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AUDI VIDE TACE

Poslouchej, koukej a miC



Dosud nepublikovana studie ,Strukturované studium v Ceské
republice z pohledu mezinarodniho srovnani, Eeskych pravnich

u y 4 ?
J a k to S O I u S O u VI S I norem a strategickych dokumentt a statistik vychazejicich
- z matriky studentd®. Centrum pro studium vysokeho skolstvi, v.v.i.
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Jde o kumulativni data tykajici se studia bakalarského, magisterského i
doktorandského.

Je zfejmé, zZe na sledovanych vysokych Skolach dostuduje v pruméru
méné nez polovina pfijatych studentu.

Ti, ktefi si nechaji souvislosti vysvétlit, maji Sanci uspésné dostudovat.



Scope of the lecture

Souvislosti

Matematicka sazba

Slova, slova, slova

Hledani pravdy

Doktorand je Clovek vynalézavy
Inzenyr a politika

A stastny doktorand?



Stihaci jednoplosnik BH 5 pochazi z roku 1922

Pavel Benes, Miroslav Hajn
Stihacky BH1 — BH9

Na obrazku vidim:

Vzduchem chlazeny hvézdicovy
motor, ventilova tahla, vahadla,
karburator, sani, ...

Pétilitrovy pétivalec, vykon 60 koni,
maximalni otacky 1400 rpm. To je
docela malo, ale motor vSak ma
vysoky kroutici moment a pracuje s
velkou vrtuli, proCez na toto letadlo
uplné staci. Spotrebuje 20 litrd
benzinu a pul litru oleje na

letovou hodinu.



Souvislosti

Mezi mladymi, a Casto | dospelymi, Casto slychavame, ze Cist

krasnou literaturu, poslouchat klasickou muziku Ci znat

zaklady matematlkyje zbyteCné, nebot to neprinasi nic ani

Ié pbraC| ani k zivotnimu uspokojeni a da se bez toho docela
obre zit.

Co takova BabiCka Bozeny Némcové (Ctenar si muze dosadit
| jina dila nasi i cizojazycné literatury) Ctenari prinasi?

Jsou taci, kteri se netaji despektem ke krasné literature a jeji
cetbu povazuji za ztratu Casu. Jiste, uziteCnost znalosti
ziskanych Cetbou se neda zduvodnit cilem obstat pfi lusténi
védomostnich kvizu v nedélnich pfilohach novin i

v televiznich soutézich. AvSak znalosti téchto zakladu
(AngliCané tomu krasné fikaji common knowledge) se Clovék
stava soucasti komunity, uznavajici jisté hodnoty. Tyto
znalosti umoznuiji vidét veci v souvislostech a mohou
napomoci tomu, aby se Clovek neztratil v souCasnem
komplikovaném svéte. Je to takova spolecenska nasobilka,
ktera muze Clovéka kultivovat.



Souvislosti

Stejné muzeme mudrovat nad potfebou znalosti numericke
matematiky a zakladu programovani. Tedy nad inzenyrsky
orientovanou pocitacovou gramotnosti.

Znalosti tohoto typu védomosti mizeme povazovat za inzenyrskou
nasobilku, kterou potfebujeme, stojime-li pfed reSenim
nestandardnich uloh.

Jednoducha odpoved na vyse zminene otazky je — ano, da se bez
toho zit. Zalezi vsak na tom, na jakou zivotni pout se chystame.
Pripomenme udajny vyrok stfedogkolské profesorky matematiky:
Navratilova, naucte se derivovat, ten tenis vas neuzivi. Hoznauer,
M.: Cesta do hlubin kantorovy duse Nakladatelstvi Dokoran, Praha,
2004, ISBN 80-86569-80-2.

Obracim se k tém, ktefi si za zivotni pout’ zvolili inzenyrstvi.



Problem solving
UrCete pruhyby, smykové sily a momenty

v soustave turbina aenerator
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Hridel soustavy modelovany nosnikovymi prvky



Vysledky ziskané metodou konecnych prvku.
Obtizeni, smykové sily a momenty
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Pratokova hydroelektrarna 100 MW
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State of stress and deformations of a SKODA drum
rotor for high-performance hydroelectric generator

The dimensions of big hydroelec-
tric alternators are continuously in-
creasing. For instance, the rotor of
a generator for a hydroelectric gen-
erating station, of a capacity of
100 MW, has a diameter of about
12 metres. It has 88 poles and, when
it operates on a system of afrequency
of 50 Hz, its operating speed is
68.2 r.p.m. The mass of the rotor is
approximately 2.6 . 10° kg. It is less
than 30 9/ heavier than the mass of
the turbine shaft and wheel. The ex-
ceptionally large dimensions and
heavy mass of the rotor make great
claims on its design and the techno-
logy of its manufacture.

