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e

CQO?

- Priklady vyuziti topologické optimalizace ve strukture a v elektro-magnetismu
PROC?

- Malo z vas ji pouziva, neni se ji treba bat

- Topologicka optimalizace je sikovny a pouzitelny nastroj

JAK?

- Praktické a jednoduché priklady s popisem postupu



Elektro
Magnet

e

UvoD

NEPARAMETRICKE OPTIMALIZACE

Topologicka optimalizace

Sheet thickness [mm)|
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Tloust’kova optimalizace

Agplus®
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STRUKTURALNI SIMULACE
A TOPOLOGICKA OPTIMALIZACE

Ukol:
- Navrhni usporadani a mohutnost profild zahradni brany
Pozadavkuy:

- Rozmeér kfidla: 3x2m, 2 panty 250mm od horni / dolni hrany
- Minimalizuj hmotnost a prihyb

- Jacklovy ram a vyztuhy, pletivo do plochy
Zatizeni: v

Agplus®

IDIADA
PUBLIC 6/43
L

- Gravitace -> pruhyb
- Vandal 200kg -> napéti lll
Material:

- S235JR
p0y=235MPa

.......




STRUKTURALNI SIMULACE i
ROzZVAHA A PRIPRAVA MODELU @ rowe /43

Predpoklady efektivni topologicka optimalizace:
- Linearni material

- Z&dné kontakty

- NLGEOM=NO

- Linearni elementy

- Spravne zvoleny design space

Bézna praxe: solid element design space



TOPOLOGICKA OPTIMALIZACE
ROZVAHA A PRIPRAVA MODELU

Predpoklady efektivni topologicka optimalizace:

Linearni material
Z4dné kontakty

NLGEOM=NO
Linearni elementy

Spravne zvoleny:

@)

@)

@)

@)

Design space
Odezvy modelu
Omezeni
Objektivni funkce

Agplus®
IDIADA

?

Ram brany simulovan Beam elementy

PUBLIC
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Predpoklady efektivni topologicka optimalizace:

TOPOLOGICKA OPTIMALIZACE
ROZVAHA A PRIPRAVA MODELU

Linearni material
Z4dné kontakty
NLGEOM=NO

Linearni elementy
Spravne zvoleny:

o Design space

o (Odezvy modelu

o Omezeni

o Objektivni funkce

Topologickd optimalizace homogenni shell
vyplné ukaze kudy tece zatizeni.
V téchto mistech nasledné budou profily

Agplus®
IDIADA

Ram brany simulovan Beam elementy

PUBLIC
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Agplus®

TOPOLOGICKA OPTIMALIZACE DIADA

DESIGN SPACE e 10/43

Design space
Elementovy set vSech elementd, ktere budou , odlehcovany”

DV_TOPO
ID_NAME = Task-1_DESIGN_AREA_
EL_GROUP = P3;VYPLN

END_




TOPOLOGICKA OPTIMALIZACE

Sledované odezvy modelu:

- Prdhyb ve stepu 1,Grav”

- Max. napéti v modelu ve stepu 2 ,Vandal”

- Objem elementd

DRESP
ID_NAME = Response_P1
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = SIG_SENS_MISES
EL_GROUP = P1;,ZAVES
GROUP_OPER = MAX
LC_SET = ALL,2,ALL

END_

DRESP
ID_NAME = Response_P?2
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = SIG_SENS_MISES
EL_GROUP = P2;RAM
GROUP_OPER = MAX
LC_SET = ALL,2,ALL

END_

DRESP
ID_NAME = Response_U
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = DISP_Z_ABS
ND_GROUP = POSUV
GROUP_OPER = MIN
LC_SET = ALL, 1, ALL

END_

DRESP
ID_NAME = Response_Vol
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = VOLUME
EL_GROUP = P3;VYPLN
GROUP_OPER = SUM

