
Linearized Longitudinal Dynamics
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and where the state and input matrices are

AL =

























0 0 cos θ0 sin θ0 0 −u0 sin θ0

0 0 − sin θ0 cos θ0 0 −u0 cos θ0

0 0 1
m

Xu
1
m

Xw 0 −g cos θ0

0 0 Zu

m−Zẇ
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Since dynamic stability does not depend on x and z, and since the final four equations in (1) are independent
of these state components, we may consider the reduced system

˙̄xL = ĀLx̄L + B̄LūL where x̄L =
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.

The state matrix ĀL is the lower right block of (2) and the input matrix B̄L is the lower block of (3). The
dimensional stability derivatives appearing in these expressions may be computed as shown in Table 1.

Table 1: Longitudinal Dimensional Stability Derivatives
X(·) Z(·) M(·)

u 1
2ρu0S [2 (−CD0

+ CT0
) + (−CDu + CTu)] −1

2ρu0S (2CL0
+ CLu) 1

2ρu0Sc̄Cmu

w 1
2ρu0S (−CDα + CL0

) −1
2ρu0S (CD0

+ CLα) 1
2ρu0Sc̄Cmα

α u0Xw u0Zw u0Mw

q ≈ 0 −1
4ρu0Sc̄CLq

1
4ρu0Sc̄2Cmq

ẇ ≈ 0 −1
4ρSc̄CLα̇

1
4ρSc̄2Cmα̇

α̇ ≈ 0 u0Zẇ u0Mẇ

δe ≈ 0 1
2ρu2

0S (−CLδe
) 1

2ρu2
0Sc̄Cmδe
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Linearized Lateral-Directional Dynamics

ẋLD = ALDxLD + BLDuLD where xLD =
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and where the state and input matrices are
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In the matrices above,

L(·) =
Ix

IxIz − I2
xz

(

IzL(·) + IxzN(·)

)

N(·) =
Iz

IxIz − I2
xz

(

IxzL(·) + IxN(·)

)

.

Since lateral-directional dynamic stability does not depend on y and ψ, and since the final four equations
in (4) are independent of these state components, we may consider the reduced system

˙̄xLD = ĀLDx̄LD + B̄LDūLD where x̄LD =


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and ūLD =
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.

The state matrix ĀLD is the lower right block of ALD in (5) and the input matrix B̄LD is the lower block
of BLD in (5). The dimensional stability derivatives appearing in these expressions may be computed as
shown in Table 2.

Table 2: Lateral-Directional Dimensional Stability Derivatives
Y(·) L(·) N(·)

v 1
2ρu0SCYβ

1
2ρu0bSClβ

1
2ρu0bSCnβ

β u0Yv u0Lv u0Nv

p 1
4ρu0bSCYp

1
4ρu0b

2SClp
1
4ρu0b

2SCnp

r 1
4ρu0bSCYr

1
4ρu0b

2SClr
1
4ρu0b

2SCnr

δa 1
2ρu2

0SCYδa

1
2ρu2

0bSClδa

1
2ρu2

0bSCnδa

δr 1
2ρu2

0SCYδr

1
2ρu2

0bSClδr

1
2ρu2

0bSCnδr
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