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Chapter 2

Sketching

A simulation project starts with the creation of a geometric model. To be proficient at simulations, an engineer has to
be proficient at geometric modeling first. In a simulation project, it is not uncommon to take the majority of human-
hours to create a geometric model, that is particularly true in a 3D simulation.

A complex 3D geometry can be viewed as a collection of simpler 3D solid bodies. Each solid body is often
created by first drawing a sketch on a plane, and then the sketch is used to generate the 3D solid body using tools
such as extrude, revolve, sweep, etc. In turn, to be proficient at 3D bodies creation, an engineer has to be proficient at
sketching first.

Purpose of the Chapter

The purpose of this chapter is to provide exercises for the students so that they can be proficient at sketching using
DesignModeler. Five mechanical parts are sketched in this chapters. Although each sketch is used to generate a 3D
models, the generation of 3D models is so trivial that we should be able to focus on the 2D sketches without being
distracted. More exercises of sketching will be provided in later chapters.

About Each Section
Each sketch of a mechanical part will be completed in a section. Sketches in the first two sections are guided in a
step-by-step fashion. Section | sketches a cross section of W16x50; the cross section is then extruded to generate a
solid model in 3D space. Section 2 sketches a triangular plate; the sketch is then extruded to generate a solid model
in 3D space.

Section 3 does not mean to provide a hands-on case. It overviews the sketching tools in a systematic way,
attempting to complement what were missed in the first two sections.

Sections 4, 5, and 6 provide three cases for more exercises. Sketches in these sections are in a not-so-step-by-
step fashion; we purposely leave some room for the students to figure out the details.
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2.1-1 About the WI16x50 Beam

Consider a structural steel beam with a W16x50 cross-section
[1-4] and a length of 10 ft. In this section, we will create a 3D
solid body for the steel beam.

[17 Wide-flange
I-shape section.

[2] Nominal
depth 16"

V
W16x50

[3] Weight 50
Ib/fe.

2.1-2 Start Up <DesignModeler>

7} Unsaved Project - Workbench

File View Tools Units Help

_JNew [ 5 Open... il Save [l Save A

[2] After a

while, the s
<Workbench B AnlysisSyseems

@) Electric (ANSYS)

I Explicit Dynamics (ANSYS)
(G Fluid Flow (CFX) 1
G Fluid Flow (FLUENT)
Harmonic Response (ANSYS)
) Linear Bucking (ANSYS)

GUI> shows up.

O

2 @ Geometry

707" |

H»—sso "

628"
[4] Detail
dimensions .
S
s
R.375"
EIBX

i Refresh Project / Update Project g ]Import... (% B

[6] Double-click
<Geometry> to
start up
DesignModeler.

Geometry

. . (E) Magnetostatic (ANSYS)
@) ANSYS Client Licensing [3] Click the il Modal (ANSYS)
@ AQWa . [} Random Vibration (ANSYS)
@ ssas plus sign (+) l) Response Spectrum (ANSYS)
(&) shape Optimization (ANSYS)
) Fluid Dynamics to eXPand the [ static Structural (ANSYS)
Steady-State The | (ANSYS)
@ Help <(S:°mponent g The;m:!{c:tn( (e::v(s) '
@ RSM ystems>. [ Transient Structural (ANSYS)
i ransient Thermal (ANSYS)
@ Utlities Note that the >( 3 Cofponent systems
# ICEM CFD p|US sign SAutoom
. @ crx
A Mechaical APDL GANSTS)| s b i o @ EraosringDoto
A\ Mechanical APDL Product L . (@ Finite Element Modeler
> sign. & FLuent
@ TurboGrid =
N Uninstall I\ Mechanical APDL

@ Mechanical Model
@ Mesh

@ Results

@ Custom Systems
@ Design Exploration

place a system in the

[4] Double-click

[5] If anything goes
<Geometry> to

wrong, click here to

show message.
<Project

Schematic>.

T view All{ Customize. ..

[1] From Start menu,

o Ready

[-ishow Progreps [0 show 0 Messages |

click to launch the
Workbench.
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e HE|

File Create Concept Tools View Help

AdHE @ et ' - BRRE @ SHQAAQAQ@A A K@ m
XVFlane - s &
~ Generste RExde  gfoRevolve QpSweep  § Skinoft @roint [FF|Parsmeters
Tree Outline ?  Graphics 2

[7] After a

while, the ANSYS Workbench
DesignModeler Select desired length unit:
shows up. e [8] Select <Inch> as
® .
centoet the length unit.
" Milimeter
" Micrometer
. 4 ™ Always use project unit
Skt oo | M e
Detals View 2
N\
[(ox )]
[9] Click <OK>. ‘
Note that, after 000 000 . /L‘X
. . [ EEE—
clicking <OK>, the 1000
length unit connot be /
O oy changed anymore. ) NoSeketion Millimeer 00

Notes: In a step-by-step exercise, whenever a circle is used with a speech bubble, it is to indicate that mouse or
keynoard ACTIONS must be taken in that step (e.g, [I, 3, 4, 6, 8, 9]). The circle may be small or large, filled with
white color or unfilled, depending on whichever gives more information. A speech bubble without a circle (e.g, [2,
7]) or with a rectangle (e.g., [5]) is used for commentary only, no mouse or keyboard actions are needed.

2.1-3 Draw a Rectangle on <XYPlane>

O A: Geometry - DesignModeler EI@E]
File Create Concept Tools View Help
JHE @ owe et % L@@ sraaemaa s *o
X¥Flane v k| Skl - H
~/ Generate RExtude  gfaRevolve @pSweep & SkinLoft @Point 55| Parameters
Sketching Toolboxes
Drawe
\Lim [17 <XYPlane> is
¢ TangentLine ick <
& Line by 2 Tangents already the A[3l Click LOOPI:
1 current sketching > to rotate the
R TR plane. coordinate axes, so
ggx"@"y“’“‘ that you face the
& Cirle <XYPlane>.
£ACircle by 3 Tengents
ey
Modify - /
— [4] Click
Constraints
: < >
. Setings Rectangle> tool. [5] Draw a
ﬁi‘—'\ N C rectangle (using
| Details of Sketchl click-and-drag)
Shetch Sketehl . .
T roughly like this.
Show C. ? No H
o o [2] Click ‘
Lie L <Sketching> to I .
Line L8
= Lo enter the X
= SFTI] k " h de 0.000 3.000 6.000 (in)
sketching mode. —— -
0 Rectangle -- Click, or Press and Hold, for first comer of rectangle No Selection Inch 94 -11




Impose symmetry constraints...

51 A: Geometry - DesignModeler

Section 2.1 Step-by-Step: W 16x50 Beam Section

[10] Right-click
anywhere on the graphic

49

T area to open the context
A E @ | Do selct [y - ||| @ menu, and choose Y o e
ELTIC] - | CETC) <Select new symmetry o
~/ Generate [@Extrude  gRRevolve QuSweep @ SkinLoft . Selection Filter 4
- axis>.
hing Toolboxes
Draw O Tsometric View
L0 [ 6] Click o et
Dimensions 150
Conte (e <Constraint> é, Restore Defeult
77 Fod toolbox. @ Zoom to Fit
= Horizontal
4] Vertical Cursor Mode »
¢ Perpendicular .

O\ Tangent View 4

£ Coincident i

- Midpoint <S[8] CII:k S #9 Look At

r Symmetry . mmetr

U/Penllel C——— 4 tool Y 0O X Delete

e r\ ) <} Generate

Settings -
Shatching [Modelig yudld .
[1'1] Click the C P
horizontal axis and
then two horizontal
[7] If you don't . :

o < > lines on both sides . .
see <Symmetry t ke th [9] Click the vertical
tOOI, click here to O make em axis and then two

symmetric about > e
scroll down to - . 0.000 3000 50 vertical lines on both
the horizontal axis. -
reveal the tool. 1500 4500 sides to make them
Mot View [Pint P | symmetric about the
@ Symmetry - Select first point oz 2D Edge for symmetry constraint 1 Edge vertical axis.

Specify dimensions...

o1l A

File

Geometry - DesignModeler

Creste Concept Tools View Help

Boint [EF] Parameters
@

[17] Click
<Zoom to Fit>.

X e n

AHE @ || Do Select: | ¥y tolio]
X¥Flane - 3k Sketht -8
~/ Generate RExtrude  @Revolve @oSweep § SkinLoft
Sketching Toolbores
Draw
. [12] Click
imensions . .
1ol i <Dimensions>
b Horonel toolbox
[ Vertical *
&~ LengthDistance
(C Rains =~
©Diameter \
A hugk [13] Leave
S <General> as
EMove the default tool.
Constraints -
Setings
Sketching | Modeling
Details View 2
~ Details of Sketchl

Sketch
Sketch Visibality  Show Sketch

[17] In the

Sketehl

<Details View>,
type 7.07 (in) for
HI and 16.25 (in)

Ht

O

MMV

i S

)
3

[14] Click this line,
move the mouse

upward, and click again
)\\;\/ to create HI.

0.000

4.500

[15] Click this line,
move the mouse

rightward, and click
\_ again to create V2.

"250

B750

N
_:IEqu [16] The segments turn to

blue color. Colors are used

Bt forV2.
Line L7
Line Lag
Line L9
= Al Model View | Pant Preview
9 General - Select point or 2D Edge for dimension or use RMB for options

No Selection

to indicate the constraint

status. The blue color means

that the geometric entities
are well constrained.
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2.1-4 Clean up the Graphic Area

The ruler occupies space and

57 A: Geometry - DesignModeler
File Create Concept Tools View Help

XFlane - | Sk
~/ Generste

Sketching Toolboxes

<

Draw
Modify

Dimensions
(p Genersl v
1 Horizontel v
[ Vertical
& Length/Distance
(< Radivs

21 led @ @ | ©Un| v Shaded Exterior and Edges
) Shaded Exderior

Wireframe

Frozen Body Transparency
Edge Jomts

v Cross Section Alignments
Cross Section Solids

is sometimes annoying; let's turn it off...

