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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 W 16x50; 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.



Section 2.

W16x50 Beam

2.1.1 About the W16x50 Beam
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[1] In this section, we will create a W 16x50 steel beam (see [2-5]).

The beam has a length of 10 ft. /

. 3] Nominal
[2] Wide-flange I-shape | | [ \ . 5]W16x50

corionge depth 16in. — | | [4] Weight 50 Ib/ft. — cm[)S]S Ao 2

\/ <
W16x50
R.375"
2.1.2 Start Up DesignModeler
[2] Workbench GUI —_—
appears. |
. Unsaved Project - Workbench - a X

®

ENB
Workbench
2022 R1

Fle View Tools
GHBw
A 1
) import...

Units  Extensions Jobs Help

Project
t [2)RefreshProject 7 Update Project | B ACT Start Page.

[6] In Project Schematic,a

@ static Structural
B steady-State Thermal
EJ Structural Optimization
B Substructure Generation
@ Thermal-Electric

B2 Transient Structural

® Transient Thermal

©NTurbomachinery Fluid Flow
mponent Systems
B/ACP (Post)

& ACP (Pre)

B Autodyn

B sladeGen

B crx

B chemkin

@ Engineering Data
B ensight (Forte)
External Data
@ External Model

=

[17 Launch
Workbench. /

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

B Fluent
Systems;the P|US sign =:Lu::t (with Fluent Meshing)
becomes a minus sign (-). — (@ Geomety ]

B Granta MI
B Granta Selector
Injection Molding Data
% Material Designer

B Mechanical APDL

@ Mechanical Model

L

Geometry system is created.
Right-click the Geometry cell and
select New DesignModeler
Geometry... to start up
DesignModeler, a geometry modeler

(see [7], next page). _| )

+ T

2 @ Geometry

Geometry

[3] Toolbox lists many tools.
Scroll down to reveal more
tools (analysis systems). «

/( [5] Double-click Geometry to
\L create 2 Geometry system. |

v

View All / Customize.

m|

¥ 30b Monitor... @ No DPS Connection | ) Show Progress % Show 0 Messages

M
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DesignModeler vs. SpaceClaim

[7] As mentioned in 1.1.4[2], page |3,Workbench provides two geometric modelers: DesignModeler and
SpaceClaim. Until ANSYS |5, DesignModeler was 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
the model 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. |
B A: Geometry - DesignModeler - [m] X
File Create Concept Tools Units View Help
JdHE o Meter IRR@ SPQAQMAAE | @ 12
W~ W~ 4~ jiv A~ 4 Centimeter |
XvPlane  +| 3 Lo | FParameters || WExtude gRRevolve QpSweep & Skin/Loft
Micrometer 1
Foot
Tree Outline .
=@ A Geometry
3 XYPlane Large Model Supp >
RToe [ oo
:0 0 Parts, 0 Bodies =
Model Tolerance 4
[9] Pull-down-select Units/
Inch as the length unit. |
Sketching Modeling
Details View ¥ .
[10] Units are
displayed here. «
[I'1]There are two modes in
DesignModeler: Modeling mode and
Sketching mode. In this chapter, we'll _Mode iew | e Pt
. No Selection Inch Degr 0 0
focus on the Sketching mode. | e o

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, 10-11]) is used for COMMENTS only; no mouse or
keyboard actions are needed in that step. #




2.1.3 Draw a Rectangle on XYPlane

Section 2.1 W16x50 Beam 59

@ A Geometry - DesignModeler

File Create Concept Tools Units View Help

L) select [y &~ (@
LML AMPAP O AP AT
v b -/ Generate [FZ Parameters

Revolve QpSweep @ Skin/Loft

BladeEditor: §imp\ \8GD {fffLoad BGD [|Load NDF

Sraae@a

o NN

rlowPath ¢/ Blade o Splitter JVistaTFExport '\ ExportPoints ENStagefluidZone sl SectorCut kg ThroatArea

'y

- - \4‘

[1] Current sketching

Tangent Line . .
Fiensmse | plane is displayed here. By
rAYar default, XYPIlane is the

ectangle H
e e | CUrTENt sketching plane. |
&’ Oval

Modify v
Dimensions

Constraints

Settings

[2] Click the Sketching
tab to switch to the

[3] This is the global
coordinates system.
Workbench uses red, green, and blue
(RGB) arrows to indicate the X,Y,
and Z directions, respectively. |

sketching mode — 0.000 3500 7.000 (in) -
1.750 5.250
Model View | Print Preview |
& Ready No Selection Inch Degree 0 0
[7]1 As soon as you begin to draw,
a sketch with a default name
Sketchl is created. (J
e - u] X

File Create Concept Tools Ui View Help

1 | @ | Dundo Select: *fy ool SHPQAQAQE S .

W~ W~ - fio v S A &

XYPlane v >k | sketcht -5 -/ Generate [FEParameters

Wocude @Revolve @pSweep § Skin/loft

@ Point

Bladetditor: filimport 8GD  ELoad 8G

[6] Draw a rectangle roughly
like this by clicking a corner

ort ' ExportPoints EN

[4] Click Look At (Face/
Plane/Sketch) so that you
look at the sketching plane,
here, XYPlane. /

Sketching Toolboxes
Oraw and then dragging to the
“\ Line . .
) - diagonally opposite corner.
& Line by 2 Tangents
A\ Polyline
<Polygon
JRectangle Aubo-Fillet
{Rectangle by 3 Points
&’ Oval
Modify
Dimensions
Constraints
Settings
_Sketching | Modeling
Details View

[5] Click the
Rectangle tool. |

= Details of Sketch1

0.000
1750

5.250

o

7.000 (in)

Model View [ Print Preview |

@ Rectangle -- Click, or Press and Hold, for first comer of rectangle

No Selection

inch Degree 108 [-28
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[12] Right-click anywhere on the

Select new symmetry axis

graphic area to open a context Seletion Fl N
menu, and choose Select new elzction Filter
@ A Geometry - DesignModeler symmetry axis l 1 ‘ Isometric View
File Creste Concept Tools Units View Help : =0
select % T~ || FPIRORCROY V- W JIE SLID !-%v; Set
[8] Click the Constraints |© %~ S Restore Defalt
toolbox. We want to impose |, gt @, Zoom o Fit F7)
symmetry constraints. | Cursor Mode ’
0ad BGD [#|Load NDF | SPFlowPath g7 Blade o Splitter JVistaTFExport “\ExportPoints ENStageFluidZone View N
S = @
Ske(chmg\ leoxes 2 1 {9 Look At
Draw
Modify X Delete
Dimensions - ;
Constraints . O / Generate (F5)
o Fixed [10] Click the
e Symmetry tool. \, - —
\ Perpendicular
N
7 Coincident
- Midpoint
xSymmetry =~
Settings
Sketching [ Modeling |
Details View 2 . O
= Details of Sketch1 [I 3] CIICk the
sketch Sketch i .
horizontal axis
[9] If the Symmetry tool is (X-axis) and L [11] Click the vertical axis
not visible, click to scroll down then the two | oo (Y-axis) and then the two
until you see the tool. horizontal lines 1750 5250 vertical lines; this makes the

@ Symmetry -- Select first point or 2D Edge for o

@ A Geometry - DesignModeler
File Create Concept

HE| & Dundo
M- W~ L e S

[14] Click the
Dimensions toolbox. |

Sketching| plboxes

Tools Units View

D {&lLoad BGD

| to make the two
lines symmetric

two lines symmetric about
the vertical axis. |

1Edge

.

about the
horizontal axis.

< )

v Help

Select: |y [olio]

A A AT
-8

QSweep @ Skin/Loft

/ Generate

>|Load NDF

2 Graphics

Draw
Modify
Dimensions

& General

1= Horizontal

I vertical
#Length/Distance

(€ Radius

O3 Diameter
£ Angle

#f Semi-Automatic

Constraints

Settings

Sketching | Modeling

[15] General is the
default tool, providing
smart dimensioning

Parameters

SFlowPath 7 Blade of Splitter JVistaTFExport ‘\E

[20] Click Zoom to Fit. #

[16] Click this line, move the
mouse upward, and click again
to create HI. |

StageFluidZone # SeciorCut g ThroatArea

[17] Click this line, move the
mouse rightward, and click
again to createV2. |

[18] All the lines turn to blue

capabilities. /

Details View

= Details of Sketch1
Sketch

Y

=) Edges: 4
Line
Line

[19] In Details
View, type 7.07
(in) for HI and
16.25 (in) forV2. 1

color. Colors are used to
indicate constraint status.
The blue color means that the

geometric entities are well-

defined, i.e., fixed in the space. «
10.000 (in)

=

530

& General -- Select point or 2D Edge for dimension or use RMB for options

No Selection Inch Degree o o




2.1.4 Set Up Sketching Options

@) A Geometry - DesignModeler

File Create Concept Tools
Abed | @ | Oundo
W~ W~ A~ [fiv A~ A~ Al

Units | View Help
v Shaded Exterior and Edges
Shaded Exterior

Wireframe
XYPlane ME S
Graphics Options »
Redtrude @Revolve @ Sweep
@ point v Frozen Body Transparency
Edge Joints

BladeEditor: filimport8GD f&jLoac

v Cross Section Alignments

Display Edge Direction

[EE)Parameters

7Blade o Splitter o VistaTFExport

Section 2.1 W16x50 Beam 61

[3] By default, DesignModeler
displays dimension names (e.g.,
HI1,V2). Let's change to
displaying dimension values. /

ShPaRAe@AQE 0

\ Exportp~”_~MMStageFluidZone o SectorCut g ThroatArea
@

E

[11 The ruler takes space
and is sometimes annoying.

