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Chyby pri matematickém modelovani aneb co
se nepovedlo
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Vysaka skola banska - Technicka univerzita Ostrava
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Co to je matematické modelovani a k ¢emu je dobré?

Co se muze pokazit?

A co se pokazilo?
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Matematické modelovani

— Realny problem
Matematicky model ™
Aplikovana Priblizné metoda
matematika

A 4

. . Numericka
Numericka uloha >

(vypocetni)
matematika

Numericka metoda

Numerické feseni ulohy /)
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Matematické modelovani — priklad 1

Deformace struny

Linearni model — malé deformace

v
Rovnice struny ™~

Diskretizace geometrie tlohy — metoda siti

A 4

Diskretizovana rovnice struny

Numericka
> (vypocetni)
matematika

Reseni linearni soustavy rovnic — Gaussovaleliminace nebo
jina iteracni metoda

A 4

Odhad deformace struny J
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Priklad 1 - Deformace struny
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Pfiklad 1 - Diskretizace struny

Malé deformace:

tg(a) = sin(«)
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Pfiklad 1 - Diskretizace struny

............................ po _ Psin(ao) ~P Uy ;uo PO + (_Pl) — hG

: u, —u —
P, =Psin(ey) = P 2h L P N
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Pfiklad 1 — Odhad deformace struny

Soustava linearnich rovnic:

F = G __ P9
-u, +2u, -—u, — h%F P "tuhost"
W ek = h°F F 280981 0578
-u, +2u, -u, _ thh 300
—U;  +2u, —Us = h°F L=12m:>h:%:2m
Uy 5 U = NF Up =Us =0
20, —U, = 01112 5oy u, =0.2780
—Up +2U;,  —Ug = 0.1112 u, =0.4448
—U;  +2u; U, = 0.1112 u, = 0.5004
“Uy t2U, U = 0.1112 u, =0.4448

-u, +2ug = 0.1112 u. =0.2780
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Matematické modelovani — priklad 2

Tvarova optimalizace pro kontaktni ulohu se trenim

Variacni nerovnost — zanedbani treni

\ 4
Optimalizacni uloha ™~

Diskretizace geometrie ulohy — metoda |konecnych prvku

A 4

Diskretizovana optimalizaCni uloha

Numericka
> (vypocetni)
matematika

Metoda pro optimalizaci spojité
diferencovatelné funkce

A 4

Odhad optimalniho tvaru J




Shape optimization
Shape optimization

@ Shape optimization in contact problem with Coulomb friction



Shape optimization
Shape optimization

@ Shape optimization in contact problem with Coulomb friction

min O ()
subject to

a € Uy,




Shape optimization
Shape optimization

@ Shape optimization in contact problem with Coulomb friction

min O ()
subject to

a € Uy,

where O(at) := J(a, S(x))
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Signorini problem - the meaning of control variables

e
L
x ghl

obstacle” = f(z,y)

e}

Il 1=

EL

S o =
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Shape optimization

L_Shape optimization - Solution methods

LNeglecting friction

Shape optimization - Indirect approach (Neglecting
friction)

@ Shape optimization problem is solved with F = 0.
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LNeglecting friction

Shape optimization - Indirect approach (Neglecting
friction)

@ Shape optimization problem is solved with F = 0.

e Function ©(a) := J(ex, S(ax)) is differentiable.



Shape optimization

L_Shape optimization - Solution methods

LNeglecting friction

Shape optimization - Indirect approach (Neglecting
friction)

@ Shape optimization problem is solved with F = 0.
e Function ©(a) := J(ex, S(ax)) is differentiable.

@ Does the optimized shape computed with F = 0 approximate the optimized
shape of original problem?



Shape optimization )
Numerical experiments

Numerical experiments: Signorini problem Il (without
friction)

mingy [[Ac(ex)ll3
subject to
a € Uy
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Numerical experiments: Signorini problem Il (without
friction)

mingy [[Ac(ex)ll3
subject to
a € Uy

number of subdomains 8
number of design variables 36
nodal degrees of freedom 8 232

elastic body:
Young modulus E :=1.1-10° MPa, Poisson’s ratio v := 0.33
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Numerical experiments: Signorini problem Il (without
friction)

mingy [[Ac(ex)ll3
subject to
a € Uy

number of subdomains 8
number of design variables 36
nodal degrees of freedom 8 232

elastic body:
Young modulus E :=1.1-10° MPa, Poisson’s ratio v := 0.33

coefficient of Coulomb friction F :=0



Shape optimization
Numerical experiments

Numerical experiments: Signorini problem Il (without
friction)

mingy [[Ac(ex)ll3
subject to
a € Uy

number of subdomains 8
number of design variables 36
nodal degrees of freedom 8 232

elastic body:
Young modulus E :=1.1-10° MPa, Poisson’s ratio v := 0.33

coefficient of Coulomb friction F :=0
body traction P := 3000 -






Shape optimization )
Numerical experiments

Signorini problem Il (without friction): Normal contact
stress for initial design

