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i Estimacion de Pesos - I

= Determinacion de forma estadistica.

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

Ingenieria

Aeroespacial

1@ Fase: determinar el peso de las estructuras simplificadas
= Uso de multiplicadores lineales
fuselaje, ala, estabilizadores horizontal, motor, tren de aterrizaje, % de miscelaneos
22 Fase: ajustar los pesos de dichas estructuras simplificadas
= Meétodo literatura

32 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

42 fase: determinar incremento de pesos asociados a refuerzos
estructurales
= Identificacion de zonas de carga

52 Fase: reduccion de peso estructural ateniendo a seleccion de
materiales
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Estimacion Pesos

Método I

Ref: Aircraft Design: A Systems Engineering Approach,
M. H. Sadraey, Wiley Aerospace Series, 2012.

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



fme

i EStimacién PESOS Método Alternativo I

= Estimacion de pesos de las distintas estructuras:
= Empleo de datos histdricos 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 empiricos derivados por Sadraey (ver Bibliografia)

= Ecuaciones empiricas publicadas (ver Bibliografia)

Ejemplo de relaciones entre objetos y densidad

u
No Engineering Materials Density kg/m?
1 Aerospace Alumimum 2711
2 Fiberglass/epoxy 1800 — 1850
3 Graphite/epoxy 1520 — 1630
4 Low-density foam 16 — 30
5) High-density foam o0 — &0
6 Steel alloys 7747
7 Titanium alloys 4428
8 Balsa wood 160
9 Plastics (including monokote) 900 — 1400

Table 1: Density of Various Aerospace Materials
A gﬁéaespgg{_a{
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Ecuaciones validas para unidades
en el SI e Imperiales (British)
(s6lo tener en cuenta el valor de

g = 98109 =32,17 ft/s?)

Density of material
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‘L Wing Weight - I

= Wing Weight Equation

0.6
Ww = Sw - MAC - (%)mm  Prmat - K, - ( AR 1y ) L \0.04 g

siendo

Ingenieria )
Aeroespacial %

W, (British & SI units)

Nult = L.5- Nmax

Sw
MAC

t
(©)...
Pmat
K,
AR
zZny;
Ao.25

A
g

wing planform area

wing mean aerodynamic chord

maximum thickness-to-chord ratio

density of material (tabla 1)
wing density factor (table 2)
Aspect Ratio

ultimate load factor

quarter chord sweep angle
taper ratio

gravitational constant
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Wing Weight - II

No Aircraft-wing structural installation condition Density K,
1 GA, no engine, no fuel tank in the wing 0.0011 — 0.0013
2 GA, no engine on the wing, fuel tank in the wing 0.0014 — 0.0018
3 GA, engine installed on the wing, no fuel tank in the wing | 0.0025 — 0.003
4 GA, engine installed on the wing, fuel tank in the wing 0.003 — 0.0035
5 Home-built 0.0012 — 0.002
6 Transport, cargo, airliner (engines attached to the wing) 0.0035 — 0.004
7 Transport, cargo, airliner (engines no attached to the wing) | 0.0025 — 0.003
8 Supersonic fighter, few light stores under wing 0.004 — 0.006
9 Supersonic fighter, several heavy stores under the wing 0.009 — 0.012
10 Remotely controlled model 0.001 — 0.0015
Nota: GA — General Aircraft
Table 1: Wing density factor for various aircraft K, Wlng Density Factor

No Aircraft Maximum load factor (n,,qz)

1 GA normal 2.5 — 3.8

2 GA utility 4.4

3 GA acrobatic 6

4 Home-built 2.5—-95

! Remote-controlled model 1.5 —2

6 Transport 3—14

7 Supersonic fighter 7—10

Table 1: Maximum positive load factor for various aircraft
Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 6 u¥



Horizontal Tail Weight - I

Horizontal Tail Weight Equation

Wur = Sur - MAChr - (1)

1 70.3 c 0.4
Vi - (g) g

siendo Sy
MACHT

(5)
c max g

pma,t

K

PHT

ARygr

Ingenieria g
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Aeroespacial -9

[/ __ 1l SuT
Var = ;5=
horizontal tail exposed planform area

horizontal tail aerodynamic chord

horizontal tail maximum thickness-to-chord ratio

density of material (tabla 1)

horizontal tail wing density factor (table 2)
horizontal tail Aspect Ratio

horizontal tail quarter chord sweep angle
horizontal tail taper ratio

horizontal tail volume ratio

elevator-to-tail chord ratio

gravitational constant

0.6
- . - ARHT -
MaxygT Pmat K’OHT (COS(A0_25HT) ) A

W, (British & SI units)



fme

Horizontal Tail Weight - II

[/ _ L ST
Var = ;5=

acy

Feference
line
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A
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Y

Ingenieria
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‘_L Horizontal Tail Weight - III

= Ajuste del density factor para diferentes tipos de aviones

= Emplear valor intermedio

No Aircraft Kppr K,

1 GA, home-built-convenctional tail/canard | 0.022 — 0.028 | 0.067 — 0.076
2 GA, home-built-T-tail /T-tail 0.03 —0.037 | 0.078 —0.11
3 Transport-conventional tail 0.02 —0.03 | 0.035 — 0.045
4 Transport-T-tail 0.022 —0.033 | 0.04 —0.05
5 Remotely controlled model 0.015 —0.02 | 0.044 — 0.06
6 Supersonic fighter 0.06 — 0.08 0.12 —0.15

Table 1: Tail density factor for various aircraft
Aeroespacial
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Vertical Tail Weight - I

Wyr = Syr - MACyr - (%)mamv’r Pmat* Koy (

T_/S'Q . (E—T)M y
siendo

vT
MAC,r

9
¢ maxryoT

Pmat
K

pPvT

ARy

Ingenieria

Aeroespacial -9

= Vertical Tail Weight Equation

ARy
cos(Ag‘gg,VT)

0.6
0.04
)" g

Wy (British & SI units)

vertical tail exposed planform area

¥ I, S
Wr =% S

vertical tail aerodynamic chord

vertical tail maximum thickness-to-chord ratio

density of material (tabla 1)

vertical tail wing density factor (table 2)
vertical tail Aspect Ratio

vertical tail quarter chord sweep angle
vertical tail taper ratio

vertical tail volume ratio

rudder-to-vertical tail chord ratio

gravitational constant
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Vertical Tail Weight - 11