Sketching Toolboxes Display Vertices
Draw Cross Section Solids
Modify 8lade Ruling Lines
Dimensions
& General  TiiEa
=4 Horizontal
I[ vertical Outline 4
£~ Length/Distance Windows »
(< Radius
© Diameter
A Angle
#5 Semi-Automatic
Constraints
S [2] Pull-down-select
seenng veieng] | View/Ruler to

turn off the ruler.

For the rest of the

book, we leave the
ruler off. /

Details View
= Details of Sketch1

=) Dimensions: 2

H1 7.07in
=l Edges: 4
Line Ln7
Line Lng

Let's turn it off. «

10.000 (in)

- 5.000 /

v | Model View [Print Preview |

& General -- Select point or 2D Edge for dimension or use RMB for options.

No Selection Inch Degree 0 0

CT—

@) A Geometry - DesignModeler

File Creste Concept Tools Units View Help
N E| @ | Dundo Select:| ¥y
W W~ fv Jiv fiv fv fv A &

jofio]

XyPlane v 3 | Sketcht > & -/ Generate
Bextrude @oRevolve Qg Sweep § Skin/Loft
@ Point

Bladetditor: ilimport8GD ffffLoad BGD

[6] Click Name
to turn it off.

Draw
Modify Value
Dimensions - .
automatically

(C Radius
© Dismeter turns on. —
A Angle
#F Semi-Automatic
&t
2 Move /
[H Animate
9% Display alue: v

Settings

o Splitter ) VistaTFExport

S

SHPAQRAGQEAQE |+ @ 2

[ Parameters

@ [7] Now, dimension values
(16.25 and 7.07) are displayed
B m ) 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

¢hing [ Modeling |

Details View
= Details of Sketch1

[5] Click
Display. /

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

=/ Dimensions: 2

- edgess to scroll all the
i 7 way down to the
Line Ln8

go through steps [5-6] any
more). _|

-

bottom. «

@ Display -- Set dimension display options

No Selection Inch Degree 0 o

CTT—

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

@ A Geometry - DesignModeler
File Create Concept Tools Units View Help
Jddd @ | ©

W~ u~ 4 v

ME

Redrude glRevolv

@ Point

BladeEditor: glimport

XYPlane

Sketching Toolboxes

Draw
Modit
Dimensior
(€ Radius
© Diameter
A Angle
#5 Semi-Automatic
& edit
ElMove
[HAnimate
Qispla
- Repair
Constrain{

Setting

Analysis Tools

Sketching [Modd

Details View
= Details of Sketch1
Sketch

Sketch Visibility
Show Constraints?
=| Dimensions: 2
H1 7.07in
v2 16.25in
=l Edges: 4
Line Ln7
Line Ln8

JoRU|

SPaaeEaq

FParameters

XA ®e M

B FlowPath ¢/ Blade of Splitter JVistaTFExport “\ ExportPoints EmStageFluidZone sl SectorCut g ThroatArea

@

7

-,

v | Model view [Print Preview |

inch Degree 0 0

[9] Select Sketching. —

Options

5 Common Settings
(=@} DesignModeler
@ Geometry
@ Graphics

@ Miscellaneous

@ Toolbars
@5 Units

#-{i3 FE Modeler

& Display -- Set dimension display options No Selection
L —
x|

Sketching
[=1| Sketching =

Global Auto Constiaints [on

Cuzscy Auto Constaints On /

Value ( -

=1| Common Gad Defaults

(

default Dimension
Display. |

[10] Select Value as the

Show Grid Gn 2D Display Mode) | No
Snap to God (while in Sketching) | No
‘Apply Gad Defaults to Active Flane | No
[=)| Gdd Defaults (Metexs)
Minirum Axes Langth )
Major Gad Spacing 3
MincuSteps per Majox 3 [11] Click OK to dismiss the
Gaid Snaps pex Minex ! Options window. Click Yes to
e e Cenmen) confirm the changes. |
Minimum Axes Length 35 °
Majox Gid Spootig 5
Minoe-Ste x Majou 3
4ad @«Af«f \l‘-\o]w 1 t]
(ox j | comal | Help |
—
S

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. To set up

the background color, pull-down-select Tools/Options in Workbench GUI (as in 2.1.2[2], page 57; NOT
DesignModeler GUI in 2.1.2[8], page 58) and select Appearance. #
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2.1.5 Draw a Polyline

[7] Right-click anywhere on the

graphic window to open a context Closed End
@ A Geometry - DesignModeler menu, and select Open Endto | ¢ Back
File Create Concept Tools Units View Help end the Polyline tool and leave
QUndo Select 3 [Slo] the polyline open. # Selection Filter »
[1] Select the /f{ /'_/,,f ) — Tsometric Vi
Draw toolbox. \| | wsweer §sknion Is‘o Semete e
wp Set
o/ Blade of Splitter JVistaTFExport “\ExponPoints WStageFluidZone Sectorcut ¥l 32 Rasinre Default
[2] Select the v @ Zocm 1o Ft @)
Polyline tool. | 1 e
\ Line B i Cursor Mode »
& Tangent Line ¥ .
Fiew 4

& Line by 2 Tangents
A\ Polyline
Srohgon DG #9 Look At

TRectangle \
O Rey ’
&0 =/ Generate (F5)

[3] Click roughly here to start a

polyline. Before clicking, make e
» sure a € (coincident) appears. — —
— - [4] Click the second point
S vt of S ~ roughly here. Before clicking,
S ] ] make sure a € and an H
[6] Click the fourth point (horizontal) appear. |
i - roughly here. Before C) O. N

ST *1 clicking, make sure an H \
and a C appear. / )

& Polyline -- Click for start of polyline No Selection ‘ [5] Clle the thll"d Point roughl)’

here. Before clicking, make sure

a V (vertical) appears. «

2.1.6 Copy the Polyline

1 Clear Selection
End / Set Paste Handle

@ A: Geometry - DesignModeler

. [4] Right-click anywhere on
File Create Concept Tools Units View Help
TR seect [ &+ | m(@ the graphic window, and
v A A AT select End/Use Plane
[1]Select the o - 2 | Jouneone =l Origin as Handle. |
Modify toolbox. | | @t

GD ff]load BGD []Load NDF | S FlowPath 7 Blade of Splitter JVistaTFExport “\ExportPoints EWStageFluidZone af SectorC

Selection Filter 4

) Tsometric View

» 150 S
- - [ g et
Graphics | 32 Restore Default
& } z . : Zoom to Fit (F7)
Vodify
(Fillet ! Cursor Mode 4
e [2] Select the -
| Comer View 4
i !Zm COPY tool. l /) 1 P9 Look At
<> split
& ;ﬂg X Delete
% Cut (Crl+ ) -
Q%Co‘p; "c~ 1+ 0 O A
@ Paste (Ctrl+ V)
Dimensions TT— —
Constraints
=t | [3] Select the three

Sketching | Modeling

newly created
segments by clicking
one after another. / l;}
—— ) o

H1 07in ]

Details View
=) Details of Sketch1
sketch

sh nstraints? | No

=|Edges: 7 « | Model view [Print Preview |

& Copy (Ctrl+ C) -- Select 2D Points or Edges No Selection Inch Degree 0 0
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Rotate by r
Draw
: Rotate by -r . .
Modify = [6] Right-click-select
(—Fillt e Flip Horizontal. |
P~ Chafer Flip Vertical
=} Comer
+ Tiim [5] The Paste tool is L LG
TEBem | automatically activated. — Scale by factor 14 . .
o 0 11t e
;}, Cut (Ctrl+ X) Change Paste Handle gin.
Bx Copy (Cttt C)
’EPeste Cul+ V) r=[30" f=[2 End
o Move Cut (Ctel+ )
i i 707 —
Dipensoo =] Copy (Ctrlt C) —
Constraints  u
Settings Selection Filter 4
Stwtcing [ Mot} O Lsometric View
15,3 Set
'3 Restore Default
@) Zoom to Fit (F7)
Cursor Mode
[8] Right-click-select End to end the T
Paste tool. An alternative way 99 Look At

(actually, a more convenient way) 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]. Press 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. ,/

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

[7] Middle-click-drag: rotate.
Shift-middle-click-drag: zoom.
Control-middle-click-drag: pan. #

[6] Scroll-wheel:
zoom infout. «

from the selection set. |

[3] Click-Sweep:
continuous selection. —

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

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




2.1.8 Trim Away Unwanted Segments

Sketching Toolboxes

lwmAmQV/

> Split
faplas
4§ Cut (Ctal+ X)

T-—?m —
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[2] Turn on Ignore AXxis.

