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Revision 2.0 - |

Diseno:
= Definir diseino final a grandes rasgos, no

necesariamente en CAD en esta primera version,

pero ayudaria.
= No hay marcha atras.
« Ensefiar todas las cartas.

= Interaccién por ubicar “bloques” de elementos

=« Geometria de superficies (Aerodinamica y
Estabilidad)

= Geometria de motores, sistemas propulsores
(Propulsion)

« Estimacion de pesos por “bloques” (Estructuras)

Aerodinamica:
= Seleccion preliminar de los perfiles para las
superficies sustentadoras.
= Aviones semejantes

= Definir la precision en los modelos de polares
mas exactos.

= Determinacion inicial de las caracteristicas
iniciales aerodinamicas.
= Interaccion:

= Sustentacion requerida: pesos (Estructura)

= Generacion de parametros aerodinamicos (Estabilidad y
Actuaciones)

28/10/2013
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i Estimacion ¢, - subsdnica

h es la altura del "endplate” Flecha del ala en la zona del ala

Endplate: A = A(1 + 1.9 h7B) Con maxima cuerds

Winglet:  Agreqie & 1.24 |
1
N ‘. /
1
— 1= i_ (Sﬂ )(F}
2s f4.A48 ( tan'A gy, ) d -
i g
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e B d - didmetro del fuselaje
2x/8

B=1-M o
Eficiencia asrodindmica del perfil F<1~0098
Efidencia aerodindmica del perfil
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Cr,=

™ F = 1071 + d/b)
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iRevisi(’)n 2.0 - 1I

s Estabilidad:
= Estudio del trimado:

= Viabilidad del disefio mediante estudio de
trimado.

= Plantear problemas de configuracion y
prever solucion para rev. 3.

= Inicio de la estabilidad Estatica.
= Inicio modelado (derivadas estabilidad).

= Interaccion:
= Dimensionado e ubicacion superficies
(Disefo)
= Correccion pesos (Estructuras)
= Necesidades de Estabilidad (Aerodinamica)

= Estructuras:

= Estudio de masa (fracciones) preliminar
para poder proveer estimacion centro
gravedad.

= ldentificar las cargas que actian en la
aeronave en diferentes configuraciones.

= Disefio de estructura preliminar y
estudio de ajuste de pesos.

= Interacciones

= Viabilidad fisica de ubicacion de sistemas
(Disefio)

v
= 28/10/2013

30/10/2008

T/W v WS dingmam

i A400M - Estructura del fuselaje
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iRevisién 2.0 - 1I

= Propulsion y Actuaciones:

= Primera estimacion de actuaciones (grandes
rasgos).
= Diagrama T/W vs W/S

= Definir planta motora.

= Interaccion: En funcion de las “performances
calculadas” exigira modificaciones de todas las
ramas

oL 30/10/2008 LAICLID OF AVIONES (€] LR SEMI0 ESTEDan HONCero 26

T/W [N

500 L) 500 200 2500 Bl

o
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¢cual es el siguiente paso? - |
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Table 3.2 Historical mission segment |:> An é.l iSiS d e Ctu a.CiO neS |:> h2

weight fractions

(Wi/Wi1)

Warmup and takeoff 0.970 . -~
Climb 0.985 &
Landing 0.995 Yo, .
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i Organizacion - |

s Gestion de la informacion:

= Empleo de TIC para gestionar la informacién de

los diferentes grupos en la nube:

= Gestion de datos: alojamiento de datos multiplataforma:
dropbox, gmail, etc...

= Gestion de comunicacion: foros, mensajeria multiplataforma
(whatsapp,etc...)

= Nube de datos que permita controlar la gestion

de versiones a 2 niveles

= Nivel inferior: gestion de cambios de datos que son creados por
parte de las diferentes areas

= Nivel superior: gestion de cambios de datos que son empleados
por las distintas areas

2':;;,’..
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i Organizacion - |1

= Gestion de grupos:

= Coordinacion entre areas de afinidad:
= Aerodinamica - Estabilidad y Control
« Disefno - Estructuras
= Actuaciones - Propulsion

= Definir lideres
= Gestionar reuniones, coordinar comunicaciones:

entre los distintos componentes del grupo
Entre el grupo y el instructor/contratante/consultor

= Reuniones semanales

= Hablar de lo que hace cada una de las areas, para crear
cohesion.

« Para trabajar de forma concurrente, es necesario

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero
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i Revision de las diferentes areas

= Diseino

= Aerodinamica

= Estabilidad y control

m EStructuras y Pesos

= Actuaciones y Propulsion

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero
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Disefno

Diseno:
= Definir disefio final a grandes rasgos, no necesariamente en CAD en esta
primera version, pero ayudaria.

= No hay marcha atras.
» Ensefiar todas las cartas.
= Implica que esta revision hay que elegir una version para centrar esuferzos

= Interacciéon por ubicar “bloques” de elementos
= Geometria de superficies (Aerodinamica y Estabilidad)
= Geometria de motores, sistemas propulsores (Propulsion)
= Estimacion de pesos por “bloques” (Estructuras)
Diferente en funcion del diseio:
= Adecuacion de las cargas de pago
= Adecuacion de las misiones:
= Documentacion detallada en la web:
= Dimensiones, requisitos, etc...
Centras esfuerzos en 2 lineas bien diferenciadas
= Disefno en bloques sencillos para proveer informacion al resto de areas
= Definir elementos: parametrizacion, y productos

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero 10 U=
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Aerodinamica

Seleccion preliminar de los perfiles para las
superficies sustentadoras.

= Aviones semejantes

Definir la precision en los modelos de polares mas
exactos.

Determinacion inicial de las caracteristicas iniciales
aerodinamicas.

Definicion de parametros adimensionales:

= Optimizacion del ala

Interaccion:

= Sustentacion requerida: pesos (Estructura)

= Generacion de parametros aerodinamicos (Estabilidad y
Actuaciones)

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero
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Aerodinamica - |

= Lo que se espera:

= Polar parabdlica de coeficientes constantes:
= CD del avion
Configuracion limpia
Vuelo de subida
Vuelos de crucero
Configuracion sucia 3 N
Despegue y aterrizaje S

= Caracteristicas aerodinamicas de los perfiles:

= Estimar C,

CLO’ CLou CLO, CMOL_ . .

Ala, canard, deriva horizontal y vertical, cola en V...
= Correccion para alas finitas

= Como consequirlo:

o S
LR 28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero 12 Us=
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Aerodinamica - |1

= CD del avidon

= Configuracion limpia: Tren retraido, flaps recogidos

= Vuelo de subida

= Vuelos de crucero y alcance
= Configuracion sucia: flaps y tren de aterrizaje desplegados

= Despegue y aterrizaje

= Como conseguirlo:

= Modelo de polar parabdlica de coeficientes constantes

= Component Buildup Method

CAMBERED

Cp UNCAMBERED Cy

CAMBER DRAG
AT ZERO LIFT

Fig. 12.3 Drag polar.

