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ABSTRAKT

Obojzivelny celokovovy letoun Mermaid je produktem firmy Czech Aircraft Works v
Kunovicich.

Tématem téhle diplomové prace bylo do vypocta konstrukce letounu zahrnout zmeény, kterymi
proSel béhem vyvoje.

V ramci prace bylo zpracovano:

Vypocet zatizeni kiidla

Pevnostni kontrola kiidla

Vypocet zatizeni kiidélka

Vypocet zatizeni vztlakové klapky

Vypocet zatizeni vodorovnych ocasnich ploch

SUMMARY

The amphibious fullmetall plane Mermaid is made by company Czech Aircraft Works in
Kunovice.

Subject of this diploma thesis was involve changes of structure, 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
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1. UVOD

11 POPIS LETOUNU

Letoun typu Mermaid je dvoumistny celokovovy obojZivelny sttedoplo$nik se sedadly vedle
sebe a zatahovacim podvozkem ptidového typu. Je stavén podle mezindrodniho stavebniho
pfedpisu ASTM F2245-04 pro maximdlni vzletovou hmotnost 650kg firmou Czech Aircraft
Works v Kunovicich.Letoun ma tlaéné uspofddani motoru, na vybér jsou dvé pohonné
jednotky: Jabiru 3300 nebo Rotax 912 ULS.

| 7
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1.2 ZAKLADNI UDAJE LETOUNU

Rozpéti kiidla 9,5 m 31,2 ft
Délka 7,62 m 25 ft
Plocha kiidla 12,38 m” 133,26 sq. ft
Zatizeni kiidla 45,6 kg/m® 10,65 Ib/sf
Prazdnd hmotnost 420 kg 925 1b
Maximalni vzletovd hmotnost 650 kg 1433 1b
UZite¢né zatiZen{ 230 kg 505 1b
Sitka kabiny 1,17m 46 inch
Zasoba paliva 2x571 2x 15 U.S. gal
Zavazadlovy prostor 450 dm’ 16 cu. ft
Maximaélni provozni ndsobek +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
Minimdlni rychlost letu 82 km/h 44 knots
Cestovni rychlost (75 % vykonu) 190 km/h 118 mph
Neprekrocitelna rychlost (Vng) 250 km/h 155 mph
Dolet (75% vykonu) 1000 km 620 sm
Vydrz 4h

Délka dojezdu (triva) 132m | 434 ft

14  AERODYNAMICKE PODKLADY

Kotrenovy profil LS (1)-417
Hloubka kotfenové tétivy 1,450 m
Koncovy profil MS (1) - 313
Hloubka koncové tétivy 1,050 m
Rozpéti kiidla 9,5m
Plocha kfidla 12,38 m”
Plocha centropldanu 3,19 m”
Plocha vn&jsiho kiidla 9,19 m"
Zuzeni ktidla 0,724
Stihlost kfidla 73
Maximalni soucinitel vztlaku kridla 1,59
Soucinitel vztlaku se vztlakovymi klapkami 2,05
Sklon vztlakové Cary kiidla 4,5055 rad™’
Uhel nulového vztlaku kiidla 3,1°
Vychylky ktidélek nahoru/dolt -30/+15°
Vychylka klapky 35°




Martin Svétlik Letecky ustav

2. VYPOCET ZATIZENI KRIDLA
2.1  POPIS KRIDLA

Celokovové kiidlo je jednonosnikové, dvoudutinové s pomocnym zadnim nosnikem.K
centroplanu je uchyceno pomoci zavésu v misté nosniku.Hlavni nosnik je slozen z né€kolika
profild, které jsou postupné vypoustény.Materidlem nosniku je 6061 — T6.Zadni nosnik spolu
s hlavnim nosnikem slouZi pro pteneseni tecného momentu dvojici sil.Potah je ze stejného
materidlu, tloustka potahu je 0,5 mm u predni dutiny a 0,65 mm u zadni.Vykresy kiidla a
nosniku 1ze nalézt v ptilohéch.

2.2  VYPOCET LETOVE OBALKY

¢ Kladny provozni ndsobek
n =4

e Zaporny provozni ndsobek
n,=-05-n=-05-4=-2

¢ Kladny provozni poryvovy nédsobek pfi rychlosti v

pozn. rychlost vc je stanovena déle
Pfi stanoveni ndsobku n3 vychdzime z grafu:

+2.0
LS
4 CHART FOR FINDING m
L3N FACTOR AT SPEED ¥
+L5
£
<
+L.0 =~ o S
P Ve sut
Vean
Ve min. 1S FOUND FROM FIGURE 3
e.50 Ll L 1 1 0 1 8 1 1 1 1 1 |
0 20 40 60 80 100
FIG. X1.2

w_, 1433[ib]

M T 33.26]sq. 1]

Ve el _ 1 13,39[kn0tS] _
Vemn, 1 1,49[knots|

K =

n
= 2 =1=n,=1
n
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Zaporny provozni poryvovy ndsobek pfi rychlosti vc

Stanoveni ndsobku n4 je obdobné jako u n3, vychdzime z grafu:

-1.50
:"" CHART FOR FINDING 7,
13 FACTOR AT SPEED ¥
\ *
-1.00
L1 ‘(\
S LACRNNS
g §1\
|
-.50
L x= Vc'nI.
Ve min. do—
Ve mia 1S FOUND FROM FIGURE 3
ol L L L i Lt L 1 1 L L 1 1 J
L+] 20 40 60 80 100
w
ﬂls
FIG. X1.3
:>n—4:—0,5:>n4 =-2
n,

Minimadlni rychlost se vztlakovymi klapkami

n W 141433
Ve =11 =11- |

) | 133,26
volim:
v, =140km/h

=7214knots =133,69km/ h

Minimalni obratova rychlost

W 41433
Vs 133,26
Pfedpis umoZiiuje urcit rychlost v4 pomoci maximalniho soucinitele vztlaku cna, takto
ziskand rychlost muze byt mensi neZ vamin.

Obratova rychlost s vyuZitim cya :

=98,38knots =182,32km/ h

Viin =19+

Zememeg | 204650981\ c o 66kmih

V, = = |
e S 1159-1,225-12,38

S11 -
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e Obratova rychlost pfi letu na zddech

minimdlni soucinitel vztlaku dle pfedpisu: cya =-1,35

Vv =
¢ p"CNA -§

2-ny-m-g | 2-2-650-9,81
1,225-1,35-12,38

¢  Minimdlni ndvrhov4 cestovni rychlost

v =17 W _gg 33 doknors = 206,61km
i s 133,26

Vern £0,9-v, =0,9-250=225km/h

< vy = 250km /R

volim:
ve =210km/h

® Minimalni rychlost sttemhlavého letu

vy =24 4/”1 /‘1‘31433 = 157, 4knots = 291,7km / h

voo<t4 My 214 Y 11149 = 160.14knots = 296.6km b
D min 3.8 C min 3,8

b

volim:
vy =295km/h

e QGrafické znazornéni

i n-]

4 A
|
|
|
|
|
|

G \E M

=353m/s=12Tkm/h

V]

P

[] 1277 1140 166

295

vlkmA ]
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2.3 PRIPADY ZATIZENI

Predpis ASTM F2245-04 stanovuje nasledujici piipady zatiZeni pro kfidlo letounu:
A) Symetrické piipady

Bod A obdlky

. normalné zatiZeni nahoru, n = 4
. te¢né zatizeni dopredu, n =1
Bod D obalky

. normalné zatiZeni nahoru, n = 4
. teCné zatiZeni dozadu, n = -1/5
Bod G obdlky

. normalné zatizeni dold, n = -2

. tecné zatiZeni dopfedu, n = 0,4
S vysunutymi klapkami (rychlost vg)

. normalné zatiZeni nahoru, n =2
. te¢né zatizeni dopredu, n =1

B) Nesymetrické ptipady

Predpoklad 100% zatiZeni bodu A obdlky na jedné stran¢€ kiidla a 75% zatiZeni na
druhé strané kiidla

Predpoklad 75% zatizeni bodu A obalky na kazdé strané kiidla a torzni zatiZeni od
plné vychylky kiidélka

Predpoklad 75% zatizeni bodu D obdlky na kazdé strané kiidla a torzni zatiZeni
kiidélka vychyleného na 1/3 plné vychylky

Dile bylo zatiZeni pocitano v téchto piipadech:
A) Symetrické zatizeni

Kladny obratovy piipad bodu A obélky, n =4
Kladny obratovy piipad bodu C obdlky, n =4
Kladny obratovy piipad bodu D obdélky, n =4
Zaporny obratovy ptipad bodu G obdlky, n = -2
Zaporny obratovy ptipad bodu C obélky, n = -2
Zaporny obratovy ptipad bodu D obdlky, n = -2

