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Estimación de Pesos - I
 Determinación de forma estadística. 
 Previo a tener valores más representativos obtenidos mediante 

modelado en CAD.
 1ª Fase: determinar el peso de las estructuras simplificadas

 Uso de multiplicadores lineales
 fuselaje, ala, estabilizadores horizontal, motor, tren de aterrizaje, % de misceláneos

 2ª Fase: ajustar los pesos de dichas estructuras simplificadas
 Método literatura

 3ª Fase: incluir pesos de sistemas aplicables:
 Flight Control System, Hydraulic and Pneumatic System, Instrumentation, 

Avionics and Electronics, Electrical System, Air-conditioning, Pressurization, 
Anti- and De-icing System, Oxygen System, Auxiliary Power Unit, Furnishings, 
Baggage and Cargo Handling Equipment, Operational Items

 4ª fase: determinar incremento de pesos asociados a refuerzos 
estructurales

 Identificación de zonas de carga

 5ª Fase: reducción de peso estructural ateniendo a selección de 
materiales
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Estimación Pesos 

Método I
Ref: Aircraft Design: A Systems Engineering Approach, 

M. H. Sadraey, Wiley Aerospace Series, 2012.
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Estimación Pesos
 Estimación de pesos de las distintas estructuras:

 Empleo de datos históricos para crear ecuaciones paramétricas que tienen en 
cuenta:

 Relaciones directas entre el peso de objetos y su densidad media
 Datos reales publicados de varios componentes
 Factores empíricos derivados por Sadraey (ver Bibliografía) 
 Ecuaciones empíricas publicadas (ver Bibliografía)

 Ejemplo de relaciones entre objetos y densidad
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Ecuaciones válidas para unidades 
en el SI e Imperiales (British) 

(sólo tener en cuenta el valor de 
	 	9,81 ó 	 32,17	 / )

Density of material

Método Alternativo I
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Wing Weight - I
 Wing Weight Equation
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siendo
(British & SI units)
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Wing Weight - II
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Nota: GA → General Aircraft
Wing Density Factor
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Horizontal Tail Weight - I

 Horizontal Tail Weight Equation
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siendo
(British & SI units)
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Horizontal Tail Weight - II
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Horizontal Tail Weight - III
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 Ajuste del density factor para diferentes tipos de aviones
 Emplear valor intermedio
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Vertical Tail Weight - I

 Vertical Tail Weight Equation
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siendo
(British & SI units)
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Vertical Tail Weight - II

 Vertical Tail Weight Equation
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Fuselage Weight - II
 Fuselage Weight Equation
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siendo

(British & SI units)



Cálculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es

Landing Gear Weight - II
 Landing Gear Equation

13

siendo

(British & SI units)
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Installed Engine Weight - II
 Installed Engine Equation

 Fuel System Weight
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siendo

siendo
GA →

must be in lb (British)

for aviation gasoline 5.87	 /
for JP-4 6.55	 /
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Installed Engine Weight - III
 Fuel System Weight: Transport and fighter aircraft

 Transport and fighter equipped with non-self-sealing tanks:

 Transport and fighter equipped with integral tanks (i.e. wet wing F-111):
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siendo

must be in lb (British)

must be in lb (British)

siendo
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Estimación Pesos 

Método II
Ref:Aircraft Design, 

Cambridge Aerospace Series, Ajoy Kumar Kundu,  2010
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Método Gráfico Estimación de Pesos - I

17

Permite determinar peso de distintos componentes de 
manera sencilla en función del porcentaje que representa 
cada uno de los componentes

Aplicable para aviones pequeños con menos de 19 
pasajeros

Aproximación de 2 asientos por línea

Ref: Kundu
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Ref: Kundu
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Método Gráfico Estimación de Pesos - I
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Permite determinar peso de distintos componentes de 
manera sencilla en función del porcentaje que representa 
cada uno de los componentes