D

. 1
Cp = Cp,+KC? O K = 1
:'T;f tj.-
HC, FFO.8.u
{Cﬂn]mhmnﬁ: = [ “ SH?ES "'}_|_ Cﬂmin:+ Cﬂr_,.g-_]:-

2 Aviones © 2011 Sergio Esteban Roncero




Aerodinamica - 111

= Caracteristicas aerodinamicas de los perfiles:

Estimar C,

« CLmax:
configuracion limpia — métodos gréaficos transparencias de clase: ejemplo siguiente
pagina
configuracion sucia: tunel de viento virtual: ejemplo siguientes diapositivas y
ejemplo practico de clase

= Meétodos graficos

= Clo Cro CLo, Cha
= Ala, canard, deriva horizontal y vertical, cola en V...

= Correccion para alas finitas /7 TEFep Soan
?ﬁcEmax

B 2w A Semposed °

CLa = A2 32 tan2 A S
24\ 4+ 2 (14 2 e ) X Srey
=
GgL alpha Ostall

Figure 9.8 Construction of section lift curves for TE flaps.

@
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Entrada en pérdida - |1

WINGS OF MODERATE ASPECT RATIO (4-8)

TRIPLE SLOTTED FLAP AND SLAT

DOUBLE SLOTTED FLAP AND SLAT

NGI Configuracion 3.0 DOUBLE SLOTTED FLAP
despegue §

UAV Configuracion 2

despegue - 7

NO FLAP

4 ]
/ N FOWLER FLAP
UAV & NGI

SLOTTED FLAP
Configuracion limpia

PLAIN FLAP

s

Acsq

Fig. 5.3 Maximum lift coefficient.

o
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Calculo C, .., — High Aspect Ratio - |

Wing Lift Coefficient
= Obtener CLmax Y OgraL Para el ala basica Angulo de ataque para sustentacion nula

- Cstall = %-+ Aag,

12
2 Airfoil maximum lift
10 s il o
> coefficient at M=0.2
g 8 (CLmHIfICrmu} - Mach=0.2
"}; 6 0.2<Mach <06 1 AR
g 4 @ Ek’“"" 10
2 &a{'.,r_m“ 0.8
.
0 10 20 30 40 50 60
Wing Sweep, A g (deg) ok

- 0 10 20 30 40 50 60

Figure 9.16 Angle-of-attack increment for subsonic maximum lift of high-AR Wing Sweep, A (deg)
wings (adapted [10]).

-TE Flap Aagta))

Figure 9.15 Subsonic maximum lift of high-AR wings (adapted [10]).

2mA ) (Sewposed) (F)

/4_|_ (1 _|_ tan2 ;g;nam,t Sref

Ce

Boeing 737 Triple-Slotted Fowler Flaps

Boa” /]
w alpha Gstall

Figure 9.8 Construction of section lift curves for TE flaps.
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Calculo C, ..., — Low Aspect Ratio - |

Wing Lift Coefficient

= Obtener C,,,. Y 0sta . Para el ala basica

_ ﬂr all = (H[ ) + &a[
Clmax - (CLIILI:E )I_use + &Cf—max sl “‘r‘m“ haea Lmax
1.6 ’
0 L)
1.4
= gz 0. Upper Limit of -

(cl‘max]base
S

0

08 A
Borderline
Low Aspect Ratlo Aspect
0.6 Ratlo
04 -2y 2 4 6 8 10 12 14
0 o04 O08 12 16 20 24 28 32 3.6

AR (C2+1]ARtani\|_E
(C1+1) F cos AL g
Figure 9.19 Subsonic maximumd-ift increment for low-AR wings

Figure 9.18 Subsonic maximum liff of low-AR wings (adapted [10]). kadapied L10]).

- 20
40
% 19 N_AR cos Ag [1+472]
Upper Limit of g cos Age [T+
o Low-Aspect-Ratio *
Range a
Y -
0 /""'-—— g
2 = Je
;Bonderiine
Low Aspect Rati Aspect
10 pect Ratio -
L’
s
0 L -10
0 04 08 12 16 20 24 28 32 36 0 2 4 6 8 10 12 14
(Cq+1) 28 cos Ag (C3+ 1) ARtan A g

p

Figure 9.21 Angle-of-altack increment for subsonic maximum lift of
low-AR wings.
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Figure 9.20 Angle-of-aftack for subsonic maximum lift of low-AR wings.
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UIUC Airfoil Data Site
http://www.ae.uiuc.edu/m-selig/ads.html

Michael Selig

Department of Aerospace Engineering
University of lllinois at Urbana-Champaign, Urbana, Illinois 61801

Software y bases de datos sobre informacion de perfiles.

The Incomplete Guide to Airfoil Usage
http://www.ae.uiuc.edu/m-selig/ads/aircraft.html

David Lednicer

Analytical Methods, Inc.
2133 152nd Ave NE
Redmond, WA 98052

dave@amiwest.com

28/10/2013
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http://www.ae.uiuc.edu/m-selig/ads.html
http://www.ae.uiuc.edu/m-selig/ads/aircraft.html

(me

Aerodinamica - |V

= Seleccion de perfiles aerodinamicos

= Etapas de complejidad:

« Empezar con perfiles simples.
Analisis en

= Continuar con perfiles de aeronaves similares:
Bases de datos volcadas en la pagina de la asignatura:

The Incomplete Guide To Airfoil Usage

UIUC Airfoil Coordinates Database - Version 2.0 (over
1550 airfoils)

= Mejorar los perfiles seleccionados

2‘%‘..
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http://www.ae.uiuc.edu/m-selig/ads/aircraft.html
http://www.ae.uiuc.edu/m-selig/ads/coord_database.html
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Estabilidad y Control

= Estabilidad y Control:
= Estudio del trimado (longitudinal y lateral direccional):
= Viabilidad del diseno mediante estudio de trimado.

= Plantear problemas de configuracion y prever solucion
para rev. 3.

= Inicio de la estabilidad estatica.
= Inicio modelado (derivadas estabilidad).

= Interaccion:
= Dimensionado e ubicaciéon superficies (Disefio)
= Correccion pesos (Estructuras)
= Necesidades de Estabilidad (Aerodinamica)

s Centrar esfuerzos en lineas bien diferenciadas

= Trimado longitudinal y lateral-direcciona
= Optimizacion de trimado (a optimo, C, minimo)
= Centrado de masas

o S
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Estabilidad y Control - |

= Trimado Longitudinal

= Mdltiples posibles variaciones para conseguir el trimado
= Incidencias de las superficies
= Superficies alares
= Distancias de las superficies

= Centrarse en los elementos que pueden variar:
= Empezar con la variacion de la incidencia estableciendo las dimensiones que tenéis en pre-
disefio.
= Variacidon de distancias (dentro de la logica que permita la parte de disefio)
= Superficies siempre cumpliendo actuaciones

= Considerar la validez de los resultados obtenidos
= Resistencia de trimado

= Verificar siempre las ecuaciones del sumatorio de fuerzas y momentos para buscarle
|0gica a lo que esta ocurriendo.

