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56 Chapter 2 Sketching

Chapter 2

Sketching

A 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, called a profile, and then extruding/revolving/sweeping the profile to generate the
3D solid body.

Purpose of This Chapter

This chapter provides exercises for the students so that they know how to draw 2D sketches using an ANSYS
Workbench's geometry editor, DesignModeler. The profiles of several mechanical parts will be sketched in this chapter,
and each sketch is then used to generate a mechanical part using a 3D modeling tool such as Extrude or Revolve.
The use of these 3D modeling tools is trivial so that we may focus on 2D sketching techniques. More sophisticated use
of 3D modeling tools will be introduced in Chapter 4.

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 become a 3D beam. Section 2.2 sketches a triangular plate; the sketch is then extruded to become a
3D plate. 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 purposely leave out some steps for the students to figure out the details themselves.
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W 16x50 Beam

2.1.1 About the W16x50 Beam
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The beam has a length of 10 ft. /

[I] In this section, we will create a W16x50 steel beam (see [2-5]).

[3] Nominal

[2] Wide-flange I-shape depth 16 in. —

section. —

[4] Weight 50 Ib/ft. —

\/

W16x50

2.1.2 Start Up DesignModeler

R EIE Project

Ji]lmpoftm

@ Modal
il Random Vibration
{ily ResponseSpectrum
A& Rigid Dynamics

3 static Structural

) steady-State Thermal
(@) Thermal-Electric

2 Topology Optimization
A Transient Structural
¥ Transient Thermal

€8\ Turbomadhinery FluidFlow
@ e S
& ACP (Post)
|3 ACP (Pre)

@ Autodyn
f4 BladeGen

@ crx

[1] Double click to
launch Workbench. /

& Engineering Data
External Data

@ Bdemnal Model

@ Finite ElementModeler

B Fluent

B Fluent (with Fluent Meshing)

[3] Expand Component
Systems by clicking the
button with a plus sign;

i Unsaved Project - Workbench

File View Tools Units Extensions Jobs Help

=t [?)RefreshProject / Update Project | & ACT StartPage

v x

I~

[§@ Geometry

—

the plus sign becomes a
minus sign (-). —

#) ICEMCFD

) Icepak

I\ Mechanical APDL
@ Mechanical Model

@ Mesh

=

| T View All / Customize.... |

o Ready

628"

[5]W16x50 .

cross section. # 3

0

R.375"
[2] Workbench GUI |
appears. /
-lox|

[6] Right-click the Geometry cell
A and select New DesignModeler

: Geometry... to start up
o DesignModeler (see 1.1.4[1], page 13),

a geometry modeler. _|

[5] If you couldn't find
Geometry, scroll
down to locate it. |

/ﬁ4] Double-click Geometry to create
a Geometry system in the Project

Schematic window. If you couldn't
find Geometry, see [5]. |

J¥ 30b Moritor.... | iShow Progress | (9 Show 0 Messages | .:

——
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DesignModeler vs. SpaceClaim

[7] As mentioned in |.1.4[2], page |3,Workbench provides two geometric modelers: DesignModeler and
SpaceClaim. Until ANSYS |5, DesignModeler is the only modeler provided by Workbench. For simple and small
models, DesignModeler serves well enough; but for complicated and large models, the engineers often create a
geometric model using a CAD software such as SOLIDWORKS, PTC Creo, Autodesk Inventor, etc., and then import it
to Workbench. In ANSYS 16 and 17, SpaceClaim was included in Workbench as an alternative modeler, and
DesignModeler remained as the default modeler. Starting from ANSYS 18, SpaceClaim becomes the default
modeler, and DesignModeler serves as an alternative modeler.

In this book, since all the geometric models are simple and small, we will use DesignModeler to create the
geometric models. Remember; the focus of this book is the finite element simulations, not the geometric modeling.

[8] DesignModeler GUI

appears. |

=
File Create Concept Tools Units View Help

JHE G O e BRRE v =0 SeQaa@ac sE + e m

W- w- 4 Jiv A~  Centimeter

X¥Flane v MR pte | [E5|Parameters

Micrometer
RExtrude  gaRevolve _— - @ Point

BladeEditor: (glmportBGD |, FowPath (7 Blade g Splittr —JVishTFExport '~ ExportPoints MDStgeFludZone 2 SectorCut (. Throathrea
2 ¢ Large Model Support > T &
o :

=@ A: Geometry v Degre

7= EVPlane Radian
> ZHPlane
= ¥ZPlane Model Tolerance >
@ 0 Parts, 0 Bodies .
’ [9] Pull-down-select Units/Inch

as the length unit and make sure

/\ Degree is selected. |
| =

Sketohing Modgl.mgy

Y [10] Units are
displayed here. «

[11] There are two modes in
DesignModeler: Modeling mode and 0000
Sketching mode. In this chapter, we'll

mostly work with the Sketching mode. | | | oty [FatFavev]
No Selection Inch Degree 0o D

7.000 (in)
3.500

About Textboxes

[12] In this book, a round-cornered textbox (e.g., [, 3-6, 9]) is used to indicate that mouse or keyboard ACTIONS are
needed in that step. A sharp-cornered textbox (e.g., [2, 7-8, |0-11]) 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

GA: Geometry - DesignModeler =10l x|

| File Creste Concept Tools Units View Help
|aHB| @] i Greto skt B [mE W& (M X||SEQAAQAA QX [+ 6 2
| B W £ Jiv fov fo S A&

| X¥Pine o S| Nem - ¥ || fGemme Wi Tl [EParmeters
| @Extrde DgRevolve @oSveep g Skinfoft “ W DirSorisce @Blend -  Cumier @pSloe || @Point ¥)Convenion
|BladeEditor: 34N\\qortBGD {2fLoad BGD [<>[Load NDF | S FlowPath 7/ Blade g Spliter —JVisaTFExport -\ EportPoints MDStageFlvidZone o SectorCut . Throatdrea
| g ML 1]
2
=, Line A -
§ gL [I] Current sketching [3] This is the global
nts . . H
S | plane is displayed here. By coordinates system.Workbench
S default, XYPlane is the uses red, green, and blue (RGB)
CiRectmge by3Boints | CUrrent sketching P|ane_ l . arrows to indicate the X,Y,and Z
Qonl directions, respectively. |
Modify [ RS
Dimensions
Constrsints /n
[2] Click the “
Sketching tab. — 0000 8000 () /L‘X
3.000
| Model View | Punt Pueview | 1
[ @ Ready [No Selection [Inch Degree b b
S
[7] As soon as you begin to draw, a
sketch with a default name Sketchl is
created on the sketching plane.
g P <J S =l
Fie Creste Cowept Tooks Units | [ Help A~

A E @] Duao G o |[selet My T [[mEH W[ [0S ¢ QRQEQ R 4@ 02
| M- W- £ - S A A AT

K¥Flane < sk Sk O - 89 || Oement @i oo [ Permmeters
| @Extrde  gfoRevolve @ Sweep 0?’ “@hoint 5 Conversion
| BladeEditor: 34Import BGD  {ZfLoad BG it '\ ExportPoints MDStageFluidZons o SectorCyf |e Thioatdres

BEE - (| [6] Draw a rectangle roughly
ool like this by clicking a corner [4] Click Look At so that
Draw 2] . :
i ‘ ~and then dragging to the you look at the sketching
£ TmgentLine diagonally opposite corner. \ plane, XYPlane. «
# Line by 2 Tangents ’ :
A Polyline
(=3 Polygon
SRectangle by 3 Poiit
&90val
Modify J
Dimensions
Constraints .
Setings [5] Click the
seoie el | Rectangle tool. |
=/ Details of Sketchl
.S!eah:). Sketchl Y
Sketoh Visibility | Show Sketoh
? | No f
= O L.
| Line Ln? D,DgJ 7 DIDD (in)
Line D 3.500
Line a9
Line =0 Model View Ihim FPreview 1
| & Rectangle -- Click, or Press and Hold, for first comer of rectangle [No Selection {Inch Degree 10323 4

TT— el
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[12] Right-click anywhere on the

graphic area to open a context Sebetion Fl \
& Geomety - DesipxH A menu, and choose Select new election Filter
Bie e ConeatTcle Uit View Help symmetry axis. | O Iometsic View
: . o | st % B | ENI-
[8] Click the Constraints (- 4- x = © 59 Restore Deful
toolbox. We want to impose [~ # || Joumnt @i s FEamees 1 )
. cep @Skinoft || WMThiSofoce @ Blend - & Chomier @pSlie || @Point E)Conyersion Zooman(FJ)
symmetry constraints. | = = ‘ : —
Losd BGD [<»|Load NDF | S FlowPath 7/ Blade g Splittr —JVistaTFEsport ' EsportPoints DDStageFluidZone g >
= el e d = Cursor Mode
Y View »
I I Look At
Modify
Dimensions X Delete
F? Constraints —QO _/; Generate (F5)
= Horizontal [|0] Click the | —
o
& vt Symmetry tool. \, ‘
O\ Tangent
3 Coincident
== Midpoint
[ Symmetey O — A
Settings (U~ =
Sketohing [ Modeling | g / Nl O (¢
Details Viey 2 H
F et o Skeohd [13] Click the
horizontal axis
[9] If the Symmetry tool is and then the e ] - )
not visible, click to scroll down two horizontal | ., 20 [le 1] CA'Ck the ver.tlc:illl'axw aE_d
until you see the tool. | lines to make 350 ' t el? t itwo velrtlca ines; this
I the two lines mal Es t et;cwo ines Isyn)metrlc
@ Syt~ St fspetor D Eim fer{ SYMMetric about 1 Edge about the vertical axis. T
i the horizontal -
L T— . T
axis. /

[20] Click Zoom to Fit. #

G7A: Geometry - DesignModeler (=] ]
| File Creste Concept Tools Units View Help
Al E (@] DU Greio [ty - [mmm W& (X u||S ¢ QAQFQ
“ A A A A ; : = [16] Click this line, move the
Sketehl - </ Generate W91 Topolozy  [25]Parameters B H
[14] Click the o oo | B S & e & || @ram & | MOUSE upward, a:'dId'Ck again
Dimensions toolbox. l 6D {2JLosd BGD [<|Losd NDF | Sy FlowPath 7 Blade o Spliter —JVistnTFExport ' Exporffoints 3 to create . l
Bl = L LA 1

7

LM Graphics
Draw
Modify f——H1—
O Dimensions = — [17] Click this line, move the
o O\ mouse rightward, and click
1 Vertoal again to createV2. |
»Length/Distance .
(C Rodins [15] General is the
Dismeter T
= default tool, providing
FqSemi hutomati smart dimensioning
Constraints TR
= capabilities. / .
mﬁ:""‘" [18] All the lines turn to blue
Shetching
u color. Colors are used to
= Detils of Skt - ___—— indicate constraint status.
Sketoh Sketchl
Sl Vislity | Show Slatch [19] In Details The blug colc?r. means the
fe=at View, type 7.07 ) gfgorze'?rlc jl"]tltlre]s are well-
in f in . e
. L (in) fgr Hland |00 - 4m,mg( ) | defined (fixed in the space)
= | Edges: 4 16.25 (in) forVv2. 1 :
Line La? 1
Line La8 -
& General - Select point ox 2D Edge for dimension or use RMB for options No Selection Inch Degree o o 4
—

| T——



2.1.4 Set Up Sketching Options

[5] Click
Display.

