ICAS 2002 CONGRESS

ROBUSTIFICATION OF AN #5 AUTOPILOT FOR FLEXIBLE
AIRCRAFT BY SELF-SCHEDULING BASED ON MULTI-MODEL
EIGENSTRUCTURE ASSIGNMENT

G. Constantt?, S. Chableé*!, C. Chiappal?, C. DolI%1
1 SUPAERO, 10 av Ed. Belin, B.P. 4032, F-31055 TOULOUSE Cedex, France
2 ONERA-CERT, Systems Control and Flight Dynamics Department, 2 av Ed. Belin, B.P. 4025,
F-31055 TOULOUSE Cedex, France
Corresponding author : doll@cert.fr, Tel.: +33 (0)5.62.25.29.20, Fax : +33 (0)5.62.25.25.64

Keywords: Flexible structures, aeroservoelasticity, modal multi—-model control, parametric robustness,
self-scheduling

Abstract

This paper describes the synthesis of a self—
scheduled controller robust with respect to para-
metric uncertainties. Traditionally, scheduling
is done a posteriori by interpolation of gains
computed for several points within the parameter
space. The method proposed here, named (Mu-
W—iteration, is based on worst—case analysis and
multi-model eigenstructure assignment. It per-
mits the designer to synthesize a robust low order
controller by considering a priori its dependence
of some scheduling parameters. The method is
then applied to robustify an initial Ho autopilot
for flexible aircraft satisfying all design specifi-
cations for a model with given mass and airspeed.
It will be shown that the final controller satisfies
all design criteria even when mass and airspeed
vary significantly.

1 Introduction

Classic static eigenstructure assignment tech-
niques with output feedback] offer the possi-
bility to decouple input/output transfers in that
way that for example an airspeed command does
not affect the vertical speed and vice versa. How-
ever, it may be unsuitable for the direct compu-
tation of flight control laws for modern aircraft
because of the upcoming interaction of rigid and
flexible modesT].

o/ He control techniques are very power-
ful in satisfying frequency domain constraints
via weighting functions.  Controller activity
can be minimized in some frequency intervals
while passenger comfort is maximized. They
present furthermore good robustness character-
istics against dynamic uncertainties as neglected
high order dynamicslf]. Unfortunately, their ro-
bustness with respect to parameter uncertainties,
as airspeed, mass, centre of gravity location, alti-
tude and so on, is pooi{, 2]. Synthesis methods
dedicated to parameter robustne4] fare often
too conservative and expensive in computational

The evolution in the aeronautical industry leads gffort.

to high capacity aircraft development. The op- Modern modal control techniques keep the
timization of the _deS|gn of the_se large aircraft, simplicity of eigenstructure assignment ap-
which includes high aspect ratio and new mate- proaches while adding more degrees of freedom

rials like composites, makes them become more (q o f.) for synthesis by introduction of dynam-

between aeroelastic dynamics and control laws, ro|l—off criteria as well as to structure the con-
known as aeroservoelasticity.
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troller matrix,i.e.to avoid the injection of fast ac-
celeration measurements in slow command sig- A
nals like the engine command][ Dynamics
are also used to assign several models simultane-
ously and hence to robustify an initial controller
(static modal or dynami¢t,/ H,., controller) de-
signed at one model with respect to unmeasur-
able parameter variationgl,[2] while preserv- u M(s) y
ing its nominal good time/frequency domain be-
haviour. Static self-scheduling allows to use
measures (for example mass and airspeed) toro- — — |— — — — — — — 1 — —
bustify a controller with respect to those parame-
ters [p] while reducing controller activity.

This paper will show that the use of dynamic Mg (s)
self-scheduling permits to combine all these
features. It is divided into two parts :

e The first part will present the modal multi—
model techniques and their combination.

A

Y

Y

A

A

¢ In the second part the combination is suc- = A
cessfully applied to an initial/; autopi-
lot for large flexible transport aircraft de-

scribed in [1]. Fig. 1 LFT—formulation of the system controlled
by a dynamic self-scheduled output feedback

2 Notations

System: Consider a Linear Time Invariant (LTI)
system withn statesminputs andp outputs writ-
ten in state space form

whereKgched S,4’) is @ dynamic scheduled gain.
A’ is the matrix of constant or slowly varying real
parameters which are measured or at least ob-
servable and which will be used for scheduling.

X = AQ)x+B(A)u The elements o’ form a subspace d.

