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Chapter 2

Sketching

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

Purpose of This Chapter

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

About Each Section

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

W 16x50 Beam

2.1-1 About the W16x50 Beam

In this section, we will create aW16x50
has a a length of 10 ft.

[1-4] steel beam.The beam

[2] Nominal
depth 16 in.

[11Wide-flange
I-shape section.

[3] Weight 50 Ib/f.

|

W16x50

2.1-2 Start Up DesignModeler

[4] W 16x50
cross section. #

16.25"

R.375"

Schematic window.

[5] Project

(i Unsaved Project - Workbench

[2] Workbench
GUI shows up.

=10l x]

File View Tools Units Extensions Help
A - ﬂ Project

Jdlimport... | <yRec

ANEYS 150

oy ANBYS Ieepak 150

I\ Bechanical APDL 15.0

I\ Mechanicel APDL Product Launcher 15,

L' Uninstall ANSYS 15.0

fy\ Workbench 15.0
ANSYS Client Licensing
Agwa
Fluid Dymaimdcs
Help
Meshing
Remote Solve Managet
Utilities

[T Launch
Workbench.

I ———

[3] Click the plus sign (+) to
expand Component
Systems. The plus sign
becomes minus sign.

B Analysis Systems

ec Refresh Project  Update Project

Project Schematic > X

4 Design Assessment
&) Electric

¥ Explicit Dynamics
& Fluid Flow (CFX)
@ Fluid Flow (Fluent)
(1Y HarmonicResponse
&5 1cEngine

3 LinearBuckling

i) Magnetostatic

i Modal

fily Random vibration
filj ResponseSpectrum
& Rigid Dynamics
fea Static Structural
¥ steady-State Thermal
(@) Thermal-Electric
& Transient Structural
F3 Transient Thermal

- A

.
2 @ Geometry 2

Geometry

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

EC)AmpnnEHKSystam

Autodyn

&4 BladeGen

@y crx

& Engineering Data

External Data

@ Bdemal Model

(@ Finite ElementModeler
B3 Fluent

B2 Fluent (with TGrid meshing)
Geometry

[4] Double-click
Geometry to create a

# ICEM CFD

I\ Mechanical APDL
@ Mechanical Model
@ Mesh

system in Project
Schematic window.
=

[7

View All /Customize. . |

@ Ready

5how Progress | |01Show 0 Messages | .;
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[7] DesignModeler
shows up.

GFA: Geometry - DesignModelex
| Fie Cieste Concept Tooks | Umis View Help
JoOHE & || H0x Mo
M- - 4~ f fr Ot
R{Flase BRI MM“‘

|
|
| @Extode ffaRevolve B Foot
|
|

BladeEditor: £ Import BGD

Section 2.1 W16x50 Beam

=laix|

BEEE LS a8 amaoEE w0

ke @ik Topology

[ Paremeters

/S0

- S Bipl - N Clanis Wi || $Point =) Converion

F%
(4 M e

Blade o Splitlr ) VistaTFExport '~ ExportPoints (0SingeFluidZone  # SectorCut b Thioatrea | /) Preferences

RS = A
Y
= @] A Geometry v Dege
e X¥Plane Radisn
i :i?gm Model Tolerance
* 8 0 Parts, 0 Bodies
[8] Pull-down-select Units/Inch
as length unit. You can change the
Sty Madda length unit any time. #
T =
Y
0.000 £.000 (in) Z/L X
000 '
Model View [[Puint Praview |
| @ Ready [No Selection [Inch Degree o b 4
I — e

In this book, a round-cornered textbox (e.g., [I, 3,4, 6, 8]) is used to indicate that mouse or keyboard ACTIONS are
needed in that step. A sharp-cornered textbox (e.g., [2, 5, 7]) is used for commentary only, no mouse or keyboard
actions are needed in that step.

2.1-3 Draw a Rectangle on XYPlane

BriA: Geometry - DesignModeler

| Fle Create Concept Tools Units View Help

=10lx|

| A HE @] Duste Grens |[seket %3 T [[on/m B W o [W 8|S ¢ QA SR HE|+ G

/7 N\
)

| W 8- fe fio A Ae fm A ¥

| xirie Q- sk | Sl

- #9|| JGenents @ Do [FE]Parameters

/\

| R Extmde ﬁN @ Sweep g SkinToft |] W ThinfSudace @ Blend - 4 Chamter @slice H S Point B Conversion

| BwdeBditr: fflimport BONELowd BGD | P Fowkelh / Blade of Spliter  JVishIFErport ' Exporfoints W0StoFluifZone  # SestorCut (i 1]

AN - - gt w3

[1] By default,
XYPlane is the
current sketching plane.

K

[3] Click Look At so that

you look at XYPlane.

*, Line

6' Tangent Line

# Line by 2 Tangents

2, Polyline

(<3Polygon

Rectangle by 3 Points

£ Oval
Modity N
Dimensions
Constraints

[4] Click

Seftings

Rectangle tool.

- )

roughly like this.

[5] Draw a
rectangle (using
click-and-drag)

Details of Sketohl
Shetoh Shetohl
Sketeh Visibality | Show Sheteh [2] Select
Shew Canstisints? | Nor sketch|ng
) Edges: 4
0.000 7.000 (i
Line L7 mode. ] (in)
Line L 3500
Line L9 [
Lim LaiD Lz | el Vinw [ Fat P
| @ Rectangle -- Click, ox Press and Hold, fox first comer of rectangle No Selection Inch Degree 11661
T — T
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Section 2.1 W16x50 Beam

[10] Right-click anywhere —
D-nA:Genmelry—De:ignMndaler on the graphic WlndOW to selection Bilter
| Fle Cueat Concept Tools Usits View Help open the context menu, ) Lsometric View
| @ || Quate Gres [[ssker |y T (@ W &0 | ® % || S 4 & and choose Select hew 5o Set
|- W g S A S o A symmetry axis. 52 Restors Defult
™ - k| Sk - 83| A ch o Fit F7)
on 1
| WExtvde  gfaRevolve QnSweep  § SkinLoft [6] We now impose | @
| BledeEditor. (34 lmport BGD  ffLoad BGD | S Flo . | Exportfoints IDStageFnidZone 4 SectorCut & Throathrea | /) Prefers ErmlD »
FEE - (m2 symmetry constraints. |~ _
[stechag a Click Constraints Tiew ’
D | toolbox. # Look At
Modity |
D g X Delete
Constoints (| ~ O -/ Generate (F5)
777 Fizxed
ﬁ?:;‘l‘“l [8] Click [ ——
¢ Perpendicalas Symmetry tool.
A\ Tengent
s Coincident
== Midpoint
[ Symmetry O e
Settings (~ K\/
| Shinhing [Motetng] ( C
;l.;ui.lsnishewli [l |] Click the .
P horizontal axis ]
sct 7] If Symmetry and then the two —O ' )
) Blges: . . horizontal lines 7.000 (i) [9] Click the vertical
= | toolis not visible, 3.500 ‘ axis and then the two
| click here to scroll ° makg them vertical lines to make
| down until you see [z« Symmetric about (
s the tool <4 the horizontal 1Eiz them symmetric about
’ axis. the vertical axis.
|
. J -

@'A: Geometry - DesignModeler

| File Creste Concept Tooks Units View Help

=10l x|

| OB @] Do @retn [[set[*y B [mm W W& [H 8|S ¢ &

|- 8- £ S S oo S A

| XPlane * 3k | Sketohl -

o]

| RExtmde gfgRevolve @ Sveep §Skinlo

| BladeEditor: fifImport BGD  f2fLosd BGD

El

| e = (Bl

Dirawe

Modify

P

o=

Dimensions

I@Gsmml

1t Horizontal
[ Vertical

2 LengthDistance

({‘ Radius

3 Diameter

A togle

4% Semi-Automatic
Constraints

Sefiings

)
[12] Next, we specify

dimensions. Click
Dimensions
toolbox.

J r—rr\
U\\‘\t\/

Wi || @ront 2
mt '~ Exportfoints @EStgeFluidZone 4

[ X

@) Q @ % 1 [ e |2

[13] General is the
default tool.

Sketohing | Modeling |
Details Vi

=) Details of Sketohl
Shetoh Shetchl
Shetoh Visibility | Show Sketok
Show Canstieints? | No
=) Dimensions: 2
H1

707

B85

=) Bdges: 4
Line

[La?

Ojg 16.25 (in) for V2.

[17] In Details
View, type 7.07
(in) for HI and

0.000

10,000 (in)
]

1

3
2

[18] Click Zoom ¢}
to Fit. #

[14] Click this line, move
the mouse upward, then
click again to create HI.

