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ABSTRAKT

Obojzivelny celokovovy letoun Mermaid je produkt&inmy Czech Aircraft Works v
Kunovicich.

Tématem téhle diplomové prace bylo do widkonstrukce letounu zahrnout ny, kterymi
proSel khem vyvoje.

V ramci prace bylo zpracovano:

* Vypocet zatizeni Kdla

* Pevnostni kontrolaifdla

* Vypocet zatizeni Kdélka

* Vypocet zatizeni vztlakové klapky

* Vypocet zatizeni vodorovnych ocasnich ploch

SUMMARY

The amphibious fullmetall plane Mermaid is madecbgnpany Czech Aircraft Works in
Kunovice.

Subject of this diploma thesis was involve charafestructure, which pass through during
development, to calculation.

Within this published work was process:

* Load calculation of wing

» Stress analysis of wing

* Load calculation of aileron

* Load calculation of flap

* Load calculation of horizontail tail



PROHLASENI AUTORA O BI'VODNOSTI PRACE

Prohlasuji, Ze jsem byl sezndmeniedpisy pro vypracovani diplomové prace a Ze
jsem celou diplomovou praci¢etre priloh, vypracoval samostatrs pouZzitim
uvedené literatury.

V Brné dne 23.5.2008 e,



PODEKOVANI

Na tomto mist bych rad po&koval vSem, kt&§ mi nechali oteiené dvée a byl
napomocni fi sestavovani téhle prace.



OBSAH

L. UVOD oottt ettt et ettt ettt et et e et r et r et e e 8
1.1 POPIS LETOUNU ..ottt ettt e ee e e et e eaeeaeeeeteeseeeeaneseeeseaeeneeens 8
1.2 ZAKLADNI UDAJE LETOUNU .....utteeteeeeeeeeeeeeeeeeeeeeaeeeeseeeseaeeaaeeeseseeeseneessneeseeeeseeeens 9
1.3 ZAKLADNI VYKONY LETOUNU 1iuiuininitieieeteenenessa e e e e s snssssassssasesesesssnsnsnssssresenenen 9
1.4  AERODYNAMICKE PODKLADY ....oooteioteeeee et eee s e e s eee v eees 9

2. VYPOCET ZATIZENI K RIDLA .. .ot 10
2.1 POPIS BRIDLA ..ot ettt et et e et e et et e e e et e et e eeeineas 10
2.2 VYPQOCET LETOVE OBALKY ..ottt ettt et aee et eeeeeeeseeaeaeenee e, 10
2.3 FRIPADY ZATIZENI .t ettt ettt et e e e e et et e eeenan e e e nneas 13
2.4 PRIBEH ZATIZENI PO ROZEET ..ottt ettt e eee e 14

241 VZAUSNE ZAUIZENI .. einiee e e e et e et e e ettt e e e e e e e e e e e e e e e e e e e eennns 14
2.4.2 Zatizeni 0d SetrfaYCh Sil .........eeiiiiiiiiiiiieee e 18
2.4.3Vysledné zatiZenmiitla...........ccoooeeeeeiiieeeee e 20
244 PGOINT ZAtIZON . e e e 20
2.4.5 Definice rozhodujiCiChA DAt .......cccceeee e e e 21

3. PEVNOSTNI KONTROLA K RIDLA ...ttt e e eeee e, 21
3.1 DEFINICE KONTROLOVANYCHREZU ....coveiteeeeee oot eeaeeeee e, 21
3.2 POMOGCNE MODELY ....uoteeee oot eeeee ettt e e e et e et e et e e nnee e e e eeneens 21
3.3 PEVNOSTNI KONTROLA V KBRENOVEM REZU ......cooiioeeeeeeeeeeeeeeeeee e 23

3.3.1 PirezoVe CharakteriStiKy ...........uuuuuuiieiiiieieeeesisiiiiiiiririe e e e e e e e e e e e e eeeeeeeees 23
ICTRC T2 1o a1 (o F= T o o) = o |1 15 URRSR 24
3.3.3 KONLIOIA STOJINY ..ttt e e e e e e e e e eees 26
TR J0 A 0] ] = T o 7= 1 1o 27
B 3.0 KONIOIA ZBES ..o e e e 29
3.4 TABULKA SOUCINITELU BEZPECNOSTI PRO VSECHNYREZY ....ooooveeveeernennn. 32
3.4.5 ZHODNOCENI VYSLEDKRT ...ttt ettt e e e et e eee e, 32

4. V'YPOCET ZATIZENIT K RIDELKA .. .ot oottt ettt e eee et ettt ae e e s e 33
4.1 POPIS RIDELKA ...ttt ettt ettt e et e e et e e et e e e et e st e e eeeeaeenns 33
4.2 MODEL KRIDELKA. .....e et oottt ettt e e et e et e et e e et e e e reeeenee s 33
4.3 LINIOVE ZATIZENT KRIDELKA .. ..ottt aeee e e e see s 34
4.4 REAKCE V ZAVESECH .....ooiooeeeeeeeeee ettt et ae e st eseeeeenneaneenaneen 36
4.5 PRIBEH POSOUVAJICI SILY A OHYBOVEHO MOMENTU ......vviieeeeeeeeeeee e 37
4.6 ZAVESOVY MOMENT KRIDELKA A REAKCE V OVLADACIM TAHLE................ 39
4.7 PRIBEH KROUTICTHO MOMENTU .. eeiueteeeee ettt eee et eee e e seeeeeeeaeeeaeeee e 40

5. VYPOCET ZATIZENI VZTLAKOVE KLAPKY ...ooieeeteoeeeeiee ettt eee e 41
5.1 POPIS VZTLAKOVE KLAPKY ..ottt et eeem et eeee ettt eseeeeaeeseanneseeen, 41
5.2 MODEL KLAPKY ¢ttt ettt et e e et e et e et e et e et e et e et e et eene e e e sreeereenenens 41
5.3 LINIOVE ZATIZENI KLAPKY ..ottt ettt eee e e e e e seeeeeeeseeaaenenee s 41
5.4 REAKCE V ZAVESECH .. .ooe oottt ettt n et e st e eneenneeeeeenee e 43
5.5 PRJBEH POSOUVAJICI SILY A OHYBOVEHO MOMENTU .....veeieeeieeeeee e 44
5.6 ZAVESOVY MOMENT KLAPKY A REAKCE V OVLADACIM TAHLE .......cccove...... 46
5.7 PRIBEH KROUTICITHO MOMENTWU ...ttt ettt e e e eee e e e sene e 47

5.8 SOUHRN VYSLEDKT PRO ZATIZENI DO ...ccvoeeeeee et eeeaaaena e, 48



6. VYPOCET ZATIiZENIi VODOROVNYCH OCASNICH PLOCH.......ccci coeeeeeeeeeaeeen 51

6.1 POPIS VODOROVNYCH OCASNICH PLOCH ...t 51
6.2 LINIOVE ZATIZENI VOP....c.oe oottt e et e e et ee e, 51
6.3 POSOUVAJICI SILA A OHYBOVY MOMENT PRO CELOU VOP.......ccccocvveeveann. 52
6.4 REAKCE V ZAVESECH VYSKOVEHO KORMIDLA ......ueiieteee et 53
6.5 PRIBEH POSOUVAJICI SiLY A OHYBOVEHO MOMENTU VYSKOVEHO
KKORMIDLA ...ttt et e et et e et e et e et e et e et e et e eee e et e et e e e e et e aeeeeaee e, 54
6.6 ZAVESOVY MOMENT VYSKOVEHO KORMIDLA A REAKCE V OVLADACIM
TAHLE ..ottt sttt ettt e et e et re e e 55
6.7 PRIBEH KROUTICTHO MOMENTU ...ttt ettt et ee e s e se e e aene e 56
6.8 SOUHRN VYSLEDKJ PRO NESYMETRICKE ZATIZENT ..ccvviieeeeeeeeeeeeeeeeeee 57
6.8.1 100 % zatizeni Na JedN@ SHaAN............coevviiiiiiiiiiiie e e 57
6.8.2 65 % zatizeni Na drUN@ SIAN.........cooe e 61
T ZAVER ..ottt ettt 64
8. SEZNAM POUZITYCH ZDROJ U ..ot 65
9. SEZNAM POUZITYCH ZKRATEK A SYMBOL Uttt 66

10. SEZNAM PRILOH ... e et ettt 67



Martin Swtlik Letecky Ustav

1. UVOD
11  POPIS LETOUNU

Letoun typu Mermaid je dvoumistny celokovovy obegtny stedoploSnik se sedadly vedle
sebe a zatahovacim podvozkeifdpvého typu. Je stém podle mezinarodniho stavebniho
predpisu ASTM F2245-04 pro maximalni vzletovou hmetr@b0kg firmou Czech Aircraft
Works v Kunovicich.Letoun ma ttaé uspdadani motoru, na v jsou d¥ pohonné
jednotky: Jabiru 3300 nebo Rotax 912 ULS.
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1.2 ZAKLADNI UDAJE LETOUNU

Rozpeti kiidla 9,5m 31,2 ft
Délka 7,62 m 25 ft
Plocha kidla 12,38 M 133,26 sq. ft
Zatizeni Kidla 45,6 kg/m 10,65 Ib/sf
Prazdna hmotnost 420 kg 925 |b
Maximalni vzletova hmotnost 650 kg 1433 Ib
UzZitetné zatiZzeni 230 kg 505 Ib
Sirka kabiny 1,17 m 46 inch
Zasoba paliva 2x57| 2x15U.S. g
Zavazadlovy prostor 450 dm 16 cu. ft
Maximalni provozni nasobek +4/-2 G

1.3  ZAKLADNI VYKONY LETOUNU

Plati pro pohonnou jednotku Jabiru 3300.

Délka vzletu (trava) 137 m 450 ft
Stoupaci rychlost 4,6 m/s 910 ftpm
Minimalni rychlost letu 82 km/h 44 knots
Cestovni rychlost (75 % vykonu) 190 km/h 118 mph
Neprekraditelna rychlost (¥g) 250 km/h 155 mph
Dolet (75% vykonu) 1000 km 620 sm
Vydrz 4h

Délka dojezdu (trava) 132m | 434 ft
1.4  AERODYNAMICKE PODKLADY

Kotenovy profil LS (1) - 417
Hloubka kdenové &tivy 1,450 m

Koncovy profil MS (1) - 313
Hloubka koncovéctivy 1,050 m

Rozpeti kridla 9,5m

Plocha kidla 12,38 M

Plocha centroplanu 3,19°m

Plocha vijsiho kidla 9,19 M

Zuzeni kKidla 0,724

Stihlost Kidla 7,3

Maximalni sodinitel vztlaku kKidla 1,59

Souinitel vztlaku se vztlakovymi klapkami 2,05

Sklon vztlakov&ary kiidla 4,5055 rad

Uhel nulového vztlakuikdla -3,1°

Vychylky kiidélek nahoru/ddi -30/+15°

Vychylka klapky 35°

al
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2. VYPOCET ZATIZENIi K RIDLA

2.1  POPIS KRIDLA

Celokovoveé kidlo je jednonosnikove, dvoudutinové s pomocnymiadchosnikem.K
centroplanu je uchyceno pomoci 28vv mis€ nosniki.Hlavni nosnik je sloZzen zkolika
profila, které jsou postugnvypoustny.Materidlem nosniku je 6061 — T6.Zadni nosnikispo
s hlavnim nosnikem slouZzi préemeseni #ého momentu dvoijici sil.Potah je ze stejného
materialu, tlougka potahu je 0,5 mm u@dni dutiny a 0,65 mm u zadni.Vykresydca a
nosniku Ize nalézt viflohach.

2.2  VYPOCET LETOVE OBALKY

* Kladny provozni nasobek
n =4
e Zaporny provozni nasobek
n, =-050n =-054=-2
» Kladny provozni poryvovy nasobeki pychlosti w

pozn. rychlost ¥ je stanovena déle
Pti stanoveni nasobky wychazime z grafu:

+2.0
L5
o CHART FOR FINDING 4
L3\ FACTOR AT SPEED ¥
+L.5 -2
. (4]
< 1.0
< '}
+.0 e
P Vesa
Veain
Ve min. 1S FOUND FROM FIGURE 3
,‘,.solllllllllllll
[¢] 20 40 60 80 100
FIG. X1.2
oW 143e]

S 13326fsqgft]

Ves _11339knotd _
Ve 11149knotd

-10 -
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e Zaporny provozni poryvovy nasobek pychlosti w

Stanoveni nasobkuy, e obdobné jako usnvychéazime z grafu:

-|.80
:.5 CHART FOR FINDING n,
1.3 FACTOR AT SPEED I,
I
-1.00
TN
< X NN
—
K |
-.50 l l
) Vesw
- 2 y
Vc.m'n. e
V, min. 1S FOUND FROM FIGURE 3
0 | I T O I T T T O S T N
+] 20 40 60 80 100
w
ﬁls
FIG. X1.3

n
= -*=-05=>n,=-2
nl
e Minimalni rychlost se vztlakovymi klapkami

ve =110/ W 211048438 551 sknots=1336%m/ h
s 13326

volim:
Ve =140km/ h

e Minimalni obratova rychlost

v, =150/ W =150 40433 _ g5 5gn0ts=18232km/
s 13326

Predpis umo#uje ukit rychlost v, pomoci maximalniho sdéinitele vztlaku ga, takto
ziskana rychlost fZe byt menSi neZayin.
Obratova rychlost s vyuzitimyg :

vA=\/ZmlmnEg :\/ 2LASOIOBL _ e/ s = 166km/ h

c pB  | 15901,225M1238

-11 -
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Obratova rychlostipletu na zadech

minimalni sodinitel vztlaku dle pedpisu: ga =-1,35

2[(h,| On
Vg = | fimCg \/ 2[2[BSOLOBL _ 353m/s=127km/h
plc,, (B 1225013501238

Minimalni navrhova cestovni rychlost

Ve =170/ MW 2 170/243438_ 1 1 4aknots= 2066k h
min s 13326

Vermn < 090V, = 09[250=22%m/ h
V, < Ve =25km/h

volim:
Ve =210km/h

Minimalni rychlost stemhlavého letu

Vo min =240 " S =24 4ELA,'233—1574kn0ts 2917km/h
4

Vo < 14q/3%8 Ve, =140/ — [11149=16014knots= 2966km/ h

OO

volim:
Vp =29%m/h

Grafické znazoréni

i ~[-]
___________ [
4 AL D
| |
| |
| |
| |
| |
G M M VD
1a7i i140 166 iew 295 vIkm/h]
| |
l-e " | ! !
G = E

-12 -
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2.3 PRIPADY ZATIZENI

Predpis ASTM F2245-04 stanovuje nasledujiépady zatizeni proiidlo letounu:
A) Symetrické pipady

Bod A obélky

. normalné zatizeni nahoru, n =4
. te¢né zatiZzeni daedu, n =1

Bod D obalky

. normalné zatizeni nahoru, n =4
. tecné zatizeni dozadu, n =-1/5
Bod G obalky

. normalné zatizeni diln = -2

. tecné zatizeni dapdu, n = 0,4

S vysunutymi klapkami (rychlosgy

. normalné zatizeni nahoru, n =2
. te¢né zatiZzeni daedu, n =1

B) Nesymetrické fipady

Predpoklad 100% zatiZeni bodu A obalky na jedné &tkéidla a 75% zatiZzeni na
druhé stradé kiidla

Predpoklad 75% zatiZeni bodu A obalky na kazdé stkédla a torzni zatizeni od
plné vychylky kidélka

Predpoklad 75% zatiZeni bodu D obéalky na kazdé &k#dla a torzni zatizeni
kiidélka vychyleného na 1/3 pIné vychylky

Dale bylo zatiZeni pgtano v &chto gipadech:
A) Symetrickeé zatizeni

Kladny obratovy pipad bodu A obalky, n =4
Kladny obratovy pipad bodu C obéalky, n =4
Kladny obratovy pipad bodu D obélky, n =4
Zaporny obratovy fipad bodu G obélky, n = -2
Zaporny obratovy fipad bodu C obalky, n = -2
Zaporny obratovy fipad bodu D obalky, n = -2

B) Nesymetrické fipady zatiZzeni

Kladny kiidélkovy pipad bodu A obalky, n = 2/3nplna vychylka dal a nahoru
Kladny kiidélkovy piipad bodu C obalky, n = 2/3rtakova vychylka ddl a nahoru,
aby Uhlové rychlost klami pii vc byla stejné jakoipva

Kladny kiidélkovy gripad bodu D obalky, n = 2/3rtakovéa vychylka ddl a nahoru,
aby uhlova rychlost klami pri vp byla 1/3 Ghlové rychlostiipva

( tyto dale uvaéhé gipady zatizeni serihis nelisi od pipadi uvadnych gedpisem a slouzi
pouze pro srovnani dvouzanych metodik)

-13-
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2.4 PROBEH ZATIZENi PO ROZP ETi

2.4.1 Vzdudné zatizeni
A) RozloZeni vztlaku

Ze silové rovnovahy se tirsotinitel vztlaku Kidla pro jednotlivy pipad:
L=n[G
CLkr E}% [pV* 5=nl6G = C 4
_ nlG
CLkr =2
yo d’— (5
2
RozlozZeni vztlaku po rozf kiidla je dano:
* pro symetrické fipady
c(Y)=c (V) s +CLo(Y)
* pro nesymetrickéiifppady (p@atek klorgni)
C (Y) =CL (V) L& kr *+CLo(Y) * Clirsym(Y) * CLkrani (Y)
» pro klapkové pipady
c (y)=c.,(y) [€) g * CLo(y)+ CL (y)

Pricemz pfibéhy normalniho G(y), nulového gy(y), kiidélkového symetrickeéhq grsym(y),
kridélkoveého antisymetrickéhq gani(y) a klapkového rozlozeni @(y) byly ziskany
v programu Glauert Ill pro zadané parametry — zaj&. prabéhy pro symetrické ippady:

¥iystup programu Glavert il
R ozlozeni:
Cl1
IE E:I {h = narmalni
i FiLlowé
= celkové
— profilové
08—+

L [mn)

—2—  bod odirzeni proudéni

-14 -
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B) Spojité zatizeni
Spojité zatiZzeni je dgeno:

a(y) =c (y) Doﬁ% e(y)

Prib¢h spojitého zatizeni pro bod A obalky (normalnézaati nahoru, n = 4; &aé zatizeni

dopedu, n = 1)

g [N/m]

4000

Spojité zatizeni

3500

3000

2500 -
2000 -
1500

1000 -
500 -

— Spojité zatizeni

C) Posouvajici sila

Posouvaijici sila se ziska integraci spojitého eatipo rozpti:

T(y) = [a(y)dy

Prib¢h posouvajici sily pro bod A obalky (normalné zaiznahoru, n = 4; ¢teé zatizeni

dopredu, n = 1):

T[N]

Posouvajici sila

14000

12000 ™~

10000

8000

6000

4000
2000

y [m]

‘ —— Posouvajici sila

-15 -
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D) Ohybovy moment

Ohybovy moment se ziska integraci posouvajicipsilyozti:

Mo(y) = [ T(y)dy
Pribéh ohybového momentu pro bod A obalky (normalné&eati nahoru, n = 4; taé
zatizeni dofedu, n = 1):

Ohybow moment

30000

25000 -

20000 -

15000 -
—— Ohybow moment

10000 -

Mo [Nm]

5000 -

-5000
y [m]

Ohybovy moment byl poté rozloZen na normalovowada slozku, a to htipomoci uhlu
nakehu letounu i daném pipadu nebo v pomu zatiZzeni psobiciho v normalovém a
tecném sngru.

E) Piibéh sowinitele klopivého momentu

Prabéh souinitele klopivého momentu byl spitan v programu Xfoil pro oba pouzité
profily.

Pro kazdy pipad zatiZeni byl den sodinitel klopivého momentu pro kenovy i koncovy
profil a mezi nimi se kil linearre.