-



Radialni a
redukovana napeti
nosneho zebra za

béznych provoznich
podminek

!
GLOBAL NODE AND ELEMENT NUMBERS
g7 85 73 61 52 £3 34 125 L2 "4
@ | g@' }@! (7 I - L —
i IRy = ot - = 5 2 1633 o
. ’ & ' w | @ |G
m 7 H “@{?Ej' =N __1?1 @ @—50® ] @ 320 % S
. > A 3 @
"2@‘ﬂ : 500", @‘sa@ r.g mo 31® zzo B .
108 ; . .i.1: N 6 1"65 ?@ Y 39® 30 @ S Qﬁ:i 3
113'5" A&SH3 | d ,,Q&_ Q"' 12;
b LA ,..-_ 04 p68- 19 i
i ,'%03‘3' 83 usl/ 0 55 i = :
s . 7
A 3
Staticky vypocCet — bere v uvahu
jen vilastni tizi a odstfedivou silu.
Pouzijeme-li MKP mame k
dispozici stovky tisic vypocCtenych
dat.
Prava inzenyrska otazka vsak zni:
Vydrzi soucast v provozu Ci ne? o i
K ,spravnému® inZzenyrskému
navrhu se dostavame postupnymi \
aproximacemi. 2\ \
\\\\ /

Fig. 3.
Radial stress in rib under normal oper-

ating conditions. Stresses are in MPa.

Fig. 4.
Reduced stress in rib (according
to Huber-Mises-Hencky hypothesis)

| tx
|

under normal operating conditions.
In MPa.
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K technickym aplikacim

0k4107 matlab12.sam, page 3

Rigid supports are assumed. Frequencies are in R.P.M
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A dlouha studijni cesta ke konstrukci je dlazdéna studiem vypocCetnich metod, jako
je napf. metoda konecnych prvku ¢i koneénych objemd, a s tim souvisejici
studium numerickych metod a zakladu programovani.

Sit' dyzy turbiny SKODA :

podet prvkii : 2 696
potetuzli :13418
pocet neznamych soustavy : 40 254
maximalni §ffka fronty : 1071
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Ojnice uz neni dokonale tuha — je poddajna.
Dostaneme deformace a napéti v jednotlivych
mistech télesa. Otazka vSak zni. Vydrzi soucast
daného tvaru dané zatizeni pro zvoleny material?

Equivalent (von-Mises) Stress
MPa
Max: 3.357e+001
Min: 1.544e-002
2010/9/13 08:49

33.569
29.841
26,113
22,384
18,656
14,928
11,200
7472

3.744

0.015

1] 3e+103 (mm) )\
I 000 ] ik ¥

1.5e+003




Cilem studia neni skoncit u reseni
akademickych prikladu jako
pruhyb nosniku
Ci
kmitani hmoty na pruzine

Ty jsou pouze odrazovym mustkem pro reseni
praktickych uloh inzenyrskeho sveta. Na
skolnich prikladech vysvetlime predpoklady, na
nichz je reseni zalozeno a omezem platnosti
ziskaného vysledku K ,spravnemu” reseni se
dostavame postupnymi aproximacemi.

Pleasure of finding things out



Informace a védomosti

VSechno se da najit na internetu, ale ...

Informace nejsou znalosti. Jsou to relace mezi
informacemi, které vytvareji vzdéelanost.

Pokud jsem nestudoval Cinstinu a vim-li, kde najdu na
iInternetu Cesko-Cinsky slovnik, anj za mak mi to

nepomuze pfi domluve s rodllym Ciflanem, ktery Zadny
jiny jazyk neovlada.

Vysokoskolsti studenti jdouci dnes ke zkousce, maji
zpravidla k dispozici sve poznamKky ze cviceni a

z prednasek, kalkulaCku a pocitac pripojeny na internet.
Pokud vsak pred zkouskou dlouho nesedeli za stolem a
nestudovali vyukoveé texty, drzice v ruce tuzku, a na
papiru si opakovane nepsali poznamky a nepomtall
priklady, pak vSechny zminéné pomucky ke zkousce
jsou jim nanic, nebot nevedi jak je pouzit, co hledat a jak
se na svou otazku — tieba na Wikipedii — zeptat.



Inzenyrské dovednosti 1
Matematicka sazba

Authors of mathematically oriented texts are expected to present their
contributions to editors in a suitable electronic format. There is a lot of
products that could be employed for this purpose. The TeX, LateX, Microsoft
Word Equation Editor, WordPerfect are just a few examples to name.

Nevertheless, reading old, recent as well as contemporary mathematical and
technical publications, one can observe many ‘typesetting dialects’. Often,
authors do not adhere to typesetting rules, observed for decades; sometimes
they do not properly master their text editors. In some cases, this applies to
students, teachers as well as to mature scientists.