I

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

o

L™ I

[16] All the lines turn to blue color.
Colors are used to indicate

constraint status. The blue

| @ General - Select point or 2D Edge for dimension or

No Selection.

color means the geometric entities
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2.1-4 Set up Sketching Options

| Bl Cmate Comcept Tools Unis View Help

57 A: Geometry - DesignModeler

Section 2.1 W16x50 Beam

[3] By default, DesignModeler
displays dimension names. Let's

switch to display dimension

{2l E| @ || Dundo [~ Sheded Exevior and Bdges NRC Ex|Staaa@ma a: I
| W~ W~ £ fi- A A~ Shaded Exterior values.
| XiFlane v | Skewhl ;’i“::”; . , [ Topoiosy [ Paramaters
| Extude  gfaRevolve i Sweep o Caten Blend v % Charder Mwslce || @Point ) Convery
| BladeBditor: 3 lmport BGD LU(‘“ ;;:za:]%t.yl‘wnnny Splitter ) VisTFExport -~ ExportPoints USWBMM # SectorCut | Thoosthrea | (7 Preferences
JIBE 2 = CEB o g LT LY
L5 Display Edee Direction U
By Display Yertices
Modify Cross Section Solids
Dimensions —
(GGl
s Horizontsl
[ Vertical
~Length/Distance
gﬁf‘“‘i [1]1 The ruler takes space
ame tex . .
A Angls h and is sometimes
gdfsexm»nmmg:mu [2] Pull-down-select annoying; let's turn it off.
Sotings View/Ruler to
s ] | turn off the ruler.
For the rest of the
[=/| Details of Sketchl
Stk ) book, we leave the v
Shetch Visbility | Show Shetch ruler off. 1 .
Show Conshaints? | No / "
=) Dimensioas: 2
m — — 0.000) . 10.000 (r)
1625 [0e ¥
=) Bdges: 4 )
Loe L7 Lz | edet View [Pt Prview ]
| (2 General - Select point or 2D Ed ge for dimension or uss RME for options [Wo Selection \lml\ Degree IFIT4
S — e e————
S A: Geometry - DesignModeler =[]

Bt Creas Comsept Tools Units View Help

A E (@] DU Greto st T W E DB 0 | H NS ARG ERRE @[S | A

W- 0. e fo fo fr S A

v b | Skeeht

© ¥ || fGemnk Wi Il

(22| Parameters

@Exnde gfoRevole RoSvee g Skindont || I it

@ Elen

A Chamter W Slice H @ront 3

EladeEditor. $4lmportBGD 2Load BGD | S FovPath 7 Blade of Splittr o VistaTFExport - ExportPoints IDStegeFluidZone  # SectorCut e Throathres | 7 Preferences

|
I
|
| XVPlane
|
|
|

L.d

n;;::y to turn it off.
o e = Value
e automatically
Ao hutomate turns on.

[6] Click Name

[7]1 Now dimension values
are displayed in place of
names. For the rest of the
book, we always display
dimension values. In steps
[8-12] (next page), we'll set
Value as default
Dimension Display.

[5] CIICk =)/ Details of Sketchl : §
Display. | 1o s [t [4] If Display Lo
/Emfﬁ?f * tool is not visible, X
= }jf;*“m = click here to b
S — 5 scroll all the way ‘
| @ Display -- Setdimension display options L dOt\)Nr::ttO the Mo Selection Inch Degme b o 4
ottom.
— S
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Section 2.1 W16x50 Beam

ﬁ A: Geometry - DesignModeler

File Create Concept |Took Units Fiew Help
A E || oo
|- m- 4 /.ﬂUnﬁ 28

BEE e = g

=10l

L mERE G Ee S QAeEQ R E el [0

Generate @0 T Topoloey (5] Parameters
W Trinidce @Bl - & Chanter @pSice || @romt B) Converson
th 7/ Blde of Splitter JVistaTFExport '~ EsportPoints MOStgeFludZons o4 SectorCut (o Thioatfwes | ) Preferences

L A N

Dre I\ Symimetry 2 s
Dimensic &1 0
PC— me [I'17Also note that, by default, both Global
;;I?Bf.lmm % Auto Constraints and Cursor Auto
& Bt .| [8] Pull-down-select Constraints are on. (see [14]; we'll explain
e il Tools/Options... L these two options later in 2.3-5, page 79.)
L — 16,25 .
Constrai: Repair \ I
St s Tooks X
M. Form Hew Port 7> Common Settings
[P5] Parameters
=/ Details of Sketchl 7 @gsﬁjﬂiﬁr [/ Sketching [ =
Sketoh Sheto H c Grraphics Global Auto Constraints IOn O
Sheteh Visbility | Shaw S0 @ Miscellansous Curson Autn Constiaints O O
Show Censtaints? | No i -@ Sketching Value 57
= m..;m;z - - Toolbars =1 Comman Grid Defaults (/?
w2 Imm _ D Unis Show Gad (in 2D Display Mode) | Ho
= Flges 4 ' @ Agwo Applet Snap Yo Gad (while n Slething) | Mo
Line £ L] | bt view [ ﬁ:hhzi“;al ipply Giid Defanlts o Aotive Flane | No
["@ Display - Set dimension display options @3 FE Modsler ] Grid Defaults (Meters) [|O] Select Value as
Minivmum Axes Length = default Dimension
T — Majou Gid Spasing 5 efault N imensio
Mince-Steps per Majou 5 Dlsplay.
. Gd Snaps per Minc 1
[9] Select Sketching. | G et ot
Mingrrm Axes Length 35
Majon Giid Spscing 3
| o —— -
Resst OK Cancel Help |
J C T— — N e
oolboxes . .
- [12] Click OK. Click Yes to
Diraw
confirm the changes.
Modify
Dimensions
Constraints (P | -
o Fiseed / \
= Horizontal
3':‘*“’”};, " [13] Select
erpendic .
Yo Constraints toolbox.
N Tangent
sueCoincident
== Midpoint
A Symmetry
/7 Parallel 4 . N
@® Concentric [14] If Auto Constraints is not visible, scroll all the way down to
#;Equal Radivs the bottom. If they are not on, click to turn on both Global and
2 Equal Length Cursor. Although these two settings are initially on (see [11]),
+2x Equal Distance DesignModeler may turns them off due to an unknown reason (|
Lo iy i G""’U‘“’L>< was told that BladeEditor, which is an integrated part of
r— DesignModeler in an academic version, turns off Auto
Constraints). If so, you may need to manually turn them on
Shetohing [ Modeling | everytime you start up DesignModeler. We'll explain Auto
o — Constraints later in 2.3-5, page 79.#
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Section 2.1 W16x50 Beam

/ Closed End

2.1-5 Draw a Polyline

) A: Geometry - DesignModeler 7
}Fxle Creste Comcept Tools Usits View Help o ‘ [7] Right-CliCk anywhere Back
2P ' T nlRE e [ HE|S S Qae ; :
a-u 1 Sel on the graphic window Salpetion Filter 5
e | 1] Select e Eeee to open the context
| EEsnd Draw tOOIbOX- “ W ThinSudfsce @ Blend - 4 Chamfer MpSlice H @it 200 Menu, and select‘_ open ‘ Tsometric View
| BladeEditor JFanan 7/ Blade g Splittr  JVistaTFEsport '« ExpontPoints  MStagy End to end the 1‘532 et
[2] Select Polyline tool. # '3 Restore Default
Ry Polyline tool. — Zoom o Fit 0FT)
T: nt Ling
g Lﬁyz Tangents f Cursor Mode 4
|, Polyline \ .
(=3 Polygon ) O View 4
) Rectngle \ 073 Look At
[3] Click roughly here to start a . p
=/ Generate (F5)

polyline. Before clicking, make sure a C
(coincident) appears. If the € doesn't
appear, see 2.1-4[14], last page.

P——

[4] Click the second point

2]
:}::;]snlshn: ] ] v roughly here. Before
wovasn | 6] Cufk;he Iaséc Ff>°'nt I . clicking, make sure a € and
sevcaenl - roughly here. Before N (] . an H (horizontal) appear.
! Dimensions: 2 .
N clicking, make sure an H CJ Q\ L \
e and a C appear.
[F— ‘
| & Folyline - Click for start of polyline [No Selection [Inch Degres [5] CIICk the third point roughly
— — here. Before clicking, make sure
a V (vertical) appears.
2.1-6 Copy the Polyline
7 A: Geometry - DesignModeler
| File Creale Concept Tools Units View Help [ . . w
| AHE| ] Do @ro sy b mm Do (B ||S e Qa8 [4] nght-dlck anywhere on grl:jzeh;ﬁnngmdh
|- W= e fie S S S A the graphic window, and o
v BERY---c SN e e : select End/Use Plane o f U Defu Pase Honel
| BEande @RRevolve @ Sweep  § Skinf o Wpsice || @Point E)0] .« .
| BlodeEditor: gidlmport BGD  f2iLoad BOD [|] Select MOdify Export " ExporPoints  m0Stey o"gln as Handle. Selection Filier '
|EE s = (ER [T . @ Tsometric View
toolbox. [ 2 St

— 132 Restore Defult
. Zoom to Fit (F7)

Cursor Mode 4

View 4
f P9 Look At
X Delete

-/ Generate (F5)

 Fillet
{7~ Chamfer

= Cormer

[2] Select Copy
tool.

£yt
[ Dmg

3 Cot Ctke X)
[ Peste (Cilt V) / —

.F Move

— [3] Select the three

Constraints

Sotings newly created
T L segments one after '

Dot view
=) Details of Sketchl another. . X

Sketeh Fhetchl / »—O—«

etk Visiblity
Show Constisints? | o
=) Dimensions: 2 .
HL 207 || | dodel Vizw | Puint Preview

| @ Copy (Ctidt C) — Select 2D Foints or Edges [No Selection [Inch Degree o b 4

T T— S
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Section 2.1 W16x50 Beam

Rotate by r
Rotate by -r
Flip Horizantal
Flip Vertical
Scale by factor f

cif [6] Right-click-select
= Flip Horizontal.

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

[7] Right-click-select
Paste at Plane

Origin.

) Tsometric View

Defanlt

Sketching Toolboxes Rotate by
Draw Eotate by -r
Modify
( Fillet Flip Vertical
’r’_ Charmfer . . Seale by factor £
= Comer [5] The active tool is %o
+ Trim automatically switched P
T Extend from Copy to Paste.
¢ Split
P
[1 Drg |
4 CutiCtrt X) c
Copy (Ctel+ C) Rotats by r Copy [CEFC)
Paste (Cter=[a0 " f=[2
Iﬁg il | | Rotate by -1 Selection Filter
1= = - Flip Horizontal <
) Tomwnndein Winon
e | Flip Vertical |
S 1 Seale by factor § |
Settings Sicale by factor 14 (
l
Slevling I Modeling | Paste at Plane Origin |
Change Paste Handle

— 1 Fit (F7)

Mode 4

Cut (Ctrl+ X) f
Copy (Ctelt C)

Selection Filter 4

[8] Right-click-select End to
end Copy tool. An alternative
way (and a better way) is to

press

t

+ (F5)

168,25 -_—

ESC to end a tool.

