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Geometry Cleanup/Repair: Introduction

>

>

Several translation methods available to enable data exchange with
CAD/CAE systems

Direct Integration/CAD Readers

Import of generic CAD formats (IGES, ACIS etc)

Translation can:
Return incomplete, corrupt, or disconnected geometry
Return geometry details unnecessary for CAE analysis

Geometry cleanup refers to processes required to prepare geometry for
meshing

Fix incomplete or corrupt geometry and connect disconnected geometry

Remove unnecessary details (defeaturing)

Decompose geometry into meshable sections

This lecture covers some of the tools available within DM to prepare the
geometry, and examples of where they might be used

2 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Preprocessing Workflow

Geometry Creation
Geometry )
. Meshing Solver
Operations
Geometry Import

4 ) 4 ~7
Sketches and : Meshing
=>‘ 3D Operations Bl id Bley (0B
:>\ Planes ) P ] => Methods 1 s F||_J|'-j Fll._.lllllll II__I._.F--.
— ) 2 @ Geometry <,
- Boolean, Body Hybrld Mesh: T_et,
= 3D Operations Operations, Split s R anide 3 @ Mesh v
J etc
( , ) 4 @ Setup =
Extrude, Revolve, Hexa Domlngnt, — :
Sweep, etc ' \ Sweep meshing 5 &El Soluton =
Geometry \ J
| Cleanup and T pssembly | 6 @ Results =
Repair = Meshing :
Geometry Import . J Fluid Elow
Options e _ ) r
értomatlc Y Global Mesh
eanup .
&:) Direct CAD/Bi- \ / . Settings )
Directional CAD < " c " - N
erge, Connect,
Projection, Flow \:> Local _MeSh
Volume Settings
Extraction, etc
\ \ y Sizing,
Body/Sphere of
Influence, Match
Control, etc
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Geometry Cleanup/Repair: Introduction

e DM provides geometry tools to:
— Analyze
— Repair
— Modify/Simplify

e All these commands are available
under the Tools Menu

* May need to view the model in
wireframe mode to visualize the
defects

* DM also give the ability to color
edges depending on connectivity

| D]'A' Av Av Av Av
N By Body Color Ine
[[] By Connection dogy | [E

I 1 [T] Black L

| e —

4 © 2011 ANSYS, Inc. January 8, 2012

Tools| View Help

Freeze
iy Unfreeze
H Mamed Selection
B Attribute
5 Mid-Surface
Joint
@ Enclosure
P7] Face Split
dl Symmetry
Ed Fill
Surface Extension
Surface Patch
Surface Flip
Solid Extension (Beta
gy Merge
2.0 Connect

g Projection

Repair

Analysis Tools

Form Mew Part
Parameters

Electronics

Addins...
@ Options...

/

[

Bl Repair Edges
Repair Seams

Bl Repair Holes

Il Repair Sharp Angles

Bl Repair Slivers

ol Repair Spikes

B Repair Faces

M Distance Finder
?F Entity Information
Bounding Box

i1 Mass Properties
':Il Fault Detection
':’“}l Srnall Entity Search
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Typical Geometry Issues

Many potential issues
— Missing faces
— Sliver faces
— Hard edges
— Small edges
— Sharp angles
— Others ...

These issues must be fixed to
— Create watertight volume bodies
— Prevent meshing issues

Hard Edges

5 © 2011 ANSYS, Inc. January 8, 2012

Missing faces

Sliver faces

Small edges

Sharp angles
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WSS Analysis Tools

[Tools I‘u"ian.r Help

* Set of features that provide information, & Freee W mEEE S
detect faults in geometry

iy Unfreeze

1 F Mamed Selection

| B Attribute ve Qo Sweep g Skin/Loft [@Th
) Mid-Surface

1 4L Joint

@0 Enclosure

P Face Split

Al Symmetry

K Fil

I Surface Extension
Iy Surface Patch

* Surface Flip
- A;;G_E;;n;w W Solid Extension (Beta)

v ane b

7= ZxPlane ga Merge

,_,;*. YZPlane B8 Connect

/8 I g Projection

Sy .

B Part2 &P Measure Selection | Repair X
» A PartZ Analysis Tools | s

@5 Entity Information Analysis Tools 2™ Distance Finder

':;:' Show &l Faces

Bounding Box »% Form Mew Part @f Entity Information
<} Generate 1T Mass Properties Parameters Bounding Box
{1}, Fault Detection | Electronics , 13 Mass Properties
3, Small Entity Search ':R Fault Detection
Addins... &, Small Entity Search
RMB on the part { %% Options... |

6 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



WWSEH Repair

 Easy search and fix of unwanted geometrical
features or geometric errors

e Can be executed on both frozen and active

bodies

* Repair Types
— Repair Hard Edges
— Repair Edges
— Repair Seams
— Repair Holes
— Repair Sharp Angles
— Repair Slivers
— Repair Spikes
— Repair Faces

7 © 2011 ANSYS, Inc. January 8, 2012

Tools | View Help

T Freeze
{Zy Unfreeze

#1 Mamed Selection

g Attribute

i Mid-Surface
Joint

@ Enclosure

P7] Face Split

Al Symmetry

Ed Fill
Surface Extension
Surface Patch
Surface Flip
Solid Bxtension (Beta

B Merge

Bl Connect

g Projection

Analysis Tools
Form Mew Part

Pararmeters

Electronics

Addins...
o Options...

