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Whirlpool ==

e Zalozena v 1911, Lou Upton, Saint Joseph, Ml

* Pracky, susicky, umyvacky, chladnicky, rury, mikrovinky...
* 2014 - 68 000 zamestnancov po celom svete

* 21 rokov na Slovensku

* Poprad - viac ako 2 miliony praciek rocne
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Whirlpool

Vertikalna os otacania bubna:
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Whirlpool

Horizontalna os otacania bubna:

Zvrchu plnena pracka

Spredu plnena pracka

ﬁ'lbhirl ool
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SBD,

* SBD (Simulation Based Design) — Analyticky proces, ktory vyuziva pocitacové
simuldcie pri navrhovani, overovani a optimalizacii dizajnu produktu/komponentu

Vyhody:
* Predikcia spravania sa navrhovaného komponentu este pred zostavenim a
testovanim realneho prototypu

* MozZnost vyhodnotenia a overenia velkého mnozstva dizajnov uz na zaciatku
vyvojového cyklu komponentu

 Znizenie casovych a financnych nakladov na vyrobu prototypov
Predikcia pomocou SBD:

- Deformacie, distribucia napatia, unava a lomy, vibracie a hluk, teplota,
tepelny tok, tok tekutin, spalovanie, optimalizacia tvaru...
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Typy simulacii
 Relativne jednoduché a rychle ,,rucné” vypocty

» Komplexné simulacie poskytujuce detailné odpovede napriklad na otazky
ohladom tuhosti, resp. vplyvu materialovych vlastnosti na spravanie sa
komponentu
* Finite element analysis (Metdda konecnych prvkov) - Strukturalne, vibracie,
padové simulacie
e Computational fluid dynamics (Metdda konecnych objemov) - tepelny tok,
spalovanie, tok tekutin
* Multi-body dynamics (Num. metddy na rieSenie pohybovych rovnic) -
simulacie pohybujucich sa cCasti
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Zakladné principy vypoctovych softvérov

* FEA (Finite Element Analysis) — Matematicka technika, ktora pouziva PDR na
simulovanie geometrie, materidlovych vlastnosti a zatazenia realneho
fyzikalneho systému

The flexibility or compliance matrix, [D] " is:

[ VE, 'Vly/El ~vyz [Ex 0 0 0
By Y& v /By O 0 0
jor' - v By vy fEr  VE; 0 0 0
0 0 0 Gy 0 0
0 0 0 0 Y/Gyz 0

0 0 0 0 0 5y |
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Zakladné principy vypoctovych softvérov

Strukturalna FEA

* Pomocou strukturdlnej FEA moZzeme analyzovat:
* Tuhost a pevnost
* Deformacie (ohyb, krutenie, vzper...)
e Posunutia a distribucia napati
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Zakladné principy vypoctovych softvérov
Aproximacia reality

Ako dobre FEA aproximuje realitu zavisi od:
* Typ simulacie
e Simulacna technika
* \/stupné data
* Jemnost siete
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Zakladné principy vypoctovych softvérov
Vyhody FEA

 ZvySuje produktivitu, znizuje naklady, setri Cas, skracuje vyvojovy cyklus, vytvara
spolahlivejsie dizajny

* Redukuje naklady na prototypovanie

* Simuluje tazko vyrobitelné prototypy
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rged

—— — - Substep Conver

tovych softvérov

v

V4
Force Convergence

33, 34,

Cumulative Iteration

[ V4

é principy vypoc¢
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Postup FEA
* Post-processing

* Pre-processing
* Solving

Z
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Zakladné principy vypoctovych softvérov
Typy analyz

Linedrna
. Statické<

Nelinearna

Linedrna
. Dynamické<

Nelinearna
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Zakladné principy vypoctovych softvérov

Typy analyz (pokracovanie)
Staticka analyza

Static Analysis Eguation

e Zatazenie sa nemeni v ¢ase

Damping Portion

« Kvazy staticka - ak sa zatazenie b ’
nertia Fortion
meni velmi pomaly a zotrvacné / /
vlastnosti su zanedbatelné [M]f?h[c }+[K]u}{Fﬁ}
0 0 Constant

!