B) Nesymetrické piipady zatiZeni

Kladny ktidélkovy ptipad bodu A obdlky, n = 2/3n;, plna vychylka dold a nahoru
Kladny ktidélkovy ptipad bodu C obalky, n = 2/3n;, takova vychylka dolt a nahoru,
aby thlova rychlost klonéni pfi vc byla stejnd jako pfi va

Kladny ktidélkovy piipad bodu D obdlky, n = 2/3n,, takova vychylka dolt a nahoru,
aby thlova rychlost klonéni pti vp byla 1/3 dhlové rychlosti pfi va

(tyto déle uvadéné piipady zatiZeni se piili§ nelisi od pfipadi uvadénych predpisem a slouzi
pouze pro srovnani dvou raznych metodik)

- 13-
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2.4 PRUBEH ZATIZENI PO ROZPETI

2.4.1 Vzdusné zatiZeni
A) RozlozZeni vztlaku

Ze silové rovnovahy se uréi soucinitel vztlaku kiidla pro jednotlivy piipad:

L=n-G
CL,KR.;'p'vz.S:n'GﬁcL,KR

. nG

CrLxr = 2

v
.8
P 2

RozloZeni vztlaku po rozpéti kiidla je déno:
e pro symetrické pripady

(M =cp, () crgetc(y)
e pro nesymetrické piipady (pocatek klonéni)

() =cp, (M Crir o0+ pmmm (3 FCLppani (V)
e pro klapkové ptipady

cr(M=cp, (M -cpmtey(D+e ()

Pfi¢cemz priibéhy normdlniho cp,(y), nulového cio(y), kiidélkového symetrick€ho cr xrsym(Y),
kfidélkového antisymetrického ¢ xrni(y) @ klapkového rozloZeni cp (y) byly ziskany
v programu Glauert I1I pro zadané parametry — zde napf. priibéhy pro symetrické pripady:

Vistup programu Glawert Il
FozlaZeni:
Cl1
IE E:I !" = wormalni
gl i nuloyeé
— celkové
— profilové
08—+

L [

—a—  bod odirZeni proudéni

- 14 -
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B) Spojité zatizeni
Spojité zatiZeni je urceno:

q(y>=cL(y>~p~%oc<y>

2

Prabeéh spojitého zatizeni pro bod A obadlky (normdlné zatiZeni nahoru, n = 4; te¢né zatiZzeni

doptedu, n=1)

q [N/m]

Spoijité zatizeni

4000
3500 -

3000 -
2500

2000

1500 -

1000
500

yim]

= Spojité zatizeni

C) Posouvajici sila

Posouvajici sila se ziskd integraci spojitého zatiZeni po rozpéti:

I(y)= jq(y)dy

Pribéh posouvajici sily pro bod A obdlky (normdlné zatiZeni nahoru, n = 4; te¢né zatiZeni

dopfedu, n=1):

T[N]

14000

Posouvajici sila

12000 -
10000 -
8000 -
6000 -
4000 -
2000 -

——Posouvajici sila

y[m]

-15 -
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D) Ohybovy moment

Ohybovy moment se ziskd integraci posouvajici sily po rozpéti:

Mo(y) = [T(y)dy

Priibéh ohybového momentu pro bod A obdlky (normélné zatizeni nahoru, n = 4; tecné
zatizeni doptedu, n = 1):

Ohybowy moment
30000
25000 \\
20000 \
15000

Mo [Nm]

\ —— Ohybow moment
10000 \
5000

-5000

y [m]

Ohybovy moment byl poté rozloZen na normalovou a tecnou slozku, a to bud’ pomoci thlu
nabéhu letounu pii daném piipadu nebo v poméru zatizeni puasobiciho v normalovém a
tecném smeéru.

E) Prubéh soucinitele klopivého momentu

Prabéh soucinitele klopivého momentu byl spocitan v programu Xfoil pro oba pouzité
profily.

Pro kazdy ptipad zatiZeni byl urcen soucinitel klopivého momentu pro kofenovy i koncovy
profil a mezi nimi se menil linearné.

U kfidélkovych piipadl je nutné zapocitat i vliv vychylky ktidélka:

Co(Y) = Copprop + O * ¢’ kde 0, je vychylka ktidélka(nahoru zdpornd, dolti kladn4)

¢’ =-0,01
A obdobné u klapkovych piipadi je nutné zapocitat vychylku klapky:

)
Cm(y) = Cm,pmf +5kl .Cm

- 16 -
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F) Spojité zatizeni ve smyslu kroutictho momentu
2
v 2
qu(y)=Cm(y)'p'3'c )

Prabeéh spojitého zatiZzeni ve smyslu kroutictho momentu pro nesymetricky piipad bodu A
obélky (75% zatizeni, plnéd vychylka ktidélka):

qMk

-100

-200
300 -

| —aw
-600 —

-700

qMk [N]

y [m]

G) Kroutici moment
Kroutici moment se ziskd integraci spojitého zatiZzeni po rozpéti:
MK(y) = [ g, (¥)dy

Prabéh kroutictho momentu pro nesymetricky piipad bodu A obélky (75% zatiZeni, plna
vychylka ktidélka dolt):

Kroutici moment

0
D 1 2 3 / 5
-500
-1000
/ ‘ — Kroutici moment
-1500

-2000
/

-2500

Mk [Nm]

y [m]
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2.4.2 ZatiZeni od setrvacnych sil
A) Spojité zatiZzeni od hmotnosti konstrukce kiidla

Uvazuji, Ze hmota konstrukce kiidla je tmérnd druhé mocniné hloubky:
112

Gur =k- Iczdy

=l/2

—1/2

Spojité zatizeni od hmotnosti konstrukce kiidla pro jednotkovy ndsobek:
2
g1 =k-c(y)
¢ symetrické piipady
q6(Y) =g (y)-n

¢ nesymetrické piipady (pocatek klonéni)

E - . . . o
qc(¥)=¢qs(y) n+qg - ExtY , kde thlové zrychleni &€ _je ddno z rovnosti momentu:
8

2

v
M M p.?.CﬂLXANTI'S'l
gx: xG = X =
I, 1, m-i:

i, =(0,1-0,15)-1
soucinitel cymxanti byl ziskdn z programu Glauert

Prabeéh spojitého zatizeni pro bod A obalky (normdlné zatiZeni nahoru, n = 4; te¢né zatiZeni
dopfedu, n=1)

qG
0.000 : :
J» 1 2 3 4 :

-5.000
__-10.000
E /
Z -15.000 qG
(6] /
[

-20.000 /

-25.000

-30.000

y[m]
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B) Posouvajici sila

Posouvajici sila se ziska integraci spojitého zatiZeni od hmotnosti konstrukce po rozpéti:

T (9) = [ g5 (dy
Prubéh posouvajici sily pro bod A obalky (normdlné zatiZeni nahoru, n = 4; te¢né zatiZeni
doptedu, n=1)

TG [N]

0.000

TG

-10.000

n

3/445

-20.000

-30.000

/

/

-40.000
-50.000 -
-60.000 -
-70.000 -
-80.000 -

/

-90.000

v

-100.000

y [m]

C) Ohybovy moment

Ohybovy moment se ziska integraci posouvajici sily po rozpéti:

Mog (y) = [T, (y)dy

Pribéh ohybového momentu pro bod A obdlky (normdlné zatiZeni nahoru, n = 4; teCné
zatizeni dopfedu, n = 1)

MoG [Nm]

MoG

50.000

0.000

-50.000

-100.000

——MoG

-150.000

-200.000

-250.000

y [m]
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D) Kroutici moment

Kroutici moment je ddn posouvajici silou a ramenem mezi jejim ptsobistém a
aerodynamickym stfedem:

M, (y) = AT;(y)-(0,4-0,25) - c(y)

Jedna se pouze o orientacni hodnotu, pro vypocet bude rozhodujici moment k aeroelastické
ose.

Prabéh kroutictho momentu pro bod A obdlky (normélné zatiZzeni nahoru, n = 4; tené
zatizeni dopfedu, n = 1):

MkG

0.000 ‘ ‘
20000 1 2 3 /@45
-4.000

6.000 - 7/
-8.000

-10.000 e MkG
-12.000 +——

-14.000
-18.000

-20.000

MKG [Nm]
|

yIN]

2.4.3 Vysledné zatiZeni kridla

Vysledné zatizeni posouvajici silou a ohybovym momentem je ddno souctem vzdu$ného
zatizeni a zatiZzenim od setrvacnych sil:

T,(y)=T(y)+T;(y)
Mo, (y)=Mo(y)+Mog;(y)

Vysledné zatiZzeni krouticim momentem je déno:
Mk, (y) =Mk(y)+T(y)-e+T,(y)-d e....vzdalenost mezi aeroelastickou osou

a aerodynamickym stfedem
d....vzdéalenost mezi aeroelastickou osou

Vvow

2.4.4 Pocetni zatiZeni

Pocetni zatizeni ziskame vyndasobenim vyslednych zatiZeni koeficientem 1,5.