Without turning it on, the
axes would act as
trimming tools. |

Copy (Ctlt C)
[ Paste (Ctit V)
= Move

o Replicate
Duplicate

[1] Select the Tri

toolbox.

tool in the Modify

im

= Offset
> Spline Edit
Dimensions
Constraints
Settings
Sketching | Modeling |

[3] Click to trim
this segment. —

[4] And click to
trim this
segment. #

2.1.9 Impose Symmetry Constraints

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

Select new symmetry axis

( J
Selection Filter

) Tsometric View
1,5,2 Set
3: Restore Default

Zoom to Fit (F7)

Cursor Mode
View
79 Look At

X Delete
-/ Generate (F5)

T —

Draw
Modify TH o ﬂ
Dimensions - —F
Constraints - LO
77 Fixed
> Horizontal
4| Yerticel [1] Select the
N ‘;eme“;i”“]“ Constraints
g‘(c:ﬁdem toolbox. | il
-.- Midpoint i 16.25
AP Symmetry
/ Parallel i
Comentn': .......................... "‘ ..........
¥ Equal Radivs :
Sl S [2] Select 0 QQ
&+ Equal Distance ymmetry. | :
o Auto Constraint
Settings
Sketching | 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. / L

vertical segments on both sides as shown to

constraints. Now, the symmetry is "strong"

~

[5] Click the vertical axis and then two

make the two segments symmetric about
the vertical axis. Although they seem
already symmetric before we impose the
constraint, the symmetry was "weak;" i.e.,
they may be overridden by other

and cannot be overridden. #

J
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2.1.10 Specify Dimensions

o

[1] Select the
imensions toolbox. |

[2] General is the default tool. |

Sketching Toolboxes
Draw
Modify P
Dimensions -
[ General
1 Horizontal j
[ Vertical O\
&~ Length/Distance
(<" Radius
e Dismeter
A Angle
-/’I Semi-Automatic
& Edit
g Move
[ Animate
94 Disly
Constraints v
Settings
Sketohing | Modeling |

[=]| Details of Sketchl

Slketch Shketchl
Shketch Visibility
Show Constsints? | No

[=]| Dimensions: 4

Show Sketch

H1 707 in

H4 038 in

1625 in

V2
V3 0628 in

/( [4] In Details View,

\
[5] Select Horizontal (to specify a
horizontal dimension). | )

~
[3] Click this vertical segment and

move leftward to create a
dimension (in the details view [4],
the corresponding name isV3). |

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

type 0.628 (in) for V3. 1

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

= 7 07
—=--=H| 35
N e |
- i
[
0.628
i
I‘I
: 16
............................. 7N R .
I T

|

[8] All the sketching entities are blue-
colored, meaning that they are well-
defined, i.e., fixed in the space. #
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2.1.11 Add Fillets

™ .38
§ e T\ .
——— [ [ O
Sketching Toolboxes [} Wi
Draw 0.628 \
Modify = |
(~ Fillet Radivs: [0.375m i
;V:Eh”mfe‘ MoE:IIi]fse'cleCtll;Che - ‘ [5] The greenish-blue color
! T:.;m Yy toolbox. L of the fillets indicates that
Iﬁmm these fillets are under-
(')spm [2] Select the 16.25 constrained. The radius
] Drag Fillet tool. — [3] Type 0.375 (in) for specified in [3] is a "weak"
4 Cut (Ctre X) Radius. | dimension (may be
By Copy (Cul+ C) overridden by other
%::zte(cm" g constraints). We could
“C Replicate specify a Radius
[=] . . .
Duplicate [4] Click these two . dlmep5|on (in the
=, Offset segments to create a Dimensions toolbox) to
Spline Edit . i
73Rt fillet. Repeat this step turn the fillets blue.
Dimensions -] for the other three However, we decide to
Constraints concave corners. —s ignore the color. We want
Settings to demonstrate that an
. under-constrained sketch
Sketching | Modeling | j) >
ool | B can still be used.
— — [ | Remember, however, it is a
good practice to make all
entities blue-colored. #

2.1.12 Move Dimensions [4] Click Zoom to Fit

whenever you feel necessary. #

@ A Geometry - DesignModeler - o X
File Create Concept Tools Units View Help
H & | Dundo Select: | ¥y ™ n S P Qd
[1] Select the [~ A~ A~ A~ A~ A~ A =
D. . e v >k | Sketcht - & .} Generate [EZ)Parameters
imensions ude @RRevolve QpSweep @ Skin/Loft
toolbox. \, .
ditor: fiimportBGD EJLoad BGD [hJLoad NDF | SPFlowPath 7 Blade of Splitter JVistaTFExport ‘= ExportPoints EBStageFluidZone uf SectorCut g ThroatArea
- - @
2 Graphics / \
Dra:
Modty - : [3] Select a dimension
o LICEET e value and move it to an
e : ! 1= appropriate position.
Vertical .
SEas [2] Select Move. — Ff\epeat. this for other
Sl dimensions. Scroll the
£ Angle

mouse wheel (or shift-

# Semi-Automatic
B ©< middle-click-drag) to
[HAnimate zoom infout (2.1.7[6-7],

%8 Display
Constraints page 64) whenever you
Setings feel necessary. N\
e e S )
Details View 2
= Details of Sketch1 ~ b4

) e— D— | ¢

=l Dimensions: 4

H 7.07in v | Model View | Print Preview

& Move -- Select dimension to move No Selection Inch Degree 0 o
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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. |

“ - o X

File Create Concept T4 fs Units View Help
JdE @ sect Y i MEE @ SHPARAAQEAQEE L@ 12
|- u- 4~ /- A' x =

Plane v @ Share Topology [F%]Parameters

R Extrude ka ep ‘Skm/Lu VSurface Q@ Blend v Q Chamfer @ Slice

-;’MW - 5 P 5 [17 Click the little cyan
§//detditor: @import BGD f2]Load BGD [<)]Load NDF FlowPath g7 Blade o Splitter JVistaTFExport '\ ExportPoints EWStageFluidZone .

= = @ sphere to rotate the view

(ree Outine 2 to an isometric view, which

[4] Click | 2" ] s a convenient 3D view. /

+

-3

Extrude. — i 2o >
v ane . . ¥
‘@zwcer | [5] The Modeling mode is B
©@mies ] automatically activated. | N
N ’
I

Sketching Modeling
Dol *|| [6] Click Apply. By ) X
Bxrude Brrudei | default, the active N
.0 =— sketch [3] s used as —
Hone Qloma) Geometry. |
Extent Y)pe Fixed

FD1, Depth (>0) |120in
As Thin/Surfac No
Merge Topology? | Yes
=1 Geometry Selection: 1
Sketch Sketcht

[7]Type 120 (in) for [2] The view rotates to

& Ready " ' '
Depth. | an isometric view. N\
- - o x

@ A: Geometry - DesignModeler

File Create Concept Tools Units View Help

AddE @ select | T @B @ Se@ QaE
W W Lo foo v fe S A
XYPlane v 3k | Sketcht v # || </ Generate @Share Topology [%]Parameters

Wodude @oRevolve QpSweep §Skin/loft | @Thin/Suface QBlend v Q Chamfer @ Slice

@ Point ) Conversion

Bladetditor: fimportBGD ffJLoad BGD [»]Load NDF | SPFlowPath 7 Blade of Splitter o Vista
> > @

Graphics

port ' ExportPoints ERStagefluidZone fl SectorCut [lO] Click DISPIaY
Plane to turn off

= @A Geometry the display of the
- XPlane [9] Click Zoom to B sketching plane. /

4 Sketcht .
e DoPlane Fit. Feel free to use

i this tool any time. —

/B Extrudet

3 Sketch1
=, 1Part, 1 Body
+ @ Solid

Sketching Modeling
Details View 2
=1 Details of Extrude1

Extrudel
Sketch1
Add Material
None (Normal)
Normal
Fixed
FD1, Depth (>0) [120in

As Thin/Surface? | No

Merge Topology? |Yes
=/ Geometry Selection: 1

Sketch Sketch1
et [1'1] Click all the plus signs (+)
O FResdy to expand the model tree
) and browse its structure. # )
TT—

-
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2.1.14 Save Project and Exit VWWorkbench

