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Geometry Simplification m:: I

ntroduction
Why to simplify?

The decision to suppress or preserve a feature strongly depends upon the
analysis context and the application.

For example, holes, fillets, and chamfers often do not significantly affect the
analysis results.

Presence of small geometrical details influence size of the FEM model.
[(number of elements is getting high)

Meshing issues - due to topological issues meshing process cannot be
accomplished

Presence of wrong topology can lead to creation of highly distorted elements,
which affects solution stability and accuracy.




Geometry Simplification m:: I

ack to basics

Geometry vs. Topology

Geometry (sometimes called metric information] is the actual dimensions
that define the entities of the object.

Topology [sometimes called combinatorial structure), on the other hand, is the
connectivity and associativity of the object entities.
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Geometry Simplification

3D Geometry representation
Solid in “Digital” modeler

Constructive Solid Geometry -> modelling with Primitives with Boolean operations
B-Rep -> Boundary Representation

Primitives

-

Initial Model B-Rep model with sub shapes
“skin representation” - faces, etc.




Geometry Simplification

3D Geometry representation
Solid as Boundary Representation (B-Rep)

e The geometric information: it consists into a set of surfaces defining the
boundary of the solid and locating it in 3D space. These surfaces are bounded by
trimming curves.

 The topological information: closure, orientation (important for description of
shells, faces, wires, edges, vertices), expressing the adjacency relationships
between the topological entities.

Direction of the Edge Qrientation of Face influence orientation of 2D element
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Geometry Simplification

Topology of geometric entities

Entity

Definition

Compound

Group of independent entities

Shape

General term to call an independent entity

(An entity that is not forming any other entity)

Solid

Part of 3D space bound by a shell

Property | Volume

Shell

A group of Faces connected by shared Edges

Surface

Face

Part of a plane (in 2-D geometry) or a surface (in
3D geometry) bounded by a closed Wire

Property | Area

Entity

Wire

A group of Edges connected by shared Vertices

Curve

Edge

A shape corresponding to a curve, and bound by a
Vertex at each extremity

<ex> Straight line, circle, ellipse, arc, etc

Property | Length

Vertex

A point in a 3-dimensional space

Property | Coordinate

Face is a Shape which exists
independently

MibAS

e

A Wire and 4 Edges cannot be a Shape
- =il

because they are sub-Shapes of a Face

Vertex in 3-dimensional space

1 Edge bound by 2 Vertices

1 Wire connected by 4 Edges 1 Face limited by 1 closed Wire (4 Edges)

1 Shell connected by 6 Faces
(Empty)

1 Solid bounded by 1 closed Shell(6 Faces)
(filled)

A Compound which is grouped by 4 independent
Shapes

(Mo longer a shape when grouped as a compound)



Geometry Simplification

Geometrical objects in NFX
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Higher level of geometry can be exploded to lower level:
Solid to Shell, Shell to Face etc.
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Geometry Simplification m:: I

eature Based modelling

Concept of Feature:

The features can represent machining operations such as holes, pockets,
protrusions or more generic areas contributing to the design process of 3D
components like extrusions or revolutions.

The principle of feature-based modeling is to construct a part "from a simple shape
to a complex one” and it is similar to the CSG principle.
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Geometry Simplification

Simplification process
3D CAD geometry - Solid geometry

In order to build analysis models dedicated to the structural analysis by finite
element method, the simplification of CAD geometry consists to remove details,
considered as useless details and/or to reduce dimensions of the part.

(a)

Wi

Fillets removal
Initial Model Chamfers removal
Holes removal




Geometry Simplification

Simplification process
3D CAD geometry - Solid geometry

 Feature removal (called as well as Defeaturing)

e Topology adaption

Changed topology Fillet operation removal




Geometry Simplification

Simplification process
3D CAD geometry - Solid geometry

e Meshing Result

4-,\" Elements with high aspect ratio,

{57 Surface disturbance

Element concentration




Geometry Simplification

Simplification process
3D CAD geometry - Solid geometry

e Defeaturing as the process to back to primitive shape

Imported model Chamfer and minor Holes removed Solid Primitive
fillets removed

What about this? |s possible to back to this configuration?




Geometry Simplification

Simplification process
NFX Simplification Tools [Eer | simoity ] B check shape -

%Autn Connect ("Measure

. . LS % Remove imprint BX others -
e Automatic detection Tools
[ Maodel Simplification u1
Bl seecTageiobedy ] Hole (Radius]: Input radius of hole
Search condition
@ roe ) - Fillet (Radius): Input radius of fillet
(0 Fillet < 8.53287731 | mm
OsmalEge < 0101 Small Edge: Input the length of edge (any edge])

() small Face < 0.101 | mm

Small face: Input the length for the longest edge of face

() Sliver Face < 0.101 | mm

© spike < 0.101 | ram

Results {double dick to focus on the geometry)

Sliver Face: Input the width of strip

+4,0000=+001

'; e Up——— Spike: Input the width of spike
' +4,0000=+001

oo Result: All entities which meet criteria are listed in the

4 0000e+001 dialog

+4,0000=+001

+4,0000=+001

] Selected entities will be highlighted in the model view

[ selectal ][ unselectal | [ Remove

o | Double click on the selected entity to zoom to window




Geometry Simplification

Simplification process
NFX Simplification Tools @smolfy | (@ Check shape -

(€9 Auto Connect /" Measure
Options ) ]
. . % Remove imprint ﬁi Others -
e Automatic detection Tools