The contribution, presenting ad hoc taken scientific and educational texts,
shows recommended and inappropriate examples of mathematical
typesetting and suggests a few basic principles or rules that are worth
observing.

Zamysleme se nad pravidly dobré matematické sazby.



Pravidel, kterych je treba dodrzovat, neni mnoho
Za carkou a teCkou je mezera.

Zdurazneéni textu podtrhavanim nepatfi do moderni sazby. Je
to relikt obdobi psacich stroju. Namisto toho se doporucuje
pouzit kurzivu.

Dnes mame k dispozici nastroje umoznujici spravne sazet
znaky cizich abeced jako je napf. turecké g, Svédskeé a Ci
islandské p. Setkavame se s tim pfi sazbé jmen autoru
citovanych textu. Je vsak tfeba pripomenout, ze pfi pouzivani
editoru Microsoft Office Word — ktery je v ramci Windows
zpravidla lokalizovan pro mistni zemepisnou oblast — neni
zaruceno, ze v jine jazykove oblasti budou znaky vysazeny
spravne. Jetoi pripad znaku s Ceskou diakritickou jako napfr.
e, S, r apod. Potize, pfi prenosu textu z jednoho jazykoveho
prostfedl' do jiného odpadnou pfi pouzivani editoru
zalozenych na editoru LateX. Ceskeé ,C", zapsane ve
zdrojovem textu jako ,\vc®, ma sanci bez uhony prezit |

v jinych jazykovych prostredich.



Dusledné rozliSujeme pomlcku, tj. —, a rozdélovnik, tj. -.

Priklad: Tento postup — popsany jinde — je pouzit ...
Priklad: Metoda Runge-Kutta.

| kdyz Cestinari doporucuji spise ... Rungeho-Kuttaova metoda.

RozliSujeme znaky rozdélovnik a ,,minus a neSetfime mezerami.

Vztah c=a-b je vysazen nevhodné, zatimco ¢ = a —b je ve shod¢ se typografickymi
zvyklostmi.

Rovnice jsou soucasti textu a podle potieby jsou za nimi pfisluSna interpunkcni
znaménka, tj. tecka Ci ¢arka. Viz text uvedeny na obr. 3.



PouZzivany font (Cesky ez pisma) ma byt stejny pro znaky béZného textu i pro znaky
vyskytujici se v matematickych vzorcich — a to 1 pro znaky fecké abecedy.
Ptiklad: Vyrazy cos 3 i cos B3 jsou vysazeny nevhodné&, zatimco vyraz cos f je dobfe.

Skalarni proménné tiskneme kurzivou (italics), a to slabg. Napt. K,q,0.
Maticové a vektorové proménné tiskneme stojaté (antikva), tu¢né (bold). Napt. K,q,c.
Prvky maticovych proménnych, pokud jsou to skalary, sazime slabou kurzivou.

Napt. K, ,q., 0, .

y

Pak jednoduse Ize vyjadrit skalami veli¢inu «, kterd je vysledkem podilu skalarniho

T
\AA%

X AX

soucinu a kvadratické formy proménnych, tedy o=



But ...

Zde nutno poznamenat, ze nékteré redakce — a to ve shodé s normou CSN ISO 31 —
vyzaduji sdzet matice a vektory tuéné lezaté, tedy K, ¢, o.

V textech, pochazejicich z matematické komunity si na tu¢né symboly nehraji a
napfiiklad sou¢in matice a sloupcoveého vektoru — vysledkem je sloupcovy vektor — znaci
jednoduse

f=Kq.

K porozuméni tomuto zapisu je tfeba znat vyznam jednotlivych symbold.
V inzenyrské textech, a to bez dlouhého vysvétlovani, piSeme bud’

f = Kq nebo, vyuZivajice Eisteinova sumacniho pravidla, f, =K, q;.



Matice, vektory

Snazime se velka pismena rezervovat pro matice, mald pro vektory. Ne vzdy se to dafi,
nebot’ se nam obc¢as nedostava volnych pismenek. V mechanice vektor povazujeme a priori za

sloupcovy a jeho prvky vkladame do svorkovych zavorek { }

e

RozliSujeme skutecné vektory, zZijici v 1D, 2D a 3D prostorech, pro nézZ pti ortogonalni transformaci mezi
soufadnicovymi soustavami plati jednoduchy vztah v; =a,; v, ,avektory, které jsou souasti maticové algebry.
Ty druhé¢, ptestoze jim téZ fikame vektory, nejsou vektory ve smyslu tenzorového poctu, pro nez plati vySe

uvedeny transformacni vztah, obsahujici smérové cosiny. Vektory tohoto typu predstavuji mnozinu proménnych,
uspotddanou do sloupcii ¢i fadka. Jejich ekvivalentem v programovacich jazycich jsou tzv. pole (arrays).