File Create Concept Tools Units View Help
|#] Refresh Input

| Staxt Over (Cti+ N)
: Load DesignModeler Database... (Ctrl+ O)
=l Save Project (Ctl+ ) Vew!Tooks | Units | Extenslons | Jobs | Fieb
= . O New cul+
E Export.. [1] In DesignModeler, pull-down- & oven.. clso
i) Attach to Active CAD Geometry select File/Close @ save crl+s
)] Import Extemal Geometry File... DesignModeler. | =
‘ Import Shaft Geometry... i  save toRepository
(& Open from Repository
%. Write Script: Sketches) of Active Plane Qo
S Run Script.. @
5 Print A Repository t ’
o) Auto-save Now : stﬁm
. . . L t...
Restore Auto-save File g [2] Click Save Project B o
and type W 16x50 as the @ nce..
project name. \, Ansys Mnerva 8
Scripting >
#| ExportReport...
A W16x74 - Workbench 1C:\Users\ASUS\Documents\ANSYS\ANSYS 2021\Sec0 1-1\W 16x50. wbpj

File Tools Units Extensions Jobs Help i
) Project ——
) Imde Re ct Q Refresh Project / Update Project ‘ BB ACT Start Page
W16x50_files e =@ x —
- B Analysis Systems A
. W16x50 4 Design Assessment
) Eigenvalue Buckling v A .
©) Electric 1 [3] Pull-down-select File/
SH{EApICE Dynamics 2| @ Geometry v, Exit to exit Workbench. «

& Fluid Flow (CFX)
& Fluid Flow (Fluent) Geometry
& Harmonic Acoustics

Harmonic Response

&5 1C Engine (Fluent)

[4] A file W16x50 and a i) Magnetostatic
folder W 16x50_files rw
. odal Acoustics
are created in your Random Vibration
working folder. Double- Ef;lz“[';:::m"f:“"‘
clicking W16x50 would
open the project again. |

Static Structural
Steady-State Thermal

} Thermal-Electric

Topology Optimization

1 Transient Structural

¥ Transient Thermal

@ Turbomachinery Fluid Flow
B Component Systems

{7 ACP (Post)

FH0ECONEEEE.

iz ACP (Pre)
Q@ Autodyn
&4 BladeGen v
‘ T View All / Customize...
o Ready J¥¥ 30b Monitor.... | IShow Progress | %) Show 0 Messages
L TT—— —

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 used 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 the
tensile forces.

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

[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. |

2.2.2 Start up DesignModeler

>

ENB
Workbench
2022 R1

[T Double-click to
launch Workbench. —

#\ Unsaved Project - Workbenc
File View Tools Units Extensions
AEE]E Project

ﬁ]lmport... Reconnect gRefreshP

[3] Right-click the Geometry

cell and select New

DesignModeler Geometry...

to start up DesignModeler. _ |

K3 Turbomachinery Fluid Flow
Bl Component Systems |
il ACP (Post)

iz ACP (Pre)

@ Autodyn

&4 BladeGen

@ CrX

& Engineering Data

External Data

@ Bxternal Model

(@ Finite Element Modeler

Fluent
E Fluent (with Fluent Meshing)
[@ Geometry O——

M\ Mechanical APDL
@ Mechanical Model

2 @ Geometry 4

Geometry

ﬁZ] Double-click to create a
Geometry system
(2.1.2[5], page 57). 1

@ Mesh
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“ S o X

File Create Concept Tool iew Help
IHE @ select iy B~ | W @ SHAREEQ 5 g *00
M- W g fiv fv Ao\ v A
XYPlane v hic -/ Generate [FE Parameters
Rextrude gRevolve @ Swdlo @ Skin/Loft
@ Point
Bladetditor: #ifimport8GD ffZ] }adBGD [p|Load NDF | SPFlowPath 7 Blade of Splitter -JVistaTFExport “\ExportPoints EMStageFluidZone f [SectorCut g ThroatArea
v - @
Sketching Toolboxes 2 Graphics k3
Draw 11 11
“\ Line

& Tangent Line
& Line by 2 Tangents

[4] Pull-down-select

A Polyine Units/Millimeter. \
SPolygon
T1Rectangle
(S Rectangle by 3 Points
£L20val
Modify -

Constraints

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

Dimensions ‘

(\ Settings
S|

ketching | Modeling |
etails Vi ’

[5] The units are
shown here. «

[6] Select the
Sketching mode. /

-

Model View [ Print Preview |

@ Ready No Selection

<Ml|meter Degrec

2.2.3 Draw aTriangle on XYPlane

: [3] Click the second point [5] Right-click-select
E?me roughly here. Before Closed End to close the
# Line by 2 Tangents CI'Ck'n,g’ make sure a V polyline and end the tool. #
[, Polylne (vertical) appears. |
(=sPolygon i .
S Zoom to Fit (F7)
 MRectangle by 3 Points [1] Select H
. i C Mod: 4

Ogyalk Polyline. \, | - vi:“ - ,
@ Cir:
£ ACircle by 3 Tangents | l— 09 Look At
= Arc by Tangent '___,»--"'-
¢ Are by 3 Points T -/ Generate (F5)
4 Arc by Center e
23 Ellipse __.,..~-""_ P ——
> Spline T
# Construction Point - e
4% Construction Point at Intersection y ) ® s

Modity = T

Dimensions T

Constraints e

Seffigos T~ [2] Click roughly here
Sketohing | Modeling | . . . to start a polyline.
e [4] Click the third point roughly here. Before POY N

w1 clicking, make sure a € (coincident) appears.
Auto Constraints is a useful feature of

DesignModeler (2.3.5, page 84). /

=




72  Chapter 2 Sketching

2.2.4 Make the Triangle Regular [2] Click this and the

vertical segments to
make their lengths

equal. |

Drraw

Modity : A
Dimensions i‘ O

Constraints O

7 Fixed
= Horizontal
4| Vertical

~¢ Perpendicular
O\ Tangent [1] From the Constraints
P toolbox, select the Equal

- Midpoint Length tool. /

£ Symmetry

# Parallel

Concentric

#, Equal Radivs
[@Equal Length O
ggeEqual Distance

Hon Auto Constraints

Setings [3] Click this and the
Shetohing [ Modaling 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 the
area to move the sketch. \, the graphic area. « the next view. / active sketching plane. «

|

- + 2N ST fv\ 7 I=0 #++&
e R Q - T | 4 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 infout. — 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 ———&3Tndo (& Redo [10] Click Redo to redo what you've

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




2.2.6 Specify Dimensions
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[4] In Details View, type

300 (mm) and 200 (mm) for . A
the dimensions just created. P
Click Zoom to Fit i
2.2.5[3], last page). -
Sketching Toolboxes )| Details of Sketchl ( [3] page). / -
Draw Sketeh [Sketoht P :
Modity Sketoh Vistility | Show Sketoh P
Dimensions O | ~ | Show Constsints? | No e
& General =| Dimensions: 2 7 :
lﬁ 3"“’_203‘1"“1 H1 Wom O /,»-/
extic :
rLengihDistance H2 Wwm O @ ........................................... T T — ——
(< Radius S i
eDiamehr — — "-\l\ .
£ Angle . . - :
3 Semi-Automatic [I] From the Dimension . :
& Edit toolbox, select Horizontal. \, — o >
12 Move .
[ Animate N
% Display D\ h
C°"S“”“’:m [5] Select Move and move the m : ™~
e dimensions to appropriate positions 200 )
Sheching [ Modalng | (2.1.12[2-3], page 67). # m [
T—— A00 |

2.2.7 Draw an Arc

K[3] Click the left vertex and the vertical
axis (Y-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].) Remember, if you
make any mistake, you always can click
UNDO (2.2.5[9], last page. 1

J

o
Sketching Toolboxes
Dew O
=, Line [3] Click the second point
& Tangent Line roughly here. Before clicking, P
& Line U3 R make sure a € (coincident) -
£\ Polylne constraint appears. \, i
[=aPolyzon PP . P
1 Rectangle e |
“\Restangle by 3 Points ) A
% Oval P
@ Circle P i
A ACircle by 3 Tangents . ~
— Arc by Tangent /"" — _6
&= Arc by 3 Points L H
[ 4= Ao by Center n—.i ............................................ B
¢t Ellipse ) -
> Spline S
e [1] From the ™.
Construction Point at Intersectiy . :
R Co PEEEEEE  Draw toolbox, ~
" select Arc by \
- Center. — —}
HMENSIONS -\_L\
Constraints -"‘*x___‘
Settings '\\\\
200 : g
Sketohing | Modeling : .
P —— I
00 ; 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].) <
\ J

~

[2] Click this vertex
as the arc center.
Before clicking, make
sure a P (point)
constraint appears. <«

J

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

J
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2.2.8 Replicate the Arc

Sketching Toolboxes

[1] From the Modify

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

Draw
Modify O toolbox, select Replicate.

(—Filet Type 120 (degrees) for r

¥~ Chamer (rotate). Replicate is

| Comer equivalent to Copy+Paste : [3] Right-click-select

. (2.1:6[2, 5], pages 63-64). \ End/Set Paste

st Handle. \

[ Drag .

4 Cut (Ctl+ X) P “7).,,4_(

Copy (Ctel+ C) .