4]

’
=
e

2.1-7 Basic Mouse Operations in Sketching Mode

Look At

L1 [9] The polyline is
copied. #

Generate (F5)

——

You are encouraged to try these mouse operations now. Press ESC to deselect all entities. After trying any of [4-5], simply
click Zoom to Fit (2.1-3[18], page 55) or Look At (2.1-3[3], page 54) to go back to the original view.

[I] Click: add/remove a
sketching entity to/from
the selection set. (ESC

to deselect all.)

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

Control-middle-click-drag: pan. #

[2] Click-Sweep:
continuous selection.

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

[4] Right-click-drag:

box zoom.

[3] Right-click: open

context menu.
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2.1-8 Trim Away Unwanted Segments

» Toolboxes

[2] Turn on Ignore
AXis so that the
axes will not act as

{gnore ANQV/

O Split

trimming tools.

E] Dre

¥ Cut (Ctrlt X)
Copy (Ctrl+ C)
(R Paste (Ctlt 7)
= Move

& Replicate

[1] Select Trim tool
from the Modify
toolbox.

Section 2.1 W16x50 Beam

Duplicate
= Offset
p Spline Edit
Dimensions
Constraints
Settings
Sketohing | Modeling |

—

[3] Click this
segment.

2.1-9 Impose Symmetry Constraints

Stoching Toolhores

Dirae
Modify
Dimensions
Constraints

o |~
[I] Select
Constraints
toolbox.

77 Fixed
= Horizontal
4] Vertical
+¢ Perpendicular
N Tengent
¢ Coincident
== Midpoint
|.~i‘=\ Syrmnmetry
# Parallel
Concentric
_#* Equal Radius
+~ Equal Length
pf;tEqu.al Distance

A48 Auto Const

[2] Select

Settings
Sketohing | Modeling |

| -

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

s)'mmetry_ .

s¥eXe

60

sennnnes sy

[4] And click
this segment. #

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

ymetry axis @

Selection Filter

) Tsometric View
150

wfa Set

ﬁ: Restore Default

Zaoim 1o Fit (F7)

Coursor Mode
View
{9 Look At

X Delete
-/ Generate (F5)

—

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

Although they seem already symmetric

before we impose this constraint, but the
symmetry is "weak" and may be overridden
by other constraints. #

-




Section 2.1 W16x50 Beam

2.1-10 Specify Dimensions

Draw toolbox.
Modify

Dimensions -
[ Generl @ [2] General is the default tool.
%giﬂiﬁ"”l O\T Leave it unchanged.

Shetching oSN [1] Select Dimensions}

J)Lengﬂv’Diﬂame
(< Radivs
eDmmeter .
A Angl [5] Select Horizontal.
%ISenﬁ-Auhmﬁ:
& Edit
HMDVB
Animate . . :
IED:; [3] Click this vertical
"” segment and move leftward
Constrsints - to create a dimension (in
Vi details view, the name is V3). |
«—F 07 .
Sketehing | Mcdeling | :
J’ —=dil—0.38
0.628
=I| Details of Sketehl | [7]1 In Details View,
Sketch [Shetcht type 0.38 (in) for H4.
Sketeh Visitility | Show Sketch
Show Constiints? | Ho 16.25
[=]| Dimensions: 4 )
H! 707 i
H4 038 in [ 2 T D/ A A PR
= e /([4] In Details View,
' O<\ktype 0.628 (in) for V3. :
[6] Click these two vertical
segments sequentially and
move upward to create a
horizontal dimension (H4).

B
o
|_4

)

[8] All sketching entities are blue-
colored, meaning they are well-
defined (fixed). #
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Section 2.1 W16x50 Beam

7.07—3
2.1-11 Add Fillets
¥ i—a—u 38
i
: /A —
Draw 0628 \ -—
Modify 4 T~
[ Fillet
§~ Chamfer [I] Select Modify i [5] The greenish-blue
7 Comer toolbox. \‘l color of the fillets
T ;""“nd . indicates that these fillets
= Exte: H .
(')sl:m [2] Select 1555 are un.der-con:stralr.led.
] Drse Fillet tool. [3] Type 0.375 (in) for The ra;'dlus s'|'3e<':|fied !n [3]
4 Cut (Ctilt X) Radius. is a "weak" dimension
ByCopyCtlbCy N e L R — (may be overridden by
R Peste (Clrl+ V) other constraints). We
. Move could specify a Radius
Eeuil’hii: _ dimension (selecting from
= ottt [4] Click these two Dimensions toolbox)
%> Splne Bl fﬁfgm;nts to c;‘feate a to turn the fillets blue.
Dimensions ~ llet. Repeat this step However, we decide to
— for the other three ignore the color. We
. concave corners. o want to demonstrate that
Settings : .
; an under-constrained
Sletching | Modeling | sketch can still be used.
i i T Remember, however, it is
N a good practice to make
all entities blue-colored. #

2.1-12 Move Dimensions

CHIA:

: Geometry - DesignModeler

File Create Concept Tools Units View Help

=lolx|

| A B[ || Dunte Greo [[siet[4y % [ 1 G W &5 [ )
| M- 8- f- A A A A AP

(S ¢ QRQEQ T 46 0

| XFlane © | el - #9|| Genemte WP ihae Topolzy  (F5|Parsmeters

| @Exude gfoRevolve QoSweep  §SkinLoft H W ThinfSocisce @ Blend + 4 Chamier

»:

Slice H Sroint 50

rsio

| BledeBditor: Gfllmport BGD (EfLosd BGD | S FlowPath 7/ Blade o Spliter ) VisTFExport

Modify

- S

“\ ExporfPoints MDStgeFluidZone o SectorCut & Throathrea | <\ Preference

[3] Click a dimension

value and move it to a
more appropriate

position as you like.

Dimensions B
& General

pe=2i Horizontal

[ Vertical

- Length/Distance
(< Radius

Sy Dizmeter

£ Anels

f Semi-Avtomatic

& Edit

[I] Select
Dimensions
toolbox.

Repeat this for other
dimensions. #

=) Move
[ Animste
'} Display
Constrsints =
Settings \
Y
[2] Select Move.
Shatohing [ Modeling
.
AN X
=1/ Details of Sketohl il
Sheteh Shetchl
Shetoh Vistbility | Show Sketoh
Show Canstraints? | No. ol mp 4
- Dimensions: 4 | | Model Wiew | Fuint Fueview
| @ Move - Select dimension to move Mo Selection. [nch Degre o b 4
S T— S
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Section 2.1 W16x50 Beam

2.1-13 Generate 3D Solid Body

[3] The active sketch is

shown here.

[8] Click Generate.]
ST

| Fie Create Comcept Tocks Un| [View Help
|21 W ||| DUnio | pRedo ||[Select *; T~

| W 0 4 fir S S\ A AT

X¥Plane » s | Skewhl ] -zl -7 Genenate e Topolizy [FE|Parameters
Extrude Revolve Sweep & SkinToft || (@ ThinSudace QpBlend + € Chamfer W Slice |J @Poit  §) Conversion

| BladeEditor: ﬁgn | SFovketh /Bbds o Splitsr  JVisuTFEgont - ExporPoints MOSwgeFludZons s SeotorCut oo TH [|] Click the little cyan
(=

Biv 5% SeQARAQCEE 6

LR LT sphere to rotate the
T — [4] Click Extrude. view to an isometric
T [ view, which is a

vk 9P convenient 3D view.

IR Extrudel . .
| 0 Parks, 0 Bodies [5] Modelmg mode is

automatically activated.

¢ | | [6] Click Apply. By / L» X
5

\

E als of Extrude . 16,
o Jpwat || | default, the active A i
e e O sketch (Sketchl) is - —
Dissotion Vectox | None (Harald selected as
Disection. Houmel
Eoei T Foad Geometry. N
mm’- Q]
s ThinSufsce? | No 4

Mewgs Topelogy? | Yes

[=)| Geometry Selection: 1 ]
B e 154 [7] In Details View, | | o a i
[} Extrode Creation — Click the Generate button type 120 (in) for [ ] nv;:a/me ric [ Inch Dezee 0@ [0
—K Depth. ) [—
OfjlA: Geometry - DesignModelex =[oj x|

| File Create Comcept Tooks Units View Help

| A B[] D G [t & BRED® v | Ew |Seadamaox s e @
|W- M- f- S - S S A T — N

| XPiane v | Skt » F3 || /Genemte GShare Topology [Z5|Parsmeters

| BEnde goRevolie @oSweer §Skintont || EThinSudoce QBlend - 4 Chamber WpSice || #/4nt ) Conversion
| ElsdeEditor. fidlmport BGD (E{Load BGD | S FlowPath o/ Blade of Spliter - JVisTFExpont '\_Expo/ /ée WOStgeFidZone o SectorCut - Throathrea |
= ( Sy -

D Grophics

< [9] Click Display
[10] Click Zoom Plane to turn off
to Fit. Feel free to the display of
use this tool sketching plane.
whenever needed.

b YZPlane

£, [ Extrudel
¢ Skethl

-, 8 1 Part, 1 Body
@ Solid

Shetching  Modeling

= Details of Extrudel
Extde Extrude1
Geomety Sketohl
Operation 443 Matesal
Ditsotion Vects | Nome Qloswal)
Disection Nowrrel
Extent Type Fied

FDI, Depth (03 | 120in
s ThinSudsce? | No \
Mexge Toplogy? | Yes

- Goametey Selestion: 1 [1'1] Click all plus signs (+) to
Pt L e View [P P expand the model tree and
[ D Ready study the structure of Tree pe 0 [

Outline. #

=
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Section 2.1 W16x50 Beam

2.1-14 Save Project and Exit VWWorkbench

F:le Create Concept Tools Units View Help

@ Refresh Input

| Start Over (Ctel+ N)

!_r:r Load DesignModeler Database... (Ctol+ O)
] Save Project (Ctilt S)

E Export...

i) Attach o Active CAD Geometry
Lﬁj Import External Geometry File. .
* Import Shaft Geometoy...