Contact stress normal
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Shape optimization )
Numerical experiments

Signorini problem Il (without friction): Normal contact
stress for initial design

Contact stress normal

15000

10000

5000

Ac()||} = 4.2334 - 1077






Shape optimization )
Numerical experiments

Signorini problem Il (without friction): Normal contact
stress for optimized design

Contact stress normal
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Shape optimization )
Numerical experiments

Signorini problem Il (without friction): Normal contact
stress for optimized design

Contact stress normal

15000

10000

5000

I Ac(@)|| = 1.5207 - 1016



Shape optimization )
Numerical experiments

Signorini problem Il (without friction): Normal contact
stress for optimized design (smaller normal contact stress
range scale)

Contact stress normal
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Shape optimization )
Numerical experiments

Signorini problem | and Il - comparison 1 (both with
friction): Normal contact stress for optimized design

Contact stress normal

15000
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Shape optimization )
Numerical experiments

Signorini problem | and Il - comparison 2 (both with
friction): Normal contact stress for optimized design

Contact stress normal Contact stress normal
N
5000 5000
4500 4500
4000 4000
3500 3500
3000 3000
2500 2500
2000 2000

1500

1000




Shape optimization )
Numerical experiments

Signorini problem | and Il - comparison 2 (both with
friction): Normal contact stress for optimized design

5000 5000

3500

3500

2000 2000

4 —1.4193 10 [Ac(a)||4 = 2.4217 - 106

[Ac(ex)
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Chyby, které se mohou objevit

« Chyba matematického modelu

« Chyba metody, chyba aproximace
* Chyby v kédu algoritmu

« Chyby ve vstupnich datech

« Zaokrouhlovaci chyby, chyby zapisu €isla v po¢itaci
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Mariner 1

Zni¢en 22. 7. 1962 pfi letu k Venusi kvuli chybé v kédu algoritmu
Celkova Skoda cca 550 miliéna USD
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Systém Patriot

« Selhal 25. 2. 1991 béhem prvni valky v Perském zalivu kvuli zaokrouhlovaci chybé
* Vysledkem byl dopad iracké rakety Scud na americka kasarna a smrt 28 americkych
vojaku a zranéni cca 100 dalSich osob
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Sleipner A

PloSina Sleipner pro tézbu zemniho plynu, ktera byla umisténa v Severnim mofi
pobliZ Norska, se 23. 8. 1993 zfitila kvuli chybé nepfesnému pouziti metody
konec¢nych prvku (chyba metody, chyba aproximace)

Celkova Skoda cca 700 miliona USD




VSB TECHNICKA | FAKULTA KATEDRA

|UNIVERZITA ELEKTROTECHNIKY | APLIKOVANE OSTRAVA

OSTRAVA A INFORMATIKY MATEMATIKY

MATHC DU

SKOMAM 2019, 29. 1. 2019

Ariane 5

Znien 4. 6. 1996 30 sekund po startu kvuli Spatnému zapisu ¢Cisla v pocitaci

Celkova Skoda cca 500 milionu USD




.........................
.........................
.........................
LA A ER AR E R EEEN R AR NNERNE]

VgB TECHNICKA FAKULTA KATEDRA llvl..III..lli..ll!l..lll.
|| || UNIVERZITA | ELEKTROTECHNIKY | APLIKOVANE OSTRAVA!!! MHTH U SKOMAM 2019, 29. 1. 2019
| OSTRAVA A INFORMATIKY MATEMATIKY sesssssssssssssssssanssss

.........................
.........................
.........................

Mars Climate Orbiter

« Znicen 23. 9. 1999 pfi vstupu do atmosféry Marsu kvtili chybé ve vstupnich datech
» Celkova Skoda cca 330 miliont USD
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Dékuji za pozornost!
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SoutéZni otdzka do soutéze SKOMAM Cup

Prevedte Cislo z desitkové soustavy do dvojkové: 0,1,y =7,

Prevedte ¢islo z dvojkové soustavy do desitkové: 0,1, = 7,
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