Seaae@a

;eep & Skin/Loft

150

=Y

+ @

2

@ Point  [Z5] Parameters

EBX

[1] Pull-down-select

<View/Ruler> to
turn the ruler off.

%

e Dismeter

/4 Angle

#F Semi-Automatic
& Edit

1= Move

e

Constraints
Settings

Sketohing | Modeling
Detals View
=/ Details of Sketchl
Shetoh Shetehl
Shetoh Visibility | Show Sketeh
? Mo

707in
1625 in

a7
L
L9
Lal0

General - Select point or 2D Ed ge fox|

[2] The ruler
disappears. It creates
more space for the
graphic area. For the
rest of the book, we

always turn off the ruler

(in)

SYS

WWAAD A v

to make more space in
the graphic area.

No Selection

Inch 0 0

Let's display dimension values (in stead of names) on the graphic area...

071 A: Geometry - DesignModeler

File Create Concept Tools View Help

Display -- Set dimension display options

No Selection

AHE @ | Do Select: | #y joio] SHAQAQEQ G N L@ M
X¥Plone v k| Sketht - X
</ Generate RExtrude  gfaRevolve @ Sweep 4§ SkinfLoft @ Point [F5|Parameters
Sketching Toolboxes a
Draw —7.070 ? B R
i NN VAN
Djm:{.::: o L Fi\v\//\ }& 1\5‘
[ Vertcal [5] Click <Name> to
Les istance .
i turn it off. The <Value>
Diameter .
%m automatically turns on.
4§S=@-Auwmﬁc
B e | [6] The dimension
(i 1670 names are replaced
[ 5§ Display bioe: v by th | F
— 1\ [3] If you y the values. For
Settings ( don't see the rest of the bOOk,
<Display> we always display
tool, click values instead of
[4] Click here to scroll names, so that the
<Display> tool. all the way sketching will be
¢ down to the more efficient.
v2 1625 in
s bottom. \_
Line La?
Line La8 T
Line L9
= B ot Vi [Fit P '
9

Inch (]




2.1-5 Draw a Polyline

Draw a polyline; the dimensions are not important for now...

01 A: Geometry - DesignModeler
File Creste Comspt Took View Help [17 Select

A E @ | OUao
XYPlane v e Sheto
-/ Generste
Sketching Toolboses

u -8 toolbox.

Graphics

Section 2.1 Step-by-Step: W 16x50 Beam Section

[7] Right-click anywhere
on the graphic area to
open the context menu,
skt | <Draw> s ¢ @@ @@ and select <Open End> to
end the <Polyline> tool.

Closed End

Back
Selection Filter

) Tsometric View
ists Set
ﬁi Restore Default

@) Zoom to Fit

Draw
=\ Line
£ TangentLine
6 Line by 2 Tangents

O
‘ [2] Select
<Polyline>

[ A Folyline

(3Palygon

T 1Rectangle
¢MRectangle by 3 Points
&20val

@ Circle

A ACixcle by 3 Tangents

o o o Tamonnd

Modify

Dimensions

Constraints
Settings

O—
\ tool.

[3] Click roughly here to
start the polyline. Make sure
a <C> (coincident) appears

-

|
1
«

D

\JV
(]
1\

Cursor Mode
/ View
#9 Look 4t

} Generate

Details View

s

before clicking. j

= Details of Sketchl
Sketoh Shetohl
Shetch Visbility  Show Sketch
Show Constraints? | No

-~ Dimexsions: 2

H 070
V2 1625 i
= Edges: 7
Line L7
Line Lad
Line L9

Line Lal0

& Polyline - Click for start of polyline

/
[6] Click the last point
roughly here. Make sure an
<H> and a <C> appear
before clicking.

) Or———

[4] Click the second point

roughly here. Make sure an
<H> (horizontal) appears

before clicking.

k3 [

N
e

\

No Selection

[5] Click the third point
roughly here. Make sure a
<V> (vertical) appears

before clicking.

—————— e

2.1-6 Copy the Polyline

Copy the newly created polyline to the right side, flip horizontally...

D A- Geometry - DesignModeler

</ Generate

File Create Concept Tools View Help

A E @ OUno @Redo [Seket *fy Ty 1y T

XVFlane « 3| Sketoht -

RExtude  @aRevolve

SHaaqe@EQ e

@FPoint [F5|Parameters

+ & 0D

EBX

[4] Right-click anywhere

on the graphic area to open

[ Select

~ | Model View | Print Preview

& Copy - Select 2D Points or Edges

No Selection

Sketching Toolboxes
Draw
i <Modify> rﬂiq 070 ﬂ
Modify
(s toolbox. ‘ .
" Chamfer 3
4 Comer
+ Trim
T Extend
£ 8plit
i D [2] Select
& Cut
[Egsopy O— <Copy>
= i
an tool. o0
Dimensions v C)
Constraints
Seftings
Sketohing | Modeling
Details View 7 [3] Contr0|-
- Details of Sketchl ~ .
e . click (see [11,
Sheteh Visbility | Show Sketeh | 2]) the three
Show Constiaints? No
- Dimexsions: 2 newly created
H1 707in
= e segments one
- Edges: 7
= . by one. '®)
Line a3 —
Line a9
Line Lo

the context menu, and select
<End/Use Plane Origin as

Handle>.

Selection Filter

Cursor Mode
View
P9 Look At

Clear Selection
End { Set Paste Handle
@ End / Use Plane Origin as Handle

End / Use Default Paste Handle

O Isometric View
—ta Set

32 Restore Default
@) Zoom to Fit

X Delete
'-/7 Generate
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Context menu is used heavily...

Sketching Toolboxes a
Draw
Modify
[~ Fillet
}V_Chamfer
—1 Comer
+ Trim [5] The tool automatically
—Extnd | changes from <Copy> to
< Split <Paste>.
[ Dree
3{, Cut
Copy
[ Paste U I L
[ =10 ¥ FEVRTN
Dimensions -
Constraints
Settines
Sketching
Rotate by r Degrees
Rotate by -r Degrees
— Flip Horizontal
Flip Vertical
Scale by factor f
Scale by factor 18 I
Paste at Plane Origin
Change Past: Handle
Cut
Copy
Selection Filter 4

[8] Right-click anywhere to
open the context menu again
and select <End> to end the
<Copy> tool. An alternative

way (and better way) is to

press ESC to end a tool.

J Generate

Basic Mouse Operations

Rotate by r Degrees
Rotate by -r Degrees
Flip Horizontal ()
Flip Vertical

Scale by factor f
Scale by factor 14
Paste at Plane Origi

[6] Right-click anywhere
to open the context
menu again and select

<Flip Horizontal>.

O Lsometric View
150

g et

:3: Restore Default

(@) Zoom to Fit

v

Cursor Mode
View 4
#9 Look At

P } Grenerate

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

End
Cut

[7] Right-click
anywhere to open the
context menu again and
select <Paste at Plane
Origin>.

A
Cursor Mode 4
View L
#9 Look At
r /5 Generate

[91 The
horizontally
flipped polyline
has been copied.

At this point, let's look into some basic mouse operations [10-16]. Skill of these operations is one of the keys to be

proficient at geometric modeling.

[16] Middle-click-drag:
rotation.

[15] Scroll-wheel:

[10] Click: single zoom in/out.

selection

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

[I'1] Control-click:
add/remove selection

[12] Click-sweep:
continuous selection.

[13] Right-click: open
context menu.
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2.1-7 Trim Away Unwanted Segments

Sketching Toolboxes

[1] Select <Trim>

Bz Copy
tool.

B Psste

[= ¥ N

<lIgnore Axis>. If
you don't turn it
on, the axes will

trimming tools.

[2] Turn on

be treated as

[3] Click this
segment to
trim it away.

C></{ [4] And click
this segment
to trim it away.

2.1-8 Impose Symmetry Constraints

[17 Select
<Constraints>
toolbox.

77 Fixed

= Horizontal

4| Vertical

~¢ Perpendicular
o\ Tangent

73 Coincident
-.= Midpoint

[ s Symmetry
4 Parllel

Concentric
TRE Tanal Dadine

Set| hg

[3] Click this
horizontal axis and then
two horizontal segments
on both sides as shown

to make them
symmetric about the
horizontal axis.

—7 070

[4] Right-click
anywhere to open the
context menu and select
<Select new symmetry
axis>

Select new symmetry axis @

Selection Filter 4

O Lsometric View
fgg Set
ﬁf Restore Default

@) Zoom to Fit

Cursor Mode 4

[2] Select
<Symmetry>.

T—O

&

[5] Click this vertical axis and then two
vertical segments on both sides as shown to
make them symmetric about the vertical
axis. They seemed already symmetric before
we impose this constraint, but the symmetry
is "weak" and may be overridden (destroyed)

by other constraints.

—
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2.1-9 Specify Dimensions

[1] Select
<Dimensions>
toolbox.
[@General
1) Horizontal
3[ Vertical
& Length/Distance [2] Leave
(< Radivs <General> as
€ Diameter default tool.
A ngle
# Semi-Automatic
& Edit
2] Move
; Nosmdvnade
Constraints v
Settings
Sketohing | Modeling

Draw
Modify
Dimensions
@Geneml
[1t Horizontal
[ Vertical
g}-LengWDimme
(< Radins
eDiameier
A Angle [4] Select
ZgSemi-huometic | <Horizontal>.
& Edit
|2 Move
; [RESEEUNEN
Constraints v
Settings
Sketching | Modeling

[3] Click this
segment and move
leftward to create a
vertical dimension.

Note that the entity is

blue-colored.

+-7.070

=—0.380

[5] Click these
two segments
sequentially and
move upward to
create a
horizontal
dimension.

A A

Details View

-/ Details of Sketchl
Bketch Sketchl
Bketch Visihlity  Show Sketch
Bhow Constiaints? | No
- Dimensions: 4
H1

[6] Type 0.38 for H4
and 0.628 for V3.




2.1-10 Add Fillets

[1] Select
<Modify>
toolbox.

