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WEIGHTS
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Weights Equations Terminology

A = aspect ratio

B = horizontal tail span, ft

B, = wing span, ft

D = fuselage structural depth, ft

D, = engine diameter, ft

Ian = 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)
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AIRCRAFT DESIGN

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

= 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

= 0.768 for delta wing; = 1.0 otherwise

= 0.774 for delta wing aircraft; = 1.0 otherwise

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

= 1.45 if mission completion required after failure; = 1.0

otherwise

1.126 for kneeling gear; = 1.0 otherwise

.017 for pylon-mounted nacelle; = 1.0 otherwise

.15 for kneeling gear; = 1.0 otherwise

.133 if reciprocating engine; = 1.0 otherwise

.047 for rolling tail; = 1.0 otherwise

.793 if turboprop; = 1.0 otherwise

.826 for tripod (A-7) gear; = 1.0 otherwise

I

143 for unit (all-moving) horizontal tail; = 1.0 otherwise
.62 for variable geometry; = 1.0 otherwise

19 for variable sweep wing; = 1.0 otherwise

.425 if variable sweep wing; = 1.0 otherwise

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

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

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

= fuselage structural length, ft

= electrical routing distance, generators to avionics to cockpit, ft
= duct length, ft

= length from engine front to cockpit—total if multiengine, ft
= length of main landing gear, in.

= nose gear length, in.

= 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

= nacelle length, ft

= number of mechanical functions (typically 0-2)

= number of main gear shock struts

= number of main wheels

= number of nose wheels

= number of personnel onboard (crew and passengers)

= number of flight control systems

= number of fuel tanks

= number of hydraulic utility functions (typically 5-15)

=1
=1
=1
=1
=0
=0
=1
=1
=1
=1

I
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N, = nacelle width, ft

N = ultimate load factor; = 1.5 x limit load factor
Q = dynamic pressure at cruise, Ib/ft?

Riva = system electrical rating, kv - A (typically 40-60)
Ry.a = system electrical rating, kv - A (typically 160)
Ses total area of control surfaces, ft’

g
E
0o

control surface area (wing-mounted), ft*
Se = elevator area, ft
Sy = fuselage wetted area, ft’
Stw = firewall surface area, ft*
She = horizontal tail area
S, = nacelle wetted area, ft
S, = rudder area, ft’
S = vertical tail area, ft*
Sy = trapezoidal wing area, ft*
SFC = engine specific fuel consumption

T = total engine thrust, Ib
T, = thrust per engine, 1b

Vi = integral tanks volume, gal

V, = self-sealing ‘‘protected”’ tanks volume, gal
Vor = volume of pressurized section, ft’

vV, = total fuel volume, gal

w = fuselage structural width, ft

W,

i = maximum cargo weight, Ib
Wy = design gross weight, 1b
We. = weight of engine and contents, Ib (per nacelle),

=2.331 Wi KK, where K, = 1.4 for engine with propeller
or 1.0'otherwise and K, = 1.18 for jet with thrust reverser
or 1.0 otherwise

e, = engine weight, each, Ib

Wiy = weight of fuel in wing, lb

w, = landing design gross weight, 1b

W press = weight penalty due to pressurization,

=11.9 + (VorPuera)™?"', where Py, = cabin pressure
differential, psi (typically 8 psi)
Wiy = uninstalled avionics weight, 1b (typically = 800-1400 Ib)
= wing sweep at 25% MAC

>

15.4 ADDITIONAL CONSIDERATIONS IN WEIGHTS ESTIMATION

These statistical equations are based upon a database of existing aircraft.
They work well for a ‘‘normal’” aircraft similar to the various aircraft in the
database. However, use of a novel configuration (canard pusher) or an
advanced technology (composite structure) will result in a poor weights
estimate when using these or similar equations. To allow for this, weights
engineers adjust the statistical-equation results using ‘‘fudge factors’ (de-
fined as the variable constant that you multiply your answer by to get the
right answer!)