Ot A: Geometry - DesignModeler
File Creatt Concept Tools Units View Help
21 led = | @ || DUnto ([ Sheded Exteriorand Edges

v EE)Se-aae@ma e
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[3] By default, DesignModeler
displays dimension names (e.g.,
HI,V2). Let's change to

|
|
o[ Jo /o /o /& o Shaded Exterior . . . .
j m-u- 4 'A*AS:M - e displaying dimension values. /
| @RExtrude  GfoRevalve @ Sweep Sme Blend » 4 Chemfer Mgylics H @roint 20 Conversioy
| BlsdeEditor. iflmport BGD e ¥ ;?:?;::yrm“m’ o/ Blde of Spliter ) VisnTFExgort ' Exportl”_@BSteeFluidZone  SectorCut i Thoosthrea
J £ ( E i ‘ FCmsSedbnA]ﬁmznt LA N
Display Edge Direction [ 2
& Display Vertices
Modify Cross Section Solid: r—g
Dimensions -
General
gﬂnﬁmu [~
[ Vertical
& Length/Distance
FRudills
& Diameter
Angle L
ZgSemi-Avtomatic ’ I1Th | ki
Constreits [2] Pull-down-select [d]' e ruler takes space
Settings . and Is sometimes annoying.
Shteking [Modslng | View/Ruler to Let's turn it off <—y ’
- turn off the ruler. :
Details View
=) Details of Sketchl For the rest of the
Sketoh Sketohl
e s | DOOK, we leave the v
= ruler off. / I .
H 00 K 0.000 10.000 (in) :
1625 in j 000 I !
| Edges: 4 -
Line La? 1
Lie \[m 7| | Model Vew [Pt Preview ]
'@ General - Select point or 2D Edge for dimension or use RMB for options [No Selection [Inch Degree T
L — S
=10l x|

DU A: Geometry - DesignModeler

| File Create Concept Tools Units View Help

| A E O] Dt Gt [[set [ T | @ 0 W& | % ]| S & QRS AR DL |+ G |62

|W- - A S S A Ao A7

X¥Flane v 3| Skl - ¥ || /Genemte Wi

lozy  [25]Parameters

+ & Chamer

RExrde  GoRevolve QoSveep § SkinLoft || WA Tu/iufie Bl W5l || @romt =) Convesion
| BledeEditor: fi@lmport BGD EfLosd BGD - = “nide o Splitter ) VistaTFExport ' ExportPoints EDStageFluidZone o SectorCut e Throathrea
- | S

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

= (EHie|

(\"Radills
&y Diameter
Adage
iISemi—Auhmﬂ:
& Edit

12 Move
[ Animate
B8 Display

Shetohing

 Detils View L
-/ Details of Sketchl -

Shetoh Sketohl
| Sketoh Visitility | Show Sketoh
| Show Constaints? | No

| @ Display-- Set dimension display options

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

707in
T %0 to scroll all the
"vr“ - way down to the
Lie Lsb L=t [ bottom. « |

O

[7] Now, dimension values
(e.g., 16.25) are displayed in
place of the names. For the
rest of the book, we always
display dimension values. In
steps [8-11] (next page), we'll

set Value as the default

Dimension Display at
startup (so we don't have to
go through steps [5-6] every

time). |

..

[No Selection

b b

Inch Degree

—

T
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Ol A: Geometry - DesignModeler =[0I x|

| File Create Concept | Tools Units View Help

|2 E @] & Fee N ERR O e SeQAQRACE |46 s
| m- w4 f- T
| X¥Plane - W on erate W [Z5|Parameters
| BExtude goRevol © : - N Claniss @Sle || @Pomt B)Conversion
| BladeBditor. figimport S FlowPath 7 Blade o Spliter ) VistaTFExport - ExportPoints @DStageFluidZons o SectorCut e Thiosthrea
|BEE S = (@ Eubne LA X%
vt Toboes Pl — E
D\ gy Symmetry .
Modi |l Fill =70 *ﬂ
[8] Pull-down-select
Tools/Options... |
16.25
»
»
% Form New Part
Parameters
Electronics 4 v
Sketch Visibility | Show ¥
Show Constmints? | N 4 Up2Ng
=) Dimensions: 2 .
HL X
| @ Display - Set dimension display options [No Selection. [Inch Degree b b
L —
[9] Select Sketching. —
Options 5]
T Commn i
=) DesignModeler -
@ Geometry =) Sketching =
@b Graphics Gilobel Auto Constsints [on
@ Miscellaneous Cusor o Canstisins on aa [10] Select Value as the
o cchine SR (= default Dimension
4> Toolbars 1| Common Grid Defaults .
@ Units Show Guid Gn 2D Disglay Mode) | No Display. l
@ }Adq"’]‘;mal Snap to Grid (while in Sketohing) | Mo
MZ;mg Aipply G Defanlts to Active Flane | No
@ FE Modeler =)/ Grid Defaults (Metexs)
Minirumn Axes Length 25
Msjou Gad Specing 5 . .
Mincr-Steps pex Majox 5 [I I] C|ICk OK tO dlsmISS the
Gaid Snaps per Mincu ! Options window. Click Yes to
|=]| Gdd Defaults (Centimetexs) f th h l
Vi e Longth = confirm the changes.
Msjox Gad Spacing 5 T
Mince-Steps pex Majox 5
(Lad Conme rov Wfamew 1 !;I
Resst (ox j | coma | Help |
N
— e

Background Color of the Graphic Area

[12] 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 (2.1.2[2], page 57; not DesignModeler GUI, 2.1.2[8], page 58) and select Appearance. #
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2.1.5 Draw a Polyline G Ny
[7] Right-click anywhere on the

graphic window to open a context Closed End
87 A: Geometry - DesigaModeler menu, and select Open End to I Back
Fib| Cioa Cnme])‘f‘ m;um@w}rwr Hel: = — end the Polyline tool and leave TEE | -
N i e iullollc the polyline open. # = | Sl ’
[1] Select the | — e -
ke | St - 89| et @ Tl [ © ) Isometric View
Draw toolbox. N\ | tswes & Skinon || W Tinfuioe @ Blond - & Chomic: @pice || @Point B Conversion . o
7 Blade o Splitr ) VistaTFExport ' ExporfPoints MDStageFluidZone # SectorCut e They ;@; et
L L 1 Restore Default
[2] Select the Zoom 1o Fit F7)
Polyline tool. | S .
*\, Line .
& TengentLine — Cursor Mode 4
o Line by 2 Tangent .
[ATbEs O N q View ’
(SFolygon YN (9 Look At

\ -/ Generate (F5)

[3] Click roughly here to start a ‘

polyline. Before clicking, make 1625
sure a € (coincident) appears. — i —

MMJ . [4] Click the second point
= :;h:lsnlshh;l S roughly here. Before CIiCking,
saiis 3 [6] Click the fourth point mike sure 2 Candan H
=maanz2 | roughly here. Before DO (horizontal) appear. |
= 1 clicking, make sure an H o \ |
o g7 | and a C appear. /
S € app N
| Palyline -- Click for start of polyline No Selection [5] ClICk the third point r‘oughly

ere. Before clicking, make sure

- —— h
2.1.6 Copy the Polyline —k a V (vertical) appears. —

Gl/A: Geometry - DesignModelex . . Clear Selection
Flo Create Comoept Tooks Units View Help [4] nght'c“_Ck a.nywhere on End / Set Paste Handle
: w | the graphic window, and

A E || Dusto Greio |[selet: [y - || g0/ [ W & | A

@ End / Use Plane Origin as Handle
A S AT g
VAR select End/Use Plane [ T TR

[l] Select the | [Sheteht ﬂ‘ﬂ | ‘,’Gej-mf s El Parame Orlgln as Handle. <J i
Modify toolbox. | |o G @swien [Bi o S0 b Selection Fler v
BGD {EfLosd BGD |»Losd NDF | Sy FlowPath 7 Blade o Spliter torCut : -
PR [ = - - e @ xS‘Dmmemr: 1ew
Sketchin W oolboses wpu Set
) :ic: Restore Default
O ety [~ [ Zoom to Fit (F7)
(—Fillet -
"~ Chamfe;
f:cOmex[ [2] Select the Cursor Mode »
’ View »
T T Copy tool. }3
T PY l 9 Look it
for
] Dree
§ Cut (Ctt X) )S Delete
[B Copy it C) o) 1 -/ Generste (F5)
R Paste (Cikt V)
Dimensions / T— —
Constraints|
wme | [3] Select the three
T newly created
Dl View segments by clicking
=/ Details of Sketchl ¥
St wui| one after another. /
Sketch Visibility | Show Ske! © -
Show Constaints? | No K j ‘—O—‘ l-; X
=)| Dimensions: 2
H1 707in —
7] 1625 )
| Bdges: 7 | 7| | Model View | Print Fueview
& Copy (Ctdt C) -- Select 2D Points or Edges No Selection Inch Degree 0o b 4
——

TT——
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Sketching Toolboxes

= Rotate by r
raw
Modify N Rotate by -r
(~ Fillet
[ Chamfer Flip Vertical
= Comer
+ Tsim [5] The Paste tool is e
/T\s"f““ automatically activated. — Scale by factor 14
\'Elel;; Paste at Plane Orign O——
$ Caut (Ctrl+ X) Change Paste Handle

Copy (Ctrlt C)
@Paﬂe Cult V) r=[g0°"

End

t=[2

o Move Cut (Ctel+ )
Dimensions v
Constraints
Settings »
Sketohing | Modeling |

'3 Restore Default
@ Zoom to Fit (F7)

Cursor Mode »
[8] Right-click-select End to end the View »
Paste tool. An alternative way 09 Look At

(which is also a more convenient way)

[6] Right-click-select
Flip Horizontal. |

at Plane Origin. /

/( [7] Right-click-select Paste

is to press ESC to end a tool. # -/ Generate (F5)

2.1.7 Basic Mouse Operations in Sketching Mode

[17 Now, try these basic mouse operations in the sketching mode [2-7]. Pr

ess ESC to deselect all entities. After trying any
of [5-7], click Zoom to Fit (2.1.3[20], page 60) or Look At (2.1.3[4], page 59) to display a fitting view. ,/

[7] Middle-click-drag: rota

[2] Click: add a sketching entity
to the selection set. Click a

Shift-middle-click-drag: zoom.
Control-middle-click-drag: pan. #

te.