= Vertical Tail Weight Equation

e f
Fd

Aeroespacial

S I, >

Figure 6.25. The vertical tail parameters
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Fuselage Weight - II

= Fuselage Weight Equation

Wp = Lf ) Dzmam " Pmat - Kpf ' ngl%E) - Kinget - g
siendo
Ly = fuselage length
Dy, ..~ = fuselage maximum diameter of the equivalent circular cross-section
pmat = density of material (tabla 1)
K,, = fuselage density factor (table 1) Wy (British & SI units)
nye = ultimate load factor
Kiniet = 1.25 for the case of inlets on the fuselage
Kiniet = 1 for the case of inlets on the fuselage
No Aircraft K,,
1 General aviation, home-built | 0.002 — 0.003
2 Unmanned aerial vehicle 0.0021 — 0.0026
3 Transport, cargo, airliner 0.0025 — 0.0032
4 Remotely controlled model | 0.0015 — 0.0025
5 Supersonic fighter 0.006 — 0.009
p— Table 1: Fuselage density factor for various aircraft

fme

Aeroespacial
=i, o
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Landing Gear Weight - II

= Landing Gear Equation
Wia =K Kret - K- Wy, - (ch;) . 02

ultland
siendo
K; = landing place factor = 1.8 for navi aircraft Y :
K; = 1.8 for navy aircraft WLG (BI’ItISh &Sl UnltS)
K; = 1.0 for other aircraft
K,.e = 1 for fixed landing
K,et = 1.07 for retractable landing gear
Krc = landing gear weight factor
Wi, = aircraft weight landing
nye = landing ultimate load factor
b = wing span No Aircraft Kra
Hpe = landing gear height 1 General aviation, home-built | 0.48 — 0.62
3 Transport, cargo, airliner 0.28 —0.35
5 Supersonic fighter 0.31 — 0.36
4 Remotely controlled model | 0.35 — 0.52
Table 1: Fuselage density factor for various aircraft
Aeroespacial Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 13
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Installed Engine Weight - II

= Installed Engine Equation

WEg, .= Kg-Npg - (WE)O'Q

ins

= Fuel System Weight

Nfs
GA—> Wpg =Ky, (quel) Wi

P
| N Ky,
Wy, must be in Ib (British) K,
for aviation gasoline p, = 5.87 lb/gal o
for P-4 p; = 6.55 Ib/gal .
P

Ingenieria

Aeroespacial
=i, o

siendo
Ng = number of engines
Krp = engine weight factor
Kgr = 2.6 for British units
K; = 3 for metric units
Wg = weight of each engine
siendo

weight of fuel

2 for single-engine aircraft

4.5 for multi-engine aircraft
0.667 for single-engine aircraft
0.6 for multi-engine aircraft

fuel density

V4 ﬁ:r.
Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 14 U=



fme

Installed Engine Weight - III

Fuel System Weight: Transport and fighter aircraft
= Transport and fighter equipped with non-self-sealing tanks:

B W ruel \ " siendo
Wrs = Kyg - . .
Pf Wiuer = weight of fuel (must be in 1b)
. . Ky = 16
Wr.must be in Ib (British) 0y = 0.727
py = fuel density (must be in 1b/gal)

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

0.333 .
Wes = 15 (N;)*° - (Wf'“el) +80(Ng+ N, —1) siendo

Pf
Wiuwer = weight of fuel (must be in 1b)
N; = number of separate fuel tanks
: . Ng = number of engines
WmeUSt be in Ib (BI’ItISh) pr = fuel density (must be in Ib/gal)

Ingenieria

Aeroespacial
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Estimacion Pesos

Método II

Ref:Aircraft Design,
Cambridge Aerospace Series, Ajoy Kumar Kundu, 2010
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Método Grafico Estimacion de Pesos - I
Ref: Kundu

Table 8.1. Smaller aircraft mass fraction (fewer than or 19 passengers — 2 abreast seating)

Rapid mass estimation method: Summary of mass fraction of MTOM for smaller aircraft. A range
of applicability is shown; add another + 10% for extreme designs.

RlMidaized aireraft Large aircraft
2 engines twrbofan
Croup Twrboprop  Twhbefan  2engme  4-engine
Fuzelage Ffu = M pp/MTOM ftoll 10to 12 0to 12 Pio 1l
P -t d t . d d- t- t t d Wing Fv = My MTOM Ttod Bioll 121014 11ta12
H-all Fhri=2M T 12tals 181022 1tell 1tal2
erml e e ermlnar peso e IS In OS Componen es e V—::ﬂ Fv::M::Aﬁ;TOM 0.6?20.8 0.8:21.2 0.t60t00.8 0."70to 0.8
- L4 " MNacelle Frn=Mp/MTOM 2.5t 3.5 1.5ta2 071209 02to 0l
manera sencilla en funcion del porcentaje que representa P GpyoMeMTON 003 05107 Gllod 04103
Undercarriage Fue = Mpo/MTOM 4tod 34t0dn 4toh ERT]
Feng = M py M TOM Etoll tod 33106 36tof
cada uno de los componentes T Ry ewmATOM 0 0ae08 07108 afed
Engmecon. Fer = MpcMTOM 15te2 O8tal 021003 0Z2ta 03
Fuel aystern Ffs = MpsMTOM 08tol 0T ta(? 054008 061008
Ol systemn For = MosMTOM 021003 021003 031004 03t0 04
. . ~ AP Ote0l Ote il 01 01
Aplicable para aviones pequenos con menos de 19 i i A PR
. Elertrieal Fele =MpizoMTOM 2104 Ited 0210l OTtol
pasajeros Frme FesMamTow  omer  oowrs oreos orwos
ECS Fecs = Mpoe/MTOM l2toZd 1tal 061008 051008
Oxigen Fox =MopMTOM 03ta0s 031008 021003 02ta03
Furnushing Ffur = Mrop/MTOM 4toh Btad 451055 4.5t0 58
. . 7 . 7 M1.soe]laneous Frwe =M/ MTOM  Oto0l Ota 0l Otals Ot 0.3
Aproximacion de 2 asientos por linea I ol B S I N
MEW (%) 53t 55 52105 Sta 4 4810 50
Crew 031005 03tals 041006 Odtald
Cansurnatle L5tal 1.5ta2 1tols lials
DEW (%) St % o oS5 Wted
Payload and fuel aretraded
Payload 15t 18 12ta0 181022 181020
Fuel MWta 28 221030 Wtals 251032
MTOM (%) 100 100 100 100

Notes: Lighter/smaller aircraft would show a higher mass fraction.