Vektory

Priklad: x =

Timto zapisem naznaCujeme, Ze vektor je sloupcovy a ma n skaldrnich prvkad.
Poradové Cislo prvku piSeme jako pravy dolni index, a to mensi velikosti. Oznaceni n je
proménnd — proto kurziva. Pfipomenme, Ze tenzorovy pocet nerozliSuje sloupcove a fadkové
vektory. Transpozici sloupcového vektoru ziskavame vektor fadkovy

T—
X —{xl X, e xn}.

, ;e - T - , .
Pravy horni index, tj. *, je operatorem transpozice.



Operatory

Funk¢ni operatory a jednotky téZ oznacujeme stojaté slab¢€, napt. sin, cos, log, In, [m/s]
a jiné.

Operator derivace, tj. d, piSeme stojaté slabé — nikoliv kurzivou. Funkce a jeji
,_dy

derivace tedy jsou y = f(x), y &

b
Podobné¢ pro integral, tedy y = f(x), F = j f(x)dx .

Operator integrace je tistén svisle. Pfedchozimu vztahu by vice sluselo, kdybychom
mezi integrandem a operatorem derivace nechali malou mezeru, tedy

y=f(x), F=[f(x)dr.

Pripomenme, Ze v takika vSech editorech mame moZnost pracovat s malou, stfedni a
velkou mezerou. Existuje 1 tak zvana zaporna mezera. Téchto moznosti je tieba uvazliveé
vyuzivat. Odménou bude piehledné a hezky vysazeny vztah.



Variable vs. Label

Néktere editory TeX a LateX, sazeji znak integrace leZat€. Napf.

thech = / tti t’UJi dtS = / tfi t’ULZ' d‘V
tS ty

Je to vada na krase, kterou jde napravit nainstalovanim dodate¢nych moduli. V tomto
piipad¢ levy horni index piifazuje proménné urcité konfiguraci, definované v Case 7.
Proménna W ma v pfedchozim vztahu téZ pravy dolni index __, a ten je sdzen stojaté. Je to

tak proto, Ze v tomto piipad¢€ nejde o promé€nnou, ale o oznaCeni typu proménné. Chceme tim
zduraznit, ze — jak z definice plyne — jde o mechanickou praci.



Matematicke konstanty

Matematicke konstanty jsou t€Z znaCeny stojatymi symboly, naptriklad imaginarni
jednotka 1, symbol e— jako zaklad piirozenych logaritmi — nebo Ludolfovo ¢islo m. Naproti
tomu materialova konstanta £ — Youngliv modul pruZnosti — neni konstantou v pravém slova
smyslu, je rizna (tedy proménna) jak pro rizné typy téhoZ materialu, tak i pro odlisne
materialy, a proto ji tiskneme kurzivou. Tihové zrychleni g je téZ konstantou s proménnymi
rysy. To takovéa Planckova konstanta, h= 6,626 x107* Js, davajici do relace energii fotonu a
jeho frekvenci, je ,,konstantnéjsi*, a je tiSténa stojate.

Uved’'me nékolik nevhodnych ptikladi z doby pomérné nedavné.



Jak ano a jak ne

Skripta z roku 2007 .... mélo by byt

Z:FbC —N,cosa =0
i=1

n

zFix —N5 -cosa=0

i=1

" n

> Fiy +Nj +N; -sina =0 ZE.y +N,+ N,sina =0
=l i=1

n

2 Mpp =0

i=1

$ 41 <o
=1



Normy

CSN 01 6910. Qprava pisemnosti psanych strojem nebo zpracovanych textovymi
editory. Praha, Cesky normalizacni institut, 1997.

CSN ISO 31_0. Veliginy a jednotky. Cast 0: VSeobecné zasady. Praha, Cesky
normalizacni institut, 1994.

CSN ISO 31_1. Veliginy a jednotky. Cast 1: Prostor a &as. Praha, Cesky
normalizacni institut, 1994.

CSN ISO 31_13. Veliginy a jednotky. Cast 13: Fyzika pevnych latek. Praha, Cesky
normalizac¢ni institut, 1997.

CSN ISO 31_2. Veliginy a jednotky. Cast 2: Periodické a pfibuzné jevy. Praha,
Cesky normalizaéni institut, 1994.

CSN ISO 31_3. Veliginy a jednotky. Cast 3: Mechanika. Praha, Cesky normalizagni
institut, 1994.




Doporucena cetba k matematicke sazbe

Martin Slavik napsal pro studenty PF TUL text Vértel typografickych pravidel.
Mikulasek, Z.: Graficka uprava rukopistl. Ustav teoretické fyziky a astrofyziky.
Prirodovédecké fakulty Masarykovy univerzity v Brné, 2003.