-

E!, Write Script: Sketchies) of Active Plane
S Run Script

IL?. Anto-save How
Restore Anfo-save File

[1] Pull-down-select File/
Close DesignModeler.

[2] Click Save Project.
Type W 16x50 as project
name.

ools Units Extensions Help

File View Tools Units Extensions
] New Ctrl+N
.~ Open... ctl+0
= Save Ctrl+s
ﬂ Save As...

%) Save toRepository

e

Open from Repository

Register Session with Repasitory. ..
Launch EKM Web Client...
Import...

Archive...
Restore Archive...

AEE €L

! Scripting

Ld

Export Report...

Project

| =1 Analysis Systems

¥4 Design Assessment
Electric
Explicit Dynamics
Fluid Flow (CFX)
Fluid Flow (Fluent)
HarmonicResponse
1€ Engine
Linear Buckling
Magnetostatic
Modal
Random Vibration
Response Spectum
Rigid Dynamics
Static Structural

) steady-State Thermal
@) Thermal-Electric

g2 Transient Structural
¥ Transient Thermal
lEI Component Systems
O Autodyn

{4 BladeGen

@ CrX

& Engineering Data
(&) Edernal Data

§@ txternal Model
Finite Element Mo deler
B3 Fluent

B2 Fluent{with TGrid meshing)
@ Geometry

& ICEMCFD

N Mechanical aPDL
@ Mechanical Model
@@ Mesh
[T

&) Double-click component to edit.

G9EECEEREREEE

=l

view All [ Customize. .. |

feconnect [2] RefreshProject / Update Project

AW Project Schematic

1 E:\ANSYS\Book 15\tmp\W 16x50.wbpj
2 E:\ANSYS\Book 14\tmp\Finger .wbpj

lY © Geometry

2|6 Geometry v

Geometry

L

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

(= Show Progress | % Show 0 Messages | .-

T—

—

Supporting Files

To download the finished project files or view the demo videos, please see Companion Webpage and
Companion DVD in the Preface, page 4.
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Section 2.2

Triangular Plate

2.2-1 About the Triangular Plate

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

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

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

[2] The radius
of the fillets is

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

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

2.2-2 Start up DesignModeler

ANRYS 150

ops ANSYS Icepak 150

I\ Mechanicel APDL 150

A Mechanical APDL Product Lawncher 15

L! Tninstall ANSYS 150

f“ Workbench 15.0
ANSYS Client Licensing
Agwa

Fluid Dymamics

Help [|] Launch
Meshing Workbench.
Remote Solve Manager

Utilities

10 mm.
\ § =N
\/ } =
/ o
- _—
] s
/ \ _
/ y [1] The plate has
- ‘—— three planes of
symmetry.
30 mm
300 mm J
I
i x
Analysis Systems
B Component Systems
A% Autody M -
@ utodyn 3
{34 BladeGen L
@ cFx 2 @ Geometry
& Engineering Data Geometry

External Data
@ Bdernal Model
Finite ElementModeler

g Fluent .

g Fluent (with TGrid meshing) [3] Double-click to
[@ Geometry (@) start up

# 1CEM CFD DesignModeler.

A Mechanical APDL
@ Mechanical Model

§ Mesh

[2] Double-click to create a
Geometry system (see

2.1-2[3, 4], page 53).
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Section 2.2 Triangular Plate

B/ A: Geomstry - DesignModsle.

=101
| File Creat Concept Too Units Fiew Help
| B @] 9—re [jsmt [ W [mEh @ e | Ex]SeaQa@@a e e(n)
| W - g e S Ao N AP
| XFlne v | Home - ¥ H jGenerate Q01 oz [RE|Parameters
| BExtrde  gRevolve s Sweep kin/Loft H W ThinSuface 1 v % Chamfer W Slice ‘ @Poit ) Conversion
JErladeEd:‘mr i import BGD 2] Load BOG: = FowPath 7 Blade g Splitter —JVistaTFExport - ExporfPoints MOStageFlnidZone o SectorCut 46 Thmatieea] | ) Preferences

|EE S = [ Bk

&

[ - - @ H
Sk:h:hmg
= 5 H

», Line
# Tengent Line [7] Click Look At to
& Line by2 Tangents [4] Pull-down-select look at XYPI
e Units/Millimeter as coka ane.
gizzﬁhmm length unit.
Constraints
[6] Select
Sketching mode. [5] The length unit and the

Y

L.

, angle unit are shown here.

ATyt Constraints G]ubal@um =
— — || [8] Mak.e sure Auto W
| g Constraints are turned
A= on (2.1-4[14], page 57). # el
TT— ——

2.2-3 Draw aTriangle on XYPlane

Sketching Toolboxes

Dz [3] Click the second point [5] Right-click-select
\Ir‘m at Line r.oughly here. Before Closed End to close the
g ange clicking, make sure a V Iyli d end th L #
6 Line by 2 Tangents ical polyline and en the tool.
(A Poe (vertical) appears.
(=3 Polyzon . -
T Rechangl Zoom to Fit (F7)
SRectangle by 3 Points [I] From Draw Cursor Mode N
0wl toolbox, select 7 Tiow R
@ Cirle Polyline. k T
£ ACircle by 3 Tangents | f9 Look At
= Axc by Tangent _»_,.--""_
¢ Arc by 3 Points P -} Generats (F5)
4o Axe by Center ’_,”'-_
ctaEllipse P P——
% Spline T
# Construction Point .,.r""'
24 Constroction Point at Intersection Q- o ¢ B e
Modity |~ T
Dimensions T
Ce T —
etz | [4] Click the third point roughly here. \"'-@ [2] Click roughly here
Shetohing Before clicking, make sure a C to start a polyline.
— (coincident) appears. Auto
Constraints is an important feature of
DesignModeler and will be discussed in

Y 2.3-5, page 79.
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Section 2.2 Triangular Plate

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

2.2-4 Make the Triangle Regular

Sketching Toolboxes:

Dracw

Modify H O
|
'

Constraints O

7 Fixed

= Horizontsl

4| Vertical

~¢ Perpendicular

N Tangent
ueCoincident

== Mid point

S ymmetry

/7 Parallel

Coneentric

7#, Equal Radivs
| o= Equal Length
%Equ.a.l Distance
an Auto Constradnts

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

O

[3] Click this and the ™
vertical segments to
make their lengths
equal.

Settings

Shetching | Modeling

2.2-5 2D Graphics Controls

Tools for 2D graphics controls are available in a toolbar [1-9]; click tools in [3-5] to switch them on/off. Feel free to
use these tools whenever needed. Try to click each tool now; they don't modify the model. Note that, a better way
for Pan, Zoom, and Box Zoom is using mouse shortcuts, given in 2.1-7 (page 59) and 2.3-4 (page 78).

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

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

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

S 4-I+ l\:-l (+{ lﬁl . Q

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

to zoom in/out.

[IT1 Look At rotates
the view so that you
look at the sketch.

% 18 [ [@]e

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

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

V
/2

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

Sketching mode.

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

——— %3Undo (& Redo
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2.2-6 Specify Dimensions

Details View

Sketching Toolboxes -] Detaals of Sketchl
Draw Shketch Bhetchl
Modify Sketoh Visibility | Show Shetch
Dimensions O - Show Consteants? | No
@Gemml [=| Divvensions: 2
[ty Horizomtal H1 300 v
[ Vertical ) MmO
@LengﬂvDimme
¢ Radius
eDia.matr
£ hngle . .
i Serni- Antomatic 17 From Dimension
if
& Edit toolbox, select Horizontal.
gane
[ Animate
'R Display
o
”S“"_“‘ [5] Select Move and move the
ettings

Fhetohing | Modeling

(2.1-12[2, 3], page 62). #

dimensions to appropriate positions

Section 2.2 Triangular Plate

[4] In Details View, type

300 (mm) and 200 (mm) for

the dimensions just created.
Click Zoom to Fit
(2.2-5[2], last page).