R Bl Repair Edges
Repair Seams
Bl Repair Holes

Bl Repair Sharp Angles
Bl Repair Slivers
o= Repair Spikes
B Repair Faces

Release 14.0



Repair: Automation

s Edgespitz -
v e Lines
s Linet

. Automatically detects and lists out /2o

@ Projection12

geometrical issues 9 ror

v Linel

(ﬁ BodyOpa

+ Bl Revolvel

o Booleanz

8 Cylinder1

S Chamfer]

<l | 4

Sketching Modeling

Jetails Yiew 1
Details of RepairEdge2 I
Repair RepairEdgeZ
Bodies To Search Yisible Bodies
IMin Edge Length Limit |0m

Max Edge Length Limit | 0,016 m
—Cind Eaults Now? Lo

Edge 1 {(RMB)

Length 0.0016373 m

Repair Method Yertex Connect

Edge 2 {(RMBE)

Length 00016373 m

Repair Mathad Verkex Connect

Edge 3 {(RMB)

Length 0.0029615 m

Repair Method Vertex Connect

Edge 4 {RMB})

Length 0.0029615 m

Repair Method ‘ertex Connect

Edge 5 {(RMB)

Length 0.0034312 m 0.000 2.000 (m)
Repair Methad Wertex Connect [ I
Edge 6 (RMB) 1.000

Length 0,0034312 m

8 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Repair: Automation

v EdgeSplit2 ~
v Lines

v Lined

@ Projectioni1

@ Projection12

+& Paint3

v Linel

‘,{ﬁ BodwOp6

+, G Revoleel
v Booleanz

. Highlights the location of fault in ‘8

<l v
the geometry Sy, vaeing
Details Yiew o
— Zooms into the location, when clicked - vetais o repaireagez d A
. o o Repair RepairEdgez
on the Items In the ||St EBodies To Search Wisible Bodies

Min Edge Length Limit |0 m
Max Edge Length Limit | 0.016 m

Find Faults Mow? Mo
-
Length 0.0016373 m
Repair Method Wertex Connect
-/ Edge 2 {(RMB)
Length 0,0016373 m
Repair Method Wertex Connect
-/ Edge 3 (RMB)
Length 0.0029615 m
Repair Method Wertex Connect
- Edge 4 {RMB)
Length 0.0029615 m
Repair Method Vertex Connect \
-/ Edge 5 {(RMB)
Length 0.0034312 m = |
Repair Mathad Yartax Connect
-/ Edge 6 (RMB) -
Length 0.0034312 m

9 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Repair: Automation

. Proposes fixes to the issues

— Choose a different method to fix, if
needed

Analyze the list

*  Fixissues all at once
— Upon clicking “Generate” -/ Generate

— Can’t be done one after the other

10 © 2011 ANSYS, Inc. January 8, 2012

v EdgeSplit2
v Lines
v Lined
@ Projectioni1
@ Projection12
& Point3
v Linel
‘,{i BodwOp6

+ ‘,@ Revolvel
v Booleanz
8 Cylindert
&% Chamfert
&l RepairEdgez

Sketching  Modeling

Details Yiew

-|| Details of RepairEdge2

Repair RepairEdgez
visible Bodies
Min Edge Length Limit |0 m
Max Edge Length Limit | 0.016 m

Eodies To Search

Find Faults Mow?

Length
Repair Method

s}

0.0016373 m
Wertex Connect

-1|Edge 2 (RMB)
Length 0,001§373 m
Repair Method Wertex\§ onnect
-/ Edge 3 (RMB)
Length 0.002961% m
Repair Method Wertex Corgect
- Edge 4 {RMB)
Length 0.0029615 m
Repair Method Werkex Conne
-/ Edge 5 {(RMB)
Length 0.0034312 m
Repair Mathad Yartax Connect
-/ Edge 6 (RMB)
Length 0.0034312 m

Length

Edge 1 {(RMB)

I Repair Method
Edge 2 (RMB)

00016373 m
Vertex Cannect

Vertex Cannect

Length Edge Delete
Repair Method Face Merge
Edge 3 (RMB) Do nok Repair

0.000

1.500

3.000 (m)
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Repair: Example

Repair Edges

11

A

. "

s )

Small edge in the model

—

|

/

W
e e

Diekails Wi

-| Details of RepairEdge1
Repair RepairEdgel
Bodies To Search Yisible Bodies
Min Edge Length Limit |0 mm
Max Edge Length Limit [ 0,03 mm
Find Faults Mow? i a]

-1|Edge 1 {RMBE)
Length 0,029145 mm
Repair Methiod Edoe Merge
Merging Entity Aukamatic Selection

—

o — a1
atwis

ouzs

.

Details View of Repair Edges \

—

Details Wi

-| Details of RepairEdgez

Repair RepairEdgez
Bodies To Search Yisible Bodies
Min Edge Length Limit | O mm
Mazx Edge Length Limit [0.23 mm
Find Faults Mow? ¥0s]

-||Edge 1 {RMB)
Length 0.023251 mm
Fepair Methad Yerkex Commect

] Small edge removed

—

Small edge in the model

Details View of Repair Edges

- —

Bl

© 2011 ANSYS, Inc.

January 8, 2012

Small edge removed
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Repair: Example

Repair Holes

—|| Details of RepairHole2

Repair RepairHolez
Bodies To Search all Bodies
Iin Hole Size Limik |0 mm
FMazx Hole Size Limit | Unlimited
Find Faults Mow? Mo
—/|Hole 1 (R™B)
Hole Size 21.287 mm
Repair Method Fill Hole
—/|Hole 2 (R™B)
Hole Size 21.287 mm
Fepair Method Fill Hole
—/|Hole 3 {(R™B)
\L’ Hole Size 21.287 mm
_ _ af = Fepair Method Fill Hole
Holes in a solid body Details View of Repair Holes Holes removed

—|| Details of RepairHole3
Repair RepairHol=3

Bodies To Search | Visible Bodies
Min Hole Size Limit |0 mm
Max Hole Size Limit | Unlimited
Find Faulks Mow? | Mo

=I|Hole 1 {RMB)
Hole Size %.6? mm
Repair Method Edge Delete

=I|Hole 2 (RME) surface Patch
Hole .SIZB 54,853 mm EdgE Conneck
Repair Method Edge Delete .

