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Zadani bakalarskeé prace

Mechanismus vztlakové klapky kridla
Provedte resersi moznych konstrukcnich reseni vztlakové klapky kridla
Seznamte se s metodami reseni kinematiky a dynamiky mechanismu
Sestavte matematicky model pro jeden typ mechanismu

s e

Programy KRESIC a DRESIC vyreste pohyb mechanismu a navrhnéte
parametry pohonu



Pfehled mechanismu vztlakovych klapek
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Vybrany mechanismus — Fowlerova klapka

Patent US8844878B2 a EP2178748B1




Kinematicky model Fowlerovy klapky

O Pocet stupn volnosti

Kinematické schéma 3
n=3-(u—1)—Z(wj-j)
j=1

n=3-6-1)—-7-2=1°

Pocet nezavislych smycek

l=d+m—-u+1

=28

~ PfidruZeny graf [=7+0-6+1=2




Vektorova metoda pro reseni kinematiky

Uzavrené vektorové mnohouhelniky

Zvolené vektory pro dané smycky

by, b,,bs, by, be, b, b, a bg
Zvolena nezavisla souradnice 3,

/volené zavislé souradnice

ﬁB’ :B4 JIBS a :86

Podminky uzavrenosti vektorovych mnohouhelnikt
b1+b2+b3+b4=0

b4+b5+b6 +b7+b8=0



Vazbové podminky pro reseni kinematickych uloh

Poloha

Rychlost

x: by cos(B1) + b, - cos(B,) + by - cos(f3) + by - cos(B,) =0

y: by - sin(By) + by - sin(B,) + b3 - sin(B3) + b, - sin(By) =0
x: by - cos(By) + bs - cos(Bs) + bg - cos(Bg) + b, - cos(B,) + bg - cos(Bg) =0
y: by - sin(By) + bs - sin(Bs) + bg - sin(Bg) + by - sin(B,) + bg - sin(Bg) =0

x: —by - sin(B,) - B2 —bs- Sin(Bs) - B3 —by- sin(By) - B = 0

i +by - cos(By) - Bz +bs- cos(B3) - B3 +ba- cos(By) - B =0
X: —by - sin(By) - By —bs* sin(Bs) - fs —be* sin(Bs) - Bs —b7+ sin(By) - fa = 0
y: by - cos(Bs) - Bs +bs- cos(Bs) - Bs +be- cos(Bs) * B +b7 cos(By) - Bs = 0



Vazbové podminky pro reseni kinematickych uloh

Zrychleni

x: —by - os(By) - 2% —by- sin(By) - fz  —bs- cos(Bs) - Bs% —bs- sin(Bs) - fz —bs- cos(By) - Ba® —bs- sin(By) - fy = 0
y: —by - sin(B,) - B, +by- cos(By) - fr —bs- sin(Bs) - B3 +by- cos(Bs) - s —bs- sin(By) - Bs? +bs- cos(By) - fy = 0

x: by - c05(By) - B —by: sin(By) - i —bs- cos(Bs) - Bs* —bs- sin(Bs) - s —be- co5(Be) - Bs” —be- sin(Be) - B —bs
. COS(.B4) ',342 —b;- Sin(,[>’4) ,34 =0
y: —by - Sin.(ﬁél) ',342 +by COS(,B4) ,34 —bs- Sin(ﬁs) '.Bgz +bs- COS(ﬁs) ﬁs —be- Sin(ﬂe) ',3;2 +bg- COS(ﬁe) ,36 —b;
- Sin(By) - Ba” +b7- cos(By) - fy = 0



J2

Redeni ulohy polohy

" —b3 - sin(f3)

+b5 - cos(B3)
0

0

—b, -

f(z,q) =0

), - Az® + £(z0,q) = 0

(1) = Z(+1) 4 () Az ()

—by - sin(f,)
+b,- cos(Bs)

0
0

—bs + sin(fs)

0
0

—bg + sin(Bs)

+b, - cos(fs) + by -cos(Bs) +bs:-cos(Bs) +bg:cos(fg).

sin(B,) — by - sin(B,)
—b, - sin(B,)]
J, = |+h2 - cos(Bz)
1 0
0




Redeni Ulohy rychlosti a zrychleni

A4

Reseni rychlosti
Jz 2+ ]q +q=20

Redeni zrychleni

]z'i+]q'q+iqz:0

—b, - cos(By) - .32 — b3 - cos(f3) - ,33 — by - cos(By) - ,34
—b, - sin(f;) - ,32 — bs - Sm(ﬁs) ,33 — by - sin(By) 34

( by - c0S(Ba) = by - cOS(Ba)) + Ba® — bs + c0 5(Bs) - Bs>— b  cos(Be) * B’

(=ba - sinBa) = by - SinCBR) - Ba? = bs - 5in(fs) - Bs”— b - Sin( ) - fs”




vSSX —

I'ss = b; + by + b; + Xs1 + ¥s71

Xs. = by - cos(f1) + by cos(By) + by - cos(Bs) + xs57 - c0S(Bs) —ysr- Sin(Ps)
Vs, = by - sin(B1) + by - sin(By) + by - sin(B,) + xs7 - sin(Ps) +ysr- cos(Ps)