Section 2.1 Step-by-Step: W 16x50 Beam Section

55

0.628

F—0.380

0io. I

s

[5] The greenish-blue color
of the fillets indicates that
these fillets are under-
constrained. The radius
specified in [3] is a "weak"
dimension (may be destroyed
by other constraints). You
could impose a <Radius>
(which is in <Dimension>

toolbox) to turn the fillets to
blue. We, however, decide to
ignore the color. We want to
show that an under-
constrained sketch can still
be used. In general,
however, it is a good practice
to well-constrain all entities

in a sketch.
- J

2.1-11

571 A: Geometry - DesignModeler
| File Create Concept Tools View Help
AdHE @ | Dune
|| XVFlane v | Sketht
-/ Generate
|
| Sketching Toolboxes
Draw
Modify
Dimensions
&> Genenal
13| Horizontal
[ Vertical
J}LengWDisume
(< Radius
3 Diameter
/A Angle
7 Semi-Automatic

| 0 Move -- Select dimension to move

<Dimensions>

[ Fillet
P~ Chamfer N
=} Comer
+ Trim [4] Click two
= Extend [2]F$f|eCt adjacent segments
{5 Split <Fillet> sequentially to
. 3] Type 0.375
1D tool. [31Typ create a fillet.

4 Cout for the fillet ;

! : Repeat this step
Bx Copy radius. f her th
Brese or other three
E Move corners.

T Dimensions

Constraints
Settings
Sketching | Modeling

Move Dimensions

Select: | ¥y ™M

=] i

BExtrode  GfaRevolve QpSweep & SkinfLoft

[1] Select

toolbox.

[2] Select

SPtaaeEa

EIBX]

=S

Q Point Paramehm

[3] Click a
dimension value
and move to a
suitable position

No Selection

<Move>. as you like.
Repeat this step
for other
dimensions.
iDmﬂsVigw b
~ Details of Sketchl ~
Shetoh Shetchl Y
Shetch Visibility  Show Sketoh
Show Constints? | No L
~ Dimeasioas: 4 I:-:I — A
HI P07 in
H4 0381
V2 1625 in 4
i3 Oihin | | Motel View [Pint Peview ]
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2.1-12 Extrude to Generate 3D Solid

=5 X¥Plane o
,*’zﬂf:m [3] Click e
{é gf:‘l:; <Extrude>. \”\ﬂ ‘;]\
€8 0 Parts, 0 Bodies :*" “ 1
[4] Note that the . O i
<Modeling> mode [5]The active sketch | [1] Click the little
(Sketchl) is :

is automatically

[8] Click
<Generate>

[6] Active sketch is
shown here.

Select: ol kS SHPAQAAQRAQC R He @
[RExtude | gRaRevolve Qo Sweep & Skinloft [@ ThinSudace QBlend ~ & Chamfer @Point [35|Parameters

o

> ‘ e cyan sphere to
automatically chosen | 16.250 rotate the model in
as <Base Object> you / e

h h isometric view for a
can change to other better visual effect.
sketch if needed.

J .

activated.

3

Operstion Add Material | = .
Diseotion Vectsr  None Qlamal) [
Disotion Mool

Mexge Topalogy?

[2] The model is
now in isometric
view.

7

°7  Extrude Creation -- Click the Ge;

[7] Type 120 |
(in) for
<Depth>

011l A: Geometry - DesignModeler E]@HZJ

File Create Concept Tools View Help

AdeE & O St 4y - BB EE S SR ”
X¥Flane « | Skl - =
/ Generate | 00 REstude  @Revolve @oSweep §SkinLoft (& Thi
T 2 Graphics 3
V- A)iunmehy —
=y >h XYPlane f \
T T [9] Click phaclck ISYS
b YZPlane <Zoom to Fit> P Y
= Extrde2 h to switch off the
P e whenever display of
T s needed. play
sketching plane.

[1'1] Click all plus signs
(+) to expand the model
tree and examine the

| g s <Tree Outline>.
Detadls View
-/ Details of Extrude2
Extrude Extrude2
Base Object Sketohl
Operation Add Material ¥
Disection Vector Neme Qacmal)
Dissction, Neumel
Extent Type Fixed
FD1, Depth O) 120 2 X
As Thin/Swdace? No
Mege Topology? | Yes
Model View | Prnt Preview 1

& Ready No Selection Inch 0 0
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2.1-13 Save the Project and Exit Workbench

5% A: Geomeiry - Designh|

File Create Concept Tools View Help

Refresh Input
] Start Over
A Save Project

Export...

Attach to Active CAD Geometry
Import External Geometry File. .

%, Write Seript: Sketchies) of Active Plane
S Run Script

-
Close Designtodeler

) W16x50 - Workbench

[1] Click <Save
Project>. Type
"W16x50" as project
name.

S aae@a i e

oft @ ThinSuface QBlend » @ Chamfer ¢ Point [5|Parsmeters

A ,/L.
[2] Pull-down-select z X

<File/Close
DesignModeler> to
close DesignModeler.

No Selection Inch 0o o

File View Tools Units Help

L__] Mew | Open... |l Save ﬂSave As... «pteconnect M Refresh Project  / Update Project mlmport... 2

No-x - X

lEl Analysis Systems / \ |

(&) Electy o

Exp ) X &
@ rud [3] Alternatively you |

Flui can.cllck .<Save 2 @) Geometry v P 58 view Tools  Units  Help

(Y9 Har Project> in the m—— ] Mew Ctri+h
Linel - <Workbench GUI>. 7 Open. Ctrl+0
@ M = save Ctrl+s
B Modaly B soven
o ave As...

[l Random vibration (ANSYS)

ﬁ' Response Spectrum (ANSYS) d] Import...

[z2) Shape Optimization (ANSYS) @ archive...

[ Static Structural (ANSYS) @ Restore Archive...

) steady-state Thermal (ANSYS)
() Thermal-Electric (ANSYS) KM
@ Transient Structural (ANSYS) £, Launch EKM Desktop...
a Transient Thermal (ANSYS) 1 C:h..NANSYSYCases (Mechanical) Triplate\ Triplate. wbpj
LS 2 i\ NANSYS Cases (Mechanical)iw 16350\ 16350, wbpj
SRR 3 L APCMy Documents\ANSYS|Cases (Mechanical)|Gear\Gear . wbpj
B Desion Exploration [4] Pu.II-dov.vn-seIect 4 C:\...\My Documents\ANSYS\Cases (Mechanical)\Gear\Gear 1. wbpj

<File/Exit> to
| T View all { Customize. .. | exit Workbench.
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Section 2.2

Step-by-Step: Triangular Plate

2.2-1 About the Triangular Plate

The triangular plate [1, 2] is made to
withstand a tensile stress of 50 MPa on
each side face [3]. The thickness of the
plate is 10 mm. Other dimensions are
shown in the figure.

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

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

[3] Forces are
applied on
each side face.

[2] Radii of
the fillets
are 10 mm.

[11The plate
has three
planes of
symmetry.

30 mm

300 mm

3} Workbench

[I1 From Start
menu, launch the
<Workbench>

) ANSYS Client Licensing » |E|-Component Systems
@ sQwa y @ autoDvN
@ Asas » ® crx
@ Fluid Dynamics » -)
@ Help b g Engineering Data
@ rsM , (i@ Finite Element Modeler
) Utiites E FLUENT
@ ICEMCPD i} Geometr
L
A\ Mechanical APDL (ANSYS) - Q
/\ Mechanical APDL
/\ Mechanical APDL Product Launcher
@ Tubossid e Mechanical Model
N Uninstall @ Mesh

& Results

[2] Double-click to
create a <Geometry>
system.

[3] Double-click to
start up
<DesignModeler>.

[

Geometry

2 @ Geometry ?Q

Geomekry




Section 2.2 Step-by-Step: Triangular Plate 59

07 A: Geometry - DesignModeler
File Create Concept Tools | View Help
AHE @& || v Shaded Excerior and Edges i) SHYAQAQEAQ O 5+ E

X{Plane S  Shaded Exterior

[7] Click <Look
At> to look at
<XYPlane>.

Wireframe

</ Generate 4 reep & SkinfLoft @ Point  [ZE] Parameters

Sketching Toolboxes v Frozen Body Transparency

—me- Edge Jomts " .

\ Line | v Cros Scton Aliguments [5] Pull-down-select ? A

£ TogentLine Cross Section Solids <View/Ruler> AN

& Line by 2 Tongents lew/Ruler> to turn

e the ruler off. For the e — @

OIEDENC,

CiRectnge rest of the book, we

ggiﬁ""" Ltk a|ways turn off the Select desired length unit:

(& Circle

Ol s v, 3 T ruler t.o make more

B e space in the graphic " Meter " Inch
e = area.
Dimensions
o N e p—

/\ Settings
\

Shetohing. ling.
Detadls View, 2

[4] Select
<Millimeter> as
length unit.

I™ Always use project un
™ Always use selected unit

[6] Select
<Sketching>

mode.

Model View | Pint Preview

No Selection

2.2-3 Draw aTriangle on <XYPlane>

[5] Right-click anywhere

= - to open the context menu Open End
& TeogentLine and select <Close End> @ Clossd End
A [17 Select to close the polyline and
d JovLe <Polyline> end the tool. Back
(=3 Polygon y
Gtk | from <Draw> Seleotion Filter ¥
ggiﬁ“‘l’ Pt toolbox. P — k
ggzﬁby”wm [3] Click the second =0 o
~ Ao by Tangent point roughly here. Make w
by sure a <V> (vertical) 3% Restore Default
o Elipse constraint appears before @) Zoom to Fit
i f:ihnns:'uction Point clicking. j Cursor Mode 4
A% Construction Point at Intersection ) "f_____;-" View N
Modity P9 Look At
Dismensions ;
Constrednts °/ Generate
Settngs
Shetching | Modelng| T

[4] Click the third point roughly
here. Make sure a <C> (coincident)
constraint appears before clicking.
<Auto Constraints> is an important
feature of DesignModeler and will
be discussed in Section 2.3-5.

