁ{mmaan .LcdeGD |3F1nwhm galm o Spliter :JvaFEmn "~ Expg DS iageFluidZone Qs;:mcm .s-numm; ’CADImpurt

e i : e [9] Click Display
< Plane to turn off
the display of
sketching plane.

[10] Click Zoom to
Fit. Feel free to use =5
this tool any time. ‘ '

N

9 Sketeh
=M@ 1 Part, | Bady
. @ Solid

ShebIE Modelng
Dewﬂs View ks
=I Details of Extrudel
Esttude Esttrade 1
Georehy Sketehl
Opesation A3 Material
Diiection Vestor Heme Moerral)
Diection | Nemmal
Esdent Type Fixed

FDI, Deph 0) | 12010
b ThnSubsee? | No
Mexge Topalogy? | Yes

G Selection- 1 \

L L _ [11] Click all plus signs (+) to
Ml Vo Pt ey expand the model tree and |_
browse its structure. #

| @ Ready
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2.1-14 Save Project and Exit Workbench

File Create Concept Tools Units View Help
Q Refresh Input

| Start Over (Ctek D) File View Tools Units Extensions Help
| % Load DesignModeler Database... (Ctik O} ] New Ctrl+N
|| Save Project (Ctr+ ) % Open... Ctri+0
= Export. A Save Ctrl+s
] Attach t Active CAD Geometry 3 (R
g] Irmport Extermnal Geometry File...
& Import Shaft Geometry... f Ld Save to Repository
% Wte Script: Sketch(es) of Active Plane JJ LA o ey
nite Script: es) of Active .
) [1] Pull-down-select File/ end Changes to Repositc
% Run Script .
Close DesignModeler. Get Changes from Reposito
a :_‘ e Ref
[Lq.ﬂmm-m\reﬂow O T Thoryiers ;
Restore Auto-save File L4 ~ 3 :
SRS [2] C|iCk save 44 Register Session with Repository...
. ¢ Launch EXM Web Client...
Project and type et
— W16x50 as project dl Import...
name. & archive...
B8 Restore Archive...
1Y W16x50 - Wo/zbench Scripting »
Units  Extensions Help ) | = w
Bt -r_] Export Report...
ccornect ) RefreshProject ./ Update Project
) Project Schematic
B Analysis Systems =
4 Design Assessment
B3 Eigenvalue Buckling = A
(8] Electric Ml Geometry —
¥ BwlidtDynamics 2 @ Geometry v 4
(& Fluid Flow (CFX) .
(6 Fluid Flow (Fluent) Geomelry
@ HarmonicResponse
&4 1cngine [3] Pull-down-select
g i File/EXit to exit
Hi§ Random Vibration Workbench.
filj Response Spectnum
ked Rigid Dynamics
ke Static Structural
8 steady-State Thermal
() Thermal-Electric
[ Transient Structural
® Transient Thermal
[ Turbomachinery FluidFlow
E Component Systems
@ Autodyn
i BladeGen |
@) CFX
& EngineeringData
External Data
@@ Bxernal Model
(i@ Finite ElementModeler
Fluent
Fluent (with Fluent Meshing)
@ Geometry
# ICEM CFD
I\ Wechanical apDL I |
l T view All { Customize |
@ Ready ==+ 1Show Progress i ¥ Show 0 Messages | .:
—— —

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 [I, 2], its thickness 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

[I1 Double-click to
launch
Workbench.

[3] Tensile forces are
applied on the three
side faces. #

Section 22 Triangular Plate 69

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

30 mm

300 mm

40 mm

[1]1The plate has
‘—— three planes of
X symmetry.

fi) Unsaved Project - Workbench

Fle View Tools Units Extensions

Help

_]l_jlz‘lﬂl Project

Jadvwor.. |

onnec g Refresh Project ~ Update Project

i Analysis Systems
‘E] Component Systems

>~ Q0 X

@ Autodyn

#4 BladeGen

@ crx

& Engineering Data

@ External Data

@ External Model

(@@ Finite ElementModeler
Fluent

Fluent (with Fluent Meshing)
@ Geometry

4 ICEM CFD

A Mechanical APDL

@5 Mechanical Moddl

@ Mesh

o

Project Sch

B

N
g
I b

v

S
@ Geometry 2
Geometry

[3] Double-click to start
up DesignModeler.

-
1
2

[2] Double-click to create a
Geometry system

| @1-206.7]page 57).
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B =lolx|

Ot A: Geometry - DesignModziex
}Fi]c Creste  Concept Toolf Units Yiew Help
|4 B | || Dom—erie |
W - £ fi- A A~
} X¥Flane v 3| Ma < %8 || zZGeneree WPihuce Topolog
| BEsmde ghRovole QoSvoep Blond ~ 4 Clanfer @9Sice || @ Point B Conversio

| BladeEditor: Slmpart BGD  ¢2fLoad BGD ElowPath 7 Blade o Splitter —JVistaTFExport ' ExporfPoints  MOStgeFinidZone  # SectorCnt 4 Thmatﬂmj

LS ( 5k - | D

/TN
- E|SeQAamMAc s uiesn)

Parameters n

@ CAD Import ~ | /) Prefersnces

|

Draw

=, Line
Tangent Line

¥ Line by 2 Tangents [4] |n DeSignMOdeler, [7] CIICk Loo‘( At to

J\, Polyline
B pull-down-select Units/ look at XYPlane. #

gkemnghbymmn Millimeter as length unit.