A fuselage-mounted undercarriage is shorter and lighter for the same MTOM.

Turbofan aircraft with a higher speed would have a longer range as compared to turboprop aircraft and, there-
fore, would have a higher fuel fraction ( typically, 2,000-nm range will have around 0.26).

Ingenieria T
. A )
Aeroespacial | Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 17 U=



Ingenieria

Aeroespacial

Srmall-piston Amiculture  Small areraft 2-engine
alreraft arrcraft {Bizjet, utihty)

Jroup 1-Engine 2-Engine (1-Piton) (Tuboprop) (Turbofan)
Fuzelage Fiu = Mpp/MTOM 2told 6tolD RS Wtoll Btoll
Wing Fw = My A TN Wto1ld Stoll 14 to 16 104012 Hto 12
H-tail Fhi = Mg/ MTOM 15t025 1E8t0l22 15t0l 1l5tal 14 to 1.E
tal Evi = My AT OM 1tels 1ldteld 1told 1tals DEtnl
MNacelle Fn= Mp'MTOM 1tald  15to2 1L2tal3 1.5t0 1.8 1.4 to L8
Pylen Fpy = MpyMTOM 0 0 o 041005  05to08
Undercarriage  Fuc = MpWTOM 4toB 4106 4tad 4toh 3tad
Engine Fur = MpoAdTOM Wtold 181020 12 to 15 Ttold Tto?
Thrust rev. Fir = MrpMTOM 0 0 0 0 0
Enginecontrol  Fec = MeoAd TOM 15te25 2103 1to2 15ta2 17t02
Fuel system Ffs = Mpg/MTOM 07tol? ldtols 1liold ltol2 12ta 1.5
Ol zyatemn Fos = Mg MTOM 01ta0? 025t004 011003 0.3 to 05 0.3 to 05
AP 0 0 o 0 0]
Fhghtcon sve.  Ffo = MroMTOM 15to2 1ldtolh 1tols 153tal 15to2
Hydr./pnew. sy, Fhp = MgpMTOM  0t002 03tc0b 0to(3 0.5t0 1.5 0.7tol
Elertrical Fele = MerpeMdTOM 15ta025 2ta3 Lita2 2tod 2tod
Inztrurmnent Fing = Mipe/ TN 0510l 05tol 05tel O5tnl 08 to 1.5
Aviomes Fov = MarMTOM 0210035 041006 02to0d  03te03  04t008
ECE Feog = MpoegddTOM 01003 041008 Ot 2tod 2tod
Oixygen Fox = MaopMTOM  0t002 Oto0d 0 03t 05 03 t0 05
Furmzhang Ffur = Mppp/ W TOM  2t06 4t f 1o Bto & Stod
Mizcellaneons  Brwse = My W TOM O0t005 0to05 O to s Otol s Otols
FPant. Lpn = MppAfTOM 001 001 Ote (.01 001 001
Contingency Foon = MeoopMTOA 1tol 1to2 Dtol ltod 1ta2
MEW (%) STto @7 Btohd S8to 5810 63 35 to 60
Crew Btol? Btod 4tab 1to3 1ta3
Conzumable Otaol Dtol 0 ltol 1tal
OBEM (%) B5te TS B5to 0 B2 to 66 B0 o 66 5 tobd
Payload and fuel are traded
Payload Wte2d 12t020  20to30 151025 15t 20
Fuel Btold 10ta 15 &t 10 10t 20 1Etols
BMTOM (%) 100 100 100 100 100

Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Método Grafico Estimacion de Pesos - I
Ref: Kundu

Table 82. Larger daircraft mass fraction (more than 19 passengers — abreast and above seating).

Rapid Mass Estimation Method: Summary of mass fraction of MTOM for larger amcraft. A
range of applicability 1s shown; add another 4+ 10% for extreme designs.

ERJMidsized arcratt Large aircraft
2 engines turbofan
Croup Turboprep  Twbefan  2-engne 4-engine
Fuzelage Ffu = Mpp/MTOM Btoll 10te 12 10te 12 Bto 11
Wing Fww = My MTOM Ttad Bio 1l 12 te 14 11te12
H-tal Fhi =M grAd TOM 12tal5 1&8t02l 1toll 1tel2
Permite determinar peso de distintos componentes de it s e otoali e
Nacelle Fin=MpMTOM 251035 15t02 07te09 08+t 09
. . 7 . Pylen Fpy = Mpy/MTOM Ota03 051007 03to04 041003
manera sencilla en funcidn del porcentaje que representa U  mesieewmox - aes e s T
Engine Feng = MpyoMTOM  BtolD Gto & 55t0 6 Shtoh
Thrust rev. Ffr = Mrgp/ToN 0 04to06 07ta0.9 08tol
Cada uno de IOS Com ponentes Engine can. Fec = MecMTOM 15ta2 0&tal 021003 02ta03
Fuel syatem Ffs = MpeMTOM 08tol 07t009 05to 0.8 0.6t0 08
Ol ayetem Fog = MoeMTOM 02t003 02t003 03to04 031004
AP Ote0l Ota 0l 0l 01
Flight con. sys. Efe = Mpo/MTOM 1tol2 ldtol 1ta2 1taZ
H H 4 - Hydr/pnew, sve,  Fhp = Mgp/MTOM 0410 0.6 061008 06tol 03tol
Aplicable para aviones con mas de 19 pasajeros Haeid T Rbosmenion owa ws . oseiz ord
Instrumnent Fing = M e/ MTOM 13toZ l4tol® 03to04d 031004
Avicnics Fay = M awMTOM 08tol 08toll 0Z2t003 021003
ECE Fees = Mpos/MTOM 12to24 1ta2 06to0.8 051008
Oxygen Fox =M aophd TOM 031005 031005 0Z2t003 021003
Furnizhing Ffur = MrorMTOM 4tob Bto & 43t053  45teds
Mizeellaneous Frse = MagpeMTOM  Oto0l Otodl 0to0.5 Oto 0.3
Paint Fpr = MpwhdTOM 001 Q0L 001 001
Contingency Foon =MoapMTOM  05tol 05tal 03tol 05tal
MEW (9%) S3ta 55 S2ta5s 0t 54 48 to 50
Crew 0310 0.3 031003 041006 041008
Consumable 15to2 1.5t02 1tols 1to 13
OEW (%) 54 to 56 S3to g S2to 55 0to 52
Payload and fuel are traded
Payload 15t0 18 1Z2toZ0 18022 181020
Fuel 20t0 28 22to30 20t0 23 251032
RATERA FO0 hlalal 10 A 100

Notes: Lighter aircraft would show higher mass fraction.

