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CAESS ProTOp®

= (Cost-effective and user-friendly
software to get a stiff and higher-
strength structure with less material

= A standalone software package
containing its own FEA solvers, only
high-performance and fully parallelized
code; no scripting

= Interactive optimization and target
adjustments on desire

= Solid, shell and lattice structures
definition and optimization

= Smooth generated structural
boundaries — optimized parts are
practically ready for 3D-printing and
manufacturing

CPU Usage

—| CPU Usage History

(®) Target volume part [%] 60
() Target Mises stress 0.0
() Target max displacement 0.05

Funning. Cydes: 4 VolRatio: 75.3  BStress: 3.1
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Introduction
Optimal design from

solid configuration
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Optimal design from
lattice configuration
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Why to use optimization?

Get good Get structures B Get the final
design ideas B for redesign 3D model

CAESS ProTOp Ver: 3.1.8a& Cyc: 180 WVolPrt: 25.0
Date: 04-15-2015 1Inp: Bridge3.ptop Own: CAESS d.o.c
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Why use optimization on lattice structures
S A-A section

Full 3D solid
optimization domain
for lattice structure
creation and
optimization

Full shaping
freedom

CAESS ProTOp . Ver: 4.2.0 Jo.n
Date:r 10-21-2015 1322010 Inp: TestCAD 2-SMFEs_Bhel

Full 3D shell/lattice structures optimization in any detail i)l

Own e CAESS
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oy v 3
721/201 Own: CAESS
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Creating CAD Model (by PTC Creo)

= Model should include all details (interfaces, functional
requirements, adding's for mechanical treatments), to get
the right stiffness and possibility of direct manufacturing

after optimization

Je } ! oA R o
o T ! L B
o L7 xx L S -
& 3
generate Plane Sketch  Extrude
; o #

Operations ~ Get Data « Datum = Shapes =

"W Round 23
"Wl Round 24
"Wl Round 25
5 import Feature id 100!

» @ Extrude 22
I Draft 5
“d Round 26
= Inzert Here

EE=R" N2 ® 9 ~ 5| = OILPAN (Active) - PTC Creo Parametric = B 3

File = Model Analysis Annotate Render Tools View Applications &5 D 9

LT =

Pattern Boundary Component
S ol - - Blend [ Interface

Engineering « Editing = Surfaces « Model Intent +
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Creating FE (finite element) Model (also by PTC Creo)

Creating volume regions
Vaterial definition ( , ,
BCs and Loads and their sets
Mesh control

Create Load cases

Run ProTOp or Export FNF

=%
File »
& 9 B
_Llﬂ i ]

Regenerate

Home

SetUp ~ Operations +

a |
8o | @ G

Model Tree ‘T} v _E'I v

57 import Feature id 1158 *

» (' Extrude 22
4 Draft 5
¥ Round 26
% InsertHers
v Q_lr.mteriale
{— AL2014
{— AL2014_FI
> _XJ§§ Simulation Features
¥ 4 Loads/Constraints
» [[& Constraint Set Cq
» [[4 Load Set LoadSe
[ 3 {L_'l Material Assignments

> ELLT. Mesh Controls

Refine Model

e B+
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Forcel |
Moment | [+

Loads ~

* || Structure

OILPAN (Active) - PTC Creo Parametric

Inspect  Tools  View

N G
N Lo Y
g =
Dizplacement - Mesh Run Run Close
C {\E,l v ™ 3 ProTOp
Congtraints + Materials Mesh+ Run * Topology Optimization  Close

alala 208/ wEHa s

FEM Mode : Defauft Bonded Interface
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Run ProTOp or Import FE model

Model tab

Model Optimization Settings
Source ... Import - Prepare -
Load cases - TestCAD _2-5MFEs_
Include  AnaTyp Active  ImpFac FileMame Motes
[ Static | 0.7956 ModellCaseDD01.femm | LC_0001_TESTCAD 2-TAMFES
EigFrg |+ |:| 0 ModellCase0002. femm | LC_0002_EIGEMFREQUEMNCY
Static | 01022 ModellCase0003 . femm | LC_0003_LC2
Static o 0.1022 ModellCase(004. femm | LC_0004 LCS

Eﬁ Import - ﬁ Prepare ~

Import source

At Copy data from ... ileMal
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Model preparation, Materials