Aplicable para aviones con más de 19 pasajeros

Ref: Kundu
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Ref: Kundu
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Estimación de Pesos de Componentes
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Estimación de pesos de componentes que permite comparar con pesos obtenidos

Ref: Kundu
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Estimación de Pesos de Componentes

22

Estimación de pesos de componentes que permite comparar con pesos obtenidos

Ref: Kundu

Aircraft component weights in pounds

Fuselage,nacelle, and undercarriage weight (lbs) Wing and empenage (cola) weight (lbs)
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Fuselaje Contributions - I

23

= fuselage length
= fuselage depth average

= MAXIMUM TAKE OFF WEIGHT
V 	= design dive speed in knots equivalent air speed (KEAS)
n 	= ultimate load factor

Fuselaje Aviones Civiles
1ª estimación

Estimación detallada

The value of index x depends on the aircraft size: 
- 0 for aircraft with an ultimate load (nult) < 5
- between 0.001 and 0.002 for ultimate loads of (nult) >5 (i.e., lower
values for heavier aircraft). 
In general, x = 0 for civil aircraft; therefore, 	 	 1. 
The value of index y is very sensitive. Typically, y is 1.5, but it can be as low as 1.45. 
It is best to fine-tune with a known result in the aircraft class and then use it for the new design.

Ref: Kundu
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Fuselaje Contributions - II
Ref: Kundu
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Fuselaje Contributions - III
Ref: Kundu

Para aviones civiles ( 	 5), se simplifica a 

For the club-flying–type small aircraft, the fuselage weight with a fixed undercarriage

If new materials are used, then the mass changes by the factor of usage. 
For example, x% mass is new material → that is y% lighter; 

In a simpler form, if there is reduction in mass due to lighter material, then it is
reduced by that factor. For example, if there is 10% mass saving, then
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Wing Contributions - I
Ref: KunduWing contribution

(mass)

If new materials are used, then the mass changes by the factor of usage. 
For example, x% mass is new material → that is y% lighter; 

In a simpler form, if there is reduction in mass due to lighter material, then it is
reduced by that factor. For example, if there is 10% mass saving, then
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Empenage Contributions - I
Ref: Kundu

Empennage for an H-tail and a V-tail as follows. 
- for all H-tail movement, and mid-tail use 	 	1.05
- For a low tail 	 	1.0
- For V-Tail and T-tail configurations, use 	 	1.1

If new materials are used, then the mass changes by the factor of usage. 
For example, x% mass is new material → that is y% lighter; 

In a simpler form, if there is reduction in mass due to lighter material, then it is
reduced by that factor. For example, if there is 10% mass saving, then

Horizontal tail

Verticaltail



Cálculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 28

Nacelle Group Contributions - I
Ref: Kundu

The nacelle group can be classified distinctly as a pod that is mounted and interfaced with 
pylons on the wing or fuselage, or it can be combined. The nacelle size depends on the 
engine size and type. The nacelle mass semi-empirical relations are as follow.

Jet Type (Includes Pylon Mass)

Turboprop Type

For a wing-mounted turboprop nacelle

For a turboprop nacelle housing an undercarriage

For a fuselage-mounted turboprop nacelle with a pylon

Pods are slung under the wing or placed above the wing with little pylon, unless it is an aft-
fuselage–mounted pusher type (e.g., Piaggio Avanti). For the same power, turboprop engines 
are nearly 20% heavier, requiring stronger nacelles; however, they have a small or no pylon.
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Nacelle Group Contributions - II
Ref: Kundu

Piston-Engine Nacelle

For a fuselage-mounted, piston-engine nacelle

For a wing-mounted, piston-engine nacelle:

For tractor types, the nacelle is forward of the engine bulkhead; for pusher types, it is aft of 
the engine bulkhead – both have an engine mount. This mass is not considered a fuselage 
mass, even when it is an extension of the fuselage mould line.