Rybicka, J: LateX pro zaCateCniky, Konvoj, 1995.

Drsny uvod do LateXu. http://apfyz.upol.cz/ucebnice/down/mini/drslat.pdf.
Stary, R.: Matematicka sazba.
http://richardstary.wz.cz/ramy.php?hlavni=/uvod.html.

Ol8ak, P.: Prvni setkani s TeXem,
http://math.feld.cvut.cz/ftp/cstex/doc/prvni.pdf.

Kopka, H. and Daly, P-W.: Guide to LateX. Addison Wesley, Pearson
Education, 2005, ISBN 0-321-17385_6.

Mittelbach, F. and Goossens, M.: The LateX Companion. Addison Wesley,
Pearson Education, 2005, ISBN 0201362996.




Inzenyrské dovednosti 2
Slova, slova, slova ...

Autor se zamysli nad komunikacnimi potizemi pri sdileni
informaci. Pri prednaskach, pfi psani Clanku, skript Ci
diplomovych a disertacnich praci.

Jednou z pot|2| muze byt pouzivani encyklopedicky
~presnych” formulaci, ktere vedou k vysvetlovani novych
pojmu, pomoci Jlnych Které pro novice v oboru jsou jen
slova, slova, slova, a to bez obsahu.

K nedorozumeni tez prispiva zkratkovite mysleni, ktere
vede ke zmateCnemu vyjadrovani, zaplevelujicim text
blabolivymi a obsahove prazdnymi sdelenimi Ci
zbyteCcnymi novotvary.

Nektere priklady, s nimiz se autor pfi oponovani clankd,

skript Ci diplomovych a disertaCnich praci setkava, jsou
komentovany, jiné jsou uvedeny bez komentare.



Slova neobjektivni

V disertacni praci [1] jsou v tabulce 4.3 uvedeny ,,naméfené* hodnoty Youngova modulu pruznosti pro
prosté podepieny nosnik obdélnikového prifezu, ktery je zatizen silou, symetricky pusobici mezi podporami.
Jsou sledovany ti1 ptipady liSici se délkou nosniku mezi podporami — material a priifez nosniku jsou ve vSech
zkoumanych ptipadech stejné¢. Hodnoty, které autor disertacni prace uvadi, jsou:

Délka mezi podporami [mm] 40 80 120
Younglv modul pruznosti [GPa] 5.4 18.5 25.7

Rozdily v naméfenych hodnotach vysvétluje, pouzivaje piitom svou specifickou verzi angli¢tiny,
takto:

A: We can see that the properties are dependent on the used span for testing. Because there are a lot of
micro-cracks in side the matrices, so when testing at high span it seem there are more changes for fracture,
some samples are not broken at the middle. At lower spans, the matrices show nearly the same strength but
very different modulus.

Podminky experimentu nejsou presné uvedeny, je vSak ziejmé, ze autor nemél k dispozici zadny ,,modulometr a
ze k ziskani hodnoty Youngova modulu musel pouzit metodu nepfimou — pro zvolenou zatézujici silu zméfit prihyb a
pouzit vztah, v némz je priahyb pod pisobici silou vyjadien jako funkce ptisobici sily, geometrickych rozmérti nosniku a
materidlovych vlastnosti, charakterizovanych Youngovym modulem pruznosti. Pro tzv. tenky nosnik je tento vztah
uveden v kazdé ucebnici pruznosti a pevnosti.

Testovany nosnik ma ve vSech zkoumanych piipadech stejny prifez, a tak jeho ,tenkost” je rlizna. Zvlasté pro
kratky nosnik, kde byly rozméry prifezu srovnatelné s délkou nosniku, je analyticky model ,tenkého* nosniku
nepouzitelny. Vysledky takto koncipovaného experimentu jsou nevérohodné. Ukazuje se, Ze autor se nezabyval otazkou
platnosti modelu a nestudoval teorii dfive, nez se pustil do experimentu.



Slova blaboliva

V disertacni praci [7] autor v devaté kapitole uvadi:
A: ... with insignificant Young modulus of the matrix compared to the fibres ...
R: Autor piece nechce srovnat Youngiv modul s vlaknem, ale hodnotu Youngova modulu

matrice s hodnotou Youngova modulu materialu vlaken.

Jeden z paradnich autorovych zavéru je:
A: ... increasing parameter kincreases stiffness of resulting curves ...

R: TuSime, co autor chce fici. Totiz Ze zvySenim hodnoty parametru k, se zvysi tuhost odezvy

zatéZovaciho procesu, kterd je znazornéna kiivkou s vyssi strmosti. Tak pro€ to nefekne
rovnou a namisto toho tvrdi, Ze zvétSenim jakéhosi parametru se zvysi tuhost kiivek.
Takovyto zplusob vyjadfovani je projevem zkratkovit€ého mySleni a je netctou k praci vlastni
1 ke Ctenafi.