- [Hole 3 (RMB) Do nok Repair

J i Hole Size 176.7 mm y
T — \7/ Repair Method Do naot Repair " T—— \7/
Hole in a surface body Details View of Repair Holes Hole removed

12 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Repair: Example

Repair Hard Edges

Hard edge in the model

Repair Seams

J

B

e

] Small crack in the model \
13 © 2011 ANSYS, Inc. January 8, 2012

—>

Details Yiew

-1 Details of RepairHardEdge1
Repair RepairHardEdge!l
YWisible Bodies
Process Edge Joints | Mo
Find Faults Mow? Mo
-l|Hard Edge 1 {RMB}
Repair Method Edge Delete

Bodies To Search

Details View of
Repair Hard Edges

Al Bodies

Misible Bodies

SElected Bodies

Edge Delete

Details Wiew

-| Details of Repairseam12
Repair Repairseaml:z
Bodies To Search Yisible Bodies
Min Seam Width Lirit |0 mm
Max Seamn wWidth Limit | 3.1 mm
Find Faults Mow? ¥0s]

-l| 5eam 1 (RMB)

Repair Method Bukornatic

Details View of
Repair Seams

Hard edge removed

Small crack removed \
Release 14.0



Repair Slivers

Sharp angle in the
model

&

Sliver face in the model

14

© 2011 ANSYS, Inc.

Repair: Example

Repair Sharp Angles

Details Yiew

-1 Details of RepairsharpAngled
Repairsharpangled
Bodies To Search Wizible Bodies
Min Sharp &ngle Linie (02
Max Sharp Angle Limit |20 @
Find Faults Mow? Mo
-1 Sharp Angle 1 {RMEBE)

Repair

Repair Method

Face Merge

Automatic Selection
1.6623*°

Merging Entiky
angle

|DD nok Repair |

Details View of Repair
Sharp Angles

Details View

—

-| Details of Repairslivert

Repair Repairslivert
Bodies To Search YWisible Bodies
Min Sliver Width Limit |0 mm

Max Sliver Width Limit | 3.5 mm
Find Faults Mow? 0]

=| sliver 1 {RMB}
Width

1,992 mm
Aukornatic

Repair Method

January 8, 2012

Details View of
Repair Slivers

Edge Connect
Face Merge
D nak Repair

Sharp Angle removed

&

Sliver face removed

Release 14.0




WSS Repair: Exa

Repair Spikes

l )

Spike in the model

Repair Faces

- €— |:>

| ~-

mple

Details Yiew

-| Details of Repairspiked
Repair Repairapiked
Bodies To Search Wisible Bodies
Min Spike Widch Limit [0 mm
Maz Spike Width Limit | 6.3 mm
Find Faults Mow? Mo

-/ Spike 1 {RMB)

Repair Method Autoratic

amo 30 By

Details View of
Repair Spikes

Details Yiew

-1| Details of RepairFacel
Repair RepairFacel
Bodies To Search | Wisible Bodies
fin Face Area Limit |1 mm? :>
fax Face Area Limit | 2.3 mm?
Find Faults Mow? Mo
-1|Face 1 {(RMB)

Repair Method Automatic

wubomatic

) asm

B

Small face in the model
15 © 2011 ANSYS, Inc. January 8, 2012

Face Merge
Do nok Repair

Details View of
Repair Faces

Spike removed

Small face removed

Release 14.0



NWAYSHE Face Delete

» Used to remove features such as fillets, chamfers, holes etc., and

Createll:n:nnn:ept Tools  Miew H

= Mew Plane

E' Extrude

$ Revaolve

% SmEEpD

& SkinfLoft
B Thinsurface

@ Fixed Radius Blend
@ variable Radius Blend
=7 Wertex Blend

@ Chamfer

Patkern
Elfﬁ Body Operation

h Boolzan
i slice

B, Face Delete

'E Edge Delete

@ Point

Primitives k

16 © 2011 ANSYS, Inc.

automatically heal the geometry at those locations

» Four Options for Healing: Automatic, Natural, Patch or No healing

Details View

-| Details of FDeletel
Face Delete FDelete1
Faces 0

Natoral Healing
Patch Healing
Mo Healing

Automatic

January 8, 2012

Natural Healing
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Merge

17

Merges a set of edges or faces

Useful to reduce model complexity

Type

— Edge merging
— Face merging

Method

— Manual: user selects the entities to merge

— Automatic: clusters of entities to merge are
automatically selected and highlighted

Details Wiew

-| Details of Merge2

Merge Merge2

Merge Tvpe Edges

Selection Method Manusal

Edges 4

Minirnum Angle [0, 180] | 135 ¢
=| Edges Mot Merged

Edges 4

Tools| View Help

IC) Freeze
iy Unfreeze

# Mamed Selection

| B Attribute
& Mid-Surface

Joint
@& Enclosure
P] Face Split
il Symmetry
Ed Fil
[ Surface Extension
(] Surface Patch

4‘3 Surface Flip

Solid BExtension (Beta)

gy Merge

Details View of Merge

© 2011 ANSYS, Inc. January 8, 2012

Edge Merging
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Face Split

 Allows faces to be broken down by: Tools| View Help
iT1 Freeze

Points and Edges [ Unfreeze

* Combinations of sketch and 3D geometry @ Named Selection

L ti B Attribute
ocations €1 Mid-Surface
77 IR W) :
e “Click” on the surface 4 Joint
& Enclosure
* Do not need to close the loop Face Split
_— )| Details of FaceSplitl -
- Details View a Face Split [Facesplitt
[=l| Details of FaceSplitl [=]| Face Split Group 1 (RMB)
=1/ Details of FaceSplitl Face Split FaceSplitl Face Split Type |By Location
Face Split |Face5p|it|. [=1| Face Split Group 1 (RMB) Lacgst face _ :
=1 Face Split Group 1 (RMB) Face SplitType | By Location c'”“t L"Et'c'""
Face Split Type | By Points and Edges Target Face 1 T::EZ“““""" & By Fraction
Target Face |1 Connect Locations | By Straight '-'”e FDLL,U Parameter2 | 0.78143 L
Tool Geometry |1 EOME APPW Cancel FD12,V Parameter2 | 0.15915 1
Merge Edges Typed By Fraction

