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Agenda

1. Intro: Implicit geometry
2. Implicit Fields and Topology Optimization
3. Topology optimization: from Implicit to CAD

4. Topology Optimization: integration into CAD
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A New Approach
to Modeling:
Implicit Geometry
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Implicit geometry overview

One Circle (Implicit) Boolean Union of two circles (Implicit)

flz,y) =22 +y*—r=0 f(z,y) = min(CircleA, CircleB)
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Implicit geometry overview

Implicit

1 Implicit Equation 1 Implicit Equation 1 Implicit Equation

~12 kB ~12 kB
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Implicit geometry benefits

Modeling capabilities

A fundamentally different and
unbreakable modeling technology that
delivers unprecedented speed,
scalability, and reliability.

Field-Driven Design

A new design approach that enables you
to control parameters at every point
directly from simulations, test data, and
engineering formulas.

Blocks & Codeless
Automation

A block-based approach to design
automation that allows you to reuse
workflows, speed up design
iterations, and package engineering
processes.
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Implicit Fields &
Topology Optimization
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Geometry recovery: Implicit smoothening

Design Space e T0p0|09¥|g§;g7r111[206:1trl;)n Result gy Smooth TopOpt Result
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Geometry recovery: Implicit smoothening

'~ Smoothened TopOpt
5 Body: Implicit from To...
0.1 Grid size: Tmm
123 Smooth iterations: g
= Interpolation type:

7] Domain:

Gaussian Blur function to smooth
values in the field
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Further lightweighting: field-driven design

In some cases, it is difficult or impossible to further lightweight a component using topology optimization
» Aggressive Volume Fraction/Density threshold leading to disconnected components

"2
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Further lightweighting: field-driven design

What can be done after topology optimization?
Use data to reduce weight intelligently — only remove material where you can afford to do so

Field-driven design
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Topology
optimization from
Implicit to CAD
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Exporting CAD and Mesh data

Imported Formats

CAD Data

CATIA (.CATPart)
Solidworks (.sldprt)
Creo (.prt)

NX (.prt)

Inventor (.ipt)

CAE Data

Abaqus (.inp, .odb)
ANSYS (.cdb, .rst, .rth)
ANSYS Fluent (.msh)
LS-DYNA (.k)

Nastran (.bdf, .dat, .nas)
Patran (.pat)

Universal (.unv)
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CAD kernel/neutral
STEP (.step)
Parasolid (.x_t, .x_b)
ACIS (.sat and .sab)

Mesh Data

STL (.stl)

OBJ (.obj)

3MF mesh (.3MF)

Other
Points/vectors (.csv)
3MF beam lattice
Voxels (.vdb)

N

nTop
Implicit
modeller

>

Exported Formats

r

STEP (.step)
Parasolid (.x_t, .x_b)

Mesh Data
STL (.stl)
0BJ (.obj)

GMF mesh (.3MF)

CAD kernel/neutral )

J

Other
Points/vectors (.csv)
3MF beam lattice
Voxels (.vdb)

CAE Data

Abaqus (.inp)
ANSYS (.cdb)
ANSYS Fluent (.msh)
LS-DYNA (.k)
Nastran (.bdf)
Patran (.pat)
Universal (.unv)

Slice Data

Common Layer I/F (.cli)
Common Layer File (.clf)
Renishaw Points (.csv)
Arcam ABF (.abf)
Stratasys Layer (.ssl)



Import/Export paths

Mesh file

(STL, 3MF,
OBJ, PLY)

CAD files
(Many)
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nTop

Implicit
body

\ 4

Tri mesh
body

A

\ 4

Quad mesh
body

A\ 4

A 4

\ 4

CAD body
(Parasolid)

\4

\ 4

CAD System
4 N\
—
B
JSON file . Points, lines,
(object history) feature tree
——
—
B ——
Tri mesh file > Mesh
(STL, 3MF) Body
——
—
D ——
Quad mesh file > Sub-d
(0BY) Body
——
A
]
B-rep file Classic
(Parasolid, STEP) B-rep Body
e EE—————
\_ J