A fuselage-mounted undercarriage is shorter and lighter for the same MTOM.

Turbofan aircraft with a higher speed would have a longer range as compared to turboprop aircraft and,
therefore, would have a higher fuel fraction.

Large turbofan aircraft have wing-mounted engines: 4-engine conficurations are bigoer.

Ingenieria .
Aeroespacial

-
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EIMidaized areraft

Large mrcraft

Ingenieria

Aeroespacial

2 engines turbofan
Jroup Turboprop Twhbofan  Zengme 4-engne
Fuzelage Ffu = Mpp/MTOM Gt ll 10to 12 10 o 12 Qto 11
Wmng Fw = MyeAdToAd Tio @ Qio 11 12 to 14 11t 12
H-tail Lhi = M grAf TOA 121015 1Etod2 1tol ltol2
W-tail Fut = M8 T 0N 0Etal8 0Etol2 0.6 ta 0.8 07T to 0.9
MNacelle En =M/ MT oM 251035 1.5tn2 07te 09 08ta0y
Pylen LFpy = M pw T OM Otals 0.5 ta0,7 05 4o 00 0.4 o 05
Undercarnage Fue = Moo WT oM ER A 3.4tad.s 4108 4105
Engine Feng = Mppos/MTOM  Etold fio & 25106 SBto B
Thrust rev, Fir = Mrp/MTON 0 0.4tals 07 to 09 O tol
Engine con. Fec = Mo TOM 15tal 0Etal 02to03 02t0(3
Fuel syatem Ffs = MpeMd TOM DEtol 07 to(g 0510 08 0.6 to 0.8
Ol zyztem Fos = MoeAFT AL 02t 03 02 toe03 035 4o 00 0.3 o 0.4
AP Dtol Dtol 01 0,1
Fhght con. zya. Efr = Mpo/MTOM 1tenl2 14t 1tol 1tol
Hydr/pneu, zswe.  Fhp = M o/ TOM Od to 0.8 0.6tk Datel 05t 1
Hlectrizal Fele =Mprpo'MTOM 2tod 2io3 OEto 1.2 07t l
Instrument Fing = MM TOM 15ta 2 l4tolE 035 4o 00 0.3 o 0.4
Avioncs Fav = M 1/ MTOM 0&tol 0.9t0ll 02to03 02te03
ECE Fecs = M pee/MTOM 12todd lio2 06 to 0.8 0.5 o 0.8
Oxygen Fox =M popddTOM 02 tals 02 ta0,s 02 1o 003 02 to 03
Furmzhing Ffur = M ppp/MTOM 4t b R 45t0 55 4.5t0 A5
Mizrellaneons Emre = M e MTONM Ote(l Oto 0l Dtal,5 Oto 05
Faint Fpn = M pp/MTOM 001 0,01 001 001
Contingency Foon =M eogpeMTONM  05tol 0.5tel O5te 1 05tn 1
MEW (%) S0 55 S2toss to 48 to 30
Crew 031005 03ta0.5 Odtads 04ta08
Cenzumable 15ta 2 1.5ta2 1tals 1ta 13
OEW (3] 5 to 58 J3to 6 52 to 55 S0 to 52
Payload and fuel are traded
Payload 15t0 18 124020 18 o 22 18 1o 20
Fuel 20 1o 28 224030 20 1o 25 251022
MTOM (%) 100 100 100 100
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Estimacion de Pesos de Componentes

Ingenieria

@ :
[} Aeroespacial

Ref: Kundu

Estimacion de pesos de componentes que permite comparar con pesos obtenidos

Weight (1b)

Aircraft MTOW  Fuse Wing Emp Nacelle Eng  U/C n
Piston-engined aircraft
1. Cessnal82 2,650 400 238 62 34 417 132 5750
2. Cessna3l0A 4,830 319 453 118 129 852 263 5.70
3. Beechtd 7,368 601 570 153 285 1,008 444 6.60
4. Cessnad04 8,400 610 860 181 284 1,000 316 375
5. Herald 37,500 2986 4365 987 830 1,625 375
6. Convair240 43,500 4227 3,943 922 1,213 1,530 375
(3as-turbine-powered aircraft
7. Lear2) 15,000 1,575 1,467 361 241 792 584 375
8. Lear45 class 20,000 2,300 2,056 385 459 1,672 779 375
9. Jet Star 30,680 3491 2,827 879 792 1,750 1,061 375
10. Fokker27-100 37,500 4,122 4,408 77 628 2427 1,840 375
11. CRJ200 class 51,000 6844 5369 1,001 1,794 575
12. F28-1000 65,000 7043 7330 1,632 834 4,49 2,759 375
13. Gulf GII (J) 64,800 5944 6,372 1965 1,239 6,570 2,011 375
14. MD-9-30 108,000 16,150 11,400 2,780 1,430 0,410 4,170 3.75
15, B737-200 115500 12,108 10,613 2,718 1,392 6,217 4354 375
16. A320 class 162,000 17584 17368 2855 2580 12300 6,421 3.75
17. B747-100 710,000 71850 86,402 11850 10,031 34,120 31,427 375
18. A380 class 1,190,497 115205 170,135 24,104 55,200 52,593 3.75

Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 21 U#



Estimacion de Pesos de Componentes Ref: Kund

Estimacion de pesos de componentes que permite comparar con pesos obtenidos

o

—
{=]
]
-
-
=

'
=
Lh
L)
=
=

9
'
3

Fuselage nacelle and undercarriage weight (Ib)
> =
9
Wing and empennage weight (Ib)
=
L=