= Centrarse en una velocidad (crucero) para el dimensionado inicial

= Variacion del centro de gravedad en funcion del movimiento de superficies:
MARGEN ESTATICO

= Variacion de la efectividad de las superficies de control C 5. ¥ Cyse

o S
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* Variacion fisica de las superficies

CGtotal
XNA & XCG

Xcg - wing

. Xeg - wing.
-, 28/10/2013 Calculo de Aviones © 2011 Sergio Esteban Roncero 24 us
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Analisis de Trimado — |

28/10/2013

.Jll".u' W III'.'E .{qf;'_

Célculo de Aviones © 2011 Sergio Esteban Roncero

=
mc'ﬂlﬂ-'fﬂ

ﬂ"w .':.ﬂ.f =
&{f =ﬂ'€f—£:t
25



iAnallss de Vuelo Equmbrado

SF, = W-L=-— ”_ o Efectividad de las
qS ‘ - Superficies de control

XM = O—CMO+CMC¥+CM5 C _@S
Lee =708 se

S _ e S, _ S :
%FtCLO + (g %_CLQC (ic +€0.) + 7 o (0t = €0,)

X
ic, Xacw Xcs Xae,
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Efectividad de las superficies de control

tic

b "

4 =

(&)
' ﬂﬁ[

A perrad) 3 4 . | OF

\
N\ | | T
10
. NS R TS R
E%% cfic
4 Fig. 16.6 Theoretical lift increment for plain flaps. (Ref. 37}
1 aC
A - —— 1L
A S T
| 3C, f(ar:)' S
[ —_—— =ﬂ'gK f flapped cosA
. ! 3 u aa‘r aaf Srer i

0 20 40 &) a0

FLAF DEFLECTION, &5 (deg)

Fig. 16.7 Empirical correction for plain lift increment. (Ref. 37) angulo de la linea de bisagra
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Analisis de Vuelo Equilibrado

La resolucion de los valores de trimado (o y 6,) para diferentes configuracion
de crucero (velocidad, altura, peso)

EFx = WL CLO—CLQQ—CL%(SB

XM = 0= CMD +CM@05+CM565e

Es necesario el tener en cuenta que el avidn tiene que ser capaz de satisfacer
restricciones que no estan consideradas en las ecuaciones de trimado:

= Resistencia afiadida por el angulo de ataque del avion

/ ®I i \
Cp, . :@[CLQ (o +iy)]* + ——@ Cr.]’+ = @OLJ
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Estructuras

Estimacion de los pesos del avion en funcion de métodos estadisticos
empleados por las industrias

= Estudio de masa (fracciones) preliminar para poder proveer
estimacion centro gravedad.

= ldentificar las cargas que actian en la aeronave en diferentes
configuraciones.
= Diseno de estructura preliminar y estudio de ajuste de pesos.
= Interacciones
= Viabilidad fisica de ubicacidon de sistemas (Disefo)

= Aportacion informacion relativa a estructura simplificada:
Volumen, espesor, densidades, etc...

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero 29 U=
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Estimacion de Pesos - |

Determinacion de forma estadistica.

Previo a tener valores mas representativos obtenidos mediante
modelado en CAD.

= Diferentes métodos para estimar el peso de diferentes componentes:

= Airplane Design — Part V : Component Weight Estimation
USAF Method
GM Method
Cessna Method
Torenbeek Method

= Método estadistico
Raymer Method
= Grupos de pesos para diversas aeronaves
Airplane Design — Part V : Component Weight Estimation

Sirve para determinar mediante comparativas entre los diversos aviones el peso
aproximado de algunas de las partes.

Técnicas de normalizados para extrapolar posibles lineas de tendencia

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero
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iEstimaci(’)n de Pesos - |

Table 15.1 Group weight format

Weight, Ib Loc., ft Moment, ft-1b Weight, Ib Loc., ft Moment, ft-1b
Structures 4,526 106,879 Equipment 4,067 80,646
Wing 1,459.4 233 34,004 Flight controls 655.7 210 14,229
Horizontal tail 280.4 39.2 10,992 APU 0 0
Vertical tail 0 0 Instruments 122.8 10.0 1,228
Ventral tail 0 0 Hydraulics 171.7 21.7 3,726
Fuselage 1,574 21.7 34,156 Pneumatics 2.7 0
Main landing gear 631.5 23.8 15,030 Electrical 7132 21.7 15,476
Nose landing gear 171.1 13.0 2,224 Avionics 089.8 10.0 9,898
Other landing gear 0 0 Armament 0 0
Engine mounts 39.1 33.0 1,290 Furnishings 217.6 6.2 1,3497
Firewall 58.8 33.0 1,940 Air conditioning 190.7 15.0 2.860.5
Engine section 21 330 693 Anti-icing 0
Air induction 291.1 225 6,550 Photographic 0
0 Load and handling a4 15.0 79.5
0 Misc. equipment and We 1,000 31.8 31,800
0 Empty weight allowance 547 23.6 12,9237
Propulsion 2,354 70,931 Total weight empty 11,495 23.6 27,1379
Engine(s)—installed 1,517 33.0 50,061
Accessory drive 0 Useful load 4,985
Exhaust system 0 Crew 220 15.0 3,300
Engine cooling 12 33.0 5,676 Fuel—usable 3,836 223 85,551
0il cooling 37.8 33.0 1,247 Fuel—trapped 39 22.3 864
Engine controls 20 33.0 660 Oil 50 33.0 1,650
Starter 39.5 15.7 620 Passengers 0
Fuel system /tanks 568 223 12,666 Cargo/payload 840 21.7 18,228
0 Guns 0
0 Ammunition 0 21.7 0
0 Misc. useful load
0 Takeoff gross weight 16,480 22,0 362,744
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Table 15.2 Approximate empty weight buildup

Transports and General aviation
Fighters bombers (metal)
Approximate
Item Ib/ft? {kg/m?) Ib/ft® {kg/m?} Ib/ft? (kg /m?} Multiplier location
Wing 9.0 {44} 10.0 {49} 23 {12} S st phabuiis 40% MAC
Horizontal tail 4.0 {20} 53 {27} 2.0 {10} Sexposed planforin 40% MAC
Vertical tail 53 {26} 35 {27} 2.0 {10} S enpossit Rkt 40% MAC
Fuselage 4.8 {23} 5.0 {24} 1.4 {7} S e aie 40-50% length
Landing gear” 0.033 - 0.043 —- 0.057 — TOGW —
Navy: 0.045 —

Installed engine ES — (I — 1.4 — Engine weight —

All-else empty” 0.17 — 0.17 e 0.10 — TOGW 40-50% length

“15% 1o nose gear; 85% to main gear; reduce gear weight by 0.014 W, if fixed gear.

. P
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Table 15.3 Miscellaneous weights (approximate)

Weight
Component Ib kg*
Missiles
Harpoon (AGM-84 A) 1200 544
Phoenix (AIM-54 A) 1000 454
Sparrow (AIM-7) 500 227
Sidewinder (AIM-9) 200 91
Pylon and launcher 0.12 Winissite
Mé61 Gun
Gun 250 113
940 rds ammunition 550 250
Commercial aircraft passenger 190 86
(includes carry-on)
Seats
Flight deck 60 27
Passenger 32 15
Troop 11 o]
Instruments
Altimeter, airspeed, accelerometer, 1-2 each 0.5-1
rate of climb, clock, compass,
turn & bank, Mach, tachometer,
manifold pressure, etc.
Gyro horizon, directional gyro 4-6 each 2-3
Heads-up display 40 18
Lavatories
Long-range aircraft 1.X1 er,if 0.5 N:m?,:
Short-range aircraft 0.31 N353 0.14 Ny
Business/executive aircraft 3.90 N 1,76 N
Arresting gear
Air Force-type 0.002 Wy,
Navy-type 0.008 Wy,
Catapult gear
Navy carrier-based 0.003 Wy,
Folding wing
0.06 Wiy