[ Paste (Ctit V) \ —— Clear Selection

.= Move 2B

|D= Replicate 1=[120" (3 £=]2 ™ [2] Select End / Use Plane Origin as Handle

Duplicate the arc. — End / Use Defavlt Paste Handle

e Selection Filter ’

» Spline Edit
) Tsometric View

Dimensions - ~ 52 Set
Constrednts \ X
5 200.000 . . .
Settings [8] Selection Filter is
Sleehog [Melelg| J also available in the
S ! context menu. /

%
X Delete

Rotate by -r
Flip Horizontal
Flip Vertical [5, 9] Right-click-select
Scale by factor { Rotate by r from the
Scale by factor 1 context menu. | |
Paste at Plane Origin
Change Paste Handle
End
Selection Filter »
!S‘O &l [6] Click this vertex to
<t~ %¢t|  paste the arc. Before
2o Res  clicking, make sure a P
Zog  appears. If you have
difficulty making P appear,
Cuy see [7-8]. —
View
(9 Look At

-7 Generate (F5)

| —

200

-/ 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]). 1

S00




[10] Select this vertex

to paste the arc.

Before clicking, make
sure a P appears. —

Section 22 Triangular Plate

Rotate by r

Rotate by -r

Flip Horizontal

Flip Vertical

Scale by factor
Scale by factor 1/
Paste at Plane Origin
Change Paste Handle

Selection Fil!/ \ 4

75

context menu to end the

Replicate tool. Alternatively,
press ESC to end the tool. /

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

[12] We chose to manually set the paste handle at a vertex ([3-4], 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. #

2.2.9 Trim Away Unwanted Segments

Sketching Toolboxes

-

Draw

Modify

(— Fillet
[ Chamfer
~} Comer

‘ + Trim
= Extend
£ Split
[/ Dme
3 Cut (Ctrlt X)
Copy (Ctl+ C)
R Paste (Ctelt V)
o Move
o Replicate
Duplicate
= Offset
» Spline Edit

Dimensions

[1] From the

Constraints

Settings

Shetohing [Modeling

| —

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

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

Modify toolbox,
select Trim. |

200

View 4
(9 Look At

-/ Generate (F5)

300 J,
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2.2.10 Impose Constraints

Sketching Toolboxes

Draw
Modify
Dimensions

Constraints O -

777 Fixed

= Horizontsl

4| Vertical

¢ Perpendicular

O\ Tangent

3¢ Coincident

== Midpoint

o Symmetry

/ Paralle]

Concentric

% Equal Radius
| ,(i‘ Equal Length

[4] Select Symmetry. —J

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

[5] Select the
horizontal axis as
the line of
symmetry. |

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

[6] And select the
lower and upper

g;!,eEqual Distance

arcs to make them

oM Auto Constraints

[I] From the Constraints
toolbox, select Equal
Length. |

Settings

Sketching | Modeling \

—

symmetric. |

S00 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

Drraw
Modify
Dimensions -

|@Gemm

1= Horizontal

[ Vertical
\.)}LengWDi.stsme
(<" Radivs
eDi.ameter

A Ange

#F Semi-Automatic
& Edit

H Move

[ Animate

'R Display

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

Constraints v
Settings
Sketching

500

=/ Details of Sketchl

Shetch Sketchl

Sketch Visitility | Show Sketch

Show Constisints? | No

o [=]| Dimensions: 3

H 300 o
H2 200 i
V3 40 v o

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

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




2.2.12 Create Offset

Sketching Toolboxes

Draw

Modity O -
[~ Fillet
[ Chamfer
= Comer
+ Trim
7 Extend
£ Split

~

[2] Sweep-select all the segments
(sweep each segment while
holding your left mouse button
down, see 2.1.7[3], page 64).
Sweep-select is also called paint-
select. (See [3] for another way to
select multiple entities.) \, y

L Drss
& Cut (Ctit X)

Copy (Ctlt C)
[ Paste (Ctrlt 7)

[I] From the Modify
toolbox, select Offset. |

= Move

o Replicate
Duplicate

[, Offset (o]
> Spline Edit

Dimensions v

Constraints

Settings

Sketohing | Modeling |

| T—

200
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AN
E\ - 40

i

300

et [ B- | [

=4 T; Single Select
ZHIIPREY

[4] Right-click-select End

selection/Place Offset from

the context menu. \,

Clear Selection

End selection / Place offset @

Selection Filter 4

) Isometric View
52 Set
:}: Restore Default

Zoom to Fit (F7)

Cursor Mode 4
View 3
{9 Look At

X Delete
-/ Generats (F5)

- T—

2003

500

[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. _|

[5] Click roughly
here to place
the offset. —

o

Clear Selection

Selection Filter 4

) Isometric View
150

g et

3% Restore Default

Zoom to Fit (F7)

Cursor Mode 4

View 4

/9 Look At
-/ Generats (F5)

—
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Sketching Toolboxes

Draw )| Details of Sketchl
Modify Sketch Sketchi
Dimensions O |; Sketch Visibility | Show Sketch
& Genersl Show Constiaints? | No
IMHOI".""GMal Q [=]| Dirnensions: 4
[ Vertical 40
~LengthiDistance H 300 o
(\-\ Doa: | H2 200 rrn
& [7] From the . Ha 30 o
4/ Dimension S 3 0rm |
’AI toolbox, select
= Horizontal. |
HA T
Ewﬂy [9] Type 30 (mm) for
HY . .
the new dimension. |
Constraints v
Sotings | [10] If you see something
like this, never mind; there is
_Shetching | Modeling | nothing wrong with it. #
—— [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

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]).

-
[1] In the Modify toolbox,
select Fillet. Type 10 (mm)

for Radius. —

Sketching Toolboxes

Draw
Moty O |~
(—Fillt Redivs: [10 mm K

{~ Chamfer

=} Comer

+ Trim
5 Extend
£ Split

.................................

[3] Dimensions

[ Dre
& Cout (Ctit X)
Copy (Ctel+ C)
R Paste (Ctiht V)
. Move

o Replicate
Duplicate

= Offset

» Spline Edit

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). _|

|~

Constraints

Settings

Shetohing | Modeling |

T ——




Sketching Toolboxes

Dirawe
Modify
Dimensions O
@ General
1= Horizontal
[ Vertical
o Length/Distance
[ (< Radius
Diameter
A hngle
/f Semi-Automatic
& Edit
g Move
[ Animate
4 Disgly

]

Radius.

Constraints I v
Settings
Sketohing

[4] From the
Dimension
toolbox, select

[5] Click one of the fillets to

create this dimension. This
turns a "weak" dimension to
"strong" one. Now, all the
fillets are blue-colored. #

a

Section 22 Triangular Plate 79

2003

2.2.14 Extrude to Create 3D Solid

@ A: Geometry - DesignM(

File Create Concept

[2] Click Extrude. lj

W~ W~ f/J A A~ A A7
7 =
BRevolve @ Sweep @ Skin/Loft

-k

Sketch1

) Conversion

BladeEditor: fifimportBGD {f]Load BGD

select: 'y B B R® @®

[4] Click
Generate. /

<b|Load NDF
S S @

ree Outline

[}

Graphics

=@ A Geometry
5> XYPlane
3 Sketcht
sk DPlane
> YZPlane
/B Extrudet
@ Sketcht
5,4 1Part, 1 Body
+ @ Solid

1

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

Sketching Modeling

Details View

= Details of Extrude1

Extrude Extrudel
Geometry Sketch1
Operation Add Material
Direction Vector | None (Normal)
Direc Normal

Extent Type Fixed

FD1, Depth (>0) | 10 mm
As Thin/Surface? No
Merge Topology? | Yes

=/ Geometry Selection: 1

9 Ready

SFlowPath F Blade of Splitter JVistaTFExport

—

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

-
. oot

[6] Click Zoom
to Fit. <

Note that Sketchl is
automatically entered as
Geometry. |

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

N ExportPoints EMStageFluidZone # SectorCut |fg ThroatArea

[1] Click the little
cyan sphere for an
isometric view. \

\.

lection

%

Millimeter Degre/0 [0
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2.2.15 Save the Project and Exit Workbench

@ A: Geometry - DesignModeler had - [u] X
ate Concept Tools Units View Help

@ || Durde Gredo |[select[% b BT E@| - | H ][5+ Q Q@@ K K@l [/

MV A AN

XYPlane > | sketcht v #3 || /Generate @@PShare Topology [Z|Parameters
Redude @A Rlve @ Sweep §Skin/loft | @Thin/Suface QBlend v Q Chamfer @ Slice

@ Point B Conve
BladeEditor: §iimport B\
& F C
Tree Outline
5 /@ A: Geometry
B3 XYPlane
v Sketcht
3 DXPlane
> YZPlane
/B Extrudet
v Sketcht
/& 1Part, 1 Body
+ @ Solid

de o Splitter JVistaTFExport “\ ExportPoints WM StageFluidZone g SectorCut |dg ThroatArea

