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Uvod - 1/3

Trup letelice je visenamenska komponenta:

@ Obezbedivanje prostora za posadu, putnike, teret, ostale
komponente. ..

Zadovoljavajuée aerodinamicke karakteristike,
Zastita unutradnjih elemenata,

NoZenje krila (uzgonskih povr¥ina), motora, stajnih organa. ..

Prenos i pouzdano podnosenje optereéenja (uprkos svim
otvorima koji postoje u strukturi trupa),

v
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Uvod —2/3

Pri dizajnu trupa letelice treba voditi racuna o:

1. Prostoru za svakog putnika,

2. Pomo¢nim prostorijama narodito kod veéih aviona,

3. Pravilnom rasporedu i uredenju pilotske kabine,

4. Obliku i veli€¢ini vetrobranskih staklenih povrsina,

5. Evakuacionim izlazima,

6. Sistemima koji prolaze kroz strukturu trupa (kontrole,
elektri¢ni, kiseonitki),

7. Lakom pristupu odeljcima za teret,

8. Strukturalnim ojadanjima. .. @ﬁ
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Tipi¢ni oblici

T Lemp I‘cabin T wad >

L
T 2300 to 335
Dy, D
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DuZina trupa — prva procena — 1/8
Trend za letelice sa jednim motorom:

LFr=0.538-b+1.66
Trend za letelice sa dva motora:
L =1.224-b—5.76

gde je b — razmah krila letelice. Relativno rastojanje od nosa trupa
(bez elise) do teZidta letelice Xog = Xog/LF za avione sa jednim i
sa dva motora:

Xegy = 0.31(£0.022), X € (0.286,0.355),

Xcgz = 0.385(+0.023), Xng € (0.349,0.418) @ﬁ
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DuZina trupa — prva procena — 2/8

L

F
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DuZina trupa — prva procena — 3/8
@ PoloZaj tezista u odnosu na vrh nosa se odreduje:

Xcg = )_<cg . LF

Dalje projektovanje trupa — “od iznutra ka spolja” (trup treba
da obuhvati sve unutrasnje komponente).

Voditi se principom minimalne okvasene povrsine.
Izbegavanje otcepljenja strujanja.

Princip minimalne mase.

Analiti¢ki izrazi za definisanje unutradnjosti kabinskog prostora
nisu dovoljno pouzdani, neophodno je ruéno komponovati N
kabinski prostor! %
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DuZina trupa — prva procena — 4/8

Na nasem primeru ultralakog aviona teZine W, = 4630 N, povrsine
krila S = 11.35 m?, vitkosti & = 7.68:

@ razmah krila je b=+vVS - R =9.34m,
@ duZina trupa je L = 0.538- b+ 1.66 = 6.68 m,

@ poloZaj tezista u odnosu na vrh nosa je
Xeg = Xeg - L = 2.07 m.
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DuZina trupa — prva

% primer - trup
clear all, clc

procena — 5/8

% ulaz

Wo = 4630; % tezina, [N]

S = 11.35; % povrsina krila, [m~2]
AR = 7.68; % vitkost krila, [-]

b = sqrt(S*AR); % razmah krila, [m]

c = 1.23; % tetiva krila, [m]

% duzina trupa, prva procena

Lf = 0.538%b + 1.66;

disp(’Duzina trupa [m]’), disp(Lf)

% rastojanje izmedju nosa trupa i tezista letelice

Xcg = 0.31x*Lf;

disp(’Procenjeni polozaj tezista [m]’), disp(Xcg)

o
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DuZina trupa — prva procena — 6/8
Principi projektovanja trupa

@ Prva etapa — Projektovanje popre¢nog preseka trupa
najmanjeg obima.
@ Druga etapa — Odredivanje duZine trupa.

@ Formule daju orijentacione vrednosti, sledeéi korak je
oblikovanje trupa u bo&noj projekciji i u pogledu odozgo.

@ Kradi trup — manja teZina, ali vee repne povrsine, veli otpor?

@ Treéa etapa — Ponavljaju se prethodne dve ukoliko nismo

zadovoljni rezultatom. ﬁ
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Organizacija

—

Wing MGC/4

L Fuel tank | L Main gear

HT MGC/4

Avionics Engine

Empty weight
CG location

R Fuel tank ]
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Organizacija

Loading Cloud Results:

CG locations resulting

from the evaluation of

various combinations
of

HT MGC/4 baggage, and fuel

Occupants
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Gabariti kabine — 1/15

@ Zavise od broja ¢lanova posade.

@ Koli¢ina posla u letelici definige broj ¢lanova posade.

@ Zapremina treba da bude $to manja, ali da obezbedi normalno
pilotiranje.

@ Kod lakih letelica nema pregrade izmedju posade i putnika.