-20 -
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2.4.5 Definice rozhodujicich pripadu

Pozn. Hodnoty vzdusnych, setrvacnych a vyslednych zatiZeni pro jednotlivé pripady zatiZeni
dle predpisu ASTM F2245-04 a kladny obratovy pripad bodu A z dalsich pripadu jsou
uvedeny v priloze.Hodnoty pro vSechny pripady lze nalézt na CD v priloZeném souboru
Pripady zatiZeni.xls. Grafické pribéhy pro vsechny pripady jsou v priloze.

Prenos zatiZeni je u kiidla rozdé€len ndsledovné:
» Kroutici moment pfendsi nosny potah dutin
» Normadlny ohyb prendsi pasnice hlavniho nosniku
» Tecny ohyb je pienasen silovou dvojici v hlavim a pomocném nosniku
» Posouvajici sila je pfenasena stojinou hlavniho nosniku

Z prubéhu vyslednych zatiZeni kiidla Ize vycist:

» Pro namahani krouticim momentem je rozhodujici piipad = Predpoklad 75% zatiZeni
bodu D obdlky na kaZzdé strané kridla a torzni zatiZeni kridélka vychyleného na 1/3
plné vychylky

» Pro namahani norméalnym ohybem je rozhodujici ptipad = Predpoklad 75% zatiZent
bodu A obdlky na kazdé strané kifidla a torzni zatiZeni od plné vychylky kridélka

» Pro namahani tenym ohybem je rozhodujici pfipad = Kladny obratovy pripad bodu
A obdlky

» Pro namahani posouvajici silou je rozhodujici ptipad = Predpoklad 75% zatiZeni
bodu A obdlky na kazdé strané ki'idla a torzni zatiZeni od plné vychylky kridélka

3. PEVNOSTNI KONTROLA KRIDLA

3.1 DEFINICE KONTROLOVANYCH REZU

Kfidlo bylo kontrolovdno mezi kaZzdou dvojici Zeber a to v celkem osmi fezech:

Rez | Vzdalenost [m] | Umisténi
1 (1,1 misto zavésu
2 1,542 mezi Zebry 6 a 7
3 11,908 mezi Zebry 7 a 8
4 12,261 mezi Zebry 8 a 9
S5 (2,598 mezi Zebry 9 a 10
6 |3,217 mezi Zebry 10 a 11
7 13,748 mezi Zebry 11 a 12
8 14,178 mezi Zebry 12 a 13

Postup vypoctu bude detailné&ji ukdazan u kofenového fezu v misté zavesu, u dalSich feza je
postup obdobny.Soucinitele bezpecnosti pro v§echny fezy shrnuje zdverecna tabulka.

3.2 POMOCNE MODELY

Pro snadnéj$i odecitdni geometrickych veli€in, jako jsou vzdalenosti, poloméry, plochy,

polohy tézist ploch a jiné, byly vytvofeny prostorové modely kiidla a nosniku v programu
Catia.
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Model kridla

Model nosniku
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3.3 PEVNOSTNI KONTROLA V KORENOVEM REZU

3.3.1 Prurezové charakteristiky

Vyska hlavniho nosniku hy [mm] 237

Vyska pomocného nosniku h, [mm] 181,5
Plocha predni dutiny U; [mm”] 77 000
Plocha zadni dutiny U, [mm”] 124 000
Délka ndbézné Casti pfedni dutiny s; [mm] 917,9
Délka horni ¢4sti zadni dutiny s; [mm] 538,3
Délka spodni Casti zadni dutiny s3 [mm] 538,8
Tloustka nabézné ¢asti predni dutiny t; [mm] 0,5
Tloustka horni ¢asti zadni dutiny t; [mm] 0,65
Tloustka spodni €asti zadni dutiny t3 [mm] 0,65
Tloustka stojiny hlavniho nosniku ty; [mm] 1,27
Tloustka stojiny pomocného nosniku tp; [mm] 0,63
Plocha horni pdsnice hlavniho nosniku Sp,g [mmz] 914,89
Plocha doln{ pdsnice hlavniho nosniku Spp [mm°] 989
Efektivni vySka hlavniho nosniku he [mm] 186,51
Kvadraticky moment prufezu hlavniho nosniku Jy [mm4] 17 218 722,08
Kvadraticky moment prifezu pomocného nosniku J, [mm']|313 898,46
Vzdalenost aeroelastické osy k hlavnimu nosniku a [mm] |9,61

Délka zadni dutiny b [mm] 536,5

Pricemz, kvadratické prafezy nosniku a poloha aeroelastické osy jsou dany:
. h? 3
— SPH SPD h, + h; -1,
Su+S,n 12

1

J :h23'th2

o2

a=b- E,-J,
E-J +E,-J,

-23 -
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3.3.2 Kontrola potahu

e ZatiZzeni, materidlové charakteristiky

Kroutici moment MK(y)poc [Nmm] |-4 834 563,73

Posouvajici sila Ty(y)poc [N] 11 882,52
Mez pevnosti Rm [Mpa] 262
Modul pruznosti v tahu E [Mpa] 72 000

Modul pruznosti ve smyku G [Mpa] 27 000

¢  Smykové toky
Ptenos posouvajici sily:

1. Smykovy tok v hlavnim nosniku
_ Tv()’),m . (b—a)

=y b

2. Smykovy tok v pomocném nosniku
T, a

2=

Pro ptenos kroutictho momentu ve dvoudutinové konstrukci plati vztahy:

1.Bredtiv vztah

M,=2-U -q,+2-U, q,

2. Pfetvarnd podminka

ﬂ %'51_’_(%""%1_612)'}’1 ZQ2'52+QZ'53+(Qz+qzz)'hz+(¢]2_Q1_qz1)'h1
U | G-t G-t, G-t, G-t G-t, G-t,

Smykové toky byly pomoci téchto vztahti uréeny urceny:

gz1 [N/mm] | 49,24
g [N/mm]| 1,17

q: [N/mm] |-14,35
qz [N/mm] |-10,59

A) Predni dutina - ndb&zna hrana

Kontroluje se stabilita valce vepsaného do nabézné hrany zatiZeného smykem.
Dle literatury [1], tab.3.2 bylo urceno kritické smykové napéti:

ATt
[

t .. .
T, =k E- 7‘ , kde k,=073; soucinitel urceny z tab. 3.2

r =36,06mm ; polomér vepsaného valce

[ =315mm ; vzdilenost mezi Zebry
7,, =84,61MPa
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Skutecné smykové napéti

e, = TS e ampa
KT T 05
Bezpecnost
k=T 8015 o5
7, 287

B) Predni dutina - nejvétsi polomeér

1. Kontroluje se stabilita zakfivené desky zatiZené smykem
Dle literatury [1], tab.3.2 bylo urceno kritické smykové napéti:

2
o=k, E- (2]  kde k. =25 ; soudinitel ureny z tab.3.2
b = 420,5mm ; délka predni dutiny
Z',Z,A =7, +01-E- t; , kde r = 3084,6mm ; nejvétsi polomér predni dutiny
7). =3,71MPa

Skute¢né smykové napéti
7, =—28,6OMPa

Bezpecnost
— Ti — 3’7L =0,13
T, 28,69

2. Pevnostni kontrola

_05-Rm_05-262
T, 28,69

k

=4,57

C) Zadni dutina - nejvetsi polomeér

1.Kontrola na stabilitu
Obdobné jako u predni dutiny.

r =4430,22mm
b =536,5mm
7,, =3,7MPa
7, =% =719 16 20mpa
‘ t, 0,65
- Ti — j”l =0,23
Ty 16,29
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2. Pevnostni kontrola

_05-Rm_05-262 _

k =8,04
T, 16,29

3.3.3 Kontrola stojiny

e ZatiZzeni

Kroutici moment MKk(y)poc [Nmm] | -1 463 735,56
Posouvajici sila Ty(y)poc [N] 13 687

¢ Smykové toky

Shodné¢ jako u kontroly potahu byly uréeny smykové toky:

gz1 [N/mm] | 56,72
g [N/mm] | 1,35
q1 [N/mm] | -8,40
qz [N/mm] | -0,69

Vysledny smykovy tok ve stojing:
q,=q,+q,—q, =56,72-8,40+0,69 = 49,0IN / mm

1. Kontroluje se rovinnd deska zatiZend smykem
Dle literatury [1], tab.3.2 bylo urceno kritické smykové napéti:

2
t
T, =k, - E- (1;} , kde k. =10; soucinitel urCeny z tab.3.2

b =315mm ; vzdélenost mezi Zebry
7,, =33,38MPa

Skutecné smykové napéti

49,01
L= _ 0T 56 sompa
t, L27
Bezpecnost
_ T _ 33,38 087
T, 3859
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2. Pevnostni kontrola

Dle literatury [1], tab.3.7 byla ur€ena dnosnost hladké desky:

q, =638N/mm
T 08 3
q, 49,01

Pozn. V dalsich fezech bylo nutno zapogitat i vliv odleh&ovacich otvori. Unosnost desky se
potom stanovila dle vztahu:

D T «
q=q, .[1 - h]’ kde D je prumér odlehcovaciho otvoru

e

he je efektivni vySka nosniku

3.3.4 Kontrola pasnic

e ZatiZzeni

Normdlny moment Mvn(y)poc [Nmm] |23 214 993.,5
Tecny moment Mvt(y)poc [Nmm] 5127 892,54

e Sily v pasnicich
a) sila od normalného momentu

_ Mva(y),,. 232149935
" h 186,51

e

b) sila od tecného momentu

=124470,5N

_ Mvi(y),,.  5127892,54
" Rn 186,51

=9323,44N Rn = 550mm; rameno mezi nosniky

¢) vysledné sily v pasnicich

Sila od normédlného momentu zatéZuje horni pasnice na tlak a dolni pdsnice na tah.
Sila od te€ného mometu zatéZuje horni i dolni pdsnice na tlak.