Navy carrier-based

"Mass equivalent of weight,

Célculo de Aviones © 2011 Sergio Esteban Roncero
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= General Aviation Airplanes:

. 1.712
= Pesos de ala W, = 0_0“.”mm}u.snm}n.aﬁo{nultlo 397 (ay1.7 2
= Cessna Method
1.018,,,2.473 0.611
“w = 0,002933(8) (A) (“ult.}
W, = 96.9480(Hgon, /1000 S arcos Ay, 103 (571000 F2x
= USAF Method x1(1+2) 712(e/c) 1% 381 + v, /500)0-%,0-993 (5.4)
0.75 1/2
x(nyyp) 2 b8/t Wpgcos Ay, 0020 (5.5)
)0. 887 0,101 0.138
3, uuw (5, (A )
= Pesos de cola W =  meme—e-XO TR M) .
h 7.5t y0-223
= Cessna Method Iy
0.567 1,249 0.482
L L
v - T 0.747 0.882
15.6(t_ ) (cosl,, 4, )
v
= USAF Method 5,0.87, 1,2
x0.289(1, /10)% ”’{hh.rt y0+5,0.458
Th
5.0, 87 1.2
W, = 98.5((Wpgn, 1 /107) (5,/100)
0.5,0.458
xﬂ.lﬂ(bvftr } 1
v
= Torenbeek Method
2,0.75
W = lJ ﬂ"'[nult + Sh] ] ]

enp

o
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= General Aviation Airplanes: wi“,=n.osﬁsg_-?saw;maﬂ( - )”"“thw(mﬂ rfc) " N
COs°A oo 27 dg
= Raymer Method A
W icsisonmal = 0-016{ N, W/, )0 411 0168 G0-895 100 ¢/c)\ -0 TA - . N0z
il P o cosA cos*Ay, h
H, 100 t/c\ " A Nosw
W oein = 0.073( 140,221 J(N W, )0 ¥ogn 1 gaan( = € 0.0
vestical 3( + H.,){ Pl a7 S0 (C{)sﬁﬂ) (cnslﬁﬂ) Av
tuselage = [}'ﬂsz -.-1 ] : L a3 - - -..1qu.24: 4 mess

28/10/2013

W main landing = 0.095 {lel]u'?ﬂu-fmflzjmm

gear

W-:n_st landing = 0.125(N,W, ]D'jﬁ{LnJ"—l 1 E}U'MS

e
Em————

Winstalled engine — 2.575 WgﬂguNr_n

reevtaly

— 2 40 0726 1 DIWNH.NIND.IST
| system * ! 1 + V;fV} i et

Wiaigne = 0.053 L2883 (N Wy, x 10740

conteols

F'Vh!.u:lrsulicﬁ = 0.001 Wd,g

welemrical. = 12.57 l: Wﬁuel SyRIEm + lﬂu‘iunks]n"ﬂ

Wavi-:mil:s =2.117 Wm”

Wi conditioning — 0.265 wészNg'ﬁs wféiﬁmnM 0.08

and anti-ice

qur:lli!hing: =0.0582 st — 65
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= Cargo Transport Airplanes:
= Raymer Method

g = 0.0051 (W N, 580594 5t /e)idat (1 + N

Wiorisontal = 0-0379 K (1 + F,./By Y 0P WS NS L0
il

" X Ky 7™ (cosAp) "PA (1 + S/ Sp)*!

(1

0.5 0.25

e — l:}'32801‘:{1clu:_'ﬂ'llfl .g{ dg g}g.iﬂi?"l + K. :] :
W main landing = 0.0106 Kip W'ESBNP'ZSL:%‘NE{FIN:;}S Vaal
gear
Wm:nse landing = 0-032 Knp WP‘MNP 'ZL:}LSNJ{:J >

ar

(&)

- FAN:
— 0, 10y 70,294 ARk 0611 & 0984 0224 —_
=T0.6724K,,, N ONOIH N9 0611 N o.9sag Woanae = 49.19
{includes air induction) {pneumatic)

engine = 5.0Nen + 0.80 L, Wia =2.405V29%0 + VsV + V/V
QLTS

system

—_———

Whige = 145. 9N (1 + N,./Ny) 1 0822(1, % 1076)°-07 Wavionics = 1.73 Wh83
trol
W:D:Um g =22 W apu I'P?‘umishil'lgs = 0.0577 Nf‘i W.Jﬂsﬁ.?i
installed uninstalied Wﬂj — 62.36 NO.:S 0.604 m
l)V'msuun:mzn[.-.- = 4-509K£|pN£'54|N¢n(LI + 8., )ﬂ's conditioning p {l/p,f lm} u,‘?a“
- | -4
Hr;l}rdraulics = 0.26?31?\5-{{? + Bw)ﬂ.'?ﬂ? [[H;n“'iu = 0.002 de Eg.:rdhng 3.0x 10 de
= 7.291 RO;I82L 2346 ND,10 Wmiﬁaﬂﬁmm = 2.4 x (cargo floor are

° :
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= Se utilizan factores de correccion sobre las ecuaciones
anteriores en funcion de los materiales empleados y del
tipo de estructura

Table 154 Weights estimation “fudge factors”

Category Weight group Fudge factor (multiplier)

Advanced composites [ Wing 0.85-0.90
Tails 0.83-0.88

\ Fuselage/nacelle 0.90-0.95

Landing gear 0.95-1.0
Air induction system 0.85-0.90

Braced wing Wing 0.82

Braced biplane Wing 0.6

Wood fuselage Fuselage 1.60

Steel tube fuselage Fuselage 1.80

Flying boat hull Fuselage 1.25

Carrier-based aircraft Fuselage and landing gear 1.2-1.3

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero 37 U=



Comparativa de pesos — Aviones similares - |

= Comparativa de pesos por grupos para aviones similares:
= Airplane Design — Part V
« Turbo/propeller Driven Military Transports (pp 176-177)

Table A10.2a Group Weight Data for Turbo/Propeller

TS S T NN T N R NN SN S SN EE D EEE SRS TR

Driven Military Transports

A.W. (HS) Douglas Lockheed Breguet

Argosy C-133Aa C-130H 941%
Number of engines: 4 4 4 4
Weight Item, 1lbs

Wing Group 10, 800 27,403 13,950 4,096
Empennage Group 1,300 6,011 3,480 1,387
Fuselage Group 11,100** 30,940 14,695 6,481
Nacelle Group 1,200 3,512 2,756 in wing
Land. Gear Group 3,180 10,635 5,309 2,626
Nose Gear 730
Main Gear 4,579

Structure Total 27,580 78,501 40,190 14,590

o s
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A.W. (HS) Douglas Lockheed Breguet

Argosy C-133A C-130H 941%
Number of engines: 4 4 4 4
Weight Item, 1lbs

Wing Group 10, 800 27,403 13,950 4,096
Empennage Group 1,300 6,011 3,480 1,387
Fuselage Group 11,100%* 30,940 14,695 6,481
Nacelle Group 1,200 3,512 2,756 in wing
Land. Gear Group 3,180 10,635 5,309 2,626
Nose Gear 730
Main Gear 4,579
Structure Total 27,580 78,501 40,190 14,590
Engines 10,470 13,746
Air Induct. System
Fuel System 1,338 3,105
Propeller Inst. 5,403 in eng.
Propulsion System 2,081 in eng.
Power Plant Total 19,292 16,851
Avionics + Instrum. 578 3,582
Surface Controls in struct. 1,804 1,673 1,056
Hydraulic System 2,678 664
Pneumatic System
Electrical System 2,004 2,459
Electronics 2,047 in avionics
APU 188 651
Oxygen System 231
Air Cond. System®** 2.973 1,684
Anti-icing System ' 1917
Furnishings 3,632 4,472
Auxiliary Gear 117 6
Operating items 532
Fixed Equipm't Total 16,021 16,219
Max. Fuel Capacity 60,000 45,240
Payload (Max.) 97,162 33,461
)
LR 28/10/2013