[2] Click roughly
here to starta
polyline.
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2.2-4 Make the Triangle Regular

b [2] Click these two
Ll segments one after the
Dimensions other to make their
Constroints lengths equal.
77 Fixed
- Horizontal
1| Vertical 5
¢ Perpendicular |
o\ Tangent
4 Coincident
-.- Midpoint
i Symmetry [1] Select <Equal
£ Parallel Length> from
@® Concentric <Constraints>
Zimitihe toolbox.
|@EqwalLengﬂ\
.%}EqualDisbame
24T uto Constradnts
i [3] Click these two
Sketohing | Modeling | segments one after the
other to make their

lengths equal.

2.2-5 2D Graphics Controls

Before we proceed, let's spend a few minutes looking into some useful tools for 2D graphics controls [1-10]; feel free
to use these tools whenever needed. The tools are numbered according to roughly their frequency of use. Note that
more useful mouse short-cuts for <Pan>, <Zoom>, and <Box Zoom> are available; please see Section 2.3-4.

[1] <Look At>. Click

[3] <Pan>. Click to turn on/off [2] <Zoom to Fit>. 71 <N this tool to make
this mode. You can click-and- Click this tool to fit Vi [>] Cl'e)l(<t hi current sketching
drag on the graphic area to the entire sketch in lew=. Llck this plane rotate toward
move the sketch the graphic area. tool to go to the ou
’ next view. you-

.
SeQAeEQ QL+ M

[4] <Box Zoom>.
Click to turn on/off
this mode. You can
click-and-drag a box
on the graphic area

to enlarge that
portion of graphics.

[9] <Undo>. Click this
tool to undo what you've [10] <Redo>. Click this
just done. Multiple undo @Unﬂo G Redo tool to redo what you've
is possible. This tool is just undone. This tool is
available only in the available only in the

[5] <Zoom>. Click to turn on/off
this mode. You can click-and-drag
upward or downward on the
graphic area to zoom in or out.

[8] These tools work in
both <Sketching> or
<Modeling> mode.

[6] <Previous
View>. Click this
tool to go to the
previous view.

<Sketching> mode. <Sketching> mode.




2.2-6 Specify Dimensions

Section 2.2 Step-by-Step: Triangular Plate

6l

[5] In the <Details View>,
type 300 and 200 for the
dimensions just created.

Click <Zoom to Fit>

Details View
-/ Details of Sketchl
Sketch Sketchl

Sketch Visbility | Show Shetch

Show Consteaints? | No

-/ Dimensions: 2

Diraw
Modify

Dimensions
@Geneml
1=+ Horizontal
[ Vertical
& Length/Distance
((‘Radiu.s
eDiamzher
A Angle
7 Semi-Automatic

5 Edit

EiMove O————
EL AR
[Ra Display

[2] Select
<Horizontal>

[6] Select

<Move> and then

move the
dimensions

2.1-11).

[1] Click <Display> in the
<Dimension> toolbox. Click <N

to switch it off and turn <Value> on.
For the rest of the book, we always
display values instead of names.

ame>

2.2-7 Draw an Arc

Drraw

"\, Line

6 Tangent Line

6 Line by 2 Tangents
Z\, Polyline

(=3Polygon

=l Rectangle
@Rectang]s by 3 Points
&2 0val

(= Circle

A ACircle by 3 Tangents
= Are by Tangent

¢ Arc by 3 Points
[ Arc by Center

¢y Ellipse

> Spline

# Constction Point
£% Construction Point at Inte

Center

Modify

Dimensions

Constraints
Settings

Sketching | Modeling

[1] Select
<Arc by

<Draw>
toolbox.

you like (Section

(2.2-5[2)).

2

J

as

[4] Click the vertex on the left
and the vertical axis, and then
move the mouse downward to
create this dimension. Note that
the triangle turns to blue,
indicating they are well defined

now.
-

/

[3] Click the vertex on the
left and the vertical line on the
right sequentially, and then
move the mouse downward to
create this dimension. Before
clicking, make sure the cursor
changes to indicate that the
point or edge has been
"snapped.”

- /

roughly
<C> (coi

[3] Click the second point

appears before clicking.

here. Make sure a
ncident) constraint

[2] Click this
vertex as the
arc center.
Make sure a
<P> (point)
constraint
appears before

clicking.

[4] Click the

> from

third point
here. Make
sure a <C>
(coincident)
constraint
appears before
clicking.
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2.2-8 Replicate the Arc

Draw
Modify
~Filet [1] Select
{~Chanier <Replicate> from
T";;;”" <Modify> toolbox.
+ Exend Type 120 (degrees)
£ Split

for <r>. <Replicate>
is equivalent to
<Copy>+<Paste>.

[4] Select this vertex as
paste handle. Make sure
a <P> appears before

clicking.

[2] Click the
arc.

/

Rotate by r Degrees @
Rotate by -r Degrees

Flip Horizontal

Flip Vertizal [5] Right-click-select
Scale by factor f <Rotate b)’ r

Seale by factor 1| Degrees> from the
Paste at Plane Origin context menu.
Change Paste Handle

End

Selection Filter 4

) Isometric View
10

oy et

32 Restore Default

@) Zoom to Fit

Cursor Mode 4
View 4
#93 Look At

1/7 Generate

300.000

-

[6] Click this vertex to
paste the arc. Make sure a
<P> appears before
clicking. If you have

difficulty making <P>
appear, see [7, 8].

200.000

-

/

-300.000

i -

[3] Right-click
anywhere and select
<End/Set Paste

Handle> in the

context menu.

Clear Selection

End /et Paste Handle

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

| Selection Filtr >

@ Lsometric View

isg: Set

37 Restore Default

Zoom to Fit
Cursor Mode
View

#9 Look At

7} Delete

B /5 Generate

[8] The <Selection
Filter> also can be
set from the context
menu.

[7] Whenever you have
difficulty making <P> appear,
click <Selection Filter:
Points> in the toolbar. The
<Selection Filter> also can be
set from the context menu,
see [8].




Rotate by r Degrees @
Rotate by -r Degrees
Flip Horizontal

Flip Vertical

Scale by factor f

Scale by factor 1/

Paste at Plane Origin
Change Paste Handle

End

Selection Filter ’

O Isometric View
1533 Set
_132 Restore Default
@) Zoom to Fit
Cursor Mode 4
View 4
#9 Look At

‘./7 Generate

[9] Right-click-select
<Rotate by r

Degrees> in the
context menu.

Section 2.2 Step-by-Step: Triangular Plate

/

[10] Click this vertex to

paste the arc. Make sure

a <P> appears before
clicking (see [7, 8]).

63

Rotate by r Degrees
Rotate by -r Degrees
Flip Horizontsl

Flip Vertical

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

Selection Fil >

-~

[1'1] Right-click-select
<End> in the context
menu to end <Replicate>
tool. Alternatively, you
may press ESC to end a
tool.

—

N

) Generate

For instructional purpose, we chose to manually set the paste handle [3] on the vertex [4]. We could have used plane
origin as handle. In fact, that would have been easier since we wouldn't have to struggle to make sure whether a <P>
appears or not. Whenever you have difficulty to "snap" a particular point, you should take advantage of <Selection

Filter> [7, 8].

2.2-9 Trim Away Unwanted Segments

[2] Turn on
<lIgnore Axis>.

<y Split
fz] Dreg
J‘) Cut
Copy
(R Paste
o Move
o Replicate
Duplicate
=, Offset

p Spline Edit

Dimensions
Constraints
Settings

[17 Select <Trim>
from <Modify>
toolbox.

Sketohing | Modeling |

[3] Click to trim
unwanted segments
as shown, totally 6
segments are
trimmed away.
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2.2-10 Impose Constraints

/[2] Click this segment and
the vertical segment
sequentially to make their
lengths equal.

Draw
Modify
Dimensions
Constraints

77 Fixed
= Horizontal
4| Vertical
~¢ Perpendicular
N Tangent
e Coincident
== Midpoint
s Symmetry
# Parallel
Concentric
x, Equal Radivs
‘ > Equal Length O
.:::} Equal Distance
o Auto Constraints

[5] Click the

[1] Select <Equal
Length> from
<Constraints>

toolbox

the line of
symmetry.

Settings

Sketohing | Modeling

[6] Click the
lower and upper

make them
symmetric.

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

2.2-11 Specify Dimension of Side Faces

[I] Select <Dimension>

Dm?” toolbox and leave
— <General> as default.
Dimensions
|@Genera1
1 Horizontal
[ Vertical
&~ Length/Distance
(< Radius
&y Dismeter
A Angle
-'/’ISemi—Aubmaﬁn
2 Edit
[ Mave -
[ Animate /
! Display
Comstraits [2] Click the

Settings vertical segment

Shetching [Moialing] and move the
mouse rightward to
0 - create this
dimension.
300.000

horizontal axis as

arcs sequentially to

[4] Select
<Symmetry>.

73 Comeident
== Midpoint \ /
[ Symumetry O
4 Parsllel
Concentric
% Equal Radivs
@Equal Length
éEqual Distance
A48 4yt Constraints

Settings
Sketching | Modeling

Constraint Status

Note the arcs have a greenish-
blue color, indicating they are
not well defined yet (i.e., under-
constrained). Other color
codes are: blue and black
colors for well defined entities
(i.e., fixed in the space); red
color for over-constrained
entities; gray to indicate an
inconsistency.

[3] Type 40 for the
dimension just
created.

After impose dimension in [2],
the arcs turns to blue, indicating
they are well defined now.
Note that we didn't specify the
radii of the arcs; after well
defined, the radii of the arcs can
be calculated from other
dimensions.



Section 2.2 Step-by-Step: Triangular Plate 65

2.2-12 Create Offset

Diraew

Modify
(— Fillet
[ Chamfer
_I_I (;:::er 40,000
5 Extend J
£ Split
[ D=
& Cut
B Copy [1] Select <Offset>
A Paste from <Modify>
.= Move
toolbox.
& Replicate [2] Sweep-select all the
Duplicate / segments (sweep each segment
[=;, Offset O while holding your left mouse
> Spline Edit button down, see 2.1-6[12]).