[I] Click Save Project. | ©~ = ¢

Type Triplate as the
project name. |

m

g

Sketching Modeling

Details View
= Details of Extrude1 ~
Extrude Extrudel
Geometry Sketch1
Operation Add Material
Direction Vector | None (Normal)

Direction Normal
Extent Type Fixed

FD1, Depth (>0) | 10 mm Z

As Thin/Surface? | No

Merge Topology? |Yes

=| Geometry selection: 1

<

Model View | Print Preview

& Ready No Selection Millimeter Degre/0 [0

T — T

J\ Triplate - Workbench - = O X
View Tools Units Extensions Jobs Help
4 d & Project

[El Analysis Systems \n

§4 Design Assessment

[2] In Workbench GUI, PU"' ) Eigenvalue Buckling o A
down-select File/Exit to B et e 1
exit Workbench. We will resume © Fiuid Flow (CFX) =
. . . . @ Fluid Flow (Fluent Geometry
this project in Section 3.1. # B oo s
Harmonic Response
&4 1C Engine (Fluent)
[t Magnetostatic
@ Modal
L Modal Acoustics
iy Random Vibration
iy Response Spectrum
& Rigid Dynamics
e Static Structural
) steady-State Thermal
Thermal-Electric
4 Topology Optimization
Ed Transient Structural
% Transient Thermal
Turbomachinery Fluid Flow
|@ component systems
7 ACP (Post)

il ACP (Pre)

@ Autodyn

34 BladeGen

@ Y N
[ A d View All/ Customize... \

@ Double-click component to edit. I Job Monitor... | Show Progress | ,%Show 0 Messages |

J— ——
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More Details

2.3.1 DesignModeler GUI

More Details

Section 2.3

8l

ot

[1] 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 (see
[10], 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. |

Ol A: Geometry - DesignModeler

File Creatt Concept Tools Units View Help

[4] Tree Outline,in
the Modeling mode. —

BGD {EfLoad BGD | = FlowPath 7 Blade D
| -

[2] Pull-down menus

and toolbars. /

SHQARQEQ QK | H
[6] Graphics j

“ @ Point ) Conversion
wport -~ ExportPoints MDD StageFluidZone &Secth'

o o

=@ A: Geometry
=y XYPlane
9 Sketchl

3 ZXPlane

b 7ZPlane

IR Extrudel
9 Sketchl

/%@ 1 Part, 1 Body
., G Solid

[3] Mode tabs. N\

Sketching  Modeling

Extrude
Geometry

=|| Details of Extrudel

Extrudel
Sketchl

allow you to

Opesation
Disection Vector
Diection
Etent Type

s ThinSuface?
Mexge Topalogy?

Add Matedal

FD1, Depth 00 | 10 voim

No
Yes

~|| Geometry Selection: 1

[9] Separators

window panes. _|

resize

[7] Details
View. —

Sketch

Sketchl

[5] Sketching
Toolboxes, in the
Sketching mode. «

—

tching Toolboxes

Draw

*\, Line

6 Tangent Line

6 Line by 2 Tangents
J, Polyline
(=3Polygon

1] Rectangle
“Rectangle by 3 Points
%2 0val

(® Circle
£ ACircle by 3 Tangents
— Arc by Tangent

&% Are by 3 Points

4o Arc by Center

3 Ellipse

> Spline

# Constroction Point
4% Construction Point at Intersection

Modify

v

[8] Status bar. N\

Dimensions

Constraints

\ [

Model Vi | Print Puevizw |

V

I &) Ready

No Selection

Settings

Sketching | Modeling

—————
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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

[171A 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 XYPIlane, we will not discuss the creation of
sketching planes now and will discuss it in Chapter 4. /

A: Geometry - DesignModele)|

[2] Currently [3] To create a

ile Create Concept Tools Viel
\ﬂ \_é @
n- 4/

new plane, click Flane
New Plane. —

TS AT

active plane. —

[4] There are

Base Flane several ways to

4

Sketch %3 Traastourn 1 (RME) create a new
Reverse Normal/Z-Axas? plane. H
Flip X¥-Axes? Fuomn Point and Nowmel Y

Escport Cooudinate System? | No

2.3.3 Sketches

[T A 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 created (2.6.4[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] Currently [4] Currently active
i . sketch. /
active plane. — [2] To create a new sketch
\/ \/ on the active sketching plane,
X¥Flane v 3= | Sketchl 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.
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). After you are familiar with 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
\/ \/ toolbox. — [5] Constraints
Modify l
Draw toolbox. |
| [ Fillet v
*\ Line ¢~ Chamfer — i
6 Tangent Line = Comer =
# Line by 2 Tangents + Trim | General Constraints
J, Polyline 7 Extend 1 Horizontal . Fixed
(w3Polygon e 3[ Verticl = Horizontal
= ] Drsg &~ Length/Distance ; 6] Settings
T3 Rectangle _ ¥, Cut (Ctikt X) Redius | Verticel [é] g
Rectangle by 3 Points v Cony (Chilt C < ¢ Perpendicular toolbox. #
Oval P e Tangent
&0V B Paste (Ctlt V) N O\ Tenge l
(@ Circle C Move A Aneo , 3+ Coinsident \/
£ACircle by 3 Tangents = Reriice "AISe’?“'*"‘“”mm - Midpoint -
= Arc by Tangent Duplicate mEd“ S Symmetoy - g
¢~ Are by 3 Points =, Offset = Move 4 Paalle] Gad
¢ Are by Center 2> Spline Edit [ Animate Concentric 5 Msjor Grid Spacing
> Ellipse Dimensions %8 Display > Equal Radius o5 Minor-Steps per Major
> Spline > Equal Length & Snaps per Minor
# Construction Point — @Equal Distance
% Construction Point at Intersection 2w Auto Constraints —r_ﬁ
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2.3.5 Auto Constraints[Refs |.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.

. -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
7 Fixed
= Horizontal
4| Vertical
¢ Perpendicular
O\ Tangent
3¢ Coincident
-.= Midpoint
4 Symmetry
/7 Parallel
Concentric
# Equal Radivs
«*Equal Length
«2xEqual Distance

[Fon Auto Constraints Global: v Cursor: v

2.3.6 Draw Tools[Ref 3]

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. _ |

— -

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

[1]The Draw
toolbox. «

V

Drraw

", Line

é' Tangent Line

6 Line by 2 Tangents
/7, Folyline
(=3 Polygon

| Rectangle
f}Rectangle by 3 Points
&2 Oval

(= Circle
A ACircle by 3 Tangents
— Arc by Tangent

¢ Arc by 3 Points

o Are by Center

¢ty Ellipse

> Spline

# Construction Point
% Construction Point at Infersection
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Rectangle by 3 Points [3] A polyline must be
completed by choosing either

[4] The first two points define one side and the third point Open End or Closed End
defines the other side. from the context menu. «
Oval Open End

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

Selection Filter 4
Circle ) Lsometric View

. . iiS Set

The. first click defines the center, and the second click defines the 19 Restors Defual
radius. @) Zoom to Fit (F7)

. Cursor Mode 4
Circle by 3 Tangents iow ,
Select three edges (lines or curves) to create a circle tangent to #9 Lock t
these three edges. -/ Generats (F5)

Arc by Tangent
2 OpenEnd

Click a point (usually an end point) on an edge to create an arc

) . ) 2 Open End with Fit Points
starting from that point and tangent to that edge; click a second

2 Open End with Control Points

point to define the other end and the radius of the arc. 2 Open End with Fit and Control Points
© Closed End
Arc b)’ 3 Points £ Closed End with Fit Points
A
The first two clicks define the two ends of the arc, and the third J1
click defines a point between the ends. [5] A spline must be

complete by specifying an
ending condition from
the context menu. |

Arc by Center

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

two ends.
il How to delete edges?

Ipse

P [6] To delete edges, select them and choose
The first click defines the center, the second click defines the Delete or Cut from the context menu.
major radius, and the third click defines the minor radius. Multiple selection methods (e.g., control-

selection or sweep-selection) can be used to
Spline 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.

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
How to abort a tool?