Owal

(= Circle

44 Circle by 3 Tangents

= Arc by Tangent
Modity 1 || o

Dimensions
Comstraints

N e

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

[6] Select \1 - ’ v
SketChing mOde'J — |Nio Selection I Ml Degree Iﬂ i} 4

2.2-3 Draw aTriangle on XYPlane Open End

Closed End
Back / \
Sketching Toolboxes
Draw = [3] Click the second point [5] Right-click-select
T
s roughly here. Before Closed End to close the
& Lios 71 Teugeat ( er%c"cal) o oar polyline and end the tool. #
|f\_ TPolyline \ ! PP .
(=sFolyzon 3
Dy Rechingh (@), Zoom to Fit (F7)
¢ “ARectangle by 3 Points [I] From Draw : g Ere Mo N
&¥0vil toolbox, select T - "
(& ate Polyline. k =
Qle& by 3 Tangents | 1 ‘ﬁ Look &t
== Are by Tangent ,
¢ e by 3 Points T -/ Generate (F5)
o Arc by Center - :
¢t Ellips
> Spling

% Construction Point
¥ Construction Point at Intersection

Modity - T

Dimensions ~—
Constraints P
Settiges ~@ [2] Click roughly here
Sleiing [4] Click the third point roughly here. Before : to starta polyline.
w1 clicking, make sure a € (coincident) appears.

Auto Constraints is a useful feature of
DesignModeler (see 2.3-5, page 83).

-




2.2-4 Make the Triangle Regular

Sketching Toolboxes.
Draw
Modify
Dimensions
Constramts O
77> Fixed
= Horizontal

4| Vertical

¢ Perpendicular
O\ Tangent

e Coincident
== Midpoint

A Symmetry

/4 Parallel

[I] From Constraints
toolbox, select Equal
Length tool.

Concentric

“; Equal Radivs

| ,@;Equ.sl Length
(E)Equ&l Distance
Ao Auto Constraints

Settings
Shetching | Modeling |

2.2-5 2D Graphics Controls

Section 22 Triangular Plate

[2] Click this and the
vertical segments to
make their lengths

equal.
O
O
[3] Click this and the J

vertical segments to
make their lengths
equal. #

71

Tools for 2D graphics controls are available in the Display Toolbar [1-9]. Click 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, a

better way for Pan, Zoom, and Box Zoom is using mouse shortcuts, given in 2.1-7 (page 63) and 2.3-4 (page 82).

[3] When on, Pan allows you to
click-and-drag on the graphic
area to move the sketch.

[2] Zoom to Fit
fits the entire sketch
in the graphic area.

S EA R e EQCE ]
i

[5] When on, Zoom allows
you to click-and-drag upward/
downward on the graphic area

to zoom in/out.

[7] Click Next
View to go to
next view.

[I] Look At rotates
the view so that you
look at the sketch.

V
.

[4] When on, Box Zoom
allows you to click-and-drag
a box on the graphic area
to enlarge that portion of
the graphics.

[6] Click Previous
View to go to
previous view.

[8] Click Undo to undo what
you've just done. Multiple undo is
allowed. This tool is available only in
Sketching mode.

———4)Undo (& Redo

[9] Click Redo to redo what you've
just undone. This tool is available
only in Sketching mode. #
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2.2-6 Specify Dimensions

Sketching Toolboxes [/ Details of Sketchl
Diatw Shetch | Sketoh1
Modify 7 Sketch Visibility | Show Sketch
Dimensions O = Show Constsints? | No
&Gemml [=| Dimsensions: 2 )
[t Horizonial Hi [300 v
1] Vertical — Fwm O
«~LengthDistence
(< Radius
Diameter j— —
A
22 Soat et [1] From Dimension ]
& Edit toolbox, select Horizontal.
2] Move

Constraints

[ Animate
99 Displey

Settings

Sketching | Modeling

[5] Select Move and move the
dimensions to appropriate positions

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

[4] In Details View, type

300 (mm) and 200 (mm) for : A
the dimensions just created. e
Click Zoom to Fit i
(2.2-5[2], last page). /}(
@ ....................................... .. ..................... ——
o) o)

/

-

[3] Click the vertex on the left

~

2.2-7 Draw an Arc

Sketching Toolboxes

Drravw

O

., Line
é' Tangent Line

{§ Line by 2 Tangents
J, Polyline

[ =iPolygon
DRech&ngle

¢ ARectangle by 3 Points
42 Oval

@ Circle

A ACircle by 3 Tangents
—yAre by Tangent

and the vertical axis, and then

create this dimension. All the
segments turn blue, indicating

value 200 is typed in step [4].)
\_

move the mouse downward to

they are well defined now. (The

[3] Click the second point

roughly here. Before clicking,

make sure a € (coincident)
constraint appears.

¢~ Axc by 3 Points } H
|m Arc by Center m‘j;{/.... ....................................... B,
33 Ellipse ‘ \“\ :
> Spline ““\
% Construction Point \\“\«
A4 Constroction Point at Intersecti [ | ] From Draw . :
_ toolbox, select ~ i
Modify Arc by Center.
Dimensions - H
Constraints 5\\“
Settings .
200 i S

Sketohing | Modeling |

=00

[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].)