U kiidélkovych gipadi je nutné zapgitat i viiv vychylky kiidélka:

Cn(Y) = Cpp oot + O ¢’ , kde o, je vychylka Kidélka(nahoru zaporna, dokladna)

¢’ =-001
A obdobr u klapkovych pipadi je nutné zaptat vychylku klapky:

Cm(y) = Cm, prof + Jkl I]:ri

-16 -
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F) Spojité zatizeni ve smyslu krouticiho momentu

G () = € (Y) Doﬁg 2 (y)

Prabéh spojitého zatizeni ve smyslu krouticiho momemtun@symetricky fipad bodu A
obalky (75% zatizeni, plna vychylkédelka):

gMk

-100

-200 -

-300
-400 /
500 /
-600 - /

-700

qMk [N]

y [m]

G) Kroutici moment
Kroutici moment se ziska integraci spojitého zafipe rozsti:
MK(Y) = [ Qe (y)dly

Prabéh krouticiho momentu pro nesymetrickiygad bodu A obalky (75% zatiZeni, plna
vychylka kidélka dot):

Kroutici moment

-1000

-1500 -

‘ —— Kroutici moment

Mk [Nm]

-2000 -

-2500
y [m]

-17 -
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2.4.2 ZatiZzeni od setrvénych sil
A) Spojité zatizeni od hmotnosti konstrukdedia

UvaZuji, Zze hmota konstrukcéiélla je anérna druhé mocnihhloubky:
1/2

Gyr =K chzdy
=l/2

GKR

1/2

Je

-1/2

k =

Spojité zatizeni od hmotnosti konstrukdélla pro jednotkovy nasobek:
Gor = KE*(Y)
* symetrické pipady
s (¥) = e (y)
* nesymetrické ppady (p@&atek kloréni)

Js (Y) =g, (Y) I+ qg, ng—[y , kde dhlové zrychleng, je dano z rovnosti momaht
g

2
P EYE (€ e B

MXG Mx
gx = =

I, I, m?
i = (01- 0150

sotinitel cnxanti byl ziskan z programu Glauert

Pribéh spojitého zatizeni pro bod A obalky (normalnézaati nahoru, n = 4; &aé zatizeni
dopedu, n = 1)

qG

0.000 (L
-5.000 -
-10.000 -

-15.000 - —qG

qG [N/m]

-20.000 -

-25.000 -

-30.000

y [m]
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B) Posouvajici sila

Posouvaijici sila se ziska integraci spojitého eatidd hmotnosti konstrukce po rétp

To(y) = [ de (y)dy
Prib¢h posouvajici sily pro bod A obalky (normalné zatiznahoru, n = 4; ¢teé zatizeni
dopedu, n =1)

TG

0.000 ‘ ‘ ‘ ‘
-10.000 ¢ 1 2 3 — 3
-20.000 - /
-30.000
-40.000 1 /

50.000

=z
2 60,000 ~
-70.000 | /
-80.000
-90.000 /
-100.000

y [m]

C) Ohybovy moment

Ohybovy moment se ziska integraci posouvajicipsilyozti:
Mog () = [ To (y)dy

Pribéh ohybového momentu pro bod A obalky (normalné&eaii nahoru, n = 4; taé
zatizeni dofedu, n = 1)

MoG

50.000

0.000 ‘ ‘

-50.000

B
£ 100.000 / MoG
g / i
= .150.000 /

-200.000

-250.000

y [m]
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D) Kroutici moment

Kroutici moment je dan posouvajici silou a ramenegzi jejim msobistm a
aerodynamickym gedem:

M (y) =ATg (y) 04 - 029) [&(y)

Jedna se pouze o orietrd hodnotu, pro vypeet bude rozhodujici moment k aeroelastickée

ose.
Prib¢h krouticiho momentu pro bod A obalky (normalnézaati nahoru, n = 4; &aé

zatiZzeni dofedu, n = 1):

MkG

0.000 ‘ ‘ ‘ g
-2.000 O 1 2 3 7 5
-4.000 - /
-6.000
-8.000 - /
-10.000 MKG
-12.000 ~
-14.000 1 /
-16.000
-18.000 /

-20.000

MG [Nm]

y [N]

2.4.3 Vysledné zatizeniikdla

Vysledné zatiZzeni posouvajici silou a ohybovym muiera je dano satem vzdusného
zatiZeni a zatizenim od settmgich sil:

T, (y) =T(y) +Ts(y)
Mo, (y) = Mo(y) + Mo, (y)

Vysledné zatiZzeni krouticim momentem je dano:
Mk, (y) = Mk(y)+T(y)[e+T,(y)Ld e....vzdalenost mezi aeroelastickou osou

a aerodynamickym igdem
d....vzdalenost mezi aeroelastickou osou
a Bzistm kiidla

2.4.4 P&etni zatizeni

Patetni zatizeni ziskame vynasobenim vyslednych zdtkoeficientem 1,5.
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2.4.5 Definice rozhodujicich pipadi

Pozn. Hodnoty vzduSnych, setfiach a vyslednych zatiZzeni pro jednotlivipady zatizeni
dle predpisu ASTM F2245-Ca kladny obratovy fipad bodu A z dalSich*ipad: jsou
uvedeny v filoze.Hodnoty pro vSechnyipady |ze nalézt na CD vipZeném souboru
Pripady zatizeni.xls. Grafické:ifioehy pro vSechnyispady jsou v filoze.

Prenos zatiZzeni je wikdla rozdlen nasledovér
» Kroutici moment fendSi nosny potah dutin
» Normalny ohyb penasi pasnice hlavniho nosniku
» Te¢ny ohyb je penaSen silovou dvojici v hlavim a pomocném nosniku
» Posouvajici sila jeipnaSena stojinou hlavniho nosniku

Z prubéhu vyslednych zatizentiklla Ize vyist:

» Pro namahani krouticim momentem je rozhodujiigigol= Predpoklad 75% zatiZzeni
bodu D obalky na kazdé strakFidla a torzni zatizenifdélka vychyleného na 1/3
pIiné vychylky

» Pro namahani normalnym ohybem je rozhoduijfipgul= Predpoklad 75% zatiZzeni
bodu A obalky na kazdé strakridla a torzni zatizeni od plné vychylkjdiélka

» Pro namahani taym ohybem je rozhodujiciipad= Kladny obratovy pipad bodu
A obalky

» Pro namahani posouvajici silou je rozhodujigiqd= Predpoklad 75% zatizeni
bodu A obélky na kazdé steakidla a torzni zatizeni od plné vychylkjdélka

3. PEVNOSTNI KONTROLA K RIDLA
3.1 DEFINICE KONTROLOVANYCH REZU

Kiidlo bylo kontrolovano mezi kazdou dvojici Zebdoa celkem osmiezech:

Rez| Vzdalenost [m] Umisgni
111 misto z&ssi
2 1,542 mezi zebry 6 a 7
3 11,908 mezi zebry 7 a 8
4 12,261 mezi zebry 8 a 9
5 12,598 mezi Zzebry 9 a 10
6 |3,217 mezi zebry 10 a 11
7 |3,748 mezi zebry 11 a 12
8 4,178 mezi zebry 12 a 13

Postup vypotu bude detailéji ukdzan u kéenovéhdezu v mist zawsi, u dalSichreza je
postup obdobny.Séinitele bezpeénosti pro vSdechnijezy shrnuje zarecna tabulka.

3.2 POMOCNE MODELY
Pro snad§Si odeitani geometrickych valin, jako jsou vzdalenosti, polairy, plochy,

polohy €Zist’ ploch a jiné, byly vytvieny prostorové modelyidla a nosniku v programu
Catia.
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Model Kidla

Model nosniku
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3.3 PEVNOSTNI KONTROLA V KO RENOVEM REZU

3.3.1 Priafezoveé charakteristiky

SpD L
VySka hlavniho nosnikh; [mm] 237
VySka pomocného nosniky [mm] 181,5
Plocha pedni dutinyU [mm?] 77 000
Plocha zadni dutiny, [mm?] 124 000
Délka nalksznécasti gredni dutinys; [mm] 917,9
Délka hornicasti zadni duting, [mm] 538,3
Délka spodnéasti zadni dutings [mm] 538,8
Tlou&’ka nalkkznécasti gredni dutinyt; [mm] 0,5
Tlou&’ka horni¢asti zadni dutiny, [mm] 0,65
Tlou&’ka spodntasti zadni dutinys [mm] 0,65
Tlou¥ka stojiny hlavniho nosnikiy; [mm] 1,27
Tlou&’ka stojiny pomocného nosnilkgs [mm] 0,63
Plocha horni pasnice hlavniho nosngigy [mm‘] 914,89
Plocha dolni pasnice hlavniho nosnfig [mm?] 989
Efektivni vySka hlavniho nosniku[mm] 186,51
Kvadraticky moment gitezu hlavniho nosnikiy [mm?] 17 218 722,08
Kvadraticky moment fiifezu pomocného nosnilkia[mm®] | 313 898,46
Vzdalenost aeroelastické osy k hlavnimu nosaikmm] |9,61
Délka zadni dutiny [mm] 536,5

Pricemz, kvadratické firezy nosnilt a poloha aeroelastické osy jsou dany:
2
J = Spn o [he + h: @,
1
So +Sio 12

J:%

212

a=b0 E, 0,
E1D]1+E2|:|]2
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3.3.2 Kontrola potahu

e ZatiZeni, materialové charakteristiky

A~

Kroutici momentMK(y) poc [Nmm] |-4 834 563,71

Posouvajici sild y(Y)poc[N] 11 882,52
Mez pevnostRm [Mpa] 262
Modul pruznosti v tahi [Mpa] 72 000

Modul pruznosti ve smyk® [Mpa] 27 000

* Smykové toky
Prenos posouvajici sily:

1. Smykovy tok v hlavnim nosniku
_ Tv (y)poc db - a)
Un =
h, b

2. Smykovy tok v pomocném nosniku
TV (y) 0C
q,, = 2o
h, b
Pro genos krouticiho momentu ve dvoudutinové konstrplatii vztahy:

1.Bredfiv vztah

M, =2, [g, +2[U, L4,

2. Fretvarnd podminka

& e + (ql T, _qZ)DhL _% (s, + q, L5, + (qz +q12)[h2 + (qz ~Q _qzl)l:hl
U, | GO, G, G, GiO, G, G,

Smykové toky byly pomocgthto vztali urceny ugeny:

0-1[N/mm] | 49,24
Oz [N/mm]| 1,17
g1 [N/mm] |-14,35
g2 [N/mm] |-10,59

A) Predni dutina - n&kZna hrana

Kontroluje se stabilita valce vepsaného do&iék hrany zatizeného smykem.
Dle literatury [1], tab.3.2 bylo deno kritické smykoveé nagi:

T, =kg[E E}é rl[ﬂl , kde k. = 073 ; solinitel urceny z tab. 3.2
r
r =36,06mm; polomeér vepsaného valce
| =315mm; vzdalenost mezi Zzebry
r,, =8461IMPa
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Skut&né smykoveé nafti

S R LY
t, 05

Bezpe&nost
_ T, _84p1

Clryl 287

z-sk

B) Predni dutina - nejstSi polongr

1. Kontroluje se stabilita zéikené desky zatizené smykem
Dle literatury [1], tab.3.2 bylo deno kritické smykoveé na&gi:

r, =k [E [ﬁtgjz kde k. = 25 souinitel urceny z tab.3.2

b =4205mm; délka gedni dutiny
r) =1 +01[E irl kde r = 30846mm; nejwtsi polongr predni dutiny
r). = 371MPa

Skut&né smykové nafti
T, =-2869MPa

Bezpe&nost
_Te _ 371 = 013
\rsk\ 28,69

2. Pevnostni kontrola

_ 05[Rm_ 05262 _

k= = = 457
] 28e0  ”

C) Zadni dutina - neptSi polongr

1.Kontrola na stabilitu
Obdobr jako u gedni dutiny.

r =443(22mn
b =5365mm
T, = 37/MPa
r, =% 71099 i6o0vpa
t, 065
_Te _ 37 _ 023
Tyl 1629
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2. Pevnostni kontrola

_ 05[Rm_ 05262 _

k= = = 804
I 16,29

3.3.3 Kontrola stojiny

e Zatizeni

Kroutici momenMK(Y) poc [Nmm]|-1 463 735,56
Posouvajici sild y(Y)poc[N] 13 687

A4

* Smykové toky

Shodr jako u kontroly potahu byly teny smykoveé toky:

01 [N/mm] | 56,72
0z [N/mm]| 1,35
g1 [N/mm] | -8,40
g2 [N/mm] | -0,69

Vysledny smykovy tok ve stojin
d. =0, +q,—q, =56,72— 840+ 069=490IN/mm

1. Kontroluje se rovinna deska zatizena smykem
Dle literatury [1], tab.3.2 bylo deno kritické smykoveé nagi:

2
I, =k [E Eéttl)j , kde k., = 1Q sowinitel urceny z tab.3.2

b =315mm; vzdalenost mezi zebry
r,, =3338MPa

Skute&né smykove nafti

=0 24901 ag59vpa
t, 127
Bezpe&nost
k=T 3338 _ 4g7
r, 3859
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2. Pevnostni kontrola

Dle literatury [1], tab.3.7 byla tena unosnost hladké desky:

g, =68N/mm
q 68
="' = = 9
q. 4901 =

Pozn. V dalSictiezech bylo nutno zapitat i vliv odleltovacich otvoll. Unosnost desky se
potom stanovila dle vztahu:

a=q, Eﬁl—fj, kde D je pimér odlehtovaciho otvoru
he je efektivni vySka nosniku

3.3.4 Kontrola pasnic

e Zatizeni

T

Normalny momenMvn(y) poc [Nmm]| 23 214 993}
Tecny momentMvt(y) poc[NMm] 5127 892,54

—

e Sily v pasnicich
a) sila od normalného momentu

_ Mvn(y) po. _ 23214993,5
Pn h, 186,51
b) sila od téného momentu

N =1244706N

Mvt
= (¥ poc = 212789254 932344N Rn = 550mm; rameno mezi nosniky
RN 186,51

c) vysledné sily v pasnicich

Sila od normélného momentu &aije horni pasnice na tlak a dolni pasnice na tah.
Sila od téného mometu z&tuje horni i dolni pasnice na tlak.

Vysledné sily v pasnicich tedy budou:

N, =N, + N, =1244705+932344=13379394N
N =N, =N, =1244705-932344=11514706N

Pozn. Do plochy pasnic byl zafitan i lem stojiny.
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A) Dolni pasnice - pevnostni kontrola

Tahové nagti
N
ERLE 11514706 _ 1 16 4avpa
Sio 989
Bezpe&nost
k=RM_ 202 _ 55
o, 111643

B) Horni pasnice - kontrola na stabilitu

v o

Vyberemetast pasnice s najisi Stihlosti a dle literatury [1], tab. 2.6 ¢teEme kritické

napeti.

LM Mos

b:£:2126
s 127

Kritické nagti bylo odeteno:

o, =27/0MPa

Skut&né nagti
o = N, _ 1337934
* S, 91489

=14624MPa

Bezpe&nost

K= o, _ 270

= =185
o, 14624 F
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3.3.5 Kontrola zawsi
A) Zawsy hlavniho nosniku

Zawesy hlavniho nosniku jsou sloZeny (stejako nosnik samotny) zkolika profila, jak 1ze
vycist z vykre§.Materidlem za¥si je 6061 - T6.

Pri vypoctu postupujeme dle literatury [1], tab.4.4 .

Oko bylo kontrolovano na utrzeni a vysmyknigpu.

Rozmery oka

b [mm]|{d [mm]|c [mm]|{a [mm]|h [mm]|t [mm]

Horni za¥s| 45 18 135 225 13,9 15,1p5

Dolni zaws| 50 15 17,5 25 17,5 15,195

t je celkova tlougka profili

1. Kontrola horniho zasu
a) na utrzeni

o= 115[«& <Rm
l:1
P=N_,, =13379394N
F, =2[e =2[135[15195=41027mnT
3379304

o=115 =37503MPa
41027
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Bezpe&nost

(o RmM_ 262 _
o 37503

b) na vysmyknutéepu a roztrZzeni oka

_P
Oy —F—zsa

F, =d @ =18[15195= 2735Imn"

O yon = 3013MPa; bylo ukeno z tab. 4.4

o = 1337994
27351

pkotl

=48917MPa

Bezpe&nost

K = Upkotl — 301:3 —
0, 48917

otl

2. Kontrola dolniho z&su
a) na utrzeni

o= 115E£ < Rm
F:l
P=N_, =11514706N
F, =2[¢{=2M175015195=53183mnT
1514706

o =115 = 24899MPa
H 51383 ?
Bezpe&nost
k=RM_ 292 _ 55
o 24883

b) na vysmyknutéepu a roztrzeni oka

pozn. dolni z&¥s ma d¥ oka, coz se projevi na velikosti F

_P_
Oy = FZ = kaotl

F, =20t [ = 2[15(15195= 45585mnY
O yon = 41920MPa; bylo ueno z tab. 4.4
- = 11514706

= 2526MPa
45585
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Bezpe&nost

k — Upkotl — 419;2
g 2526

otl

= 166

B) Zaws pomocného nosniku

Zaws pomocného nosniku je z jednoho kusu. Materiage0p4 - T3= Rm = 482 Mpa.
Slouzi edevsim pro f&nos téného momentu.

Maximalni t&ny moment v ktenovemrezu: Mvt(y)o. = 6 400 266,10 Nmm pro kladny
obratovy gipad obalky.

Rozmeéry oka
b [mm]|d [mm]|c; [mm]|c, [mm]|a [mm]|[h [mm]|t [mm]
70 8 16 46 20 16 4

a) kontrola na utrzeni

0’=115EIFES Rm

1
MVE(Y) poc _ 64002661
Rn 550
F, =(c, +c,) [ = (L6+ 46) (4 = 248mnT

o =115 42(;2566]' =5396MPa

P= =1163683N

Bezpe&nost

k_&n_ 482 _
o 5396

895

b) na vysmyknutéepu a roztrzeni oka

_P_
Oy = FZ = kaotl

F, =d [ =804=32mnT
O yon =108675MPa; bylo ueno z tab. 4.4

o= 1163683 36365MPa

Bezpe&nost

K = O oot _ 1086,75 _
g, 36365

otl

299
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3.4 TABULKA SOUCINITEL U BEZPECNOSTI PRO VSECHNY REZY

POTAH
PREDNI ZADNI
DUTINA DUTINA
NABEZNA NEJVETSI NEJVETSI
HRANA POLOMER POLOMER
REZ [m]|STABILITA | STABILITA [PEVNOST|STABILITA [PEVNOST
1,1 2,95 0,13 4,57 0,23 8,04
1,542 3,34 0,15 5,08 0,26 8,79
1,908 3,59 0,18 5,59 0,31 9,60
2,261 4,05 0,21 6,32 0,36 10,64
2,598 4,83 0,24 7,04 0,41 11,64
3,217 7,75 0,34 9,25 0,58 14,93
3,748 10,22 0,50 14,07 0,84 20,50
4,178 16,65 0,79 23,44 1,17 30,94
STOJINA PASNICE
REZ [m]| STABILITA PEVNOST DOLNI HORNI
1,1 0,87 1,39 2,25 1,85
1,542 0,87 1,23 1,81 1,53
1,908 0,91 1,20 1,76 1,49
2,261 1,08 1,22 1,35 1,17
2,598 1,21 1,25 1,73 1,51
3,217 1,83 1,71 3,24 2,88
3,748 2,95 2,25 2,45 2,18
4,178 6,35 5,03 8,72 7,85
ZAVESY
HLAVNI NOSNIK POMOCNY
HORNI ZAVES DOLNI ZAVES NOSNIK
UTRZENI|VYSMYKNUTI [UTRZENI|VYSMYKNUTI [UTRZENI|VYSMYKNUTI
0,7 1,05 0,62 1,66 8,95 2,99

3.4.5 ZHODNOCENI VYSLEDK U

Z hodnot sotinitelt bezp&nosti jsou patrné nizké vysledky u kontroly potalaustabilitu.
To by melo byt u firmy CZAW vyeSeno vyztuzenim potahového panémi podélniky,

které zvysuji kritické natii.
V¢étSi nepijemnosti zfisobuji bezpénosti zaesa pri kontrole na utrzeni.Ty by &y byt jeSg
zesileny nebo pouzit pegjsi material.
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4. VYPOCET ZATIZENI K RIDELKA

4.1 POPIS KRIDELKA

Kiidélko je za¥Seno na sedmém a devatém Zeltdl&, jeho délk&ini 1583mm, u kiene je
hluboké 396mm, na konci 338mm.Vykresydélka Ize nalézt viflohach.

4.2 MODEL K RIDELKA

Vytvoren v programu Catia pro snagi odeitani geometrickych hodnot.
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4.3 LINIOVE ZATIZENi K RIDELKA

Predpis stanovuje fimérnou hodnotu zatizeni po délciédélka:

w = 0,466[h, ﬂg . = 4; maximalni obratovy nasobek zatizeni

W = 1433 |b; hmotnost letounu v librach
S = 133,26 sq.ft; plochd&illla ve feetech

w = 0,4660M, ﬂg = 0,46631[«!11;% = 2004Ib/sq ft] = 96004 N / m?]

Stanoveni velikosti zatiZzeni v jednotlivyigzech
Prib¢h zatizeni po hloubce mé dlgedpisu tvar:
re

rl

il

q

g, =wia

g, =wiie~d

2
q=0, td,

Pasobist liniového zatiZzeni v jednotlivyciezech:

=2
2
r, :a+1EQc—a)
3
ro= b, +r, L,

0

g, + 0,
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Vysledné hodnoty

[Rez y [m] c[m] ajm] C-a[m]  |g1[N/m] |g2[N/m] | q[N/m] | rO[m]

1 - kofen 0.000 | 0.3960 | 0.0540 ] 0.3420| 51.84 | 164.17 | 216.02 | 0.1342
2 0.120 | 0.3915 | 0.0532 ]| 0.3383 | 51.08 | 162.40 | 213.47 | 0.1326
3 - zavés A 0.255 | 0.3865 | 0.0522 ]0.3343] 50.12 ] 160.48 | 210.59 | 0.1309
4 - Ovladaci tahlo | 0.360 | 0.3827 | 0.0515 | 0.3312 | 49.44 | 158.99 | 208.43 | 0.1296
5 0.439 | 0.3798 | 0.0509 ] 0.3289| 48.87 | 157.89 | 206.75 | 0.1286
6 - Zebro 0.623 | 0.3730 | 0.0497 ]0.3233| 47.72 | 155.20 | 202.91 | 0.1263
7 - VVyslednice F 0.770 | 0.3684 | 0.0486 | 0.3198 | 46.66 | 153.52 | 200.18 | 0.1247
8 0.798 | 0.3662 | 0.0485 ] 0.3177 | 46.56 | 152.51 | 199.07 | 0.1240
9 - Zebro 0.973 | 0.3602 | 0.0472 ]0.3130] 45.32 | 150.25 | 195.57 | 0.1219
10 1.159 | 0.3534 | 0.0459 | 0.3075| 44.07 | 147.61 | 191.68 | 0.1196
11 - zavés B 1.346 | 0.3465 | 0.0446 | 0.3019| 42.82 | 144.92 | 187.74 ] 0.1172
12 1.464 | 0.3422 | 0.0438 | 0.2984 | 42.05 | 143.24 | 185.30 | 0.1157
13 - konec 1.583 | 0.3380 | 0.0430 | 0.2950| 41.28 | 141.61 | 182.90 | 0.1143

Tabulka roviZ popisuje polohu z&ea a ovladaciho tahlag je pisobist liniového zatizeni v
danémiezu, a je poloha osy G&ni.