-

2.2-7 Draw an Arc

[3] Click the vertex on the left
and the vertical axis, and then
move the mouse downward to
create this dimension. All the
segments turn blue, indicating
they are well defined now.
(The value 200 will be typed in

[2] Click the vertex on the
left and the vertical line on
the right (before clicking,
make sure the cursor
indicates that the point or
edge has been "snapped"),

step [4].) and then move the mouse
Sketching Toolboxes \_ J downward to create this
Dmv O dimension. (The value 300
", Line [3] Click the second point . L will be typed in step [4].) )
o] gl roughly here. Before clicking, e
) g“;eh‘;f e make sure a € (coincident) i
i} . P - . .
2 Pnligm constraint appears. [2] Click this
1| Rectangle r vertex as the arc
¢ “Rectangle by 3 Points : center. Before
@0l ., Nd clicking, make sure
() Circle . a P (point)
. H .
LACinle by Tongents // P constraint appears.
= Arc by Tangent - : 7—7,____6
¢ iro by 3 Points 7 :
[42n Arc by Center B{essrsnssannsssnnasninessnnessrnsannssrnsannne B,
13 Ellipse \\\
Spline T H . .
e et ot ~ : [4] Click the third
4 Constrotion Pointat Intrsectf [ ] From Draw . |I>.o:(r}t herei( Before
: toolbox, select . clicking, make sure a
Modify Arc by Center - i C (coincident)
Dimensions i constraint appears. #
Constraints \
Settings : \*
200 I
Shetohing [ Modeling | ~
e —) PR J
200 ‘
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Section 2.2 Triangular Plate

2.2-8 Replicate the Arc

T

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

Draw [1] From Modify toolbox,
Modify O select Replicate. Type 120 ,
—Filet (degrees) for r (rotate). //
¥~ Chamfer Replicate is equivalent to -
| Comes Copy+Paste (2.1-6[2, 5], //i}/ [3] Right-click-select
 Trim pages 58, 59) A End/Set Paste
T Extend \‘\ H dl
3 splt i andle.
£ Dmg ~ AN
4 Cut (Ctrt X // O
Bx Copy (Ctit C) -~ Clear Selectio
[, Paste (Ctrkt ¥) . p—— ar Selection i
.= Move . ik =
o Replicale 1=[120" ) 1-]Z [2] Select G e S
Duplicate the arc. End { Use Default Paste Handle
=l - | selestion Fiter v
> Spline Edit ™~
- ) Tsometric Visw
Dimensions = I 20 Set
5 - — \ =0
onstramnts s
Setings — ~ ®| [8] Selection
Slefohing [Moteling] - J Filter also can be
r =0.ono set from the context
] menu.
x elete
-/ Generate (F5)

Rotate by -r
Flip Horizontal
Ll Ve 2 [5, 9] Right-click-select
Scale by factor f Rotate by r from the
Scale by factor 14 context menu. : 4
Paste at Plane Origin :
S [7] Whenever you have
End difficulty making P appear,
—— N click Selection Filter:
Points in the toolbar.
D 1w [6] Click this vertex to Selection Filter also
15 Sot h " Before can be set from the
paste the arc text menu, (see [8])
3" Res  clicking, make sure a P con ' '

@) Zo appears. If you have
difficulty making P appear,

c see [7,8].
Vie
0 Look At N

-/ Generate (F5) o

200 i .

=00 J,
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200

=00

[10] Select this vertex
to paste the arc.
Before clicking, make
sure a P appears.

We chose to manually set the paste handle at a vertex [4] because we want to
demonstrate the use of Set Paste Handle [3]. Actually, in this case, select Use
Plane Origin as Handle, Rotate by r, and then Paste at Plane Origin

may be more convenient (see 2.1-6, pages 58, 59).

2.2-9 Trim Away Unwanted Segments

-

Sketching Toolboxes

[2] Turn on Ignore
Drawr Axis (2.1-8[2], page 60).

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

o Replicats
Duplicate

=, Offset

E) Spline Edit

[I] From Modify
toolbox, select
Trim.

Dimensions v

Constraints
Settings

Sketehing | Modeling |

| —

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

Section 2.2 Triangular Plate

Rotate by r

Rotate by -r

Flip Horizontal

Flip Vertical

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

Selection Fil!/ z 4

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

context menu to end Replicate

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

View »
7 Look it

-/ Generate (F5)

B ——

200

00 : ,

70



Section 2.2 Triangular Plate

2.2-10 Impose Constraints

Sketching Toolboxes

Draw

Modify

Dimensions

Constraints O —

77 Fixed

> Horizontal
4| Vertical

~¢ Perpendicular
N Tangent

[4] Select Symmetry]

4 Coincident

== Mid point

s Symmetry

# Parallel
Concentric

A, Equal Radivs
|,Q/*='Equal Length
p‘.!(iElIUﬂl Distance
oM Auto Constraints

[1] From

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

[5] Select the
horizontal axis as
the line of

symmetry.

[3] Select this segment

and the vertical segment

to make their lengths
equal.

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

symmetric. #

Constraints
toolbox, select
Equal Length.

Settings

Sketohing | Modeling |

200 J

—

Constraint Status

—

The three straight lines turn blue, indicating they are well-defined, while the three arcs remain greenish-blue, indicating
they are not well-defined yet (under-constrained). Other color codes are: black for fixed; red for over-constrained; gray

for inconsistency.

2.2-11 Specify Dimension for Side Edges

[=]| Details of Sketchl
Sketch Sketchl
Sketching Toolboxes Sketch Visibality Show Shetch
Draw Show Constyaints? Ho
Modify [=|| Dirvnensions: 3
Di . Hi 300 vm
LMETIEI00E —
|@Gemm] '\\ H2 200 v
1 Horizontal v ML)
[ Vertical A i
&~ LengthDistance [I] Select Dimension ER/’ AN |
(< Radivs toolbox and leave \ N
) Diameter General as default. \ N [3] Type 40 (mm)
Angle \ P
? Semi-Automatic for the new
AI i T NS  YR— dimension. #
& Edit
HMove ] : -
[ Animate fJ e
'}g! Display / A
o, /
‘\_,ﬁ s
Constraints v o
Settings [2] Click the vertical segment and
move the mouse rightward to create
Sheching [Modeling | this dimension. All the entities turn

200G

to blue now. (The value 40 will be
typed in [3].)
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2.2-12 Create Offset

Section 2.2 Triangular Plate

Sketching Toolboxes

Draw

Modity O |«

[~ Fillet
[ Chamfer

= Comer

- Trm
— Extend g

[2] Sweep-select all the entities
(sweep each segment while
holding your left mouse button
down, see 2.1-7[2], page 59).
Sweep-select is also called paint-
select. (Also see [3].)

~

%

£ Split
[ Dme

& Cut (Ctel+ X)
Copy (Ctlt C)

[ Paste (Ctlt V)

E::l:: MUVE

o Replicate
Duplicate
==, Offset d
" Spline Edit

[I] From Modify
toolbox, select Offset.

Dimensions v

Constraints
Settings

Sketohing | Modeling |

=%
bl

st [, | 10
STe

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

T Single Select

—

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

Clear Selection

slection { Place offset @

Selection Filter 4

) Isometric View
1s0

o Set

Tj‘: Restore Default

Zoomn to Fit (F7)

Cursor Mode 4
Tiew 3
09 Look At

X Delete
-/ Generste (F5)

200

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

[5] Click roughly
here to place the
offset.

Clear Selection

Selection Filter 4

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

Zoom to Fit (F7)

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

-/ Generate (F5)

—
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Section 2.2 Triangular Plate

= Details of Sketchl
Sketch [ketohi
Sketch Visibility | Show Sketch
Show Constaints? | No

= Dimensions: 4
40 H 300 o
H2 200 i

o .. H4 [30 wim o)
. i V3 40 vrin

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

Dimension
toolbox, select
Horizontal.

Consteint |z [10] If you see something
Seftings like this, never mind; it
Sketching | Modeling | doesn't matter. #
— [8] Create this dimension by

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

2.2-13 Create Fillets

[2] Click these two segments to
e create a fillet. Repeat this step to
[1] In Modify toolbox create the other two fillets. The
’ fillets are in greenish-blue color,
indicating they are only weakly
defined (see [3]).

select Fillet. Type 10 (mm)
for Radius.

ung Toolboxes

Draw
Modify

o -
[ Fillet Radms: [10 mm K

¢ Chamfer
~; Cormer

= Trim. H

TEx‘tend .............. B e S P TTTTT T TP PrreT .
{5 Splt [3] Dimensions

] Drag specified in a toolbox

¥, Cut (Ctle ) "eak" X
By Copy (Gt ) are "weak", meaning

(8 Paste (Ctrlt V) they may be overridden
«F Move by other constraints or

g e 1 .
gephhcca: dimensions.
[0 Duplica
=, Offset

5 Spline Edit

Dimensions -
Constraints
Settings
Shetohing | Modeling | =

I ——

300
300
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Section 2.2 Triangular Plate

a

ketching Toolhoxes

Drasw [5] Click one of the fillets to
Modify create this dimension. This
Dimeasons O | ~ turns a "weak" dimension to a
& Genenl N "strong" one. All the fillets are
e Horizontal blue now. #
[ Vertical
& LengthDistance
[¢< Radius
eDiameter
A dngls
7 Semi-Automatic
£ Edit e 3
ng ]:4] Fror.n
[ Animate Dimension
1881 Display toolbox, select
Radius.

Congstradnts | -
Settings 3G
Sketohing

300

Plane to turn off the
isplay of sketchlng plane.

2.2-14 Extrude to Create 3D Solid [ [5] Click Display
d

[2] Click Extrude.
=10/

Fx]p Create t Tools Units View Help

[ : S~
JJEIEIJ/,& | Dumc Gruto []seect [¥ Ty~ | [ (@) PR Lo Lo e ““*i*@f&@ﬂﬂ”“tﬁ\*ﬂ?l_\'a
|- 0-f A £ A e A F N\ [ ) %

JW( - 3| Skewut - ﬁ‘ (/G:mnh)_@l:"i [4] Click n

|
.
J

{nﬁmde\ﬁnevowe Giver $iinlon | \EDaphte: ©H Generate. [@rm §|comersn

eEdmw/ﬁaLmymBGD Lol BOD | S Fovkah o/ Blde o S5k Meoints Y booFluilZone  f SectorCut | Thavathres | ) rsferm

c:(ﬁli\ M "ﬂ‘.@

B ‘,9 A: Geometry

=y EVPlane
o Skechl

b ZXPlane

b YZPlane

= M Extrudel
9 Sketehd
(=, @ 1 Part, 1 Body

iy 6 Solid

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

[7] Click all plus

signs (+) to expand
and study Tree

Outline. #

Sketching  Modeling I

:
= Details of Fxtrudel

Extrude Extrudel

Geometry Sketchl

Opertion hdd Material
Dizection Veotor None (armal)
Diwection Nowrral

Ectent Type Fud

FDI, Depth 0} | 10 mm Q J\

s ThindSwface? No

Megge Topology? | Yes Z X
BT ~

[Fmes i [31Type 10 (mm) for Depth. -
[ @ Ready Note that Sketchl is the Selection [Millime®r Degre 0 [0,

default Geometry.
T —
. /
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Section 2.2 Triangular Plate

2.2-15 Save the Project and Exit Workbench

[2] Pull-down-select File/Close
DesignModeler.
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Section 2.3

More Details

2.3-1 DesignModeler GUI

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

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

[17 Pull-down menus
and toolbars.