[6] Scroll-wheel:
zoom infout. «

selected entity to remove it
from the selection set. |

[3] Click-Sweep:
continuous selection. —

[5] Right-click-drag:
box zoom. 1

[4] Right-click: open a
context menu. |




2.1.8 Trim Away Unwanted Segments

Sketching Toolboxes

Draw
Modify -

( Fillet
[ Chamfer

= Comer

[ Trim
5 Extend
£ Split
fi] Dre
& Cut (Ctrlt X)

Tenore Axis{ v

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

Copy (Ctrl+ C)

Section 2.1 W16x50 Beam 65

[ Paste (Ctilt V)
.= Move

o Replicate
Duplicat

[1] Select the Trim
tool in the Modify
toolbox. |

= Offset
I) Spline Edit

Dimensions

Constraints

Settings

Sketohing | Modeling |

[3] Click to trim
this segment. —

2.1.9 Impose Symmetry Constraints

Sketching Toolboxes

[4] And click to
trim this
segment. #

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

Selection Filter 4

) Tsometric View
IS0

g Set

:33 Restore Default

Zoom to Fit (F7)

Cursor Mode 4
View 4
#9 Look At

Draw
Modify
Dimensions
Comstrsints O | ~ |
7 Fixed \
= Horizontal
4] Vertical [1] Select the
N 1;‘*"1"“‘1""“]” Constraints
g: o toolbox. |
== Midpoint
[.‘ixSymmeu'y
/4 Paralle]
(@) Concentric
ﬂiﬁf“ﬁ;’; [2] Select
2+ Equal Distance Symmetry. |
6 Autn Constraint
Settings |+
Sketohing | Modeling |

[3] Click the horizontal axis and

then two horizontal segments on

both sides as shown to make the

two segments symmetric about
the horizontal axis. /

X Delete
-/ Generate (F5)

[5] Click the vertical axis and then two
vertical segments on both sides as shown to
make the two 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 overridden. #

- J
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2.1.10 Specify Dimensions

Sketching Toolboxes ( [|] Select the
Drew Dimensions toolbox. |
Modify P
Dimensions gg—/J
[gpTeneuel [2] General is the default tool. |
1) Horizontal j
[ Vertical O\
£~ Length/Distance
(<" Radivs ~
3 Diameter [5] Select Horizontal (to specify a
£ Angle horizontal dimension). |
-/ISemi—A\mmatic J
& Edit
HMove \
Animate . . .
Enﬁf; [3] Click this vertical segment and
" move leftward to create a
Constraints = dimension (in the details view [4],
Settings the corresponding name isV3). |
Sketohing | Modeling |

[=)| Details of Sketchl

-
[7] In Details View,

Sketch Sketchl

type 0.38 (in) for H4. \,

Sketch Visibility | Show Sketch

Show Constiaints? | No

E'Dimensims: 4

H1 07
H4 0381
V2 1625 in
V3 0628 in

/( [4] In Details View,
O\Lcype 0.628 (in) forV3. |

2 P

[6] Click these two vertical
segments one after the other
and move upward to create a
horizontal dimension (H4). N\

B—a
o—a

)

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




f F .07
2.1.11 Add Fillets
g ﬁ l—o~0 .38
A1 W
g Toolboxes . _i_n i
iy .B28 \-—
Modify -
(— Fillst Redivs: [0375m
_V_E:am’:f:' Mogi]fsetlecﬁbthe - [5] The greenish-blue color
A Yy toolbox. u\ of the fillets indicates that
;:'Emnd ; these fillets are under-
£ Split [2] Select the 16.25 constrained. The radius
fi] Drag Fillet tool. — [3] Type 0.375 (in) for specified in [3] is a "weak"
1 GREEY Radius. | dimension (may be
Copy (Ctilt C Y
P:Siy E:;*v) #* L overridden by other
E,:'Move( 0 constraints). We could
E Replicate specify a Radius
Duplicate [4] Click these two ) dlmep5|on (in the
=, Offset segments to create a Dimensions toolbox) to
2> Spline Edit e : turn the fillets blue
fillet. Repeat this step S
Dimensions v for the other three However, we decide to
Constraints concave corners. — ignore the color. We want
Settings to demonstrate that an
Statehing [Mling] T under—con§tralned sketch
pie can still be used.
| 14 Remember, however, it is a
good practice to make all
entities blue-colored. #

2.1.12 Move Dimensions

[4] Click Zoom to Fit. #

O/ A: Geometry - DesignModeler
| File Crests Concept Tools Units View Help

Section 2.1 W16x50 Beam 67

=10l x|

[17 Select the LU MANAP AW A

JE R e =
Sketching T

Draw
Modify

O Dimensions -

& Genenl |

g N XYFlane « 3| Skt - 8 || foemene W Tl [EERammeters
DlmeHSIons [RExtrode  @oRevolve Qo Sweep & Skinoft || W Tiniidie @l - K0 r WSl ‘ @Point 5 Conver

tOO|bOX. \ | BladeEditor: Zglmport BGD {EJLoad BGD |<>|Load NDF | S FlowPath 7 Blede pf Splitter —JVistaTFExport - ExportPoints MDStageFluidZons o SectorCut e Throathrea
L LA N

S| @] Do Gt sty T [ WEH W0 | H ]S+ QAR R O E [+ [®[e /2

07

[3] Select a dimension
value and move it to an
appropriate position.

je Horizontal

[ Vertical

¢~ LengthDistance
6‘ Radivs

€ Diameter

A dagle
fISemi-Aummaﬁc
& Edit
[E{Move

[ Animate

[2] Select Move. —

O

Repeat this for other
dimensions. Scroll the
mouse wheel or shift-
middle-click-drag to
zoom in/out (2.1.7[6-7],

g Dislay

Constraints v
Seftings

Shetohing [ Modeling |
| Detals View i
=] Details of Sketchl g
Shketoh Sketchl
Sketoh Visibility | Show Sketch
Show Constiaints? | No

| S

page 64) whenever
necessary. \

- %

|-/ Dimensions: 4
HI 2 in
@ Move - Select dimension to move

{7 | | Model View | Paint Preview |

No Selection

T
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2.1.13 Generate a 3D Solid Body

[3] Remember that the active sketch ]
is shown here (2.1.3[7], page 59). / [8] Click Generate. ™\

=10
| File Creoke Comept Took\ fuits View Help [
| EE @] ou) G st 0 - RRRE (<& ]|S5 QR Q[ Q Q5 @[+ 6
(W00 f foo fr NS A
[ B ;}.d Sketch ) o “ (:}om) Wi Topology [E5]Paremeters
| (BEstoie) goRevalve \GoSusd  §Skinloft || N@Thipkurtoce  QBlend - Q Chamfer @Slce || @ Point ) Conversion
| PheEdi/ Adimpot BGD fZjLosd BGD [<|Load NDF | S FlowPath 7 Blade o Splittr —JVistaTFExport '~ ExportPoints  EBStgeFluidZons [|] Click the little cyan
: L = L sphere to rotate the view
to an isometric view, which
[4] Click i is a convenient 3D view. /
Extrude. — sz | [5] The Modeling modeis | - | "7 \_
eomied automatically activated. | \Kl
‘ ¥
[6] Click Apply. By i L ¥
i default, the active - N
e e 7 sketch [3] is selected o
Dinection Vectr | Nene (Nomall as Geometry_ l B T
— S
BN A
As Thin/Swdace? No
Mexge Topology? “Ies X
=l Geowetry Selection: 1
Sketch [Sateh \
[7] Type 120 (in) for [2] The view rotates to
["“7 " Extrude Creation - Click the Generate b Depth. an isometric view. . e 00

DT A: Geometry - DesignModelex =101 x|

| File Creste Comcept Tooks Units View Help

| odBE @] Do Gro [[satn b BEER - (025 Qfamya a s i+l [

| W W e S S A S AT >~ e

| XPhe v k| Skewn - # || /Genent @@Share Topology [FE]Parameters

| @Extnde goRevolve QoSweep g Skinfoft || @ ThinSudace QBlend » & Chamfer @psSlice || Q}%ﬂ ) Conversion

|BlsdeEditor: f4mportBGD EfLosd BGD [</Losd NDF | SPFlowPsth 7 Blade o Spliter JVisTFExy 4 '\ ExporiPoints WDStegeFluidZone s SectorCut | . .

[PEE = (| - rx [9] Click Display
Plane to turn off

= A: Geome .

o it the display of the

g S [10] Click Zoom to sketching plane. «
-

E ;é:fé:: FI.t. Feel free -to use
this tool any time. |

v Sketchl
-, @p 1 Part, 1 Body
v @ Solid

Sketohing Modeling

= Details of Extrudel
Extrude Extrdel
Geormety Shetohl
Opertion 43d Matesil
Deotion Vectr | None (Nowmal)
Dizection Norral
Extent Type Fixed

FDI, Depth GO) | 120in
As ThinSuface? | No
Mexge Topology? | Yes
= Geometry Selection: 1
Sketoh [Shetoht

~

[1'1] Click all plus signs (+) to
(O Ry expand the model tree and §.... & &
browse its structure. #

R — \_ FI
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2.1.14 Save Project and Exit Workbench

File Create Concept Tools Unite View Help

@ Refresh Input . ) .