— After selected, the segments turn

Dimensions to yellow. Sweep-select is also
Constraints called paint-select.
Settings

Sketching | Modeling

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

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

Select: *[}G EZZ{%. ™ o
& Tg single Select
le  @@Reval I}, Box Select

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

Clear Selection
@ End selection / Place offset

[5] Click roughly

Selection Filter » to close <Offset>
here to place the |
O Isometric View offset. tool.
IS0
“pa Set
3 Restore Default Clear Selection
(@) Zoom to Fit
C@r Mode » 40.000 Selection Filter »
View »
¢ Look 4t ) Isometric View
IZO
X Delete o Set
} Generate :32 Restore Default
@) Zoom to Fit
Cursor Mode 4
View 4
#93 Look 4t
200.000
. | 4 ,5 Generate
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[7] Select
<Horizontal> from
<Dimension>

\ toolbox.

Draw
Modify
Dimensions

@Gemml

| 1+ Horizontal

[ Vertical
@\LengﬂlfDishme
((" Radius
eDiameter

A Angle

#f Semi-Automatic
% Edit

2] Move

[ Animate

4 Dl

Constraints
Settings

Sketohing | Modelmg

30.000

[10] It is possible that these two

point become separate now. If
so, impose a <Coincident>
constraint on them, see [II].

= Horizontal

4| Vertical

~ Perpendicular
O\ Tangent

Draw
Modify
Dimensions

Constraints

[8] Click the two left arcs N
and move downward to create
this dimension. Note the offset
turns to blue.

2.2-13 Create Fillets

[1] Select <Fillet>
in <Modify> toolbox.

Type 10 (mm) for the

[z Coineident
== Midpo

int

[1'1] If necessary,

<Coincident> on

[9] Type 30 for
the dimension
just created.

impose a

the separate
points.

40.000

<Radius>.
\ |
Draw
Modify
[~ Fillet Radigf [10 mm
f Chamfer
~ Comer
= Trim
5 Extend
{5 Split
[ Drse
& Cut
Bz Copy
(R Paste
= Move
o Replicate
Duplicate
=, Offset
» Spline Edit
Dimensions 30.000
Constraints
Settmgs [ &
Skewhing [Meelng ] F T

200000 ———————— \_

[2] Click These two segments
sequentially to create a fillet.
Repeat this step to create the
other two fillets. Note that
the fillets are in greenish-blue
color, indicating they are not
well defined yet.




Draw
Modify
( Fillet Radivs: 10 mm
P~ Chamfer
= Comer
1
+ Trim 4
T Bdend 73] Dimensions
£ Split . .
e specified in a
.56 cut | toolbox are usually
Bz Copy | regarded as "weak"
g
(R Paste dimensions,
E Move H
meaning they ma
SR Lo hanged by
pylie] P changed by
= offt=t| iMposing other
> Spline constraints or
dimensions.
Settings
Sketehing | Modeling |

*—*

Dimensions

@Gemral

= Horizontal

[ Vertical
g}\LengthID

Draw
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[5] Click one of the fillets
and move upward to create
this dimension. This action
turns a "weak" dimension to

a "strong" one. The fillets

turn blue now.

40.000

fro—

Modify

istance

[(< Radins
(S Diameter
e

JI Semd- A utomatic

& Edit

H Move
[ Animate
% Dinley

Constraints

p

[4] Select
<Radius> from

<Dimension>

toolbox.
1,;__

Settings

Shetohing | Modzling |

2.2-14 Extrude to Create 3D Solid

Ol A: Geometry - DesignModeler

@

2 E
o '*

froe)

Tree Gtline
=

Sketehl

File Create Concept Tools View Help

[6] CI

& Ready

Shehing. Molsling | examine the
Deteils View 2| <Tree Outline>.
- Details of Extrudel

Extrude Extrudel

Base Object Sketohl

Opesation. Add Matedal

Disection Veetor None (Normel) [3] Type | 0

Duection

e (mm) for

FOL Deph & <Depth>.
As Thin/Swface?
Mexge Topology?

<Generate>.

signs (+) to
expand and

CEX
Staae@aal 2
[2] Click
<Extrude>. |ioft @ThinSudace QBlend - QChomfer SPf \ [ZPorameters
a
[5] Click <Display Plane> vQ
to turn off the display of |1 )

[4] Click

ick all plus

sketching plane.

[1] Click the little
cyan sphere to
rotate the model in

isometric view, to

have a better view.

| Model View [ Punt Preview

No Selection

Millimeter 0 0|
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2.2-15 Save the Project and Exit Workbench

57l A- Geometry - Designh

[17 Click <Save
Project>. Type
"Triplate" as project
name. Skinfoft [@ThinfSudfece QBlend v Q Chamfer ) Point [F5]Parsmeters

& & SEAQRAQRFACE |+ @ m

3 | QYR
a2 N ( (

File Create Concept Tools View Help
Refresh Input

] Start Over

Save Project

@ Export...

@ Attach to Active CAD Geometoyr

@ Import External Geometry File. .

9, Write Seript: Sketchies) of Active Plane
S Run Script

[2] Pull-down-select
<File/Close
DesignModeler> to
close DesignModeler.

Close DesigniModeler @

No Selection

(1\ Triplate - Workbench

File View Tools Units Help
o] New ﬁOpen... |l save ﬂSave As /& Refresh Project / Update Project mlmport... =
A\ -
B Analysi
)] View Tools  Units  Help
9 | [3] Alternatively you sl G ] New Ctrl+n
&) can click <Save ! L5 open... ctrko
=) Project> in the 2 @ Geometry H save Ctrlts
&) | <Workbench GUI>. Geometry B sevess..
@ ﬁ] Import...
@ Modal (ANSYS) @ Archive...
@ Random Yibration (AKNSYS) B Restore Archive...
m Response Spectrum (ANSYS)
[E2) shape Optimization (ANSYS)
a Static Structural (ANSYS) I_‘,‘\ Launch EKM Deskkop...
Y steady-state Thermal {ANSYS)
() Thermal-Electric (ANSYS) 1 C:h.L NANSYS|Cases (Mechanical)\ Triplate\ Triplate. wbpj
% Transient Structural (ANSYS) 2 C:h.. NANSYS\Cases (Mechanical)\W 16350\ 1650, wbpj
E Transient Thermal (ANSYS) 3 C:\LLAPCIMy DocumentsiANSYS|Cases (Mechanical)\Gear|Gear . wbpj
Component Systems [4] Pull-down-select 4 C:\,..\My Documents\ANSYS\Cases (Mechanical)lGear\Gear 1, whbpj
Custom Systems <File/Exit> to
Design Exploration exit Workbench.
| T View All { Customize. .. |
o Ready -+ 15how Progress || 4 show 24 Messages | |
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Section 2.3

More Details

2.3-1 DesignModeler GUI

The DesignModeler GUI is composed of several areas [I-7]. On the top are pull-down menus and toolbars [1]; on the
bottom is a status bar [7]. In-between are several "window panes". A separator [8] between two window panes can
be dragged to resize the window panes. You even can move or dock a pane by dragging its title bar. Whenever you
mess up the workspace, simply pull-down-select <View/Windows/Reset Layout> to reset the default layout.

The <Tree Outline> [3] shares the same area with the <Sketching Toolboxes> [4]; you switch between these two
"modes" by clicking the "mode tab" [2]. The <Details View> [6] shows the detail information of the geometry you
currently work with. The graphics area [5] displays the model when in <Model View> mode; you can click a tab to
switch to <Print Preview>. We will cover more details of DesignModeler GUI in Chapter 4.

[4] <Sketching
Toolboxes> in
<Sketching> mode.

/

I Pull-down menus .

[ and toolbars. [5] Graphics area.
-

L"T‘ A: Geometry - Des\faModeler

ile Create Concept Tools View Help

JdHE @ Seleot: 4y Ty~ ®® AR OO OW OV - Rl S < ic hing Toolboxe
XYFlane v 3 | Sketohl - 5 Draw
\_ ! Generate R Extrude @Revol\/e @ Sweep @ Skil[Loft (@ ThinSuface Q@ Blend ~ Q) Chamfer € Point ~, Line
EE— o ¢ T
@] A: Geometry ' i
[3] <Tree Y2 W Ter ( *‘ f\;:;;:n);z e
. . Skefchi]
Outline>, in | J*gﬂm‘,“‘ b {<3Polygon
<Modeling> o Ytate [ Rectangle
mode 8 - «Efg";‘mm CARectingle by 3 Points
N =@ 1Part, | Body &) 0val
. @ Solid ® Circle
Separator 4 ACircle by 3 Tangents
A by Tangent
O allon you to ¢ Arc by 3 Points
resize the & Axc by Center
window @ Ellipse
[2] Mode tabs. 2 Spline
Panes' # Construction Point
A& Construction Point at Intersection.
B Exctrudel Modify
[6] <Deta|l5 | Bese Object Shketchl WA
View>. Opessticn 434 Matedal
Diseotion Veotor  None Qozmal) Constraints
Dissoticn. Newrnal Settings
Exent Type Fixed
FDI, Depth 0) 10 mom Sketching | Modeling
£s TinSudace? Mo -

Ic 2 es

Model View | Prnt Preview

No Selection

[7] Status bar

Model Tree

The <Tree Outline> contains an outline of the model tree, the tree representation of the geometric model. Each leaf
and branch of the tree is called an object. A branch is an object containing one or more objects under itself. A model
tree consists of planes, features, and a part branch. The parts are the only objects that are exported to <Mechanical>.
Right-clicking an object and select a tool from the context menu, you can operate on the object, such as delete,
rename, duplicate, etc.
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The order of the objects is often relevant. DesignModeler renders the geometry according to the order. New
objects are normally added one-by-one before the parts branch. 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 again.