[2] Click this

\_ J
\4

i
) = center. Before
T \ clicking, make sure
7 N a P (point)
T &7"“6 constraint appears.

ertex as the arc

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




2.2-8 Replicate the Arc

Section 22 Triangular Plate

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

73

Sketching Toolboxes

[IT From Modify toolbox,

Draw
Modity O select Replicate. Type 120 gé
(—Fille (degrees) for r (rotate). e
¥ Chamter Replicate is equivalent to -
=} Comer Copy+Paste (2.1-6[2, 5], /ﬂ’ [3] Right-click-select
i pages 62, 63) P End/Set Paste
T Extend e \
£ Spiit S \. Handle.
] Drag -~
¥ CutCtlt 1) // O
Copy (Ctl+ C) - -
[, Paste (Ctkt ) s # p—— Clear Selection
& Move \\\ - End /Set Paste Handle @
& Replioat t=[120° (3 192 [2] Select End / Use Plane Origin as Handle
Duplicate the arc End / Use Defanlt Past: Handle
=, Offset ] Selection Filts 3
» Spline Bdit N | setection Fiter
ha ) Isometric View
B . - '\\\ I1s0
Dﬂzemnns [~ ~ .;;; iet
T ~ o S
: 200.000 T ,:éi .
Rt e [8] Selection
Shetehing | Modeling | J Filter is also
S i available in the
] context menu.
X Dekk
-/ Generate (F5)

Rotate by -r
Flip Horizontal —
Flip Vertica [5, 9] Right-click-select i oIl
Scale by factor £ Rotate by r from the
Scale by factor 1/ context menu. : -
Paste at Plane Origin 7 J \
Change Paste Handle i
) e [71Whenever you have
End a;f" difficulty making P appear,
Selection Filter » PN click Selection Filter:
~ et i Points in the toolbar.
@ i [6] Click this vertex to /(,, \ - Selgctlop Filter is also
IS0 oy | — available in the context
=t~ »€l|  paste the arc. Before - ‘ — menu, (see [8])
3. Resl clicking, make sure a P >@D< .............................. } .......... B —] ’ '
@) Zo appears. If you have |
difficulty making P appear, T / :
C see [7,8]. S
Vie ) ./
P9 Look At u“\
-/ Generste (F5) M“‘.x
e
- 200 . .
.
- 500 c
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. -
L
H ) ,__r.-'
. i—”
f-‘-/"’ ') £ TT——
m\ ...................................... .. ..................... p——
M‘“\. ) 1
H?___ - .“‘ E __‘_.,:"'/
|
U
- : K‘xﬂ [10] Select this vertex
. 200 - ~a to paste the arc.
\?) Before clicking, make
. =00 = sure a P appears.

We chose to manually set the paste handle at a vertex [4] because we want to
demonstrate the use of Set Paste Handle [3]. Actually, in this case, select Use
Plane Origin as Handle, Rotate by r, and then Paste at Plane Origin
may be more convenient (similar to the steps in 2.1-6, pages 62, 63).

2.2-9 Trim Away Unwanted Segments

Sketching Toolboxes

Draw
Modify A

[~ Fillet
[~ Chamfer
= Comer

[ Trim
7 Exttend
£ Split
fE] Dreg

I A)d€
gnore

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

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

& Cut Chrlt+ X}
Copy (Ctilt C)
(R Paste (Cirlt V)
. Move

o Replicat:
Duplicate

Trim.

[1] From Modify oo
toolbox, select

=, Offset
I} Spline Edit

Dimensions -

Constraints
Sethngs

Sketohing | Modeling |

200

Rotats by x

Rotate by -r

Flip Horizontal

Flip Vertical

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

Selection Fﬂ: : 4

[I'1] Right-click-select End in the

context menu to end Replicate

tool. Alternatively, press ESC to
end the tool. #

View 4
P9 Look At

-} Generate (F5)

- fO'
. 7
.) .......... .‘ ..................... ——
) ) : 7--:/________——51
S S
H --O"-\-..,__xi
™~
=00 =
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2.2-10 Impose Constraints [2] Select this segment and )

the vertical segment to [5] Select the

make their lengths equal. horizontal axis as
Sketching Toolboxes k the line of
Dras A,
Modif; 07N symmetry.
5 q.““ \\ E
Dimensions Y 1
Constraints O — I“u,‘ \___\
777 Finced !
= Horizontal :
1 Vertiel T F P S
< Fepenticulr | [4] Select Symmetry. :
o Tangent I :
¢ Coineident ‘Jl
- Midpoint f P
jim‘” [3] Select this segment and *’/
@ Lot the vertical segment to P [6] Select the lower
7% Bl Rdis make their lengths equal. e and upper arcs to
|fﬁqua1 Length make them
O Equal Distance 0
A4 Ay Constmints : symmetric. #
[1] From Constraints - 200 e
T toolbox, select Equal °
Sletohing | Modeling | \ Length. = 300 =
Constraint Status

The three straight lines turn blue, indicating they 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; gray
for inconsistency.

2.2-11 Specify Dimension for Side Edges

[=]| Details of Sketchl L
| Sheteh Sketchl |
Sketching Toolboxes | Sketch Visiblity | Show Sketch
e Bhow Constiaints? Ho
Modify l:|'Dimnsuns' -3 .
Dimensions O | ~ ’ B kil
[ Goneml \ N L% st
le Horizantal 3 40 m
[ Vertical e \
»Length/Distance [1] Select Dimension [{f N B
< Radius toolbox and leave \ \\
€y Diameter General as default tool. \ N [3] Type 40 (mm)
il ‘ \ P for the new
b ik S O S PSR dimension. #
& Edit
[ Move / : P
[ Animate ff P
'} Display / el
d. Aol
.
Constraints v o
Settings . .
: [2] Click the vertical segment and move
Statohing | Modeling | . 200 o the mouse rightward to create this
o dimension. All the entities turn to blue
- i | now. (The value 40 is typed in [3].)
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2.2-12 Create Offset

a N

Sketching Toolboxes

[2] Sweep-select all the entities
(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].)