10 12112 10 : 2223z
10° 8 2 . : 10% Zd :
|q | | |
1 ] I | ‘l |
1u L 118 | 10 118l l ]
107 107 10” 10° 107 10° 10" 10° 10° 107
Maximum takeoff weight (b) Maximum takeofl weight (b)
Fuselage,nacelle, and undercarriage weight (Ibs) Wing and empenage (cola) weight (Ibs)
Aircraft component weights in pounds
Ingenieria 43,‘-.
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Ref: Kundu

‘_L Fuselaje Contributions - I

Fuselaje Aviones Civiles

1% estimacion Ay = 0.039 % (2% L x Dye x Vi)'°

L = fuselage length

D,,. = fuselage depth average

MTOW = MAXIMUM TAKE OFF WEIGHT

V) = design dive speed in knots equivalent air speed (KEAS)
n,;; = ultimate load factor

Estimacion detallada

Mg = Cus X Ko X kp % kye X Kgoor ¥ (MTOM X 11,3)" X (2 X L X Dype x V52V,

The value of index x depends on the aircraft size:

- 0 for aircraft with an ultimate load (nuff) <5

- between 0.001 and 0.002 for ultimate loads of (nu/t) >5 (i.e., lower

values for heavier aircraft).

In general, x = 0 for civil aircraft; therefore, (MTOM X nult)* = 1.

The value of index yis 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.

Ingenieria
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i Fuselaje Contributions - II

Mg = Cpus X ko X Ky X kye X Kgoor X (MTOM % 1,5)" % (2 % Lx Dy x VSV,

s = 0.038 for small unpressurized aircraft (leaving the engine bulkhead for-
ward)
= 0.041 for a small transport aircraft (<19 passengers)
= (.04 for 20 to 100 passengers
= 0.039 for a midsized aircraft
= 0.0385 for a large aircraft
= (.04 for a double-decked fuselage
= 0.037 for an unpressurized, rectangular-section fuselage

All k-values are 1 unless otherwise specified for the configuration, as follows:

k. = for fuselage-mounted engines = 1.05 to 1.07
ky, = for pressurization = 1.08 up to 40,000-ft operational altitude
= 1.09 above 40,000-ft operational altitude
ky. = 1.04 for a fixed undercarriage on the fuselage
= 1.06 for wheels in the fuselage recess
= 1.08 for a fuselage-mounted undercarriage without a bulge
= 1.1 for a fuselage-mounted undercarriage with a bulge
kyp = 1.0 for low-speed aircraft below Mach 0.3
= 1.02 for aircraft speed 0.3 < Mach < 0.6
= 1.03 to 1.05 for all other high-subsonic aircraft
Kioor = 1.1 for a rear-loading door

Ingenieria
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Fuselaje Contributions - III

Ref: Kundu

Para aviones civiles (n,;; < 5), se simplifica a

Mpewit = Cus X Ke % kﬁ X Kye X Kioor X (2 K L% Dhype % V%S)lj

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

Mromatinse = 0.038 % 1.07 x kye % (2 % Lo Dhyye X VJ%‘S)I'S

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;

Mt new—materiat = Mrewa — X7 X Mrgpg + X X Mpay

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

MF{:MI = 0.9 x MFciviLaIf metal

[*] Ingenieria 3
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Wing Contributions - I

Wing contribution
My = ¢, x kye X kg % kgp } kyy X kye x (MTOM x nug;)o'qg X S%fg X Ag
s (14 2% % (1 — Wryel_mass_in_wing/ MTOW) " /[(CosA) x t/c™]
Mgy = MTOM (mass)

Ref: Kundu

where ¢,, = 0.0215 and flaps are a standard fitment to the wing.
ky. = L0002 for a wing-mounted undercarriage, otherwise, 1.0
ko = 1.004 for the use of a slat

ksp = L0O0O1 for a spoiler

k,; = 1.002 for a winglet {(a generalized approach for a standard size)

k. = 1 for no engine, 0.98 for two engines, and 0.95 for four engines (general-
ized)

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;

chwﬂ nonmetal — My ey — X'V X My + X X My

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

My civit_nonmetnt = 0.9 X Muweivit_att metat
Ingenieria .
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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 k.., = 1.05

- For alow tail ko = 1.0
- For V-Tail and T-tail configurations, use k.,,r = 1.1

Horizontal tail
Mz = 0.02 X Keons X (MTOM x 71,5)°%F x S5078 x AR x (1+ )"/ (CosA x t/c"?)

Verticaltail
Myr = 0.0215 % keony ¥ (MTOM x 11,1)° % x Sp® ™8 x AR x (14 2)"7/(CosA x t/c’%)

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

Mzarpcwit_nonment = Menpewin — XY X Mearpevi + X X Mgppcivir

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

MEM il _nonmetal — 0.9 MEM civil_all metal

Ingenieria
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Nacelle Group Contributions - I e
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)

For a BPR greater than 4.0, Myac_j = 6.7 x thrust (kN ) per nacelle.
For a BPR less than 4.0, Mysc_j = 6.2 x thrust (kN) per nacelle.

Turboprop Type

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.

For a wing-mounted turboprop nacelle  Myac prop = 6.5 x SHP per nacelle

For a turboprop nacelle housing an undercarriage ~ Myac_prop se = 8 X SHP per nacelle

For a fuselage-mounted turboprop nacelle with a pylon  Musc_prop = 7 x 4 x SHP per nacelle

] Ingenieria . -
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Nacelle Group Contributions - II

Ref: Kundu

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.

For a fuselage-mounted, piston-engine nacelle

M,oc pison = 0.4 x HP per nacelle

For a wing-mounted, piston-engine nacelle:

Moz piston = 0.5 x HP per nacelle

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

Mnac_civﬂ_mmem! — Mn.:zr:_r:z'w'f — X/ _Y = Mn.:zr:_r:z'w'.f + X X Mmzr:_r:z'vi!