[4] Sketching
Toolboxes, in
Sketching mode.

DiA: Geometry - DesignModeler \/

K ¢ Help

[3] Tree st [y - | RREE - W e[S QQEER O | W

! outline,in |**
- ﬁl‘ -/ Generate  GFShal

[5] Graphics

Modeling mode. i -
1 g b SkinLoft ‘ B ThinSurface  q window. | @Toint B)Conversion
BladeEdiior: gglm| ABGD {EjLosd BGD | S, FlowPath 7 Elade o Spliter -V FpoTt - ExportPoints  MOStageFlnidZone o SectorC
- o - i . E o) *, Line
: G | Greohics N | & Toentlie
=8 A: Geometry 6 Line by 2 Tangents
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= TZPlane T Rectangle
=, [ Extrudel .
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B Solid (=) Circle
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oo v V7 [8] Separators e A by Tongent
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= Geometry Selection: 1 Constraints
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76

—



Section 2.3 More Details

Model Tree

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

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

2.3-2 Sketching Planes

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

: 1
[1] Currently |A: Geometry - DesignModeler [2]1To creatg a = Foreeropry .
active plane. [ie Create Concept Tools View | NEW plane, click Tl )
HE @ New Plane. [3] There are

Biase Flane several ways of
AP A A 4

L ~ Teansform 1 (RMB) creating a new
Sketehl v & Reverse Nomel/Z-Auds? plane. #
Flip ZY-fixes?

Expout Cocudinate Systern? | Mo

2.3-3 Sketches

A sketch consists of points and edges; edges may be straight lines or curves. Dimensions and constraints may be imposed
on points and edges. As mentioned (2.3-2), multiple sketches may be created on a plane. To create a new sketch on a
plane on which there are yet no sketches, you simply switch to Sketching mode and draw any geometric entities on it.
Later, if you want to add a new sketch on that plane, you have to click New Sketch [I]. Exactly one plane and one
sketch is active at a time [2-5]; newly created points and edges are added to the active sketch, and newly created
sketches are added to the active plane. In this chapter, we almost exclusively work with a single sketch; the only
exception is Section 2.6, in which a second sketch is used (2.6-4[1, 2], page 101). When a new sketch is created, it
becomes the active sketch. More on creating sketches will be discussed in Chapter 4.

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

When you switch to Sketching mode by clicking the mode tab (2.3-1[2], page 76), you see Sketching Toolboxes
(2.3-1[4], page 76). There are five Sketching Toolboxes: Draw, Modify, Dimensions, Constraints, and
Settings [1-5]. Most of the tools in the toolboxes are self-explained. The best way to learn these tools is to try them
out individually. During the tryout, whenever you want to clean up the graphics window, pull-down-select File/Start
Over. These sketching tools will be explained, starting from 2.3-6 (pages 79) up to the end of this section.

Before we discuss these sketching tools, let's emphasize some tips relevant to sketching.

Pan, Zoom, and Box Zoom

Besides Pan tool (2.2-5[3], page 67), a sketch can be panned by dragging your mouse while holding down both the
control key and the middle mouse button (2.1-7[6], page 59). Besides Zoom tool (2.2-5[5], page 67) a sketch can be
zoomed in/out by simply rolling forward/backward your mouse wheel (2.1-7[5], page 59); the cursor position is the
"zoom center." Besides Box Zoom tool (2.2-5[4], page 67), box zoom can also be done by dragging a rectangle in the
graphics window using the right mouse button (2.1-7[4], page 59). When you get used to these mouse shortcut, you
usually don't need Pan, Zoom, and Box Zoom tools any more.

Context Menu

While most of 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 available in the context menu.

Status Bar

The status bar (2.3-1[7], page 76) contains instructions on each operations. Look at the instruction whenever helpful.
When a draw tool is in use, the coordinates of your mouse pointer are shown in the status bar.

[I] Draw [2] Modify toolbox.
toolbox. [3] Dimensions
- d\:{ | toolbox. [4] Constraints
ooy
Diraw i v toolbox.

", Line ¢ Chamfer e 1
# Tangent Line =} Comer | .
« Line by 2 Tangents + Trim [ General Constrsints ’
A Polyline T Ext.and = Hungonlal -
‘w3 Polygon {7 Spht 3[ Vertical — Horizontal
| Rectangle ) Dre e B 4| Vertical [5] Settings
= , § Cut (Ctilt X (< Redius _ oo 11
¢ “Rectangle by 3 Points &z Copy (Ctl+ C) —— ¢ Perpendicular oolbox.
&7 Oval R, Paste (Cizke V) ©Diameter o Tangent
(& Circle .= Move él Ang].be ) 4 Coincident I \/
£ACixcle by 3 Tangents = Replicate ¥ Somi-Auiomatic - Midpoint _
—*, Arc by Tangent Duplicate & Edit A Symmetoy - Settings
¢ Arc by 3 Points =, Offset [ Move / Baxallel Gad
ga Arc by Center > Spline Edit H Amm (@) Concentric o Mf‘lm Grid SPacmg_
s Ellipse Dimensions | ‘B9 Dplay % Equal Radius &3 Minor-Steps per Major

; 1 55 Snaps per Minor
> Spling = Equal Length
# Constuction Point — ggiEqua.l Distance
4t Construction Point at Intersection N Auto Constraints —T
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2.3-5 Auto ConstraintsRefs |.2]

By default, DesignModeler is in Auto Constraints mode, both globally and
locally (see 2.1-4[14], page 57). DesignModeler attempts to detect the user's
intentions and try to automatically impose constraints on sketching entities.
The following cursor symbols indicate the kind of constraints that are applied:

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

| -The cursor is a perpendicular foot.

H -The line is horizontal.

V  -The line is vertical.

/I -The line is parallel to another line.

R -The radius is equal to another radius.

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

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

2.3-6 Draw Tools[R¢f31 1]

Line

Draws a line by two clicks.

Tangent Line

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

Line by 2 Tangents

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

Polyline

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

Polygon

Draws a regular polygon. The first click defines the center and the second
click defines the radius of the circumscribing circle.
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Constraints
7 Fixed
— Horizontsl
4| Vertical
~¢ Perpendicular
2 Tangent
e Coincident
== Mid point
S ety
4 Parallel
Concentric
x Equal Radius
> Equal Length
«ZxEqual Distance

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

——

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

globally and locally. You
can turn them off
whenever they become
annoying. #

[I] Draw
toolbox.

V

Draw

*., Line
é,' Tangent Ling
6 Line by 2 Tangents
J, Polyline
(=aPolygon
T Rectangle
s Rectangle by 3 Points
‘{y Oreal
(=) Circle
fi‘j Circle by 3 Tangents
— Arc by Tangent
¢~ Are by 3 Points
am e by Center
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Rectangle by 3 Points

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

Oval

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

Circle

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

Circle by 3 Tangents

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

Arc by Tangent

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

Arc by 3 Points

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

Arc by Center

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

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

Spline

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

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

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

Construction Point at Intersection

Select two edges, a construction point will be created at the
intersection.
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[2] A polyline must be
completed by choosing either
Open End or Closed End

from the context menu.

Y

Open End
Closed End

Back
Selection Filter 4

) Lsometric View

IS0

o Set
3% Restore Default

i

@) Zoom to Fit (F7)

Cursor Mode >
View 4
19 Look At

-/ Generate (F5)

2 OpenEnd

2> Open End with Fit Points

2 Open End with Control Points

2 Open End with Fit and Control Points
¢ Closed End

¢ Closed End with Fit Points

)

J

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

How to delete edges?

To delete edges, select them and choose
Delete or Cut from the context menu.
Multiple selection methods (e.g., control-
selection or sweep-selection) can be used
to select edges. To clean up the graphics
window entirely, pull-down-select File/
Start Over. A general way of deleting any
sketching entities (edges, dimensions, or
constraints) is to right-click the entity in
Details View and issue Delete. See
2.3-8[6] (page 84) and 2.3-9[3, 4] (page 85).

How to abort a tool?
Simply press ESC.
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2.3-7 Modify ToolsRef 4[]

Fillet

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

Chamfer

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

Corner

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

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

Extend

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

Split

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

Drag

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

Copy

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

[] Drag

¥ Cut
Copy
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o Move
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Duplicate
=, Offset
j) Spline Edit

[2] Radii of fillets can be
suggested ("weak"

dimensions).
Modify
[ Fillet Radivs: [25 mm
{ Chamfer
~} Comer
- Trim

[3] Options of
Split in the
context menu.

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

[4] Options of
Copy in the
context menu.

Clear Selection v

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




Cut

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

Paste

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

Move

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

Replicate

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

Duplicate

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

Offset

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

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

2.3-8 Dimensions ToolsRe 31 1]

General

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

3].
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[5] Options of
Paste in the
context menu.

/

Rotate by r Degrees
Rotate by -r Degrees
Flip Horizontal

Flip Vertical

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

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

|

Select New Spline

Re-fit Spline

Create Missing Fit Points
Delete New Fit Points

Create Mising Control Points

Dirag Fit Point
Drag Control Point

Insert Fit Point
Delete Fit Point

T —

[I] Dimension
toolbox.