@ Ukoliko postoji pregrada mora se obezbediti veza sa putnicima
preko prozora ili vrata.

@ Prostor kabine se moZe prilagodavati individualnim
potrebama pilota ili se bazirati na statistici.

@ Podaci koji slede se baziraju na statistici, a ne na
individualnim potrebamal! Wﬁ
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Gabariti kabine — 2/15

Uglovi

Tabmma 6.1
Cycrasuoin 3uaucHus,
yroi rpajy

n 15...20

o 170 ... 190

Y 8 . 1o

8 90 ... 120

[¢] 10...15

€ 85...95
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Uglovi
-7 TN
// )
HORIT. VISION LINE \.C Il
/
— L
NOTE:
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THE SHADED AREA
NEAR AqIS THE LIMIT
OF A WITH THE CONTROL
WHEELIN THE MOST
REARWARD POSITION

SEAT BACK

~——_SEE Fl6. 2.1k
FOR ¥V

NOTE: € 15 NOT
PEBRFPENDICULAR
TO HORIZ. BEF.

HORIZ. REF

SOURCE:

H.CN.N. 1824

28.8.57
DIMENSIONS IN MM
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Strukture Komande

Gabariti kabine — 4/15

Uglovi

Symbol Wheel stick
Control Control

a 67 (+/- 4) 63 (+/- &)
3 7% (+1- 2% 1% (+1- 2%
p = Forward motion of point A: 18 (+/- 2) 16 (+/- 2)
q = Rearward motion of point A: 22 (+/- 2) 20 (+/- 2)
= Sidewise motion of point A

from center®*: = o—--=== 15 (+/- 2)
d = Distance between handgrips

of wheel®: 38 (+/- 5)  ---—-
& = Wheel rotation from center®:8s’(max.)  =-----
v = Distance between rudder

pedal center lines*: 38 (+/- 12) 45 (+/- 5)
a 64°(+/- 3% 70°(+/- 3%)
By 22° same

.

By 10 same
c 77 (+/- 2)  same
M 21°(+/- 1°)  same
@ 102°(+/- 2°)  same
V, = Adjustment range of pedals

from center position B: 7 (+/- 2) same
U, = Forward and aft pedal motion

from center position B*: 10 (+/- 2)  same
Sy = Horizontal adjustment range of

S from center position®: = < same
s, = Vertical adjustment range of

S from center position®: 8 (+/- 1) same

* Not shown in Figure 2.7.
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Gabariti kabine — 5/15

Proratunske ta&ke kabine

Tabnuma 6 2

TMapamerp LK PYC
a,cM 67 (4) | 63 (+4)
| erpamve | 45(x3) | 48 (+3)

Xon .|
SRR 18(+2) | 16(+2)

Xon
e 22(12) | 20 (12)

Slika: SK — volan, RUS — palica. Maksimalno zakretanje volana 85°, @ﬁ
maksimalno boZno kretanje palice: 150 + 20 [mm].
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Gabariti kabine — 6/15

Individualne potrebe

PoloZaj pedale.

PoloZaj vertikale.

Utice na veli¢inu popretnog preseka letelice.

Pedale moraju biti ispod nivoa sedenja.

Tatka By odgovara volanu, a tatka By palici.

Hod pedale 100 [mm] uz dopunsko pode3avanje od 75 [mm].

Rastojanje izmedu osa pedala za volan: 380 + 20 [mm], za
palicu: 450 + 50 [mm].

Rastojanje tataka By i B> do poda kabine > 100 [mm].
Zazor u krajnjem prednjem poloZaju > 25 [mm]. Wﬁ
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Gabariti kabine — 7/15

Uglovi i mere
HORIZONTAL LINE OF VISION /j
I 3

S0URCE : K
"MECH. ENGIN) DEC. IS)G.

A

HORIZONTAL
ADJUSTMENT OF
PEDALS =*2"

POINT S IN Fi16. 2.7
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Gabariti kabine

Putnigki prostor Strukture K
000 00000000 " omande
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Uglovi i mere
For Wheel Type Coptrollers:
A B c D E F G H I J K
deg. deg.
37 30.25 5 21 101 29.75 10.00 16.63 19 6 9
39 30,75 5 19 101 30.25 9.75 15.75 19 6 9
41 31.50 5 16 101 31.00 9.75 15.13 19 6 9
43 31,75 5 16 101 31.25 10.00 15.13 19 6 9
A L M N o P Q R
37 10.00  36.0 5 9.25 15 7 25
39 10.50  35.0 5 9.25 15 7 25
41 10,75  34.5 5 9.25 15 7 25
43 11.00 34,5 5 9.25 15 7 25
For Stick Type Controllers:
A B c D E F G H 1 3 K
deg. deg.
37 30.25 5 21 101 29.75 10.00 14.50 19 6 9
39 30.75 5 19 101 30,25 9.75 13.75 19 6 9
41 31.50 5 16 101 31.00 9.75 13.50 19 6 9
43 31,75 5 16 101 31.25 10.00 13.00 19 6 9
A L M N o P Q R
37 11.50  36.0 5 9.25 15 7 25
39 13.75  35.0 5 9.25 15 7 25
41 15.50 34,5 5 9.25 15 7 25
43 17.50  34.5 5 9.25 15 7 25

seat adjustment: Horizontal: +/- 1.5 in. and Vertical: +/- 3.5 in.
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Gabariti kabine — 9/15