Model Optimization Settings
@ Source ... ﬁ Import - ﬂ Prepare -
Load cases | Materials ..
- . L
Incude  AnaTyp Adtive | Material regicns ...
’ v M o Technelogical constraints ..
M |EeFra ~ O o
Configuration ...
Materials Tool
i Material propertis Help
Id Name ElaM PoissR MasDen  © YStress YHarden  * ThExp
1 TIALLY_FIX 117211 0.33 4,45323E-09 Eﬂ 0.001 E'I JA26E-05
2 TIALLY1_CAD | 117211 0.33 4.45323E-09 Eﬂ 0.0 2 1.026E-05
3 TIALLY VL 117211 0.33 4,45323E-09 2450 0.001 E'I JA26E-05
4 TIALLY_VER 117211 0.33 4.45323E-09 E45ﬂ 0.001

i Material fields

ANEEEEEEEEEEE

Id Mame E PreStrain
1 TIALLY_FIX E-ﬂ.m‘l 5

TIALLY1_CAD %0
TIALLY VL =0.0005

W M

TIALLY VR 10,0005
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Model preparation, Materials regions

Light blue — optimization region
(modified by the optimizer)

Light gray — fixed region (not
modified by the optimizer)

Gray — fixed region; excluded
from FEA (e.g., if needed for 3D print,

no BCs and Loads on CAD regions) Material Regions Tool 5]
& Show (@ Help

Id MName Type MNotes
Model Optimization Settings P STEEL_FIXC | FixedContact | v
— 2 TIALLY Free W
i; Source ... ﬁ Import = ﬂ Prepare + 3 STEEL FIX | Fixed v
4 TIALLY_FIX  |Fixed v
Load cases - Materials ... 5 TIALLY1_CAD | FixedCAD v
| S ——— 6 TIALLY_CAD | FixedCAD v

Include  AnaTyp Active | ELEL U= LR o

I+ [] |static |v~| [ 1
b4 EigFrg ~| [ o

Technological constraints ..

Configuration ...

Status
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Model preparation, Technological constraints ...
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Maodel Optimization Settings
{ ; Source ... ﬁ Import - ﬂ Prepare - Type sy Coordinate system WCs w
Materials 4 BiDirOpen | v EREEE ) | 0 || 20 || 0 |
Load cases - PlaneSym
| Rotate by | 0 || 0 || 0 |

Include  AnaTyp Active | Material regions ...

3 [«] |static |~| [« 1
b1 |EigFrg ~ [ 0

Technelegical constraints ...

Configuration ...

: MRegions -

Adding technological constraints: e

(] TIALLY_FIX [Fixed]

TIALLY1

= UniDirOpen
= BiDirOpen
= PlaneSym

AxiSym
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Model preparation, Configuration ...

Configuring the model:
Q Solid configuration,

Q Shell / lattice configuration.
Help -

Load cases -

Configuration Tool

: ¢ Show [ Help

| Optimization | Settings
ﬁ Import - ﬁ Prepare =
Materials ...

Include  AnaTyp Active |

3

static |~ [] |0

static |v| [] 0

Material regions ...

Technological constraints ...

© CNFTeols -
Type Active  IniTPFac Motes
shell |~ [ o022 Shellonl
shell |~ [0 0 Shell
solid |~ [ o001 Salid
lattice |~ [] 0
lattice |v| 4 027 Lattice
£ I >
MRegions -

EigFrq | v 1|

Configuration ...

[] TIALLY_FIX [Fixed]
[[] TIALLY1_CAD [FixedCAD]

] TIALLY_WL
[] MALLY_WR

Rounding

Thickness Min

Range

Current volume part: 0.0 %%

Min/Max volume parts: 0.0% 0.0%

Shell Lattice

Coordinate system WCS it
Translate by | 0 | | o | | 0 |
Ratate by [ s |[ o || o |
Cel CStype | Cartesian v
[] rangeMin | 0 || 0 || -12 |
O Rangemax | o || o |[ 12 |

Cell type Cell rotate

Lines subdivide

R

Cell size ABC | 20 | | 20 | | 26 |
Celitransiate | o || 5 || o |
Thickness Min | 3.734 | Max | il |

DomainVol = 2460E+05  AwveElemSize = 1.15E+00
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Model preparation, Configuration ...