Prib¢h liniového zatizeni po délcgi#télka

250.000

200.000 -

150.000 -

N/m]

S 100.000 -

50.000 A

0-000 T T T T T T T T
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80

y [m]
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4.4 REAKCE V ZAVESECH

h
e F
F
] u F,
@
I By
k
l
F =%~ a) ;qk) Ly = (216’022_ 1829) 1.583= 26 22N
1 1
e= 3 My = 3 [1,583=0,528m
F, =q, L, =21602[1,583=28952N
f= ; Mg = ; [1,583=0,792m
F=F +F, =2622+28952=31574N
Sila F je ekvivalentni liniovému zatizeni, jejfispbist je dano:
F [@+F,(f =Fh=h= F Ee;Fz Of _ 2622[0),52381+527i9,52[®,792 = 0770m

Reakce v zassech vyplyvaji ze silové a momentoveé rovnovahy:

> F=0:F-F,-F, =0= F, =F - F, =31574-14893=16681N

_ Fi(h-k) _315741(0,770- 0,255

>M=0:F,[k-Fh+F,0=0=F; = I 1346 0,255 =14893N
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4.5 PROBEH POSOUVAJICI SiLY A OHYBOVEHO MOMENTU

7~

Posouvajici sila se ziska integraci liniového eaifipo délce #délka:
g

T = [a(y)dy
0

Pt vypoctu je nutné v mistzawsh zavést reakce spiené v pedchozim odstavci.

Ohybovy moment se ziska integraci posouvajicipgilgélce kidélka:

T(y)dy

O =

M, =

Vysledné hodnoty

[Rez ym] | gy | TNg Mo [Nm
1 - kofen 0.000 | 216.02| 0.00 | o0.00
2 0.120 | 213.47 | 2577 | 155
3 - zavés A 0.255 | 21059 | 54.39 | 6.96
3 - zavés A 0.255 | 210.59 |-112.42| 6.96
4 - Ovladaci tahlo | 0.360 | 208.43 | -90.42 | -3.69
5 0.439 | 206.75 | -74.02 | -10.19
6 - zebro 0.623 | 202.91 | -36.33 | -20.34
7 - Vyslednice F ] 0.770 | 200.18 | -6.71 -23.50
8 0.798 | 190.07 | -1.12 | -23.61
9 - 7ebro 0.973 | 195,57 | 33.42 | -20.79
10 1.159 | 191.68 | 69.43 | -11.22
11 - z&vés B 1.346 | 187.74 | 104.01| s5.08
11 - zavés B 1.346 | 187.74 | -44.02 | s5.08
12 1.464 | 185.30 | -22.01 | 118
13 - konec 1583 | 182.90| -0.10 | -0.13
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Prabéh posouvajici sily
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Pribéh ohybového momentu
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4.6 ZAVESOVY MOMENT K RIDELKA A REAKCE V OVLADACIM TAHLE
Ekvivalentni sila F vytvid zawsovy moment na rameni:

r=r,—a

ro.....pasobisSt po hloubce Kdélka v mist pasobist sily F po délce ikdélka

a .....vzdalenost od n&mé hrany po osu aténi v mist pasobist sily F
r=r,—a=01247-0,0486=0,076In

Zawsovy moment

M =F [f =315,74[0,0761=2402Nm

Zaws

Reakce v ovladacim tahle

A

r reakced

et

Fmea]:ce 1

Reakce pisobi na ramenjg, = 0,093m (od&eno z vykresu).
Reakce se stanovi z momentové rovnovahy dle obrazku

= Flr _ 31574000761 _ 25944N
r 0,093

paky

FO=F 0y =F

reakce — paky
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4.7 PROBEH KROUTICIHO MOMENTU

Kroutici moment je wen vztahem:

My = [a(y)TH(y) Dy

O =

Do priibéhu krouticiho momentu je nutno v ngistvladaciho tahla zavést z&ovy moment.

Vysledné hodnoty

[Rez y[m] | qIN/m] | rO[m] | a[m] rim] |Mk[Nm]
1 - kofen 0.000 | 216.02 | 0.1342 | 0.0540 | 0.0802 0.00
2 0.120 | 213.47 ] 0.1326 | 0.0532 ] 0.0794 2.05
3 - zavés A 0.255 | 210.59 | 0.1309 | 0.0522 | 0.0787 4.30

4 - Ovladaci tdhlo | 0.360 | 208.43 | 0.1296 | 0.0515 | 0.0781 6.02
4 - Ovladaci tdhlo | 0.360 | 208.43 | 0.1296 | 0.0515 ] 0.0781| -18.01

5 0.439 ] 206.75 ] 0.1286 | 0.0509 | 0.0777] -16.73
6 - Zebro 0.623 ] 202.91 | 0.1263 | 0.0497 | 0.0766 ] -13.85
7 - Vyslednice F | 0.772 | 200.18 | 0.1247 | 0.0486 | 0.0761 | -11.56
(<] 0.798 ] 199.07 | 0.1240 | 0.0485 ] 0.0755] -11.17
9 - Zebro 0.973 ] 195.57 1 0.1219 | 0.0472 | 0.0747 -8.59
10 1.159] 191.68 | 0.1196 | 0.0459 | 0.0737 -5.94
11 - zdvés B 1.346 | 187.74 1 0.1172 ]| 0.0446 | 0.0726 -3.36
12 1.464 | 185.30 | 0.1157 ] 0.0438 ] 0.0719 -1.78
13 - konec 1.583 ] 182.90 | 0.1143 | 0.0430 | 0.0713 -0.22

Prabeéh krouticiho momentu
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5. VYPOCET ZATIZENI VZTLAKOVE KLAPKY

Vypocet zatiZzeni klapky je obdobny jako tidélka.
5.1 POPIS VZTLAKOVE KLAPKY

Klapka je za¥Sena na druhém a Sestém Zel¥dl&, jeji délkatini 2197mm, u kiene je
hluboka 437mm, u konce potom 366mm.Vykresy klageynalézt v filohach.

5.2 MODEL KLAPKY

Opet vytvoren v programu Catia.

5.3 LINIOVE ZATIZENI KLAPKY
Vypocet zatiZzeni klapky se &uje pro:
» zatiZeni nahoru (tomutdipadu se budeénovat tento a nasledujici odstavce)
» zatiZeni dal, kdy hodnota zatiZeni je rovna jeditertiné pri zasunutych klapkach

Pramérna hodnota zatiZeni po délce klapky diedpisu:

w= 0640, dg = 0,649491%136 = 2753Ib/sq ft] =13186 N/ m?]
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Prib¢h zatizeni po hloubce mé dlgedpisu tvar:

[l

=
al
=
_
Velikost liniového zatizeni v jednotlivydiezech
q= 3wlcE,
2
Pasobist liniového zatizeni
4
r,=—L¢
9

Vysledné hodnoty
[Rez y [m] cm]  lgmm] [rom] | am]
1 - kofen 0.0000 | 0.4370 | 864.34 | 0.1942 | 0.1365
2 0.2000 | 0.4304 | 851.29 | 0.1913 | 0.1347
3 - zavés A 0.4055 | 0.4237 | 838.04 | 0.1883 | 0.1333
4 - Ovladaci tahlo | 0.5255 | 0.4199 | 830.52 | 0.1866 | 0.1321
5 0.7290 | 0.4133 | 817.47 | 0.1837 | 0.1305
6 - Zebro 0.9320 | 0.4067 | 804.41 | 0.1808 | 0.1290
7 - Vyslednice F 1.0660 | 0.4024 | 795.91 | 0.1788 | 0.1279
3 1.1970 | 0.3982 | 787.60 | 0.1770 | 0.1269
9 - 7ebro 1.4620 | 0.3896 | 770.59 | 0.1732 | 0.1248
10 1.7340 | 0.3808 | 753.18 | 0.1692 | 0.1227
11 - zavés B 2.0055 | 0.3721 | 735.98 | 0.1654 | 0.1206
12 - konec 2.1970 | 0.3660 | 723.91 | 0.1627 | 0.1193

Tabulka roviz popisuje polohu z&ei a ovladaciho tahlag je pisobist liniového zatizeni v

danémiezu, a je poloha osy @&ni.

-42 -



Martin Swtlik

Letecky Ustav

Prabéh liniového zatiZzeni po délce klapky
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5.4 REAKCE V ZAV ESECH

ql
|
|

gk

K Fy

F = (B=0) ) (86434-7239)

2

e= ; My = ; [2197=0,732m

F, = q, L, = 723912197=159043N
f= ; My = ; [2,197=1,099m

F = F, +F, =15426+159043=17447N

[(2197=15426N
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Sila F je ekvivalentni liniovému zatiZeni, jejispbist je dano:

F[e+F,F _15426[D,732+1590431,099

=1066m
F 17447

Fe+F,f =Fh=h=

Reakce v zassech vyplyvaji ze silové a momentové rovnovahy:

> F=0:F-F,-F; =0=F, =F - F, =17447-72037=102433N
_Fi(h-k) _174471(1,066- 0,4055
| -k 2,055- 0,4055

>M=0:F,k-Fh+F, 0=0= F, =72037N

5.5 PRUBEH POSOUVAUJICI SiLY A OHYBOVEHO MOMENTU
Posouvaijici sila se ziska integraci liniového eaiipo délce klapky:

IIy<|

T = [q(y)dy

Pt vypoctu je nutné v mistzawsh zavést reakce spiené v pedchozim odstavci.

Ohybovy moment se ziska integraci posouvajicipgilgélce klapky:

M, = [T(ydy

Vysledné hodnoty

[Rez y[ml | gq[Nm] | T[N] Mo [Nm]
1 - kofen 0.0000 | 864.342 0.00 0.00
2 0.2000 | 851.288 | 171.56 17.16
3 - zavés 1 0.4055 | 838.036 | 345.14 70.25
3 - zaveés 1 0.4055 | 838.036 | -679.19 70.25
4 - Ovladaci tahlo | 0.5255 | 830.520 | -579.07 -5.25
5 0.7290 | 817.466 | -411.39 | -106.03
6 - Zebro 0.9320 | 804.412 | -246.77 | -172.83
7 - Vyslednice F 1.0660 | 795.907 | -139.55 | -198.71
8 1.1970 | 787.600 | -35.83 -210.20
9 - Zebro 1.4620 | 770.590 | 170.63 | -192.34
10 1.7340 | 753.184 | 377.86 | -117.75
11 - zavés 2 2.0055 | 735.977 | 580.02 12.29
11 - zavés 2 2.0055 | 735.977 | -140.35 12.29
12 - konec 2.1970 | 723.911 0.00 0.00
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Prabéh posouvajici sily
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5.6 ZAVESOVY MOMENT KLAPKY A REAKCE V OVLADACIM TAHLE
Ekvivalentni sila F vytvid zawsovy moment na rameni:

r=r,—a

ro.....pasobisSt po hloubce klapky v migtpiasobist sily F po délce klapky

a .....vzdalenost od n&mné hrany po osu aténi v mist pasobist sily F
r=r,—a=01788-01279= 0,0509n

Zawsovy moment

M =F [f =1744710,0509=8888Nm

Zaws

Reakce v ovladacim tahle

A

r reakced

et

Fmea]:ce 1

Reakce pisobi na ramenjgy = 0,145m (od&eno z vykresu).
Reakce se stanovi z momentové rovnovahy dle obrazku

= Flr _1744710,0509 _ 61298N
r 0145

paky

FO=F 0 =F

reakce — paky
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5.7 PRUBEH KROUTICIHO MOMENTU

Kroutici moment je wen vztahem:
|k\

M = [a(y)Ci(y) [y
0

Do priibéhu krouticiho momentu je nutno v ngistvladaciho tahla zavést z&ovy moment.

Vysledné hodnoty

[Rez y [m] q [Nm] r0 [m] am] rim]  Mk[Nm]

1 - kofen 0.0000 864.34] 0.1942] 0.1365 0.0577 0.00
2 0.2000 851.29] 0.1913] 0.1347] 0.0566 9.71
3 - zavés 1 0.4055] 838.04] 0.1883] 0.1333] 0.0550 19.26

4 - Ovladaci tdhlo 0.5255| 830.52] 0.1866] 0.1321] 0.0545 24.72
4 - Ovladaci tdhlo 0.5255| 830.52] 0.1866] 0.1321] 0.0545 -64.17,

5 0.7290] 817.47] 0.1837] 0.1305 0.0532 -55.25
6 - Zebro 0.9320] 804.41] 0.1808] 0.1290] 0.0518 -46.73
7 - Vyslednice F 1.0660] 795.91] 0.1788] 0.1279] 0.0509 -41.27,
(<] 11970} 787.60] 0.1770] 0.1269] 0.0501 -36.07
9 - Zebro 1.46201 770.59] 0.1732] 0.1248] 0.0484 -26.09
10 1.7340] 753.18] 0.1692] 0.1227] 0.0465 -16.44
11 - zavés 2 2.0055| 735.98] 0.1654] 0.1206] 0.0448 -7.39
12 - konec 2.1970] 723.91] 0.1627] 0.1193] 0.0434 0.00]

Prabeéh krouticiho momentu
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5.8 SOUHRN VYSLEDKU PRO ZATIZENi DOL U

Jak jiz byloreceno, i vysunutych klapkach se uvazuje zatiZeni, jehanbta je rovna jedné
¢tvrting zatiZzeni i vysunutych klapkach.

— 1 1 1433
w=Lropamn, Y = Lroearani?3 - 6gqib/sq fi] = 32065 N /]
4 S 4 13326
A) Liniové zatiZeni
[Rez y [m] cm]  |q[N/m] ]rO[m] a[m]
1 - koFen 0.0000 | 0.4370 | 216.09 | 0.1942 | 0.1365
2 0.2000 | 0.4304 | 212.82 | 0.1913 | 0.1347
3 - zavés 1 0.4055 | 0.4237 | 20951 | 0.1883 | 0.1333
4 - Ovladaci tahlo | 0.5255 | 0.4199 | 207.63 | 0.1866 | 0.1321
5 0.7290 | 0.4133 | 204.37 | 0.1837 | 0.1305
6 - Zebro 0.9320 | 0.4067 | 201.10 | 0.1808 | 0.1290
7 - Vyslednice F | 1.0660 | 0.4024 | 198.98 | 0.1788 | 0.1279
8 1.1970 | 0.3982 | 196.90 | 0.1770 | 0.1269
9 - Zebro 1.4620 | 0.3896 | 192.65 | 0.1732 | 0.1248
10 1.7340 | 0.3808 | 188.30 | 0.1692 | 0.1227
11 - zavés 2 2.0055 | 0.3721 | 183.99 | 0.1654 | 0.1206
12 - konec 2.1970 | 0.3660 | 180.98 | 0.1627 | 0.1193
250.000
200.000 -
_150.000 -
£
Z
© 100.000 -
50.000 -
0.000 ‘ | | ‘
0.00 0.50 1.00 1.50 2.00 2.50
y [m]
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B) Reakce v z&sech
zaveés A zavés B
k [m] FA [N] | [m] FB [N]
0.4055 | 256.08 | 2.0055 | 180.09

C) Posouvajici sila, ohybovy moment

[Rez yIiml [qmNm] | TIN] Mo [Nm]
1 - kofen 0.0000 | 216.086 | 0.00 0.00
2 0.2000 | 212.822 | 42.89 4.29
3 - zavés 1 0.4055 | 209500 | 86.29 | 17.56
3 - zavés 1 0.4055 | 209.509 | -169.80 | 17.56
4 - Ovladaci tahlo | 05255 | 207.630 | -144.77 | -1.31
5 0.7290 | 204.367 | -102.85 | -26.51
6 - zebro 0.9320 | 201.103 | -61.69 | -43.21
7 - Vyslednice F | 1.0660 | 198.977 | -34.80 | -49.68
3 1.1970 | 196.900 | -896 | -52.55
9 - 7ebro 1.4620 | 192.647 | 4266 | -48.09
10 1.7340 | 188.296 | 94.47 | -29.44
11 - Z&vés 2 2.0055 | 183.994 | 145.00 | 3.07
11 - Zavés 2 2.0055 | 183.994 | -35.09 3.07
12 - konec 2.1970 | 180.978 | -0.14 -0.30
200.00
150.00 |
100.00
50.00 |
£ 0.00 ‘
. 0.0000 1.5000 2.0;@( 2.5000
-50.00 1
-100.00
-150.00
-200.00
y [m]
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30.00
20.00 -
10.00 -
0.00
T .10.d50P00 2.5000
£ -10.
2 -20.00 -
-30.00 -
-40.00 -
-50.00 -
-60.00
y [m]
D) Zawsovy moment, reakce v ovladacim tahle
Mz [Nm] | Freakce [N]
22.22 153.25
E) Kroutici moment
[Rez y [m] g [N/m] | r0[m] ajmj rim]  Mk[Nm]
1 - kofen 0.0000 216.09 | 0.1942 | 0.1365 | 0.0577 0.00
2 0.2000 | 212.82 | 0.1913 | 0.1347 | 0.0566 2.43
3 - zavés 1 0.4055 209.51 | 0.1883 | 0.1333 | 0.0550 4.81
4 - Ovladaci tahlo | 0.5255 207.63 | 0.1866 | 0.1321 | 0.0545 6.18
4 - Ovladaci tahlo | 0.5255 | 207.63 | 0.1866 | 0.1321 | 0.0545 | -16.04
5 0.7290 | 204.37 | 0.1837 | 0.1305 | 0.0532 | -13.81
6 - Zebro 0.9320 201.10 | 0.1808 | 0.1290 | 0.0518 -11.68
7 - Vyslednice F 1.0660 198.98 | 0.1788 | 0.1279 | 0.0509 -10.32
8 1.1970 | 196.90 | 0.1770 | 0.1269 | 0.0501 | -9.02
9 - Zebro 1.4620 | 192.65 | 0.1732 | 0.1248 | 0.0484 | -6.52
10 1.7340 188.30 | 0.1692 | 0.1227 | 0.0465 -4.11
11 - zavés 2 2.0055 183.99 | 0.1654 | 0.1206 | 0.0448 -1.85
12 - konec 2.1970 | 180.98 | 0.1627 | 0.1193 | 0.0434 | -0.33
10.00
5.00 -
0.00 T
= 0.0p0o0 0.50) 2.5000
Z  -5.00
=
-10.00 -
-15.00 -
-20.00
y [m]
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6. VYPOCET ZATIZENI VODOROVNYCH OCASNICH
PLOCH

6.1 POPIS VODOROVNYCH OCASNICH PLOCH

Vodorovné ocasni plochy jsou klasické koncepce.Pguzprofilem je symetricky NACA
0012.Rozpti VOP je 2950mm, konstantni hloub&ai 899mm, picemZ hloubka
stabilizatoru je 541mm, vySkového kormidla poton8/®n.Vzdalenost od n&bné hrany
vySkového kormidla po osu @gni je 40mm.