File View Tools Units Extensions Jobs
| Start Over (Ctd+ N)
| % Load DesignModeler Database. . (Ctrl+ O) ] New Crl+
|| Save Project (Ctek+ ) e 7 Open... Ctrl+0
| Export... . L
= B [1] Pull-down-select File/ i save Ctrl+s
] Attach to Active CAD Geometry Close DesignModeler. l &l saveas...
:@ Import External Geometry File... \d e o R
‘ Import Shaft Geometry... N = g

4 Open from Repository
SR, Write Script: Sketchies) of Active Plane e (T
. Run Script... -
d Print 8 a
| Auto-save Now anage Repository Project 3

Restore Auto-save Fils 4 [2] Click Save Project & Manage Connections
and type W16x50 as the &  Launch EKM Web Client...
roject name.
proj \ ,ij Import...
& Archive...
@ Riastorz Archiva...

File AMEW{ Tools Units Extensions Jobs Help

4 Scripting »

B 4 Project

dl D [#) Refresh Project / Update Project | B8 ACT Start Pt ExportReport...
| Toobox_ A 1 E:\ANSYS\Book 17\Sec02-1\W 16x50.wbpj

B Analysis Systems ‘;

Ld

Design Assessment

W16x50_files
N Wi6xs0

Eigenvalue Buckling

v A
2

Explicit Dynamics @) Geometry
GJ Fluid Flow-Blow Molding (Polyfiow)

4
(2]
©
(A}
(=}
& Fluid Flow- Extrusion(Polyflow) Geometry
(=}
=}
(=}
]
]

G Fluid Flow (CFX)
G4 Fluid Flow (Fluent)
G Fluid Flow (Polyflow) [3] Pull-down-select

HarmonicResponse File/Exit to exit
[4] A file W16x50 and a B MR Workbench. «
folder W16x50_files — Planiowy
are created in your ) Magnetostatc
working folder. Double- 0 Random virakn
clicking W16x50 would i} Response Spectum
open the project. | — i

Static Structural
) steady-State Thermal
m Thermal-Electric
i Transient Structural
'—‘3 Transient Thermal
@ Turbomachinery FluidFlow
B Component Systems
T ACP(Post)
iz ACP (Pre)
@ Autodyn
&4 sladeGen
@) CFX |

[T View All/ Customize... |

o Ready J¥¥ Job Monitor... | iShow Progress | | © Show 0 Messages | .:

T —— S

69

Supporting Files
[5] To download the finished project files or view the demo videos, please visit SDC Publications' website or the
author's webpage. See Access Code and Author's Webpage in Preface (page 7) for details. #
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Section 2.2

Triangular Plate

2.2.1 About the Triangular Plate

[ITA triangular plate [2-3], with a thickness
of 10 mm, is made to withstand tensile
forces on its three side faces [4].

In this section, we'll sketch a profile of
the plate on XYPlane and then extrude
the profile 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

A

Workbench
181

[1] Double-click to
launch Workbench. —

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

[3] The radius
of the fillets is
10 mm. N\

30 mm

300 mm

[2] The plate has
three planes of
symmetry. |

[3] Right-click the Geometry

File View Tools Units Extensions

=

i ACP(Pre) _A_l
@ Autodyn

ﬁﬂ BladeGen

@) CFx

& Engineering Data

External Data

@ Bdernal Model

& Feedback Iterator

Finite ElementModeler

& Fluent

Fluent (with Fluent Meshing)
[@ Geometry

# ICEM CFD

@ Icepak

Project

cell and select New

DesignModeler Geometry...

to start up DesignModeler. |

Geometry

,ﬁZ] Double-click to create a

=

Geometry system
(2.1.2[4-5], page 57). 1
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GTA: Geometry - DesignModziex =0l x|
Fis Creats Conoept Tnn! Units gw Help N\
AHBE @] 90 oo |[Select [y B (@ W0 [0 0 ||S QRS EQRE |+ @ 2
M- - £ fi- o - A AT

| X¥Plane v | Home - 89 || /Cemnte @i fopolory [FE]Perameters

| BEnde goRevobe @5\ pep @ Skinfont || WM Tusutcs @Bl - & Chunter Mpilce || @Point E)Converion
BlsdeEditor: & Import BGD

0sd BGD |<»[Losd NDF | SPFlowPath 7 Blade o Splitter —JVistaTFExport ' EsportPoints WDStageFluidZone # SectorCut| | Throatdrea

BE g = (Rl 5] BT Y
0 L3 Graphics a
I
=, Line
Tangent Line .
§¥?KZ s [4] Pull-down-select [7] Click Look At to
A\ Poy . san:
G Pabven Units/Millimeter. \, look at XYPlane. #
1] Rectangle
MRectangle by 3 Points
&20val
s Modify v
Dimensions
Constraints
[5] The length unit and the
angle unit are shown here. «

[6] Select the x

Sketching mode. /

Model View [Pt Preview |

2.2.3 Draw aTriangle on XYPlane

ching Toolboxes

y
'@ Ready No Selection ! Millimeter Degree {9 (N
S —

Open End
( d End

Bk ||

5 . :
o 2y [3] Cllcrl:I thhe sec%ntz point [5] Right-click-select
& TengentLine Ir.°‘|i$ Y elze- N °“:, Closed End to close the
& Line by Tangents clicking, Ta €surea polyline and end the tool. #
[ A Foblie (vertical) appears. |
(=sPolyzon ‘ -
[ Rectengle Zoom to Fit (F7)
“sRectangle by 3 Points [ | ] §e|ect X Cursor Mode N
@ Ovel Polyline. \, - ‘
(& Circle T Tiew L
£4Circle by 3 Tangents _L/"' {9 Look At
==, Arc by Tangent ) T
&= Arc by 3 Points -/ Generate (F5)
aa Axc by Center ’/..-""'-
23 Ellipse T —
> Spline T
# Construction Point
4 Construction Point at Intersection ) L 4 s
Modify v T -
Dimensions T
Constraints T
Settipes T [2] Click roughly here
ing [Modeling | . . . to start a polyline.
siviing [Vl [4] Click the third point roughly here. Before poly N
I—

clicking, make sure a € (coincident) appears.
Auto Constraints is a useful feature of
DesignModeler (2.3.5, page 84). /

-
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2.2.4 Make the Triangle Regular [2] Click chis and the

vertical segments to
make their lengths

Sketching Toolboxes equal. l

Drawe

Modify :
Dimensions } o

Constraints O
777 Fited
— Horizontal
4| Vertical
¢ Perpendicular
\ Tangent [1] From the Constraints
"3’;2:“{191“‘ toolbox, select the Equal
P Length tool. /

A Symmetry
/ Parallel

Concentric /
(@)

> Equal Radius
| 2 Equal Length
%)Equal Distance
A0ty Comstraints

Setiings [3] Click this and the I
Shetching [Modeling vertical segments to

make their lengths
equal. #

2.2.5 2D Graphics Controls

[1] Tools for 2D graphics controls are available in the Display Toolbar [2-10]. Click the tools in [4-6] to toggle
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[5-7] (page 64) and 2.3.4[1] (page 83). |

[4] When on, Pan allows you to [3] Zoom to Fit fits [8] Click Next [2] Look At rotates the
click-and-drag on the graphic the entire sketch in View to go to view so that you look at
area to move the sketch. \ the graphic area. « the next view. / the sketch plane. «

\ \ V
S LR EEQ G T e D

—
[6] When on, Zoom allows [5]When on, Box Zoom [7] Click Previous
you to click-and-drag on the allows you to cllck-apd-drag View to go to the

graphic area to zoom in/out. — a box on the graphic area previous view. |

to enlarge that portion of
the sketch. «

[9] Click Undo to undo what ) ,

you've just done. Multiple undois ——— 43 Undo & Redo .[IO] Click Red? to refio what youve

allowed. This tool is available only in — just undone. This tool is available only
Sketching mode. — in Sketching mode. #




2.2.6 Specify Dimensions

Sketching Toolboxes =1| Details of Sketchl
Draw Shetch Sketchl
Modify Sketch Visihality Show Sketch
Dimensions QO 1= Show Constraints? No
@Gemml =] Dimensions: 2
[ Horizontal Hi 3WMwm Q)
[ Vertical = Wem O
o Length/Distance )
((‘Rm‘liux
eDiameter
/& Angle . .
g Semi-Automati [I] From the Dimension
& Edit toolbox, select Horizontal. \,
2 Move

Constraints
Settings

Sketohing |Modaling |

[ Animate
9 Disly

[5] Select Move and move the
dimensions to appropriate positions
(2.1.12[2-3], page 67). #
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[4] In Details View, type

300 (mm) and 200 (mm) for . 5

the dimensions just created. -
Click Zoom to Fit i -~

(2.2.5[3], last page). / /ﬁ/’!

T —.

2.2.7 Draw an Arc

Sketching Toolboxes

s
[3] Click the left vertex 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].) 1

Draw O
., Line [3] Click the second point r
& TenentLin roughly here. Before clicking, -
& Line by 2 Tengente make sure a € (coincident) : 7
£\ Polytine constraint appears. \, i
(=3Polygon PP : .
'DRectangle r
(“sRectangle by 3 Points a
£0val /
(=) Circle T N
£ACircle by 3 Tangents L .
= Arc by Tangent /// —_—— '6
¢ Arc by 3 Points e
Im Arc by Center iaascscsnnsasassancanssnansanssanancsasasnannns P T T T
. - .
3 Ellipse N
> Spline ‘\x\
# Construction Point [l] From the \‘-«__R
4 Construction Point at Infersecti ., :
Draw toolbox, ‘k\\ :
Modity select Arc by R
— Center. — “\i\
Constraints Ry
Settings : .
200 : ™
Shatching : "
J— — 300 J|

~

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

- %

[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

EETETT—
Draw [I] From the Modify
Modify O toolbox, select Replicate.