Diasw
Modify O

[ «

[~ Fillet

¢~ Charnder

~} Comer

+ Trim

= Extend

<> 3plit

[ Dree

& Cout (Ctul+ X)
Copy (Ctl+ C)
[ Paste (Ctlt )
o Move

o Replicate

- %

[I] From Modify
toolbox, select Offset.

~ ')5"‘. :l

N ,
\ N 40
\ e

} . ..................... %F—- .-
/.

."’ //”gf

d_
o

Duplicate
[, Offset

200G

p Spline Edit
Dimensions
Constraints
Settngs

Sketcking | Modeling |

' Select: ﬁm‘ i E Iy
- 4 T3 Single Select
=N

[4] Right-click-select End
selection/Place Offset in the
context menu.

Clear Jelection
()

End slection / Place offset

Selection Filter

) Isometeic View
:.E{ge Set
lj‘: Restore Defanlt

Zoom to Fit (F7) \

Cursor Mode
View
#9 Look 4t

X Delete
-/ Generate (F5)

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

[6] Right-click-select
End in the context
menu, or press ESC, to
close Offset tool.

[5] Click roughly Clear Selection
here to place
the offset. Selection Filter

) Tsometric View
150

e Set

'3 Restore Default

@), Zoom to Fit (F7)

Cursor Mode
View
P93 Look At

E /5 Generate (F5)

P——




Sketching Toolboxes

[7] From

WA'”‘I

77

Section 22 Triangular Plate

= Details of Sketchl

Sketch | 8ketehl
Sketch Visibility |Show Sketch
Show Constraints? | No

[=|| Dimensions: 4

H1 [ 300 wen
H2 20 i
H4 ELZEe N

W3

[9] Type 30 (mm) for
the new dimension.

LI 7 306
|

Dimension
i toolbox, select
= Horizontal.
Bl
B8 Display

Constradnts ‘ .

Settings

Sketching | Modeling |

[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

Sketching Toolboxes

-

[I] In Modify toolbox,
select Fillet. Type 10 (mm)

for Radius.

Draw

Modify O

B,

(" Fillet
[ Chamter
= Comner

Radivus: [10 mon K

= Trim

= Extend

{7 Split

[f] Drag

& Cout Cul+ )
Copy (Ctel+ C)
[ Paste (Ctelt W)
E:ZEE MU‘I"B

o Replicate
Duplicate

=, Offset

[3] Dimensions
specified in a toolbox
are "weak", meaning

they may be overridden

by other constraints or

dimensions (2.1-11[5],
page 66).

> Spline Edit

Dimensions

|~

Constraints

Settings

Sketching | Modeling |

| —e

\ N
\ :
|
\ :
1 I‘,-'*q:&
Poie
....................................................... .............‘}.
1 o
| 1o
/ H P
f‘ f‘{

g

[10] If you see something
like this, never mind. There
is nothing wrong. #

2003

300

[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 only weakly

defined (see [3]).
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ing Toolboxes

Doravwe
Modify
Dimensons O
& General
1= Horizontal
[ Vertical
\.i}\Length.fDislame
|<(* Radius
eDi.anmer
/A& Angle
-JI Semi-Automatic

| a

[5] Click one of the fillets to
create this dimension. This
turns a "weak" dimension to a

"strong" one. Now,all the

fillets are blue. #

l% Edit

H Move
[ Animate
8 Disly

[4] From
Dimension
toolbox, select
Radius.

Constraints
Settings
Sketohing | Modeling |
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2.2-14 Extrude to Create 3D Solid
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[2] Click Extrude.

[5] Click Display
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display of sketching plane.
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[7] Click all plus
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Geometry.
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2.2-15 Save the Project and Exit Workbench

[2] Pull-down-select File/Close
DesignModeler.
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80 Chapter 2 Sketching

Section 2.

More Details

2.3-1 DesignModeler GUI

DesignModeler GUI consists of several areas [1-7]. 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 2 mode tab [2]. Details View [6] shows the detail information of the objects
highlighted in Tree Outline [3] or Graphics Window [5], the former displaying a Model Tree (discussed next
page) while the latter displaying 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

_DE\'A: Geometry - DesignModeler \/ Toolboxes, |n
Help Sketching mode.
[3] Tree - |[selct [y T | BRI e w[S+QRAQAQAFQQE 4l |
. . P =4 .
Outline, in BT [5] Graphics L
l Modeling mode. St || Wt window. | @roin B Comerson M :etching Toolboses
BladeEditor: BGD {EJload BGD | SEFlowPath 7 Blade xporiPointe  EWStgeFlidZone o SectorC Do =
= = 1 =, Line
6 Tangent Line
6 Line by 2 Tangents
/7, Polyline
(=3 Polygon
ERectangl.e
3 Sketchl (Rectangle by 3 Points
= ,,Q‘;Pan, 1 Eody g,oval
« @ Sokid (=) Circle
Sere
e [8] Separators ..
. AT N
— = allow you to resize :‘:ﬂl'ﬂ biBT:;gi;ts
5| Detaii window panes. #
| Datails ot Betrudal P . o Arc by Center
Exctrude Extoude1 .
e Sl thtlre
Opemtion PO T era— S0P
Diection Vector | Neme (exrral) # Construction Point
Disecticn Werrel 4% Construction Point at Intersection
Extent Type Fixed :
LR T [6] Details Modity |
s Thin LG . Dimensions
Metge Topology? | Yes View. [7] Status bar. =
= Geometry Selection: 1 Constraints
| Eketoh Shetohl \ [ 7
_ || ol View | Print Previe | V Setting
I_Q Ready [No Selection Shetching |Mndeh.ngl
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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.