Select two edges; a construction point will be created at the
Simply press ESC. #

intersection. /
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2.3.7 Modify ToolsRef4]

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, and 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]1The Modify
toolbox. «

Modify
(~ Fillet
[ Chamfer
=1 Comer
+ Trim
5 Extend
{5 8plit
fi] Dreg
& Cut
Copy
[ Paste
o Move
o Replicate
Duplicate
=, Offset
» Spline Edit

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

Modify
(~ Fillet Radivs: 2.5 mm
{ Chamfer
=1 Comer
= Trim

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

\/

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

[5] Options of
Copy in the
context menu. _ |

Clear Selection v

End / Set Paste Handle
End / Use Plane Origin as Handle
End / Use Defanlt Paste Handle




Cut

[6] 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
[7], 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 [8]. For details, see the referencelRef4. ~
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[7] Options of
Paste in the
context menu. |

|

Rotate by r Degrees
Rotate by -r Degrees
Flip Horizontal

Flip Vertical

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

[8] Options of
Spline Edit in the
context menu. #

|

2.3.8 Dimensions ToolsRef>1

General

[2] 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
([3], next page.) If the selected edge is a circle or arc, the default
dimension is its radius ([4], next page). _|

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

—

[I1The Dimension
toolbox. /

V

Dimensions

I@ General
1 Horizontal
[ Vertical
J/ Length/Distance
(< Radivs
e Diameter
A Ange
-/I Semi-Automatic
& Edit
H Move
[ Animate
% Disly

87
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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

4 Horizontal
I[ Vertical
& Length/Distance
A Angle
Select Pair

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

\

(<" Radivs
1 e Diameter
Select Pair

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

selected. |
I Alternate Angle ]
Do Not Move with geometry
Edit Name/Value
Dimensions
@Gemral
1 Horizontal
[ Vertical
J}Lengtthimnce
(< Radius
eDmmetex
A hnge
-/’ISenn-Aubmaﬁc
& Edit
E Move
Animate
ﬁf‘ Display Name: | Valve: 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. —

=] Details of Sketchl
Sketch Shetchl

Sketch Visibality | Show Sketch
Show Constraints? | No
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[10] You can delete
all the dimensions
by right-clicking
Dimensions. #

89

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

[1]1 The Constraints

toolbox. «

77 Fixed

= Horizontal

4| Vertical

~¢ Perpendicular
o\ Tangent
7ueCoincident
== Midpoint

S Symmmetry

# Parallel
Concentric

%, Equal Radius
«>Equal Length
g‘é}Equ&l Distance
fon Auto Constraints

|

Constraints

—

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

|

Constraints

} 77 Fied.

FixEndpomts 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?
Sketch Shetehi in Details View. |
Sketch Visitality Show Sketch
Show Constzints? Ves
-] Dimensions: 5
H1 300 rrim
H2 200 veeen
H4 30
RS 10 vmirn
V3 40 vrirn
—)| Edges: 12
|| Line La?
Vertical i< Line Ysds
Foint Cr10 Center
Coincident P4 Delete
Equal Length
Equal Length 2
Coincident: Base Foint | Foint Cul2 Base [7] Right-click a constraint
Ceincident: .End Foint Pont Cx10.End .
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

shapping.

Major Grid Spacing

Allows you to specify Major Grid 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 Snap

is turned on. /'

[6] Major Grid
Spacing = |0 mm. —

40

mm

|
T

A
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Settings
Grid [11The
&5 Major Grid Spacing Settings
5 Minor-Steps per Major toolbox. «

5 Snaps per Minor

[4] Check here

to turn on

Snap. |

[3] Check here to turn
on Show in 2D. —

| rom

Show in2D: [ Snap: [ I

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

\

s Major Grid Spacing

MOmm |

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

\/

[8] Minor-Steps
per Major =2. —

| oy Minor-Steps per Major [2

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

V

| 5 Snaps per Minor 1

References

I.  All Help>DesignModeler>ANSYS DesignModeler User's Guide>2D Sketching>Auto Constraints
All Help>DesignModeler>ANSYS DesignModeler User's Guide>2D Sketching>Constraints Toolbox//Auto

N

Constraints

No U AW

All Help>DesignModeler>ANSYS DesignModeler User's Guide>2D Sketching>Draw Toolbox

All Help>DesignModeler>ANSYS DesignModeler User's Guide>2D Sketching>Modify Toolbox

All Help>DesignModeler>ANSYS DesignModeler User's Guide>2D Sketching>Dimensions Toolbox
All Help>DesignModeler>ANSYS DesignModeler User's Guide>2D Sketching>Constraints Toolbox
All Help>DesignModeler>ANSYS DesignModeler User's Guide>2D Sketching>Settings Toolbox




92 Chapter 2 Sketching

Section 2.4

M20x2.5 Threaded Bolt

2.4.1 About the M20x2.5 Threaded BoltRefs .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. |

[3] Metric
system. —

[4] Major
diameter
d=20mm. —>

M20x2.5

[5] Pitch
p=25mm. |

[6] Thread

standards in the
metric system. —

=275

32

I1xp

[2] The threaded
bolt created in this
exercise. |

Minor diameter of internal thread q,

Major diameter d

H=(3/2)p = 2.165 mm

d =d—(5/8)Hx2=17.294 mm

H

[7] Calculations of
some details. #




2.4.2 Draw a Horizontal Line

Section 24 M20x2.5 Threaded Bolt 93

/[I] Launch Workbench and create a Geometry system.
Save the project as Threads. Start up DesignModeler.
Select Millimeter as the length unit and make sure that
Degree is the angle unit.

On XYPlane, draw a horizontal line and specify the

dimensions (8.647 mm and 27.5 mm) as shown in [2]. —
.

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

J

2.4.3 Draw a Polyline

[1] Draw a polyline of 3 segments [3] and specify the dimensions (30°, 60°, 60°,0.54]1 mm, and 2.165 mm) as shown.
To specify angle dimensions, please see Angle, 2.3.8[5], page 88. |

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

\

\
|
B0.00
|
|
|

Iy

/ [3] Draw a polyline of

3 segments. #




94  Chapter 2 Sketching

244 Draw a Line and a Fillet

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

2,165 Ve
[2] Draw a vertical line
0.541 and specify its position
(0.271 mm). «
!
30.00° Py
[3] Create afillet (also / g
see [4]) and specify its |
position (0.541 mm). — - 60.00°
0.541 — [4] Before creating fillets,
P 4 specify an approximate
/ » radius value, say 0.5 mm. #
B0 LI‘:L
\ | Modify B

| [ Fillt Radius: @

S

2.4.5 Trim Away Unwanted Segments

2.165 2.165

0.541 {.541

|

,
/
=
o
] [ M
N

60.00°
/

!. - 60.00°
;

T~ 0.541 — |
——0.27 L

0.541 —

{

!
-
B0.00°

|
\

[2] The sketch after
[1] Trim away these trimming. #

three segments. —
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[I] 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). |

[3] Selection
Filter: Points. #

2.4.7 Complete the Sketch

EBichch |

0.541

[2] Draw this verticaﬂ\

line, which passes
through the origin.

E—

4

[5] Draw this
horizontal line. #

/_E o i“‘

[1] Create this
segment, using
Replicate. <

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

[4] Draw this vertical line.
You may need to trim
away extra length later
after the next step. «

95

: 8647
2.165
0.541 = =— P!
- '7 "“\
by % |
< 30.00°  B0.00°
o L‘ i .
g; '
[2] Set Paste A
Handle at this point '}
(also see [3]). « P
: 'E‘
b
p:
i 27.500 g
P
P
: B
=
| &
. s p
2.165 :
>L 30 ]j] 60.00° ¢. ....... SR [ S "E:F’ ..................................
~z / :
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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

32. )
gy Revolve
p—
[=)| Details of Revolvel
Revolve Revolvel
Grometyy Shetehl
dis 2D Edg
Operation 444 Matexial
Diection Nowmal
FDI, Angle -0)|360° [2] Select the Y-axis as the Axis
handS Y .
:; T '“fm'? §° of revolution. (Make sure you
1ze Tapology? s .
o[ Geomety Seleotion: T correctly select the Y-axis.) #
Sketch [Sketent
T— —
References

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




Section 2.5

Spur Gears

Section 25 Spur Gears 97

2.5.1 and 2.5.2 give 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 GearsRefs 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 centersi®ef !l [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 (& = 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 [ 1]. The
shaft has a radius of 1.25 in [12]. All fillets have a radius of 0.1 in [I3]. 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. =

[6] The line of
centers. <«

[10] Addendum,
rn=275in. |

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

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

[5] Pitch circle of the
driving gear. «

[8] Common tangent of
the pitch circles. |

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

[I3] All fillets have a
radius of 0.1 in. #
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2.5.2 About Involute Curves[Refs 1.2]

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 ¢, we can calculate the coordinates of each point on the

[4] For example, let's calculate the polar
coordinates (r,0) of an arbitrary point A [2] Involute [6] Contact point P
[5] on the involute curve. Note that BA [5] An curve. | (pitch point). \
and CP are tangent lines of the base ;ﬂi’:ﬁr‘é‘e
circle: and Fis .a fooF of perpendicular. P involute A [7] Line of
Since APF is an involute curve and curve. — action. |
BCDEF is the base circle, by the definition o
of involute curve, p
BA = BCDEF (1)
o b\ Fpf [8] Common
CP = CDEF (2) ¢ tangent of
In AOCP A pitch circles. |
) A
r,=r coso (3) B Iy o
In AOBA, . h [9] Line of centers; the length
F=_2 4) 5 o OP is the pitch radius rp. /
or, cos@
¢ =cos™ b 5) / [3] Base circle. «
r 0]