Applications

Simple pt-to-pt CAM
History-based editing
Archiving

Digital mockup
Visualization
CAE

Some modeling

* Modeling

= Assemblies

= Drafting

= Complex CAM
= Archiving
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Automotive bracket example

Tri-mesh (STL, 3MF)

Sub-d (OBJ)
Smooth TopOpt Result (Implicit)

Smooth B-Rep (STEP, Parasolid)
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Usability of models

Models generated in nTop are usable in downstream CAD operations

Boolean operations Booleans & blending Shelling
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Surface quality

Organic regions of models are high quality smooth surfaces (C2)

Reflection lines

Shaded image
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nTop to Parasolid (XT) to NX

Standard (classic) solid body in NX
Implicit body in nTop

o -

5 B - < R switch Window [7] Window » 5

mblies  Curve  Analysis

SIMULATION

NX 12 - Modeling

SIEMENS _ O X
View

Render  Tools

Application

- : S 1~ * | BB (B P | ogo
= ¥ ‘0 <2 Move to Layer '@ » & u £

ig )
a OOO X
Show More True Global Object Image 6 Scene
gie and Hide %3 Layer Settings - B o

True Shading
Shading Materials » Materials » Background~ 5 Lighting3~  Editor..
Visibility
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“ I
Win

Window T Zoom i
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Menu ~

True Shading Setup
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+ & Model Views
+ o (8 Cameras
-5 Model History
A% Body (2)

No Selection Filter v | | Entire Assembly v -
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nTop Gyroid exported to NX

NX & 9 -
Home
& v OO

Sketch D _ Datum Extrude Hole

Plane ~ =
Direct Sketch ¥

Assemblies  Curve  Analysis
@ Unite ~
& shell

Feature

Entire Assembly  ~

4 @ v «© Y switch Window [T Window ~ =

@ Pattern Feature

NX 12 - Modeling = O
View Render Tools  Application [Find 2 Command O] B & @
@ S Chamfer @ ) > = S
7 Trim Body @ @ @
BIEedng;' @ oratt Mare r»::(v: & More Surface &
~  Synchronous Mod.. Assemblies ~ ¥
% A O/ g BE-9-
i ~2O+ T h OB &-w- |

| Part Navigator Rl - ovoidprt B X
Name 4

+& Model Views
+ o B Cameras
+ (2 Non-timestamp Geom¢
- (& Model History
A% Body (1)
Ol Tube (9)
O Subtract (10)

R P B F

Bw26o0 & Y

< >

Select objects and use MB3, or double-click an object
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NX & o~ [~ <> R switch Window [[] Window ~ 5 NX 12 - Modeling - aox
Home  Assemblies Curve  Analysis  View Render  Tools i [Find a Con PO E A
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+- o (B Cameras
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A& Tube (9)
A Subtract (10)
0n
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Select objects and use MB3, or double-click an object Restore data was reset by this operation W E
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nTop to Parasolid (XT) to Solidworks

Solid body in SolidWorks
Implicit body in nTop 2 soupmonss| et ver e 1w woam v #| @0 -P-@-@-" 0BG

@ o swept goss s © @ @Bowstcw D BB M [ woe . U S
g Mol Filet Unear Reference Curves
Etruded Revoted Lot Etrudes 0 Revowea () Lomea Cut @ oon [ intenea | ot tnstant3D
Eites Nosied g N6 gy Neived [ Fattem & @ Geometry
S e - @ tonaayct ~ . (W shen B waror S
Features | Sketch | Suaces | Evaluste | MBD Dimensions | SOLIDWORKS Add-ins | SOLIDWORKS CAM | SOLIDWORKS CAM TM SLEAPE ©- B oR

S[E[R[o[@'T

v

@) drone_arm_sewn (Default< <Defauit>
£ History
B sensors

+ [X) Annotations

» ) Solid Bodses(1)