\/

Dimensions

|@Gemml

e+ Horizontal

[ Vertical
‘.P;ALengWDistame
{< Radivs
pDinmeter

A ngle
-fISenﬁ—.ﬁ.utnmaﬁc
& Edit

[ Move

[ Animate
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Horizontal

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

Vertical

Similar to Horizontal.

Length/Distance

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

Radius

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

Diameter

Select a circle or arc to specify a diameter dimension.

Angle

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

Semi-Automatic

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

Edit

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

Move

Click a dimension and move it to a new position.

Animate

Click a dimension to show the animated effects.

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

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

\/

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

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

|

f(_\ Radivs
{ e Diameter
Select Padr

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

correct angle is selected.

V

I Alternate Angle I
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Edit Name/Value

Dimensions
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A gl
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&, Edit
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%8 Display Name: [ Value: v

[5] In this book, we
always display
dimension values.




How to delete dimensions?

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

2.3-9 Constraints ToolsRe 61 [[]

Fixed

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

Horizontal

Applies on a line to make it horizontal.

Vertical

Applies on a line to make it vertical.

Perpendicular

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

Tangent

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

Coincident

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

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

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

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

Symmetry

Select a line or an axis, as the line of symmetry, and then select two
entities to make them symmetric about the line of symmetry.
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[7] You can delete
all dimensions by
right-clicking
Dimensions. #

H1 300 mm

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

[I] Constraints
toolbox.

|

Constradnts

7 Fixed
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4| Vertical
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o\ Tangent
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o Symmetey
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[2] If Fix Endpoints
is selected, the edge will
be fully constrained.
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Constraints
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Parallel

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

Concentric

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

Equal Radius

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

Equal Length

Applies on two lines to make their lengths equal.

Equal Distance

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

one point and one line.

Auto Constraints

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

How to delete constraints?

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

Devis View

- Details of Sketchl
Sketch
Sketch Visibility

[3] Select Yes for
Show Constraints?

Sketohl in Details View.

Show Bketch

Show Constiaints?

-|| Dirnensions: 5
Hi
H2
H4

RS
W3

=|| Bdges: 12
-|| Line La?
Verteal

Comeident

Coincident
Equal Length
Equel Length

Coimeident: Bass Foint
Coincident: .End Point

'/'ff Generate

Aegs Line Vicds
Paint Cr10.Centex

Paint Cy12 Base

= [4] Right-click a constraint
Paint Cr10.End

and issue Delete. #
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2.3-10 Settings ToolsRef 71 1]

Settings
Grid el .
N 5 Mojor Gzid Spacing [1] Seltt:)tlngs
inor- i toolbox.
Allows you to turn on/off grid visibility and snap by Minor-Steps per Major

55 Snaps per Minor

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

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

Show in 2D is turned on.

| Fom Show 2D [ Swp. [ |

Minor-Steps per Major

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

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

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

Snaps per Minor

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

[5] Major Grid
Spacing = 10 mm.

e \/ oy Minor-Steps per Major |2

L

40 mm /\ [8] If Spap is turned on,
[7] Minor=-Steps specify Shaps per
per Major = 2. Minor here. #
/*’_’_’__H?—‘ — 1 ] . | \/
|5 Snaps per Minor 1
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Section 24

M20x2.5 Threaded Bolt

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

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

used for a static structural simulation.

[3] Major
diameter
d=20 mm.

[6] Calculation
of detail sizes. #

[2] Metric
system.

[4] Pitch
p=12.5mm.

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

H

[5] Thread
| d standards in
metric system.

275

IIxp

Internal
threads
(nut)

[1]1 The threaded
bolt created in this

. Minor diameter of internal thread d
exercise. !

Major diameter d
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2.4-2 Draw a Horizontal Line

Launch Workbench and create a Geometry
System. Save the project as Threads. Start up
DesignModeler. Select Millimeter as length unit.
Make sure Auto Constraints are turned on
(2.1-4[14], page 57).

Draw a horizontal line on XYPlane. Specify
the dimensions (8.647 mm, 32 mm) as shown [1].

2.4-3 Draw a Polyline

Section 2.4 M20x2.5 Threaded Bolt

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

Draw a polyline (totally 3 segments) and specify dimensions (0.541,2.165,2.165,0.9375, 1.25,and 1.25 mm) as shown

[1-2].

054 ————=—~=

[1]This is the line ™ a

drawn in 2.4-2[I]. ~
/ ’ 1.5
T -

e
ﬂf;_\

o |

T

3 segments. #

[2] Draw a polyline o1j
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Section 2.4 M20x2.5 Threaded Bolt

2.4-4 Draw Fillets 8647

Draw a vertical line and specify dimension
[1]. Create a fillet and specify dimension 0.544
[2,3].

[I] Draw a
vertical line and
specify dimension
(0.3125 mm).

E a4
Modify /\L R 771/
[ Fillet Radius: w - e 195

/] 0825 o :
LN
[3] Before creating fillets, T "
specify an approximate ™ )
radius value, say 0.5 mm. # [2] Create a fillet (also S
see [3]) and specify e

dimension (0.625 mm). )

2.4-5 Trim Away Unwanted Segments

. B4 F
[1] The sketch
2165 after trimming. # } FB4T
2.165
0.541
0.541—= =— 0.9375
8 - :
. I —F
. 0.9375 0.3125 L L
_ ™. B 1.25
I £
0.3125 r/’"r /_.:E
o .95 g
= L [I] Set Paste g
0Es : {” Handle at this E
0 \\j point (also see [2]). ;j
: R
¥
. . B
2.4-6 Replicate 10 Times 3
4
Select all segments except the horizontal line (totally 4 segments), E/’E
and replicate 10 times. Set the Paste Handle as shown [I]. 3
You may need to use Selection Filter: Points [2] (2.2-8[7, 8], g
page 69). P
| =
P
£
[2] Selection
Filter: Points. # E E . ‘
............. .........................P—.........................
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2.4-7 Complete the Sketch

Section 2.4 M20x2.5 Threaded Bolt

2647
Follow steps [1-5] to complete the sketch. 2165
0547 —e f=— 09575
; | a
! 8647 <
5547 ® 3
2.165 o ~
0.3125 o E .
0,541 —] [ 09375 ~
: : _
—F —
0.625 E/-' - [3] Click (or Sweep-select,
5 see 2.2-12[2], page 72) these
- 20 segments. They turn to
E-\‘ black collor; meaning they
E./-E are fixed in the space.
s |
(ﬁiﬂ |
32 b
4 [4] Draw this
B vertical line.
E.
P
i E_‘\_E [1] Create this h
‘\ g segment, using
\ ~§ Replicate.
b [5] Draw this
vertical line.
............. @ rreererrnrnneeneneee s e s s sarensnsas s s T R,

Modify
Dimensions
Constraints | ]
777 Foed FRERTEE(A
= Horizontal
4] Vertical
+ Perpendicular
o Tangent
7 Coincident [2] Select Fixed from
o Constraints toolbox,
“poymmety and turn on Fix
4 Paralle] C
@ Concentric Endpoints.
- Equal Redius
Settings LI
1
Shetohing | Modeling |

[6] Draw this
horizontal line. #

Why Fix the Entities?

Up to step [I], many entities are still not fixed, shown in greenish-
blue. Positions of these unfixed entities may be changed due to
later dimensioning or constraining. In this case, I've tried without
steps [2, 3] and the sketch become "open," which would not be
revolved successfully in the next step (next page).
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Book Title. M20x2.5 Threaded Bolt

2.4-8 Revolve to Create 3D Solid

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

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

$ Eevolve

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.
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Section 2.5

Spur Gears

Subsections 2.5-1 and 2.5-2 detail the geometry of the spur gears used in this section. If you are not interested in these
geometric details for now, you may skip them and jump directly to 2.5-3 (page 94).

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

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

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

[11The driving
gear, rotating

—~ [8] Line of action (common

clockwise. L = normal of contacting gears).
s ( - The pressure angle o = 20°.
[2] The driven gear, PP ¢ ~_
rotating counter- . @
° cllocgkv:/:;ge. " S [4] Pidtc.h.circle of the
/ /—- / riving gear.
[3] Pitch circle , | [6] Contact point ) 4
rp=2.5in. 17 (pitch point). [5] Line of centers. | [7] Common tangent of
- the pitch circles.

[9] Addendum
ra=2.75in.

[1'17 The shaft has a
radius of 1.25 in.

[10] Dedendum

rd =2.2in. [12] Al fillets has a

radius of 0.1 in. #
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Section 2.5 Spur Gears

2.5-2 About Involute CurvesfRefs |-2]

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

Given the gear's pitch radius r, and pressure angle o, we can calculated the coordinates of each point on the involute
curve. For example, let's calculate the polar coordinates (r,0) of an arbitrary point A [3] on the involute curve. Note

that BA and CP are tangent lines of the base circle, and F is a foot of perpendicular.

[4] Contact point P
(pitch point).

pran | | Lol
Since APF is an involute curve and arbitrary
BCDEF is the base circle, by the definition Pﬂ':jotl):t:he A
of involute curve, curve.

—

[5] Line of
action.
o

BA = BCDEF (1) 5
CP = CDEF 2
In AOCP; D E GIF [6] Common
_ o 3 tangent of
f, =1, cos @) ¢ rlln pitch circles.
In AOBA, AN
r
r=—o (4) B \ «
Or, cosg " [7] Line of centers; the length
OP is the pitch radius rp. #
¢ = cos L (5) () 0 P P
r
[2] Base circle.
0]

To calculate 0, we notice that

—_— —

DE = BCDEF — BCD — EF
Dividing the equation with r. and using Eq. (1),

-~
-~
o3
-~

If radian is used, then the above equation can be written as
0= (tan(b)—qb—eI

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

CP CDEF
—= ,ortan(x:a+0|,or
rb rb

0, = (tanax) - o

?)