© 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Surface Patch

Fills the gaps in surface bodies
 Requires closed loop of edges

 Edges can be from different surface bodies

Tools| View Help

1 Freeze
Iy Unfreeze

31 Mamed Selection

| g Attribute
5 Mid-Surface

 Allows selection of multiple patch operations in a
single go

Dekails Yiew

-| Details of SurfPatchz2
Surface Patch | SurfPatchz
Patch Edges |4
Patch Method | Automatic

Surface Extension
[ Surface Patch

Joint
& Enclosure
F7] Face Split
dlb Symmetry
Ea Fill

Natural Healing

Details View of Surface Patch

Gap filled using
Surface Patch

Model with a
hole

19 © 2011 ANSYS, Inc. January 8, 2012
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WSSl Projection

* Allows projection of points on edges/faces and

edges on faces/bodies

* Options
— Points on edge or face
— Edge on face or body

e Works on both frozen as well as active bodies

-1| Details of Projectionl

Projection Projectionl
Tvpe Edges On Face
Edges 3

Target 1

Direction Yector | Mone {Closest Direction)
Imnprink Yes
Extend Edges | Mo

Tools |View Help

IC) Freeze
iy Unfreeze

# Mamed Selection

| B Attribute

& Mid-Surface
Joint

@& Enclosure

P] Face Split

il Symmetry

Ed Fil

[ Surface Extension

(] Surface Patch

4‘3 Surface Flip
- Solid Extension (Beta)

gy Merge

BH Connect

g Projection

Details View of Projection

20 © 2011 ANSYS, Inc. January 8, 2012
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Projection: Example

Edge on Face

Details of Projectionl

Praojection Projectionl
Type Edges On Face
Edges 1

Target 1

Edge
projected
on face

Direction Yectar

Mone (Closest Direction)

Irnprint

es

Extend Edges

Mo

Type:

Edges

on Face

Details of Projectionl

Projection Projectionl
Type Edges On Face
Edges 1

Target 1

Direction Yectar

Mone (Closest Direckion)

Edge to project

Imprint

es

Extend Edges

es

21 © 2011 ANSYS, Inc. January 8, 2012

Extend Edges:
Yes

Edge
projected on
face with
‘Extend
Edges’ option
YES
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Body Operation: Sew

= Mew Plane

E, Extrude

ﬁ Revolve

% SMEED

4 SkinjLoft
I8 Thinsurface

@ Fixed Radius Blend
@ Variable Radius Blend
=7 Vertex Blend

@ Chamfer

Patkern

Create ICDncept Tools Miew H

* Sews selected surface bodies to form a single surface body where they
have edges common to within a given Tolerance

* Create Solids? option enables surface bodies forming a closed domain to
be converted to solid bodies

Eﬁ Body Operation

.E Boolzan
i slice

&, Face Delete
% Edoe Delete

@ Foirt

Prinnitives

Mirror

Move

Delete
Implry

Translate

Rotate

Slice Material

Cuk Material
Irnprink Faces

22 © 2011 ANSYS, Inc.

Details Yiew
-1 Details of BodyOp1l
Body Operation | Bodyopl

Tvpe Sew
Bodies 7
Create Solids? | Yes
Tolerance Marmal
Merge Bodies | Yes

January 8, 2012
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Fill

e  (Creates internal fluid volume

* Two options

— By Cavity : user must select all wetted surfaces
— By Caps : user must create closing surfaces at inlets

and outlets, and select bodies

Internal fluid volume

Tools [View Help

[T1 Freeze
iy Unfreeze

H) Mamed Selection

| B Attribute

| & Mid-Surface
Joint

& Enclosure

Face Split
7 p

Symmetrny
K Fill

Details Yiew

-|| Details of Fill3

Fill Fill3
Extraction Type | By Cawity
Faces il

extracted using Fill

23 © 2011 ANSYS, Inc. January 8, 2012

Details View of Fill

Dekails Wigw

-|| Details of Fill3
Fill Fill3
Extraction Type Ev Caps
Target Bodies

Preserve Capping Bodies | Mo
Preserve Solids Yes

Cap surface bodies must be selected

Release 14.0



NWSSE Enclosure

Tools | View Help

* Creates enclosure around the bodies B Freeze
— Useful for external aerodynamic analysis {i Unfreeze
— Can be used for extracting internal flow domain 1 Named Selection
) B Attribute
o |nput & Mid-Surface
— All or selected bodies @ Enclosure
— Shape of enclosure
— Extent of enclosure
*  Qutput
— A frozen body around the selected parts with
specified extents
— Internal flow volume as a result of automatic
Boolean subtract ==
* Supports symmetry models %

 Full or partial models can be included in

enclosure Enclosure created for an airplane \

24 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Symmetry

« Defines symmetry for the model Tools| View Help
iT1 Freeze
Tip: The symmetry tool
° i Unfreeze
InpUt can be used as

— All or selected bodies E E::;jt:ﬂmm” visualization tool when
— Up to three symmetry planes @ Mid-Surface discovering the model
| & joirt (then the operation is
° Opera“on @@ Enclosure deleted)
) F#] Face Split
— Symmetry planes slice the model Al Symmetry
*  Qutput
— Sliced model (part lying on the positive side of the axis o aremmmin :
iS retainEd) AN Symrmekry Swrmekry 1l
_ = Mumber of Planes | 2
R Symmetry Flanel | xvPlane
Symmekry Planez | Z2Plane
Maodel Tyvpe Full Madel
Target Bodies &l Bodies
] Details View of Symmetry
\ _a o
3 Note : Faces that are coincident with the
rulE— _ symmetry plane are tagged with a
Using Symmetry \