Type

Plight Design Gross
Weight, GW, lbs

Structure/GW
Power Plant/GW
Fixed Equipm’'t/GW
Empty Weight/GwW

Wing Group/GW
Empenn. Group/GW
Fuselage Group/GW
Nacelle Group/GW
Land. Gear Group/GW

Take-off Gross
Wht, WTO. 1lbs

Empty Weight,

Wp, 1lbs
wing Group/S, psf
Emp. GrplSemp, psf

Ultimate Load
Pactor, g's

Surface Areas, ft2

Wing, §
Boriz. Tail, sh

Vert. Tail, Sv
Empenn. Area, semp
*Assumed

A.W. (HS) Douglas

Argosy

82,000

0.336

0.561
0.132
0.016
0,135

0.015
0.039

82,000

46,000
7.4
2,3

3,73+

1,458
327

250

5717

Célculo de Aviones © 2011 Sergio Esteban Roncero

C-133A

275,000
0.285
0.070
0.058
0.414
0.100
0.022
0.113

0,013
0.039

275,000

113,814
10.3
4.2

2.50

2,673
801

641

1,442

Lockheed
C-130H
155,000
0.259
0.109
0.105
0.473
0.05%0
0.022
0.095

0,018
0,034

155,000

73,260
8.0
4.2

3.75+

1,745
536

300

836

Bregquet
941
58,421

0.250

0.508
0.070
0,024
0,111

in wing
0.045

58,421

29,675
4. s
2. 6

3.75¢

902
320

223

543
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Table L1 Jet Transport Aircraft Weights Summarny (Weights in Pounds)

Aircraft
Wing
Empannape
Fuzelopa
Mocaile
Londing gear

Noog qoar

Maln gear
Struchura fahol
Engine
MNozzie sysham ond T
Alr Induction oyetem”
Fued zyaiam
Prapussion Ingkall
Propuszion tolo
fagonice and Ingfriemants
Surace confrole
Hydraullc syelem

McDonnell Douglos

MD-80
15,560
3.320
16,150
5,340
5,340
350
4,790
42,490
B8.820
1.540

11.000
2,130
2,540

540

Engnes in pods, waight included in nocelle.

28/10/2013

5E.850
14,476
47,270

Q127
25,781

1.832
23,929

155,493

26,163
6,916
0
4,308
37,387
4,274
6,010
2 587

10,613
2,718
12,108
1,392
4,354

31,185
&, 217
1,007

575
378
8177
4§25
2,348

a73

Boeing
DC-10-30 7T37-200 727-100

17,764
4,133
17,681
1,870
7211
RO, 659
¢ 335
1,744
0
1,143
250
12,462
756
2594
1,418

Célculo de Aviones © 2011 Sergio Esteban Roncero

B6. £02
11.850
71.845
10,031
31.427

211.555
34.120
&, 452

0

2,322
B2

41, 606
1.009
&, QB2
4,471

Airbus
747-100 | A-300

44,131
5,941
35,820
7.039
12,411

106,542

16,825
4,007
0
1.2567
Bld

22 897
art
B,BO8
3.701
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McDonnell Douglas

Aircraft MD-80
Prigumotic eystem 1,720
Electricl #yotom —
Eleciranice —
ALndHiory pawar Lnife {ARL) 840
Qevgen eystam 220
Ernironmenial conirod 2ystem (ECS) 1,580
Arh-cing ayelem 550
Furnshinga 8,450
Mizcelaneaus 3,450
Equipment {odod 25,440
Empty welght (o) 78.950
Fued a9 362
il —
Poylood (o) 43,950
TOGW (1) 140,000
Wing epan (i) 107.7
Wing aran, 5 (i) 1,270
Horizaniol il area, 5,0 314
\eertical hall ara, S 148

1.643
256
2,723
471
34,124
16,274
76,194
269,274
247.034
QB 726
555,000
1653
3958
1,328
&05

1,044
hd
834

1.414
&,843
124
14,887
40,210
34,718
34,790
115,500
Q4.0
a0
321
233

Boeing
DC-10-30 737-200 | 727-100 | 747-100

2,142
2,142
1.5%1

1,974

10,257

85
21,281
44,200
48,3531

29,700
160,000
108.0
1,700
3rh

S0

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero

3.348
3,348
4.42%

3.969
37.245
421
63,062
353,308
331.675
140,000
710.000
195.7
5,500
1.470
B30

4,023
4,923
1,726

3,642
13,161
732
35,053
168,805
Té.512
i, Ba5
302,000
147.3
2,799
f48
487
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Table 1.2 Business Jet Aircmaft Wesghts Summearny (Weighits ;n Pouwnds)

wing

Empennage

Fugakge

Nacelle

Landing paar

KiJeg and mam
Struchure ol

Engine

NOZZsa gvetem and T
Al Induchion syclem
Fual syetem

PEopUIzion Inciod
Peopuizion fofol

Avionics and Inghruments
Surkoce coniros
Hydraulic gyshen
Preumatic sygham

28/10/2013

Lockhead Goles Cessna  HowkerSid-deley | Gulistream
Jetstar  Learjet2B | Citationll H5125 ]|
2827 1,939 1,288 1,748 6,372

arg 241 295 604 1.945
3,491 1,624 1,045 1,628 5,944
o2 214 220 iinfiea) 1,239
1.061 284 445 GEF 2017
— 102/482 87378 — 321/1690
2.050 4722 3,237 4 843 17,531
a0e 792 1,100 — 6,570
e A 15 = =
135 0 26 -- —
360 237 18% — J16
230 255 105 — —
24T5H 1,284 1,435 — 6,846
153 383 a7 — 1,715
68 273 203 217 1.021
262 114 T — 259
Célculo de Aviones © 2011 Sergio Esteban Roncero
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Lockheed zates Cessna = HowkerSid-deley = Gulfstream
Jetstar  Learjet28 @ Citationll H5125 ]|
ElaciTicol evaiam RT3 LTHE 240 — 1,482
Eiacionice aalz] —_ 313 — —
A — — — — 258
Ooypan eysfam = 24 = — 140
ECS all 285 244 — Q27
Anltice ovafam — 142 8 — —
Furnishings 1.521 764 g0 — 4,501
Miaalioneous i0 — a0 — —
Equipment famal B.065 24085 2.251 — 11,203
Ernpty weight {Ib 16,590 8,611 7.023 12,260 35,420
Fual 11,229 4,484 o, 00 3193 23,300
ol 204 177 143 — —_
Poyiond {Ib) 2,100 1,962 1,600 1,905 5,380
TOGW {in) F0,680 15,000 13,500 23,300 &4,800
Wing =pon (1) 5500 438 52.3 a7.0 6B.8
wing area, 5{119 521 265 79 363 794
Horzlzommal mall ureu..‘:?.-{:'l"'] 149 54 70 100 182
virticol fof area, S (1) 110 7 51 52 155