[10] To calculate 6, we notice that
DE = BCDEF — BCD — EF
Dividing the equation withr, and using Eq. (1),

hy ) fy fy

If radian is used, then the above equation can be written as
6= (tang)— 66

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

CP  CDEF
—= ,ortana = o+ 6, or
rb rb

6, =(tano)—

transformed to rectangular coordinates, using O as origin and OP as y-axis,

X =-rsinB, y =rcosf

We'll show how to calculate polar coordinates (r,0) using Egs. (3-7). The polar coordinates then can be easily

(6)

@)

®
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Numerical Calculations of Coordinates

(4

r= 2.5c0s20° = 2.349232 in

0, = tan20° - %TE = 0.01490438 (rad)

[1'17 In our case, the pitch radius =25 in, and pressure angle or = 20°% from Egs. (3) and (7) respectively,

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 (r = 2.349232 in) andr (r = 2.75in).
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 =—rsin6 y =rcosf
in. Eq. (5), degrees | Eq.(6),degrees in. in.
2.349232 0.000000 -0.853958 -0.03501 2.3490
2.449424 16.444249 -0.387049 -0.01655 24494
2.500000 20.000000 0.000000 0.00000 2.5000
2.549616 22.86748lI 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

/[I] 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 on XYPlane and specify
dimensions as shown (also see the table in 2.5.2[1 1]),
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, leaving Flexible option on, finishing the
\spline with Open End. —

J

[3] It is equally good that you draw the spline
by using the Spline tool directly without
first creating construction points. To do so,
at the end of the Spline tool, select Open | [ 12973
End with Fit Points from the context 0 0RE78
menu. 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. /

Re-fit Spline

Create Missing Fit Points

[4] Re-fit spline. #

Delete New Fit Points
Create Missing Control Points

—

[2] The pitch point

is on the Y-axis. /

[}
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2.5.4 Draw Circles

/[I] Using the Circle tool in the Draw
toolbox, draw three circles as shown in
[2-4]. Note that the radius of the addendum
circle [4] is defined by clicking the
outermost construction point. Specify radii
for the shaft circle (1.25 in) and the
dedendum circle (2.2 in). |

-

[3] The dedendum
circle. /

[2] The shaft
circle. 1

2.5.5 Complete the Tooth Profile

[1] 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).
Create a fillet of radius 0. inches as shown in

\[5]. This completes the profile of a tooth. — )

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

[7] Turn off Display
Plane to clear up the
graphics window. #

[4] The radius of the addendum
circle is defined by clicking the
outermost construction point. #

[2] The lowest
construction point. |

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

[4] Make this line
perpendicular to the
dedendum circle. —

T

[3] The dedendum
circle. \,
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2.5.6 Replicate the Tooth Profile

-
[I] Select the Replicate tool, type 9
(degrees) for r. Select the tooth profile (3 N _
segments in total), End/Use Plane Origin ‘ [3] The pitch
as Handle, Flip Horizontal, Rotate by q point. #
r,and Paste at Plane Origin [2]. End the
Replicate tool by pressing ESC. [2] Thefrlepllcated m,\.
Note that the gear has 20 teeth, each profile. = q‘u,‘l
spanning 18 degrees. The angle between the b\\
two pitch points [3] is 9 degrees. — ".“
J
— e -
2.5.7 Replicate the Tooth 19 Times
¢ . . .
[1] Click the Replicate tool again,
— e
type 18 (degrees) for r. Select both left e % k! .‘.ﬁk“-ﬁa&\r
and right profiles (6 segments in total), - ”T/ g‘; %[’E 8 " "j:s\?
End/Use Plane Origin as Jq/ﬂ’-'i._,__ "-,Er A_/,ﬂvﬂ*f‘” T ,f%g ’ JERN
Handle, Rotate by r,and Paste at A V.o ~F
Plane Origin. Repeat the last two S S TP IaN
steps (rotate and paste) until }fp__f "‘Eg_?u‘y : e "\\
completing a full circle (20 teeth in /,f' AN T T ‘ﬁ&@ _,f\q,,\
total). # / q;ﬁ yd AN \‘\. A
o J f’rﬁ——e«}ﬂ AN \ \
J"I / Ay ; \
. ( (J"l \.“ %\“m—, g
5*“& \ / AN .“
\ I
'h"\mi_i,.s;hli \\\1\ '_/,/7/ R1.25 f“" th ‘ f_."“
\\, P N\ I zr’:Eh_r I l‘:.';a"'
NS\ A TR
‘\B{\ _E_\’*q‘_ yd [b / R
= P e \
N Ilw" \}S‘l‘-_l /'/!b )'e
™~ ‘\Jl y F Sl - 7—_"5'5‘,_&‘5&54 "| ;/_;zr’
~ar | 3 E,i ? AN I~
‘*'x\“_‘_ ! L ] . e
"y -
S N
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2.5.8 Trim Away Unwanted Segments e
N

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

2.5.9 Extrude to Create 3D Solid

/[I] Extrude the sketch 1.0 inch to create a 3D solid. Save\
the project and exit from Workbench. We will resume this
project in Section 3.4. |

- J

[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. #

References

I.  Deutschman,A. D., Michels,W. ], and Wilson, C. E., Machine Design:Theory and Practice, Macmillan Publishing Co., Inc.,
1975; Chapter 10. Spur Gears.
2. Zahavi, E., The Finite Element Method in Machine Design, Prentice-Hall, 1992; Chapter 9. Spur Gears.
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Section 2.6

Microgripper

2.6.1 About the MicrogripperiRefs 2]

[11 The microgripper is made of a rubber-like 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

[2] Gripping
direction. —

| [3] Actuation
direction. |

Unit: um
Thickness: 300 ym o
o
[4] SMA
actuator. |
=)
hi
c'?a
o
S
¥
[5] Steel f
bead. #

480
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2.6.2 Create Half of the Gripper o—

[i5]
[}

f[ IT 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, due to the
symmetry. Extrude the sketch 150 um both sides symmetrically (the

Q:otal depth is 300 um) [4]. We now have a half of the gripper [5]. |

)

10—

—00—

400

83

140

[2] Before
trimming. <

fomt—) =t

400

]

r—hll}—a-

[3] After
trimming. |

[5]1A half of the
gripper. #

240 ]
| Details of Extrudel
Extrude Extrudel
Geometry Sketoh o)
Opesstion dd Material
Diseotion Vector | None Qlammal) J [4] Extrude the
Disection Both- Symmetic  O— sketch both sides
Extent Type Fixed \L symmetrically. —
FD1, Depth (00 | 150 pm [e)
As Thin/Sudace? No
Meige Topology? Tes

P —




Section 26 Microgripper 105

2.6.3 Mirror Copy the Solid Body

4 . .
| Create Concept Tools Units Vi [3] Click this yellow area

- - to bring up the Apply/
Details of Micoxl
#= New Plane i - Cancel buttons. |
[® Extrude Preserve Bodies? | Yes
: Revolve Minor Flane Mot selected o
Sweep Bodies 1
& SkinfLoft
@ ThinSurface -

[2] In the graphics

@ Fixed Radivs Blend window, select the solid

& Verisble Radivs Blend body and click Apply. 1
< Vertex Blend
Q Chamfer
ﬂ Pattern [=]| Details of Micoxl
ﬁ Body Operation !
N . Preserve Bodies? | Yes

Body Transformation 4 a Maove - TZFlome O\
‘ Boolean -} Translate Bodies 1
i Slice @il Rotate

Delete il I — —
€ Point 1 [4] In Tree Outline,

Primitives 5 select YZPlane and click

Apply. v/
ull-down-select Create
17 Pull-d lect Create/

P——

Body Transformation/
Mirror. /

H -/ Generate O

———

[5] Click
Generate. #
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2.6.4 Create the Bead

[2] Select
XYPlane. —

f[l] 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 J X¥Flane v ‘ Shetch2 ¥l ‘
two bodies are treated as two parts [9]. Rename the two
Godies as Gripper and Bead respectively [10]. —

N
J— —

=] J@ {4 Geometry!

[4] The semicircle can be =, = XT¥Flane
created by creating a full [7] Impose a Tangent o3 Sketchl
circle and then trimming it ‘ constraint between the w8 Sketch2
using the axis. | semicircle and the v i ?gm
L -
sloping line. / o Exdrudet
a 9 Sketch
[5] Close the sketchby |  ¢—~_ | =~ v A Mirrorl
drawing a vertical line. \, \ =, 88 Revalvel
N 0 Sketch2
- /Z By 2
[8] Revolve the sketch
about the Y-axis to create
a sphere.
L P !
\/ [6] Specify the radius [10] Right-click to rename
(15 um). 1 each body like this. /

gy 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. #

\_

References
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Section 2.7

Review

2.7.1 Keywords

Choose a letter for each keyword, from the list of descriptions

I. () Auto Constraints 8. () Object

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

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

Answers:

I.(J ) 2(G) 3. (M) 4 (1 ) 5. (D) 6 (B ) 7.(F ) 8 (H)
9. (L) 10.(A) I11.(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 gecometry 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.
(] ) 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 entity. When it is turned on/off, the corresponding type of entity becomes
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 ) Areference 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.
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