C(A)X+D(A)u (1)

. 3 Design procedure
wherex is the state vectoy,the output vector and

u the input vectorA(A) € R™", B(A) e R™, 3.1 Single-model modal control

C(A) e RP*" and D(A) € RP*™M are the sys-

tems state space matrices depending on the un-Inthe non—scheduled cakgyn(s) = Ksched's,A")
certainty matrixA. This matrix can be complex Proposition3.1 from [9] generalizes the tradi-
or real, structured or unstructured following the tional eigenstructure assignment Gf3[ for the
type of uncertainties considered during the syn- use of dynamic controllers.

thesis. The input/output transfer of the systemn (

can also be considered under the standard form Proposition 3.1 The triple Ty = (Ai, vi, W) satis-

(Linear Fractional Transformation LFT) of the fying

upper part of Figl. Vi

Controller: The control feedback is defined by: [ A(B)—Ail B() ] < WIi ) = 3)
u(s) = Ksched S, &) y(S) (2) is assigned by the dynamic gainyg(s) if and
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only if

Kdyn()\i) C(A)vi+D(A)w;

. /
-~

E(D)

(4)

The input directionsy; and right eigenvectorg
associated to the closed loop eigenvalyalso
depend on the perturbation matrlx however
this dependence is omitted in the formulae in or-
der to simplify notation. They can be fixed by
various methods. The method respecting mostly
the system’s natural behaviour is tbeghogonal
projection of the eigenvectow; o associated to
the open loop eigenvalug o on a vectow; be-
longing toA;

Vi=VA) VOOV V) Ve ()

whereV (Aj) and W(A;) are two matrices with
rank[V (Aj)] = msuch that
)0

See [L7] for the theoretical background and fur-
ther details. For aeronautical applications refer to
[9, 10]. This projection is used in the following.

V(Ai)

[A(A)_)‘il B(A) } (W()\i)

3.2 Multi-model modal control

Multi-model eigenstructure assignmenit’] is
done by simultaneously assigning triplgsfor
several models which reduces to solve a set of
equality constraints of type/] for the transfer
matrix Kqyn(S) where its entries are

Mj (S) _ bij,kSk—f—"'—f—bij./ls—i—bij’o

Dij (s) aij,ksk‘f‘""f‘aij,ls‘f‘aié’,o)
6

The choice of the models to treat with and the

triples to assign is determined by an analysis of

Kij dyn(s) =

assignment

(degrees of freedom). Generally, this choice of-
fers too much degrees of freedom for the resolu-
tion of the equality constraints so that the prob-
lem is solved by minimizing a criteria of type
||Kayn(joi) —Ko(jwi)||F over a certain frequency
interval wy whereKq(s) is a reference controller
(often a simple gain) synthesized for an initial
modelMg. This reduces to minimize a quadratic
criteria under linear constraints. The procedure
used in the following will be called (Myy—
iteration. See also Fig.

Mu-p-Iteration
[ odeiing |

Synthesis of a controller
for one model M(s,4; )

They are

<

Analysis of the performances|
of all the models by
different tools

Synthesis of a controller
for the worst-case model
M(s, A ) while preserving the
performances of the previous
models

Fig. 2 The multi-model (Mug)—Iteration

Procedure: (Mu-p)—iteration

Step A.1 —Elaborate a first initial design on a
nominal modeMg with Ag. All kinds of synthe-

sis methods can be applied at this stéf, (con-

trol, LQG optimal control,p—synthesisgetc.. .).

In the case of initial non—modal approaches, look
for an eigenstructure assignment having the same
characteristics as the initial controller, see section

Step B.1 —Proceed to a multi-model analysis
of the pole map or a reg@l-analysis like proposed

in [11]. If the design is satisfactory for all values
of A, thenstop. Otherwise identify thevorst—

the stability and/or performance robustness (see casemodel My, determine its critical tripleZ;

Steps B.1 and B.2). Common or different de-
nominators?;; (s) of the matrixKqyn(s) are fixed

a priori with a sufficiently high order to real-
ize the desired ‘roll-off’. Furthermore, its de-
gree must be chosen in order to offer enough nu-
merator coefficientdyj x, the tuning parameters

and continue witlStep B.2

Step B.2 —Improve the behaviour of theorst—
casemodel My by replacing theZ by 7* re-
specting the specifications while preserving the
properties of all the model#g, ..., Muc 1
treated before. Return @tep B.1
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Remark: See B] for some general rules on thesis of a multi-model modal controller
multi-model eigenstructure assignment. For ex-

ample to avoid incompatible assignments, mod- Kayneq(s) = [ Ko(s) Ks,(s) Kaf(s) (8)
els being as ‘far’ as possible from each other in

the considered parameter space should be treated” ith respect to system

and/or some constraints on models treated before C(D) D(A)
should be relaxed. Incompatible assignments A(D),B(A), | &1C(A) |,| d1D(4)
will be found by a non—invertible matrik(A) in C(h) d2D(A)
Eqg. ).