2.3-2 Sketching Planes

Sketches are created on sketching planes, or simply planes. Each sketch must be associated with a plane; each plane may
have multiple sketches on it. In the beginning of a DesignModeler session, three planes are created automatically:
<XYPlane>, <YZPlane>, and <ZXPlane>. Currently active plane is shown on the toolbar [I]. You can create new
planes as needed [2]. There are many ways of creating a new plane [3]. In this chapter, since we assume sketches are
created on the <XYPlane>, we will not discuss how to create sketching planes further, which will be discussed in
Chapter 4. Usage of planes is not limited for storing sketches. Section 4.3-8 demonstrates another usage of planes.

[3] You can choose many
ways of creating a new

[1] Currently [2] You can click
active plane is <New Plane> to
<XYPlane> create a new plane.

Base Flane
Teansform 1 (RME)
Reveise Normal/Z-fods?
Flip X¥-fxes?

Expart Cocudinate Syster? | No

W hare Topology,

2.3-3 Sketches

A sketch consists of points and edges; edges may be straight lines or curves. Along with these geometric entities, there
are dimensions and constraints imposed on these entities. As mentioned (Section 2.3-2), multiple sketches may be
created on a plane. To create a new sketch on a plane on which there is yet no sketches, you simply switch to
<Sketching> mode and draw any geometric entities on it. Later, if you want to add a new sketch on that plane, you
need to click <New Sketch> [3]. Only one plane and one sketch is active at a time [I, 2]: newly created sketches are
added to the active plane, and newly created geometric entities are added to the active sketch. In this chapter, we only
work with a single sketch which is on the <XYPlane>. More on creating sketches will be discussed in Chapter 4.
When a new sketch is created, it becomes the active sketch.

[1] Currently
active sketching

[3] You can click <New
Sketch> to create a sketch on
the active sketching plane.

[2] Currently

active sketch.

plane.

-

[4] Active sketching
plane can be changed
using the pull-down list,
or by selection from the
<Tree Outline>.

[5] Active sketch can be
changed using the pull-
down list, or by selection
from the <Tree
Outline>.
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2.3-4 Sketching Toolboxes

When you switch to <Sketching> mode by clicking the mode tab (2.3-1[2]), you will see a <Sketching Toolboxes>
(2.3-1[4]). The <Sketching Toolboxes> consists of five toolboxes: <Draw>, <Modify>, <Dimensions>, <Constraints>,
and <Settings> [|-5]. Most of the tools in the toolboxes are self-explained. The most efficient way to learn the tools
is to try them out. During the tryout, whenever you want to clean up the graphics area, pull-down-select <File/Start
Over>, or select all entities and then delete them. Some tools need further explanation, as described in the rest of
this section.

Before we jump to discuss each of the toolboxes, some tips relevant to sketching are worth emphasizing first.

Pan, Zoom, and Box Zoom

Besides the <Pan> tool (2.2-5[3]), the graphics can be panned by dragging your mouse while holding down both
control key and the middle mouse button. Besides the <Zoom> tool (2.2-5[5]) the graphics can be zoomed in/out by
simply rolling forward/backward your mouse wheel. The <Box Zoom> (2.2-5[4]) can be done by right-clicking and
then dragging a rectangle in the graphics area. When you get use to these basic mouse actions, you probably don't
need <Pan>, <Zoom>, and <Box Zoom> tools in the toolbar any more.

Context Menu

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

Status Bar
The status bar (2.3-1[7]) contains instructions on completing each operations. Look at the instruction whenever you
wonder about what actions to do next. The coordinates of your mouse pointer are also shown in the status bar; they

are sometimes useful.

[I] <Draw> [2] <M0dify>

toolbox.

toolbox.

[3] <Dimensions>
toolbox.

[4] <Constraints>
toolbox.

Modify
Draw | (— Fillet
., Line P~ Chamfer Dimensions
6 Tangent Line — Comer W
6 Line F\y2 Tangents —+ Trim it Horizontal Constraints 51 <Settings>
2, Polyline ~ Extend [ Vertical o [5] <Settings
(= Polygon A\ Solit _ 777 toolbox.
= St &~ Length/Distance = Horizontal
5] Reciagle ‘ [ g (< Radius 4 Vertical
{Rectangle by 3 Points & Cut ) Dismeter « Perpendicular
00‘."&1 Copy /_‘i Angle (}\ Tangent
Lo Gk @ Paste 7 Semi-Antomatic 3 Coincident Settings
A ACircle by 3 Tangents o Move & Edit —.- Midpoint £ Grid
e by ngent il Reph.cahe =] Mave S Symmetoy {5 Major Grid Spacing
¢% Arc by 3 Points Duplicate [ Animate # Parallel {5 Minor-Steps per Major
o An; by Center =, Off_set . B8 Display Concentric {5 Snaps per Minor
¢t Ellipse 2> Spline Edit “#; Equal Radius
> Spling «2Equal Length
# Construoction Point ‘?Equal Distance
A% Construction Point at Intersection AU finto Constraints
B [

— —
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2.3-5 Auto Constraints'2

By default, DesignModeler is in <Auto Constraints> mode, both
globally and locally. While drawing, DesignModeler attempts to
detect the user's intentions and try to automatically impose
constraints on the points or edges. The following cursor symbols
indicate the kind of constraints that will be applied:

C  -The point is coincident with a line.

P -The point is coincident with another point.
H  -The line is horizontal.

V  -The line is vertical.

/I -The line is parallel to another line.

T  -The point is a tangent point.
1 -The point is a perpendicular foot.
R -The circle's radius is equal to another circle's.

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.

Note that while <Auto Constraints> can be useful, they
sometimes can lead to problems and add noticeable time on
complicated sketches. Turn off them if desired [1].

2.3-6 <Draw> Tools3

Line by 2 Tangents
Select two curves, a line tangent to these two curves will be created.
The curves can be circle, arc, ellipse, or spline.

Oval

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

Circle by 3 Tangents
Select three edges, then a circle tangent to these three edges will be
created. Remember that an edge can be a line or a curve.

Arc by Tangent
Click a point on an edge, an arc starting from that point and tangent
to that edge will be created; click a second point to define the other
end point of the arc.

Spline

A spline is either rigid or flexible. The difference is that a flexible
spline can be edited or changed by imposing constraints, while a rigid
spline cannot. After defining the last point, you must right-click to
open the context menu, and select an option [2]: either open end or
closed end; either with fit points or without fit points.

|_ (T Auto Constraints Global: v Cursor: v

Sketching Toolboxes 7

Diraw
Modify
Dimensions
Constraints
777 Fixed
= Horizontal
Vertical
4] Vertoel [1] By default,
~¢ Perpendic . .
3 Tk DesignModeler is in
i <Auto Constraints>
4 Coincident
L mode, both globally and
== Midpoint
; locally. You can turn
P | them off whenever
 Peallel em off w eb Ieve
@ Conoentric cause troubles.
“; Equal Radivs
«>Equal Length
»22 Equal Distance

Settings

Sketching | Modeling |

[I] <Draw>

toolbox.

Dirawe

", Line

6 Tangent Line

6 Line by 2 Tangents
7, Polyline

(=3 Polygon
mRectangle
“Rectangle by 3 Points
& Oval

® Circle

A ACircle by 3 Tangents
—y Are by Tangent

¢= Axe by 3 Points

¢ Are by Center
(23 Ellipse
> Spline
# Construction Point
A% Construction Point at Intersection




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

Delete Entities

There are no tools in the <Sketching Toolboxes> to delete entities. To
delete entities, select them and right-click-select <Delete>. Multiple
selection methods (e.g., control-selection and sweep-selection, see
Section 2.1-6 and 2.2-12[2]), can be used to select entities.

Abort a Tool

To cancel a tool in any of toolbox, simply press <ESC>.

2.3-7 <Modify> Tools*

Corner

Click two entities, which can be lines or curves, the entities will be
trimmed or extended up to the intersection point and form a sharp
corner. The clicking points decide which sides to be trimmed.

Split

This tool split an edge into several segments depending on the options
[2]. <Split Edge at Selection>: you click an edge, the edge will be split
at the clicking point. <Split Edges at Point>: you click a point, all the
edges passing through that point will be split at that point. <Split Edge
at All Points>: you select an edge, the edge will be split at all points on
the edge. <Split Edge into n Equal Segments>:You specify the value n,
and select an edge, the edge will be split equally into n segments.

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

Cut

It is the same as <Copy>, except the originals are deleted.

Move
It is equivalent to a <Cut> followed by a <Paste>.

Replicate

It is equivalent to a <Copy> followed a <Paste>.

Duplicate

It is equivalent to <Replicate>, except the entities are pasted on the
same place as the originals and become part of the current sketch. It
is often used to duplicate plane boundaries.

Spline Edit
It is used to modify flexible splines. You can insert, delete, drag the fit
points, etc. For details, see the reference®.
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2 Open End

2 Open End with Points
(¢ Closzd End
 Closd End with Points

[2] Right-click and
select one of the
options to
complete the
<Spline> tool.

[11 <Modify>

toolbox.

Modify
[~ Fillet
{ Chamfer
~ Comer
—+ Trim
= Extend
< Split
[ Drme
& Cut
Copy
(R Paste
EZZIE:. MDVe
o Replicate
Duplicate
=, Offset
» Spline Edit

[2] Context
menu for
<Split> tool.

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

[3] Context
menu for <Spline
Edit>.

Re-fit Spline
Create Mising Fit Points
Delete New Fit Points

Drag Fit Point
Dirag Control Point

Inzert Fit Pont
Delete Fit Point
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2.3-8 <Dimensions> Tools>

Semi-Automatic
This tool will display a series of dimensions automatically to help you
fully dimension the sketch.

Edit
Click a dimension name or value, it allows you to change its name or
value.

2.3-9 <Constraints> Tools®

Fixed

It applies on any entity to make it fully constrained.

Horizontal
It applies on a line to make it horizontal.

Vertical
It applies on a line to make it vertical.

Perpendicular
It applies on two edges to make them perpendicular to each other.

Tangent
It applies on two edges, one of which must be a curve, to make them
tangent to each other.

Coincident

Select two points to make them coincident. Select a point and an
edge, the edge or its extension will pass through the point. There are
other possibilities, depending on how you select the entities.