Slova na stiru nejen s gramatikou

V Cesky psané disertacni praci [9] autor, ve snaze vylepSit svou praci o historické souvislosti, se snazi o vyCet
otcu zakladateli metody kone¢nych prvku a uvadi, Ze:

A: Likewise, Argyris a Kesley, publikovali ve roce 1960 ...

O muzi jménem Likewise jsem pochyboval od pocatku, presto jsem Sel hledat pouCeni na internetu. Na adrese
http://books.google.cz/books?id=dQE-
aq6JJIQC&pg=PA3&Ipg=PA3&dqg=Likewise,+Argyris,+Kesley&source=bl&ots=Vw|jG 10PZy&sig=Baaka6PDn0OhA

KBcfcRizZWiJOtVY &hl=cs&ei= 7koS6nGHZPCmgOGteCwDQ&sa=X&oi=book result&ct=result&resnum=7&ved=
0CDYQ6AEwBg#v=onepage&q=&f=false

jsem nasel publikaci Intermediate Finite Element Method: Fluid Flow and Heat Transfer Applications. Autofi jsou
Juan C. Heinrich a Darrell W. Proper

kde, jak jsem oCekaval, jsem naSel text:

...One of the co-authors R.W.Clough coined the name “finite element” in a paper published in 1960. Likewise,
Argyris and Kelsey published a text describing ...

Jenomze, pfislovce ,likewise® — tedy ,podobné®, Ci ,stejné tak®, — se v anglicting, na rozdil od €estiny, oddéluje
Carkou. Je zde vSak na zacCatku véty a je tedy s velkym ,L" coz by autora nemélo pfimét k vife, ze existuje muz
jménem Likewise.

VyS8e zminéna publikace autort Juan C. Heinrich a Darrell W. Proper, z niz autor disertaCni prace doslova pfevzal,
a Spatné prelozil citovany text, neni uvedena v seznamu pouzité literatury. Autorova slova jsou na Stiru nejen
s gramatikou, ale i s dobrymi mravy.



Slova trivialni

Par trividlnich slov zavérem. Pokusme se slovy nakladat obezietné tak, aby nase
sdéleni byla jasna, ztetelnd, adekvatni a symbolicka 1 intuitivni. V naSem tfemesle jsou vSak
encyklopedicky ,,pfesna“ a gramaticky a syntakticky ,,spravna* slova pro smysluplné sdéleni
jen podminkou nutnou. Musi byt doplnéna inZenyrskymi dovednostmi — formalné presna
definice kmitajiciho systtmu s 7 stupni volnosti nestaci k urCeni vlastnich frekvenci a
vlastnich tvarti kmitu mechanické soustavy tvofené napf. turbinou a generatorem.



Inzenyrskeé dovednosti 3
Hledani pravdy



Impact of cylinders
Theory 1s always a good benchmark
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Impact of cylinders — FE analysis

Ihz ;700
Time : 1.000e-004
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How to find a correct penalty value?
Striker (solid) and tube (dashed) were just separated
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Striker velocity (i.e. the slope of ax. displacements vs, time) depends on the penalty value

It is evidently wrong — but is it acceptable? Furthermore, penalty consumes energy.



And now, from intellectual clouds to engineering reality

Impact induced stress wave energy flux

Validation of numerical and experimental approaches



Stress wave energy flux

through the spiral slot of a tube

induced by axial impact

Tube with a spiral slot — its dimensions in [mm]

and three surface locations of interest

1617.28
k
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impact
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Notice that three body parts are considered for FE analysis

NOT TO SCALE
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Two types of spiral slots, i.e L90 and 2180, were considered
The coarse mesh and dimensions of a typical are depicted

Only a middle part of the mesh assembly is depicted

Later, we will talk about quantities distributed at
the unfold surface (gray shaded area)

21180 — length 2L, angular turn 180 degrees



Experimental considerations

+ There are three axial strain signals associated with
L E“ J j the longitudinal energy constituents
P IL incident longitudinal,
LOCL“’-?}EV;\_\; : RL reflected longitudinal,
8 TL transmitted longitudinal,
Loczﬁgﬁﬂ’ £ A E
il e and two shear signals associated with torsional
j/ ' reflected and transmitted energy constituents.
BV W
1S 3 RT reflected torsional,
4 | R 2 TT transmitted torsional.
LOC&*‘fﬁf\\} . 2
Ad B Experimental energy evaluation is based on 1D theory
1l R I | 4 2
AlIRR 5 T, =—[N*dt = AEc, [ & dt
AlIRR = Z, ?
SgIER 1 1 % f
Ty =—[M? dt =4Gke, /b” [ &} dt
nE Ly t
5 . 1 1
R y y Experiment relies on surface strains only — they are

considered to be uniformly distributed across the
whole cross sectional surface



Thinking about good and bad agreements

obtained by means of

experiment and FE analysis

L90



Example: Surface axial strains at LOC 2 — FE vs. experiment

One experimental signal has to be attributed to two (IL and RL) strains

Do IL (Incident Longitudinal) and ( ) signals overlap or not?
x10”
1 ¢
0.5
o |
-0.5+
1+ o
-1.5- } -
ok | .
2.5¢ :
a3 7
; : 3* 2

x10"