6.2 LINIOVE ZATIZENi VOP
Vypocéet VOP se utuje pro:
» zatiZeni nahoru a dgtomuto gFipadu se budeénovat tento a nasledujici odstavce)
* nesymetrické zatiZeni, kdy na jedné tra@®P je 100% zatiZzeni, na druhé stran
65%

Pramérn& hodnota zatiZzeni po délce VOP diedpisu:

W= 48+ 0,534, d’si - 48+ 0,534@1%‘;% = 27.77Ib/ sq ft] = 133009 N / ]

Prabéh zatizeni po hloubce ma podiegpisu tvar:

qsi go. Qv
/

%

i ‘
=
¥
I = toe | Q. e |l vV e
ST hloubka stabilizatoru
a......... vzdalenost od n&mé hrany vyskového kormidla po osudetidi
Vieroonn. vySkové kormidlo za osou oédi

Velikost liniového zatizeni v jednotlivydiezech

=wi
Qs W2
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d, = w2

%=W%

Celkové zatiZzeni vyskového kormidla je dano:

Ow =0a t 0,

Celkové zatiZzeni vodorovnych ocasnich ploch je:

4=0s+0, +q,

Vzhledem k tomu, Ze hloubka VOP je konstantni, imave zatizeni po rozpi obdélnikovy

prabeh.
Vysledné hodnoty

Celd
Stabilizator VySkové kormidlo VOP
[Rez y[m] [s[m] | a[m] | vim] |as[N/m] da[N/m] |qv[N/m] Jgvk [N/m]|qg [N/m]

koren 0.000 | 0.541 ] 0.040 | 0.318 359.79 53.20 | 211.48 | 264.69 |624.48
konec 1.475 ] 0.541 ] 0.040 | 0.318 359.79 53.20 | 211.48 | 264.69 |624.48

6.3 POSOUVAJICI SILA A OHYBOVY MOMENT PRO CELOU VOP

Posouvaijici sila se ziska integraci liniového eaiipo délce polorozg VOP:
Lvop/2

T= [a(y)dy

0

Ohybovy moment se ziska integraci posouvajicipilgélce polorozfi VOP:

Lvop /2

M, = [T(y)dy

-52 -



Martin Swtlik Letecky Ustav

Prib¢h posouvajici sily
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6.4 REAKCE V ZAV ESECH VYSKOVEHO KORMIDLA

Pri vypoétu postupujeme shodrako u Kidélka nebo klapky a reakce jsoweiny pomoci
silové a momentové rovnovahy s ekvivalentni silaioého zatizeni F.

ProtoZe ma liniové zatizeni obdélnikovyilmsh, leZi ekvivalentni sila F v polowin
polorozgti. Zawsy jsou umisiny ve vzdalenosti 0,075m a 1,475m (na konci) ogRke.

F = qVK [LVOP
F.=F-F

gh -k
Fo =F )

(1-k)
Vyslednice liniového zatiZeni zavés A zaveés B

F [N] h [m] k [m] FA | [m] FB
390.41 0.738 0.075 205.66 1.475 184.75
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6.5 PRUBEH POSOUVAJICI SIiLY A OHYBOVEHO MOMENTU VYSKOVEHO
KORMIDLA

Posouvajici sila je dana integraci liniového zaitiZgsSkového kormidla po poloro&h, opst
je nutno zavést v miszawsi reakce :
L /2

T= [au(yady

Ohybovy moment se ziska integraci posouvajicipgilgélce polorozi:
Ly /12

M, = [T(y)dy

Vysledné hodnoty

[Rez yIm] lavkinm] | TIN] [Mo [Nm]
1 - koFen 0.000 | 264.69 0.00 0.00
2 - zavés, tahlo 0.075 | 264.69 19.85 0.74
2 - zavés, tahlo 0075 | 26469 |-18581| o0.74
3 0.185 | 264.69 | -156.70 | -18.09
4 0.370 | 264.69 | -107.73 | -42.55
5 0555 | 264.69 | -58.76 | -57.95
6 - Vyslednice F 0738 | 264.69 | -1046 | -64.27
7 0925 | 264.69 | 39.17 | -61.58
8 1110 | 26469 | 88.14 | -49.80
o 1205 | 26469 | 137.11 | -28.97
10 - konec (zav &s)] 1.475 | 264.60 | 184.75 | 0.00
10 - konec (zav &s)| 1.475 | 264.69 0.00 0.00

Prabéh posouvajici sily

250.00
200.00
150.00 -
100.00 -
50.00 -
0.00
-50.08
-100.00 -
-150.00 -
-200.00 -
-250.00

0.200 0.400

0.800 1.000 1.200 1.400 1.600

TN]

y [m]
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Pribéh ohybového momentu

10.00

0.00 —— T T T T T T T
0.200

0.900
-10.00 A

0.400 0.600 0.800 1.000 1.200 1.40 1.600

-20.00 A

-30.00 A

Mo [Nm]

-40.00 -

-50.00 A

-60.00 -

-70.00

y [m]

6.6 ZAVESOVY MOMENT VYSKOVEHO KORMIDLA A REAKCE V
OVLADACIM TAHLE

Ekvivalentni sila F vytvia zawsovy moment na rameni:

r=r,—a
ro.....pasobist po hloubce klapky v migtpisobist sily F po délce vySkového kormidla
a .....vzdalenost od n&mé hrany po osu aténi v mist¢ pasobist sily F

_2mam, +(a+1/30) @,
° q, +0,

Zawsovy moment

M =F [t

Zaws

Reakce v ovladacim tahle

M. ... .
Freae =, kde rameno pakydiy = 0,053m
paky
F [N] r0 [m] a[m] r[m] 1z [Nm] r paky [m] | Freakce [N]
390.41 0.121 0.040 0.081 31.50 0.053 594.27
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6.7 PRUBEH KROUTICIHO MOMENTU

Kroutici moment je wen vztahem:

M, =

Lyop /2

[a(y @ (y) wy

Do priibéhu krouticiho momentu je nutno v ngistvladaciho tahla zavést z&ovy moment.

Vysledné hodnoty

[Rez y [m] g[N/m] rO[m] am] r [m] Mk [Nm]
1 - koten 0.000 264.69 0.121 0.040 0.081 0.00
2 - zavés, tahlo 0.075 264.69 0.121 0.040 0.081 1.60
2 - zavés, tahlo 0.075 264.69 0.121 0.040 0.081 -29.89
3 0.185 264.69 0.121 0.040 0.081 -27.55
4 0.370 264.69 0.121 0.040 0.081 -23.60
5 0.555 264.69 0.121 0.040 0.081 -19.65
6 - Vyslednice F 0.738 264.69 0.121 0.040 0.081 -15.74
7 0.925 264.69 0.121 0.040 0.081 -11.74
8 1.110 264.69 0.121 0.040 0.081 -7.79
9 1.295 264.69 0.121 0.040 0.081 -3.84
10 - konec (zav és)| 1.475 264.69 0.121 0.040 0.081 0.00
Pribeh krouticiho momentu
5.00
000 T T T T T T T
. 08.(00 0.200 0.400 0.600 0.800 1.000 1.200 400 1.600
-10.00 -
£
Z. -15.00 -
X
= 20.00 -
-25.00 -
-30.00 -
-35.00

y [m]
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6.8 SOUHRN VYSLEDKU PRO NESYMETRICKE ZATIZENI

Liniové zatiZzeni ma dlefpdpisu péibéh po hloubce:

C’”_" L d i ¥ -
i qh
=
F ? q2 ? q3
Y
y A 3
i
-y C =—
d....... hloubka zbyvajiciasti stabilizatoru zatvrtinovou hloubkou VOP
(V2 hloubka vyskového kormidla

6.8.1 100 % zatiZzeni na jedné stran

A) Liniové zatizeni

Stabilizator VK Cela VOP
[Rez yim] E/A4[m] |d[m] | v[m] | g1 [N/m] | g2 [N/m] | gs[N/m] |qvk [N/m]] q[N/m]
kofen 0.000 ] 0.225]10.316] 0.358 | 747.34 309.52 | 1056.86 | 112.29 | 1169.15
konec 1475 ]0.225]0.316]0.358 | 747.34 309.52 | 1056.86 | 112.29 | 1169.15

B) Posouvajici sila a ohybovy moment celé VOP

Rez y[m] lqg[N/m] | T[N] Mo [Nm]
1 - kofen 0.000 | 1169.15 | 1724.50 | 1271.82
2 0.180 | 1169.15 | 1514.05 | 980.35
3 0.365 | 1169.15 | 1297.76 | 720.25
4 0.550 | 1169.15 | 1081.46 | 500.18
5
6
7
8
9

0.735 | 1169.15| 865.17 | 320.11
0.920 | 1169.15 | 648.88 | 180.06
1105 | 1169.15 | 432.59 80.03
1.290 | 1169.15| 216.29 20.01
- konec 1.475 | 1169.15 0.00 0.00
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0.800
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C) Reakce v zassech vysSkového kormidla

Vyslednice liniového zatiZzeni

zaves A

zavés B

FIN]

h [m]

k [m]

FA

| [m]

FB

165.63

0.738

0.075

87.25

1.475

78.38
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D) Posouvajici sila a ohybovy moment vyskového kalan

[Rez y[m lgmNm] | TN Mo [Nm]
1 - kofen 0.000 112.29 0.00 0.00
2 - zavés, tahlo 0.075 112.29 8.42 0.32
2 - zavés, tahlo 0.075 112.29 | -78.83 0.32
3 0.185 112.29 -66.48 -7.68
4 0.370 112.29 -45.70 -18.05
5 0.555 112.29 | -24.93 -24.59
6 - Vyslednice F 0.738 112.29 -4.44 -27.27
7 0.925 112.29 16.62 -26.12
8 1.110 112.29 37.39 -21.13
9 1.295 112.29 58.17 -12.29
10 - konec (zav és)|] 1.475 112.29 78.38 0.00
10 - konec (zav és)] 1.475 112.29 0.00 0.00
100.00
80.00 -
60.00 -
40.00 A
20.00 -
Z 0.00 ' ‘ : ‘ ‘ ‘ :
o 5006-900 0.200 0.400 0.800 1.000 1.200 1.400 1.600
-40.00 -
-60.00
-80.00
-100.00
y [m]
5.00
0.00 ; ; ; ; ; ; ;
0.900 0.200 0.400 0.600 0.800 1.600
-5.00
'E -10.00
Z
2 -15.00 1
-20.00 -
-25.00 -
-30.00
y [m]

E) Zawsovy moment a reakce v ovladacim tahle

F[N]

r0 [m]

a[m]

r [m]

1z [Nm]

r paky [m]

Freakce [N]

165.63

0.119

0.040

0.079

13.14

0.053

247.92
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F) Kroutici moment vySkového kormidla

[Rez y [m] g[N/m] ro[m] ajm] r [m] MK [Nm]
1 - kofen 0.000 112.29 0.119 0.040 0.079 0.00
2 - zavés, tahlo 0.075 112.29 0.119 0.040 0.079 0.67
2 - zavés, tahlo 0.075 112.29 0.119 0.040 0.079 -12.47
3 0.185 112.29 0.119 0.040 0.079 -11.49
4 0.370 112.29 0.119 0.040 0.079 -9.84
5 0.555 112.29 0.119 0.040 0.079 -8.20
6 - Vyslednice F 0.738 112.29 0.119 0.040 0.079 -6.57
7 0.925 112.29 0.119 0.040 0.079 -4.90
ts] 1.110 112.29 0.119 0.040 0.079 -3.25
9 1.295 112.29 0.119 0.040 0.079 -1.60
10 - konec (zav és)] 1.475 112.29 0.119 0.040 0.079 0.00
2.00
0.00 T T T T T T T
) O(()).(00 0.200 0.400 0.600 0.800 1.000 1.200 .400 1.600
-4.00 -
S
£ -6.00 -
X
= 8.00 1
-10.00 -
-12.00 -
-14.00

y [m]
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6.8.2 65 % zatizeni na druhé straé

A) Liniové zatizeni

Stabilizator VK Leld VOP
[Rez y[m] Jc/d[m] | d[m] |v[m] QL1[N/m] |g2[N/m] | qgs[N/m] |qvk [N/m]] g [N/m]
kofen 0.000 | 0.225 | 0.316 | 0.358 | 485.77 | 209.30 | 695.07 82.17 777.24
konec 1.475 | 0.225 ] 0.316 | 0.358 | 485.77 | 209.30 | 695.07 82.17 777.24

B) Posouvajici sila a ohybovy moment celé VOP

Rez y[ml |q[N/m] | T[N] Mo [Nm]
1 - kofen 0.000 | 777.24 | 1146.43 | 845.49
2 0.180 | 777.24 | 1006.53 | 651.73
3 0.365 | 777.24 | 862.74 | 478.82
4 0.550 | 777.24 | 718.95 | 332.51
5
6
7
8
9

0.735 777.24 | 575.16 | 212.81
0.920 777.24 | 431.37 | 119.70
1.105 777.24 | 287.58 53.20
1.290 777.24 | 143.79 13.30
- konec 1.475 777.24 0.00 0.00
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C) Reakce v zasech vyskového kormidla

Vyslednice liniového zatizeni zavés A zavés B
F [N] h [m] k [m] FA | [m] FB
121.20 0.738 0.075 63.85 1.475 57.35

D) Posouvajici sila a ohybovy moment vyskového kdlan

[Rez yiml [amNm] | TIND Mo [Nm]
1 - kofen 0.000 82.17 0.00 0.00
2 - zavés, tahlo 0.075 82.17 6.16 0.23
2 - zavés, tahlo 0.075 82.17 -57.68 0.23
3 0.185 82.17 -48.65 -5.62
4 0.370 82.17 -33.44 -13.21
5 0.555 82.17 -18.24 -17.99
6 - Vyslednice F 0.738 82.17 -3.25 -19.95
7 0.925 82.17 12.16 -19.12
3 1.110 82.17 27.36 -15.46
9 1.295 82.17 42.56 -8.99
10 - konec (zav és)] 1.475 82.17 57.35 0.00
10 - konec (zav és)|] 1.475 82.17 0.00 0.00

80.00

60.00 -

40.00

20.00 -

0.00

T[N]

-20.0(9'E

-40.00 -

-60.00 -

0.200

0.400

1.000

1.400

1.6

-80.00

y[m]

00
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5.00

0.00 T T T T T T T
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-20.00 -

-25.00
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E) Z&dwsovy moment vySkoveho kormidla a reakce v ovladdétme

F [N] r0 [m] a [m] r [m] Mz [Nm] |r paky [m] | Freakce [N]
121.20 0.119 0.040 0.079 9.62 0.053 181.42

F) Kroutici moment vysSkového kormidla

[Rez y [m] g[N/m] ro[m] ajm] rim] Mk [Nm]

1 - kofen 0.000 82.17 0.119 0.040 0.079 0.00
2 - zavés, tahlo 0.075 82.17 0.119 0.040 0.079 0.49
2 - zavés, tahlo 0.075 82.17 0.119 0.040 0.079 -9.13

3 0.185 82.17 0.119 0.040 0.079 -8.41
4 0.370 82.17 0.119 0.040 0.079 -7.20
5 0.555 82.17 0.119 0.040 0.079 -6.00
6 - Vyslednice F 0.738 82.17 0.119 0.040 0.079 -4.80
7
3
9

0.925 82.17 0.119 0.040 0.079 -3.59
1.110 82.17 0.119 0.040 0.079 -2.38
1.295 82.17 0.119 0.040 0.079 -1.17
10 - konec (zav és)] 1.475 82.17 0.119 0.040 0.079 0.00

2.00

0.00 T T T T T T T
0.900 0.200 0.400 0.600 0.800 1.000 1.200 .400 1.600
-2.00 -

-4.00 -
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7. ZAVER

Cilem této diplomové prace bylo vyitat zatizenéasti draku a provést pevnostni
kontrolu Kidla obojzivelného letounu Mermaid poté, ctném faze vyvoje prosla
jeho konstrukce a celkovy vzhled jistymi &nami.Vysledky z pevnostni kontroly
kiidla jiz byly striné shrnuty na konci kapitoly 3.\&pivaly obzvlast nizké hodnoty
souinitela bezpeénosti (¥ kontrole potahu na stabilitu a bezpest za¥sa hlavniho
nosniku pi kontrole na utrzeniiiPvypoctu zatizeni kidélka, vztlakove klapkyi
vodorovnych ocasnich ploch byly ziskanyilmihy posouvajici sily, ohybového a
krouticiho momentu a &eny sily v zagsech a \tizeni pro jednotlivé
piipady.Nesymetrickyifipad zatizeni u vodorovnych ocasnich ploch budeoduajici
pro pipojeni stabilizatoru k trupu.
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8. SEZNAM POUZITYCH ZDROJ U

[1] JCtverék, V.Mertl, A.Pi&tk: Soubor podklafi pro pevnostni vypay leteckych
konstrukci

[2] V.Mertl: Konstrukce a projektovani letadel

[3] A.Pisgk, O.Grégr, V.Kahanek, R.Bohm: Pevnost a Zivottetsidel |
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9. SEZNAM POUZITYCH ZKRATEK A SYMBOL U

a [m]

c [m]

C [-]

Cm [-]

F [N]

g [m/<]
G [ka]

| X [kg ' mZ]
k [-]

| [m]

L [N]

m [ka]

M K [N m]
Mo [Nm]

n [-]

Np [N]

q [N/m]
l'o [m]

S [sq. ft], [nf]
T [N]

Va [km/h]
Ve [km/h]
Vb [km/h]
VE [km/h]
w [N/m?]
W [Ib]

Oxr [°]

P [kg/m’]
o [MPa]
T [MPa]

poloha osy oténi

hloubka plochy

sowinitel vztlaku

sowinitel klopivého momentu
sila

tihové zrychleni

tiha letounu

moment setrvé&nosti
bezp&nost

rozpsti

vztlakova sila

hmotnost letounu

kroutici moment

ohybovy moment

nasobek zatizeni

sila v pasnicich

spojité (liniove) zatizeni
pusobist liniového zatizeni
plocha kidla

posouvaijici sila

obratova rychlost

cestovni rychlost

rychlost stemhlavého letu
rychlost s vysunutymi vztlakovymi klapkami
pramérna hodnota zatizeni po délce plochy
hmotnost letounu

vychylka kidélka

hustota ovzdusi

normalové nafti

smykoveé nafti
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10. SEZNAM PRILOH

PRILOHA 1 Hodnoty a piitbéhy zatizeni Kdla pro jednotlivé fipady

PRILOHA 2 Vykresova dokumentace ( v samostatnych dekk
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PRILOHA 1

Hodnoty a prubéhy zatizeni lidla pro jednotlivé pripady

PRIPAD 1

Bod A obalky

normalné zatizeni nahoru, n =4
tecné zatizeni dapdu, n =1

Vzdusné zatiZzeni - posouvajici sila, ohybovy moment

y[m] ¢ [m] cin [-] clO[-] | clkr[-] | ciy)[] | q(y)[N/m] | T(y)[N] [Mo(y)[Nm]
4.750 1.050 0.000 0.000 1.631 0.000 0.000 0.000 0.000
4.734 1.052 0.203 -0.010 1.631 0.321 439.153 3.513 0.028
4.685 1.057 0.386 -0.019 1.631 0.610 839.903 34.850 0.968
4.605 1.066 0.541 -0.025 1.631 0.857 1190.074 | 116.049 7.004
4.493 1.078 0.669 -0.030 1.631 1.062 1490.242 | 266.147 28.407
4.350 1.094 0.772 -0.032 1.631 1.226 1747.215 | 497.625 83.017
4178 1.113 0.853 -0.033 1.631 1.358 1968.000 | 817.134 196.086
3.977 1.135 0.915 -0.031 1.631 1.461 2159.740 | 1231.971 | 402.021
3.748 1.160 0.963 -0.029 1.631 1.542 2329.715 | 1746.014 | 743.000
3.495 1.188 0.999 -0.024 1.631 1.605 2483.445 | 2354.879 | 1261.763
3.217 1.218 1.025 -0.019 1.631 1.653 2622.606 | 3064.620 | 2015.073
2.918 1.251 1.044 -0.013 1.631 1.690 2753.025 | 3868.277 | 3051.541
2.598 1.286 1.056 -0.006 1.631 1.716 2874.761 | 4768.722 | 4433.461
2.261 1.323 1.063 0.001 1.631 1.735 2988.642 | 5756.706 | 6206.996
1.908 1.361 1.065 0.008 1.631 1.745 3092.561 | 6830.038 | 8428.556
1.542 1.402 1.062 0.015 1.631 1.747 3189.504 | 7979.656 |11138.730
1.100 1.443 1.053 0.021 1.631 1.739 3267.248 | 9406.598 |14981.092
0.782 1.450 1.061 0.024 1.631 1.754 3312.856 |10452.835 |18138.742
0.392 1.450 1.068 0.025 1.631 1.767 3335.827 |11749.328 | 22468.164
0.000 1.450 1.070 0.026 1.631 1.770 3343.050 |13058.388 |27330.476