(—Fillt Type 120 (degrees) for r
¥~ Chamer (rotate). Replicate is

i ’;"D_me' equivalent to Copy+Paste

om

TTEmnd (2.1.6[2, 5], pages 63-64). \,
£ Split

[z Dree /
4 Cut (Ctl+ X)

Copy (Ctll+ C)

[ Paste (Ctalt V)

= Move

the Arc

handle. Before clicking, make
sure a P (point) appears. /

{[4] Select this vertex as paste

A

o Replicate r=[120" O f=]2
Duplicate

= Offset

p Spline Edit

Dimensions

Constraints

Settings

[2] Select
~
. |thearc. —»

Sketohing | Modeling |

Rotate by -r

Flip Horizontal

Flip Vertical

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

[5, 9] Right-click-select
Rotate by r from the
context menu. | |

End

Selection Filter

appears. If
difficulty maki

[6] Click this vertex to
paste the arc. Before
clicking, make sure a P

see [7-8]. —

you have
ng P appear,

P9 Look At

-/ Generate (F5)

500

[3] Right-click-select
End/Set Paste
Handle. \

Clear Selection

End / Use Plane Origin as Handle
End / Use Default Paste Handle

Selection Filter

) Isometric View
150

wtw Set

i i

®| 8] Selection Filter is
also available in the
context menu. /

]
X Delete

-/ Generate (F5)

[7] Whenever you have
difficulty making P appear,
click Selection Filter:

Points in the toolbar.
Selection Filter is also

available in the context

menu, (see [8]). T




m:: ................................ ). .......... . p——
= :
. ll : e
&‘“‘x_ ‘n'l : B
-\.\\-‘ vu" g )
'S /i
~. /S i
e H
B
T
T
N [10] Select this vertex
: ™~ to paste the arc.
2 : ‘“‘x@ Before clicking, make
: sure a P appears. —
=00
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Rotate by r

Rotate by -r

Flip Horizontal

Flip Vertical

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

Selection Filt/ \ 4

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

View 4
(9 Look At

-/ Generate (F5)

[12] We chose to manually set the paste handle at a vertex ([4], last page) because
we want to demonstrate the use of Set Paste Handle [3]. In this case, select
Use Plane Origin as Handle, Rotate by r, and then Paste at Plane
Origin have the same result (similar to the steps in 2.1.6[4-7], pages 63-64). #

— —

2.2.9 Trim Away Unwanted Segments

-
Sketching Toolboxes [2] Turn on Ignore Axis
(2.1.8[2], page 65). |

[~ Fillet
[~ Chamfer
= Comer

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

[-1- Trim
7 Extend
£ 8plit
[ Dree
& Cut (Ctet X)
Copy (Ctelt C)
@ Paste (Ctit V)
o Move

o Replicate
Duplicate

=, Offset

» Spline Edit

[IT From the
Modify toolbox,
select Trim.

Dimensions v
Constraints
Settings

Sketehing | Modeling |

| — —

200 i

500 J
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2.2.10 Impose Constraints

[2] Select this segment and

the vertical segment to make

their lengths equal. |

[5] Select the

Sketching Toolboxes

Draw
Modify
Dimensions

Constraints O

-

77 Fixed

> Horizontal

4| Vertical

¢ Perpendicular
N Tangent

[4] Select Symmetry. —D

¢ Coincident

-.= Midpoint

A Symmetry

/ Parallel
Concentric

*, Equal Radius
| <« Equal Length
g;’-';» Equal Distance
it Auto Constraints

horizontal axis as

[3] Select this segment and

the vertical segment to make

their lengths equal. «

Settings

Sketohing | Modeling \_

[I] From the Constraints

toolbox, select E
Length. |

the line of
symmetry. |

[6] And select the
lower and upper
arcs to make them
symmetric. |

200

qual

200 J

Constraint Status

[7] The three straight segments 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, and gray for inconsistency. #

2.2.11 Specify Dimension for Side Edges

Sketching Toolboxes

Draw
Modify

B

Dimensions Q

[ Genersl \

1= Horizontal
=]

[ Vertical

[-|| Details of Sketchl
Bketch Sketchl
Sketch Vishality Show Sketch
Show Consteaints? Ho
[=]| Dimensions: 3
Hi 300 v
H2 200 e
V3 40 v

\./‘/N Length/Distance
(< Radivs

¢ Diameter

A hage

7 Semi-Automatic
&, Edit

g‘ Move

[ Animate

Y Disply

[1] Select the Dimension
toolbox and leave General
as the active tool. \|

Constraints

‘ v

Settings

Sketching | Modeling |

=

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

e[k

- —

500

a

[2] Click the vertical segment and move
the mouse rightward to create this
dimension. All the entities turn to blue
now. (The value 40 is typed in [3].) 1




2.2.12 Create Offset

200
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\ 40

4 N
[2] Sweep-select all the segments
Drow (sweep each segment while
Medity O = holding your left mouse button
~Fillt down, see 2.. 1.7[3], page 64)'.
P~ Chamfer Sweep-select is also called paint-
=+ Comer select. (See [3] for another way to
T Trim select multiple entities.) \,
T Extend \_ J
£>Split
fi] Dreg
i E“‘ (C(E“lx)c) [I] From the Modify
By Copy (Ctrl+
B o G ) toolbox, select Offset. |
= Move
o Replicate
Duplicate
[=, Offset
5> Spline Edit
Dimensions -
Constraints
Settings —
Shetohing [ Viotelng ] ‘ Select: *]% :..Q- ‘ ™o
— -4 T Single Select

2] b

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

Clear Selection o
End selection / Place offset @

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

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

Offset tool. (J

Selection Filter v [5] Click roughly Clear Selection
e — ‘\ here to place
152 St the offset. — Selection Filter 8
ﬁg Restore Default O Isometric View
Zoom o Fit (F7) iy 0 Set

Cursor Mode 4 l ™37 Restore Default

o o I } S
Ll & T Cursor Mode 4
X Delste / i View >
-/ Generste (5) d. / ¢ Look At

- T— —

2003

o

500 J

-/ Generate (F5)

P——
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Sketching Toolboxes

[7] From the

Dimension
toolbox, select
Horizontal. |

———

Constraints

Settings

I
|

Sketohing | Modeling |

P ——

[8] Create this dimension by

clicking the left two arcs and move

downward. Note that all the

entities turn to blue now. /

2.2.13 Create Fillets

Sketching Toolboxes

[17 In the Modify toolbox,
select Fillet. Type 10 (mm)

for Radius. —

Draw

Modify

[ Fillet Radivs:

[ Chamfer

=} Comer

+ Trim

= Extend

{3 Split

[ Dre

& Cot Ctel+ X)
Copy (Ctilt C)
@ Paste (Ctelt V)
E:Z|E= ane

o Replicate
Duplicate

= Offset

)) Spline Edit

o I~/
IIUmmK

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

they may be overridden
by other constraints or
dimensions (also see

2.1.11[5], page 67). _|

Dimensions

|

Constraints

Settings

Sketching | Modeling |

T ———

Details of Sketchl

Sketch Sketchl

Shetch Viahlity | Show Sketch

Show Constraints? | No

Dimensions: 4

H1 300 rorn
H2 200 i
H4 30 vrm
3 40 vrin /

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

[10] If you see something
like this, never mind; there is
nothing wrong with it. #

300

o

[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]). /




Sketching Toolboxes

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

Draw
Modify
Dimensions O

@ General

1= Horizontal

[ Vertical

&~ Length/Distance
| (< Radius

e Dismeter

A Angle

B

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

turns a "weak" dimension to a
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.";I Semi-Automatic
& Edit

g Move

[ Animate

%4 Disply

[4] From the
Dimension
toolbox, select
Radius.

Constraints
Settings
Sketohing

|~

206

2.2.14 Extrude to Create 3D Solid

raeemwe  [2] Click Extrude. |

DI

| Fle Create Concept

I

[5] Click Display Plane
to turn off the display of
the sketching plane. |

}/% -
A gle |42
_

N EEES:
N

= E; / ASunie (2Redo | [Selct |y Ty | @R B O
| m- ;- Vo S A S A .
mm\(/ + 3h | Sketht - M-}(}encm)< [4] Click
J(nExmlde)ﬁkevolve @ Sweep  § SkinLoft ‘ Thinjfuface QB Generate. /‘
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FE S = (B S - S

(=68 A: Geometry

> XVPlane

> ZHPlane

¥ YZPlone

[ Extrodet
) Sketchl

/& 1Part, | Body
. @ Solid

[7] Click all plus
signs (+) to expand
and browse the
model tree. #

Sketching  Modeling
Dehﬂs View g
1| Details of Extrudel
Extude Extudel
Geometyy seert O |
Opesation Add Matesial
Dieotion Veotor | None (NormaD) |
Diseotion Noumal
Extent Type Fixed
FD1, Depth (-0) | 10 mm Q
s ThinSufsce? | No
|Mesge Topology? | Yes
=) Geometry Selection: 1
[Sheteh [Sketoht

Note that Sketchl is
automatically entered as
Geometry. |

[ @ Ready

\
[3] Type 10 (mm) for Depth.