Ingenieria .
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Under Carriage Contributions - I

Ref: Kundu

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

For a low-wing—mounted undercarriage
Mric wing = 0.04 x MTOM

For a midwing-mounted undercarriage:
Mo wing = 0.042 x MTOM

For a high-wing—mounted undercarriage:
Myc wine = 0.044 x MTOM

Tricycle Type (Retractable) — Wing-Mounted (Nose and Main Gear Estimated Together)
Mpe g = 0.04 x MTOM

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

Ingenieria .
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Power Plant Group - I

Ref: Kundu

Estimacion de los distintos componentes de sistema propulsivo en funcion de Mpry_gne

Turbofans Mpry—_gne - Masa en seco proporcionada por el constructor
(1) Equipped dry-engine mass (ME)

(2) Thrust-reverser mass (M7R), 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)

[*] Ingenieria N
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Power Plant Group - II

Ref: Kundu
Turbofan
Civil aircraft power plant (with no thrust reverser):
MENG_UC =14 x MDRYENG per ErIlgiIlEr
Civil aircraft power plant (with thrust reverser):
MENG_UC = 1.5 x MDRYENG per ErIlgiIlE‘é
Turboprop
Civil aircraft power plant: where 1.4 < k;, < 1.5
MENG_IP = k;p e MDRYENG per ErIlgiIlEr
Piston Engine
Civil aircraft power plant: where 1.4 < k, < 1.5
Mgwg_pg = kp . MDRYENG pGI' engine
APU (if any)
MAPU = 0,001 to 0.005 x MDR}’ENG of an Eﬂgiﬂﬂ
(= Ingenieria . —
B, Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 32 $



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.

Mzvs = 0.1t0 0.11 x MTOW for large aircraft = 100 passengers
Mzys = 0.11t0 0.12 x MTOW for smaller transport aircraft of < 100 passengers
Msys = 0.05t0 0.07 x MTOW for unpressurized aircraft

Ingenieria
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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.

Mrrg = 0.07100.08 x MTOW for large aircraft > 100 passengers

Mryr = 0.06 to 0.07 x MTOW for smaller transport aircraft of < 100 passengers

Mppgr = 0.02t0 0.025 x MTOW for unpressurized aircraft

Ingenieria
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Contingency,Misc and Crew - 1

Ref: Kundu
Contingencies and Misc — Civil Aircraft

Mcont = (0.0110 0.025) x MTOW

Mpsisr = 0101 % 0of MTOW

Crew — Civil Aircraft

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,

Number Minimum number Number Minimum number
of passengers of cabin crew of passengers of cabin crew

=19 1 200 to =250 7

19 to <30 2 250 to <300 8

21 to =50 3 300 to <350 9

30 to <100 4 350 to <400 10

100 to <150 5 400 to <450 11

150 to =200 6 450 to <500 12

[*] Ingenieria )
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Comparativa de Pesos de Sistemas - I
Ref: Kundu

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

Table 8.1. Smaller aircraft mass fraction (fewer than or 19 passengers — 2 abreast seating)

Rapid mass estimation method: Summary of mass fraction of MTOM for smaller aircraft. A range
of applicability is shown; add another + 10% for extreme designs.

Small-piston Agriculture  Small aircraft 2-engine
aircraft aircraft (Bizjet, utility)
Group 1-Engine 2-Engine (1-Piston) (Turboprop) (Turbofan)
Engine Fuc= Mye/MTOM  11toloe 18t020 12tol5 7tol0 Tto 9
A I H bl H ~ d 1 9 Thrust rev. Fir = Mrg/MTOM 0 0 0 0 0
p ICable pa Fa aviones pequenos con Mmenoeos de Engine control  Fec = Mge/MTOM  15t025 2to3 1to2 15t02 17to2
= Fuel system Ffs = MpgMTOM 07to0l2 14tol8 1ltold ltol2 12to0l5
pasajeros Oilsystem  Fos— MoyMTOM 01003 025t004 01t003 03005  03t003
APU 0 0 0 0 0
Flight con.sys. Ffe = Mpo/MTOM 15t02 14tolés 1ltol5s 15t02 15t02
. . . , Hydr./pneu. sys. Fhp = Mux/MTOM 0tc03 03t0c06 0to03 05tol5 07tol
Aprox|mac|on de 2 asientos por linea Blectrical Fele — Mz, e/ MTOM 15025 2103 15t02  2tod 2104
Instrument Fins = MipsgMTOM 05tol 05tel 05tol 05tol 08tols
Avionics Fav = MywMTOM  02t005 04t006 02to04  03t003 04to0.6
ECS Fecs = Meco/MTOM  0to03 041008 0t002 203 2t03
Oxygen Fox=MoyMTOM 0to02 O0to0Od4 O 03t005 03t005
Furnishing Ffur = Mpy/MTOM  2t06 4t06 lto?2 otod 5tod
Miscellaneous  Fmisc = Myso/MTOM Oto05 0to05 O0tw05 0to05 0to05
Paint Fpn= Mzpy/MTOM 001 0.01 00001 001 001
Contingency Feon = Moow/MTOM 1to? 1to2 Otol Tto?2 Tto2

Notes: Lighter/smaller aircraft would show a higher mass fraction.

A fuselage-mounted undercarriage is shorter and lighter for the same MTOM.

Turbofan aircraft with a higher speed would have a longer range as compared to turboprop aircraft and, there-
fore, would have a higher fuel fraction ( typically, 2,000-nm range will have around 0.26).

[*] Ingenieria s
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Comparativa de Pesos de Sistemas - II

Ref: Kundu
Small-piston Agriculture Small arcraft 2-engine
aircraft arrcraft (Bizjet, utility)
Group 1-Engine 2-Engine (1-Piston) {Turboprop) (Turbofan)
Engine Fuec = My~MTOM 11tole 18to 20 12 to 15 7tol0 7to9
Thrust rev. Ftr = Mrr/MTOM 0 0 0 0 0
Engine control Fec = Mg/ MTOM 15to25 2to3 1to2 15to 2 17 to2
Fuel system Fis = M MTOM D7tol2 14tcl& l1ltold 1tol.? 12tol5
Qil system Fos = Mo MTOM 01to0D3 025t004 01to03 03 to05 03 to05
APU 0 0 0 0 0
Flight con. sys. Ffe = Mro/MTOM 15tc2 14toleo 1tols 15t0 2 15to02
Hydr./pneu. sys. FAp = Mgp/MTOM  0to03 03to0.6 0to03 05to 1.5 07tol
Electrical Fele = Me;eMTOM 15t025 2to3 1.5to02 2to4 2 to4
Instrument Fins = M;uaoMTOM 05tol 05tol 05tol 0O5tol D&8tols
Avionics Fav = M wMTOM 02to05 04to0.6 02to04 03to05 04to0.6
ECS Fecs = Meoa™MTOM 0to03 04to0.8 0Oto0? 2to3 2to3
Oxygen Fox=MoxyMTOM 0to02 0to04 O 03 to 0.5 03 to0.5
Furnishing Flur = Mryrg/MTOM 2t06 4 to 6 1to?2 Hto & 5to8
Miscellaneous  Fmisc = Muyse/MTOM 0to05 0to05 0to 05 Oto05 0to 05
Paint Fpn = Mpp/MTOM 0.01 0.01 0 to 0.01 0.01 0.01
Contingency Feon= Mq~-;MTOM 1to?2 1to?2 Otol 1to?2 1to?2
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Comparativa de Pesos de Sistemas - III
Ref: Kundu