Zatizeni od setrvmych sil - posouvajici sila, ohybovy moment, krouthoment

y [m] c[m] |qG1(y) [N/m]| qG(y) [N/m] | TG(y) [N] [ MoG(y) [Nm] | MKG(y) [Nm]
4.75 1.05 -3.077 -12.687 0.000 0.000 0.000
4.734 1.052 -3.089 -12.735 -0.203 -0.002 -0.032
4.685 1.057 -3.118 -12.857 -0.830 -0.027 -0.131
4.605 1.066 -3.172 -13.076 -1.868 -0.135 -0.296
4.493 1.078 -3.243 -13.372 -3.349 -0.427 -0.535
4.35 1.094 -3.340 -13.772 -5.290 -1.045 -0.851
4.178 1.113 -3.457 -14.255 -7.700 -2.162 -1.250
3.977 1.135 -3.595 -14.824 -10.622 -4.003 -1.742
3.748 1.16 -3.756 -15.484 -14.093 -6.833 -2.340
3.495 1.188 -3.939 -16.241 -18.106 -10.906 -3.046
3.217 1.218 -4.141 -17.071 -22.736 -16.583 -3.882
2.918 1.251 -4.368 -18.009 -27.981 -24.165 -4.853
2.598 1.286 -4.616 -19.031 -33.907 -34.068 -5.981
2.261 1.323 -4.885 -20.142 -40.508 -46.606 -7.272
1.908 1.361 -5.170 -21.315 -47.825 -62.197 -8.745
1.542 1.402 -5.486 -22.619 -55.865 -81.172 -10.411
1.1 1.443 -5.812 -23.961 -66.159 -108.140 -12.608
0.782 1.45 -5.868 -24.194 -73.816 -130.395 -14.269
0.392 1.45 -5.868 -24.194 -83.251 -161.023 -16.321
0 1.45 -5.868 -24.194 -92.735 -195.517 -18.384
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Vysledné zatiZzeni - posouvajici sila, ohybovy mamen
(ohybovy moment je jiz rozloZen do normalové aéeslozky)

y[m] | T(y)[N] [Mon(y) [Nm]|Mot(y) [Nm]TG(y) [N]|MoG(y) [Nm]| Tv(y) [N] | Mvn(y) [Nm] | Mvt(y) [Nm]
4.750 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.734 | 3.513 0.027 0.007 -0.203 -0.002 3.310 0.026 0.006
4.685 | 34.850 0.939 0.235 -0.830 -0.027 34.020 0.913 0.228
4.605 | 116.049 6.795 1.699 -1.868 -0.135 114.182 6.664 1.666
4.493 | 266.147 | 27.560 6.890 -3.349 -0.427 262.798 27.145 6.786
4.350 | 497.625 | 80.540 20.135 | -5.290 -1.045 492.335 79.527 19.882
4.178 | 817.134 | 190.236 47.559 | -7.700 -2.162 809.434 | 188.139 47.035
3.977 |1231.971 | 390.028 97.507 |-10.622 | -4.003 | 1221.349 | 386.144 96.536
3.748 |1746.014 | 720.835 | 180.209 |-14.093| -6.833 |1731.921| 714.205 178.551
3.495 |2354.879 | 1224.121 | 306.030 |-18.106 | -10.906 |2336.773| 1213.541 | 303.385
3.217 | 3064.620 | 1954.958 | 488.740 |-22.736 | -16.583 |3041.883 | 1938.870 | 484.717
2.918 |3868.277 | 2960.506 | 740.126 |-27.981 | -24.165 |3840.296 | 2937.061 | 734.265
2.598 | 4768.722 | 4301.199 | 1075.300 |-33.907 | -34.068 | 4734.815| 4268.148 | 1067.037
2.261 | 5756.706 | 6021.825 | 1505.456 |-40.508 | -46.606 |5716.198 | 5976.609 | 1494.152
1.908 | 6830.038 | 8177.110 | 2044.278 |-47.825| -62.197 |6782.213| 8116.768 | 2029.192
1.542 | 7979.656 | 10806.432 | 2701.608 |-55.865| -81.172 |7923.791| 10727.682 | 2681.920
1.100 | 9406.598 | 14534.167 | 3633.542 |-66.159 | -108.140 | 9340.439 | 14429.253 | 3607.313
0.782 |10452.835| 17597.616 | 4399.404 |-73.816 | -130.395 |10379.019| 17471.110 | 4367.778
0.392 [11749.328| 21797.879 | 5449.470 |-83.251 | -161.023 |11666.077| 21641.659 | 5410.415
0.000 [13058.388| 26515.136 | 6628.784 | -92.735 | -195.517 |12965.652| 26325.452 | 6581.363
PRIPAD 2
Bod D obalky
. normalné zatizeni nahoru, n = 4
. tecné zatizeni dozadu, n = -1/5
Vzdusné zatiZzeni - posouvajici sila, ohybovy moment
y [m] ¢ [m] cin [-] clO [-] ckrf-] | ci(y)[-] | a(y)[N/m] | T(y)[N] [Mo(y)[Nm]
4.750 1.050 0.000 0.000 0.502 0.000 0.000 0.000 0.000
4.734 1.052 0.203 | -0.010 0.502 0.092 | 397.217 3.178 0.025
4.685 1.057 0.386 | -0.019 0.502 0.175 | 760.435 | 31.540 0.876
4.605 1.066 0.541 | -0.025 0.502 0.246 | 1079.999 | 105.158 6.344
4.493 1.078 0.669 | -0.030 0.502 0.306 | 1357.096 | 241.635 | 25.764
4.350 1.094 0.772 | -0.032 0.502 0.355 | 1597.736 | 452.905 | 75.424
4.178 1.113 0.853 | -0.033 0.502 0.395 | 1809.329 | 745.913 | 178.522
3.977 1.135 0.915 | -0.031 0.502 0.428 | 1997.858 | 1128.535 | 366.904
3.748 1.160 0.963 | -0.029 0.502 0.455 | 2170.420 | 1605.803 | 679.986
3.495 1.188 0.999 | -0.024 0.502 0.477 | 2332.122 | 2175.375 | 1158.305
3.217 1.218 1.025 | -0.019 0.502 0.496 | 2483.702 | 2844.774 | 1856.106
2.918 1.251 1.044 | -0.013 0.502 0.511 | 2630.422 | 3609.336 | 2820.995
2.598 1.286 1.056 | -0.006 0.502 0.524 | 2772.374 | 4473.783 | 4114.294
2.261 1.323 1.063 0.001 0.502 0.535 | 2908.803 | 5431.061 | 5783.261
1.908 1.361 1.065 0.008 0.502 0.543 | 3037.433 | 6480.572 | 7885.664
1.542 1.402 1.062 0.015 0.502 0.548 | 3159.752 | 7614.657 |10465.091
1.100 1.443 1.053 0.021 0.502 0.549 | 3260.066 | 9033.436 |14144.319
0.782 1.450 1.061 0.024 0.502 0.556 | 3318.017 |10079.352 |17183.253
0.392 1.450 1.068 0.025 0.502 0.561 | 3346.124 |11378.859 |21367.604
0.000 1.450 1.070 0.026 0.502 0.563 | 3354.797 | 12692.240 | 26085.539
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Zatizeni od setrymych sil - posouvajici sila, ohybovy moment, krouthoment

y c qGl(y) | aqG(y) TG(y) | MoG(y) | MKG(y)

4.750 1.050 -3.077 | -12.324 | 0.000 0.000 0.000

4.734 1.052 -3.089 | -12.371 | -0.198 | -0.002 | -0.031

4.685 1.057 -3.118 | -12.489 | -0.807 | -0.026 | -0.127

4.605 1.066 -3.172 | -12.702 | -1.814 | -0.131 | -0.288

4.493 1.078 -3.243 | -12.990 | -3.253 | -0.415 | -0.519

4.350 1.094 -3.340 | -13.378 | -5.138 | -1.015 | -0.826

4.178 1.113 -3.457 | -13.847 | -7.480 | -2.100 | -1.214

3.977 1.135 -3.595 | -14.400 | -10.318 | -3.889 | -1.693

3.748 1.160 -3.756 | -15.041 | -13.689 | -6.637 | -2.273

3.495 1.188 -3.939 | -15.776 | -17.588 | -10.594 | -2.959

3.217 1.218 -4.141 | -16.583 | -22.086 | -16.109 | -3.771

2.918 1.251 -4.368 | -17.494 | -27.180 | -23.474 | -4.714

2.598 1.286 -4.616 | -18.486 | -32.937 | -33.093 | -5.810

2.261 1.323 -4.885 | -19.565 | -39.348 | -45.273 | -7.064

1.908 1.361 -5.170 | -20.705 | -46.456 | -60.417 | -8.495

1.542 1.402 -5.486 | -21.971 | -54.266 | -78.849 | -10.113

1.100 1.443 -5.812 | -23.275 | -64.265 |-105.045 | -12.247

0.782 1.450 -5.868 | -23.502 | -71.703 |-126.664 | -13.861

0.392 1.450 -5.868 | -23.502 | -80.869 |-156.415 | -15.854

0.000 1.450 -5.868 | -23.502 | -90.081 |-189.921 | -17.858
Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) | Mot(y) | TG(y) | MoG(y) | Twv(y) Mvn(y) | Mvi(y)
4.750 | 0.000 0.000 0.000 | 0.000 | 0.000 | 0.000 0.000 0.000
4.734 | 3.178 0.025 -0.001 | -0.198 | -0.002 | 2.980 0.024 -0.001
4.685 | 31.540 0.875 -0.044 | -0.807 | -0.026 | 30.734 0.849 -0.042
4.605 | 105.158 | 6.336 -0.317 | -1.814 | -0.131 | 103.343 | 6.205 -0.310
4.493 | 241.635 | 25732 | -1.287 | -3.253 | -0.415 | 238.382 | 25318 | -1.266
4.350 | 452.905 | 75.330 | -3.766 | -5.138 | -1.015 | 447.767 | 74.316 | -3.716
4178 | 745.913 | 178.299 | -8.915 | -7.480 | -2.100 | 738.433 | 176.202 | -8.810
3.977 |1128.535 | 366.446 | -18.322 |-10.318| -3.889 | 1118.217 | 362.563 | -18.128
3.748 | 1605.803 | 679.137 | -33.957 |-13.689| -6.637 | 1592.114 | 672.508 | -33.625
3.495 |2175.375 | 1156.859 | -57.843 |-17.588|-10.594 | 2157.787 | 1146.278 | -57.314
3.217 | 2844.774 | 1853.789 | -92.689 |-22.086|-16.109 | 2822.689 | 1837.700 | -91.885
2.918 | 3609.336 | 2817.474 | -140.874 |-27.180 | -23.474 | 3582.156 | 2794.029 | -139.701
2.598 | 4473.783 | 4109.158 | -205.458 |-32.937 | -33.093 | 4440.846 | 4076.107 | -203.805
2.261 | 5431.061 | 5776.041 | -288.802 |-39.348 | -45.273 | 5391.713 | 5730.825 | -286.541
1.908 | 6480.572 | 7875.819 | -393.791 |-46.456 | -60.417 | 6434.116 | 7815.478 | -390.774
1.542 | 7614.657 |10452.026 | -522.601 |-54.266 | -78.849 | 7560.391 [10373.275| -518.664
1.100 | 9033.436 |14126.661 | -706.333 |-64.265 |-105.045| 8969.171 | 14021.748 | -701.087
0.782 [10079.352|17161.800 | -858.090 |-71.703 |-126.664|10007.649|17035.295 | -851.765
0.392 |11378.859|21340.928 |-1067.046 |-80.869 |-156.415|11297.991|21184.708 |-1059.235
0.000 [12692.240|26052.973 |-1302.649 |-90.081 |-189.921|12602.159| 25863.289 |-1293.164
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PRIPAD 3

Bod G obélky
. normalné zatizeni dinln = -2
. tecné zatizeni dapdu, n = 0,4

Vzdusné zatiZeni - posouvajici sila, ohybovy moment

y[m] ¢ [m] cin [-] clO[-] | clkr[-] | ciy)[] | a(y)[N/m]| T(y)[N] [Mo(y)[Nm]
4.750 1.050 0.000 0.000 -1.378 0.000 0.000 0.000 0.000
4.734 1.052 0.203 -0.010 -1.378 -0.289 -231.818 -1.855 -0.015
4.685 1.057 0.386 -0.019 -1.378 -0.550 -443.000 -18.388 -0.511
4.605 1.066 0.541 -0.025 -1.378 -0.771 -626.446 -61.165 -3.693
4.493 1.078 0.669 -0.030 -1.378 -0.952 -782.136 | -140.046 | -14.961
4.350 1.094 0.772 -0.032 -1.378 -1.096 -913.731 | -261.300 | -43.657
4.178 1.113 0.853 -0.033 -1.378 -1.207 | -1024.404 | -427.980 | -102.935
3.977 1.135 0.915 -0.031 -1.378 -1.292 | -1118.160 | -643.308 | -210.600
3.748 1.160 0.963 -0.029 -1.378 -1.356 | -1198.590 | -908.576 | -388.290
3.495 1.188 0.999 -0.024 -1.378 -1.401 | -1268.551 | -1220.669 | -657.640
3.217 1.218 1.025 -0.019 -1.378 -1.432 | -1329.312 | -1581.772 | -1047.179
2.918 1.251 1.044 -0.013 -1.378 -1.451 | -1383.953 | -1987.405 | -1580.771
2.598 1.286 1.056 -0.006 -1.378 -1.461 | -1432.487 | -2438.035 | -2288.841
2.261 1.323 1.063 0.001 -1.378 -1.464 | -1476.092 | -2928.131 | -3193.040
1.908 1.361 1.065 0.008 -1.378 -1.459 | -1513.839 | -3455.854 | -4319.814
1.542 1.402 1.062 0.015 -1.378 -1.448 | -1547.906 | -4016.153 | -5687.191
1.100 1.443 1.053 0.021 -1.378 -1.431 | -1574.129 | -4706.123 | -7614.814
0.782 1.450 1.061 0.024 -1.378 -1.438 | -1589.956 | -5209.212 | -9191.352
0.392 1.450 1.068 0.025 -1.378 -1.446 | -1598.461 | -5830.954 |-11344.185
0.000 1.450 1.070 0.026 -1.378 -1.449 | -1601.217 | -6458.091 |-13752.837

Zatizeni od setné

ych sil - posouvajici

sila, ohybovy moment, krouthoment

y c qGLl(y) | aG(y) TG(y) | MoG(y) | MKG(y)
4.750 1.050 | -3.077 | 6.277 0.000 0.000 0.000
4.734 1.052 | -3.089 | 6.301 0.101 0.001 0.016
4.685 1.057 | -3.118 | 6.361 0.411 0.013 0.065
4.605 1.066 | -3.172 | 6.470 0.924 0.067 0.147
4.493 1.078 | -3.243 | 6.616 1.657 0.211 0.264
4.350 1.094 | -3.340 | 6.814 2.617 0.517 0.421
4.178 1.113 | -3.457 | 7.053 3.810 1.070 0.618
3.977 1.135 | -3.595 | 7.335 5.256 1.981 0.862
3.748 1.160 | -3.756 | 7.661 6.973 3.381 1.158
3.495 1.188 | -3.939 | 8.036 8.959 5.396 1.507
3.217 1.218 | -4.141 | 8.447 | 11.250 | 8.205 1.921
2.918 1.251 | -4.368 | 8911 | 13.844 | 11.957 | 2.401
2.598 1.286 | -4.616 | 9.416 | 16.777 | 16.856 | 2.959
2.261 1.323 | -4.885 | 9.966 | 20.043 | 23.060 | 3.598
1.908 1.361 | -5.170 | 10.546 | 23.663 | 30.774 | 4.327
1.542 1.402 | -5.486 | 11.191 | 27.641 | 40.163 | 5.151
1.100 1.443 | -5.812 | 11.856 | 32.734 | 53.506 | 6.238
0.782 1.450 | -5.868 | 11.971 | 36.523 | 64.518 | 7.060
0.392 1.450 | -5.868 | 11.971 | 41.191 | 79.672 | 8.076
0.000 1.450 | -5.868 | 11.971 | 45.884 | 96.739 | 9.096
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Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) Mot(y) | TG(y) [ MoG(y) | Tv(y) Mvn(y) Mvt(y)

4.750 | 0.000 0.000 0.000 | 0.000 | 0.000 | 0.000 0.000 0.000

4.734 | -1.855 -0.015 0.003 | 0.101 | 0.001 | -1.754 -0.014 0.003

4.685 | -18.388 | -0.501 0.100 | 0.411 | 0.013 | -17.977 | -0.488 0.098

4.605 | -61.165 | -3.620 0.724 | 0.924 | 0.067 | -60.241 | -3.555 0.711

4.493 | -140.046 | -14.667 | 2.933 | 1.657 | 0.211 | -138.389 | -14.460 | 2.892

4.350 | -261.300 | -42.801 | 8.560 | 2.617 | 0.517 | -258.683 | -42.294 | 8.459

4.178 | -427.980 | -100.917 | 20.183 | 3.810 | 1.070 | -424.170 | -99.868 | 19.974

3.977 | -643.308 | -206.470 | 41.294 | 5.256 | 1.981 | -638.052 | -204.528 | 40.906

3.748 | -908.576 | -380.677 | 76.135 | 6.973 | 3.381 | -901.603 | -377.362 | 75.472

3.495 |-1220.669| -644.745 | 128.949 | 8.959 | 5.396 |-1211.710| -639.454 | 127.891

3.217 |-1581.772|-1026.646 | 205.329 | 11.250 | 8.205 |-1570.522|-1018.602 | 203.720

2.918 |-1987.405|-1549.775 | 309.955 | 13.844 | 11.957 |-1973.561 | -1538.053 | 307.611

2.598 |-2438.035|-2243.962 | 448.792 | 16.777 | 16.856 |-2421.259 | -2227.436 | 445.487

2.261 |-2928.131|-3130.432 | 626.086 | 20.043 | 23.060 |-2908.088 | -3107.824 | 621.565

1.908 |-3455.854 | -4235.111 | 847.022 | 23.663 | 30.774 |-3432.191 | -4204.941 | 840.988

1.542 |-4016.153 | -5575.677 | 1115.135 | 27.641 | 40.163 |-3988.512 ] -5536.302 | 1107.260

1.100 |-4706.123 | -7465.504 | 1493.101 | 32.734 | 53.506 |-4673.388 | -7413.047 | 1482.609

0.782 |-5209.212|-9011.130 | 1802.226 | 36.523 | 64.518 |-5172.690 | -8947.877 | 1789.575

0.392 |-5830.954 |-11121.750| 2224.350 | 41.191 | 79.672 |-5789.762 |-11043.640| 2208.728

0.000 |-6458.091 |-13483.174| 2696.635 | 45.884 | 96.739 |-6412.207 |-13388.332| 2677.666

PRIPAD 4

S vysunutymi klapkami (rychlosgy

. normalné zatizeni nahoru, n = 2
. tecné zatiZzeni daedu, n =1

Vzdusné zatiZeni - posouvajici sila, ohybovy moment

y [m] c [m] cin [-] clO [-] clki[-] |clkr[] | cl(y)[] {a(y)[N/m]| T(y)[N] |Mo(y)[Nm]
4750 | 1.050 | 0.000 0.000 0.000 | 1.243 | 0.000 0.000 0.000 0.000
4734 | 1.052 | 0203 | -0.010 | -0.126 | 1.243 | 0.116 | 112.876 0.903 0.007
4.685 | 1.057 | 0.386 | -0.019 | -0.238 | 1.243 | 0.223 | 218.123 9.012 0.250
4605 | 1.066 | 0541 | -0.025 | -0.328 | 1.243 | 0.319 | 314.885 | 30.333 1.824
4493 | 1.078 | 0669 | -0.030 | -0.395 | 1.243 | 0.406 | 405.908 | 70.697 7.482
4350 | 1.094 | 0.772 | -0.032 | -0.438 | 1.243 | 0.489 | 495.974 | 135.182 | 22.202
4178 | 1113 | 0.853 | -0.033 | -0.453 | 1.243 | 0.574 | 591.845 | 228.734 | 53.499
3.977 | 1135 | 0.915 | -0.031 | -0.436 | 1.243 | 0.670 | 704.487 | 359.015 | 112.568
3.748 | 1.160 | 0.963 | -0.029 | -0.372 | 1.243 | 0.796 | 855.544 | 537.639 | 215.234
3495 | 1.188 | 0.999 | -0.024 | -0.207 | 1.243 | 1.010 | 1111.966 | 786.529 | 382.742
3217 | 1.218 | 1.025 | -0.019 0.216 | 1.243 | 1.471 | 1660.045 | 1171.838 | 654.955
2918 | 1.251 | 1.044 | -0.013 0.387 | 1.243 | 1.671 | 1936.808 | 1709.568 | 1085.725
2598 | 1.286 | 1.056 | -0.006 0.454 | 1.243 | 1.760 | 2097.092 | 2354.992 | 1736.054
2261 | 1.323 | 1.063 0.001 0.469 | 1.243 | 1.791 | 2195.361 | 3078.270 | 2651.559
1.908 | 1.361 | 1.065 0.008 0.442 | 1.243 | 1.773 | 2235.676 | 3860.348 | 3876.225
1.542 | 1.402 | 1.062 0.015 0.359 | 1.243 | 1.694 | 2199.384 | 4671.964 | 5437.638
1.100 | 1.443 | 1.053 0.021 0.147 | 1.243 | 1.477 | 1974.360 | 5594.361 | 7706.496
0.782 | 1.450 | 1.061 0.024 -0.307 | 1.243 | 1.035 | 1390.494 | 6129.373 | 9570.570
0.392 | 1.450 | 1.068 0.025 -0.440 | 1.243 | 0.913 | 1225.695 | 6639.530 |12060.506
0.000 | 1.450 | 1.070 0.026 -0.474 | 1.243 | 0.881 | 1183.265 | 7111.686 |14755.744
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ZatiZzeni od setnémych sil - posouvajici sila, ohybovy moment, krouthoment

y c qGLl(y) | aG(y) TG(y) | MoG(y) | MKG(y)