““\Ey |rPoints MMStageFluidZone 4 SectorCut & Throathrea

[17 Click the little
cyan for an
isometric view. \

[6] Click Zoom
to Fit. <

[tion [Millimeter Degree 0 [0

[—————SW—
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2.2.15 Save the Project and Exit WWorkbench

-loix
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BladeEditor: @glm\\vmmu [>/Losd NDF | SZFlowPath 7 Blade o Spliter —JVisnTFEsport “~ExportPoints MDStageFludZone #f SectorCut e Thioathrea
E (F | @
[I] Click Save Project.
Type Triplate as the
project name. |
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., G Solid

Sketohing Modeling

| Details of Extrudel
Extruds Extruds 1
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[2] In Workbench GUI,
pull-down-select File/Exit to
exit Workbench. #
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Section 2.3

More Details

2.3.1 DesignModeler GUI

[I] DesignModeler GUI consists of several areas [2-8]. On the top are pull-down menus and toolbars [2].
On the bottom is a status bar [8]. In-between are several window panes. Separators [9] between window
panes can be dragged to resize the window panes. You 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 [4] shares the same area with Sketching Toolboxes [5]. To switch between the Modeling
mode and the Sketching mode, simply click a mode tab [3]. Details View [7] shows the detail information of
the objects highlighted in Tree Outline [4] or Graphics Window [6]; the former displays a Model Tree
(discussed next page) while the latter displays a geometric model. Note that we discuss only the 2D functions of
DesignModeler in this chapter and will discuss the 3D functions in Chapter 4. |

[2] Pull-down menus

and toolbars. / X
[5] Sketching
| Toolboxes, in the
File Creste Comcept Tools Units View Help Sketching mode. «
—— — b BE e[S AREER A
4] Tree Outline,in \f I
th[e ]Modeling mode. — || /e @ e
(@ ThinsSurface ‘ @Puinl 2" Conversion 1 Sketching Toolboxes
= ExportPoints @ StageFluid Zone @Secbe'
X Y0 _ | N\ Line
ree O 6' Tangent Line
=& Aie;;;;ym # Line by 2 Tangents
Y Sketeht | f_\ioiyhne
e ZHPlane (=sPolygon
:é YZPlane [3] Mode tabs. \ ] Rectangle
= Extrudel .
v o3 Sekeh:hl gge:angle by 3 Points
=@ 1 Part, 1 Body h
@ Solid (%) Circle
£ ACircle by 3 Tangents
= Arc by Tangent
X T [9] Separators ¢ Arc by 3 Points
= | Details of Extrudel ® allow you to resize ¢ Are by Center
Extrude Extrudel . .
P a— window panes. _| & Ellipse
Operstion. | 434 Mateal > Spline
Diseotion Veotor | Name (Haxrrel) # Constroction Point
Disection Nomsl % Construction Point at Intersection
Extent Type Fied
FD1, Depth (>0) | 10 mm [7] Details Modify -
As ThinSuface? | No | View. — Dimensions
Meige Topology? | Yes .
=) Geometry Selection: 1 | [8] Status bar. \ Constraints
Sheteh Shetohl \ [ .
Model View | Puint Preview | \/ Settngs
I_a Ready \En Selection Sketohing Mﬁh’@l

T———
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Model Tree

[10] Tree Outline [4] 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 the 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

[17A 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 preexist: XYPlane, YZPlane, and ZXPlane. The currently
active plane is shown on the toolbar [2]. You can create as many new planes as needed [3]. There are several ways to

create a new plane [4]. In this chapter, since we always sketch on XYPlane, we will not discuss the creation of
sketching planes now and will discuss it in Chapter 4. /

A: Geometry - DesignModele)|

[3] To create a
new plane, click Flone

New Plane. — N
Base Flane Lo
- - =4
= A / Teansfowrn 1 (RME)
— a‘é] Reverse Normal/Z-Ads?
Flip X¥-fxes?
Extport Cocudinate System? | No

[2] Currently

[4] There are
several ways to
create a new

2.3.3 Sketches

[171A sketch consists of points and edges; an edge may be straight or curved. Dimensions and constraints may be
imposed on points and edges. As mentioned (2.3.2[1]), multiple sketches may be created on a plane. To create a new
sketch on an empty plane, 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 [2]. Exactly one plane and one sketch is
active at a time [3-6]; 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[1-3], page 106). When a new sketch is created, it becomes the active sketch.
More on creating sketches will be discussed in Chapter 4. |

[3] Currendy [4] Currently active
ive plane. sketch. /
active plane. — [2] To create a new sketch
\/ on the active sketching plane,
X¥Plane v 3| Skewht . click New Sketch. «
[5] Active sketching plane [6] Active sketch can be
can be selected from the selected from 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

[1] In the Sketching mode, five Sketching Toolboxes (2.3.1[5], page 81) are available: Draw, Modify,
Dimensions, Constraints, and Settings [2-6]. 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 briefly discussed, starting from 2.3.6 (next
page). Before we discuss these sketching tools, let's reiterate some useful tips about sketching as follows.

Pan, Zoom, and Box Zoom

Besides the Pan tool in 2.2.5[4], page 72, 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[7], page 64). Besides the Zoom tool in 2.2.5[6], page 72,2
sketch can also be zoomed in/out by simply rolling your mouse wheel (2.1.7[6], page 64); the cursor position is the
"zoom center." Besides the Box Zoom tool in 2.2.5[5], page 72, box zoom can also be done by dragging a rectangle
in the graphics window using the right mouse button (2.1.7[5], page 64). When you get used to these mouse
shortcuts, you usually don't need the Pan, Zoom, and Box Zoom tools in 2.2.5[4-6], page 72.

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[8], page 81) 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. /

[2] Draw [3] Modify toolbox. — ] )
toolbox. — [4] Dimensions
\/ V toolbox. — [5] Constraints
oty l toolbox. |
Drw . Fillt v

", Line { Chamfer Dimensions 1
# Tangent Line = Comer i :
« Line by 2 Tangents + Trim [ General Constrsints ‘
2, Polyline T Ext_end =] Hon_zontal o Fiseed
(=3Polygon < ;phl Al — Horizontal
[ Rectangle e - Lengh/Distuce 1] Vertical [6] Settings
“\Rectangle by 3 Points Copy e (S «¢ Perpendicular toolbox. #
&P 0val B Pests (Ctik+ V) € Diameter N Tangent
@® Circle TR & Angle _ 3 Coincident ' \/
£4Circle by 3 Tangents = Replicate RIS - Midpoint =
—= Arc by Tangent Duplicate & Edit S Symmetry _ etings
¢ Arc by 3 Points R [ Move 7 Paalle Gad
¢ Arc by Center » Spline Edit E Amlﬁ ik a2t M.ﬂ]Dl’ Grid Spacmg.
¢t Ellipse Dimensions | A9 DiPRY 7 Equal Radivs il Minor-Steps per Mejor

: 1 il o Snaps per Minor
> Spline «2Equal Length
# Construction Point ;?Equel Distance
A Constroction Point at Intersection 2w Auto Constraints q—'ﬁ




84 Chapter 2 Sketching

2.3.5 Auto Constraints(Refs I.2]

[1] By default, DesignModeler is in the 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.

1 -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. —

Constraints
77 Fixed
= Horizontal
4| Vertical
~¢ Perpendicular
2N Tangent
e Coincident
== Midpoint
£ Symumetoy
/7 Parallel
Concentric
_# Equal Radins
> Equal Length
2% Equal Distance

[Fin Auto Constraints Global: v Cursor: v

2.3.6 Draw Tools(Ref3]

Line

[2] 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

([3], next page).

Polygon

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

e

[2] By default,
DesignModeler is in the
Auto Constraints
mode, both globally and
locally. #

[1]The Draw
toolbox. «

V

Draw

*, Line

6 Tangent Line

é' Line by 2 Tangents
/4, Polyline
(‘=3 Polygon

ﬁ Rectangle
“aRectangle by 3 Points
%2 Oval

(=) Circle
4 ACircle by 3 Tangents
— Arc by Tangent

¢= Lrc by 3 Points

s Are by Center

3 Ellipse

> Spline

# Construction Point
A% Constroction Point at Intersection




Rectangle by 3 Points

[4] 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 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 [5]: 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.
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[3] A polyline must be
completed by choosing either
Open End or Closed End

from the context menu. «

V

Open End
Closed End

Back
Selection Filter 4

) Tsometric View
i.if.‘ Set
37 Restore Default

@) Zoom to Fit (F7)

Cursor Mode 4
View 4
(3 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

A

J\

[51 A spline must be
complete by specifying an
ending condition from
the context menu. |

How to delete edges?

[6] 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 the 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. Also see
2.3.8[8-10], page 89, and 2.3.9[5-7], page 90.

How to abort a tool?
Simply press ESC. #
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2.3.7 Modify Tools[Re 4]

Fillet

[2] Select two edges or a vertex to create a fillet. The radius of the
fillet can be specified in the toolbox [3]. 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 [4]. 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
[5]- After completing this tool, Paste tool is automatically
activated.

[1]1 The Modify
toolbox. «

Modify
[~ Fillet
{ Chamfer
=3 Comer
7 Trim
5 Extend
<5 Split
fi] Dreg
& Cut
Copy
[ Paste
. Move
o Replicate
Duplicate
=, Offset
p Spline Edit

[3] The radius of fillets can
be suggested; it is a "weak"
dimension. |

Modify

[ Fillet Radivs: [25 mm
{ Chamfer
= Comer

+ Tsim

[4] Options of
Split in the
context menu. |

\/

v Split Ed ge at Selection
Split Ed ges at Point
Split Ed ge at 411 Points
Split Ed ge into n Equal Segments

[5] Options of
Copy in the
context menu. (J

Clear Selection v

End /et Paste Handle
End / Use Plane Origin as Handle
End / Use Default Paste Handle
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Cut [7] Options of
[6] Similar to Copy, except that the copied entities are co:?::ter:;;T |
removed. v
PaSte Rotate by r Degrees
Pastes the entities in the "clipboard" to the graphics window. Rotate by -r Degrees
The click defines the point at which the Paste Handle Flip Horizontal
positions. Many options can be chosen from the context menu Flip Vertical
[7], where the rotating angle r and the scaling factor f can be Scale by factor f
specified in the toolbox. Scale by factor 14
Paste at Plane Origin
Move Change Paste Handle
Equivalent to a Cut followed by a Paste. (The original is
removed.)

[8] Options of

Replicate spline Edit in the
context menu. #

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

preserved.) v
. Select New Spline
Du Pl Icate Re-fit Spline
Create Missing Fit Points

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.