. *hbbrevialions: AP, ausiliary power unils: ECS, ervronmanial control syslam; TOGW, tokeo® gross weighd. .
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Table 1.3 Genenal Aviation Aircraft Weights Summary (Weights in Pounds)

Aircraft Cessna Beech

Item® 172 182 310C Queendir TwinBononzo
Wirg 216 220 235 335 453 470 Ll
EMpENnage 6 ar 62 a4 118 153 156
Fuoesape 231 03 A0 AC4 319 a0l 495
Mooeha 22 7 34 24 129 285 261
Landing geas 104 111 132 191 263 444 447
Structure total &7 174 Ba3 1048 1282 2153 201%
Engine 197 254 417 450 52 1008 1008
Alr InducHon oyeiem 2 I 1 I 7 27 27
Fual sesham 17 21 2 24 6 13F 137
g [y (= ] 0 0 1 ] 0 0
Bropeliar 22 a3 6 &4 142 258 258
naralkation 28 36 37 24 153 180 180
Propulsion total 267 445 45 281 1250 1410 1410
Avionica and merwmens d d & 18 di 72 Be

o N
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Beach
172 310C  Queendir TwinBononzo
Suraca conitnHe 31 a1 ] 43 ] 132 120
Elecirical wyaiem 43 38 4.3 h7 121 Té 184
mydnaulice 0 d o LY 0 0 0
ECS ] I 1 10 dé 90 81
Antl-kce — —_ — — — — —_
Furnézhings 3d a5 g7 130 154 438 334
Mizc 0 L)) o 20 a13 B 7
Equipment total 102 159 173 335 498 03 814
Empty walght (o) 946 1243 | 1545 19464 | 3032 47M 4459
Fuel 156 252 390 4484 412 1380 1380
CHl 11 15 22 24 45 al Gl
Aryiood (i J98 02 T15 &% 1186 1287 1311
TOGW (1) 1500 2200 2650 3400 4830 148 7150
Wing apan (i) 34.3 36.0 6.0 J4.8 37.0 50.3 453
Wing anaq, S-fﬂ;';l 140 175 175 174 175 277 217
Hofizonmal lall l:IrEE.E.'-.--ﬂ’] 28.5 34.6 4.1 J4.6 6d.3 79.d 9.3
\iertical ¥l area, 5, 019) 14.1 184 18.4 172 25.9 J0.8 30.8

. *kbbrevindons: ECS, emiroomental coninal system: TOGW, fokeoff gross waight. -
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Ma. af Enpines
Engina modal
wing

Empennoge
Fusalage

Landing gear
Sinuckure ipdal
Engina

MOz

AT nduciion

Fual ayslem
Progulekon (nemoll
Propulgion fofl
ADNEC2 and Ingfnuments
surfoce coniroks
Hydroulic eyetem
Pneumalic gysiam
Eacirical syelem
Elactronics

28/10/2013

1

2034
320
1.410
263
4,027
4074
204
164
311
111

4 B
&7

Lockheed

U-25
1
PWA J-57-37 | GEF113-100

4,585
474
2,719
594
B.573
4,814
350
235
554
57
4059
137
497
138
1,040
478

Célculo de Aviones © 2011 Sergio Esteban Roncero

Darkstar
1

Williame FJ144-2D0 P J-58

1111
0

847
391
2,349
443
104
a7
141
42
812
417
287
111

334

sR-T1
2

14,054
1,503
6911
3 484

25,954

12,944
1,565
4,841
1,700

481
21,453
372
1,682
1,222
g0a
1,427

ISR Aircraft Wesghts Summary (Weights in Pounds)

Boeing
Condort
2

TCM GTSI0L

2519
253
B23
243

3838

1,121

235
B33"
2 18%

A

NG
GlobalHowk

Comparativa de pesos — Aviones similares

Table 1.4
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Airerafi Lockheed [ NG
ltem* - - Darkstar - ; GlobalHowk
AL 0 0 0 - 0 —
ECS/ani-Ice 135 159 187 1,325 15F —
Coy@an 2vaam 61 — 0 15 0 —
Fumishings g2 287 0 520 o —
heacallonapus 21 127 3 200 BEO -
Equipmend hatal 1,240 2,883 1,394 7,644 1,851 -
Emghy waight 10,180 17,416 4,554 55,253 7878 2.200
Fusal 5810 17477 2,844 80,450 11,077 13,015
Oll and fropped fuel 144 57 74 thd 4 221 427
[Rufals 518 2714 1,123 3411 1000 2,300
Craw 0 0 0 570 - -
hiacalloneous, 0 0 0 0 0 458
communicotions gear
TONEW 17,000 40,000 8,400 140,750 20,300 25,600
Wngapon 0 103 49 BT 200 116
Wing ared, 5 &00 1060 300 1,605 1,107 540
Homzomaal il Anad. 5 — 145 0 0 110 56
Warticol {oll oeeq, 5, - 55 0 301 7l G
Gy — 0.34 O a 053 032
G - 0.014 o .- 0.012 0.0184
Abbresiations- AP awdliony |:-::-wa units; ECS, a‘rnrurrnenlul mnrr-:-lgg.'g‘pem TOGH, hokeo gn:e! wedigil.
*Condor propuleion insiall weaght inchudes the propedler msfollolion, coaling remf-:-rer?ne and wo-soge furbachargers, lubricating system,
ond Enulne condrols. Engine weight mchudes the weight of he Tn'l:-EEIEu:I',lne Cenfireral 175-hg Ilm-:l-:::-uln-:l engines and e two-sioge hurbo-

chorgares {25:1). .
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Comparativa de pesos — Aviones similares

Table LSa Fighbar Aircraft Waights Summorny (Weights in Pounds)

H

Hepublic
F-1058

H

WAk

LI
F-B&H

Vo wght

Gramman
FI1TF

Erumman
FOF-5

Eremman
AZF(AS)

NAA McD McD

F-100F | F-1018  RF-101
féo ol engines 1 2 2
YWiright ilem (I
YWing group 3295 3507 34580
Empennoge group org Bi2 a7
Fuesioge grmup 403z £l 355
Engna seclian 104 e 103
Londing e group Ta0w 1592 1504
Miose geor
Beliin gear
Outigger gaar
Structure ol 10520 | 9911 10171
Enginalz) Bi21 10800 | D476
Ar induchan seztem 504 st 438
Fuel syztem 741 1224 412
Propulsion system 414 ga 5a0
Porwer plant hofal 6800 | 135847 | 12335
Aianics + 303 318 204

instrumenfoion
Surfoce caninols 1076 i 780
Hydraulic gyeiem =Y 433 gLy
Praumalic syalem
Electncal system =t B25 ae
Elecironice 496 FYFE 420
Armormant a4 224 3k
&r condilioning salem . 436 2 382
Airti-icing gyeiem
Fumizhings 427 4&0 242
& wiliory peor T B4 91
Ll
Phalogrophic sysfem
28/10/2013