“‘Symmetry” named selection under AMP

25 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Connect

Allgns and possibly joins a set of [Fools] view Hetp

[C1 Freeze
vertices, edges or faces B Unfreeze

° Properties EEJ :;T:dtﬂelediun
D Attribute

— Location property i Mid-Surface

q q 4L Joint

— T-junction property & Enclosure

Face Split

il Symmetry

R Fill

[ Surface Extension
(5] Surface Patch
-* Surface Flip

B solid Extension (Beta)
gy Merge

B.f Connect

Details Wiew
[=I| Details of Connect2
Conneck Connecks

Connection Type |Yertices

Vertices 2
Vertex ConneCt Tolerance 0.1in
Lacatiar Irterpalated

Merge Bodies Yes

Details View of Connect

26 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



WSS Connect: Example

Edge Connect

Tolerance 0.1 rarmn

(_,_> Location Interpolated

T-Junckion CFf

Location:
Interpolated

Both edges moved to interpolated location

Model with a gap

Tolerance 0.1 mm

\:> Location Preserve First
off

T-Junction

Location:
Preserve First

Second edge moved to first edge location

27 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Mid-Surface

Extract surface body that is midway between —
existing solid body faces

Two Options:

View Help

T Freeze
iy Unfreeze

) Mamed Selection
| B Attribute

ﬁ Mid-Surface

— Manual: Operates only on user specified face pairs

— Automatic: Provides option to search for other matching

face pairs

Details Yiew
—|| »etails of MidSurfl
Mid-Surface
Face Pairs
Selection Method
FO1, Thickness Talerance {==0)
FDZz, Sewing Tolerance {==0)
Exktra Trirnming
Ambiguous Face Delete
Preserve Bodies?

MidSurf 1

1

Manual

0.01 rmm

0.001 rarn

Intersect Unkrimmed with Body
all

[[u]

Details View of Mid-Surface

28 © 2011 ANSYS, Inc.

January 8, 2012

i

Mid-Surface created
for a pipe geometry
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NWSSE Surface Extension

29

Allows extension of surface bodies to the desired

extent

Extension type

— Natural: Based on gradients of selected edges

— User Defined: User specifies the direction

0w (o)

ANSYS

w121,

Model with gap \

© 2011 ANSYS, Inc.

January 8, 2012

—|| Details of SurfaceExt2
Surface Extension | SurfaceExt2
=||Surface Extension Group 1 {RMEB)

Extent Type Matural
Edges z
Exkent To Mext

Tools |View Help

C1 Freeze
{y Unfreeze

F Mamed Selection

| B Attribute

| & Mid-Surface
Joint

& Enclosure

P7) Face Split

Al Symmetry

Ed Fill

E" Surface Extension

Details View of
Surface Extension

0 2 0.0 )
—_— I
250 5.

ANSHS
Wvi2ii)

L

Model with gap closed

Release 14.0



WSS Joint

 Joins surface bodies together such that their contact
regions share common edge
— Prerequisite for conformal meshes

 Takes two or more surface bodies as input

* Imprints edges on all bodies where they make contact

-| Details of Joint1
Jaink Joinkl

Target Bodies z
Share Topolagy? | Yes

Details View
of Joint

Surface bodies to be Joined

30 © 2011 ANSYS, Inc. January 8, 2012

Tools |View Help

Freeze
iy Unfreeze

[ Named Selection
@ Attribute

Mid-Surface

B Joint

Surface bodies after Joint

Release 14.0




Workshop 4a — Geometry Cleanup*

*Optionally continue with Concept Modeling lecture and
complete workshop 4b
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Concept Modeling
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Concept Modeling

» The features in the Concept menu are used to create and modify line
bodies and/or surface bodies which become FE beam or shell models

» To begin Concept Modeling, you can either:

— Create line or surface bodies using the features in the Draw toolbox to design a 2D sketch
and/or generate a 3D model

— Use the Import external geometry file feature

» Line bodies can be created using the concept modeling tools:
— Lines from points
— Lines from sketches
— Lines from edges

» Surface bodies can be created using the concept modeling tools:
— Surfaces from line bodies
— Surfaces from sketches

— Surfaces from 3D edges
33 © 2011 ANSYS, Inc. January 8, 2012 Release 14.0



Creating Line Bodies (1)

Lines From Points

[Main Menu] Concept = Lines From Points
— Points can be any 2D sketch points, 3D model vertices or Point Feature (PF) points.
— A point segment is a straight line connecting two selected points.

— The feature can produce multiple Line Bodies, depending on the connectivity of the
chosen point segments.

— The Operation field allows Add or Add Frozen choices for line bodies.

Dl A: Geometry - DesignModeler ) Line Body
Point 1

File Create T-:u:uls View Help \ ‘

21 Lﬂ Lﬁ c"wILirues From Paoints I :

¥YPlane ™ Lines From Sketches
) Lines From Edges

Tree Outline
= f@l A: i %% 3D Curve

o
v
Sy g8 Surfaces From Sketches
L .
Cross Section k
Details View a

-|| Details of Linel
Lines From Points |Linel

_—Point 2

Point Segments |1
COperation Add Material
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Creating Line Bodies (2)

Lines From Sketches

[Main Menu] Concept = Lines From Sketches
— Line bodies created based on sketches and planes from faces

— Multiple Line Bodies may be created depending on the connectivity of the edges within
the base objects

— Select sketches or planes in the feature tree then “Apply” in the detail window

— Multiple sketches, planes, and combinations of sketches and planes can be used as the
base object for the creation of line bodies

- .
oil A: Geometry - DesignModeler Tree Outline
File Create | Concept Tools View Help =88] A: Geometry
— = KYPlane
27 = | = Lines From Points v 2 sketchi
v
v—— ¢ Lines From Sketches W iy
ree Outine | () Lines From Edges ¢$ YZPlane
Line2
. mal A G WA 3D Cury i
= g8 A G W 30 Curve - M@ 1Part, 1Body
- s ™ Split Edges

@ Surfaces From Edges
‘fi 8 Surfaces From Sketches

v
i 3
+ ﬂ__,g Craoss Section

Details View a
-| Details of Line2

Lines From Sketches | Line2 ki

Base Objects 1 Sketch -~

Operation Add Material
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CreatingLine Bodies (3)