END_

DESIGN RESPONSE

Agplus®
IDIADA

PUBLIC
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Agplus®

TOPOLOGICKA OPTIMALIZACE DIADA

GEOMETRY CONSTRAINT e 12/43

Geometrické omezeni
Minimalni Sirka télesa, které zbyde, je 20mm
Nutno zvazit velikost elementU

DVCON_TOPO
ID_NAME = MY_DVCON_TOPO_Min_member
CHECK_TYPE =MIN_MEMBER
EL_GROUP = ALL_ELEMENTS
THICKNESS =20
END_




OBJ_FUNC
ID_NAME = Objective

DRESP = Response_Vol, 1,

DRESP = Response_U, 1,
TARGET = MIN
END_

Minimalizuj objem
Minimalizuj priihyb pod vlastni tihou

TOPOLOGICKA OPTIMALIZACE
OBJEKTIVNI FUNKCE

DRESP
ID_NAME = Response_U
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = DISP_Z_ABS
ND_GROUP = POSUV
GROUP_OPER = MIN
LC_SET = ALL, 1, ALL

END_

DRESP
ID_NAME = Response_Vol
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = VOLUME
EL_GROUP = P3;VYPLN
GROUP_OPER = SUM
END_

Agplus®
IDIADA

PUBLIC
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Agplus®

TOPOLOGICKA OPTIMALIZACE DIADA

OMEZENI| NAPETI e 14/43

Dovolené napéti: 235MPa

CONSTRAINT
ID_NAME = Constraint_S_P1
DRESP = Response_P1
MAGNITUDE = ABS
LE_VALUE = 235.

END_

CONSTRAINT
ID_NAME = Constraint_S_P2
DRESP = Response_P2
MAGNITUDE = ABS
LE_VALUE = 235.

END_

DRESP
ID_NAME = Response_P1
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = SIG_SENS_MISES
EL_GROUP = P1;,ZAVES
GROUP_OPER = MAX
LC_SET = ALL,2,ALL

END_

DRESP
ID_NAME = Response_P2
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = SIG_SENS_MISES
EL_GROUP = P2;RAM
GROUP_OPER = MAX
LC_SET = ALL,2,ALL

END_




Agplus®

TOPOLOGICKA OPTIMALIZACE DIADA
VYSLEDKY e 15/43

Odlehceny shell ukazuje kudy tece sila a kam dat jackely

Vystupy ovlivnény velikosti sité (podchyceni gradientu)

2.662 elementl, hrana 50mm, 5min / 60 iteraci 262.002 element(, hrana 5mm, 1h 15min / 60 iteraci



Agplus®

TOPOLOGICKA OPTIMALIZACE DIADA

VYSLEDKY — VLIV OBJ FUNKCE e 16/43

, i ) OBJ_FUNC OBJ_FUNC DRESP i
Vyraznejsi vliv nastaveni objektivni funkce ID_NAME = Objective ID_NAME = Objective 'LE|’§$‘/§“:I%-L'T§$P°"SE—V01
DRESP = Response_Vol, 1, DRESP = Response_Vol, 1, B -
—BRESP-=Respense_t;+; TARGET = MIN DEF_TYPE = SYSTEM
TARGET = MIN END_ TYPE = VOLUME
END_ EL_GROUP = P3;VYPLN

GROUP_OPER = SUM
END_




UPRAVA MODELU e
PODLE TOPOLOGICKE OPTIMALIZACE raue  17/43

Na zaklade topologické optimalizace jsou identifikovany efektivni smery vyztuzeni
CAD model reflektuje tuto cestu a reflektuje vyrobitelnost
Jak ale spravne zvolit mohutnost jackelu?
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UPRAVA MODELU i
PODLE TOPOLOGICKE OPTIMALIZACE @ e 10743

Jak ale spravné zvolit mohutnost jackelu?
Inzenyrsky odhad:

- A=B=20mm pro rédm pro zakladni profil
- A=20mm, B=10mm pro vyztuhy

Dostupneé tloust’ky profilu: 0.5; 1.0; 1.5; 2.0; 2.5; ... "
A / \
B g/
A 4 /
A /

e

A
Y



UPRAVA MODELU i
OPTIMALIZACE TLOUSTKY @ roue 20743

Model v shellu na strednici

Moznosti optimalizace tloust’ky

- Parametricka optimalizace (Isight)