4.750 1.050 -3.077 | -6.880 0.000 0.000 0.000

4.734 1.052 -3.089 | -6.907 | -0.110 | -0.001 | -0.017

4.685 1.057 -3.118 | -6.972 | -0.450 | -0.015 | -0.071

4.605 1.066 -3.172 | -7.092 | -1.013 | -0.073 | -0.161

4.493 1.078 -3.243 | -7.252 | -1.816 | -0.232 | -0.290

4.350 1.094 -3.340 | -7.469 | -2.869 | -0.567 | -0.461

4.178 1.113 -3.457 | -7.731 | -4176 | -1.172 | -0.678

3.977 1.135 -3.595 | -8.039 | -5.761 | -2.171 | -0.945

3.748 1.160 -3.756 | -8.397 | -7.643 | -3.706 | -1.269

3.495 1.188 -3.939 | -8.808 | -9.819 | -5.915 | -1.652

3.217 1.218 -4.141 | -9.258 | -12.330 | -8.993 | -2.105

2.918 1.251 -4.368 | -9.767 | -15.175 | -13.106 | -2.632

2.598 1.286 -4.616 | -10.321 | -18.389 | -18.476 | -3.244

2.261 1.323 -4.885 | -10.923 | -21.968 | -25.276 | -3.944

1.908 1.361 -5.170 | -11.560 | -25.937 | -33.731 | -4.743

1.542 1.402 -5.486 | -12.267 | -30.297 | -44.022 | -5.646

1.100 1.443 -5.812 | -12.995 | -35.880 | -58.647 | -6.838

0.782 1.450 -5.868 | -13.121 | -40.032 | -70.717 | -7.739

0.392 1.450 -5.868 | -13.121 | -45.149 | -87.327 | -8.852

0.000 1.450 -5.868 | -13.121 | -50.293 |-106.033 | -9.970
Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) Mot(y) | TG(y) | MoG(y) | Tv(y) Mvn(y) Mvt(y)
4.750 | 0.000 0.000 0.000 | 0.000 | 0.000 | 0.000 0.000 0.000
4.734 | 0.903 0.006 0.003 | -0.110 | -0.001 | 0.793 0.006 0.003
4.685 | 9.012 0.224 0.112 | -0.450 | -0.015 | 8.562 0.211 0.105
4.605 | 30.333 1.631 0.816 | -1.013 | -0.073 | 29.320 1.566 0.783
4.493 | 70.697 6.692 3.346 | -1.816 | -0.232 | 68.881 6.485 3.242
4.350 | 135.182 | 19.859 9.929 | -2.869 | -0.567 | 132.313 | 19.352 9.676
4.178 | 228.734 | 47.852 | 23.926 | -4.176 | -1.172 | 224.558 | 46.804 | 23.402
3.977 | 359.015 | 100.687 | 50.343 | -5.761 | -2.171 | 353.255 | 98.745 | 49.372
3.748 | 537.639 | 192.517 | 96.259 | -7.643 | -3.706 | 529.996 | 189.203 | 94.601
3.495 | 786.529 | 342.345 | 171.172 | -9.819 | -5.915 | 776.710 | 337.055 | 168.527
3.217 |1171.838 | 585.827 | 292.914 |-12.330| -8.993 | 1159.508 | 577.783 | 288.891
2.918 |1709.568 | 971.131 | 485.566 |-15.175|-13.106 | 1694.393 | 959.409 | 479.705
2.598 | 2354.992 | 1552.822 | 776.411 |-18.389|-18.476 | 2336.603 | 1536.296 | 768.148
2.261 | 3078.270 | 2371.699 | 1185.849 |-21.968 | -25.276 | 3056.302 | 2349.091 | 1174.545
1.908 | 3860.348 | 3467.107 | 1733.553 |-25.937 | -33.731 | 3834.411 | 3436.936 | 1718.468
1.542 | 4671.964 | 4863.719 | 2431.860 |-30.297 | -44.022 | 4641.667 | 4824.344 | 2412.172
1.100 |5594.361 | 6893.109 | 3446.555 |-35.880 | -58.647 | 5558.482 | 6840.652 | 3420.326
0.782 | 6129.373 | 8560.438 | 4280.219 |-40.032| -70.717 | 6089.341 | 8497.185 | 4248.593
0.392 | 6639.530 |10787.572| 5393.786 |-45.149 | -87.327 | 6594.381 | 10709.463 | 5354.731
0.000 | 7111.686 |13198.340] 6599.170 |-50.293 |-106.033| 7061.394 | 13103.498 | 6551.749
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PRIPAD 5

Predpoklad 100% zatiZeni bodu A obalky na jedné &t#dla a 75% zatiZzeni na druhé

strar¢ kridla

a) 100%

Vzdusné zatiZeni - posouvajici sila, ohybovy moment
y [m] ¢ [m] cin [-] clO [-] ckr[-] | cl(y)[-] | ay)[N/m] | T(y)[N] [Mo(y)[Nm]
4.750 1.050 0.000 0.000 1.631 0.000 0.000 0.000 0.000
4.734 1.052 0.203 | -0.010 1.631 0.321 | 439.153 3.513 0.028
4.685 1.057 0.386 | -0.019 1.631 0.610 | 839.903 | 34.850 0.968
4.605 1.066 0.541 | -0.025 1.631 0.857 | 1190.074 | 116.049 7.004
4.493 1.078 0.669 | -0.030 1.631 1.062 | 1490.242 | 266.147 | 28.407
4.350 1.094 0.772 | -0.032 1.631 1.226 | 1747.215 | 497.625 | 83.017
4.178 1.113 0.853 | -0.033 1.631 1.358 | 1968.000 | 817.134 | 196.086
3.977 1.135 0.915 | -0.031 1.631 1.461 | 2159.740 | 1231.971 | 402.021
3.748 1.160 0.963 | -0.029 1.631 1.542 | 2329.715 | 1746.014 | 743.000
3.495 1.188 0.999 | -0.024 1.631 1.605 | 2483.445 | 2354.879 | 1261.763
3.217 1.218 1.025 | -0.019 1.631 1.653 | 2622.606 | 3064.620 | 2015.073
2.918 1.251 1.044 | -0.013 1.631 1.690 | 2753.025 | 3868.277 | 3051.541
2.598 1.286 1.056 | -0.006 1.631 1.716 | 2874.761 | 4768.722 | 4433.461
2.261 1.323 1.063 0.001 1.631 1.735 | 2988.642 | 5756.706 | 6206.996
1.908 1.361 1.065 0.008 1.631 1.745 | 3092.561 | 6830.038 | 8428.556
1.542 1.402 1.062 0.015 1.631 1.747 | 3189.504 | 7979.656 |11138.730
1.100 1.443 1.053 0.021 1.631 1.739 | 3267.248 | 9406.598 |14981.092
0.782 1.450 1.061 0.024 1.631 1.754 | 3312.856 |10452.83518138.742
0.392 1.450 1.068 0.025 1.631 1.767 | 3335.827 |11749.328 | 22468.164
0.000 1.450 1.070 0.026 1.631 1.770 | 3343.050 |13058.388 |27330.476

b) 75%

Vzdusné zatiZzeni - posouvajici sila, ohybovy moment
y [m] ¢ [m] cin [-] clO [-] ckr[-] | cly)[-] | a(y)[N/m] | T(y)[N] [Mo(y)[Nm]
4.750 1.050 0.000 0.000 1.223 0.000 0.000 0.000 0.000
4.734 1.052 0.203 | -0.010 1.223 0.238 | 325.974 2.608 0.021
4.685 1.057 0.386 | -0.019 1.223 0.453 | 623.526 | 25.871 0.719
4.605 1.066 0.541 | -0.025 1.223 0.637 | 883.775 | 86.163 5.200
4.493 1.078 0.669 | -0.030 1.223 0.789 | 1107.223 | 197.658 | 21.094
4.350 1.094 0.772 | -0.032 1.223 0.912 | 1298.907 | 369.697 | 61.660
4.178 1.113 0.853 | -0.033 1.223 1.010 | 1464.150 | 607.320 | 145.683
3.977 1.135 0.915 | -0.031 1.223 1.088 | 1608.201 | 916.091 | 298.786
3.748 1.160 0.963 | -0.029 1.223 1.149 | 1736.522 | 1299.062 | 552.421
3.495 1.188 0.999 | -0.024 1.223 1.198 | 1853.223 | 1753.165 | 938.528
3.217 1.218 1.025 | -0.019 1.223 1.235 | 1959.460 | 2283.128 | 1499.572
2.918 1.251 1.044 | -0.013 1.223 1.264 | 2059.555 | 2883.970 | 2272.053
2.598 1.286 1.056 | -0.006 1.223 1.286 | 2153.559 | 3558.069 | 3302.780
2.261 1.323 1.063 0.001 1.223 1.301 | 2241.912 | 4298.705 | 4626.646
1.908 1.361 1.065 0.008 1.223 1.311 | 2323.010 | 5104.414 | 6286.297
1.542 1.402 1.062 0.015 1.223 1.314 | 2398.929 | 5968.529 | 8312.645
1.100 1.443 1.053 0.021 1.223 1.309 | 2460.067 | 7042.367 |11188.053
0.782 1.450 1.061 0.024 1.223 1.322 | 2495.830 | 7830.355 |13552.816
0.392 1.450 1.068 0.025 1.223 1.331 | 2513.720 | 8807.217 |16797.143
0.000 1.450 1.070 0.026 1.223 1.334 | 2519.326 | 9793.694 |20442.921
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PRIPAD 6

Predpoklad 75% zatiZeni bodu A obalky na kazdé &tkéidla a torzni zatizeni od plné

vychylky kiidélka

a) vychylka dok

Vzdusné zatizeni - posouvajici sila, ohybovy moment

y[m] | ¢c[m] | cin[-] clO[-] |clkrsym [-]|clkrantis [-]]| clkr [-] [cl(y) [-]] a(y) [N/m] | T(y) [N] [Mo(y) [Nm]
4.750 | 1.050 | 0.000 | 0.000 0.000 0.000 |1.223|0.000 | 0.000 0.000 0.000
4.734 | 1.052 | 0.203 | -0.010 | -0.025 0.139 |1.223[0.352 | 482.022 3.856 0.031
4.685 | 1.057 | 0.386 | -0.019 | -0.062 0.307 [1.223|0.698 | 961.332 | 39.218 1.086
4.605 | 1.066 | 0.541 | -0.025 | -0.118 0.525 | 1.223 | 1.044 | 1449.356 | 135.646 8.081
4.493 | 1.078 | 0.669 | -0.030 | -0.152 0.667 | 1.223|1.304 | 1830.933 | 319.342 | 33.560
4.350 | 1.094 | 0.772 | -0.032 | -0.175 0.769 | 1.223 | 1.505 | 2144.915 | 603.615 | 99.552
4178 | 1.113 | 0.853 | -0.033 | -0.189 0.836 | 1.223 | 1.657 | 2401.819 | 994.634 | 237.001
3.977 | 1.135 | 0.915 | -0.031 | -0.194 0.871 |1.223|1.764 | 2608.158 | 1498.137 | 487.525
3.748 | 1.160 | 0.963 | -0.029 | -0.190 0.871 |1.223|1.831 | 2766.057 | 2113.485 | 901.055
3.495 | 1.188 | 0.999 | -0.024 | -0.171 0.827 | 1.223|1.853 | 2866.919 | 2826.056 | 1525.907
3.217 | 1.218 | 1.025 | -0.019 | -0.124 0.692 | 1.223|1.803 | 2860.435 | 3622.158 | 2422.209
2.918 | 1.251 | 1.044 | -0.013 | -0.009 0.349 | 1.223|1.605 | 2614.298 | 4440.631 | 3627.596
2.598 | 1.286 | 1.056 | -0.006 0.039 0.207 | 1.223|1.532 | 2565.723 | 5269.434 | 5181.206
2.261 | 1.323 | 1.063 | 0.001 0.063 0.136 | 1.223 | 1.500 | 2583.921 | 6137.149 | 7103.216
1.908 | 1.361 | 1.065 | 0.008 0.076 0.092 | 1.223|1.479 | 2621.669 | 7055.936 | 9431.795
1.542 | 1.402 | 1.062 | 0.015 0.084 0.063 | 1.223 | 1.461 | 2667.877 | 8023.923 |12191.409
1.100 | 1.443 | 1.053 | 0.021 0.089 0.042 | 1.223 | 1.440 | 2705.497 | 9211.438 |16000.424
0.782 | 1.450 | 1.061 | 0.024 0.093 0.026 | 1.223 | 1.440 | 2719.979 [10074.089 | 19066.823
0.392 | 1.450 | 1.068 | 0.025 0.095 0.012 | 1.223|1.439 | 2716.719 [11134.245|23202.448
0.000 | 1.450 | 1.070 | 0.026 0.096 0.000 | 1.223|1.430 | 2700.420 |12196.004 | 27775.177

Vzdusné zatizeni - kroutici moment

cmO(y) [-]| em(y) [-] |gMk(y) [N/m] |Mk(y) [Nm]
-0.051 -0.201 -288.741 0.000
-0.051 -0.201 -289.999 -4.630
-0.052 -0.202 -293.249 -18.919
-0.052 -0.202 -299.071 -42.612
-0.053 -0.203 -306.999 -76.552
-0.054 -0.204 -317.700 -121.218
-0.055 -0.205 -330.724 -176.983
-0.056 -0.206 -346.228 -245.016
-0.058 -0.208 -364.386 -326.382
-0.060 -0.210 -385.362 -421.225
-0.062 -0.212 -408.735 -531.604
-0.064 -0.214 -435.340 -657.793
-0.066 -0.216 -464.742 -801.807
-0.068 -0.218 -497.110 -963.879
-0.070 -0.220 -531.886 | -1145.496
-0.073 -0.223 -570.806 | -1347.289
-0.076 -0.226 -612.856 | -1608.878
-0.076 -0.226 -618.816 | -1804.714
-0.076 -0.226 -618.816 | -2046.052
-0.076 -0.226 -618.816 | -2288.628
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Zatizeni od setrymych sil - posouvajici sila, ohybovy moment, krouthoment

y c gG1(y) |cmxANTI Mx IX Ex gG(y) TG(y) MoG(y) | MkG(y)
4.750 | 1.050 | -3.077 | 0.083 |12716.582|2514.451 | 5.057 | -19.843 | 0.000 0.000 0.000
4734 | 1.052 | -3.089 | 0.083 |12716.582|2514.451| 5.057 | -19.894 | -0.318 | -0.003 | -0.050
4.685 | 1.057 | -3.118 | 0.083 |12716.582|2514.451| 5.057 | -20.004 | -1.295 | -0.042 | -0.205
4.605 | 1.066 | -3.172 | 0.083 |12716.582|2514.451| 5.057 | -20.216 | -2.904 | -0.210 | -0.461
4.493 | 1.078 | -3.243 | 0.083 |12716.582|2514.451| 5.057 | -20.486 | -5.184 | -0.663 | -0.827
4.350 | 1.094 | -3.340 | 0.083 |12716.582|2514.451| 5.057 | -20.853 | -8.139 | -1.616 | -1.309
4.178 | 1.113 | -3.457 | 0.083 |12716.582|2514.451 | 5.057 | -21.277 | -11.762 | -3.327 | -1.909
3.977 | 1.135| -3.595 | 0.083 |12716.582|2514.451 | 5.057 | -21.753 | -16.087 | -6.126 | -2.638
3.748 | 1.160 | -3.756 | 0.083 |12716.582|2514.451 | 5.057 | -22.279 | -21.129 | -10.387 | -3.506
3.495|1.188 | -3.939 | 0.083 |12716.582|2514.451 | 5.057 | -22.854 | -26.838 | -16.455 | -4.511
3.217 | 1.218 | -4.141 | 0.083 |12716.582|2514.451 | 5.057 | -23.429 | -33.271 | -24.810 | -5.672
2.918 | 1.251 | -4.368 | 0.083 |12716.582|2514.451 | 5.057 | -24.042 | -40.368 | -35.819 | -6.986
2.598 | 1.286 | -4.616 | 0.083 |12716.582|2514.451 | 5.057 | -24.645 | -48.158 | -49.983 | -8.468
2.261 | 1.323 | -4.885 | 0.083 |12716.582|2514.451 | 5.057 | -25.235 | -56.563 | -67.629 | -10.113
1.908 | 1.361 | -5.170 | 0.083 |12716.582|2514.451 | 5.057 | -25.765 | -65.564 | -89.184 | -11.925
1.542 | 1.402 | -5.486 | 0.083 |12716.582|2514.451 | 5.057 | -26.305 | -75.093 |-114.924 | -13.899
1.100 | 1.443 | -5.812 | 0.083 |12716.582|2514.451 | 5.057 | -26.542 | -86.772 | -150.697 | -16.391
0.782 | 1.450 | -5.868 | 0.083 |12716.582|2514.451 | 5.057 | -25.838 | -95.101 |-179.614 | -18.199
0.392 | 1.450 | -5.868 | 0.083 |12716.582|2514.451 | 5.057 | -24.658 | -104.947 | -218.624 | -20.340
0.000 | 1.450 | -5.868 | 0.083 |12716.582|2514.451 | 5.057 | -23.472 | -114.381 | -261.612 | -22.392
Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) | Mot(y) | TG(y) |MoG(y) | Twv(y) Mvn(y) | Mvi(y)

4.750 | 0.000 0.000 0.000 0.000 | 0.000 0.000 0.000 0.000
4.734 | 3.856 0.030 0.007 -0.318 | -0.003 | 3.538 0.028 0.006
4.685 | 39.218 1.061 0.234 -1.295 | -0.042 | 37.923 1.020 0.225
4.605 | 135.646 7.891 1.743 -2.904 | -0.210 | 132.742 7.685 1.698
4.493 | 319.342 | 32.770 7.239 -5.184 | -0.663 | 314.159 | 32.123 7.096
4.350 | 603.615 | 97.208 | 21.472 | -8.139 | -1.616 | 595.476 | 95.631 | 21.124
4.178 | 994.634 | 231.423 | 51.118 | -11.762 | -3.327 | 982.872 | 228.174 | 50.401
3.977 | 1498.137 | 476.049 | 105.153 | -16.087 | -6.126 | 1482.050 | 470.068 | 103.832
3.748 | 2113.485| 879.846 | 194.347 | -21.129 |-10.387 | 2092.356 | 869.704 | 192.106
3.495 | 2826.056 | 1489.991 | 329.120 | -26.838 | -16.455 | 2799.218 | 1473.923 | 325.571
3.217 | 3622.158 | 2365.196 | 522.441 | -33.271 | -24.810 | 3588.887 | 2340.970 | 517.090
2.918 | 4440.631 | 3542.211 | 782.429 | -40.368 | -35.819 | 4400.263 | 3507.235 | 774.703
2.598 | 5269.434 | 5059.253 | 1117.524 | -48.158 | -49.983 | 5221.276 | 5010.446 | 1106.743
2.261 | 6137.149 | 6936.023 | 1532.078 | -56.563 | -67.629 | 6080.586 | 6869.986 | 1517.491
1.908 | 7055.936 | 9209.793 | 2034.324 | -65.564 | -89.184 | 6990.372 | 9122.708 | 2015.089
1.542 |8023.923 |11904.452 | 2629.540 | -75.093 |-114.924| 7948.830 |11792.233 | 2604.752
1.100 |9211.438 |15623.812|3451.098 | -86.772 |-150.697| 9124.666 |15476.662 | 3418.595
0.782 |10074.089|18618.035| 4112.484 | -95.101 |-179.614| 9978.988 |18442.648 | 4073.743
0.392 |11134.245|22656.317 | 5004.488 | -104.947 |-218.624|11029.298| 22442.839 | 4957.334
0.000 |12196.004|27121.415|5990.771 | -114.381 |-261.612|12081.623| 26865.960 | 5934.344
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Vysledné zatiZeni - kroutici moment k aeroelastode®

y c Mk(y) [Nm] | MKEO(Y)