[|] Currently i A- Geometry - DesignModeler [2] To create‘ a _' Details of Plased
active plane. [ie Crae Concept Tools View | NEW plane, click Flane Flaned
HE o : - New Plane.

[3] There are
several ways of

Basa Flane

* Teamsform 1 (RMEB) creating a new
Flip X¥-fues? Fuorn Point and Newral ¥

Export Coondinate Systern? | No

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[1, 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
i lane. sketch.
active plane [1]To create a new sketch
\/ \/ on the active sketching
X¥Plane « sk | Skewht . @ plane, click New Sketch.
[4] Active sketching plane [5] Active sketch can be
can be switched using the switched using the pull-
pull-down list, or by clicking down list, or by clicking in
in Tree Outline. Tree 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 (pages 83) 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 in/out by simply rolling forward/backward 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 shortcut, you
usually don't need Pan, Zoom, and Box Zoom tools (2.2-5[3, 4, 5], page 71) any more.

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
\/ MD}L | toolbox. [4] Conlsbtraints
T = v toolbox.
", Line {" Chamfer Dimensions 1
é’ Tangent Ling = Comer | '
# Line by 2 Tangents + Trm [ Generl Constraints |
/2, Polyline i E}nfe:mi k4 Hnn.zunlﬁl T
(=sPolygon oSkt Nl — Horizontal .
1| Rectangle ngﬁcm 0 *?“;:E_E"}”Dme 4| Vertical [5] Settings
“»Rectangle by 3 Foints Bay Copy (Cts C) FD' 2 ¢ Perpendicular toolbox. #
@¥Oval B, Peste (Ctkt V) € Dimmeter O Tangent
Qe o Move ‘é" Ang:!B ) 4 Coincident I \/
f‘}jCirc].e by 3 Tangents = Replicate VzSep-Aub:mam -.- Midpoint o
—* Are by Tangent Duplicate = Edit S Symmetor A otimgs
¢% Ac by 3 Points =, Offset |5 Mave 2 Paralle] Gad
o Arc by Center 2> Spline Edit [ Animate S, & Msjor Grid Spacing
3 Ellipse Dimensions | 9 DUPRY 37 Equal Radins il M mar-Steps per Mejor
_> Spline 1 Q;Equal Length s Snaps per Minor
# Construction Point — gE}Equal Distance
4% Constroction Point at Infersection Ton Auto Constraints —r—'ﬁ




2.3-5 Auto ConstraintsRefs |.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.

While Auto Constraints can be useful, they sometimes can lead to
problems on complicated sketches. Turn off them if desired [I].

2.3-6 Draw Tools(Ref 31

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
77 Fixed
= Horizontal
4| Vertical
¢ Perpendicular
N Tangent
3 Coincident
== Midpoint
£ Symmmetor
# Parallel
Concentric
A Equal Radius
> Equal Length
yfj Equal Distance

[Fan Auto Constradnts Global: v Cursor: v
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[1] By default,
DesignModeler is in
Auto Constraints
mode, both globally and
locally. You can turn them
off whenever they become
annoying. #

[I] Draw
toolbox.

V

Draw

=, Line
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6 Line by 2 Tangents
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—y A by Tangent
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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 an, 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

o) Tsometric View

’f{ﬁ Set

3% Restore Defanlt

]

@) Zoom to Fit (F7)

Cursor Mode »
View »
(9 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
¢ Clossd End

@ Closed End with Fit Points

A

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 ToolsRef4]

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 other 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.

V

Modify
= Fillet
{" Chamfer

~j Comer

= Trim

7 Extend

< iphit

fi] Drag

¥ Cut

Bz Copy
(R Paste

- Move

- Replicate
Duplicate
=, Offset
j) Spline Edit

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

dimensions.
Modify
r_Fill.et Radius: [2.5 mm
[ Chamfer
~; Comex
T Trim

[3] Options of
Split in the
context menu.

v Split Edge at Selection
Split Ed ges at Point
Split Edge at ALl Points
Split Edge 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 Default 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 referencelRef4],

2.3-8 Dimensions ToolsRef 31 5

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

(31

[5] Options of
Paste in the
context menu.

|

Rotate by r Degrees
Rotate by -r Degrees
Flip Horizontal

Flip Vertical

Seale by factor
Scale by factor 1/f
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 Missing Control Points

Drag Fit Point
Drag Control Point

Insert Fit Point
Delete Fit Point

S —————

[|] Dimension
toolbox.

\

Dimensions

|@Genﬂml
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[ Verticsl

< Length/Distance
.‘F‘Radius
eDiamf,ter

A hnge
;}'ISenﬁ—Autnmaﬁc
% Edit

H Move

[ Animate

B8 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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[5] In this book, we

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-click Dimensions
in Details View [7].

2.3-9 Constraints Tools[Ref €l 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 on a line to make it horizontal.

Vertical

Applies on a line to make it vertical.