- Sizing optimalizace (Tosca)

o Per Element

j

e
%

o Per ElSet (Cluster Groups) = '
/
g/



Agplus®

TLOUSTKOVA OPTIMALIZACE DIADA

DESIGN SPACE e 21743

Design space
Elementovy set vsech elementd, které budou optimalizovany

DV_SIZING
ID_NAME = DESIGN_AREA
EL_GROUP = ALL_ELEMENTS
END_



TLOUSTKOVA OPTIMALIZACE
DESIGN RESPONSE

- Sledované odezvy modelu:
- Prdhyb ve stepu 1,Grav”

- Max. napéti v modelu ve stepu 2 ,Vandal”

- Objem elementd

DRESP

ID_NAME = Resp_Displ

LIST = NO_LIST

DEF_TYPE = SYSTEM

TYPE = DISP_Z_ABS DRESP

ND_GROUP = POSUV ID_NAME = Resp_Stress

GROUP_OPER = MAX LIST = NO_LIST

CS_REF -CS_0 TYPE = SIG_SENS_MISES
END_ EL_GROUP = ALL_ELEMENTS

GROUP_OPER = MAX
LC_SET = ALL, 2, ALL
END_

DRESP
ID_NAME = Resp_Volume
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = VOLUME
EL_GROUP = ALL_ELEMENTS
GROUP_OPER = SUM

END_

Agplus®
IDIADA

PUBLIC

22/43



Strategie optimalizace

o  Per ElSet (Cluster Groups)

DVCON_SIZING
ID_NAME = Restriction
CHECK_TYPE = CLUSTER_GROUPS
EL_GROUP = P1;FRAME
EL_GROUP = P2;SVISLA
EL_GROUP = P3;VYPLET

END_

TLOUSTKOVA OPTIMALIZACE
CONSTRAINT

o Per Element

DVCON_SIZING
ID_NAME = Restriction
EL_GROUP = ALL_ELEMENTS
CHECK_TYPE = THICKNESS_BOUNDS
MAGNITUDE = ABS
LOWER_BOUND = 0.5
UPPER_BOUND = 4.0

END_

Agplus®
IDIADA

PUBLIC
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Minimalizuj objem

Minimalizuj priihyb pod vlastni tihou v

OBJ_FUNC
ID_NAME = Objective
DRESP = Resp_Displ, ,
DRESP = Resp_Volume, ,
TARGET = MIN

TLOUSTKOVA OPTIMALIZACE DIADA
OBJEKTIVNI FUNKCE & OMEZENI| NAPETI e 24/43

N

END DRESP DRESP
B ID_NAME = Resp_Displ ID_NAME = Resp_Volume
LIST = NO_LIST LIST = NO_LIST

DEF_TYPE = SYSTEM
TYPE = DISP_Z_ABS
ND_GROUP = POSUV
GROUP_OPER = MAX
LC_SET = ALL1,ALL
CS_REF =(CS_0

END_

Dovolené napéti: 20

CONSTRAINT
ID_NAME = Opt-Constraint
DRESP = Resp_Stress
MAGNITUDE = ABS
LE_VALUE = 200.

END_

OMPa

DEF_TYPE = SYSTEM
TYPE = VOLUME
EL_GROUP = ALL_ELEMENTS
GROUP_OPER = SUM
END_

DRESP
ID_NAME = Resp_Stress
LIST = NO_LIST
DEF_TYPE = SYSTEM
TYPE = SIG_SENS_MISES
EL_GROUP = ALL_ELEMENTS
GROUP_OPER = MAX
LC_SET = ALL, 2, ALL

END_

AN



12172 elementU
14 iteraci

13 minut
11,64kg

o  Per ElSet (Cluster Groups)