Vysledné sily v pasnicich tedy budou:

N, =N, +N, =124470,5+9323,44 = 133793,94N
N, =N, —N, =124470,5-9323,44 =115147,06N

Pozn. Do plochy pésnic byl zapocitdn i lem stojiny.
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A) Dolni pésnice - pevnostni kontrola

Tahové napéti
N, 115147,06

o, = =116,43MPa
A 989
Bezpecnost
_Rm_ 262 _
o, 111643

t
B) Horni pasnice - kontrola na stabilitu

Vybereme &ést pdsnice s nejvetsi Stihlosti a dle literatury [1], tab. 2.6 odeCteme kritické
napéti.

Nejvétsi Stihlost ma lem stojiny:

b 27

= =21,26
s 1,27

Kritické napéti bylo odecteno:
o, =270MPa

Skute¢né napéti
N, 13379394
sk T - -
S 914,89

=146,24MPa

Bezpecnost

_ 0y _ 270

To, 14624

9
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3.3.5 Kontrola zavésu

A) Zavesy hlavniho nosniku

Zavésy hlavniho nosniku jsou sloZeny (stejné€ jako nosnik samotny) z nékolika profild, jak 1ze
vycist z vykrestu.Materidlem zavésu je 6061 - T6.

Pfi vypoctu postupujeme dle literatury [1], tab.4.4 .
Oko bylo kontrolovdno na utrZeni a vysmyknuti Cepu.

Rozméry oka

b [mm]|d [mm]|c[mm]]|a[mm]|h [mm]|t[mm]
Horni zaveés| 45 18 13,5 22,5 13,5 |15,195
Dolni zavés | 50 15 17,5 25 17,5 |15,195

t je celkova tloustka profilt

1. Kontrola horniho zavésu

a) na utrZeni

O'=1,15~£3Rm

1

P=N,, =13379394N

F =2-c-t=2-13,5-15195=41027mm’

o=115- 133

793,94

410,27

=375,03MPa
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Bezpecnost
_Rm _ 262 _
o 37503

b) na vysmyknuti ¢epu a roztrZzeni oka

P
o-m[ = Fz < O-pkotl

F,=d-t=18-15195=273,51mm’
O o = 301,3MPa ; bylo urCeno z tab. 4.4

o =179 _ 4g017MPa
273,51
Bezpecnost

k_ O-pkml _ 301’3 _

o, 48917

ofi

b

2. Kontrola dolniho zaveésu
a) na utrZeni

~

oc=L15-—<Rm

F
P=N,, =115147,06N
F =2-c-t=2-17,5-15195 = 531,83mm’

o=1l15- 115147,06 _ 248,99MPa
Bezpecnost
k=R 202 s

o 24883

b) na vysmyknuti Cepu a roztrZeni oka

pozn. dolni zadvés ma dvé oka, coZ se projevi na velikosti F»

O'UII—FZ—O'

pkotl

F,=2-d-t=2-15-15195 = 45585mm’
O ion =419,20MPa ; bylo ur€eno z tab. 4.4
_ 115147,06

=252,6MPa
455,85
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Bezpecnost

k _ O-pkotl _ i19,2 _

= = = 1,66
o, 2526

ot

B) Zavés pomocného nosniku

Zéavés pomocného nosniku je z jednoho kusu. Materidlem je 2024 - T3 = Rm =482 Mpa.
Slouzi pfedevs§im pro prenos tecného momentu.

Maximadlni te¢ny moment v kofenovém fezu: Mvt(y)poc = 6 400 266,10 Nmm pro kladny
obratovy piipad 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

O'=1,15-£SRm
F

1
P Mve(y) o _ 64002661
Rn 550
F, =(c, +c,)-t=(16+46)-4=248mm’

o=L15- 64002661 _ 53,96 MPa
248

=11636,83N

Bezpecnost
= Rm_ 482 s
o 5396

b) na vysmyknuti ¢epu a roztrZzeni oka

o <o

otl = FZ pkotl
F,=d t=8-4=32mm’
O ion =1086,75MPa ; bylo ureno z tab. 4.4

o= 983 G5

Bezpecnost

k _ O-pkml _ 17086’75 _

= =2,99
o, 36365
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3.4 TABULKA SOUCINITELU 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 VYSLEDKU

Z hodnot soucinitell bezpecnosti jsou patrné nizké vysledky u kontroly potahu na stabilitu.
To by mélo byt u firmy CZAW vyfeSeno vyztuZzenim potahového panelu tfemi podélniky,
které zvySuji kritické napéti.

VEtsi nepiijemnosti zpusobuji bezpec€nosti zavesu pii kontrole na utrzeni. Ty by mély byt jesté
zesileny nebo pouZit pevnéjsi materidl.
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4. VYPOCET ZATIZENI KRIDELKA

4.1 POPIS KRIDELKA

Kfidélko je zavéSeno na sedmém a devatém zebru kiidla, jeho délka ¢ini 1583mm, u kofene je
hluboké 396mm, na konci 338mm.Vykresy kfidélka lze nalézt v piilohdch.

4.2 MODEL KRIDELKA

Vytvoren v programu Catia pro snadnéjsi odecitani geometrickych hodnot.
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4.3 LINIOVE ZATIZENI KRIDELKA

Predpis stanovuje primérnou hodnotu zatiZeni po délce kiidélka:

- w NP o o
w=0,466"n, - ) n; = 4; maximdlni obratovy ndsobek zatiZeni

W = 1433 Ib; hmotnost letounu v librach
S = 133,26 sq.ft; plocha kiidla ve feetech

w=0,466-n, - W_ 0,466 -4 - 1433 =20,04{Ib/ sq.ft] = 960,08[N / m”]
S 133,26

b

Stanoveni velikosti zatiZeni v jednotlivych fezech

Prabeéh zatizeni po hloubce ma dle predpisu tvar:
re

rl

il

q

o (o—ud

qlz;v~a

— (c—a)
qZZWa 2
q9=9,%q,

Pusobisté liniového zatiZeni v jednotlivych fezech:

_a

(h

r, :a+l~(c—a)
3

:’”1'611""”2'6]2
q,t 9,
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Vysledné hodnoty

[Rez y [m] c[m] a[m] c-a[m] |q1[N/m]|q2[N/m]| g[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 - Vyslednice F | 0.770 | 0.3684 | 0.0486 ] 0.3198 | 46.66 | 153.52 | 200.18 | 0.1247
18 0.798 | 0.3662 | 0.0485 |0.3177 | 46.56 | 152.51 ] 199.07 | 0.1240
[o - zebro 0.973 1 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 1 191.68 | 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 rovnéz popisuje polohu zavésu a ovladaciho tdhla, r( je pusobisté liniového zatiZeni v
daném fezu, a je poloha osy otaceni.

Prabeh liniového zatiZzeni po délce kiidélka

250.000

200.000 -

150.000 -

q [N/m]

100.000 -

50.000

0.000 ‘ ‘ ‘ ‘
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

qu

qk

I Fy

F = (%;qk) Ly, = 16’022_ 1829) 1583 =26,20N

e=t.r, =1.1583-0528m
3 3

F,=gq, L, =216,02-1,583 =289,52N
1 1
=— L., =—-1583=0,792m
f 2 kiFid 2
F=F +F, =26,22+289,52=315,74N
Sila F je ekvivalentni liniovému zatiZeni, jeji pusobisté je dano:

F-e+F,-f 2622-0,528+ 289,520,792

F-e+F,-f=F-h=>h=
etk f F 315,74

=0,770m

Reakce v zdvésech vyplyvaji ze silové a momentové rovnovahy:

S F=0:F—F,—F,=0=F, = F—F, =315,74-14893 = 166,81N

S M=0:F,-k=F -h+F,-1=0=F, = F-(h=-k) _31574-(0,770-0,255)
I~k 1,346 0,255

=14893N
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4.5 PRUBEH POSOUVAJICI SILY A OHYBOVEHO MOMENTU

Posouvajici sila se ziskd integraci liniového zatiZeni po délce kiidélka:
b

T = [q(y)dy
0

Pii vypoctu je nutné v misté zaveést zavést reakce spoctené v predchozim odstavci.