Lines From Edges

[Main Menu] Concept = Lines From Edges
— Creates line bodies based on existing 2D and 3D model edges

— Can produce multiple line bodies depending on the connectivity
of the selected edges and faces

— Can select edges and/or faces through two fields in the detail
window then “Apply”

DIl Az Geometry - DesignModeler

File Create | Concept Tools View Help
1 = & * Lines From Points

¥y¥Plane Lines From Sketches
Tree Outline rg Lines From Edges
= (@ A o W S0 Lurve
|- 7= s Split Edges
¢ surfaces From Edges
"'r:*‘ ,;:':"j surfaces From Sketches

v
j k
¥ fcf._g] Cross Section

Line Bodies

|

Tree Cutline o
=l 8 A: Geometry
|-, o= XYPlane
#29 Sketchi
7= D¥Plane
7= YZPlane
+ ',E Extrudel
-, 7= Plane4

. A Solid
» = Line Body

Details View
-| Details of Linet

Lines From Edges |Lineg
0

Edges

Cancel
Operation
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Split Edges

Split Line Body
[Main Menu] Concept = Split Edges

— Splits line body edges into two pieces
— Split location is controlled by the Fraction property (e.g. 0.5 = split in half).

— Other Options:
» Split by Delta: Distance between each split is given by Delta along the edge

* Split by N: Number of Divisions of the Edge

Selected line Fraction = Fraction =
\ /0.5 /0.25

Concept| Tools View Help

Details View a
-| Details of Edgesplit2
Line-Body Toaol Edgesplit2

®e Lines From Points
£ Lines From Sketches

) Lines From Edges Edges 1
%, 3D Curve Fractional
ST T

Split by Delta
% Surfaces From Edges Split by N
8 Surfaces From Sketches

Cross Section L
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Cross Sections (1)

38

Cross Sections

— Cross sections are attributes assigned to line bodies to define beam properties in the FE
simulation

— In DM, cross sections are represented by sketches and are controlled by a set of

dimensions

* Note: Design-Modeler uses a different coordinate system for cross sections than the

one used in the ANSYS environment (described later)

Bl Rectangular
& Circular

3 Circular Tube
I Channel Section
Jb I Section

L Z Section

L. L Section

JL T Section

JiL Hat Section
Rectangular Tube
User Integrated
g User Defined
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Cross Sections (2)

 Cross sections are selected from the Concept menu

. A cross section branch is inserted in the tree where each chosen cross
section is listed

Concept | Tools  Wiew Help

*w Lines From Paints

4 Lines From Sketches
fC) Lines From Edges

Yy 3D Curve

“«, Split Edges

3 Surfaces From Edges
&8 Surfaces From Sketches

| Cross Section |

Concept Menu

39 © 2011 ANSYS, Inc.

Bl Rectangular
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& Circular Tube
[E channel Section
dE I Section

fL Z Section

L L Section

dL T Section

JL Hat Section
Rectangular Tube
User Integrated
g User Defined
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List of Cross
Sections

Tree Qutline a

= 6] A: Geometry
#]- ;o XYPlane
f‘,‘:f. Z¥Plane

f‘,‘:f. YZPlane
e Lined

- fﬁ] 3 Cross Sections

[l Rectl
@ Circular1

9 = Chanelt

+- M@ 1Part, 1Body

Cross Sections in
Tree Outline
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Surfaces From Edges (1)

Surfaces From Edges

[Main Menu] Concept = Surfaces from Edges
— Creates surface body using line body edges as the boundary
— Line body edges must form non-intersecting closed loops
— Each closed loop creates a frozen Surface Body
— The loops should form a shape such that a simple surface can be inserted into the model:
* Planes, cylinders, tori, cones, spheres and simple twisted surfaces

Planarsuface Non-planar |
surface

L (-
Details window: = Details of Surfl
. Line-Body Tool Surfl
* Flip surface normals Eriges 4
* Input thickness which will be # Edge joints generated 4
transferred to the FE model Flip Surface Mormal? Mo
Thickness { ==0) 0 mm
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Surfaces From Edges (2)

* Creates surfaces from existing body edges
e Can be solid or line body edges

* Edges must produce non-intersecting closed loops

Details Yiew

[=]| Details of surfl
Line-Body Tool Surfl
Edges &
Flip surface Marmal? | Mo
Thickness {==0) 0 mm

Existing solid body edges are
selected for new surface boundary.

New, frozen, surface body generated
(note, solid body is hidden).
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Surfaces From Sketches

Surfaces From Sketches

[Mam Menu] Concept = Surfaces from Sketches

42

Creates surface bodies using sketches as boundaries (single or multiple sketches are OK)

— Base sketches must be closed profiles which are not self intersecting

— May choose to “Add” or “Add Frozen” operations

— Canreverse normal direction “No” in Orient With Plane Normal field

— Can enter thickness which will be used in creating the FE model

© 2011 ANSYS, Inc.

iﬂ: Geometry - DesignModeler

File Create | Concept Tools View Help

271 = [El| = Lines From Points
¥¥Plane £ Lines From Sketches
Tres COutline @ Lines From Edges
m % 30 Curve
|- 5fn| ™ Split Edges
& Surfaces From Edges
¢>|~.I 8 surfaces From Sketchesl
(cﬁ:ﬂ Craoss Section

4

=/ Details of Surfacesk3

Surface From Sketches Surfacesks
Base Objects 1 Skekch
Ciperation Add Material
Crient With Plane Marmal? | Yes
Thickness {==0) 0
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Workshop 4b — Beam & Shell Modeling
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Projection: Example

Points on Edge/Face

45

Details of Projectionl

Projection Projectionl

Type

Points On Face

Paints

2

Points to project

© 2011 ANSYS, Inc.
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Target

1

Points
projected
on face

Direction Yeckar

Mone {Closest Direction)