[T}~ [F]

The general equation of motion is simplified for the static condition.
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Zakladné principy vypoctovych softvérov

Typy analyz (pokracovanie)
Dynamicka analyza

* Zohladnuje hustotu
J Dynamic Analysis Equation

* Explicitné vypocty — padové skusky

M)+ [l + [k fo} = {F ()}

The general equation of motion applies fully.
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Zakladné principy vypoctovych softvérov
Typy analyz (pokracovanie)
Linearna analyza Linear Analysis

» Ak sa vstupné data zdvojnasobia, &
zdvojnasobia sa aj vystupné data
* Deformovany stav moze byt

aproximovany nedeformovanym

* Nezalezi na poradi aplikovania zatazeni

e Casovo nenaroc¢na

u

The slope of the load deflection curve does not change as
the load is increased.
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Zakladné principy vypoctovych softvérov

Typy analyz (pokracovanie)
Nonlinear Analysis

Nelinearna analyza

* Ak sa vstupné data zdvojnasobia,
vystupné data nemusia byt dvojndsobné
* VVztah medzi zatazenim a odozvou nie je
dopredu znamy

* [teracny proces

Uy u,

The slope of the load deflection curve changes as the load
is increased. In this case the structure “softens.”
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Zakladné principy vypoctovych softvérov
Optimalizacné metddy
* Topologicka optimalizacia — optimalizacia rebrovej struktury remenice

H 18



=
.
Every home...Everywhere Wh I rI OOI

SW okienko - Altair HyperWorks
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SW okienko - Ansys

* Ansys classic

(A ANSYS Structural Utility Menu (FrontPanc) R T T B3 FEIER™ )
File Select List Plot PlotCirls WorkPlane Parameters Macro MepuCtirls Help ‘
D|=lala & & 2= =) &l =
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| auIT| REPLOT| EXCEL| _SHPP| _CDREAD| _MODAL| _DEL_OUT| _OUTPUT| _NRRE|

ANSYS Main Menu ®|

El Preferences 1 ANSYS
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Solution APR 11 2013

General Postproc 16:55:29
TimeHist Postpro
DesignXplorer
Prob Design

& Session Editor
Finish
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* Ansys Workbench

0} Brace_current - Workbench
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CORPORATION

MR - ematic WM Ovtine of Schematic P5: Setup v R oX
IEAna\ysis Systems | =
Design Assessment
ﬁ Harmonic Respanse
ﬁ Linear Buckling
W Modal
m Random Vibration
m Response Spectum
ﬁ Rigid Dynamic
@ Shape Optimization (Beta)
@ Static Structural
ﬂ Steady-State Thermal
Y Thermal-Electric
[l Transient Structural
m Transient Thermal
Compaonent Systems
Custom Systems
Design Exploration M
EIll Properties o v rox
A ‘ B
1 Property Value
2 =
3 Component ID Setup 7
I 4 Directory Name | SYS-8
5 = ormatio
- [ Physics Structural
< 1] | r 7 Analysis Static Structural
Messages > B % 8 Solver Mechanical APDL
A B o D e
1 Type Text Assodation Date/Time u
B Informational Hmt;Yj::uv\;sar:l;:‘zag:;?;ﬁ:::slﬁe\ﬁdrei because no external internet connection was found. 11, 4, 2013 11:38:23
3 Error! Unable to view geometry. Unable to get model. 22, 3. 2013 17:17:25
4 ‘Warning! Unable to obtain linked environment IDs. Unable to get model. 22,3 2013 17:17:24
5 Warning! Unable to set generate input file. Unable to get environment. 22,3 2013 17:17:24
(] Errar! Unable to view geometry, Unable to get model, 22,3, 01317:17:03 | 7
A B C
1 Status Detais Progress
T View All f Customize...

: Starting Mechanical...

[ Hice Progress ][ A ide 33 Messages |

m21



[ ]
Every home...Everywhere Every home...Everywhere Every home...Everywhere Every home...Everywhere Every home...Everywhere Every home...Everywhere W Ir OOI

CORPORATION

SW okienko - Ansys

* Mechanical
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SW okienko - LS-PrePost
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SW okienko - Msc Adams
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Ukazka 1 —Staticka analyza pracieho agregatu
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Ukazka 2 — Simulacia padovej skusky AP
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Dakujem za pozornost!
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