Delete New Fit Points
Create Missing Control Points

Drag Fit Point
Drag Control Point
Offset Tnsert it Point
Creates a set of edges that are offset by a distance from an Delete Fit Foint
existing set of edges. e
Spline Edit
Used to modify flexible splines. You can insert, delete, drag the fit [I] The Dimension
points, etc [8]. For details, see the referencelRef4l. 7 toolbox. «
Dimensions
2.3.8 Dimensions Tools[Ref31 3 [ Generl
1= Horizontal
[ Vertical
&Lengthl’Distance
General (I
& Diameter
[2] Allows creation of any of the dimension types, depending on A Angle
what edge and context-menu options are selected. If the 1 Semi-Automatic
: —_ . L 2 Edit
selected edge is a straight line, the default dimension is its length il
2] Maove
([3], next page.) If the selected edge is a circle or arc, the default [ Animate
dimension is its radius ([4], next page). _| B8 Display
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Horizontal

[5] Select two points to specify a horizontal. 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 arrow point of the hands, and the angle is measured
counterclockwise from the first hand to the second. If the angle is not what
you want, repeatedly choose Alternate Angle from the context menu until
a correct angle is selected [6].

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 [7] rather than
dimension names. /'

[3] Options of
General in the
context menu if you
select a line. |

V

1= Horizontal
[ Vertical
& Length/Distance
A hngle
Select Pair

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

\

(\\ Radius
1 e Diameter
Select Padr

[6] You may repeatedly
choose Alternate Angle
from the context menu
until the correct angle is

selected. |
I Alternate Angle I
Do Not Move with geometry
Edit Name/Valve
Dimensions
&> General
1 Horizontal
[ Vertical
\./‘/\LengMDistant:e
(<" Radivs
eDiameher
A Angle
-/ISemi—Auwmaﬁn
& Edit
g Move
Animate
W{'EI Display Name: [ Value: [v

[7] In this book, we
always display
dimension values. _|




How to delete dimensions?

[8] To delete a dimension, select the dimension in Details
View, and choose Delete from the context menu [9]. You
can delete ALL the dimensions by right-clicking
Dimensions in Details View [10]. \,

2.3.9 Constraints Tools[Ref ¢l

Fixed

[2] Applies on an edge to make it fully constrained if Fix Endpoints
is selected [3]. 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. —
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=|| Details of Sketchl

z::ivﬁwy zﬁ};ﬁm [10] You can delete
all the dimensions

by right-clicking

Dimensions. #

Show Constraints? | No

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

[I] The Constraints
toolbox. «

|

Constradnts

77 Fixed

= Horizontal

4| Vertical

~¢ Perpendicular
N Tangent

e Coincident
== Midpoint

s Symmetry

/ Parallel
Concentric

A, Equal Radius
«*Equal Length
@Equal Distance
fon Avuto Constraints

[3] If Fix Endpoints is
selected, the edge will be
fully constrained. _ |

|

Constraints
,ﬁixed Fix Endpomts v
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Parallel

[4] 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 84). |

How to delete constraints?

[5] By default, constraints are not displayed in Details View. To display constraints, select Yes for Show
Constraints? in Details View [6]. To delete a constraint, right-click the constraint and issue Delete [7]. |

[6] Select Yes for

=) Details of Sketchl | Show Constraints?
Shetoh Sketchl in Details View. |
Shetoh Visiblity Show Sketch
Show Constiaints? Tes
-|| Dimensions: 5
Hi 300 rmim
H2 200 vein
H4 30w
RS 10 mm
V3 40 v
—|| Edges: 12
=) Line La7
Vetical Autis Line Yhuds

Coincident Faint Cx10.Centex
Coincident X
Equal Length
Equal Length
Coincident: Base Point | Point Cr12 Base
Coincident: End Point | Point Cy10.End

= } Generate

[7] Right-click a constraint
and issue Delete. #




2.3.10 Settings Tools[Ref7]

Grid
[2] Allows you to turn on/off grid visibility and snap
capability [3-4]. The grid is not required to enable

snapping.

Major Grid Spacing

Allows you to specify Major Grip Spacing [5-6] if
Show in 2D is turned on.

Minor-Steps per Major

Allows you to specify Minor-Steps per Major
[7-8] if Show in 2D is turned on.

Snaps per Minor

Allows you to specify Snaps per Minor [9] if Shap
is turned on. /

[6] Major Grid
Spacing = |10 mm. —

] |

L

A

40 mm
[8] Minor-Steps
per Major =2. —
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Settings
Grid
o Major Grid Spacing
s Minor-Steps per Major

|
o5 Snaps per Minor

[I1The
Settings
toolbox. «

[4] Check here

tot
[3] Check here to turn gn:::, oln

on Show in 2D. —

| o Showm2D: | Swap: [ |

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

\

|.... Major Grid Spacing {10 mum

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

\/

| o5 Minor-Steps per Major [Z

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

V

| 5 Snaps per Minor 1
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Section 24

M20x2.5 Threaded Bolt

2.4.1 About the M20x2.5 Threaded Bolt[Refs I.2]

[17 In this section, we'll create a sketch and revolve the sketch 360° to generate a 3D solid body, a body representing a
portion of an M20x2.5 threaded bolt as shown in [2-7]. 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. |

[4] Major
diameter

[3] Metric

[5] Pitch
p=25mm. |

system. — d=20 mm. —

M20x2.5

[7] Some detail
H=(3/2)p=2.165 mm — 7 sizes

d=d-(5/8)Hx2=17294 mm | calculations. #

H
[6] Thread
\ d standards in the
d metric system. /"
‘ |
p H
8
&
~
o~
I
Q
X 32 60°
Internal
threads
(nut)
[2] The threaded
bole creat.ed in this Minor diameter of internal thread d
exercise. | I
Major diameter d
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2.4.2 Draw a Horizontal Line o547 ‘

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

On XYPIlane, draw a horizontal line. Specify the with dimensions
dimensions (8.647 mm and 27.5 mm) as shown in [2]. — like this. #

[2] Draw a

2.4.3 Draw a Pol)/hne ..... L S P

93

[1] Draw a polyline of 3 segments and specify the dimensions (30°, 60°, 60°, 0.54] mm, and 2.165 mm) as shown in
2-3]. To specify angle dimensions, please see Angle, 2.3.8[5], page 88.
pecity ang P g pag

m

[2] This is the line 0.541
drawn in 2.4.2[2]. \,

\

f ~_ | 7 [3] Draw a polyline of
60.00° RN 3 segments. #
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2.4.4 Draw a Line and a Fillet

[I] Draw a vertical line and specify its position [2].
Create a fillet and specify its position [3-4]. \,

.54

[3] Create a fillet (also
see [4]) and specify its
position (0.541 mm). —

{
|
60.00°

0.541 —

0.541

0.541

[1] Trim away these
three segments. —

§
J

S S
30.00°

—0.271

60.00°

§
|

A
30.00°

-~

[2] Draw a vertical line
and specify its position
(0.271 mm). «

N
A

60.00°

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

|

Modify /‘L\l -

\

[ Fille Radivs w
—
2.165
{.541

T

s

B60.00°
N

~— : )'.,

[2] The sketch after
trimming. #




2.4.6 Replicate 10 Times

[1] Select the Replicate tool and select all segments except
the horizontal line (4 segments in total), and replicate 10 times.
Set the Paste Handle as shown in [2]. You may need to use
Selection Filter: Points [3] (also see 2.2.8[7-8], page 74). |
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3.647

0.541 -,

e W
C_30.00°  60.00°
”'ﬁt‘ 0 fn /
b o
o

Filter: Points. #

[2] Set Paste )
[3] Selection ’ E @ -‘M ‘ ‘ Handle at this point ﬁl

(also see [3]). «

P

2.4.7 Complete the Sketch

647
216
0541 —of o P
- 3 “‘\‘
o apo0e 60.00°
"'l“‘
|
&
[2] Draw this vertical\w\
I

line, which passes ——

through the origin. lf

[5] Draw this
horizontal line. #

[I7 Create this
segment, using
Replicate. \

P SCT AL
° ‘BD\,A L 027 /
3 )
B
B
f
B
B
3
BC‘
3
3
&
3
B

[3] Specify
this dimension
(4.5 mm). —

4500

[4] Draw this vertical 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

[1] Click Revolve to generate a solid of revolution. Select the Y-
axis as the axis of revolution [2]. Remember to click Generate.
Save the project and exit Workbench. We will resume this project in
Section 3.2. |

$Revolve

[=]| Details of Revolvel
Revalve Revalvel
Geometry Sketchl
Aodis DB O_
Opesation Add Matedal
Disection Narmal
et sl el [2] Select the Y-axis as the AXis
y— - Yo of revolution. (Make sure you
ige Topology? s .
) Geometey Selection: 1 correctly select the Y-axis.) #
Sketch [Sketeht
T— ——
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Spur Gears
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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 99).

2.5.1 About the Spur GearsRet 1.2]

[1] The figure below shows a pair of identical spur gears in mesh [2-5]. 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 [9] at the point of contact between two teeth must always pass through a fixed point
on the line of centersR¢f'1 [6]. The contact point is called the pitch point [7].

The angle between the line of action [9] and the common tangent of the pitch circles [8] is known as the pressure
angle. The spur gear is defined by its pitch radius (r, = 2.5 in) [4], pressure angle (o = 20°) [9], and number of teeth (N
= 20). The teeth are cut with a radius of addendum r. = 2.75 in [10] and a radius of dedendum rq = 2.2 in [I1]. The
shaft has a radius of 1.25 in [12]. All fillets have a radius of 0.1 in [I13]. The thickness of the gearis 1.0 in. ./

[2] The driving
gear, rotating
clockwise. |

[3] The driven gear,
rotating counter-
clockwise. |

[4] Pitch circle,
rp=25in. -

[10] Addendum,
rn=275in. |

[1'1] Dedendum,
rg=22in. -

[7] Contact point
(pitch point). —

[6] The line of
centers. «

[9] Line of action
(common normal of
contacting gears). The
pressure angle o = 20°. /

[5] Pitch circle of the
driving gear. «

[8] Common tangent of
the pitch circles. 1

[12] The shaft has a
radius of 1.25in. |

[I3] All fillets has a

radius of 0.1 in. #
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2.5.2 About Involute CurvesRefs I.2]

involute curve. \,

[1] To satisfy the fundamental law of gearing, gear profiles are usually cut to an involute curve [2], which may be
constructed by wrapping a string (BA) around a base circle [3], 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 o/, we can calculated the coordinates of each point on the

[4] For example, let's calculate the polar
coordinates (r,0) of an arbitrary point A
[5] on the involute curve. Note that BA
and CP are tangent lines of the base
circle,and F is a foot of perpendicular.
___Since APF is an involute curve and
BCDEF is the base circle, by the definition
of involute curve,

BA = BCDEF )

CP = CDEF Q)
In AOCP,

r, = coso 3)
In AOBA,

F= b )

or, cos¢

¢ =cos”' b o) /

[2] Involute
[5]An
arbitrary curve. |
point on the A

involute
curve. —

[6] Contact point P
(pitch point). \,

[7] Line of
action. |
o

o3

[3] Base circle. «

P
E 0 F [8] Common
' tangent of
el pitch circles. |
[9] Line of centers; the length
0 OP is the pitch radius r,. /
0]

[10] To calculate 6, we notice that

Dividing the equation with r. and using Eq. (1),

CP _ CDEF

DE = BCDEF — BCD — EF

A fy hy fy

If radian is used, then the above equation can be written as

0 =(tang)— ¢ -6,

fy

6, = (tana)— o

X =—rsinf, y =rcosf

»or tana = ¢+ 6, or

(6)

The last term 6 is the angle ZEOF, which can be calculated by dividing Eq. (2) with r,

?)