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

Table 82. Larger daircraft mass fraction (more than 19 passengers — abreast and above seating).

Rapid Mass Estimation Method: Summary of mass fraction of MTOM for larger amcraft. A
range of applicability 1s shown; add another 4+ 10% for extreme designs.

RI/Midsized aircraft Large aircraft
2 engines turbofan
Group Turboprop  Turbofan  2-engine  4-engine
Engine Feng = Mpyo/MTOM  8t010 6t 8 55t06 56106
Thrust rev. Fir = Mpz/MTOM 0 04 to0.6 07t009 08tol
. . /4 . Engine con. Fee = Mgo/MTOM 15t02 08t 02tc03  02t003

Apllcable para aviones con mas de 19 pasajeros Fuel system Ffs = MesMTOM 08tol 071009 051008 06008
Qil system Fos = MaogyMTOM 02t003 02to03 03t004 03t004
APU 0to0.1 0to0.1 01 01
Flight con. sys. Ffe = Mpo/MTOM 1tol2 1402 lto2 lto2
Hydr./pneu.sys.  Fap=Mup/MTOM 04ta0.8 06008 06tol 05tol
Electrical Fele=Mz;zc/MTOM  2t04 2to3 08tol2 07tol
Instrument Fins = M iuegMTOM 15t02 14t018 03tc04  03t004
Avionics Fav =M/ MTOM 08tol 0%t011 02tc03  02t003
ECS Fecs = Moo MTOM 12t024 lto2 06t008 035t008
Oxygen Fox = MoxMTOM 03ta053 03t003 02t003 02t003
Furnishing Ffur = M pye/MTOM 4t06 6tod 45t055 45t055
Miscellaneous Fmsc = MysoMTOM  0to0l1 0to0.1 0to05 0to05
Paint Fprn=Mpaw/MTOM 001 001 001 0.01
Contingency Feon=Mqop/MTOM  05t01 05to01l 05tol 05t01

Notes: Lighter aircraft would show higher mass fraction.

A fuselage-mounted undercarriage is shorter and lighter for the same MTOM.

Turbofan aircraft with a higher speed would have a longer range as compared to turboprop aircraft and,
therefore, would have a higher fuel fraction.

Large turbofan aircraft have wing-mounted engines: 4-engine configurations are bigoer.

@ . -
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i Comparativa de Pesos de Sistemas - IV

RJ/Midsized aircraft Large awrcraft
2 engines turbofan
Group Turboprop  Turbofan  2-engine 4-engine
Engine Feng =MzguMTOM  8tol0 6to 8 55t06 56t006
Thrust rev. Fir = Mrg/MTOM 0 0.4 to 0.6 0.7to0 09 0&tol
Engine con. Fec=Mzg-"MTOM 15t02 0&tol 02to03 0.2tc03
Fuel system Fis =MpoMTOM 0&tol 0.7 to 0.9 05t008 0.6t0 0.8
Oil system Fos =Moo/MTOM 02to03 02t003 03to04 03t004
APU Oto0.1 Oto 0.1 0.1 0.1
Flight con. sys. Ffe=Mpo/MTOM 1tol.2 1.4 t0?2 lto?2 1to?2
Hydr./pneu.sys. FhAp=Mgp/MTOM 04to00.6 0.6 t0 0.8 O6tol 05tol
Electrical Fele=Mz;zce/MTOM 2tod 2to3 0&tol2 07tol
Instrument Fins = M35/ MTOM 15t02 l4tol8 03to04 03tc04
Avionics Fav =M /"MTOM O0&tol 09toll 02to03 02t003
ECS Fecs = Moo MTOM 12to24 1to?2 06to08 05t008
Oxygen Fox=MqoxMTOM 03t00.5 03 to05 02t003 02t003
Furnishing Ffur = M e/ MTOM 4to 6 Hto & 45t055 45t055
Miscellaneous Frmse = M s/ MTOM Oto0.1 Oto0.1 Oto0.5 Oto0.5
Paint Fon=Mpp/MTOM 0.01 0.01 0.01 0.01
Contingency Feon =M~/ MTOM  05tol 05tol 05tol 05tol
Egﬁgéspacfal
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Estimacion Pesos

Método III

Ref:Aircraft Design: A Conceptual Aproach
Daniel P. Raymer
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Cargo/Transport Weights - I

Estimacion pesos de superficies aerodinamicas

Wing / Canard (si almacena combustible)

Wiying = 0.0051 (WagN,)* 5783894 03(1/c )04 (1 4 N> X (cosA) S
Horizontal /V-Tail / Canard

Whonzontal 0. 0379Kuht(1 + F /Bh )'0 25 Wd 639N0 IOSl?t’,rSL-l 0
tail w K}Q'TM(COSA}]O I.OA’?.IGG (1 + Se/Sht)O'l

vertical

tail
X (COsA) 'AY 35(t/c)mot

[*] Ingenieria .
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Cargo/Transport Weights - II

Fuselaje

quselage = 0. 3280Kd00rKLg( deNz )O'SL O'ZSS}}'SM (l + KWS)O'M(L /D)O 10

Tren de aterrizaje

IVO'BBS 0.25 5 0.4 270.321 o705 1
Wmain landing — 00106Kmp ! NI Lm wa Nmss ngall

gear

W hose landing — 0032Knp WP'M6NP'2L’?-5N££5

gear

[*] Ingenieri a ) ;-}‘r
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Cargo/Transport Weights - III