Perpendicular

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

Tangent

Applies on 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

Shetoh

Sketch Visibility | Show Sketch

Shetohl

Show Constrsints? | Mo

-|| Dimensions: 5§

Hi

S al®

300 vrrm

mo e

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

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

[I] Constraints
toolbox.
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/7 Parallel
Concentric
“#, Equal Radius
«* Equal Length
,%aEqual Distance
Ton Auto Constraints

|

Constraints

[2]

is selected, the edge will
be fully constrained.

If Fix Endpoints

|

Constraints
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Parallel

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

Concentric

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

Equal Radius

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

Equal Length

Applies on two lines to make their lengths equal.

Equal Distance

Applies on 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].

EESEMM | [3] Select Yes for

=) Details of Sketchl | Show Constraints?
Shetch Sletehl in Details View.
Shetch Visibility Show Sketch
Show Constiaints? Tes
—|| Dirensions: 5
Hi [ 300 /i
H2 | 200 mim
H4 30 i
RS 10 wm
V3 [ 40 v
—|| Edges: 12
= Line La7
Vertical | fuds Line Thsds

Cotncident Foint Ci10 Centex
Coincident
Equal Length
Equal Length _
Coincident: .Base Foint | Foint Cy12 Base

Coineident: .End Point | Point Cx10. End

X

F /; Generate

[4] Right-click a constraint
and issue Delete. #
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2.3-10 Settings ToolsRef 71 3

Grid
Allows you to turn on/off grid visibility and snap
capability [2, 3]. The grid is not required to enable

snapping.

Major Grid Spacing

Allows you to specify Major Grip Spacing [4, 5] if
Show in 2D is turned on.

Minor-Steps per Major

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

Snaps per Minor

Allows you to specify Snaps per Minor [8] if Snap is
turned on.

[5] Major Grid
Spacing = 10 mm.

taeE |
T

)

40 mm
[7] Minor-Steps
per Major = 2.

Settings
i Major Grid Spacing [I] Settings
&5 Minor-Steps per Major toolbox.

4 Snaps per Mmor

[3] Check here

to turn on
[2] Check here to turn Snap.

on Show in 2D.

|| 70 Show m2D: | Snap: r“|

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

\

&5 Major Grid Spacing |10 um

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

\/

oo Minor-5Steps per Major [2

[8] If Snap is turned on,
specify Snaps per
Minor here. #

V

|..;, Snaps per Minor 1
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Section 2.4

M20x2.5 Threaded Bolt

2.4-1 About the M20x2.5 Threaded BoltlRefs 1.2]

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]. Ve will use this sketch in Section 3.2 again to generate a 2D solid body, which is then

used for a static structural simulation.

i [3] Major [6] Calculation
[Zs]yg::;.lc dd=|a£n0eter [4] Pitch of detail sizes. #
mm. p =25 mm.
H=(3/2)p = 2.165 mm

d =d—(5/8)Hx2=17.294 mm

H

[5] Thread
d standards in
metric system.

INE.

=275

32

[Ixp

[I]1The threaded
bolt created in this
exercise.

Minor diameter of internal thread d|

Major diameter d



92 Chapter 2 Sketching

2.4-2 Draw a Horizontal Line

Launch Workbench and create a Geometry EL

system. Save the project as Threads. Start up

DesignModeler. Select Millimeter as length unit.
On XYPIlane, draw a horizontal line. Specify the

dimensions (8.647 mm and 32 mm) as shown [1].

[I] Draw a

horizontal line
with dimensions
like this. #

2.4-3 Draw a Polyline

Draw a polyline (totaling 3 segments) and specify dimensions (0.541,2.165,2.165,0.9375, 1.25,and 1.25 mm) as shown
[1-2].

2 1b5

A .
‘\H\"" 0.9375
g -
[I]This is the line P —
drawn in 2.4-2[1]. f”ﬂ
L  dg
A~ i
_-"'/l
B:"'\.
. o 1,
'-.,_\‘-‘- -

3 segments. #

[2] Draw a polyline oﬁ e
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2.4-4 Draw Fillets 8647

[I] Draw a
vertical line and

- 2 165
Draw a vertical line and specify dimension L specify dimension
[I]- Create a fillet and specify dimension 0.541 (0.3125 mm).
[2,3].
x\‘x\:l 0.9375
—_— \E v
Modity - 771{/
N 03125 7
7 1.28
0 »_1:5 :, y
N
[3] Before creating fillets, S e
specify an approximate Iy
radius value, say 0.5 mm. # [2] Create a fillet (also S
see [3]) and specify e
dimension (0.625 mm). -
pall laa |
2.4-5 Trim Away Unwanted Segments
= 64F f
T [1T Trim away
- unwanted segments P
’ like this. #
0541
L 0.9375 P 0ais
] N 25 ,/-"'/
,-/: 1.25
- [I] Set Paste
. Iy Handle at this
o R\E point (also see [2]).
2.4-6 Replicate |10 Times ¥
Select Replicate tool and select all segments except the
horizontal line (totaling 4 segments), and replicate 10 times. Set ™y
the Paste Handle as shown [I]. You may need to use : g:
Selection Filter: Points [2] (also see 2.2-8[7, 8], page 73). ]\ E’:j
p:
4
[2] Selection ["__
Filter: Points. # E E m ‘ ‘
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2.4-7 Complete the Sketch

Follow steps [1-5] to complete the sketch.

. b4 F

[3] Click these 1| segments.
They turn to black color,
meaning they are fixed in the

space.

[4] Draw this L
vertical line. f

——

[I] Create this
segment, using
Replicate.