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,

®)
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Numerical Calculations of Coordinates

[I'1] In our case, the pitch radius r= 2.5 in, and pressure angle ¢ = 20°; from Egs. (3) and (7) respectively,

= 2.5c0s20° = 2.349232 in

0

6 = tan20° — |2° 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 between . (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 ) 0 X =—rsin@ 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 22.86748l 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

-
[1] Launch Workbench. Create 2 Geometry system.
Save the project as Gear. Start up DesignModeler. Select

Inch as the length unit.

From the Draw toolbox, select the Construction
Point tool, draw 6 points and specify dimensions as shown,
where the vertical dimensions are measured from the X-
axis and the horizontal dimensions are measured from the
Y-axis. The pitch point [2] 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. —

[3] 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 context menu at the end of the Spline
tool. After dimensioning each point, use
the Spline Edit tool to edit the spline
and select Re-fit Spline [4] from the
context menu to smooth out the spline. /

Create Missing Fit Points
Delete New Fit Points
Create Missing Control Points

e —

[4] Re-fit spline. #

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

[}
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2.5.4 Draw Circles

[4] The addendum circle is
"snapped" to the outermost
construction point. #

[I] Draw three circles using the Circle
tool in the Draw toolbox as shown in [2-4].
The addendum circle [4] is "snapped" to the T
outermost construction point. Specify radii /
for the shaft circle (1.25 in) and the , / P
\dedendum circle (2.2in). |

[3] The dedendum \ N N -
circle. / Y i o/ ‘

\ _\‘\A "/', ‘.‘/ P
[2] The shaft i 7

circle. 1

2.5.5 Complete the Tooth Profile

[I] Draw a line from the lowest construction point
= ——

[2] to the dedendum circle [3], and make it -

perpendicular to the dedendum circle by using the
Perpendicular tool in the Constraints toolbox
[4].- When drawing the line, avoid a V auto-constraint
(since this line is NOT vertical). Draw a fillet [5] of
\radius 0.1 inches to complete the profile of a tooth. —

[2] The lowest

[6] Sometimes, turning off Display Plane may construction point.
be helpful in reading the graphics window [7]. In
this case, all the dimensions referring to the
plane axes disappear. |

[5] Draw a
fillet of radius
0.1 inches. «

[4] Make this line
perpendicular to the

dedendum circle. —
e 2

[7] Turn off Display

Plane to clear up the [3] The dedendum
graphics window. # circle. \\




2.5.6 Replicate the Profile
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e N
[1] Select the Replicate tool, type 9 - o
(degrees) for r. Select the profile (3 segments N\ _
in total), End/Use Plane Origin as ' [3] The pitch
Handle, Flip Horizontal, Rotate by r, point. #
and Paste at Plane Origin [2]. End
Replicate tool by pressing ESC. [2] The replicated A
Note that the gear has 20 teeth, each profile. — Q‘u.‘l
spanning |8 degrees. The angle between the b‘u‘
two pitch points [3] is 9 degrees. — “.‘
/
_— (W’iiii) T
2.5.7 Replicate the Tooth 19 Times
(" N
[1] Click Replicate tool again, type e
I8 (degrees) for r. Select both left and e ‘”‘% Ve
- A | | -
right profiles (6 segments in total), d T é B4 | iﬁx\}_\
End/Use Plane Origin as P b . “**—fﬂkg' j o
Handle, Rotate by r,and Paste at Ve T ‘&"' s
Plane Origin. Repeat the last two / by ‘“m\n" vb .
steps (rotate and paste) until /wf_’kf_ ’"@}gé \\\ 7\
completing a full circle (20 teeth in N4 T T L N
total). # [ / ) N A
- O e V=
?J fll'l f \‘\ %{9—7, |
[ ~aq, \
. f .N | ‘5(
| 1 | = T
e ll\ / [ I/
III‘I iy A / ,H‘ !
\ P \ \, £ fe
'h‘—f—‘ = - _,"'/ R1.2 ,‘f. th /
\ % — AN
\ AN .y o
Y, \ ““.‘I ‘»\‘b\ !,»f! - __TEJ -
M S /R
- | z;\ - /.‘g E‘:_% y p
\_\\ Il“l é\g 1} — —-El—a———’ﬂﬂ/‘f %’.‘:“ - » /‘lﬂ
. ra - 7 ] | A
'JL_ &\\;Hx’ ||‘ S uél‘ 'T :Eri‘/;// e
—/ NS
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2.5.8 Trim Away Unwanted Segments i

[1] Trim away unwanted segments in
the addendum circle and the dedendum
circle, as shown. #

2.5.9 Extrude to Create 3D Solid

f[l] 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. |

\_ /

[2] 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 focus in this chapter is to practice sketching
techniques. #
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Section 2.6

Microgripper

2.6.1 About the MicrogrippertRefs 1.2]

[11 The microgripper is made of a polymer material and actuated by a shape memory alloy (SMA) actuator [2-4]. The
motion of the SMA is caused by temperature change, which is controlled by electric current. In the lab, the
microgripper is tested by gripping a steel bead of a diameter of 30 micrometers [5].

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 with an actuation force of the SMA actuator. |

92

D30 H>— 32

| [3] Actuation
direction. |

[2] Gripping
direction. —

Unit: um
Thickness: 300 um I
N
[4] SMA
actuator. |
o
¥
- _
o0
o
o
<

| 480
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2.6.2 Create Half of the Gripper

15— fo—

10——== F—

/[I] Launch Workbench. Create a Geometry system. Save the
project as Microgripper. Start up DesignModeler. Select
Micrometer as the length unit.

Draw a sketch on XYPIlane as shown in [2]. Trim away unwanted
segments [3]. Note that we drew only half of the model because of the
symmetry. Extrude the sketch 150 ym both sides symmetrically (the
cotal depth is 300 um) [4]. We now have a half of the gripper [5]. |

J

16—

10—

400

[3] After
trimming. |

240 i
1| Details of Extrudel
Extrude Extrude 1
Geomety Sketohl o
Opesatin 433 Matedial
Diseotion Veotor | None QommeD) J [4] Extrude the
Disection Both - Symmetdc  O— sketch both sides
Extent Type Fixed \k symmetrically. —
FDI, Depth :0) | 150 o o)
As ThindSwface? No
Meige Topology? Yes

P ——

trimming. «

[2] Before

240

[5]1A half of the
gripper. #




Section 26 Microgripper 105

2.6.3 Mirror Copy the Solid Body

K[3] Click this yellow area

|Create Concept Took Units Vi
to bring up the Apply/

Details of Micoxl
= New Plane — — Cancel buttons. |
n Extrude Preserve Bodies? | Yes
8 Revolve Mino Plane | Notseleoted O
@ Sweep Bodies 1
§ SkinLoft
@ ThinSurface -

[2] In the graphics
window, select the solid
body and click Apply. 1

@ Fixed Radius Blend
& Variable Radivs Blend

< Vertex Blend
Q@ Chamfer
Pattern [=1| Details of Mimoxl
ﬁ Body Operation Moo Minod
. . Preserve Bodies? | Yes
nsformation d ~
a® Move Mincr Flane | T2Flane oL
o Translate Bodie
s 1
&l Rotate
> b | — ——

[4] In Tree Outline,
select YZPlane and click

Apply. /

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

[5] Click
Generate. #
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2.6.4 Create the Bead

[2] Select
XYPlane. —

/[I] Create a new sketch on XYPlane as shown in [2-3]
and draw a semicircle as shown in [4-7]. Revolve the sketch
360" about the Y-axis to create the bead [8]. Note that the

two bodies are treated as two parts [9]. Rename the two

eodies as Gripper and Bead respectively [10]. —

g [4] The semicircle can be
created by creating a full i
circle and then trimming it ‘
using the axis. | i
_
-

[5] Close the sketch by
drawing a vertical line. ’-\
_

-
[8] Revolve about the Y-axis
to create the steel bead. |

-

[7] Impose a Tangent

constraint between the

semicircle and the
sloping line. /

[6] Specify the radius
(15 um). 1

*Revolve

ﬁ

[9] The two bodies
are treated as two

parts (see [10]). /

Wrap Up
[1'1] Close DesignModeler, save the project and exit
Workbench. We will resume this project in Section 13.3. #

E]-.»,,p;. X Plane

m
<<
&
§
=

3 Sketchl
¥4 Mirrort
= * Revolvel
ff_l Sket:hQ

E]“,ﬁ?

[10] Right-click to rename
each body like this. /
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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 I ( ) 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) 10.(A) I1.(C) I12(E ) I3.(K)

List of Descriptions

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

( C) 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, it may be a (straight) line or a curve. A curve may be a circle, ellipse, arc, or spline.
( E ) It consists of points and edges. Dimensions and constraints may be imposed on these entities.
( F ) Itis the structured representation of a geometry and displayed on Tree Outline in DesignModeler. It

consists of features and a part branch; their order is important. The parts are the only objects exported to
Mechanical.

107
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( G) An object of a model tree and consists of one or more objects under itself.

( H) Aleaf or branch of a model tree.

(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. It can be switched on/off in the Constraints toolbox.

( K') Itfilters one type of geometric entities. When it 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 Geometric 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.





