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Flight control of a fixed wing aircraft

@ Let us consider the flight control of a fixed wing aircraft.

@ The purpose of the controller is to allow the aircraft to flight
automatically tracking the set-points in airspeed, altitude and
heading.

@ This controller is a basic autopilot system.

@ The aircraft considered for this control application will be a
general model with a simplified propulsion system.
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@ The equations of motion for the fixed wing aircraft are

Pe =Cb/e’ Vb,

b —H (®) Q,
. (Fap +F
vy =Fap T Fe0) 0w,
m

o -1
Q, =Iy (Ma,b + Mt,b —Qp x Iy Qb) 2
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o Where
[—gsb
Gy = [ gsocl |,
Lgcpctd
-D —qSCp,
Fab =Ch/wFaw = Cpjw | —C| = Cpjw | —75Cc, | ,
—L —qSCr,
[F,
Fip,=10
0

- B/ Universidad
Pontificia

3L Bolivariana

© L.B. Gutiérez (UPB) Flight Control of a Fixed-Wing Aircraft 2025 7/43

Fixed wing aircraft model

Fixed wing aircraft model

e And
l qShCy,
Map = |m| = [¢ScCp, | — ACGy X Fap,
n qSbC,,,

Mp = — ACG, X Fyy,
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@ The aerodynamic coefficients are modeled by

Cp =Cro+ Cpaa+Crs,0; + Cpyin + Crs,0. + Q(T (CLat+Cpyq) +CruM,

T wAre ¢ Ceald
b

Ceo =Cepf + Ces,0a + Ccys,.6r + v (Cepp+ Ceur),

Cp =Cpy+

. A R
C =Ci 8+ Ci5,00 + Ci5,0 + v (Cipp + Cipr) s
g s @ [ P
O =Cino + Oma@+ Cingy 8 + Conin + Cinpde + 557 (Cai + Cn @) + Cn e M,

- - b
Cu =ChsB + Cis,8a + G 0: + 5 (Cagp + Cinr1).
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@ And the propulsion system is modeled by
1
Feo = |0 B0
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Structure of flight control system

Linearized aircraft model
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Linearized aircraft longitudinal model
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Pitch control - inner loop (with elevator)
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Airspeed control loop (with elevator)
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Altitude control - outer loop (with elevator)
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Pitch control - inner loop (without elevator)
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Airspeed control loop (without elevator)
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Altitude control - outer loop (without elevator)
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Structure of flight control system  Lateral control

Linearized aircraft lateral model
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Roll control - inner loop
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Sideslip control loop
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Structure of flight control system  Multiloop control

Multiloop control (with elevator)
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Multiloop control (without elevator)
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Design of flight control system

Design of flight control system

@ Design the autopilot control loops in this order
© Longitudinal control
@ Pitch PID.
@ Airspeed PID.
© Altitude PID.
@ Lateral control
© Roll PID.
@ Sideslip PID.
© Heading PID.
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© Implementation of linear controllers for nonlinear plants

universidad
Pontificia
Bolivariana

© L.B. Gutiérez (UPB) Flight Control of a Fixed-Wing Aircraft 2025 28/43

Notes

Notes

Notes

Notes




Design for linearized plant model

Controller
for

Linearized
Plant Model

Design for linearized plant model
implemented with nonlinear plant

Controller
for
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