Ugao zabacivanja sedista od 5° pri poletanju do 19° pri
krstarenju.

o

Mnogi laki avioni imaju fiksan ugao izmedu 13° =+ 16°.

Pojasevi moraju obezbediti funkciju leta ne ometajuéi je.

Karakteristi¢ne (minimalne) dimenzije kabinskog prostora koje
obezbeduje siguran let su date na slede¢em slajdu.

v
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Gabariti kabine — 10/15

DuzZina kabine
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Gabariti kabine — 11/15

Sirina kabine

Slika: Srednje rastojanje izmedu sediéta 760 [mm], minimalno 500 [mm]. @Zj
Sirina kabine izmedu 900 [mm] i 1100 [mm]!
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Gabariti kabine — 12/15

Sirina kabine

e —-

W
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Gabariti kabine — 13/15
Vidljivost

Cross section

Head clearance
10in.{25 cm)

~ 3in |isem)
&/ Forlonwllm
- |
©

32in. {81 em}

..... Sin. (20em}
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Gabariti kabine — 14 /15

Vidljivost

AVERAGE COCKPIT LAYOUT
1710 TH FULL SCALE
DIMENSIONS IN INCHES.

FIRE_WALL

CONSOLE
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Gabariti kabine — 15/15

Pojasevi

ONE_DiACONAL
SHOULDER STRAP

SHOULDER
HARNESS

BASED ON BEF 14

Eleau Cn
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Kabinski prostor za putnike — 1/15

@ Dimenzije zavise od broja putnika Np.

e DuZina putnitke kabine [m]:

Lok = 0.694 + 0.414 - Np
e Visina kabine [m]:

hpk = 1.09 + 0.0428 - Np
o Sirina kabinskog prostora za putnike [m]:

by = 1.03 4 0.0506 - Np
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Kabinski prostor za putnike — 2/15

% nastavak skripta...

% kabinski prostor za putnike

Np = 2; % broj putnika

Lpk = 0.694 + 0.414xNp;

disp(’Duzina putnicke kabine [m]’), disp(Lpk)
hpk = 1.09 + 0.0428%Np;

disp(’Visina putnicke kabine [m]’), disp(hpk)
bpk = 1.03 + 0.0506%Np;

disp(’Sirina putnicke kabine [m]’), disp(bpk)

:
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Kabinski prostor za putnike — 3/15

Oblik popre¢nog preseka

1 & g 577
E_ ;ﬁ. o w ﬁéi 8 ‘zg\‘l““ g
J'§ = g X oraanen)
- : A # . SRS E
o | i | o ¥ st For e
. [ z =
% =2 ben o [t R300
80 *’bé
1280 ! =
. 1400 T
Slika: Do visine leta h < 3000 [m] moZe pravougaoni presek. Ako je .
visina leta h > 5000 [m] najpovoljniji presek je krug. 4*
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Kabinski prostor za putnike — 4/15
Niskokrilac
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Kabinski prostor za putnike — 5/15

Visokokrilac
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Kabinski prostor za putnike — 6/15

AEROSPATIALE
RALLYE 1005T

BEECH

BONANZA A36 _—

Dimenzionisanje trupa




Uvod DuZina trupa — prva procena Gabariti kabine PutniZki prostor Strukture Komande
000 00000000 000000000000 000 0000008000000 00 000000000 0000000000

Kabinski prostor za putnike — 7/15

120 LBS

L
BAGGAGE CAPACITY

CESSNA
SKYHAWK 100

GRUMMAN AMERL
AA-SA CHEETAH
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Kabinski prostor za putnike — 8/15

25IN X 20IN
PIPER CHERDKEE
ARCHER T

381NX36|NL_
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Kabinski prostor za putnike — 10/15

Hawker 800A, N123HK - Cabin Interior Diagram
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Kabinski prostor za putnike — 11/15

O D0
D DL
O DL A0
D CL 1) @Zj
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Kabinski prostor za putnike — 13/15
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Kabinski prostor za putnike — 14/15

Aft window
hoop frame

o~
L

n\( 'm I....|

Wing shear web
carry-through

Wing spar carry-
through

Slika: Primer lake letelice. ..
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Kabinski prostor za putnike — 15/15