@
|
Py

F-1024

1054

a3y
4691
£03

278
6158
141

413
314

oo4
201

L

27
L
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40
o1
5aM
104
1848

121594
G187
a4

406
%

1311
440

on
137
e
168
243

93
224

1
1

3302
693

4401
an
12352

'§||5|E..'|'
LBi4
a75
Fi
L1k

8071

445
431

404
2743
525
A07

2]
£9

F-1064 | F-107A

3787
1130
4792
240
1410

1137%
4100
g3

A58
8284

1454
150

447
J&z2
| 004
kel

28
42

252
i

2035
42
&9

&057
J6d4
167

340
4098

154
13

474
1
8
205

182
12

Fau-3

4128
| D5
JB5D

Gdg

10044
010
673
B49

TR0
191

1425
=1

439

T4
i

21
183

11098
4040
1037

| 0
Q034
| &

F9
441

B0
1384
444
L2 B

321

2180
[
Z2ED

g7

07

mnz
480
150
443
192
4303

740
166

450
430
358

T&

(1.1
131

7204
414
I

728

114
2878

345
247

455
oy
414
8%

144
51

4733
B0
3538
Aad
2343

11497
4010
4l
23k
X,
balb
33

R32
170

&35
24532

i5d
476
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Comparativa de pesos — Aviones similares

NAA Mel McD ;D Republie :h Wik HiLA Mel | Grammen | Erumman  Eremman
F-100F | F-1018 | RF-101  F-1024& | F-105B | F-10&A | F-10TA | F-8&H - FdH FI11F FOF-5 AZF{AG)

Balizt
Miariulacturing

voriafion
Fised equipment faol 4333 L&32 3522 4620 LEI BBO7 4441 2741 4143 A2 2573 2140 B54b
Woil) + o) 156 223 223 284 o8 an3 143 &7 [ 24 131 72 0 19k
leicxe. el copacity Pl AEa2 Q7RZ 7053 75d0 8474 11050 J640 14306 | 13410 S5 63 T1&0 B7ad
Payload (maox fuel} 250 1&81 Fid 1241 Th7 1374 2550 Ll 197 1504 340 [l 2000
Expandoble poyiood
Fixed poyfood
Flight desgn G, I 20300 | 30800 | 370D | PREOD 31392 30590 | 29524 | 19012 | 3DSFE | 34851 | 7500 | 43000 34815
ShuctureGil 358 | G240 0275 0.315 (369 0314 (1.%85 0.321 329 318 DA 0349 033n
Porwer planb G 0231 0,343 0333 0.249 D245 0.244 0.2a1 0.253 0. 257 0.259 0245 01e3 0142
Fixed equipmentGW D147 | D4R 00es 018 [L155 0.190 0.150 0144 035 0,130 {1153 0144 {1159
Ermply weighi W D73r | 0733 0724 0.750 OLTET 0.747 0814 0.728 0722 0.7 D7 0.4B4 0451
Ying proup G 0133 | D.08B Qe 0118 EREE 0.108 0128 0.142 135 0§25 0125 0.5 0135
Empennoge groupGW 0033 | 0020 0023 0021 D03s 0.023 0.038 0.017 0034 0024 [o3s 0427 024
Fusaknge group Bl 013r | D09R ooy 0134 0187 0.144 0142 0.1az7 128 118 D187 0119 ogz
Engina seclian/GW 0o 0.2 (003 0.0z [00a 0.0 0.009 0.002 0.003 0.004 AR 0000 D.0az
Land. gaar groupG¥ Quass 0.040 0043 0041 e .00 (0.0:£A 0.052 0031 i0.050 [s2 09 Do47T
Toke-off grozs weight, Ans3E | 41288 | ATFI3 | 2BEAT 34081 3888 | 39405 | 1ASOR | 3BSRE | 40217 21233 17500 34815

i}
Emply weight, 1, [b 21453 | 20190 | TA774 | 19E3D 25022 PI448 | 24004 | 13834 | 2P | Z465E 13485 1023 22580
Wing proup’s, pet o7 o5 10.0 4.3 ar 4.7 04 B4 BQ RZ a5 Q.2 Q1
Empennoge group! 6.3 | 3 £ 51 (] fd i1 12 k2 58 Ak 44

Ser. pif
Utimate lood fochor, g 133 102 1 105 13 105 13 I 24 Q9.8 1.3
Surfoce oreos, IF
Wing, 5 ] 358 348 £04 245 508 305 313 467 1] 255 250 520
Honzaniol foil. & a.g i | 5.1 1] D&.5 0 933 472 572 9e2 55.5 18 i20
Verlical hoil, 5, ES & B4 9 o I 751 ga.1 105 A3 8 323 1848 575 503 4 .4
Empennoge anaa, 5, 156 140 140 951 i1 105 177 784 | 44 T4 ié 114 rag

‘ .
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Mo, of anginas
Weigh tem ()
Wing group
Empannoge group
Fussioge group
Erigrs aaciion
Landing geor group
Moea gear

Moir: per
Cunrigger geor
Sruchire Toddl
Eragines(z)

Ar inducion sygiam
Fuel syaiem
Propulzion sysiem
Poswer plan foial
AMOMICE + insrumendation
Surfaps conrols
Hydraulic eystem
Prieumafic syslam
Elecinical ayzlam
Elecimnice
Armomeni

Air condfioning ayslam
Arl-icing syshem
Fumishings
Aucdiany gear

28/10/2013

4314
674
3541
R3
1458

0032
4040
414
1242

B0
145

[0af
474

&35
034

0l

218
253

Table LSk Fghter Arcraft Weights Summary

Vought  McD  Boeing | Boeing LM LM LM

FA-1BA |

Boeing Boeing

FIA-1BE | F/A-224

FTuU-1 F-4E | F-15C AV-BBE  F/A-164  F/A-14C
2 t 2 2 s ] 1 1 2 2

072 3543 8234 3442 3TIe 1443 1829 2145 47 4504
| 358 124 DS 1104 045 ar2 79 ol 1524 2580
451 937 8050 6245 4586 2040 3325 313 L1 12049

&l 0 164 102 143 141 1x 440 175 111
2173 1181 1944 1393 |02 1011 BE1 1118 2623 1447
37 244 24 334 154 a0 3 2h3

PheT 112% | 356 400 a7 LRV, 1B&0 1214

T
1853 | odZ7 13355 | 124B5 11583 a7 7078 B53l 15177 20013
7240 2190 TaR7 E091 4794 3815 3024 3945 218 10284
a1 400 118 1484 423 234 2048 341 402 1425
oo 1080 1932 1128 1002 542 381 & 1353 1204
h3 a7 12 522 Lt 444 357 412 412 04
P35l 5497 11259 | @206 6277 5037 4042 b093 7o 11512
210 1038 270 151 0l ga 103 a7y X 303
|85 452 H&! alb | 0&7 t0H 127 XL 1242 1327
275 a7 543 433 341 174 1 310 447 Ted
E21 i S92 &07 647 424 457 M 109 1207
2230 328 2227 1 THY 1538 27 1054 15683 1979 1924
45 357 &d1 627 387 152 503 &8 319 37
424 L) 406 B8k 693 I8 255 221 B85 1260
21 3 3 21 4

&t an 4l 4 317 278 s &ad 380 454
128 412 ne 189 £3 T 214 203

50 UN
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@
|
Py

AR

Phologmphic syslem
Balloel

Moririachuring vanaion
Fad aquipmend folal
Wai) + Witto)