Bketching Toolboxes

Draw
Modify
Dimensions
Constraints | =)
mﬂ’d Fix Endpointt, v >
= Horizontal
4] Vertizal
+¢ Perpendicular
o Tangent
R [2] Select Fixed from
== Midpoint Constraints toolbox,
Sty and turn on Fix
2 Parallel C
(® Concentric Endpomts.
MW s
Shetching | Modeling |

| —e

AV AV AV AT AV AV AV AV

[6] Draw this
horizontal line. #

Why Fix the Entities?

125

[5] Draw this
vertical line.

Up to step [I], many entities are still not fixed, shown in greenish-
blue. Positions of these unfixed entities may be changed due to

later dimensioning or constraining. In this case, I've tried without

steps [2, 3] and the sketch becomes "open," which would not be

revolved successfully in the next step (next page).
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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.

ﬁ Revolve

e

[=)| Detadls of Revolvel
Fevalve Revolvel
Creome ty Sketchl
Operation A4 Matedal
Diecton Nowmel

FDL, dngle GO |360°
As ThanBwdace? No
Merze Topology? Yes
=] Geometry Selection: 1
Sketch | Sletch

[1] Select the Y-axis as
the AXis of revolution.

I I—————
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Section 2.5

Spur Gears

Subsections 2.5-1 and 2.5-2 detail the geometry of the spur gears 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 GearslRefs 1.2]

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 (rp = 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 [I 1]. All fillets have a radius of 0.1 in [12]. The thickness of the gear is 1.0 in.

[1] The driving
gear, rotating

° — =7 [8] Line of action (common
clockwise. & j -

&N -~ = normal of contacting gears).
: ( |~ The pressure angle ¢ = 20°.

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

. [4] Pitch circle of the
driving gear.

[3] Pitch circle ' [6] Contact point . v\
rp=2.5in. 1 (pitch point). [3] Line of centers. | [7] Common tangent of
the pitch circles.
[9] Addendum
ra=2.75in. [11] The shaft has a

radius of 1.25 in.

[10] Dedendum

ra =2.2in. [12] All fillets has a

radius of 0.1 in. #




2.5-2 About Involute Curves[Refs I.2]
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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 rp, 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.

Contact point P
(pitch point).

(3] An [1] Involute [4]
: curve.
/_S\ince APF is an involute curve and a.rbltrary
BCDEF is the base circle, by the definition point on the A
involute

of involute curve,

curve.

—

[5] Line of
action.
o

BA = BCDEF (1)
P
CP = CDEF (2)
In AOCP, D E 6, F [6] Common
= o 3 tangent of
fo = €08 (3) S Aol pitch circles.
In AOBA, r P
Lo r 4 B b o
Or, cosg h [7] Line of centers; the length
OP is the pitch radius rp. #
¢ = cos™ b (5) (0 0 i
r
[2] Base circle.
o

To calculate 8, we notice that
DE = BCDEF — BCD — EF
Dividing the equation with r, and using Eq. (1),
nonoon T

If radian is used, then the above equation can be written as
6= (tang)— ¢,

The last term g, is the angle ZEOF, which can be calculated by dividing Eq. (2) with r,,

—_—

CP CDEF
—_—= ,ortanoc=(x+9|,or
rb rb

6, = (tano) —

(6)

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

(8)
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Numerical Calculations of Coordinates
In our case, the pitch radius ro= 2.5 in,and pressure angle o = 20° from Egs. (3) and (7) respectively,

= 2.5c0s20° = 2.349232 in

o

7 = 0.01490438 (rad)

[

6, = tan 20° — |20

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) andr (r = 2.75 in). Also
note that, when using Egs. (6) and (7), radian is used as the unit of angles; in the table below, however, we translated the

unit to degrees.

r o) 0 X =—rsinf y = rcos6
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
2.549616 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. #
Create Missing Fit Points
Launch Workbench. Create a Geometry system. Delete New FitFomts
Save the project as Gear. Start up DesignModeler. Sk Mt e [1]1The pitch point
Select Inch as length unit. Start to draw sketch on the is on the Y-axis.
XYPlane. g =
In Draw toolbox, click Construction Point tool, f
draw 6 points and specify dimensions as shown. Note
that the vertical dimensions are measured from the X- L §
axis and the pitch point [1] is coincident with the Y-axis.
Connect these six points using Spline tool, leave \,
Flexible option on, and finish the spline with Open / f
End. @ i
:5’. T
It is equally good that you draw the spline rﬂl ] i
by using Spline tool directly without first ! ; ‘
creating construction points. Select Open 495
End with Fit Points from the context 0.12908 . "'
menu at the end of Spline tool. After 1.06878 i
dimensioning each points, use Spline Edit 0.01971- o w 2.349
tool to edit the spline and select Re-fit -
Spline [2] from the context menu to ﬂ il
smooth out the spline. ﬁ,- e 0 03501




2.5-4 Draw Circles

Draw three circles [I1-3]. 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 [I1-3]. 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 clear up the graphics window [5]. In
this case, all the dimensions referring the plane
axes disappear.

C%. 9

[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. #

. - R1.25 /
— i .;p" f
/s / R22
s g /‘f
; e /!
e !;”f ’
1\-\._\__\_-‘- H 4_,_,__-—"’ p
— P
: -
— L
S
- ——a— -
_— ."—._‘. —_—
\
L
\
[1] The lowest Yy
construction point. \
b
III
I|
|
| [4] Draw a
[3] Make this straight line fille of radius
perpendicular to the 0.1 in.
dedendum circle.
- —= ——,
—_— A = _
[2] The

dedendum circle.
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2.5-6 Replicate the Profile

Click Replicate tool, type 9 (degrees) for r.
Select the profile (totaling 3 segments), e
End/Use Plane Origin as Handle, - "
Flip Horizontal, Rotate by r degrees, / y
and Paste at Plane Origin [I]. End
Replicate tool by pressing ESC. [1] Replicated
Note that the gear has 20 teeth, each profile.
spanning |8 degrees. The angle between the
two pitch points of a tooth is 9 degrees. .

