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Velocity vector

Elevators de

o vr
Aileron da
:,"w
X, y, Z = position coordinates ¢ = roll angle
u, v, w = velocity coordinates # = pitch angle
p = roll rate Y = yaw angle
g = pitch rate B = side-slip angle
r = yaw rate a = angle of attack

aileron and rudder primarily affect lateral motion. Although there is a small
amount of coupling of lateral motion into longitudinal motion, this is usually
ignored, so the equations of motion are treated as two decoupled fourth-order
sets for designing the control, or stability augmentation, for the aircraft.

The nonlinear rigid body equations of motion in body-axis coordinates,
under proper assumptions,® can be derived as (Bryson, 1994)

m(U +qW —rV) =X —mgsind +«Tcosd,  (10.16)
m(V +rU — pW) =Y + mgcos@sing,
m(W + pV —qU) = Z +mgcos@cos¢p — kT sinb,
Lip+ L+ (I, — Iy)gr+Liqp =L, (10.17)
I + (I, = I)pr + Le(r* — p*) = M,
Lr+ Lp+ Uy —1)gp — Ix:qr = N,

where

m = mass of the aircraft,

717 v wl = hodv-axis components of the velocity of the center of
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10.31
state flight condition

With the assumptions (Bryson, 1994)

%, w?) < u?, (10.21)
@, 6% « 1,

(2 2r2)<<u_2
P,q, bzs

where b denotes the wingspan, many of the nonlinear terms in Egs. (10.16)
and (10.17) can be neglected. Substitution of Eq. (10.20) in the nonhnear equa-

PR R S R PRI T W TR T L T



Section 10.3 Lateral and Longitudinal Control of a Boeing 747

For linearized lateral motion, the results are

FB i R -U, Vo 8o COS 90- —.B h - Ysr Ysqa 7]
pl1=| L L L, 0O p | 7| Le L [Sa]’ (10.25)
_ ¢ _ _ 0 tan6, 1 0 JdL¢d L O 0 _

where

B = side-slip angle, defined to be —(}1—,

o

r = yaw rate,
p = roll rate,
¢ = roll angle,

Y, srsa = partial derivative of the aerodynamic force in the y direc-
tion with respect to perturbations in B, ér, and da,

Ny.r.p.sr,5a = aerodynamic (yawing) moment stability derivatives,
L, p.srsa = aerodynamic (rolling) moment stability derivatives,
dr = rudder deflection,

da = aileron deflection.

bage number in
textbook