Ohybovy moment se ziskd integraci posouvajici sily po délce kiidélka:

lkf
M, = [T(ydy
0

Vysledné hodnoty

|Rez y[m] | q[N/m]| T[N] |Mo [Nm]
1 - kofen 0.000 | 216.02| 0.00 | o0.00
o 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
s 0.798 | 199.07 | -1.12 | -23.61
[o - zebro 0.973 | 195.57 | 33.42 | -20.79
10 1.159 | 191.68 | 69.43 | -11.22
11 - zavés B 1.346 | 187.74 [ 104.91 | 5.08
11 - zavés B 1.346 | 187.74 | -44.02 | 5.08
12 1.464 | 185.30 | -22.01 | 1.18
13 - konec 1583 | 182.90 | -0.10 | -0.13
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Priibéh posouvajici sily

150.00

100.00 -

50.00 -

0.00

T[N]
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-100.00 -

0.000

-150.00

0.20(

0.400

0.600

1.000

1.200

.40

1.600  1.800

y [m]

Priibéh ohybového momentu
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0.00
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4.6 ZAVESOVY MOMENT KRIDELKA A REAKCE V OVLADACIM TAHLE
Ekvivalentni sila F vytvafi zdvésovy moment na rameni:

r=ry—a
1o.....pusobisteé po hloubce kiidélka v misté pusobiste sily F po délce kiidélka
a .....vzdalenost od nab&zné hrany po osu otdceni v misté pusobiste sily F

r=r,—a=0,1247-0,0486 = 0,076 1m
Zavesovy moment

M._ ., =F-r=315,74-0,0761=24,02Nm

zdves

Reakce v ovladacim tahle

=

r reakced

o

Frea]u:e [

Reakce ptsobi na rameni rpzy = 0,093m (odecteno z vykresu).
Reakce se stanovi z momentové rovnovahy dle obrazku:

Pl p e p  _Fr_31574-00761

reakce pdky reakce ~ 0 093
b

=259,44N

rpdk.v
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4.7 PRUBEH KROUTICIHO MOMENTU

Kroutici moment je urCen vztahem:

M = [q(y)-r(y)-dy
0

Do prubéhu kroutictho momentu je nutno v misté ovladaciho tdhla zavést zavésovy moment.

Vysledné hodnoty
[Rez y [m] | q[N/m] | rO[m] a[m] r[m] | 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 - zaveés A 0.255 1 210.59 | 0.1309 | 0.0522 ] 0.0787 4.30
4 - Ovladaci tahlo] 0.360 | 208.43 | 0.1296 | 0.0515 ] 0.0781 6.02
4 - Ovladaci tahlo] 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
18 0.798 | 199.07 | 0.1240 | 0.0485 ] 0.0755 -11.17
o - zebro 0.973 1 195.57 | 0.1219 ] 0.0472 ]| 0.0747 -8.59
10 1.159 ] 191.68 | 0.1196 | 0.0459 | 0.0737 -5.94
11 - zavés 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
Prubéh krouticiho momentu
10.00
5.00 -
0-00 T T T T T
0.000 0.200 (Q.400 0.600 0.800 1.000 1.200 1.600 1.800
E 500
>
-10.00
-15.00 |
-20.00
Mk [Nm]
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5. VYPOCET ZATIZENI VZTLAKOVE KLAPKY

Vypocet zatizeni klapky je obdobny jako u kiidélka.
5.1 POPIS VZTLAKOVE KLAPKY

Klapka je zavéSena na druhém a Sestém zebru kiidla, jeji délka €ini 2197mm, u kofene je
hlubokd 437mm, u konce potom 366mm.Vykresy klapky 1ze nalézt v prilohach.

5.2 MODEL KLAPKY

Opét vytvoren v programu Catia.

5.3 LINIOVE ZATiZENI KLAPKY
Vypocet zatizeni klapky se ur€uje pro:

e zatiZeni nahoru (tomuto piipadu se bude vénovat tento a nasledujici odstavce)
e zatizeni dold, kdy hodnota zatiZeni je rovna jedné Ctvrtin€ pii zasunutych klapkach

Pramérna hodnota zatiZzeni po délce klapky dle piedpisu:

— w 1433
=0,64-n - =0,64-4-—— =2753[b/ sq.ft] =1318,60[N / m*
w n, g 133.26 [lb]sq.ft] [N/m~]
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Priubéh zatiZzeni po hloubce ma dle predpisu tvar:

[l

3
o
=z
C
Velikost liniového zatiZeni v jednotlivych fezech
=
Pusobisté liniového zatiZeni
4

ro = 5 -C
Vysledné hodnoty
[Rez y [m] c[m] | q[Nm]| ro[m] | a[m]
1 - koien 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
8 1.1970 0.3982 787.60 0.1770 0.1269
9 - Zebro 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 rovnéZ popisuje polohu zdvésu a ovlddaciho tahla, ro je plisobisté liniového zatiZeni v
daném fezu, a je poloha osy otdceni.
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Priibéh liniového zatizeni po délce klapky

1000.000

900.000 -
800.000 -

700.000 -
600.000 -
500.000 -
400.000 -
300.000 -
200.000 -
100.000 -

0.000 ‘

q [N/m]

0.00 0.50 1.00 1.50
y [m]

2.00

2.50

5.4 REAKCE V ZAVESECH

qo
|
|
|

qk

o=@ | _(86434-72391)

2 kiid

2,197 =154,26 N
1

1
e=—-L,, = 2197=0,732m
3 3

F,=q, L, =72391-2,197 =1590,43N

1 1
f = 5 . ka'ui = 5 : 2,197 = 1,099m
F=F +F, =15426+1590,43 = 1744,7N
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Sila F je ekvivalentni liniovému zatiZeni, jeji pusobisté je dano:

Fi-e+F,-f 154,26-0,732+1590,43-1,099

F-e+F,-f=F-h=>h=
etk f F 1744.7

=1,066m

Reakce v zdvésech vyplyvaji ze silové a momentové rovnovahy:

> F=0:F-F,—-F,=0=F, =F—F, =1744,7-720,37 =1024,33N
F-(h—k) 1744,7-(1,066 - 0,4055)
I—k 2,055 —0,4055

ZM:O:FA~k—F~h+FB~l:O:>FB: =720,37TN
5.5 PRUBEH POSOUVAJICI SILY A OHYBOVEHO MOMENTU
Posouvajici sila se ziskd integraci liniového zatiZzeni po délce klapky:

lk[
T = [q(y)dy

0
Pii vypoctu je nutné v misté zaveést zavést reakce spoctené v predchozim odstavci.
Ohybovy moment se ziskd integraci posouvajici sily po délce klapky:

lk[

M, = [T()dy
0

Vysledné hodnoty

|Rez y [m] q [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 - zavés 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
l6 - zebro 0.9320 | 804.412 | -246.77 | -172.83
7 - Vyslednice F | 1.0660 | 795.907 | -139.55 | -198.71
18 1.1970 | 787.600 | -35.83 | -210.20
[0 - 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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Priibéh posouvajici sily
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5.6 ZAVESOVY MOMENT KLAPKY A REAKCE V OVLADACIM TAHLE
Ekvivalentni sila F vytvafi zdvésovy moment na rameni:

r=r,—a

1o.....pusobisté po hloubce klapky v misté pusobisté sily F po délce klapky

a .....vzdalenost od nab&zné hrany po osu otdceni v misté pusobiste sily F
r=r,—a=0,1788-0,1279 = 0,0509m

Zavesovy moment

M., =F-r=1744,7-0,0509 = 88 88Nm

Reakce v ovladacim tahle

=

r reakced

e

Frea]u:e !

Reakce ptsobi na rameni rpzy = 0,145m (odecteno z vykresu).
Reakce se stanovi z momentové rovnovahy dle obrazku:

b . g _F-r_17447.00509

reakce pdky reakce ~ 0 1 4 5
b

=612,98N

r paky
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5.7 PRUBEH KROUTICIHO MOMENTU
Kroutici moment je urCen vztahem:

IAI

My = [q(y)-r(y)-dy

Do priibéhu kroutictho momentu je nutno v misté ovlddaciho tdhla zavést zdvésovy moment.

