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BLOCK DIAGRAM OF A TYPICAL AEROSERVOELASTIC SYSTEM

Disturbance inputs
(gust/turbulence, external loads, etc.)

l

AIRCRAFT
S AEROELASTIC
ACTUATOR > MODEL
(FLIGHT DYNAMICS + FLEXIBLE MODES)
FLIGHT
CONTROL < SENSORS <
LAWS
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CONCEPT OF “PLANT”, “FLIGHT CONTROL SYSTEM”, AND “VEHICLE”

Disturbance inputs
(gust/turbulence, external loads, etc.)
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FLIGHT CONTROL SYSTEM
VEHICLE
oIN = demanded control surfaces (CS) rotations (pilot inputs)
oIN oIN = commanded CS rotations
eOUT eIN = sensors’ inputs (displacements, velocities, and accelerations at structural points)

eOUT «OUT  =flight control laws (FCLs) outputs
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PLANT EQUATIONS IN STATE-SPACE FORMAT

PLANT
u, Uye X e u,, AIRCRAFT | Y, Y,
> ACTUATOR > AEROELASTIC >
MODEL
0
Ko = 80 Xae:{(:}
%8 sG
U, 53 + 3.252 + als + ao dse = Aaexae + Banac
anC — A X + B u yae = Caexae + Daexac
dt ac” "ac ac —ac
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P = + U, =A X, +Bu,
dt  dt|x.| | 0 A.l|lx.| |B.
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SIMPLIFIED BLOCK DIAGRAM

Disturbance inputs
(gust/turbulence, external loads, etc.)

J

AIRCRAFT
N AEROELASTIC
ACTUATOR > MODEL
(FLIGHT DYNAMICS + FLEXIBLE MODES)
FLIGHT
CONTROL < SENSORS €
LAWS

Previous block diagram is simplified by the following scheme:

FUNCION DE MODELO | i Da
ENTEADA : VAT y EL
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s VUELO
> G(s)
FUNCION DE
TRANSFERENCIA |je——
H(s)
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OPEN-LOOP vs. CLOSE-LOOP

FUNCION DE MODELO Y(s)
ENTR ' DINAMICA DEL | SALID
A :\. P2 | TRANSFERENCIA |——H VUELO AN
\Q\ o™
x-C
e
00((\
N Y(s)
R N1 MODELO
ENTRADA ) FUNCION DE DINAMICA DEL [SALIDA L
B N TRANSFERENCIA |——» VUELO
R < G(s)
O/
W 18)
0\)\9‘)\ FUNCION DE
TRANSFERENCIA [¢——
H(s)

Open loop system:

O The input-demand is used as input-command, which in turn does not depend of the output
Close loop system:

O The input-demand is compared with the output (response) and its difference is used as
input-command to the system.
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TRANSFER FUNCTION

FUNCION DE ?'-IDDELD Y(S)
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*\5\ ’b(\b
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S |
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ée((\a G(s)
\(\Q\)\"I\\%\
0\)\9‘)\ FUNCION DE
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TFn:-pen (3) — e (3) =G (S)F(S) closed — 1— F(S)G (S)H(S)
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TRANSFER FUNCTION
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Stability criteria: root-locus method of Evans

T "m_l . a o - . . L. o
TFCIDHDd (5} _ I{S + bm—l-‘:l + + bl& + 1I—"’D _ I,{:‘: zl} {5, zz} {5 zm}

§" 4 15" 4+ - +ays+ag (s —p1) (s —p2)---(5— pn)

U s=p, are the “poles” and s=zi are the “zeros” of the transfer ——
FUNCION DE

i ENTRADA i SALIDA
function TRANSIERENCIA DINAMICA DEL ,

VUELO
O The "complex conjugate root” theorem states that if P(s) is o G
a polynomial in one variable with real coefficients, and a + bi is

FUNCION DE

a root of P(s) with a and b real numbers, then its complex TRANSFERENCIA ¢
conjugate a — bi is also a root of P(s). Then, the “poles” are real <
or complex values that are written as: K
F(s)=1,G(s) = y H(s)=1

. . . . s5(s2 +4s+8)
ctlo=—Co+* I(o\/l—(;z =—Cotlo, = -L{oxln

K

TF 5 (52 +4s +8) K
. . . . closed = - = = - - -
O The time-domain response is therefore written as (1): 1o K S48+ K

s(s2+4s + 8)

A-e™ -Sin(cot+(p) ‘

K
U The system is unstable if the real part of one of the poles is §=32
positive. The graph of all possible poles with respect to some 2 K=1\_/
particular variable (whether system gain or some other
parameter) is called the “root locus”, and the design technique
based on this graph is called the root-locus method of Evans K=40 K=
(1948) (2) 1

(1) Sistemas realimentados de control, D”azzo-Houpis, Ed. Paraninfo, 1992.

a
Il

40
(2) Feedback control of dynamic systems, G.F. Franklin, J.D. Powell, and A. Emami- * = P 5 > B o 1
Naeini, Addison-Wesley Publishing Company, 1994 Re(s)
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Stability criteria: the Nyquist plot

o F (iw) G (iw)
T Felosed (iw) = 1+ F (iw) G (iw) H (iw)

U For most systems, a simple relationship exists between closed-
loop stability and the open-loop frequency response, i.e.,

Flio)- G(io)- H(io) Im(ta)\
U All points at the intersection of the root locus with the imaginary / \
axis (neutral stability) have the property
Fio)-Gliw)-H(io) =1 Z/Hio)-Glio)- H(io)=180 °
U The stability condition based on the open-loop frequency

response is:

F(io)-Glio)-H(io) <1 at ZF(io)-Glio)- H(io)=-180 °

-180°

_/' Re()

U Gain margin

20-l0g,,G,, - F(io)- Gliw)- H(io) = 20l0g,, G,, + 20log, F(iw)- G(io)- H(iw) =1

U The system is unstable if the real part of one of the poles is
positive. The graph of all possible poles with respect to some
particular variable (whether system gain or some other
parameter) is called the “root locus”, and the design technique
based on this graph is called the root-locus method of Evans
(1948) (2)
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Gain margin and phase margin in Bode and Nyquist plots

o F (iw) G (iw)
T Frlosed (iw) = 1+ F(iw) G (iw) H (iw)

0 Gainmargin  20-109,/G,, - Fliw)- G(iw)- Hliw) = 20log,, G,, + 20l0g,, F(io)- Gliw)- H(in) =1

O Phase margin: phase when \F(ioo)-G(i(o)- H(i(o)\ =1

Fio)-Gliw)- H(io)

B

3(Flo)-Gfio)-Hiw)

Lo

A

Fr?equency ® 1 . Py | m(F(im).G(i@). H(io))

Flio)- Glio)- H(io). |

-45 F

Frequency o
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Example: 2D airfoll
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Proportional-derivative feedback system
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Proportional-derivative feedback system
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