DVCON_SIZING
ID_NAME = Restriction
CHECK_TYPE = CLUSTER_GROUPS
EL_GROUP = P1;FRAME
EL_GROUP = P2;SVISLA
EL_GROUP = P3;VYPLET

END_

TLOUSTKOVA OPTIMALIZACE
VYSLEDKY

Arplus®
IDIADA

PUBLIC

25/43




Arplus®

TLOUSTKOVA OPTIMALIZACE DIADA
VYSLEDKY e 26743

12172 elementU
7 iteraci

7/ minut
8,32kg

4.0mm

o Per Element o

DVCON_SIZING
ID_NAME = Restriction
EL_GROUP = ALL_ELEMENTS
CHECK_TYPE = THICKNESS_BOUNDS
MAGNITUDE = ABS
LOWER_BOUND = 0.5
UPPER_BOUND = 4.0

END_

2.0mm

4.0mm
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IMPLEMENTOVANE PRISTUPY

CONFIDENTIAL

V pripade zajmu nas kontaktujte.
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Prlprava modelu v CST

%

Vybér solveru a elementu sité

Ei\ E’»\. E’»\.

Method
Broadband sweep:

NEPARAMETRICKA OPTIMALIZACE v CST
WORKFLOW

Fast reduced order model

> |
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Hexahedral FIT
v Tetrahedral

Generovani .stl, Tosca
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Circular Horn Antenna

Agplus®
IDIADA
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Definovani DRESP

Mon-Parametric Optimizer

Design Space, constrains,

geometrické symetrie

EI @ Design Space
- == designspace

Design respenses

Type: |S—Paamd:er V| |
D Type
B 0 S-Parameter
New Symmetry Constraints... _ 0 1 Radisted-Power

New Shape Constraints... Parametric Optimizer
Remove all Constraints v Non-Parametric Optimizer

Organize Constraints.. Import / Export Optimizer Settings

3

S

Vgbeér nejlepsi iterace Neparametricka optimalizace

Vi ComCavityHex_tosca X
oo " CoaxCavityHex.cst
a0 a1l Optimizer: Non-Parametric Optimizer LX
() (NOTICE ) [16:02:12|tosca_python]
|:||:|2 (NOTICE ) [16:02:12|tosca_python] | |

{NOTICE ) [16:02:12|tosca_python] | Tosca Structure Python Control
UDE (NOTICE ) [16:02:12|tosca_python] | |
{NOTICE ) [16:02:12|tosca_python] | 3DEXPERIENCE R2024x
{NOTICE ) [16:02:12|tosca_python] | |
(NOTICE ) [16:02:12|tosca_python]
(NOTICE ) [16:02:12|tosca_python]

MY_0RJ_EMAG
OBJ_FUNC_DRESPAODE2_1

'OBJ_FUNC_TERMMODEZ 1
MODE 1_2 LELEMODE 1 2
MODE 1_3_GE:GEMODE 1.3

|:|1 :.' (NOTICE ) [16:02:12|tosca_pythoen] Tosca started at Mon, 28 Aug 2023 16:02:12
{NOTICE ) [16:02:12|tosca_python]

TOSCA_POST . M8



GEOMETRICKE OMEZENI

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



DESIGN RESPONSE (DRESP)

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



FARFIELD — Osovy POMER

CONFIDENTIAL



E FARFIELD — CO-/CROSS-POLARIZACE

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



FARFIELD — SIRKA SVAZKU (-10 DB)

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



RELATIVNI OPERATOR

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



GUI: TLACITKO SETTINGS

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



CITLIVOSTNI MONITOR

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



TOPOLOGICKA OPTIMALIZACE

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



TOPOLOGICKA OPTIMALIZACE

CONFIDENTIAL

V pripade zajmu nas kontaktujte.



EXPORT MODELU

CONFIDENTIAL

V pripade zajmu nas kontaktujte.




PRIKLADY

CONFIDENTIAL

V pripade zajmu nas kontaktujte.
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Neparametrickeé optimalizace pro:
- Strukturu

- Elektriku

- Proudéni

Neni to tak slozité

Benefit pro Vase projekty
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