The cut-off
frequency of
experimental
setup had the
value of

0.1 MHz

The Nyquist
frequency for
the FE
analysis, based
on the
integration
timestep —
which is a sort
of sampling
interval — i

0.5 MHz

Is it a bad or good agreement? Is experiment or FEA closer to reality? Where is the

LOCO - ex; pvs FE axi sym CD

mesh1, medium striker for all figures

urmas data march 2007

experiment
FE analysis
T

experiment

FE analysis
T

x10*

Raw Comparlson —NO trlcks

LOC1 - exp vs. FE 3D, NM

experiment

FE analysis
| | | T T
0.5 1.5 2 25 3 3.5
x 10"
10* LOC3 - exp vs. FE 3D, NM
experiment
FE analysis
| T T
0.5 1.5 2 25 3 3.5
time 10

truth? Experimental people often say to FE analysts: All your high frequency
components are just a numerical noise.



A ‘good agreement’
of experimental and FE results

x10™ LOC1 - exp vs. FE 3D, NM
2 T T T T T T
G1R90L, mesh1, medium striker for all figures
0
21 experiment
urmas data march 2007 ——FE analysis, filtered
4 1 1 1 1 1 .
0 0.5 1 1.5 2 25 3 3.5
x10*
x 107 LOC2 - exp vs. FE 3D, NM
2 | | | I | |
£
© 0 T ~—— <
®
.g 2L experiment
© ——FE analysis, filtered
4 1 1 1 1 | :
0 0.5 1 1.5 2 25 3 3.5
time X 10'4
x 107 LOC3 -exp vs. FE 3D, NM
2 | | | | | |
0
dt=1e-7; sr=1/dt; nf = sr/2 = 5000000; rel cut off =1/50 = 0.0
-2 abs cut off = nf*rel cut off = 100000 experiment
f order = 2; [bl,a] = butter(f ordeir,rel cut off) | | | —FE analysis, filtered
-4 T
0 0.5 1 1.5 2 25 3 3.5

time

Experimental and FE treatment are limited by cut-off frequencies, which'
are generally different — in this case the filter applied on FE results has
the same frequency limit as raw experimental data.



But can all high-frequency
components be attributed to numerical noise?

When experimental and FE results
are compared two questions should
be considered



First. What are the experimental limits?

Only axial and shear strains are measured —
radial ones are not

The values of measured surface quantities
(displacements, strains, velocities) are
attributed to the whole cross-sectional area

1D wave theory 1s used
smaller frequency sampling rate



Explain the
breathing,
zig-zag,
five-element
and FE-limit
frequencies

Assessment of FEA
by frequency
SIS

analy

x 10" imput pulse mesh1, disp, corner node
2.5 L L L L L e — RN
3} —radial NM
2} — axial NM
—radial CD
1.5} 2t —— axial CD
1 L
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time X 10'5 time X 10'5
10 transfer function, input vs. rad. disp
x10
6% T T T i T T T I I
----- NM
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abk —6— breathing frequency
—&—zig-zag L frequency
3F —o— zig-zag S frequency
5 FE limit frequency cons
I —a&— FE limit frequency diag ||
1 -
ol § etk PN | ] ] 1
0 0.5 1 1.5 2 25 3 3.5 4 45 5

frequency from 0 to Nyquist



transfer function, rad. disp, medium striker

transfer function, rad. disp, medium striker

FEA validity self-assessments, Mesh- and timestep refinement,
Transfer functions of four meshes are compared
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As far as the mesh- and timestep-refinement
IS concerned, one can draw the following
conclusions

A distinct indication of the breathing and zig-
zag frequencies,

the ‘convergence’ of CD and NM responses,

subsequent disappearance of ‘false’ CD
responses,

false’ CD frequency peaks do not have their
counterparts in NM responses.



To reveal the true nature of reality
good-agreement solutions have to analyzed.
How?