[2] Pitch
point. #

2.5-7 Replicate the Tooth 19 Times

Click Replicate tool again, type 18

(degrees) for r. Select both left and — —a
right profiles (totaling 6 segments), 'T / .
End/Use Plane Origin as e N T W
Handle, Rotate by r degrees, A jﬁ_,f’; e f AN
and Paste at Plane Origin. SN N
Repeat the last two steps (rotate A & 4 N N
and paste) until completing a full . b o & ;
circle (totaling 20 teeth). #,' Ny / - h ~

i "
N ) i w
[ / ‘- L
L . [ . _
Jf‘ \
. .
| "-—Eﬂ*-g Y / |
\ \ /
A Y Py ‘|J PP
k'-‘\ AN N A pi-sg_;i
::‘,. \\“\ . ~ P i f!?th‘ /
\}ﬂ'—_—' iy - — - - R1.25 fi \ .;"’I
\ .; N I Lo N
b SN M
N/ . AT
Ny
" s o Y A
N Fo~ .\ \
\_\ { @r‘gﬂ"ra_ - L~ ial . - .4
. Il —— . . i E /ﬂ'
b E-ELET ﬁ' | l L
' S T
e / \ | S
1__1%- / ‘-.\\ / P
A N
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2.5-8 Trim Away Unwanted Segments

Trim away unwanted portion
in the addendum circle and 7
the dedendum circle.

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
Modeling mode. In this exercise, however, we use
Replicate in Sketching mode because our purpose in this
chapter is to practice sketching techniques.

References
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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 MicrogrippertRefs |2]

The microgripper is made of PDMS (polydimethylsiloxane, see |.1-1[5], page I1), 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 glass bead of a diameter of 30 micrometer [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 glass bead under the actuation of the SMA actuator.

92

D30 t—r»— 32

[1] Gripping | [2] Actuation
direction. v direction.

Unit: um
Thickness: 300 um ~
~
[3] SMA
actuator.
=)
¥
'\ 1
©
o
S
¥
[4] Glass
bead.

480




2.6-2 Create Half of the Model

Launch Workbench. Create a Geometry system. Save the project
as Microgripper. Start up DesignModeler. Select Micrometer

as length unit.

Draw a sketch on XYPIlane [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 —i

140
b
| 1!

400

[2] After
trimming.

Extrude Exttoude 1

Crecirre oy Skatchl

Opezation Add Matedsl

Diwection Vector Neme (Nawmel)

Disecticn Both-Symmetic (O

Extent Type Foed

FDI, Depth (-0} | 150 um

As ThinfSwdace? No

Meige Topology? Yes

P ———

2403

[3] Extrude
both sides
symmetrically.

15 —=t

1[|_=_: I
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E

[I] Before
trimming.

2403

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

(Creats Concept Tools Units Vi
= New Plane
Extrude
* Revolve

‘ Sweep
8 Skin/Loft
& Thin/Surface

@ Fixed Radius Blend
& Variable Rading Blend
< Vertex Blend

@ Chaunfer

Pattern
i Body Operation

Body Transformation ,..! Maove
B Ecolean g Translate
i) Slice &0 Rotate

[=]| Details of Mimoxl

Mfioc Mol

Preserre Bodies? | Yes

Bodies 1

[1] Pull-down-select Create/
Body Transformation/
Mirror.

Delete b pd
€ Point !
Primitives L4
ﬁ
H e j Grenerate
ﬁ

[5] Click
Generate. #

4 [3] Click the yellow area
to bring up the Apply/
Cancel buttons.

[2] In the graphics
window, select the solid
body and click Apply.

[4] In the Tree Outline,
select YZPlane and click

Apply.
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[1] Select [2] Click New
XYPlane. Sketch.

2.6-4 Create the Bead [

Create a new sketch on XYPlane [I, 2] and draw a
semicircle as shown [3-6]. Revolve the sketch 360° about
the Y-axis to create the glass bead [7]. Note that the two J X¥Flane

bodies are treated as two parts [8]. Rename the two
bodies as Gripper and Bead respectively [9].

[3] The semicircle can be
created by creating a full
circle and then trimming it
using the axis.

constraint between the
semicircle and the
sloping line.

‘ ( [6] Impose a Tangent

4 o, Sketchl
[4] Close the sketch by 1A Mirorl
drawing a vertical line. E],,$ Revalvel

\\ 3  —

[7] Revolve about the Y-axis
to create the glass bead.

[5] Specify the radius

[9] Right-click
(15 pum).

to rename the
two bodies. #

[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
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Section 2.7

Review

2.7-1 Keywords

Choose a letter for each keyword from the list of descriptions

. () Auto Constraints 8. () Object

2. () Branch 9. () Paste Handle
3. ( ) Constraint Status 10. ( ) Sketching Mode
4. ( ) Context Menu 1. ( ) Sketching Plane
5. ( ) Edge [2.( ) 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) 10.(A) IL.(C) I12(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) InSketching 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 geometry 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) A branch is an object of a model tree and consists of one or more objects under itself.

( H) A leaf 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.
(J ) 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.