Vysledné hodnoty

[Rez y[m] | q[Nm] | rO[m] a[m] r[m] | 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 tahlo|  0.5255| 830.52] 0.1866| 0.1321 0.0545 24.72
4 - Ovladaci tahlo|  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,
8 1.1970] 787.60] 0.1770] 0.1269] 0.0501 -36.07
|9 - Zebro 1.4620] 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

Prabéh krouticiho momentu

30.00

20.00
10.00
0.00

. 0. 1.00 1.5000 2. 2.5000
_10.0%(1300 5000 00

-20.00
-30.00
-40.00
-50.00 -

-60.00 -

-70.00
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5.8 SOUHRN VYSLEDKU PRO ZATIZENI DOLU

Jak jiz bylo feCeno, pfi vysunutych klapkdch se uvazuje zatiZeni, jehoZ hodnota je rovna jedné
Ctvrting zatiZeni pii vysunutych klapkéch.

= i 0,647, ‘;’ - i - 0,64-4-14336 = 6,88[lb/ sq. f] = 329,65[N / m]

9

A) Liniové zatiZzeni

[Rez y [m] c[m] | 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 209.51 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 -
E
Z
S 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 zdvésech

zaveés A zavés B
k [m] FA [N] I [m] FB [N]
0.4055 256.08 2.0055 180.09

C) Posouvajici sila, ohybovy moment

[Rez y [m] q [N/m] T [N] 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 | 209.509 | 86.29 | 17.56
3 - zavés 1 0.4055 | 209.509 | -169.80 | 17.56
4 - Ovladaci tahlo| 0.5255 | 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 | -34.89 | -49.68
s 1.1970 | 196.900 | -8.96 | -52.55
[o - zebro 1.4620 | 192.647 | 4266 | -48.09
10 1.7340 | 188.206 | 94.47 | -29.44
11 - zavés 2 2.0055 | 183.994 | 145.00 | 3.07
11 - zavés 2 20055 | 183.994 | -35.09 3.07
12 - konec 21970 | 180.978 | -0.14 -0.30
200.00
150.00 -
100.00 -
50.00 -
=
Z  0.00 |
= 0.0000 ).5000 1.00 1.5000 2.0ne( 2.5000
-50.00 |
-100.00
-150.00
-200.00
y [m]
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30.00
20.00 -
10.00 -
0.00 T T T /\\
'E' 10 0(60)00 0.50 1.5000 2.5000
E )
o - |
2 20.00
-30.00 -
-40.00 -
-50.00 -
-60.00
y [m]
D) Zavésovy moment, reakce v ovlddacim tdhle
Mz [Nm] | Freakce [N]
22.22 153.25
E) Kroutici moment
[Rez y [m] q[N/m] | rO[m] a[m] r [m] 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
18 1.1970 196.90 0.1770 0.1269 0.0501 -9.02
o - 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
E 0.0p00 0.50 2.5000
Z -500 |
4
=
-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.Pouzitym profilem je symetricky NACA
0012.Rozpéti VOP je 2950mm, konstantni hloubka ¢ini 899mm, pficemz hloubka
stabilizitoru je 541mm, vySkového kormidla potom 358mm.Vzdélenost od ndbéZzné hrany
vySkového kormidla po osu otd€eni je 40mm.

6.2 LINIOVE ZATIZENI VOP

Vypocet VOP se urcuje pro:
e zatiZzeni nahoru a doli(tomuto piipadu se bude vénovat tento a nasledujici odstavce)

® nesymetrické zatiZeni, kdy na jedné strané¢ VOP je 100% zatiZeni, na druhé strané
65%

Pramérna hodnota zatiZeni po délce VOP dle predpisu:

w=48+0534-n,- V;/ =4,8+0,534-4- 1134;3236 =27,77[Ib/ sq.ft] =1330,09[N /m*]

b

Prabeh zatizeni po hloubce ma podle predpisu tvar:

gsi Jo gV
!

%

i ‘
=
¥
— = P PR © N v e
Seuveennne hloubka stabilizitoru
Qe vzdélenost od ndbe&Zné hrany vyskového kormidla po osu otadceni
A2 vyskové kormidlo za osou otdceni

Velikost liniového zatiZeni v jednotlivych fezech

q,=w-

(SR
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q,=Ww

q, =w-

(SIS

Celkové zatiZeni vySkového kormidla je dano:
qw =4, %4,

Celkové zatiZeni vodorovnych ocasnich ploch je:
9=4,%t4.%4q,

Vzhledem k tomu, Ze hloubka VOP je konstantni, ma liniové zatiZeni po rozpéti obdélnikovy
prubéh.

Vysledné hodnoty
Cela
Stabilizator Vyskové kormidlo VOP
|Rez y[m] |s[m]|a[m] | v[im] | gs[N/m] |ga [N/m]J qv [N/m] |qvk [N/m]|q [N/m]

kofen 0.000 | 0.541 | 0.040 | 0.318 359.79 53.20 | 211.48 | 264.69 |624.48
konec 1.475 1 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

Posouvajici sila se ziskd integraci liniového zatiZeni po délce polorozpéti VOP:

Lyop /2

T= [q(ydy

0

Ohybovy moment se ziskd integraci posouvajici sily po délce polorozpéti VOP:
Lyop 12

M, = [T(ydy

o
0
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Priibéh posouvajici sily

1000.00
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100.00 -

0.00 ‘ ‘ ‘ ‘ ‘

0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600

TIN]

y[m]

Priibéh ohybového momentu

800.00

700.00 -
600.00
500.00 -
400.00 -
300.00 -

Mo [Nm]

200.00 -
100.00 -

O-OO T T T T
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600

y [m]

6.4 REAKCE V ZAVESECH VYSKOVEHO KORMIDLA

Pfi vypoctu postupujeme shodné jako u kiidélka nebo klapky a reakce jsou ureny pomoci
silové a momentové rovnovahy s ekvivalentni silou liniového zatiZeni F.

ProtoZe ma liniové zatiZeni obdélnikovy prubéh, lezi ekvivalentni sila F v poloviné
polorozpéti. Zavesy jsou umistény ve vzdélenosti 0,075m a 1,475m (na konci) od kofene.

F =qy - Lyop

F,=F-F,
h—k

_p =R

(I-k)

Vyslednice liniového zatizeni zavés A zavés 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 SILY A OHYBOVEHO MOMENTU VYSKOVEHO
KORMIDLA

Posouvajici sila je ddna integraci liniového zatiZzeni vySkového kormidla po polorozpéti, opét
je nutno zavést v misté zaveésu reakce :
Ly 12

T= [qu(»dy
0

Ohybovy moment se ziskd integraci posouvajici sily po délce polorozpéti:

Lyg 12
M, = [T(ydy
0
Vysledné hodnoty
[Rez yim] [qVK[N'm]| 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 0.075 264.69 -185.81 0.74

3 0.185 264.69 -156.70 | -18.09
4 0.370 264.69 -107.73 | -42.55
|5 0.555 264.69 -58.76 -57.95
[6 - Vyslednice F 0.738 264.69 -10.46 -64.27
7 0.925 264.69 39.17 -61.58
18 1.110 264.69 88.14 -49.80
o 1.295 264.69 137.11 -28.97

10 - konec (zavés)| 1.475 264.69 184.75 0.00
10 - konec (zavés)| 1.475 264.69 0.00 0.00

Priibéh posouvajici sily

250.00
200.00 -
150.00 -
100.00 -
50.00 -
0.00 +—] | | |
50.08-000 |  0.200  0.400 0.800  1.000 1.200  1.400  1.600
-100.00 |
-150.00 |
-200.00 |
-250.00

T [N]

y [m]

-54 -



Martin Svétlik Letecky ustav

Priibéh ohybového momentu

10.00

0.00 ‘ ‘ ‘
0.200

0.000
-10.00 -

0.400 0.600 0.800 1.000 1.200 1.40, 1.600

-20.00 -

-30.00 -

Mo [Nm]

-40.00 -

-50.00 -

-60.00 -

-70.00
y [m]

6.6 ZAVESOVY MOMENT VYSKOVEHO KORMIDLA A REAKCE V
OVLADACIM TAHLE

Ekvivalentni sila F vytvafi zdvésovy moment na rameni:
r=ry,—a
1o.....pusobisteé po hloubce klapky v misté pusobisté sily F po délce vyskového kormidla

a .....vzdalenost od nab&zné hrany po osu otdceni v misté pusobiste sily F

_1/2-a-q,+(@a+1/3-v)-q,
qd+q\/

Ty

Zaveésovy moment

M =F-r

zdves

Reakce v ovladacim tahle

M. .
=% kde rameno paky rpsy = 0,053m

reakce

P paky
F [N] r0 [m] a[m] r [m] Mz [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 urCen vztahem:

Lyop /2
M= [q()-r(y)-dy
0

Do pribéhu kroutictho momentu je nutno v misté ovladaciho tdhla zavést zavésovy moment.