4.750 1.050 0.000 0.000

4.734 1.052 -4.630 -4.431

4.685 1.057 -18.919 | -17.111

4.605 1.066 -42.612 | -36.488

4.493 1.078 -76.552 -62.168

4.350 1.094 -121.218 | -81.260

4.178 1.113 | -176.983 |-110.523

3.977 1.135 | -245.016 |-138.682

3.748 1.160 | -326.382 |-174.357

3.495 1.188 | -421.225 |-255.431

3.217 1.218 -531.604 | -302.943

2.918 1.251 -657.793 | -359.625

2.598 1.286 | -801.807 | -440.394

2.261 1.323 | -963.879 |-524.459

1.908 1.361 | -1145.496 | -663.477

1.542 1.402 -1347.289 | -791.930

1.100 1.443 | -1608.878 | -975.824

0.782 1.450 | -1804.714 |-1205.248

0.392 1.450 | -2046.052 |-1383.527

0.000 1.450 | -2288.628 |-1563.016
b) vychylka nahoru
Vzdusné zatizeni - posouvajici sila, ohybovy moment

y c cln cl0 |clkrsym|clkrantis | clkr cl(y) q(y) T(y) Mo(y)
4.750 | 1.050 | 0.000 | 0.000 | 0.000 | 0.000 | 1.223 0.000 0.000 0.000 0.000
4.734 | 1.052 | 0.203 | -0.010 | -0.025 | -0.139 | 1.223 0.075 102.384 0.819 0.007
4.685 | 1.057 | 0.386 | -0.019 | -0.062 | -0.307 | 1.223 0.085 116.543 6.183 0.178
4.605 | 1.066 | 0.541 | -0.025 | -0.118 | -0.525 | 1.223 -0.006 -9.023 10.484 0.845
4.493 | 1.078 | 0.669 | -0.030 | -0.152 | -0.667 | 1.223 | -0.030 -42.431 7.602 1.858
4.350 | 1.094 | 0.772 | -0.032 | -0.175 | -0.769 | 1.223 | -0.032 -45.190 1.337 2.497
4178 | 1.113 | 0.853 | -0.033 | -0.189 | -0.836 | 1.223 -0.014 -20.843 -4.341 2.238
3.977 | 1.135 | 0.915 | -0.031 | -0.194 | -0.871 | 1.223 0.023 34.582 -2.961 1.504
3.748 | 1.160 | 0.963 | -0.029 | -0.190 | -0.871 | 1.223 0.089 134.436 16.392 3.042
3.495 | 1.188 | 0.999 | -0.024 | -0.171 | -0.826 | 1.223 0.200 309.627 | 72.566 14.296
3.217 [ 1.218 | 1.025 | -0.019 | -0.124 | -0.692 | 1.223 0.419 664.308 | 207.943 | 53.286
2918 | 1.251 | 1.044 | -0.013 | -0.009 | -0.349 | 1.223 0.906 1476.790 | 528.037 | 163.315
2.598 | 1.286 | 1.056 | -0.006 | 0.039 | -0.207 | 1.223 1.118 1873.200 | 1064.035 | 418.047
2.261 | 1.323 | 1.063 | 0.001 | 0.063 | -0.136 | 1.223 1.228 2116.480 | 1736.297 | 889.903
1.908 | 1.361 | 1.065 | 0.008 | 0.076 | -0.092 | 1.223 1.295 | 2295.005 | 2514.924 | 1640.243
1.542 | 1.402 | 1.062 | 0.015 | 0.084 | -0.063 | 1.223 1.335 | 2438.367 | 3381.131 | 2719.221
1.100 | 1.443 | 1.053 | 0.021 | 0.089 | -0.042 | 1.223 1.356 2548.768 | 4483.288 | 4457.258
0.782 | 1.450 | 1.061 | 0.024 | 0.093 | -0.026 | 1.223 1.389 2622.351 | 5305.496 | 6013.675
0.392 | 1.450 | 1.068 | 0.025 | 0.095 | -0.012 | 1.223 1.414 | 2669.887 | 6337.482 | 8284.055
0.000 | 1.450 | 1.070 | 0.026 | 0.096 | 0.000 | 1.223 1.430 | 2700.420 | 7390.062 |10974.654
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VzdusSné zatizeni - kroutici moment

cmO(y) | cm(y) qMk(y) MKk(y)

-0.051 | 0.249 357.372 0.000

-0.051 | 0.249 358.578 5.728

-0.052 | 0.248 361.508 23.370

-0.052 | 0.248 366.883 52.505

-0.053 | 0.247 374.033 93.997

-0.054 | 0.246 383.698 | 148.174
-0.055 | 0.245 395.248 | 215.164
-0.056 | 0.244 408.727 | 295.963
-0.058 | 0.242 424.194 | 391.333
-0.060 | 0.240 441.747 | 500.874
-0.062 | 0.238 460.675 | 626.311
-0.064 | 0.236 481.819 | 767.214
-0.066 | 0.234 504.454 | 925.017
-0.068 | 0.232 528.659 | 1099.097
-0.070 | 0.230 553.655 | 1290.125
-0.073 | 0.227 581.123 | 1497.790
-0.076 | 0.224 607.432 | 1760.460
-0.076 | 0.224 613.340 | 1954.563
-0.076 | 0.224 613.340 | 2193.766
-0.076 | 0.224 613.340 | 2434.195

ZatiZzeni od setrémych sil - posouvajici sila, ohybovy moment, krouthoment

y c gG1(y) |cmxANTI Mx IX EX qG(y) TG(y) MoG(y) | MKG(y)
4.750 | 1.050 | -3.077 | 0.083 |12716.582|2514.451| 5.057 | -4.773 0.000 0.000 0.000
4.734 | 1.052 | -3.089 | 0.083 |12716.582|2514.451| 5.057 | -4.817 -0.077 -0.001 -0.012
4.685 | 1.057 | -3.118 | 0.083 |12716.582|2514.451| 5.057 | -4.942 -0.316 -0.010 -0.050
4.605 | 1.066 | -3.172 | 0.083 |12716.582|2514.451| 5.057 | -5.157 -0.720 -0.052 -0.114
4.493 | 1.078 | -3.243 | 0.083 |12716.582|2514.451| 5.057 | -5.461 -1.314 -0.166 -0.210
4.350 | 1.094 | -3.340 | 0.083 |12716.582|2514.451| 5.057 | -5.870 -2.125 -0.411 -0.342
4.178 | 1.113 | -3.457 | 0.083 |12716.582|2514.451| 5.057 | -6.383 -3.178 -0.867 -0.516
3.977 | 1.135 | -3.595 | 0.083 |12716.582|2514.451| 5.057 | -7.010 -4.524 -1.642 -0.743
3.748 | 1.160 | -3.756 | 0.083 |12716.582|2514.451| 5.057 | -7.766 -6.216 -2.871 -1.034
3.495 | 1.188 | -3.939 | 0.083 |12716.582|2514.451| 5.057 | -8.659 -8.294 -4.707 -1.400
3.217 | 1.218 | -4.141 | 0.083 |12716.582|2514.451| 5.057 | -9.695 | -10.845 | -7.367 -1.861
2.918 | 1.251 | -4.368 | 0.083 |12716.582|2514.451| 5.057 | -10.901 | -13.924 | -11.070 | -2.431
2.598 | 1.286 | -4.616 | 0.083 |12716.582|2514.451| 5.057 | -12.281 | -17.633 | -16.119 | -3.137
2.261 | 1.323 | -4.885 | 0.083 |12716.582|2514.451| 5.057 | -13.846 | -22.036 | -22.803 | -3.998
1.908 | 1.361 | -5.170 | 0.083 |12716.582|2514.451| 5.057 | -15.594 | -27.232 | -31.499 | -5.044
1542 | 1.402 | -5.486 | 0.083 |12716.582|2514.451| 5.057 | -17.583 | -33.303 | -42.577 | -6.302
1.100 | 1.443 | -5.812 | 0.083 |12716.582|2514.451| 5.057 | -19.951 | -41.598 | -59.130 | -8.072
0.782 | 1.450 | -5.868 | 0.083 |12716.582|2514.451| 5.057 | -21.107 | -48.126 | -73.396 | -9.488
0.392 | 1450 | -5.868 | 0.083 |12716.582|2514.451| 5.057 | -22.286 | -56.588 | -93.816 | -11.329
0.000 | 1.450 | -5.868 | 0.083 |12716.582|2514.451| 5.057 | -23.472 | -65.557 | -117.756 | -13.280
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Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) Mot(y) | TG(y) |MoG(y)| Tv(y) Mvn(y) Mvt(y)
4.750 | 0.000 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000
4.734 | 0.819 0.006 0.001 | -0.077 | -0.001 | 0.742 0.006 0.001
4.685 | 6.183 0.174 0.038 | -0.316 | -0.010 | 5.867 0.164 0.036
4.605 | 10.484 0.825 0.182 | -0.720 | -0.052 | 9.764 0.774 0.171
4.493 | 7.602 1.814 0.401 | -1.314 | -0.166 | 6.288 1.652 0.365
4.350 | 1.337 2.438 0.539 | -2.125 | -0.411 | -0.787 2.036 0.450
4178 | -4.341 2.186 0.483 | -3.178 | -0.867 | -7.520 1.339 0.296
3.977 | -2.961 1.469 0.325 | -4524 | -1.642 | -7.485 -0.134 -0.030
3.748 | 16.392 2.971 0.656 | -6.216 | -2.871 | 10.176 0.167 0.037
3.495 | 72566 | 13.959 3.083 | -8.294 | -4.707 | 64.272 9.363 2.068
3.217 | 207.943 | 52.032 | 11.493 | -10.845 | -7.367 | 197.098 | 44.838 9.904
2.918 | 528.037 | 159.471 | 35.225 | -13.924 |-11.070 | 514.113 | 148.662 | 32.837
2.598 | 1064.035 | 408.207 | 90.168 | -17.633 |-16.119 | 1046.402 | 392.467 | 86.691
2.261 | 1736.297 | 868.957 | 191.941 | -22.036 |-22.803 | 1714.261 | 846.690 | 187.023
1.908 | 2514.924 | 1601.636 | 353.781 | -27.232 | -31.499 | 2487.692 | 1570.878 | 346.987
1.542 | 3381.131 | 2655.217 | 586.503 | -33.303 | -42.577 | 3347.828 | 2613.642 | 577.320
1.100 | 4483.288 | 4352.345 | 961.377 | -41.598 | -59.130 | 4441.690 | 4294.606 | 948.623
0.782 | 5305.496 | 5872.127 | 1297.077 | -48.126 | -73.396 | 5257.370 | 5800.458 | 1281.246
0.392 | 6337.482 | 8089.068 | 1786.771 | -56.588 | -93.816 | 6280.894 | 7997.460 | 1766.536
0.000 | 7390.062 |10716.336 | 2367.100 | -65.557 |-117.756| 7324.506 |10601.352 | 2341.702

Vysledné zatiZeni - kroutici moment k aeroelastode®

y c Mk(y) MKEO(y)
4.750 1.050 0.000 0.000
4.734 1.052 5.728 5.771
4.685 1.057 23.370 | 23.668
4.605 1.066 52.505 | 53.037
4.493 1.078 93.997 | 94.480
4.350 1.094 | 148.174 | 148.472
4.178 1.113 | 215.164 | 215.201
3.977 1.135 | 295.963 | 296.210
3.748 1.160 | 391.333 | 393.136
3.495 1.188 | 500.874 | 506.049
3.217 1.218 | 626.311 | 640.516
2.918 1.251 | 767.214 | 803.778
2.598 1.286 | 925.017 | 998.988
2.261 1.323 | 1099.097 |1224.188
1.908 1.361 | 1290.125 |1462.459
1.542 1.402 | 1497.790 |1732.044
1.100 1.443 | 1760.460 |2068.479
0.782 1.450 | 1954.563 |2269.958
0.392 1.450 | 2193.766 |2570.366
0.000 1.450 | 2434.195 |2873.275
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PRIPAD 7

Predpoklad 75% zatiZeni bodu D obalky na kazdé &k#dla a torzni zatizenitklélka
vychyleného na 1/3 plné vychylky

a) vychylka dok

Vzdusné zatiZzeni - posouvajici sila, ohybovy moment

y C cln cl0  [clkrsym|clkrantis| clkr cl(y) q(y) T(y) Mo(y)
4.750 | 1.050 | 0.000 | 0.000 | 0.000 | 0.000 | 0.377 | 0.000 0.000 0.000 0.000
4.734 | 1.052 | 0.203 | -0.010 |-0.005| 0.026 | 0.377 | 0.087 | 378.499 3.028 0.024
4.685 | 1.057 | 0.386 | -0.019 |-0.011| 0.057 | 0.377 | 0.172 | 747.044 | 30.604 0.848
4.605 | 1.066 | 0.541 | -0.025 |-0.022| 0.097 | 0.377 | 0.254 | 1112.408 | 104.982 6.272
4.493 | 1.078 | 0.669 | -0.030 |-0.028| 0.123 | 0.377 | 0.317 | 1406.877 | 246.062 | 25.930
4.350 | 1.094 | 0.772 | -0.032 |-0.032| 0.142 | 0.377 | 0.368 | 1655.562 | 465.026 | 76.773
4.178 | 1.113 | 0.853 | -0.033 |-0.035| 0.154 | 0.377 | 0.408 | 1866.144 | 767.893 | 182.804
3.977 | 1.135 | 0.915 | -0.031 |-0.036| 0.161 | 0.377 | 0.438 | 2044.796 | 1160.942 | 376.652
3.748 | 1.160 | 0.963 | -0.029 |-0.035| 0.161 | 0.377 | 0.460 | 2194.483 | 1646.340 | 698.086
3.495 | 1.188 | 0.999 | -0.024 |-0.032| 0.152 | 0.377 | 0.473 | 2310.259 | 2216.189 | 1186.696
3.217 | 1.218 | 1.025 | -0.019 |-0.023| 0.128 | 0.377 | 0.472 | 2364.601 | 2865.995 | 1893.119
2.918 | 1.251 | 1.044 | -0.013 [-0.002| 0.064 | 0.377 | 0.443 | 2279.985 | 3560.360 | 2853.859
2.598 | 1.286 | 1.056 | -0.006 | 0.007 | 0.038 | 0.377 | 0.437 | 2310.945 | 4294.909 | 4110.702
2.261 | 1.323 | 1.063 | 0.001 |[0.012 | 0.025 | 0.377 | 0.438 | 2382.115 | 5085.690 | 5691.333
1.908 | 1.361 | 1.065 | 0.008 | 0.014 | 0.017 | 0.377 | 0.440 | 2462.936 | 5940.841 | 7637.516
1.542 | 1.402 | 1.062 | 0.015 | 0.016 | 0.012 | 0.377 | 0.442 | 2547.558 | 6857.762 | 9979.661
1.100 | 1.443 [ 1.053 | 0.021 | 0.016 | 0.008 | 0.377 | 0.441 | 2618.496 | 7999.460 |13263.107
0.782 | 1.450 | 1.061 | 0.024 | 0.017 | 0.005 | 0.377 | 0.445 | 2654.451 | 8837.859 |15940.240
0.392 | 1.450 | 1.068 | 0.025 | 0.018 | 0.002 | 0.377 | 0.447 | 2665.096 | 9875.170 |19589.281
0.000 | 1.450 | 1.070 | 0.026 | 0.018 | 0.000 | 0.377 | 0.446 | 2659.076 |10918.708 |23664.881
Vzdusné zatizeni - kroutici moment

cmO(y) | cm(y) qMk(y) MKk(y)

-0.091 | -0.141 -637.996 0.000

-0.091 | -0.141 -641.109 -10.233

-0.091 | -0.141 -649.321 -41.848

-0.092 | -0.142 -663.919 -94.378

-0.093 | -0.143 -683.952 | -169.859

-0.094 | -0.144 -710.981 | -269.596

-0.096 | -0.146 -744.079 | -394.732

-0.098 | -0.148 -783.734 | -548.277

-0.100 | -0.150 -830.480 | -733.104

-0.102 | -0.152 -884.777 | -950.084

-0.105 | -0.155 -945.873 | -1204.545

-0.108 | -0.158 | -1015.802 |-1497.815

-0.111 | -0.161 | -1093.771 |-1835.347

-0.114 | -0.164 | -1180.280 |-2218.525

-0.117 | -0.167 | -1274.180 |-2651.737

-0.121 | -0.171 | -1379.749 |-3137.406

-0.125 | -0.175 | -1496.991 |-3773.165

-0.125 | -0.175 | -1511.550 |-4251.523

-0.125 | -0.175 | -1511.550 |-4841.028

-0.125 | -0.175 | -1511.550 |-5433.556
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Zatizeni od setrymych sil - posouvajici sila, ohybovy moment, krouthoment

y c gG1(y) | cmxANTI Mx Ix Ex aG(y) | TG(y) | MoG(y) | MKG(y)
4750 | 1.050 | -3.077 | 0.015 | 7653.838 | 2514.451 | 3.044 |-16.844 | 0.000 0.000 | 0.000
4734 | 1.052 | -3.089 | 0.015 | 7653.838 | 2514.451 | 3.044 |-16.892 | -0.270 | -0.002 | -0.043
4685 | 1.057 | -3.118 | 0.015 | 7653.838 | 2514.451 | 3.044 |-17.006 | -1.100 | -0.036 | -0.174
4605 | 1.066 | -3.172 | 0.015 | 7653.838 | 2514.451 | 3.044 |-17.218 | -2.469 | -0.179 | -0.392
4493 | 1.078 | -3.243 | 0.015 | 7653.838 | 2514.451 | 3.044 |-17.495| -4.413 | -0.564 | -0.704
4350 | 1.094 | -3.340 | 0.015 | 7653.838 | 2514.451 | 3.044 |-17.870| -6.942 | -1.376 | -1.116
4178 | 1.113 | -3.457 | 0.015 | 7653.838 | 2514.451 | 3.044 |-18.312 |-10.054 | -2.837 | -1.631
3.977 [ 1.135 | -3.595 | 0.015 | 7653.838 | 2514.451 | 3.044 |-18.819|-13.785| -5.233 | -2.261
3.748 [ 1.160 | -3.756 | 0.015 | 7653.838 | 2514.451 | 3.044 |-19.390 | -18.160| -8.891 | -3.014
3.495 [ 1.188 | -3.939 | 0.015 | 7653.838 | 2514.451 | 3.044 |-20.028 | -23.146 | -14.116 | -3.892
3.217 | 1.218 | -4.141 | 0.015 | 7653.838 | 2514.451 | 3.044 |-20.695 | -28.807 | -21.338 | -4.913
2.918 [ 1.251 | -4.368 | 0.015 | 7653.838 | 2514.451 | 3.044 |-21.426|-35.104 | -30.892 | -6.079
2598 | 1.286 | -4.616 | 0.015 | 7653.838 | 2514.451 | 3.044 |-22.184 | -42.082 | -43.242 | -7.407
2.261 | 1.323 | -4.885 | 0.015 | 7653.838 | 2514.451 | 3.044 |-22.968 | -49.690 | -58.706 | -8.896
1.908 | 1.361 | -5.170 | 0.015 | 7653.838 | 2514.451 | 3.044 |-23.740|-57.934 | -77.701 |[-10.555
1.542 | 1.402 | -5.486 | 0.015 | 7653.838 | 2514.451 | 3.044 |-24.569 | -66.774 | -100.523 |-12.387
1.100 | 1.443 | -5.812 | 0.015 | 7653.838 | 2514.451 | 3.044 |-25.230 | -77.780 | -132.469 |-14.735
0.782 [ 1.450 | -5.868 | 0.015 | 7653.838 | 2514.451 | 3.044 |-24.896 | -85.750 | -158.471 |-16.465
0.392 [ 1.450 | -5.868 | 0.015 | 7653.838 | 2514.451 | 3.044 |-24.186 | -95.321 | -193.779 |-18.546
0.000 | 1.450 | -5.868 | 0.015 | 7653.838 | 2514.451 | 3.044 |-23.472 |-104.662| -232.976 |-20.578
Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) Mot(y) | TG(y) |MoG(y)| Tv(y) Mvn(y) Mvt(y)

4.750 | 0.000 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000
4734 | 3.028 0.024 0.001 -0.270 | -0.002 | 2.758 0.022 0.001
4.685 | 30.604 0.848 0.025 -1.100 | -0.036 | 29.503 0.812 0.024
4.605 | 104.982 6.269 0.185 -2.469 | -0.179 | 102.513 6.090 0.179
4.493 | 246.062 | 25.919 0.764 -4.413 | -0.564 | 241.649 | 25.355 0.747
4.350 | 465.026 | 76.740 2.261 -6.942 | -1.376 | 458.084 | 75.364 2.221
4178 | 767.893 | 182.725 | 5.385 | -10.054 | -2.837 | 757.839 | 179.888 | 5.301
3.977 |1160.942 | 376.488 | 11.094 | -13.785 | -5.233 | 1147.157 | 371.257 | 10.940
3.748 | 1646.340 | 697.783 | 20.562 | -18.160 | -8.891 | 1628.180 | 688.896 | 20.300
3.495 | 2216.189 | 1186.181 | 34.954 | -23.146 |-14.116 | 2193.043 | 1172.071 | 34.538
3.217 | 2865.995 | 1892.298 | 55.762 | -28.807 |-21.338 | 2837.188 | 1870.969 | 55.133
2.918 | 3560.360 | 2852.621 | 84.061 | -35.104 |-30.892 | 3525.256 | 2821.742 | 83.151
2.598 | 4294.909 | 4108.919 | 121.081 | -42.082 | -43.242 | 4252.828 | 4065.695 | 119.807
2.261 | 5085.690 | 5688.864 | 167.639 | -49.690 | -58.706 | 5036.000 | 5630.184 | 165.909
1.908 | 5940.841 | 7634.202 | 224.964 | -57.934 | -77.701 | 5882.908 | 7556.535 | 222.675
1.542 | 6857.762 | 9975.330 | 293.952 | -66.774 |-100.523| 6790.988 | 9874.851 | 290.991
1.100 | 7999.460 |13257.352| 390.666 | -77.780 |-132.469| 7921.680 |13124.940| 386.764
0.782 | 8837.859 |15933.324| 469.521 | -85.750 |-158.471| 8752.109 |15774.922| 464.853
0.392 | 9875.170 |19580.781| 577.004 | -95.321 |-193.779| 9779.849 |19387.086| 571.296
0.000 [10918.708|23654.613| 697.051 |-104.662 |-232.976/10814.046|23421.738| 690.188
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Vysledné zatiZeni - kroutici moment k aeroelasturde

y c MK(y) MKEO(Y)