Slika: Primer lake letelice. ..
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Primeri struktura letelica — 1/9

Slika: Piper Cherokee
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Primeri struktura letelica — 2/9
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Strukture

PutniZki prostor

Gabariti kabine

DuZina trupa — prva procena

00000000

Uvod
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Primeri struktura letelica — 3/9

—:..
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FRE

. i .
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s 8 oz da

¢y DLy b
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Slika: Lockheed Vega
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Primeri struktura letelica — 4/9

Slika: Piper Navajo Chieftan PA-350.
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Primeri struktura letelica — 5/9

Slika: Cessna C150
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Primeri struktura letelica — 6/9

Slika: Cessna 172 C g/
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Primeri struktura letelica — 7/9

Slika: Cessna 206 (ﬂ
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Primeri struktura letelica — 8/9

Slika: NDN Firecracker ND4 ; )
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Primeri struktura letelica — 9/9

Slika: Piper PA-36 Pawnee Brave @Z%
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Komande lakog aviona

@ Komande lakog aviona obuhvataju sistem prenosnika koji se
proteZzu od kabine kroz trup, krilo i repne povrsine aviona.

@ Omogucavaju upravljanje komandnim povriinama, motorom
(elisom) i ostalim uredajima.
@ Osnovna podela:

» komande leta,
» komande motora,
» ostalo.
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Komande leta

Komande leta sluZe za upravljanje avionom u prostoru (uzduznom i

popretno-smernim pravcima).

Aerodinamicke kocnice,

Primarne komande: Sekundarne komande:
@ Krilca, @ Zakrilce,
@ Horizontalna krma @ Pretkrilce,
(krmilo dubine), @ Spojler,
@ Vertikalna krma. @ Tab,
Let nije mogué bez ovih @ Spojleron,
komandi! @ Flaperon,
°
°
°

Motorne kocnice, @ﬁ

Kontrola vektora potiska.
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Hronoloski:

@ Mehanicke (direktne, reverzibilne) komande — sajlama,
polugama, cevima, klackalicama; sile otkona su znacajne pri
veéim brzinama leta,

@ Uvodenje aerodinamitkih kompenzacija, ugradnja trimera,
@ Primena hidrauli¢kih pokretaéa,
@ Autopiloti, automatska stabilizacija,

o Elektri¢ne komande, “fly-by-wire” — pilot upravlja kretanjem
aviona, a ne direktno upravlja¢kim povrSinama; odgovarajudi
senzori i ratunar &ine sastavni deo ovakvih sistema.

Kod lakih letelica, najvige su zastupljene klasi¢ne, mehanitke
komande leta.

&
=

: :
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@ Mogu biti ruéne (krilca, elevator) i nozne (krmilo pravca).
e Konvencija:

» ru¢na komanda ka sebi — penjanje,
» ru¢na komanda ulevo — naginjanje ulevo,
> pritiskanje desnom nogom — skretanje udesno.

@ Ru&ne najtesce u formi palice ili volana.

@ NoZne najcesce u tri osnovne verzije: poluzni, pedalni ili
klizedi tip.

@ Krute komande se uglavnom izraduju od duralnih cevi.

@ Meke uglavnom od &eli¢nih uzadi. @ﬁ
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Slika: Meduelementi %” ;
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Slika: Ru&ne komande: elevator i krilca 1 i
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ZAKRILCE
FLAP

FLAPERON
N

FLAPS
CONTROL

KRILCE
AILERON

NG
L\
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EASA — CS-VLA 143 — Maksimalne sile upravljanja
Values in daN of force |[Pitch [Roll [Yaw |Flaps,
as applied to the Trim tabs,
controls landing
gear etc
(a) | For temporary
application:
Stick---mmnmameennas 20 10 | ==
Wheel (applied to 25 20 | ------
[ T17) EETEEEEEEEEEE R
Rudder pedal-------1 ----- [ ---- 40
Other controls------{ =-xeee | coemee [ comeen 20
(b) | For prolonged e
application --------- 2 1-5 10 @ﬁ
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EASA — Grani¢na optereéenja

Maximum forces .
) Minimum
or torques in
Control forces or
daN (D=wheel
. torques
diameter)
Aileron:
Stick 30 17-8
Wheel* ---emmmeammmmeeen 22:2D (mdaN) |17-8 D (mdaN)
Elevator:
Stick 74 445
‘Wheel (symmetrical) - 80 wmmeemeenne 44-5
Wheel ( ical)* 44-5
Rudder 89 58

*The critical parts of the aileron control system
must also be designed for a single tangential force
with a limit value of 1-25 times the couple force
determined from the above criteria.

(¢) The rudder control system must be
designed to a load of 100 daN per pedal, acting
simultaneously on both pedals in forward
direction.
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