Vysledné hodnoty

[Rez y[m] | q[N/'m] | rO[m] a[m] r[m] | Mk [Nm]
1 - kofen 0.000 264.69 0.121 0.040 0.081 0.00
2 - zaves, tahlo 0.075 264.69 0.121 0.040 0.081 1.60
2 - zaves, 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
o 1.295 264.69 0.121 0.040 0.081 -3.84
10 - konec (zavés)| 1.475 264.69 0.121 0.040 0.081 0.00

Prubéh kroutictho momentu

5.00

0.00 +—1 ‘ ‘ ‘ |
508.goo 0200 0.400 0600 0.800 1.000  1.200 400  1.800

-10.00 |
-15.00 -

Mk [Nm]

-20.00 -
-25.00 -

-30.00 -

-35.00

y [m]
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6.8 SOUHRN VYSLEDKU PRO NESYMETRICKE ZATIiZENI

Liniové zatizeni ma dle pfedpisu prubéh po hloubce:

(/b Bt =} d ot Y -
ql
i q14
=
T ? qZ ? q3
y I =
]
- C -

d........ hloubka zbyvajici €asti stabilizdtoru za ¢tvrtinovou hloubkou VOP
Veeeonns hloubka vySkového kormidla
6.8.1 100 % zatiZeni na jedné strané
A) Liniové zatiZeni

Stabilizator VK Cela VOP
|I5{ez y[m] |c/4[m]jd[m]]| v[m] | g1 [N/m]| g2[N/m]| qs[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
Ikonec 1.475 0.225]10.316] 0.358 | 747.34 309.52 1056.86 112.29 | 1169.15
B) Posouvajici sila a ohybovy moment celé VOP
[Rez y [m] q [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 0.735 1169.15 | 865.17 320.11
6 0.920 1169.15 | 648.88 180.06
7 1.105 1169.15 | 432.59 80.03
18 1.290 1169.15 | 216.29 20.01
[o - konec 1.475 | 1169.15| 0.00 0.00
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C) Reakce v zavésech vyskového kormidla

Vyslednice liniového zatizeni

zavés A

zavés B

F[N]

h [m]

k [m]

FA

I [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 kormidla

[Rez y [m] q [N/m] T [N] Mo [Nm]
1 - kofen 0.000 112.29 0.00 0.00
2 - zaveés, tahlo 0.075 112.29 8.42 0.32
2 - zaveés, 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 - vysiednice F | 0.738 | 112.29 | -4.44 | -27.27
7 0.925 112.29 16.62 -26.12
18 1.110 112.29 37.39 -21.13
o 1295 | 112.29 | 58.17 | -12.29
10 - konec (zavés)| 1.475 112.29 78.38 0.00
10 - konec (zavés)| 1.475 112.29 0.00 0.00
100.00
80.00 -
60.00 -
40.00
20.00 -
Z  0.00 ' | | |
F 5006000 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 | | | |
0.000 0.200 0.400 0.600 1.600
-5.00 -
g-moof
2 -15.00 |
-20.00 -
-25.00 -
-30.00
y[m]

E) Zavésovy moment a reakce v ovlddacim tdhle

F [N]

r0 [m]

a[m]

r [m]

Mz [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 vy§kového kormidla

[Rez y[m] | qIN'm] | ro[m] a[m] rim] | 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 0555 | 11229 | 0.119 | 0.040 0.079 -8.20
6 - Vyslednice F | 0.738 | 11229 | 0.119 | 0.040 0.079 -6.57
7 0925 | 112.29 | 0.119 | 0.040 0.079 -4.90
8 1110 | 11229 | 0.119 | 0.040 0.079 -3.25
0 1295 | 112.29 | 0.119 | 0.040 0.079 -1.60
10 - konec (zavés)| 1.475 | 112.29 | 0.119 | 0.040 0.079 0.00
2.00
0.00 , —
00000 0200 0400 0600 0800  1.000  1.200 400  1.800
. -4.00 |
3
Z -6.00
X
= 800
-10.00
-12.00
-14.00

y [m]
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6.8.2 65 % zatizeni na druhé strané

A) Liniové zatizeni

Stabilizator VK |Cela VOP
[Rez y[m] |c/4A[m]| d[m] | v[m] | q1 [N/'m] | g2 [N/m] | gSs [N/m] |qVK [N/m]| q [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 [m] 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 0.735 777.24 575.16 212.81
l6 0.920 777.24 431.37 119.70
7 1.105 777.24 287.58 53.20
18 1.290 777.24 143.79 13.30
[o - konec 1475 | 77724 | 0.00 0.00
1400.00
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1000.00 |
— 800.00 |
2
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400.00 |
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C) Reakce v zavésech vyskového kormidla

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

D) Posouvajici sila a ohybovy moment vyskového kormidla

[Rez y [m] q [N/m] T[N] |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 0370 | 82.17 | -33.44 | -13.21
[5 0555 | 82.17 | -18.24 | -17.99
6 - vysiednice F | 0.738 | 82.17 | -325 | -19.95
7 0925 | 8217 | 12.16 | -19.12
s 1110 | 8217 | 27.36 | -15.46
o 1295 | 8217 | 4256 | -8.99
10 - konec (zavés)| 1.475 82.17 57.35 0.00
10 - konec (zavés)| 1.475 82.17 0.00 0.00

80.00
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40.00 -

20.00 -

0.00

TN]

20084 0.200 0.400 0.800 1.000 1.200 1.400 1.600
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5.00
0.00 | | | |
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E) Zavésovy moment vySkového kormidla a reakce v ovlddacim tdhle
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 vySkového kormidla
[Rez y [m] q[N/m] r0[m] a[m] r [m] 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 0.925 82.17 0.119 0.040 0.079 -3.59
18 1.110 82.17 0.119 0.040 0.079 -2.38
o 1.295 82.17 0.119 0.040 0.079 -1.17
10 - konec (zavés)| 1.475 82.17 0.119 0.040 0.079 0.00
2.00
0.00 \ \ \
0.000 0.200 0.400 0.600 0.800 1.000 1.200 .400 1.600
-2.00
E
£ -4.00 -
4
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7. ZAVER

Cilem této diplomové prace bylo vypocitat zatiZzeni ¢asti draku a provést pevnostni
kontrolu kiidla obojzivelného letounu Mermaid poté, co behem féze vyvoje prosla
jeho konstrukce a celkovy vzhled jistymi zménami.Vysledky z pevnostni kontroly
ktidla jiz byly stru¢né¢ shrnuty na konci kapitoly 3.Vy¢nivaly obzvlasté nizké hodnoty
souCiniteli bezpecnosti pii kontrole potahu na stabilitu a bezpe¢nost zavési hlavniho
nosniku pii kontrole na utrzeni.Pii vypoctu zatiZeni kiidélka, vztlakové klapky ¢i
vodorovnych ocasnich ploch byly ziskdny pribehy posouvajici sily, ohybového a
kroutictho momentu a uréeny sily v zdvésech a v fizeni pro jednotlivé
piipady.Nesymetricky piipad zatiZzeni u vodorovnych ocasnich ploch bude rozhodujici
pro pripojeni stabilizdtoru k trupu.
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8. SEZNAM POUZITYCH ZDROJU

[1] J.Ctverdk, V.Mertl, A.Pisték: Soubor podkladd pro pevnostni vypoéty leteckych
konstrukci

[2] V.Mertl: Konstrukce a projektovani letadel

[3] A Pistek, O.Grégr, V.Kahdnek, R.Bohm: Pevnost a Zivotnost letadel 1
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9. SEZNAM POUZITYCH ZKRATEK A SYMBOLU

a [m]

c [m]

vl (-]

Cm [']

F [N]

g [m/sz]
G [ke]

Ix [kg m2]
k [-]

1 [m]

L [N]

m [ke]
My [Nm]
M, [Nm]

n [-]

Np [N]

q [N/m]
ro [m]

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

Va [km/h]
Ve [km/h]
VD [km/h]
VF [km/h]
W [N/m?]
W [1b]

O [°]

p [kg/m’]
c [MPa]
T [MPa]

poloha osy otdceni

hloubka plochy

soucinitel vztlaku

soucinitel klopivého momentu
sila

tthové zrychleni

tiha letounu

moment setrvacnosti
bezpecnost

rozpéti

vztlakova sila

hmotnost letounu

kroutici moment

ohybovy moment

nasobek zatizeni

sila v pasnicich

spojité (liniové) zatiZeni
pusobisté liniového zatiZzeni
plocha kiidla

posouvajici sila

obratova rychlost

cestovni rychlost

rychlost sttemhlavého letu
rychlost s vysunutymi vztlakovymi klapkami
prumérnd hodnota zatiZzeni po délce plochy
hmotnost letounu

vychylka ktidélka

hustota ovzdusi

normélové napéti

smykové napéti
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10. SEZNAM PRILOH