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

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

X =—rsinf, y =rcosf
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Section 2.5 Spur Gears

Numerical Calculations of Coordinates

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

r. =2.5co0s20° = 2.349232 in

0

20
6, = tan20° - I 7 =0.01490438 (rad)

The table below lists the calculated coordinates. The values in the first column (r) are chosen such that, except the pitch
point (r = 2.5 in), the intermediate points are at the quarter points betweenr (r =2.349232 in) andr, (r = 2.75 in). Also

note that, when using Eqs. (6) and (7), radian is used as the unit of angles; in the table below, however, we translated the
unit to degrees.

r ¢ 6 X =—rsinf 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 2.4494
2.500000 20.000000 0.000000 0.00000 2.5000
2.549616 22.867481 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

Re-fit Spline

[2] Re-fit spline. #

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

Launch Workbench. Create a Geometry system. Save the
project as Gear. Start up DesignModeler. Select Inch as
length unit. Make sure Auto Constraints are turned on
(2.1-4[14], page 57). Start to draw sketch on the XYPlane.

Using Construction Point tool, draw 6 points and
specify dimensions as shown (the vertical dimensions are .
down to the X-axis). If the pitch point [1] is not blue-colored, ”
impose a Coincident constraint between the pitch point
and the Y-axis.

[1] Pitch point.

e — e

Connect these six points using Spline tool, leave :
Flexible option on, and finish the spline with Open End. H 4

It is equally good that you draw the spline Y
by using Spline tool directly without El
creating construction points first. Select
Open End with Fit Points from the
context menu at the end of Spline tool.
After dimensioning each points, use Spline

26439

2.5495

0.12905 = =

0065875

0.01971 :
Edit tool to edit the spline and select Re- A
. . —ni (=0 01655
fit Spline [2] from the context menu to i
smooth out the spline. —of e 003501
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Section 2.5 Spur Gears

2.5-4 Draw Circles [3] Let the addendum circle
"snap" to the outermost
construction point. #

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

[2] Dedendum

circle. ~ i B1.25 / . ';’/
i S / R2.2
\\\\ /_// /_/;
[1] The shaft o e ‘
circle. . e S
2.5-5 Complete the Tooth Profile
Draw a line from the lowest construction point to —_— —
the dedendum circle, and make it perpendicular to
the dedendum circle [I-3]. When drawing the h
line, avoid a V auto-constraint, (since this line is
NOT vertical). Draw a fillet [4] of radius 0.1 in to
complete the profile of a tooth. "'h:.
[1]The lowest ."‘fi'
Sometimes, turning off Display Plane may be construction point.
helpful to clear up the graphics window [5]. In b‘.
this case, all the dimensions referring the plane \ .
axes disappear. '| [4] This fillet
[3] This straight line is has a I‘a('jIUS of
perpendicular to the 0.1in.
dedendum circle.
¢ D
— A e
[5] Turn off Display

Plane to clear up the [2] The

graphics window. # dedendum circle.
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Section 2.5 Spur Gears

2.5-6 Replicate the Profile

Activate Replicate tool, type 9 (degrees)

for r. Select the profile (totally 3 segments), e
End/Use Plane Origin as Handle, — _
Flip Horizontal, Rotate by r degrees, / 'y [2] Pitch

point. #

and Paste at Plane Origin [I]. End /
Replicate tool by pressing ESC. [1] Replicated

Note that the gear has 20 teeth, each profile.
spaning |8 degrees. The angle between the / B
two pitch points [2] on the left and the right .
profiles is 9 degrees.

,’Wé;;,_/;rff) -
2.5-7 Replicate the Tooth 19 Times
Activate Replicate tool again,
type 18 (degrees) for r. Select e —
both left and right profiles (totally Py ‘;‘” v T
6 segments), End/Use Plane g N L W 2 N
P | R I, ’ N
Origin as Handle, Rotate by AT, j;_,f’ R N
r degrees, and Paste at Plane SN 7 “\id,-f’“ "
Origin. Repeat the last two steps Lo VAN
. . y “‘b_f Y,
(rotate and paste) until completing VAN 7 S \T.:” \
a full circle (totally 20 teeth). [ m/ o Ny “ﬂfﬁ’"__%h
L LA
S \
\ / / 7
\l"\ b= \\‘ e ﬁf - _f
N . “ ?
ﬁl\h____’ JAN o — ,»”/ R 25 /Lh"'x, rj
\ A T JARN AY;
NN Lo N
S/ A —
h Fw;\, SRS Re2
e ; S A y
AN P ~"k .
e — _ -t | /ﬂf
“Jl\‘ﬁ:; rE % ‘I\ ,-"I/‘
1\"%\ \ H":‘ \ ! ~E,-é" -
T N
-
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Section 2.5 Spur Gears

2.5-8 Trim Away Unwanted Segments .

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

2.5-9 Extrude to Create 3D Solid

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

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

References

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 MicrogripperRef I.2]

The microgripper is made of PDMS (polydimethylsiloxane, see |.1-1[5], page 8), actuated by a shape memory alloy (SMA)
actuator [I-3], its motion caused by temperature change, the temperature in turn controlled by electric current. In the

lab, the microgripper is tested by gripping a glass bead of a diameter of 30 micrometer [4].
In this section, we will create a solid model for the microgripper. The model will be used for simulation in Section
13.3 to assess the gripping forces on the glass bead under the actuation of the SMA actuator.

92

D30 H*— 32

[Id]ir(é;crzltli)grlrng e S \ | [2] Actuation
] A BRG &g direction.

Unit: um
Thickness: 300 um ~
~
[3] SMA
actuator.
o
Ak
- _
©
o
=)
<
>
-
[4] Glass
bead.

480

| | P——
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Section 2.6 Microgripper

2.6-2 Create Half of the Model

Launch Workbench.

16

10—t

Create 2 Geometry system.

Save the project as
Microgripper. Start up DesignModeler. Select Micrometer as length
unit. Make sure Auto Constraints are turned on.

Draw a sketch on XYPlane [I]. Trim away unwanted segments [2].
Note that we drew half of the model, due to the symmetry. Extrude the
sketch 150 um both sides symmetrically (total depth is 300 um) [3]. We
now have a half of the gripper [4].

3%}

[2] After
trimming.

pamt— )]

i

i‘ﬂ—’rdB—ﬁ-

40

Exttent Type Fixed
FDI, Depth G-0) | 150 [e)
As ThinfSwface? No
Merge Topology? Tes
P ———

[3] Extrude
both sides
symmetrically.
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[

e

[1] Before
trimming.

ba—F—

fatat
oo

1403

[4] A Half of the
microgripper. #



Section 2.6 Microgripper

2.6-3 Mirror Copy the Solid Body

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

Create Concept Tools Units Vi
P Wew Plane

[@ Extrude

* Revolve

s Sweep

§ SkinLoft
B ThinSurface

@ Fixed Radius Blend [2] In the graphics

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

< Vertex Blend
IO
Pattern [=|| Detaals of Micoxl
ﬁ Body Operation I ol
jas?
Body Transformation ,..! Move Foeserve Bodies? | Yes
‘ Boolean D Translate -
_ B Eodies 1
i Slice &l Rotate
Delete | — —
@ FPoint ! [4] In the model tree,
e select YZPlane and
Primitives 4 .
click Apply.
[1] Pull-down-select Create/
—————

Body Transformation/
Mirror.

H ‘.,,? (renerate O

—

[5] Click
Generate. #
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Section 2.6 Microgripper

2.6-4 Create the Bead

[I] Select
XYPlane.

Create a new sketch on XYPlane [I, 2] and draw a
semicircle as shown [3-6]. Revolve the sketch 360° about
the Y-axis to create the glass bead. Note that the two
bodies are treated as two parts [7]. Rename the two
bodies as Gripper and Bead respectively [8].

( H
[3] The semicircle can be + Sketchi
created by creating a full [6] Impose 2 Tangent 2 Sketeh2
circle and then trimming it constraint between the | 34 ZEPlane
using the axis. semicircleandthe | v 3= TZPlane
sloping line. = M Extrude
% Sketch
~——————————~ \¢{ | =< I Mimrorl
[4] Close the sketch by = 88 Revolvel
drawing a vertical line. :

\_

[8] Right-click
to rename the
two bodies. #

[5] Specify the radius
(15 um).

[7]1 The two bodies
are treated as two
parts (see [8]).

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

References

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

Review

2.7-1 Keywords

Choose a letter for each keyword from the list of descriptions

I. () Auto Constraints 8. ( ) Object

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

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

Answers:

(] ) 2(G) 3 (M) 4 (1 ) 5.(D) 6 (B ) 7. (F ) 8 (H)
9. (L) 10.(A) I1.(C) I12(E ) I3.(K)

List of Descriptions

( A') An environment under DesignModeler, its function to draw sketches on a plane.
( B ) An environment under DesignModeler, its function 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, an edge may be a (straight) line or a curve. A curve may be a circle, ellipse, arc, or spline.
( E ) A sketch consists of points and edges. Dimensions and constraints may be imposed on these entities.
( F ) A model tree is the structured representation of a gecometry and displayed on Tree Outline in DesignModeler.

A model tree consists of features and a part branch, in which their order is important. The parts are the only objects
exported to Mechanical.
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Section 2.7 Review

( G) Abranch is an object of a model tree and consists one or more objects under itself.

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

(1 ) The menu that pops up when you right-click your mouse. The contents of the menu depend on what you click.
(] ) 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 Constraints toolbox.

( K) A selection filter filters one type of geometric entities. When a selection filter is turned on/off, the corresponding
type of entities 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) A reference point used in a copy/paste operation. The point is defined during copying and will coincide with a
specified location when pasting.

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

2.7-2 Additional Workbench Exercises

Create Models with Your Own Way

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