Cells 1D 2D 3D

Wall from lattice
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Model preparation, Configuration ...
Coordinate systems

Cartesian CS

ProTO Version 2.5.0 TO Vers Zon8

"oTOp rsion 2.5.0
Date: 10-27/2014 Cycle: 0 VolPrt: 100.0 VtxzAdj: 0.05 D ate: 10/ 26/2ﬂm Cycle: 0 VolPrt: 100.0 VtxAdj: 0.05

Cylindrical CS Spherlcal CS
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Model preparation, Configuration ...

Initial model (solid from Creo)

CAESS ProTOp Ver: 3.1.9 Bata
Date: 042472015 Inp: Wiolder 6MFE.ptop Own: CAESS d.o.0.

Long. walls configuration /
min/max thickness /

CAESS ProTOp Ver: 3.1.9 Bata
Date: 04-24/201S 1Inp: Wolder 6MFE.ptop Own: CAESS d.0.0.

Outer shell configuration
min/max thickness

CAESS ProTOp Ver: 3.1.9 Bata
Date: 042472015 Inp: Wiolder 6MFE.ptop Own: CAESS d.0.0.

Mid walls configuration
min/max thickness

CAESS ProTOp Ver: 3.1.9 Bata
Date: 042472015 1Inp: Wiolder 6MFE.ptop Own: CAESS d.0.0.
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Animation, Washing machine drum holder

CAESS ProTOp WVer: 3.1.9 Beta
Date: 042672015 Inp: WMHolder GMFE.ptop Own: CAESE d.o.o.
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Run ProTOp or Import FE model

Optimization tab

Madel Optimization Settings
. Bl (B
Start session Run cycles _I

Auto run after session start

|:| Double-precision solver

Cycles Min 10 = hax 100 =
Running ... Initizlized VolPrt: 23.0 BStress: 6. 16e+01
(®) Target volume part [%] 280 [*
Cl Target Mises stress 0.0 =
Cl Target max displacement 0.0000 |=
A Save ...
LCaseld SEner BStress Maxl EigFr

Pause cycles - End session

|:| Use semi-elastic-plastic model

Yield stress factor

Yield hardening factor

MaxLl: 1.06e-01 IniTime: 00:00:28

Material redistribution rate

Low .

Fields and step smoothing

Low .

q ImpFac

=

=
=]

-

High

High
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Run ProTOp or Import FE model

Advanced settings tab

Maodel Optimization Settings
Settings | Filter -
Key Yalue Motes
Con.FEAProcessPriority -1
Opt.ConvergenceTolerance 0.0
COpt.ToplnfluenceDist 1.0
Opt.ElementActLimit -0.05
[ ] Opt.ElementActBandWidth 2
Cpt.NumLevelCycles 4
Cpt.MuminiVoidCycles L H
Supp.SiviR55P 5
Conn SlwlDEMiD n
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ProTOp® functionalities, Semi-elastic-plastic material behavior

rbone Optimized: Linear elastic behavior
= Validated: Linear elastic behavior
[ |

2.708e+02
2.347e+02
1.986e+02
1.625e+02
1.264e+02
9.028e+01
5.417e+01

by elastic plastic
material behavior =

[+ Fixed scale

Diminish

stress concertation

|AM Stress ~ |

Optimized: Elastic plastic behavior
Validated: Linear elastic behavior

L.

CAESE ProTOp Ver: 4.2.0 Cyo: 0 WolPrt: 5000
Date: 09302015 08:53:58 Inp: LAnglePlate EPx.ptop Own: CAESS
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ProTOp® functionalities, Tens./Comp. Stress controlling
L File - Help ~ -

3.500e-02 von Mises stress field
Model Optimization Settings L -

2.917e+02

Settings | Filter |FEA.Sta. - 25286402
2.13%e+02
Key Value Motes - 1.750e=02
FEA.Sta.MaxSolverlterations 30 I
- 9.722e+01
FEA.Sta.TopCriteriaCode 0 SEner = O; Mist 5.833e=01
3 FEA.5ta.TenCompStrengthRatio 1.0 -
FEA.Sta.BStressExp 4 Range: from 1 [l Below
|:| Fixed scale
|AM Stress b |

| FEA.5ta.TenCompStrengthRatio 0.6

| FEA.5ta.TenCompStrengthRatio 1.0

Tension

On crack initiation resistant structure
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ProTOp® functionalities, Start from... mode
| File~ Help -