If new materials are used, then the mass changes by the factor of usage. 
For example, x% mass is new material → that is y% lighter; 
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Under Carriage Contributions - I
Ref: Kundu

For a low-wing–mounted undercarriage

For a midwing-mounted undercarriage:

Tricycle Type (Retractable) – Wing-Mounted (Nose and Main Gear Estimated Together)

For a fixed undercarriage, the mass is 10 to 15% lighter; for a tail-dragger, it is
20 to 25% lighter.

For a high-wing–mounted undercarriage:

Tricycle Type (Retractable) – Wing-Mounted (Nose and Main Gear Estimated Together)
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Power Plant Group - I
Ref: Kundu

Estimación de los distintos componentes de sistema propulsivo en función de 	
Turbofans
(1) Equipped dry-engine mass (ME)
(2) Thrust-reverser mass (MTR), if any – mostly installed on bigger engines
(3) Engine control system mass (MEC)
(4) Fuel system mass (MFS)
(5) Engine oil system mass (MOI)

Turboprops
(1) Equipped dry-engine mass (ME) – includes reduction gear mass to drive propeller
(2) Propeller (MPR)
(3) Engine control system mass (MEC)
(4) Fuel system mass (MFS)
(5) Engine oil system mass (MOI)

Piston Engines
(1) Equipped dry-engine mass (ME) – includes reduction gear, if any
(2) Propeller mass (MPR)
(3) Engine control system mass (MEC)
(4) Fuel system mass (MFS)
(5) Engine oil system mass (MOI)

	- Masa en seco proporcionada por el constructor 
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Power Plant Group - II
Ref: Kundu

Turbofan

Civil aircraft power plant (with no thrust reverser):

Civil aircraft power plant (with thrust reverser):

Turboprop

Civil aircraft power plant: where 1.4 ≤ ≤ 1.5

Piston Engine

Civil aircraft power plant: where 1.4 ≤ ≤ 1.5

APU (if any)
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Systems Group - I
Ref: Kundu

Civil Aircraft

The systems group includes flight controls, hydraulics and pneumatics, electrical, 
instrumentation, avionics, and environmental controls. At the conceptual design stage, these 
are grouped together to obtain the power plant group.
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Furnishing Group - I
Ref: Kundu

Civil Aircraft

This group includes the seats, galleys, furnishings, toilets, oxygen system, and paint. At the 
conceptual design stage, they are grouped together to obtain the furnishing group.
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Contingency,Misc and Crew - I
Ref: Kundu

A civil aircraft crew consists of a flight crew and a cabin crew. Except for very small aircraft, the minimum 
flight crew is two, with an average of 90 kg per crew member. The minimum number of cabin crew depends 
on the number of passengers. Operators may employ more than the minimum number,

Crew – Civil Aircraft

Contingencies and Misc – Civil Aircraft
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Comparativa de Pesos de Sistemas - I

36

Permite determinar peso de distintos componentes del sistema en función de porcentaje con 
respecto al MTOW

Ref: Kundu

Aplicable para aviones pequeños con menos de 19 
pasajeros

Aproximación de 2 asientos por línea
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Comparativa de Pesos de Sistemas - II

37

Ref: Kundu
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Comparativa de Pesos de Sistemas - III
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Permite determinar peso de distintos componentes del sistema en función de porcentaje con 
respecto al MTOW

Ref: Kundu

Aplicable para aviones con más de 19 pasajeros
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Comparativa de Pesos de Sistemas - IV
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Estimación Pesos 

Método III
Ref:Aircraft Design: A Conceptual Aproach

Daniel P. Raymer
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Cargo/Transport Weights - I

41

Estimación pesos de superficies aerodinámicas

Wing / Canard (si almacena combustible)

Horizontal /V-Tail / Canard  

vertical
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Cargo/Transport Weights - II

42

Fuselaje 

Tren de aterrizaje
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Cargo/Transport Weights - III
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Sistema Motor
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Cargo/Transport Weights - IV
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Sistemas
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Cargo/Transport Weights - V
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Sistemas
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Cargo/Transport Weights - VI
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Cargo/Transport Weights - VII
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Cargo/Transport Weights - VIII
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