M fuel capaciy

Poyioad (max. fual)
Expendabiz povicod

Fread poylood

Flight design graas waightl, Ib
SruciureGl

Power plantzW

Frad aquipmerdGW
Empty weighbGy

Wing groupGIW
Empannoge groupGW
Fussfoge groupGW
Ercyre sectionGYY
Land. gear groupGW
Tokeod grose waight, TOGW, |b
Empty weight, Wi, b

Wing groupy'S, pe
Empannoge groupSe. pef
Ulimate kaod fockor, ge
Surface arens, F

Wing. 5

Henzomdal fai, 5

Yerdcol loil. 5

Empannoge orea, S.,
28/10/2013

McD
FiH-2

4430
147
FTEY
214

25000
0.384
0266
0171
(818
FRE
0022
0137
0,004
0.056
32037
21212
g4

4.5
1125

blé
B2.5
45.4
128

NAA
A3l

6535
320
19074
1885

44038
0337
0203
0142
(479
BRI
0.030
0149
0002
D047
3558
Jr2d4
.
34

o
24
i01l
405

Vought
FTU-1

2457
oy
GB24
502

19310
0.333
0.285
a1
0.744
0.184
0.Cc38
0.0
0.004
0.0a1
21638
14397
11
B3

507
0
B4

84

McD
F-dE

57
GB7S

120e4

2103
i
37500
0354
0.3
0183
0.840
TRk
0024
0.135
0004
0os2
53000
31614
95
5.8
a5

546
100
415
168

Boeing
F-15C

il
318
-97

EToE

13455

571
a
37400
0334
0244
0,154
(733
oogr
Q03n
01&7
0.0a3
Qo3r
48000
27415
&.1
47
11

590
i
125
236

Boeing

FA-18A

34
-10
5134

17592

E453
2731
33357
0.357
Q.19
0.159

7o
0.1y
0.02%
0.545
0.004
0.042
51900
21974

05
49
1125

400
Bg.1
104

L

Bosing
Ay-8B

-14
)

I

4371
B3l
22950
0219
0.219
ai1g
0.557
0.053
0.014
0.090
0.00&
0.044
20750
13791
6.3
&0
10.5

23
485
264
751

LM

FIA-164
165

-9
4031

1é
13732

338
1854
22500
0.314
0.180
0174
0.673
0081
0.032
0.148
0.014
0.0
35400
15649
6.1
6.9
135

am
49
54.7h

103.75

Célculo de Aviones © 2011 Sergio Esteban Roncero

LM
Frh-16C
7D

5238
186
13504

3B
1930
25310
0317y
0189
ERE
0701
f.080
0033
0145
naiy
oodi
42300
18363
72
T4
13.5

20
&3.7
b4.75
118.45

Boeirg
FrA-18E
232

183
T8
L1
474
21091

&045
3441
43600
0.344
0172
IRET)
0.673
0109
0.035
0138
0.004
0.06d
66000
el LT
0.4
&4
11.25

500
120
120
240

LM

FIA-22A
84

114
8303
570
34439

2472
7131
54351
0.385
0.249
0.153
0.7&7
0.0e4
0.044
0.332
0.004
0.0z7
BA200
42728
&b
8.2
135

840
134
178
314
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¢ Comparativa de pesos — Aviones similares

Table L6 Sailpiane Weight (dota from [17)

Sailplane ltem Mimbus Il Nimbus 4T  ASW 17 | ASW 228L ASW 12 L5-9 5B-12 | 5B-8 PW-5 Ela
Span () o 84.4 Ol 84.4 a0 af 4% o 44 1071.4
Acpect rolio 28.4 39.2 27 418 258 277 225 23 178 at.3
Wing area (1% 155 192 140 179 140 124 110 | 182 | 109 200
Wing MAC () 23 2048 2.32 1.9 228 2 065 222 243 2.26 2.25
Wing faper ratia 0.34 023 0.43 025 024 0.25 0.43 0.44 02 0.35
Wing wt (It a0 &84 532 &74 47 484 257 284 185 Bid
Fuesiogafar wi (i) 264 434 279 304 257 319 205 147 220 632
Harlr ol {10} 13 18 2 1B 18 15 15 13 13 18
Empdy wi (i) 783 1140 aae 1000 Jo2 aia &74 444 418 1344
Mo wi (1D 1276 1760 1342 1650 Pds 1155 QR0 735 G0 1870
Watar bailosf (1b) 205 422 255 452 46 139 318 3 44 606
Yarer alimet/ampty wi 0376 037 0287 045 oor 017 0.47 014 0.11 0.37
Empty wimax wi Q614 0.448 0.662 081 0.74 0N 0.48 0.43 0433 0.73
Mo wiwing area (pst) 8.23 17 B.39 22 &.76 917 9 4.8 6.05 R.35
Wing whwing areo (penh 3.24 3.57 333 3.79 305 .84 2.4 1.84 17 4.07
Harzariod Tall

Alan I:I'."",- 1098 14.64 15.3% 13.67 10.74 10.76 12.4 14 14.85 i4.]

MD{HE"H o {if) 15.1 14.1 13.85 16.65 13T 13.4 123 1826 1247 20 .44

Car 0465 059 0.57 043 046 .54 0.42 .58 0.75 0.44
Weriical Tl

Alan [ITJ} 13.35 1693 1453 18.41 12.92 10.87 ?.58 14 12 21.64

Momeni orm {1 14.63 16.75 14.53 15.13 id.11 12.8 1224 | 15.4¥% 11 19.88

o 007 OD5 | 0021 | O 002 00187 002 002 0065 | 00212

Mox waight = empay weight + 198 Ib picd + waler bailost,
EToil veluma coatiiciend {saa Chapler 11).
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i Actuaciones y Propulsion - |

= Propulsion y Actuaciones:

= Primera estimacion de actuaciones
(grandes rasgos).

= Diagrama T/W vs W/S

= Definir planta motora.

= Interaccion: En funcion de las
“performances calculadas™ exigira
modificaciones de todas las ramas

28/10/2013 Célculo de Aviones © 2011 Sergio Esteban Roncero
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Actuaciones y Propulsion - I

= Definir las actuaciones de forma precisa en funcion de sus necesidades:
= Alturas de vuelo

= Regimenes de vuelo: crucero, autonomia, ate

= Velocidades de vuelo (max, min, stall, etc...) Wt 5V aroreas SChmos s

= Configuracion sucia y limpia Whe  300VErarLosmey SClmaspinsy

= Velocidades de entrada en pérdida

, 1 ..
W=1L= H.‘JI"E?TALLS{'ILma:

s 1 a2 e
.-' ! g TPMI STALLCLEAN'&]LL“JIC LEAN

= Correccion de los empujes: Vstartomer = \/ 7.
= Correccidn para representarlos
= Correccién para obtener valores razonables

= Analisis concurrente:
= 12 etapa RFP :> W/S & T/W

1 =
2""3"'-‘2'Ej ~Lmazprgry

= 22 etapa
W/S & T/w [ RFP

q b H’f -:h_t:-.‘ er

e — = - - _ 1 -
b’ I ID o Tf I 1 tn q -i-!' I.I..fuju _‘t'] W fc:zée r

H"—E-:rz':fw B
P

loiter

T{c-e'te*.-' - (EIT.-L::*EEE?‘ ??E n {:_-T_DI:IiI ) Tr[. .Eu H'r{-::ra'rer E‘H."L] ”'r.Eoiter 9 GD.;.EI
1'1-",{']

@
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