—by - sin(B,) '54 —b;- sin(B,) - 34 — Xs7 * Sin(fs) ‘.35 —Ys7+ cos(fs) ‘.35

Vs.y = +by - cos(By) - By +b7- cos(By) - By + xs7 - c0s(Bs) - Bs —ysr+ sin(Bs) - Ps

aS5x

= —by - COS“(,B4) ',Bz.tz —by- Sl’n(,.342) - s —by- COS(,BLL)"’ :84.12 —bs: .2 .
+ Sin(By) * Pa — Xs7 - c0s(Bs) * Bs — x5 * sin(Bs) + Bs +ysre sin(Bs) + fs — ysr + cos(Bs) * Ps

as.y

= ~by - sin(Bs) - fs” +by: cos(By) - B by sin(Bs) - fs” +by B )
+c0S(By) * P4 — xs57 - Sin(Ps) - fs + xs7 - cos(Ps) - fs —ysr- cos(Ps) - fs — ys7 * Sin(Ps) « Ps



p [rad]

b [m] a

Vystupni grafy z program KRESIC

] o Animace
Zamvisle souradnice jako funkce casu
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Vypocteno z rovhomeérného otacivého pohybu télesa 2 okolo bodu A

0.8




Y [m]

0.1F

0F

D1k

02k

D3

04

Animace pohybu mechanismu
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Dynamicky model Fowlerovy klapky — prima uloha

Rovnice pro vypocet dynamické ulohy
Ma=DR+Q Sila -> pohyb

a=V,-Z+Vy-q+ag,

]z'i+]q'q+iqz=0

M -D 0, 0, 'l‘;' Q
I 03 -V, —Vg|.|5|=ag
0, Os J2 ]q q _iqz




Schémata pro popis stredi hmotnosti




Rovnice pro popis pohybu stfedu hmotnosti a
uhlovych veli€in télesa 6

Xs, = —by - cos(Bz) — bz - cos(B3) + bs - cos(Bs) + by - cos(By) + tg - COS(ﬁe)

Vs, = —by - sin(B;) — bs - sin(f3) + bs - sin(fs) + b7 - sin(f,) + tg - sin(Bs)
as = Po
Vs x = +by - sin(f;) + B2 + b3 - sin(B3) - B3 — bs - sin(Bs) - fs — by - sin(By) - P4 — ts - sin(Bs) - Po
Vs,y = —b, - cos(f;) - B2 — bz - cos(B3) - B3 + bs - cos(Bs) - Ps + by - cos(By) - Bu + tg - c0s(Be) - Pe
dg = ﬁ.6
s, x

= +b - cos(B) - Bo” +by- sin(By) - By +bs- cos(Bs) - Bs” +bs- sin(Bs) - 5 ~bs: cos(Bs) - s” —bs
- 5in(Bs) + Bs —bs- cos(Bs) - Ba® —b7+ sin(Bs) - B —te- cos(Bs) - Be* —te- sin(Be) - Bs

aS6y . . .
= +by - sin(B,) - Bo” —bz- cos(By) - 2 +bs* sin(Bs) - B3” —bs+ cos(B3) - B3 —bs: sin(Bs) - Bs” +bs
- €05 (Bs) * Bs —b7+ sin(Ba) - Ba” +bs+ cos(Ba) - Bu —tg sin(Be) - Bs +te* c0s(Be) - B

de = Ps



Schémata uvolnénych téles pro sestaveni
Newton-Eulerovych rovnic
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Uvolnénim téles a sestavenim Newton-Eulerovych
rovnic — priklad na télese 5

o ZRkwL

MsAsy = —Rgy + Rpy — Fy - cos (@) + F, - sin(@p)
Msasy, = —Rgy + Rpy + F - sin (@p) + F, - cos (pp) —ms - g

Isssas

= —Rgy * tsx - Sin(Ps) +REy' tsy * COS(Bs) —Rpy - tsy cos(fs) _REy' tsy * sin(fs) —Rpy* (Is — th) .

- sin(Bs) +Rpy (Is — tg,) - c0s(Bs) +Rpy tsy - cos(Bs) +Rpy- tsy - sin(Bs) + (Fy - cos (6) —F,- sin(98)) - (Vr
- tSy) — (F¢ + sin (6) + E, - cos (6)) + (tsx — XF)



Prubéh aerodynamickych sil ve slozkach
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Dynamicky model Fowlerovy klapky pro inverzni
ulohu

J2 2+ ])q 4= gz Pohyb -> sila
[a—V,-Z—-V,-q=ag

Ma — DR — kM, = Q

=0
- a4 _ -
I 0 0 -V, V| |y |_|2
O O O ]Z ]q Z _iqz
0O O 0 0 I 1 1]gq L0




M2 [Nm]
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Prubéh vysledné silové dvojice vypoctené
z inverzni dynamické ulohy

Casow prubeh potrebne silove dvojice M2

Zakladni parametr pohonu
je kroutici moment
potrebny pro  vysunuti
klapky. Pro nas pripad musi
byt kroutici moment
alespon 1000Nm.



Spojeni primeé a neprimé dynamické ulohy pro

overeni hnaci silové dvojice

Vysledky integrace - nezavisla souradnice a nezavisla rychlost jako funkce casu
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Zaver

Postupné byly splnény vsechny cile bakalarské prace

. Vypracoval jsem resersi riznych konstrukénich reseni vztlakové klapky
kridla

. Seznamil jsem se s metodami reseni kinematiky a dynamiky
mechanismu

. Sestavil jsem matematicky model pro Fowleriv mechanismus

4. S pomoci programu KRESIC a DRESIC jsem vyresil pohyb mechanismu
a navrhnul parametry pohonu



Dékuji Vam za pozornost