Irnprink

Yes

Type: Points

on Face

Detail

Projection Projectionl

Type

Paints ©n Edge

Points

2

Target

1

Direction Yector

Mone {Closest Direction)

Irnprint

es

Type: Points

on Edge

Points
projected
on edge
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IYYS@H Enclosure: External Flow Example

L] =00 000 e

1%5m T5m
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Model
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Details of Enclosure 1

Enclosure Enclosurel

Shape Box n]
Mumber of Planes 1

Syrarnetry Flanel Z¥Plane 2
Model Type Full Madel 3
Cushion Mon-Unifarm

FD1, Cushion 4+ value (=00 | 3000 mm

FD2, Cushion +Y walue (=00 | 100 mmm

FD3,

Cushion +2 walue (=03 | 200 mm

FD4,

Cushion -x value (=0)

1000 mm

FDS,

Cushion -¥ value (=0)

100 mm

FD&, Cushion -2 value (=00 | 200 mm

Target Bodies

All Bodies

Merge Parks?

Mo

Using Symmetry

-1 Details of Enclosure2
Enclosure Enclosure?
Shape User Defined
IUser Defined Body | Selected
Target Bodies All Bodies
Merge Parts? Mo

Yes

User Defined Shape
Enclosure

om0 0o 100000 rrr)
- ..

200 700
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Symmetry: Example

30.000 {m)

7.500 22500

47

Full Model
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Details Wiew

=

Details of Symmetryl

Swvrnmekey Swrnmetryl

Mumber af Planes |1

Symmetry Planel |xXyYPlane

—

'_|P artial Mu:udel|

Model Type Full Model
Target Bodies | All Bodies
Symmetry using
XY plane

Details Yiew

=

Details of Symmetry1

Swrnrmekry Swrnrmekryl

Murmber of Planes |2

Symmetry Planel | $YPlane

Symmetry Planez | ZxPlane

Model Tyvpe Full Madel

Target Bodies | &ll Bodies

Symmetry using
XY & ZX plane

zzzzz
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WSS Connect: Example

Edge Connect

Talerance 0.1 rarn

Location Preserve First

T-Junckion Interpolated

Using
T-Junction

Model with a gap
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WSS Connect: Example

Face Connect

* Additional options as per edge connect

Model with a gap
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Surfaces From Edges

* A line body with no cross section can be used to tie together surface models

* In this case, the line body acts merely as a mechanism to insure a continuous
mesh at the surface boundaries

2 Surface Bodies

Line Body (no cross section) Result is continuous FE mesh
at surface interface
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Surface Patch

Surface Patch

[=I| Details of SurfPatchl
Surface Patch | SurfPatchi 1

[Main Menu] Tools = Surface Patch

Apply Cancel

Patcn Method | Automatic

— Attempts to fill gaps in the model
— Uses similar healing methods as face delete (natural and patch)

— Complex gaps may result in multiple surfaces being created to fill them

2 holes selected for patching Two patches created using multiple
surfaces
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Edge Joints

. Edge Joints are the glue that holds together bodies where a continuous mesh is
desired

*  Creating surface and/or line multi-body parts with coincident edges results in
automatic creation of edge joints

e Joints can be created manually ([Main Menu] Tools = Joint) where no coincident
topology exists

—

—
—
—
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Edge Joints

0 Edge Joints can be viewed by turning on the Edge .
Joints option in the View menu. | e

v Shaded Exterior and Edges
*  Edge joints are displayed in either blue or red. pp anata s

Wireframe
— Blue: edge joint is contained in properly defined multi-
body part

Frozen Body Transparency

Edge Jaoints

— Red: edge joint not grouped into the same part | ¥ A C

i_ross Section Solids

> No Edge Joint With Edge Joint
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WSSl Cross Sections

Highlight the cross section in the Tree to modify dimensions in the Details
window

54

o7 Az Geometry - DesignModeler
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NWSYSH Cross Sections

Dimension Editing

— Cross section dimensions can be repositioned via a RMB and choosing Move Dimensions

T3 select Loops [ Chains

12l Move Dimensions
=

11 : Selection Filter 4

. Isometric View

I=o

P Set
Ijg Restore Default

& Zoom to Fit Wy

Cursor Mode 4
View b
P9 Look At

5 Select Al
-} Generate I ............................... . ............................. I .....

Release 14.0
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ISl Cross Sections

Assigning a cross section to a line body:
— Highlight the line body in the Tree
— A cross section property appears in the detail window
— Click in this field and choose the desired cross section from the drop down list

Details of Bod =] :
= ﬂ 3 Cross Sections r =l Details of Body
P ey Body Line Body Bady Line Body
oo @ CircularTubet Faces d Faces i
- Edges = Edges 5
= Efi 5 Parts, 5 Bodies Vertires £ Yertices g

Cross Seckion Mok selecked Cross Section (Rl st =Tt

1| Circular Tube1
L1

@ FReady
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Yl Cross Sections

e A User Integrated section can be defined in DM

*  The cross section is not sketched, rather the cross section’s properties are placed in
the details window

=l g8 3 Cross Sections

et JL T1
B il « A = Area of section.
R. t | _' a - - .
E : Tng”ar = W@ 1 Part, 1 Body * Ixx = Moment of inertia about the x axis.
Ircular ——
Skekchi i . .
& Circular Tube ﬂ_l‘ﬂn_delmg_] : c |Xy = Product of inertia.
E channel Section El petails of UserInt1 - - -
S 1 Section Sketch UserIntl * lyy = Moment of inertia about the y axis.
i i

5L 7 Section Hhammm_m_ . - .
L Lot S e Ilw =Warping constant.
AL T section EGX E::’ » J = Torsional constant.
JL Hat Section Cay 0 mm « CGx = X coordinate of centroid.
Rectangular Tube Twy O e - -
User Integrated < I T * CGy =Y coordinate of centroid.
g ser Defined by FITEH « SHx = X coordinate of shear center.