Sistema Motor

_ 0.10070.294 A 70.119 0.611 A70.984 ¢0.224
Wnacelle_0'6724KﬂgNLr Nw Nz Wec Nen Sn

group (includes air induction)

Wongine = 5-ONen + 0.80 Lec

controls

Wi = 2.405 V2951 + Vi/ VY01 + V,/VIN??

system

WAPU =2.2 WAPU

installed uninstalled

Ingenieri. a -
[ 7 - -}‘r
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Cargo/Transport Weights - IV

Sistemas
Nen Wen 0.541
o 49'19( 1000 )

Wﬂight = 145, 9NO 034 (1 + N /N )—1 G.,SOI 20(1 X 10—6)0.07

controls

l‘/Vinstrurme:nts =4, 509KthpN£'54lNen(Lf + Bw)O.S

H/ilj,nzir.aulics. = 0.2673 Nf(Lf 4+ Bw)0.937

Wetectricat = 7.291 R 0,,382 L, 0.346 \JO.10

gen

= 983
I”V::wi-::-ni«:s =1.73 Wl?av
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Cargo/Transport Weights - V

Sistemas

I/Vfurni:shings. = 0.0577 N‘?'l W£.3938ﬁ.75

Wi = 62.36 N;'* (V},,/ 1000)* 4 w210

conditioning

I'Vzamti-icf-: = 0.002 de

W handiing = 3.0 X 107 Wy,

gear

W nilitary cargo = 2.4 X (cargo floor area, ft?)
handling system

Ingenieri a )
roespacial
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Cargo/Transport Weights - VI

A = aspect ratio

B, = horizontal tail span, ft

B, = wing span, ft

D = fuselage structural depth, ft

D, = engine diameter, ft

F, = fuselage width at horizontal tail intersection, ft

H, = horizontal tail height above fuselage, ft

H,/H, = 0.0 for conventional tail; 1.0 for *“T”’ tail

H, = vertical tail height above fuselage, ft

I, = yawing moment of inertia, Ib-ft? (see Chap. 16)

Ko = 2.25 for cross-beam (F-111) gear; = 1.0 otherwise

K, = duct constant (see Fig. 15.2)

Kioor = 1.0 if no cargo door; = 1.06 if one side cargo door; = 1.12
if two side cargo doors; = 1.12 if aft clamshell door; = 1.25 if
two side cargo doors and aft clamshell door

Kiw = 0.768 for delta wing; = 1.0 otherwise

Kwe = (.774 for delta wing aircraft; = 1.0 otherwise

Kig = 1.12 if fuselage-mounted main landing gear; = 1.0 otherwise

Ko = 1.45 if mission completion required after failure; = 1.0
otherwise

K., = 1.126 for kneeling gear; = 1.0 otherwise

K, = 1.017 for pylon-mounted nacelle; = 1.0 otherwise

K., = 1.15 for kneeling gear; = 1.0 otherwise

K, = 1.4 for engine with propeller or 1.0 otherwise

K, = 1.133 if reciprocating engine; = 1.0 otherwise

Ko = 1.047 for rolling tail; = 1.0 otherwise

K, = 0.793 if turboprop; = 1.0 otherwise

Ingenieria
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Cargo/Transport Weights - VII
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0.826 for tripod (A-7) gear; = 1.0 otherwise

1.18 for jet with thrust reverser or 1.0 otherwise

= 1.143 for unit (all-moving) horizontal tail; = 1.0 otherwise

1.62 for variable geometry, = 1.0 otherwise

1.19 for variable sweep wing; = 1.0 otherwise

= 1.425 if variable sweep wing; = 1.0 otherwise

= 0.75[1 + 2A\)/(1 + N)] (B, tanA/L)

= aircraft pltchmg radius of gyration, ft (=0.3L,)

= aircraft yawing radius of gyration, ft (= L,)

= fuselage structural length, ft (excludes radome, tail cap)

electrical routing distance, generators to avionics to cockpit, ft

duct length, ft

= length from engine front to cockpit—total if multiengine, ft

= total fuselage length

length of main landing gear, in.

= nose gear length, in.

= single duct length (see Fig. 15.2)

= length of engine shroud, ft

= tail length; wing quarter-MAC to tail quarter-MAC, ft

= length of tailpipe, ft

= Mach number

= number of crew

= 1.0 if single pilot; = 1.2 if pilot plus backseater; = 2.0 pilot and
copassenger

= number of engines

= number of functions performed by controls (typically 4-7)

= number of generators (typically = N.,)

= ultimate landing load factor; = Ngear X 1.5

= nacelle length, ft

= number of mechanical functions (typically 0-2)

= number of main gear shock struts

= number of main wheels

= number of nose wheels
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Cargo/Transport Weights - VIII
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= number of personnel onboard (crew and passengers)
= number of flight control systems
= number of fuel tanks
= number of hydraulic utility functions (typically 5-15)
= nacelle width, ft
= ultimate load factor; = 1.5 x limit load factor
= dynamic pressure at cruise, 1b/ft?
= system electrical rating, kv - A (typically 40-60 for transports,
110-160 for fighters & bombers)
= total area of control surfaces, ft?
= control surface area (wing-mounted), ft’ 14 = fuselage structural width, ft
— elevator area, ft W. = maximum cargo weight, 1b
= fuselage wetted area, ft? Wae = design gross weight, 1b
= firewall surface area, ft? W, = weight of engine and contents, lb (per nacelle),
= horizontal tail area =2.331 Wighe KoKy
= nacelle wetted area, ft? Wen = engine weight, each, Ib
= rudder area, ft’ W, = weight of fuel in wing, 1b
= vertical tail area, ft W, = landing design gross weight, 1b
= trapezoidal wing area, ft?
= engine specific fuel consumption—maximum thrust
= total engine thrust, 1b
= thrust per engine, 1b Woress = weight penalty due to pressurization,
= integral tanks volume, gal =11.9 + (VyrPuena)”*"", where Pgey, = cabin pressure
= self-sealing ‘‘protected’’ tanks volume, gal differential, psi (typically 8 psi)
= volume of pressurized section, ft3 Wiav = uninstalled avionics weight, 1b (typically = 800-1400 1b)
= total fuel volume, gal A = wing sweep at 25% MAC
Ingenieria i ;'3'\2"‘
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