PRILOHA 1 Hodnoty a prabéhy zatizeni kiidla pro jednotlivé piipady
PRILOHA 2 Vykresova dokumentace ( v samostatnych deskéch)
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PRILOHA 1

Hodnoty a pribéhy zatiZeni kiidla pro jednotlivé piripady

PRIPAD 1

Bod A obalky

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

Vzdu$né zatiZeni - posouvajici sila, ohybovy moment

y [m] c[m] cln [] clo[] ckr[-] | cl(y)[-] [ qa(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 setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment
y [m] c[m] |aG1(y) [N/m]| gG(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
4178 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 -4.1441 -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

-1-
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Vysledné zatiZeni - posouvajici sila, ohybovy moment
(ohybovy moment je jiZ rozloZen do normélové a teCné slozky)

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
4178 | 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
Vzdus$né zatiZeni - posouvajici sila, ohybovy moment
y [m] ¢ [m] cln [] clo [] clkr[-] | cl(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
4178 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 setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment

y c qG1(y) | aG(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 -4616 | -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 zatiZeni - posouvajici sila, ohybovy moment

y T(y) Mon(y) | Mot(y) | TG(y) |MoG(y) | Tv(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 25.732 -1.287 | -3.253 | -0.415 | 238.382 25.318 -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




Martin Svétlik

Letecky ustav

PRIPAD 3

Bod G obalky

normalné zatizeni dold, n = -2
tecné zatiZeni dopfedu, n = 0,4

Vzdu$né zatiZeni - posouvajici sila, ohybovy moment

y [m] ¢ [m] cin [] clof-] | clkrl] | cl(y)[] | q(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 setrvacn

ych sil - posouvajici

sila, ohybovy moment, kroutici moment

y c qG1(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 1113 | -3.457 | 7.053 3.810 1.070 0.618
3.977 1135 | -3595 | 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 | 8.911 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 | -5486 | 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 zatiZeni - posouvajici sila, ohybovy moment

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 2617 | 0.517 | -258.683 | -42.294 8.459
4178 | -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 (rychlost vg)
. normalné zatiZeni nahoru, n =2
. te¢né zatizeni dopredu, n =1
Vzdu$né zatiZeni - posouvajici sila, ohybovy moment
y [m] c[m] cln [-] clO [-] clkl[-] |clkr[-]| cly)[-] |q(y)[N/m]| T(y)[N] [Mo(y) [Nm]
4.750 1.050 0.000 0.000 0.000 1.243 0.000 0.000 0.000 0.000
4.734 1.052 0.203 -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
4.605 1.066 0.541 -0.025 -0.328 | 1.243 0.319 314.885 30.333 1.824
4.493 1.078 0.669 -0.030 -0.395 | 1.243 0.406 405.908 70.697 7.482
4.350 1.094 0.772 -0.032 -0.438 1.243 0.489 495.974 | 135.182 22.202
4.178 1.113 0.853 -0.033 -0.453 1.243 0.574 591.845 | 228.734 53.499
3.977 1.135 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
3.495 1.188 0.999 -0.024 -0.207 | 1.243 1.010 | 1111.966 | 786.529 | 382.742
3.217 1.218 1.025 -0.019 0.216 1.243 1.471 1660.045 | 1171.838 | 654.955
2.918 1.251 1.044 -0.013 0.387 1.243 1.671 1936.808 | 1709.568 | 1085.725
2.598 1.286 1.056 -0.006 0.454 1.243 1.760 | 2097.092 | 2354.992 | 1736.054
2.261 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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Zatizeni od setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment
y c qG1(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
4178 1.113 -3.457 -7.731 -4.176 -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 | -38.731 -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 zatiZeni - posouvajici sila, ohybovy moment
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
4178 | 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 | 171172 | -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
2918 |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 obdlky na jedné stran¢ kiidla a 75% zatiZeni na druhé

strané kridla

a) 100%

Vzdu$né zatiZeni - posouvajici sila, ohybovy moment
y [m] ¢ [m] cln [] clO [-] clkr[-] | cl(y)[-] | aly)[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 | 10452.835|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

b) 75%

Vzdu$né zatiZeni - posouvajici sila, ohybovy moment
y[m] ¢ [m] cin [-] clO[-] | clkr[] | 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 obdlky na kazdé strané€ kiidla a torzni zatiZzeni od plné

vychylky ktidélka

a) vychylka dola

Vzdus$né 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 | 1135 | 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
2918 | 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
Vzdus$né zatiZeni - kroutici moment

cmO(y) [-]| em(y) [-] | aMk(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 setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment

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 | -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
4178 | 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 zatiZeni - posouvajici sila, ohybovy moment

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 3.856 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
4178 | 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 aeroelastické ose

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

4178 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
Vzdu$né 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 11135 | 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

-10 -
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Vzdusné zatizeni - kroutici moment

cmO(y) | cm(y) qMk(y) Mk(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

ZatiZeni od setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment

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
4178 | 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
2918 | 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
1.542 | 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 | 1.450 | -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 zatiZeni - posouvajici sila, ohybovy moment

S12 -

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 -4.524 | -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 72.566 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
2918 | 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 aeroelastické ose

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

4178 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% zatiZzeni bodu D obalky na kazdé strané kiidla a torzni zatiZeni kfidélka
vychyleného na 1/3 plné vychylky

a) vychylka dola

Vzdu$né 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 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 0172 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
4493 | 1.078 | 0.669 | -0.030 |-0.028 | 0.123 0.377 0.317 | 1406.877 | 246.062 25.930
4350 | 1.094 | 0.772 | -0.032 |-0.032| 0.142 0.377 0.368 | 1655.562 | 465.026 76.773
4178 | 1.113 | 0.853 | -0.033 |-0.035| 0.154 0.377 0.408 | 1866.144 | 767.893 182.804
3.977 1 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
3217 | 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 | 1.3283 | 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 | 1450 | 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) Mk(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 setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment

y c qG1(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 |-16.844 | 0.000 0.000 0.000
4734 |1 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
4.350 | 1.094 | -3.340 0.015 7653.838 | 2514.451 | 3.044 | -17.870 | -6.942 -1.376 -1.116
4178 | 1113 | -3.457 0.015 7653.838 | 2514.451 | 3.044 |-18.312|-10.054| -2.837 | -1.631
3.977 | 1135 | -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
2918 | 1.251 | -4.368 0.015 7653.838 | 2514.451 | 3.044 |-21.426 | -35.104 | -30.892 | -6.079
2.598 | 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 zatiZeni - posouvajici sila, ohybovy moment

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 3.028 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 -2469 | -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 | -18.785 | -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 aeroelastické ose

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

4178 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
Vzdu$né 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 | 0.377 | 0.000 0.000 0.000 0.000
4734 1 1.052 | 0.203 |-0.010| -0.005 | -0.026 | 0.377 | 0.036 157.402 1.259 0.010
4685 | 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
4493 | 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 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
2918 | 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 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) aMk(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 setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment

y c qG1(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
4.685 | 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
4.493 [ 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
4178 [ 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
2918 | 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
1.542 | 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 zatiZeni - posouvajici sila, ohybovy moment
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y T(y) Mon(y) Mot(y) TG(y) | MoG(y) | Tv(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 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
2918 | 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 aeroelastické ose

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

4178 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

2918 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 21179
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PRIPAD 8
Kladny obratovy piipad bodu A obdlky, n =4

Vzdu$né zatiZeni - posouvajici sila, ohybovy moment

y c cln clo clkr cl(y) q(y) T(y) Mo(y)
4.750 1.050 | 0.000 0.000 1.590 0.000 0.000 0.000 0.000
4.734 1.052 | 0.203 -0.010 1.590 0.312 427.773 3.422 0.027
4.685 1.057 | 0.386 -0.019 1.590 0.594 818.146 33.947 0.943
4.605 1.066 | 0.541 -0.025 1.590 0.835 1159.275 113.044 6.823
4.493 1.078 | 0.669 -0.030 1.590 1.034 1451.729 259.260 27.672
4.350 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
1.542 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 | 1177
-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
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ZatiZeni od setrvacnych sil - posouvajici sila, ohybovy moment, kroutici moment
y c qG1(y) qG(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
4178 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
2918 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 zatiZeni - posouvajici sila, ohybovy moment
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
4.350 | 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
2918 | 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 zatiZeni - kroutici moment k aeroelastické ose

y c Mk(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

Pribéhy zatiZeni:

- tenkd Cara se symbolem = ptipady zatiZeni dle predpisu F2245-04 (&islo urcuje celkovy

ndsobek ziskany souctem ndsobku v normélovém a teCném smeéru)

s Yz

- silnd ¢ara = dalsi pripady zatiZeni
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