4.750 1.050 0.000 0.000

4.734 1.052 -10.233 | -10.074

4.685 1.057 -41.848 | -40.427

4.605 1.066 -94.378 | -89.612

4.493 1.078 | -169.859 |-158.725

4.350 1.094 | -269.596 |-238.746

4.178 1.113 | -394.732 |-343.324

3.977 1.135 | -548.277 | -465.744

3.748 1.160 | -733.104 |-614.507

3.495 1.188 | -950.084 |-819.816

3.217 1.218 | -1204.545 |-1023.319

2.918 1.251 | -1497.815 |-1258.420

2.598 1.286 | -1835.347 |-1540.419

2.261 1.323 | -2218.525 |-1854.029

1.908 1.361 | -2651.737 |-2245.520

1.542 1.402 | -3137.406 |-2662.391

1.100 1.443 | -3773.165 |-3223.042

0.782 1.450 | -4251.523 |-3725.251

0.392 1.450 | -4841.028 |-4253.064

0.000 1.450 | -5433.556 |-4783.577
b) vychylka nahoru
Vzdusné zatiZeni - posouvajici sila, ohybovy moment

y c cln cl0 | clkrsym [clkrantis clkr cl(y) a(y) T(y) Mo(y)
4.750 | 1.050 | 0.000 | 0.000 | 0.000 | 0.000 | 0.377 | 0.000 0.000 0.000 0.000
4,734 | 1.052 | 0.203 [-0.010| -0.005 | -0.026 | 0.377 | 0.036 | 157.402 1.259 0.010
4.685 | 1.057 | 0.386 |-0.019 | -0.011 | -0.057 | 0.377 | 0.059 | 254.929 11.361 0.319
4.605 | 1.066 | 0.541 [-0.025| -0.022 | -0.097 | 0.377 | 0.060 | 263.165 32.085 2.057
4.493 | 1.078 | 0.669 |-0.030| -0.028 | -0.123 | 0.377 | 0.071 | 315.749 64.504 7.466
4.350 | 1.094 | 0.772 [-0.032| -0.032 | -0.142 | 0.377 | 0.084 | 379.959 | 114.247 20.247
4178 | 1.113 | 0.853 |-0.033| -0.035 | -0.154 | 0.377 | 0.099 | 455.319 | 186.081 46.075
3.977 | 1.135 | 0.915 [-0.031| -0.036 | -0.161 | 0.377 | 0.117 | 545.866 | 286.700 93.590
3.748 | 1.160 | 0.963 [-0.029| -0.035 | -0.161 | 0.377 | 0.139 | 661.583 | 424.953 | 175.074
3.495 | 1.188 | 0.999 [-0.024| -0.032 | -0.152 | 0.377 | 0.168 | 820.978 | 612.497 | 306.312
3.217 | 1.218 | 1.025 [-0.019| -0.023 | -0.128 | 0.377 | 0.217 | 1085.681 | 877.523 | 513.424
2.918 | 1.251 | 1.044 |-0.013| -0.002 | -0.064 | 0.377 | 0.314 | 1617.797 | 1281.693 | 836.227
2.598 | 1.286 | 1.056 [-0.006| 0.007 | -0.038 | 0.377 | 0.361 | 1907.912 | 1845.806 | 1336.627
2.261 | 1.323 | 1.063 | 0.001 | 0.012 | -0.025 | 0.377 | 0.388 | 2110.049 | 2522.833 | 2072.743
1.908 | 1.361 | 1.065 | 0.008 | 0.014 | -0.017 | 0.377 | 0.406 | 2273.177 | 3296.472 | 3099.850
1.542 | 1.402 | 1.062 | 0.015 | 0.016 | -0.012 | 0.377 | 0.419 | 2413.781 | 4154.185 | 4463.320
1.100 | 1.443 [ 1.053 | 0.021 | 0.016 | -0.008 | 0.377 | 0.426 | 2527.693 | 5246.251 | 6540.817
0.782 | 1.450 | 1.061 | 0.024 | 0.017 | -0.005 | 0.377 | 0.436 | 2597.797 | 6061.204 | 8338.702
0.392 | 1.450 | 1.068 | 0.025 | 0.018 | -0.002 | 0.377 | 0.442 | 2638.259 | 7082.235 |10901.673
0.000 | 1.450 | 1.070 [ 0.026 | 0.018 | 0.000 | 0.377 | 0.446 | 2659.076 | 8120.513 |13881.412
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Vzdusné zatizeni - kroutici moment

cmO(y) cm(y) qMk(y) MK(y)
-0.091 0.009 42.170 0.000
-0.091 0.009 41.651 0.671
-0.091 0.009 39.944 2.670
-0.092 0.008 37.134 5.753
-0.093 0.007 32.974 9.679
-0.094 0.006 27.384 13.994
-0.096 0.004 20.156 18.083
-0.098 0.002 11.011 21.215
-0.100 0.000 -0.338 22.437
-0.102 -0.002 -14.075 20.614
-0.105 -0.005 -30.642 14.398
-0.108 -0.008 -50.305 2.297
-0.111 -0.011 -73.494 -17.511
-0.114 -0.014 -100.449 -46.821
-0.117 -0.017 -131.426 -87.747
-0.121 -0.021 -167.107 | -142.378
-0.125 -0.025 -212.388 | -226.247
-0.125 -0.025 -214.453 | -294.114
-0.125 -0.025 -214.453 | -377.751
-0.125 -0.025 -214.453 | -461.817

Zatizeni od setrémych sil - posouvajici sila, ohybovy moment, krouthoment

y c gG1(y) | cmxANTI Mx IX Ex aG(y) | TG(y) | MoG(y) | MKG(y)
4.750 | 1.050 | -3.077 0.015 | 7653.838 | 2514.451 | 3.044 | -7.773 | 0.000 | 0.000 | 0.000
4,734 | 1.052 | -3.089 0.015 | 7653.838 | 2514.451 | 3.044 | -7.818 | -0.125 | -0.001 | -0.020
4685 | 1.057 | -3.118 0.015 | 7653.838 | 2514.451 | 3.044 | -7.940 | -0.511 | -0.017 | -0.081
4.605 | 1.066 | -3.172 0.015 | 7653.838 | 2514.451 | 3.044 | -8.154 | -1.155 | -0.083 | -0.183
4493 | 1.078 | -3.243 0.015 | 7653.838 | 2514.451 | 3.044 | -8.452 | -2.085 | -0.265 | -0.333
4.350 | 1.094 | -3.340 0.015 | 7653.838 | 2514.451 | 3.044 | -8.853 | -3.322 | -0.651 | -0.534
4,178 | 1.113 | -3.457 0.015 | 7653.838 | 2514.451 | 3.044 | -9.347 | -4.887 | -1.357 | -0.793
3.977 | 1.135 | -3.595 0.015 | 7653.838 | 2514.451 | 3.044 | -9.945 | -6.826 | -2.534 | -1.120
3.748 | 1.160 | -3.756 0.015 | 7653.838 | 2514.451 | 3.044 | -10.655| -9.185 | -4.367 | -1.526
3.495 | 1.188 | -3.939 0.015 | 7653.838 | 2514.451 | 3.044 |-11.484|-11.985| -7.045 | -2.019
3.217 | 1.218 | -4.141 0.015 | 7653.838 | 2514.451 | 3.044 | -12.429|-15.309 | -10.839 | -2.619
2.918 | 1.251 | -4.368 0.015 | 7653.838 | 2514.451 | 3.044 | -13.517 | -19.188 | -15.997 | -3.338
2.598 | 1.286 | -4.616 0.015 | 7653.838 | 2514.451 | 3.044 | -14.742| -23.709 | -22.860 | -4.198
2.261 | 1.323 | -4.885 0.015 | 7653.838 | 2514.451 | 3.044 | -16.113|-28.909 | -31.726 | -5.215
1.908 | 1.361 | -5.170 0.015 | 7653.838 | 2514.451 | 3.044 | -17.619 | -34.862 | -42.982 | -6.414
1542 | 1.402 | -5.486 0.015 | 7653.838 | 2514.451 | 3.044 | -19.319 | -41.622 | -56.979 | -7.814
1.100 | 1.443 | -5.812 0.015 | 7653.838 | 2514.451 | 3.044 | -21.263 | -50.591 | -77.358 | -9.728
0.782 | 1.450 | -5.868 0.015 | 7653.838 | 2514.451 | 3.044 | -22.048 | -57.477 | -94.540 | -11.222
0.392 | 1.450 | -5.868 0.015 | 7653.838 | 2514.451 | 3.044 | -22.759 | -66.214 |-118.660| -13.123
0.000 | 1.450 | -5.868 0.015 | 7653.838 | 2514.451 | 3.044 | -23.472 | -75.276 |-146.392| -15.094
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Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) Mot(y) TG(y) | MoG(y) | Tv(y) Mvn(y) Mvt(y)
4.750 0.000 0.000 0.000 0.000 | 0.000 0.000 0.000 0.000
4.734 1.259 0.010 0.000 -0.125 | -0.001 1.134 0.009 0.000
4.685 | 11.361 0.319 0.009 -0.511 | -0.017 | 10.851 0.303 0.009
4.605 | 32.085 2.056 0.061 -1.155 | -0.083 | 30.931 1.973 0.058
4.493 | 64.504 7.463 0.220 -2.085 | -0.265 | 62.420 7.198 0.212
4350 | 114.247 | 20.238 0.596 -3.322 | -0.651 | 110.926 | 19.587 0.577
4178 | 186.081 | 46.055 1.357 -4.887 | -1.357 | 181.194 | 44.699 1.317
3.977 | 286.700 | 93.549 2.757 -6.826 | -2.534 | 279.875 | 91.016 2.682
3.748 | 424.953 | 174.998 5.157 -9.185 | -4.367 | 415.769 | 170.633 5.028
3.495 | 612.497 | 306.179 9.022 | -11.985 | -7.045 | 600.512 | 299.136 8.815
3.217 | 877.523 | 513.202 | 15.123 | -15.309 |-10.839 | 862.214 | 502.367 | 14.804
2.918 | 1281.693 | 835.864 | 24.631 | -19.188 |-15.997 | 1262.505 | 819.875 | 24.160
2.598 | 1845.806 | 1336.047 | 39.370 | -23.709 |-22.860 | 1822.097 | 1313.197 | 38.697
2.261 | 2522.833 | 2071.844 | 61.053 | -28.909 |-31.726 | 2493.924 | 2040.131 | 60.118
1.908 | 3296.472 | 3098.505 | 91.306 | -34.862 |-42.982 | 3261.610 | 3055.542 | 90.040
1.542 | 4154.185 | 4461.384 | 131.467 | -41.622 | -56.979 | 4112.564 | 4404.430 | 129.789
1.100 | 5246.251 | 6537.979 | 192.660 | -50.591 |-77.358 | 5195.661 | 6460.655 | 190.382
0.782 | 6061.204 | 8335.084 | 245.617 | -57.477 |-94.540 | 6003.727 | 8240.585 | 242.832
0.392 | 7082.235 | 10896.943 | 321.109 | -66.214 |-118.660| 7016.021 | 10778.334 | 317.614
0.000 | 8120.513 [ 13875.388 | 408.878 | -75.276 |-146.392| 8045.237 | 13729.060 | 404.566

Vysledné zatiZeni - kroutici moment k aeroelastode

y c MK(y) MKEO(Y)
4.750 1.050 0.000 0.000
4.734 1.052 0.671 0.738
4.685 1.057 2.670 3.209
4.605 1.066 5.753 7.256
4.493 1.078 9.679 12.707
4.350 1.094 13.994 21.734
4.178 1.113 18.083 30.789
3.977 1.135 21.215 41.940
3.748 1.160 22.437 53.513
3.495 1.188 20.614 57.291
3.217 1.218 14.398 70.670
2.918 1.251 2.297 89.273
2.598 1.286 -17.511 | 109.945
2.261 1.323 -46.821 | 134.538
1.908 1.361 -87.747 | 138.029
1.542 1.402 -142.378 | 145.536
1.100 1.443 -226.247 | 134.476
0.782 1.450 | -294.114 | 66.603
0.392 1.450 | -377.751 | 43.580
0.000 1.450 | -461.817 | 21.179
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Letecky Ustav

PRIPAD 8

Kladny obratovy pipad bodu A obalky, n = 4

Vzdusné zatiZeni - posouvajici sila, ohybovy moment

y c cln clo clkr cl(y) acy) T(y) Mo(y)
4750 | 1.050 | 0.000 0.000 1.590 0.000 0.000 0.000 0.000
4734 | 1.052 | 0.203 -0.010 1.590 0.312 427.773 3.422 0.027
4685 | 1.057 | 0.386 -0.019 1.590 0.594 818.146 33.947 0.943
4605 | 1.066 | 0.541 -0.025 1.590 0.835 1159.275 113.044 6.823
4493 | 1.078 | 0.669 -0.030 1.590 1.034 1451.729 259.260 27.672
4350 | 1.094 | 0.772 -0.032 1.590 1.195 1702.137 484.762 80.869
4178 | 1.113 | 0.853 -0.033 1.590 1.323 1917.337 796.036 191.018
3.977 | 1.135 | 0.915 -0.031 1.590 1.424 2104.282 | 1200.209 | 391.640
3.748 | 1.160 | 0.963 -0.029 1.590 1.503 2270.068 | 1701.072 | 723.837
3.495 | 1.188 | 0.999 -0.024 1.590 1.564 2420.075 | 2294.375 | 1229.261
3.217 | 1.218 | 1.025 -0.019 1.590 1.611 2555.926 | 2986.039 | 1963.239
2918 | 1.251 | 1.044 -0.013 1.590 1.647 2683.295 | 3769.303 | 2973.163
2,598 | 1.286 | 1.056 -0.006 1.590 1.673 2802.243 | 4646.989 | 4319.769
2.261 | 1.323 | 1.063 0.001 1.590 1.691 2913.557 | 5610.101 | 6048.089
1.908 | 1.361 | 1.065 0.008 1.590 1.701 3015.181 | 6656.524 | 8213.148
1542 | 1.402 | 1.062 0.015 1.590 1.703 3110.010 | 7777.434 | 10854.562
1.100 | 1.443 | 1.053 0.021 1.590 1.695 3186.085 | 9168.870 | 14599.696
0.782 | 1.450 | 1.061 0.024 1.590 1.711 3230.702 | 10189.140 | 17677.619
0.392 | 1.450 | 1.068 0.025 1.590 1.723 3253.163 | 11453.493 | 21897.933
0.000 | 1.450 | 1.070 0.026 1.590 1.726 3260.223 | 12730.117 | 26637.920

Vzdusné zatizeni - kroutici moment

cmO(y) | gMk(y) | Mk(y)
-0.051 | -73.370 | 0.000
-0.051 | -73.807 | -1.177
-0.052 | -74.996 | -4.823
-0.052 | -77.087 | -10.906
-0.053 | -79.988 | -19.703
-0.054 | -83.901 | -31.421
-0.055 | -88.733 | -46.267
-0.056 | -94.576 | -64.690
-0.058 | -101.526 | -87.144
-0.060 | -109.659 | -113.859
-0.062 | -118.931 | -145.633
-0.064 | -129.620 | -182.791
-0.066 | -141.677 | -226.199
-0.068 | -155.187 | -276.220
-0.070 | -170.039 | -333.622
-0.073 | -186.829 | -398.929
-0.076 | -206.093 | -485.765
-0.076 | -208.098 | -551.622
-0.076 | -208.098 | -632.780
-0.076 | -208.098 | -714.354

-18 -




Martin Swtlik Letecky ustav
Zatizeni od setnémych sil - posouvajici sila, ohybovy moment, krouthoment

y c qG1(y) aG(y) TG(y) MoG(y) | MKG(y)

4.750 1.050 -3.077 | -12.308 0.000 0.000 0.000

4.734 1.052 -3.089 | -12.355 | -0.197 -0.002 -0.031

4.685 1.057 -3.118 | -12.473 | -0.806 -0.026 -0.127

4.605 1.066 -3.172 | -12.686 | -1.812 -0.131 -0.288

4.493 1.078 -3.243 | -12.974 | -3.249 -0.414 -0.519

4.350 1.094 -3.340 | -13.361 | -5.132 -1.013 -0.825

4.178 1.113 -3.457 | -13.830 | -7.470 -2.097 -1.212

3.977 1.135 -3.595 | -14.382 | -10.306 | -3.884 -1.690

3.748 1.160 -3.756 | -15.022 | -13.672 | -6.629 -2.270

3.495 1.188 -3.939 | -15.756 | -17.566 | -10.581 | -2.956

3.217 1.218 -4.141 | -16.562 | -22.058 | -16.089 | -3.766

2.918 1.251 -4.368 | -17.472 | -27.146 | -23.445 | -4.708

2.598 1.286 -4.616 | -18.463 | -32.896 | -33.051 | -5.802

2.261 1.323 -4.885 | -19.541 | -39.299 | -45.216 | -7.055

1.908 1.361 -5.170 | -20.679 | -46.398 | -60.342 | -8.484

1.542 1.402 -5.486 | -21.944 | -54.198 | -78.751 | -10.101

1.100 1.443 -5.812 | -23.246 | -64.185 | -104.913 | -12.232

0.782 1.450 -5.868 | -23.472 | -71.613 | -126.505 | -13.844

0.392 1.450 -5.868 | -23.472 | -80.768 | -156.220 | -15.835

0.000 1.450 -5.868 | -23.472 | -89.969 | -189.684 | -17.836
Vysledné zatiZzeni - posouvajici sila, ohybovy mamen

y T(y) Mon(y) Mot(y) TG(y) | MoG(y) |  Tv(y) Mvn(y) Mvt(y)
4.750 0.000 0.000 0.000 0.000 | 0.000 0.000 0.000 0.000
4.734 3.422 0.026 0.008 -0.197 | -0.002 3.225 0.025 0.008
4.685 | 33.947 0.901 0.278 -0.806 | -0.026 | 33.142 0.876 0.270
4.605 | 113.044 6.520 2.008 -1.812 | -0.131 | 111.232 6.395 1.970
4.493 | 259.260 | 26.446 8.146 -3.249 | -0.414 | 256.011 | 26.050 8.024
4350 | 484.762 | 77.286 23.806 | -5.132 | -1.013 | 479.630 | 76.317 23.507
4178 | 796.036 | 182.554 | 56.230 | -7.470 | -2.097 | 788.566 | 180.550 | 55.613
3.977 | 1200.209 | 374.287 | 115.287 | -10.306 | -3.884 | 1189.904 | 370.576 | 114.144
3.748 | 1701.072 | 691.765 | 213.076 | -13.672 | -6.629 | 1687.400 | 685.429 | 211.125
3.495 | 2294.375 | 1174.794 | 361.858 | -17.566 | -10.581 | 2276.809 | 1164.682 | 358.744
3.217 | 2986.039 | 1876.250 | 577.920 | -22.058 | -16.089 | 2963.981 | 1860.875 | 573.184
2.918 | 3769.303 | 2841.426 | 875.211 | -27.146 | -23.445 | 3742.157 | 2819.020 | 868.310
2.598 | 4646.989 | 4128.366 | 1271.613 | -32.896 | -33.051 | 4614.093 | 4096.779 | 1261.883
2.261 | 5610.101 | 5780.106 | 1780.379 | -39.299 | -45.216 | 5570.802 | 5736.894 | 1767.069
1.908 | 6656.524 | 7849.235 | 2417.709 | -46.398 | -60.342 | 6610.126 | 7791.567 | 2399.946
1.542 | 7777.434 | 10373.611 | 3195.263 | -54.198 | -78.751 | 7723.235 | 10298.350 | 3172.081
1.100 | 9168.870 |13952.803 | 4297.720 | -64.185 [-104.913| 9104.685 | 13852.538 | 4266.837
0.782 [10189.140 | 16894.348 | 5203.770 | -71.613 |-126.505|10117.526 | 16773.448 | 5166.531
0.392 [11453.493|20927.665 | 6446.106 | -80.768 |-156.220|11372.726 | 20778.367 | 6400.120
0.000 [12730.117 | 25457.630 | 7841.419 | -89.969 |-189.684|12640.148 | 25276.351 | 7785.581
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Vysledné zatiZzeni - kroutici moment k aeroelastude
y c MKk(y) MKEO(y)
4.750 1.050 0.000 0.000
4,734 1.052 -1.177 -1.011
4.685 1.057 -4.823 -3.294
4.605 1.066 -10.906 -5.874
4.493 1.078 -19.703 -8.138
4.350 1.094 -31.421 0.530
4178 1.113 -46.267 6.726
3.977 1.135 -64.690 | 20.239
3.748 1.160 -87.144 | 34.872
3.495 1.188 | -113.859 | 20.234
3.217 1.218 | -145.633 | 42.223
2.918 1.251 | -182.791 | 69.435
2.598 1.286 | -226.199 | 91.321
2.261 1.323 | -276.220 | 123.875
1.908 1.361 | -333.622 | 118.993
1.542 1.402 | -398.929 | 136.722
1.100 1.443 | -485.765 | 141.055
0.782 1.450 | -551.622 | 50.771
0.392 1.450 | -632.780 | 44.405
0.000 1.450 | -714.354 | 38.343

Prib¢hy zatiZeni:

- tenkacara se symbolem> pripady zatizeni dleipdpisu F2245-04(slo ukuje celkovy

nasobek ziskany sétie¢m nasobku v normélovém &mém sndru)

- silna¢ara= dalsi gipady zatizeni
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