Avoid crude mistakes and omissions
Avoid blunders — poor judgment

The ‘sameness’ of close solutions should be assessed by statistical
tools

Employed models should be robust, which means they should be
able give warning of their misuse. This is a pretty demanding task.
Presently, the robustness can only be achieved indirectly by means
of a posteriori checks by

— Comparing results obtained by different variant of the employed model

(coarse and fine meshes, different types of elements, coarse and fine
timesteps, different integration methods, etc)

— Analyzing the frequency contents of signals by Fourier analysis

Results obtained by models should be checked by other models
and/or by experiments

Since the experiment is just another tool for revealing the true nature
of reality, its results have to viewed by the prism of its validity limits



Doktorand je tedy Clovek vynalézavy

« Zna spoleCenskou a inzenyrskou nasobilku.
« Umi

— videt veci v souvislostech,

— rozlisit podstatné od nepodstatného,

— prichazet vecem na kloub,
— a v dusledku toho predvidat.

* Neprestava poznavat svet a ucCit se.



Inzenyr a politika

TehdejSi Svédsky kral Gustav Adolf v pribéhu
stavby lodi pfikazal pridat druhou délovou palubu.
souhfe s nedostateCnou balastni zatézi a
otevienymi stfilnami vedlo pfi nahlém poryvu vetru
k naklonu lodi a k jejimu potopeni.

Svédska valeé¢na lod Vasa, postavena 1626 — 1628
Potopila se pfi své prvni plavbé dlouhé pouhych 1300 m

Vyzvednuta v roce 1963, Vasa Museum in Stockholm

T
2 5/ Uovage of the

Skeppsaarden” spring
shipvarqf%;‘f 52? Udsa

1626 - 1628

.= Diurgarden
Skeppsholmen

v

-, Gamla stan |

L

Kastellbolmen g De
hO][m“

10 4,

Po katastrofé byla zfizena vySetfovaci komise.
In the end, no one was punished or found
guilty for negligence, and the sinking was
explained as an act of God.



A stastny doktorand?

Americky sociolog Charles Murray v jedné ze
svych prednasek (On happiness of people)
identifikoval Ctyfi podminky potfebné
k tomu, aby lidé mohli povazovat svuj zivot
za dlouhodobée Stastny:

» smysluplna prace,

e soudrzna rodina,

» dobfi pratelé a

* vira v néco pozitivniho.

Cesky sociolog Milan Petrusek v
neformalnim rozhovoru pravil:

Prosté jedni makaj, vydelavaj a
jsou stastny.

Jini konzumujou, nadavaj na to
jaky maji platy a jsou nestastny.

LN 19. 10. 2013

Ani jeden z nich nemluvil o doktorandech, ale ...



Allow me to share with you a few of my favored books.
| recommend them for your bedside reading

Horgan, J.: The End of Science. Addison Wesley, 1996.

Covenney, P. and Highfield R.: The Arrow of Time. Flamengo,
1990.

Gree, B.: The Fabric of Cosmos. Penguin Books, 2004.
Barrow, J.D.: The Book of Nothing. Vintage, 2001.
Barrow, J.D.: The Infinite Book. Vintage, 2005.

Barrow, J.D.: The Artful Universe Expanded, Oxford University
Press, 2005.

Kehlmann, D.: Measuring of World. Rowohlt Verlag, 2005.
Bardi, J.S.: The Calculus Wars, High Stakes Publishing, 2006.
Davies, P.: The last three minutes, The Guernsey Press, 1995.
Weinberg, S.: The first three minutes, Basic Books, 1988.



Among the mentioned books
there is one requiring a special attention

Measuring the World

(Die Vermessung der Welt) is a
2005 novel by German author
Daniel Kehlmann.

The English translation is by
Carol Brown Janeway,
November 2006.

The book describes the destiny of
two famous scientists.




Daniel Kehlmann: Measuring the World

German naturalist Alexandr von Humboldt (1769 — 1859) made an
adventurous trip to South America in 1802. In Equator, he successfully
scaled the peak of Chimborazo, elevation of 6,310 m, wearing low
shoes not reaching above his ankles and a carrying all his scientific
instruments in rucksacks. He estimated the altitude of Chimborazo by
two independent methods

i) by measuring the atmospheric pressure,

i) by measuring the boiling point of water.

Semi-conscious and covered by ice he came to the value of 18 690 m.

He should not be blamed for this discrepancy. He did not have resources to do
better — his lively passion and zest for the passion of finding things out is
to be admired and appreciated

Comaped to our life style,
both gentlemen worked
incredibly hard.

Carl Friedrich Gauss (1777 — 1855) stays always at home, but
travels through immense spaces of his mind trying to find out
the essence of things, world, nature ...

In 1828 these two, rather extravagant and already old, gentlemen
had met in Berlin for the first time.




Having finished reading that book one of Leibniz statements,
We live in the best of all possible worlds,
immediately come to reader’s mind,
followed by persistent questions

Are we working hard enough?

Are we still able to be amazed at
marvels of the world around us?



Dekuji za pozornost

/A preji Vam at
se dari pri
studiu

| V osobnim
Zivotée