I Model Optimization Settings
. Bl (B .
Start sessicn - \ Run cycles - ll Pause cycles - End sessicn
- Ll
| | Start frem ..
— start Use semi-elastic-plastic model
|:| Double-precision salver Yield stress factor 1.00

Cycles Min Max Yield hardening factor 1.00

Small FE model (0.5 MFEs)

—
pranrity
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o H WolPrt: 26.3
b: TestCAD_0-SMFEs_Shell.ptop Own: CAESS p: TestCAD_2-SMFEs_Shell.ptop Own: CAESS
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Optimization of welded structure made of thin plates

Initial model (solid from Creo) Optimized shape

CAESS ProTOp Ver: 4.2.0 Cyc: 0 VolPrt: 100.0 CAESS ProTOp Ver: 4.2.0 Cyc: 11 VolPrt: 85.8
Date: 10242015 10:42:05 Inp: Jaw.ptop Own: CAESS Date: 10-24-2015 10:46:14 Inp: Jaw.ptop Own: CAESS

Optimal shape vs. just

aaaaa

PTC Creo Simulate

sssssssssssss

™\ Stress concentration at hole,
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Smoothing and export
Surface after optimization Surface tools:

= Surface mesh errors check
= Mesh simplification

= Peaks and pits removal

= Smoothing

Errors free and smoothed surface

g
Export to STL, AMF or STEP formats

24
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Additive Manufacturing

ProTOp® solution perfectly
suited for new Additive

Manufacturing technologies.

Freedom of design

= Complex geometry

| attice structure

Export to STL &
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Live Demo: Brakcet

=22 ProTOp - M\Boeing\TestCAD_2-5MPFEs_Shell.ptop

E File - Help - éj Geometry - é) View ~ quaJ(imize x Suspend

Model Optimization Settings -
Above
— - - 1.000e+02 [2]
’ Start session - \ Run cycles - J Pause cycles - End session -
- - 8.333e+01
7.222e+01
|:| Auto run after session start |:| Use semi-elastic-plastic model 6.111e+01
- 5.000e+01
[] Double-precision solver Yield stress factor = - 3.880e+01
2.778e+01
Cycles Min | 20 E| Max | 100 E| Yield hardening factor = [ | Tl
- 0.000e+00 [7]
I Below
ixed scale
[ Fixed scal
(@) Target volume part [%] Material redistribution rate O
ress ~
Low . High
O Target Mises stress 0.0 E
O Target max displacement 0.0000 E Fields and step smoothing

Low . High

H‘Save...

LCaseld SEner EStrass Maxl) EigFrg ImpFac

CAESS ProTOp WVer: 4.2.0 Cyc: 6 VolPrt: 258.1
Date: 10-20-2015 12:55:55 Inp: TestCAD_Z-SMFEs_Shell .ptop Own: CAEIS

Generator: 0.36 sec | | Vertices: 94982 Triangles: 190172 BBox:

Fx: 0.000000E+00

Fy: 0.000000E+00

Fz: 0.000000E+00
nodes: 445920
elements TTH4: 2457261
elements HXH8: O

Status |

26
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Simultaneously optimization of solid, shell and lattice structure

VolPrt: 41.6

CAESS ProTOp Ver: 4.0.0 Cyc: 9 VolPrt: 40.9
Date: 06-03/2015 Inp: SolidShellLlattice.ptop Own: CAESS d.o.o.
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Animation, Pressure cover

FEA optimization model
22 million FEs

CAESS ProTOp Ver: 3.1.9 Beta
Date: 04-28-2015 Inp: CoverdAssemhly Large Lattice.ptop Own: CAESS d.c
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Animation, Oil pan

_owest 31;&)11“:3!1:19“5/ maximization
ot an oll pan

JYy '
OpoIlogy optimization

CAESS ProTOp Ver: 4.0.8
Date: 08-24-2015 Inp: Oi1lPanM.ptop Own: CAESS d.o.o.
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Animation, Spiral bevel gear

SSOplral bevel gear

Load cases

CAESS ProTOp Ver: 3.1.9 Cyc: 46 VolPrt: 58.1
Date: 04-30-2015 Inp: SpiralBevel.ptop Own: CAESS d.o.o.
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Animation, Bearing holder
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Thanks!

CAESS in collaboration with our partner
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