35 Material <not specified>

4

>
I Model | Mation Study T
SOLIDWORKS Premium 2019 $93.0
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nTop to STEP to CATIA

Solid body in Catia Part Design

Implicit body in nTop

’Standard | Essentials Model Transform | Refine Review | Structure View AR-VR  Tools | Touch

1B G- 2 - -9 ARS 9O 09BIE
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nTop to STEP to CREO

Solid body in Creo

Bl
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TopOpt integration
into CAD systems

B | 7 6 l 5 I 4 |

NOTES:

MATERIAL: AB:

s
COLOR: PANTONE #19-452 TCX zoml .
3. PARTTO BE FREE OF BURRS.

o gaa02

.....

nfopology, Inc.

UPPER ARM
p ™
SCALETT | T SHEETTOF

1 .

& nlopology



Using an nTop Model in CAD Applications

iy

Import

-

Export
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| cAD system |
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Combine
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Assembly




The “Combine” Step

nlopology

Original
CAD geometry

Final geometry to
be used in drawings,
assemblies, etc.

Geometry
from nTop
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Creating Drawings

Model in nTop _

Debug

Lattices

Notebooks ~

1007- ROBOT ARM
This workflow imports the design space from CAD
and performs a topology optimization. We aiso

Add block... (Ctri+L)

& Inputs
¥ Body

=0 eNes

oA cl

Drawing (SolidWorks)

[CXoXa] £

Simulation ArchitectedM € >

Q4@ +:: /N

Vectors ~

Fields Math Utilities Beta

Primitives ~ Curves ~

» |@ Iimport Part Part 0

01: Import the design space from CAD.
|@ caosoov | Part_0bodies o] x

02: Use a variable to control the edge length of
meshing operations,

IH EDGE LENGTH 1

& output:

S
rumm s0
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Creating Assemblies

Part model in nTop

1007 top opt study.ntop - nTop Platform 2.22.7 = [m] X
File  Edit View Window  Debug [CXE)XO)
Create Modeling Lattices Fields Math Simulation utilit < >
= =t .= A
WiEQZZ B @ +
= = = o o
Notebooks ~ | Primitives ~ ‘ Vectors ~ Curves ~
1007- ROBOT ARM [0]

This workflow imports the design space from CAD
and performs a topology optimization. We also
convert the optimized implicit geometry to a Parasolid

Add block... (Ctrl+L)

optimization. The loss of details is acceptable,
we can replace the interface surfaces in CAD.

» [ETSHE srovierse oe

10. Creating a Voxel grid will eliminate sharp
edges. This is an optional step but in this case

makes sense. As a banus the Voxel arids will ~
v |@ MESH FROMV VOXEL.. Mesh from Vox... (- X}
w|& Grid: Voxel Grid from Implicit Body ~ Voxel Grid 0 @ O
(@ Body: | shulol
0.1 Voxel size: 0.5
0.1 Adaptivity: 0
& output:
[ B T (- T b U
0 mm 50 100 150 200 250

HighestRes ¥ |~
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Part simplified
and mated into
CAD assembly
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Summary

o Implicit geometry offers valuable benefits:

(o]

(¢]

(e]

Lightweight, robust format for complex geometry and boolean operations
Topology optimization smoothening (Gauss filter) — fast and automated

Further lightweighting capabilities: field-driven design

e Conversion from Implicit to CAD readable formats is posible:

(e]

(e]

(e]

Tri mesh (STL, 3MF, OBJ, PLY)
Sub-d body (OBJ)
B-Rep (STEP, PARASOLID)

e CAD exported from nTop:

(0]
(0]

(e]

nlopology

passes model and Surface quality checks
can be re-modified in CAD (e.g. to get analytical interfaces)
can be integrated in an assembly and used to produce e.g. GD&T drawings
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Let's connect!

v, -2
LRGrR

By scanning the QR code you’ll find:

e My contact information

e  This presentation

e  More information about nTop — Whitepapers, use cases, etc.
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Thank you!
Any questions?
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