Midpoint
Select a line and then a point, the midpoint of the line will coincide
with the point.

Symmetry

Select a line or an axis, as the line of symmetry, and either select 2
points or 2 lines. If select 2 points, the points will be symmetric about
the line of symmetry. If select 2 lines, the lines will form the same
angle with the line of symmetry.

Parallel
It applies on two lines to make them parallel to each other.

[I] <Dimension>
toolbox.

Dm\néiom
I@ General
k= Horizontal
[ Vertical
.{/\ Length/Distance
(<" Radius
3 Diameter
A dagle
7 Semi-Automatic
= Edit
=] Move
[ Animate
98 Disply

[1] <Constraints>
toolbox.

V

Constraints

77 Fixted,

= Horizontal

4| Vertical

+¢ Perpendicular
o\ Tangent

4 Coincident
== Midpoint

A Symmetoy

/7 Paralle]
Concentric
#. Equal Radivs
«2Equal Length
g§e Equal Distance
Aol Auto Constraints
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Concentric
It applies on two curves, which may be circle, arc, or ellipse, to make
their centers coincident.

Equal Radius
It applies on two curves, which may be circle or arc, to make their
radii equal.

Equal Length

It applies on two lines to make their lengths equal.

Equal Distance

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

2.3-10 <Settings> Tools’

[1] <Settings>

toolbox.
[2] You can turn on v
the grid display.
g play. Settings
%Gn‘d
|5 Grid Show in 2D: [ Snap: [ [3]You can turr?.on [ Major Grid Spacing
the snap capability. - :
ﬁMmﬁr—St&ps per Major
%Smps per Minor

IgMajor Grid Spacing [4] If you turn on

the grid display, you
can specify the grid
spacing.

er-swps per Major

[5] If you turn on
the snap capability,
you can specify the

snap spacing.

|ﬁ Snaps per Minor

References

ANSYS Help System>DesignModeler>2D Sketching>Auto Constraints

ANSYS Help System>DesignModeler>2D Sketching>Constraints Toolbox>Auto Constraints
ANSYS Help System>DesignModeler>2D Sketching>Draw Toolbox

ANSYS Help System>DesignModeler>2D Sketching>Modify Toolbox

ANSYS Help System>DesignModeler>2D Sketching>Dimensions Toolbox

ANSYS Help System>DesignModeler>2D Sketching>Constraints Toolbox

ANSYS Help System>DesignModeler>2D Sketching>Settings Toolbox
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Section 2.4
Exercise: M20x2.5 Threaded Bolt

2.4-1 About the M20x2.5 Threaded Bolt

Consider a pair of threaded bolt and nut. The bolt has external threads while the nut has internal threads. This
exercise is to created a sketch and revolve the sketch 360" to generate a solid body for a portion of the bolt [I]
threaded with M20x2.5 [2-6]. In Section 3.2, we will use this sketch again to generate a 2D solid model. The 2D
model is then used for a static structural simulation.

[3] Nominal

2] Metric diameter

[4] Pitch
p =25 mm.

system. d =20 mm.

H=(3/2)p=2.165 mm

[6] Calculation
d =d—(5/8)Hx2=17.294 mm

of detail sizes.

[5] Thread
standards.

H
8
N
~
~
1l
Ql
X
Internal
threads
(nut)
[11The threaded bolt
created in this
exercise. Minor diameter of internal thread dI .
Nominal diameter d
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2.4-2 Draw a Horizontal Line

Launch <Workbench>. Create a <Geometry>
System. Save the project as "Threads." Start up
<DesignModeler>. Select <Millimeter> as length

unit. [1] Draw a
Draw a horizontal line on the <XYPlane>. horlzgntal I.|ne
) ) ) with dimensions
Specify the dimensions as shown [1]. as shown.

2.4-3 Draw a Polyline

Draw a polyline (totally 3 segments) and specify dimensions (30°, 60°, 60°, 0.541, and 2.165) as shown below. Note
that, to avoid confusion, we explicitly specify all the dimensions. You may apply constraints instead. For example, using
<Parallel> constraint in stead of specifying an angle dimension [1].

=i g0.00°
d A |

I

[1]1You may impose a

| , <Parallel> constraint
60.00° - on this line instead of
g specifying the angle.
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2.4-4 Draw Fillets

Draw two vertical lines and specify their
positions (0.271 and 0.541). Draw an arc

using <Arc by 3 Points>. If the arc is not
in blue color, impose a <Tangent>
constraint on the arc and one of its
tangent line [I].

0.541

\“
B0.00°

|

|

2.4-5 Trim Unwanted Segments

[1] The sketch
after trimming.

2.4-6 Replicate 10 Times

Select all segments except the horizontal one (totally 4
segments), and replicate 10 times. You may need to manually
set the paste handle [I]. You may also need to use the tool
<Selection Filter: Points> [2].

m N

[2] <Selection
Filter: Points>.

point.

= 8.647

[1] Tangent

0.541 =

\

\
\
l

[I] Set Paste
Handle at this
point.

_

27.500

Il
g0.00°
]

‘I



2.4-7 Complete the Sketch
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0.541 —of = -,

Follow the steps [I-5] to complete the
sketch. Note that, in step [4], you don't need
to worry about the length. After step [5],
you can trim the vertical segment created in
step [4].

[2] Draw this
segment, which
passes through

the origin.

|
B0.00°
[

o

/

o

=)
\VARWV,

‘\&/“““

./m;n\ & AL
VAVAVAWY

. /m;n\

ool

[I] Create this
segment by
using
<Replicate>.

I

YAV

!

[3] Specify this

dimension. 4.500

[4] Draw this
vertical

2.4-8 Revolve to Create 3D Solid

Revolve the sketch to generate a solid of
revolution. Select the Y-axis as the axis of
revolution.

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

References

segment. You
can trim it
after next

step.

[5] Draw this

horizontal
segment.

|. Zahavi, E., The Finite Element Method in Machine Design, Prentice-Hall, |992; Chapter 7. Threaded Fasteners.
2. Deutschman,A. D., Michels,W.]., and Wilson, C. E., Machine Design:Theory and Practice, Macmillan Publishing Co.,

Inc., 1975; Section 16-6. Standard Screw Threads.
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Section 2.5

Exercise: Spur Gears

Geometric details of spur gears are important for a mechanical engineer. However, if you are not concerned about
these geometric details for now, you may skip the first two subsections and jump directly to Subsection 2.5-3.

2.5-1 About the Spur Gears

The figure below shows a pair of identical spur gears in mesh [I-12]. Spur gears have their teeth cut parallel to the
axis of the shaft on which the gears are mounted. Spur gears are used to transmit power between parallel shafts. In
order that two meshing gears maintain a constant angular velocity ratio, they must satisfy the fundamental law of
gearing: the shape of the teeth must be such that the common normal at the point of contact between two teeth must
always pass through a fixed point on the line of centers' [5]. This fixed point is called the pitch point [6].

The angle between the line of action and the common tangent [7] is known as the pressure angle [8]. The
parameters defining a spur gear are its pitch radius (r, = 2.5 in) [3], pressure angle (o = 20°) [8], and number of teeth
(N = 20). In addition, the teeth are cut with a radius of addendum r. = 2.75 in [9] and a radius of dedendum r4 = 2.2 in
[10]. The shaft has a radius of 1.25 in [I I]. The fillet has a radius of 0.1 in [12]. The thickness of the gear is 1.0 in.

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

[1]1 The driving [4] Pitch
gear rotates circle of the
clockwise. driving gear.

[2] The driven
gear rotates
counter-

clockwise.

[7] Common

[6] Contact

. . tangent of the
point (pitch pitch circles.
[3] Pitch circle
rp=2.51n. [5] Line of
centers.
[12] The fillet
[9] Addendum has a radius of
ra=2.75in. 0.1 in.
[10]
Dedendum [ The shaft hgs
ra=2.2in. a radius of .25 in.
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2.5-2 About Involute Curves

To satisfy the fundamental law of gearing, most of gear profiles are cut to an involute curve [1]. The involute curve may
be constructed by wrapping a string around a cylinder, called the base circle [2], and then tracing the path of a point on
the string.

Given the gear's pitch radius rp, and pressure angle o , we can calculated the coordinates of each point on the
involute curve. For example, consider an arbitrary point A [3] on the involute curve; we want to calculate its polar
coordinates (r,0), as shown in the figure. 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,

[4] Contact
point (pitch
point).

[I] Involute
curve.

[31An
arbitrary

— = = point on
BA = BC + CP = BCDEF (N the
. A [5] Line of
involute i
R — action.
CP = CDEF (2) curve.
From AOCP, P
_ 3 [6] Common
f, =1, cosa @) E| [F tangent of pitch
b circles.
From AOBA, @ %
rl|r,
r\ e |b
- 4) B b [2] Base circle
cos¢ ol )
rb
Or equivalently, 5 0
A [7] Line of centers;
$=cos -~ () this length is the
r 0 pitch radius rp.
To calculate 6, we notice that . o
DE = BCDEF — BCD — EF
Dividing the equation with r, and using Eq. (1),
rb rb rb rb
If radian is used, then the above equation can be written as
6 =(tang)-¢ -6 (6)

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

CP CDEF
—= ,or tan=0o+6,or
rb rb
6 =(tanx)— (7)

Egs. (3-7) are all we need to calculate polar coordinates (r,0). The polar coordinates can be easily transformed to
rectangular coordinates, using O as origin and OP as y-axis,

x=-rsinf, y=rcos@ (8)



82 Chapter 2 Sketching

Numerical Calculations
In our case, the pitch radius r = 2.5 in,and pressure angle o = 20°; from Egs. (2) and (7),

r.=25cos 20° =2.349232 in

0

7 =0.01490438

6, = tan20° — |2°

o

The calculated coordinates are listed in the table below. Notice that, in using Egs. (6) and (7), radian is used as the unit

of angles; in the table below, however, we translated the unit to degrees.

r (0] 0 X y
in. Eq. (4), degrees | Eq.(5),degrees
2.349232 0.000000 -0.853958 -0.03501 2.34897
2.449424 16.444249 -0.387049 -0.01655 2.44937
2.500000 20.000000 0.000000 0.00000 2.50000
2.549616 22.867481 0.442933 0.01971 2.54954
2.649808 27.555054 1.487291 0.06878 2.64892
2.750000 31.321258 2.690287 0.12908 2.74697
2.5-3 Draw an Involute Curve
Launch <Workbench>. Create a <Geometry> system.
Save the project as "Gear." Start up <DesignModeler>.
Select <Inch> as length unit. Start to draw sketch on the
XYPlane.
Draw six <Construction Points> and specify
dimensions as shown (the vertical dimensions are
measured down to the X-axis). Note that the dimension D‘u\.
values display three digits after decimal point, but we \
actually typed with five digits (refer to the above table). ‘”--\_' »
Impose a <Coincident> constraint on the Y-axis for the \

point which has a Y-coordinate of 2.500. %\

Connect these six points using <Spline> tool,

keeping <Flexible> option on, and close the spline with I"wy
<Open End>. Note that you could draw <Spline> ‘a
directly without creating <Construction Points> first, but }
that would be not so easy.