'@ E‘Q} | 52 - |IBasi( v||AII Geometries (F)  «| |l [ = | &2 rMﬂdel Simplification gj
Auto | Manual

Search condition %

@) Hale < 8.53289429 mm
) Filet < 5.53239429 | mm
() small Edge < | 0.101 | mm
(7 Small Face < | 0,101 mm
() Sliver Face < 0.101 | mm
() Spike < | 0.01 | mm [ Find

Results {(double dick to focus on the geometry)

Color Part Name — Type Value Rt
+5,0000e+001
+8.0000+001
+7.0000e+001
+6.0000+001
+5.0000=+001
+4.,0000e-+001
+3.0000e-+001
+2.0000e+001
+1,0000e+001
+0,0000=-+000

[ selctal |[ umsekctal | [ Remove |

k4

S ——————————




Geometry Simplification

Simplification process
NFX Simplification Tools

e Auto removal

Spike definition

Spike Width

&%\f‘\f\l am

) Gy | £~ HBaslc vHAII Geometries F) v | [ (L[ = Model Simplification

Auto | Manual

Search condition

@ Hole:
() Filet
() Small Edge
() small Face
() Sliver Face

(©) Spike

< 853289429 mm
< | 8.53289429 | mm
< | 0.101 | mm
< |ﬁ mm
<[ IJ.1IJ1: mm
< | 0.101 | mm

Results (double dick to focus on the geometry)

Color  Part Name

Type Value

[ seectal || unselectal | [ Remove

]

+1,0000=+002
+2,0000=+001
+E,0000=+001
+7.0000=+001
+6,0000=+001
+5,0000=+001
+4,0000=+001
+3.0000=+001
+2,0000=+001
+1,0000=+001
+0.0000=+000




Geometry Simplification

Simplification process
NFX Simplification Tools

e Manual selection and removal

B | £ - |[rointm

R WO

Model Simplification

@ Remove Point
() Remave Face
() Merge Faces

) Fill Hole

[ show Hide vertice

[ Select connected faces

[] Remove immediately

[ Remove / Merge ]

Small Entity Search (Flickers on the entity)

@ Select Target Object(s) ]




Geometry Simplification

Simplification process

NFX Simplification Tools S _-)

e Manual selection and removal Evemams _
Taﬁt%’ ﬂ I
Remove Point @ Remove Point [ show/Hide Vertice
() Remaove Face

Select connected faces

(C) Merge Faces [T Remave immediately
() Fill Hole
—h —h

’ Remove / Merge ]
Small Entity Search (Flickers on the entity)
[ E Select Target Object(s) ]

Small Edge | < 3.03 mm Find
T

Remove Face Merge Face




Geometry Simplification

Simplification process
NFX Simplification Tools
e Topology Adaptation

0 0he@

IRl ceomery | mesh

midas NFX
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Output

> midas NFX 2019R2 (64bit)
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Geometry Simplification

Simplification process

| Analysis/Resuits |
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4 Repair Factory

Split Revolved Faces

Comparison of meshes according to split angle

Difference between 90 degree and 45 degree split angle




Geometry Simplification

Simplification process

Single Part Simplification example

O DegEdga=m-:

Geometry Mesh Static/Heat Analysis
H:"éb@b + PO~ 4%4 BOH
St g7 8800
Rt ea-XTrh @O

CAD File Point & Curve

3]

Surface & Solid

Dynamic/ Trans.Heat Analysis CFD

Analysis Results Tools

#gh. a@lRac e+ HEL IFOOHD D-S-9

Model

v & x

Item D Color

(#) New Works
+<, Coordinate System
A View Point
## Work Plane
- Datum
- Material
HB Property
V@) Geometry
-5 Mesh Control
V@ Mesh
7R Contact
T FSlinterface
& Connection
7-44) Element Parameters
|, Sensor
% Design Variable
A Mixture
s Particle

| Model | LBC  Analysis & Results

Properties

General

-

3
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Style ~ Background ~ Language ~ @ - 8 x
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= @ E'_“ @ {g& T &R Revolve | b Translate 2 Scale (9 Remove | 28 simply (& Check Shape ~
£ Y B Loft ORotate @ Sweep-Transhate i Attach Y (P edtract & Auto Connect Measure
Solid Surface | Solid Surface = Extrude A s Super = Options % B il i
@ sweep | PMimor 2 Project Shape P Explode Remove imprint B, Others
Boolean Divide Protrude Transform Sub Shape Tools
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Output v 3

> midas NFX 2017R1 (64bit)

> Copyright (C) SINCE 2007 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.

> License has been certified.
> Your maintenance period expires in 121 day(s).
> Geometry is successfully imported. [practise_2.X_T]
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Geometry Simplification
Simplification process

Single Part Simplification example

e Plan your Simplification strategy

Practice to understand your tool and topology Use Symmetry of your geometry

MibASs
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