Tw 0 mm-~4

] 0 mm~4 * SHy =Y coordinate of shear center.

SH: 0 mm

\ SHy 0 rmm
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Yl Cross Sections

Steps for creating a User Defined Cross Section:

» Select Cross Section - User Defined from Concept Menu

* A Cross Section node with an empty sketch will be added in
the tree outline

» Click Sketching tab to draw the required sketch ( Must be a
closed Sketch)

B Rectangular » Click Generate. DM will compute the Cross Section
@ circular properties and show them in the details view. These
© Creular Tube properties cannot be changed.
[E channel Section
db I Section
L Z Section
L. L Section
JdL T Section
JL Hat Section —|--;gl & Cross Sections
Rectangular Tube vl R?'Itl
User Integrated :g E;;:::;Ill
i

B UserIntl

ol .

ﬁﬁ] 0 Parts, 0 Bodies

Cross Section Node

58 © 2011 ANSYS, Inc. January 8, 2012

Release 14.0




Cross Section Alignment

« Asshown below, in Design-Modeler the cross section lies in the XY plane

. Cross section alignment is defined by:
— A local or cross section +Y direction

» Default alighment is with the global +Y direction unless that would result in an
invalid alignment in which case +Z is used

— Note: In the ANSYS Classic Environment, the cross section lies in the YZ plane and
uses the X direction as the edge tangent. This difference in orientation has no bearing
on the analysis.

Y £
4

ur UL
AL AL -

Cross
DesignModeler ANSYS Section Edge
Tangent
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Cross Section Alignment

A color code is used to indicate cross section status for line bodies in the Viewer

The line body icons in the tree have similar visual aids

— Green: cross section assigned with valid cross section alignment

60

— Violet: no cross section assigned

— Black: cross section assigned with valid alignment

— Red: cross section assigned with invalid alignment

— Yellow: no cross section assigned or default alignment

— Red: invalid cross section alignment

© 2011 ANSYS, Inc.

January 8, 2012

I3 3 Parts, 3 Bodies

: ™= Line Body
g ™= Line Body
= Line Body
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Cross Section Alignment

Checking alignment can be done graphically using the View menu

— Choose “Show Cross Section Alignments”
e Green arrow = +Y, blue arrow = edge tangent of cross section

— Or choose “Cross Section Solids”

\ _ Workben
Wiew Help \ L o
+Y '

v Shaded Exterior and Edges il 7
Shaded Exterior S

Wireframe
v Frozen Body Transparency |

Edge Joints dge Tangent
« Cross Section Alignments

Cross Section Solids

Ruler

« Triad
Cutline L4
Windows *
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Cross Section Alighment

Because a default alignment is chosen, Cross Section orientation will almost
always need to be modified

*  There are 2 methods for modifing the Cross section alignment, “Selection” and
“Vector”

— The selection method uses existing geometry (edges, points, etc.) as alignment reference
— The vector method uses input according to X, Y, Z coordinate directions
— For either method a rotation angle can be input and/or the orientation reversed

Selection Method Vector Method
= Line-Body Edge =l Line-Body Edge
Alignrment Mode Selection :_J Alignment Mode j
Cross Seckion Alignment  Mone (+2 by defaulk) Cross Section Alignment | Weckar
Alignment ¥ 1] Alignment ¥ 0
Alignment ¥ 1] alignment % 0
alignment 7 1 Alignment Z 1
Rokate o= Rokate o°
Rewverse Orientation? Mo Feverse Orientation? Mo

e To access the Alignment Mode Details, click on the Line Body in the Tree
e RMB in the Viewer and Choose “Select All”

e Alignment Mode details show up
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Cross Section Alighment

Modifying the Cross Section orientation by vector

Switch to “Vector”

~I Line-Body Edge Arignment mode = Line-Body Edge

alignment Mode ‘Vector Alignment Mode YWector
Cross Seckion Alignment  Vector Cross Section Alignment  Wectar
alignment n Enter the desired Aligrirment X 0
alignment 1 di t | alignment 1
alignment £ 1] coordinate values Alignment 2 1]
Ratate o= | Fotate a0=
Reverse Orientation? Mo . / Rewverse Qrientation? Mo

Enter rotation -

angle if desired /

Reverse

; orientation if
desired
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Cross Section Alighment

Modifying the cross section orientation by selection

1. Select the line body to be
aligned in graphics window

|
L
E LiﬁE-BDd"_f Eduje
Alignment Mode Selection 3. Select the geometry tO be
Cross Section Alignment [Tl Cancel | used for alignment
Alignment 1]
aligrrment ¥ 0 \
Algren: 2 = 2. With “Selection” method active
Reverse Orientation? | Mo click in the alignment field
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Cross Section Alignment

Alignment using lines or axes

Line chosen for
alignment

Axis chosen for alignment

|

Edge Tangent
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Cross Section Alignment

Alignment using face normal

9e
Tangew

Alignment Faces

&y,
9e 7‘-.‘9’79@”
t

&, 1~
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Cross Section Alighment

Alignment using sketch points

Note: The order of point selection determines cross section alignment

2D points

Selected Line Body

Edge Tangent
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Cross Section Offset

Cross Section Offset

— After assigning a cross section to a line body, the Detail property allows users to specify
the type of offset to use with the cross section:

* Centroid: The cross section is centered on the line body according to its centroid
(default)

» Shear Center: The cross section is centered on the line body according to its shear
center

— Note the graphical display for centroid and shear center appear the same however. When
analyzed, the shear center is used

* Origin: The cross section is not offset and is taken exactly as it appears in its sketch
* User Defined: User specifies cross section’s X and Y offsets

Details View a
-| Details of Line Body

Body Line Body

Faces ]

Edges (|

Vertices 1]

Cross Section | T1

[Shear Center
Qrigin
IJser Defined
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Cross Section Offset

Origin offset
(no offset)

Line Body

Line Body with Centroid/Shear I .......... T
cross section Center offset
displayed
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