0.128

0.068

0.020 |

0.0$17 b=l




2.5-4 Draw Circles

Draw three circles [1-3]. Let the
addendum circle "snap" to the

outermost construction point [3].

Specify radii for the circle of shaft /

(1.25 in) and the dedendum circle /
(2.2/in). /

[3] Let addendum circle
"snap" to the outermost
construction point.

Section 2.5 Exercise: Spur Gears

circle.

[2] Dedendum

83

2.5-5 Complete the Profile \

Draw a line starting from the lowest

[1]1 The circle of

shaft.

/

Y.

construction point, and make it perpendicular

to the dedendum circle [1-2]. Note that, when
drawing the line, avoid a <V> auto-constraint.

Draw a fillet [3] of radius 0.1 in to
complete the profile of a tooth.

[3] This fillet has a
radius of 0.1 in.

[2] This segment is a
straight line and

perpendicular to the

dedendum circle.

([I] Dedendum circle)
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2.5-6 Replicate the Profile

Activate <Replicate> tool, type 9 (degrees) for

<r>. Select the profile (totally 3 segments), <Use r_’,,fxf“'"_;fﬁfﬁ\
Plane Origin as Handle>, <Flip Horizontal>, o ‘,-“‘
<Rotate by r degrees>, and <Paste at Plane /
Origin>. End the <Replicate> tool. [1] Replicated
Note that the gear has 20 teeth, each spans profile.

by 18 degrees. The angle between the pitch points j/
on the left and the right profiles is 9 degrees. (w'{

I‘zi" 0.129

f\

// ]
T 0.089

—

0.017

0.035

2.5-7 Replicate Profiles 19 Times

Activate <Replicate> tool again,
type 18 (degrees) for <r>. Select
both left and right profiles (totally 6
segments), <Use Plane Origin as
Handle>, <Rotate by r degrees>,
and <Paste at Plane Origin>.
Repeat the last two steps (rotating
and pasting) until fill-in a full circle
(totally 20 teeth).

As the geometric entities is
getting more and complicated, the
computer's processing time may be
getting slower, depending on your
hardware configuration.

Save your project once a
while by clicking the <Save Project>

tool in the toolbar.

[I] <Save
Project>
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2.5-8 Trim Away Unwanted Segments

Trim away unwanted portion on the
addendum circle and the dedendum
circle.

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

References

I. Deutschman,A. D., Michels,WV. ., 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

Exercise: Microgripper

2.6-1 About the Microgripper

Many manipulators are designed as mechanisms, that is, they consist of bodies connected by joints, such as revolute
joints, sliding joints, etc., and the motions are mostly governed by the laws of rigid body kinematics.

The microgripper discussed here [1-2] is a structure rather than a mechanism; the mobility are provided by the
flexibility of the materials, rather than the joints.

The microgripper is made of PDMS (polydimethylsiloxane, see Section I.I-1). The device is actuated by a shape
memory alloy (SMA) actuator [3], of which the motion is caused by temperature change, and the temperature is in
turn controlled by electric current.

In the lab, the microgripper is tested by gripping a glass
bead of a diameter of 30 micrometer [4]. [1] Gripping 4 [2] Actt{ation

In this section, we will create a solid model for the direction. (s direction.
microgripper. The model will be used for simulation in Section
13.3 to assess the gripping forces on the glass bead under the

actuation of SMA actuator.

92

D30 H‘_ 32
[3]1 SMA
. actuator.
Unit: um
Thickness: 300 um ~
~
o
hX
~
©
o
S
¥
[4] Glass
bead.

| 480




2.6-2 Create Half of the Model

Launch <Workbench>. Create a <Geometry> system. Save

the project as "Microgripper." Start up <DesignModeler>.

Select <Micrometer> as length unit. Start to draw sketch on

the XYPlane.

Draw the sketch as shown on the right side [I]. Note

that two of the three circles have equal radii. Trim away

unwanted segments as shown below [2]. Note that we drew

half of the model, due to the symmetry. Extrude the sketch 150

microns both sides of the plane symmetrically (total depth is

300 microns) [3]. Now we have half of the gripper [4].

Detadls View n
- Details of Extrudel

Extrude Esctrude1

Base Object Shketchl

Crperation Add Matedal

Divection Vector Home (Nowral)

Dhrection Both - Symmretde. (O

Extent Type Futed

FD1, Depth (=00 150 wm O
Az ThinfSwface? Hao
Meyge Topology? Yes

16.000 —=~

10.000 —

[2] After
trimming.

-30.000

af
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16.000 —=s fo—
10000 ——=s feo—
212.000
R45.000 /
140.000
77.000 7 000
T 47.000 —=4 72,000 [
.000 *
—={ 80000 H—
[3] Extrude —=f 82.000 | 00000
both sides -
symmetrically. [—1 40.000 —=
—
240.000

R45000
/ /

[1] Before
trimming.

000

S

M(' I..l"“‘

i)( °> 140.000
77.000 277000 77.000
b :
x 47.000 —} 72.000 -
87.000 f
—i80000 R{—
—f 83000 f— 400,000
=—140. 000 —=|

240.000

[4] Half of

the gripper.
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2.6-2 Mirror Copy the Solid Body

Create Concept Tools View He

= New Plane
R Extrude
g8 Revolve
R Sweep

§ SkinfLoft
@ ThinSurface

@ Fixed Radivs Blend

@ Variable Radivs Blend

Q Chamfer

[2] The default type
Deails Visw is <Mirror> (mirror
Details of Bod copy).
- yOpl
Body Operstion | BodyOpl
Type Mune [3] Select the solid
Bodies 1

body and click
Fieserre Bodies?  Yes <Apply>.

Mincy Flane | Y2Flane

[4] Select the <YZPlane> in
the model tree and click
<Apply>. If <Apply> doesn't

appear, see next step.
[EE Pattern
KA Body Operation ()
‘ Boolean
- Body Opesstion | BodyOpl
2, Face Delete T Mo
8 Edge Delete [17 Pull-down- i 5
<
@ Point seIe% ;_;Efi Body Fieserve Bodies? | Yes
Primitives P . MinFlae | Notseleoked

[5] If <Apply/Cancel> doesn't
appear, clicking the yellow area
will make it appear.

[6] Click

’
=/ Generate O
<Generate>.

3

2.6-3 Create the Bead

Create a new sketch on XYPlane and draw a
semicircle as shown [1-4]. Revolve the
sketch 360 degrees to create the glass bead.

Note that the two bodies are treated as two
parts. Rename two bodies [5].

f——30.000

[5] Right-click to
rename two bodies.

[1]The

semicircle can

te—16.000 —=

i

be created by
creating a full
circle and then
trim it using
the axis.

;

[3] Remember to
impose a <Tangent>
constraint here.

Y Wrap Up

[2]
Remember
to close the

B

Close <DesignModeler>, save the project

sketch by
draw the
vertical line.

\\
R15.000

! [4] Remember to
/ T specify the

dimension.

and exit <Workbench>. We will resume this
project in Section 13.3.
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Section 2.7

Problems

2.7-1 Key Concepts
Sketching Mode

An environment under DesignModeler, configured for drawing sketches on planes.

Modeling Mode

An environment under DesignModeler, configured for creating 3D or 2D bodies.

Sketching Plane
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.

Edge

In <Sketching Mode>, an edges may be a (straight) line or a curve. A curve may be a circle, ellipse, arc, or spline.

Sketch

A sketch consists of points and edges. Dimensions and constraints may be imposed on these entities.

Model Tree

A model tree is the structured representation of a geometry and displayed on the <Tree Outline> in DesignModeler.
A model tree consists of planes, features, and a part branch, in which their order is important. The parts are the only
objects exported to <Mechanical>.

Branch
A branch is an object of a model tree and consists one or more objects under itself.

Object

A leaf or branch of a model tree is called an object.

Context Menu
The menu that pops up when you right-click your mouse. The contents of the menu depend on what you click.

Auto Constraints

While drawing in <Sketching Mode>, by default, DesignModeler attempts to detect the user's intentions and try to
automatically impose constraints on points or edges. Detection is performed over entities on the active plane, not just
active sketch. <Auto Constraints> can be switched on/off in the <Constraints> toolbox.
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Selection Filter

A selection filter filters one type of geometric entities. VWhen a selection filter is turned on/off, the corresponding type
of entities become selectable/unselectable. In <Sketching> Mode, there are two selection filters which corresponding
to points and edges respectively. Along with these two filters, face and body selection filters are available in <Modeling
Mode>.

Paste Handle
A reference point used in a copy/paste operation. The point is defined during copying and will be aligned at a specified
location when pasting.

Constraint Status
In <Sketching> mode, entities are color coded to indicate their constrain 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 Workbench Exercises

Create the Triangular Plate with Your Own Way
After so many exercises, you should be able to figure out an alternative way of creating the geometric model for the
triangular plate (Section 2.2) on your own. Can you figure out a more efficient way?
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