In [9] the (Mu4u)—iteration procedure is suc-  which is nothing else than increasing the number
cessfully applied to the design of a multi- of outputs p of systeml i.e. here, the output
input/multi—-output longitudinal aircraft autopi- number is finally3p.
lot being robust with respect to parameter vari-

ations in massn, centre of gravit , control ) )
g Yeg cedure (Mup)—iteration on the augmented sys-

signal time delayt and airspeed/. The nec-
essary degrees of freedom for this multi-model tem (.) for the cqntrollerKdyneq(s) and to extract
from it the matriced<o(s), K5,(s) and K5§<5) for

eigenstructure assignment have been achieved by

the use of a second order dynamic controller the réalization oKscheds, d1).
Kayn(S)- The augmentation of the output number of-

fers so the additional degrees of freedom nec-
essary for the simultaneous resolution of some
linear constraints of type/f, the same degrees
of freedom formerly obtained by applying a dy-

The controllerKseneds,&') of the lower part of ~ hamic feedback in Propositian 1. Therefore, it
Fig. 1 depends on the varying parameters con- IS Possible to use static componekifsor Kayneq
tained inA'. These parameters are measurable so FOr €xample, the problem o¥ could have been
that the interpolation formula can be calculated tréated by a seli-scheduled controller of the fol-
in real time. In classical interpolation schemes 0wing type

different controllers are fi_r_st designed for sev- Ksched 8M, SXcq, 3V, 8T) = Ko

eral models ana posterioriinterpolated. Non—

Hence, it is sufficient to apply our design pro-

3.3 Multi-model modal self-scheduling con-
trol

2
interpolability can occur. A big advantage of the + Kam dm-+ K (5M) +2
proposed approach is that the controller structure + Kxeg OXeg + Kaxgg (OXeg)”+ -
or and hence taken in acoount during the design Ky B Koz ()7
[ [ unt duri [
g g + Kg 8T+ K2 (3T)2 + - - -

process. This choice is often set by physical con-
straints, can be supported by an open-loop anal- supposing that all parameter variations are mea-

ysis and is, in most cases, not restrictive. surable.
Take for example a scheduling with respect to The combination of both, augmentation of
parameted; and an interpolation formula output number and application of dynamic feed-

backs, will offer some more degrees of free-

Ksched S 81) = Ko(s) + 81 K, (S) + &7 Kgz(s) (7) dom so that the designer can still add more lin-
ear constraints of type’) and/or ask for some

Then the synthesis of this controller can be done bandwidth objectives or frequency response con-

following Proposition3.2 from [10]. straints. This is what is done for the application
to the highly flexible aircraft in sectiof.
Proposition 3.2 The determination of such a Or, use self-scheduling for parameter varia-

self-scheduled controller is equivalent to the syn- tions which are easily measurable and dynamics

542.4



Robustification of ar#, autopilot for flexible aircraft by self—scheduling based on multi-model eigenstructure

to account for parameter variations which are not

assignment

so—called left eigenvectors. In order to detect the

measurable. Assume that in the above example leading modes relative to a given input, it suffices

of [9] the time delaydt is not measurable (which
is indeed the case) then a controller with the fol-
lowing structure can be used
Ksched S, 0M, 8Xcg, 8V) = Ko(s)
+ Kgm(S) M+ K2 (S) (3m)2 + - - -
+ Koxeg (5) Bog + Ko () (¥ag)* + -+
+ Ky (5) OV +Kgy2(s) (V)2 +- -

In all cases, the (My—iteration design proce-

to simulate separately each term
t
Cv / i Dy Bu(t)dt (10)
0

Just the modes with non—negligible effect are
taken into account.

4 Application to the design of a lateral flight
control law for highly flexible aircraft

4.1 Model description and specifications

dure can be applied as introduced above with one o models used in this study are linearized mod-

minor adaptation. During the analysis st&igp
B.1) the expression of the controll&gched s, A’)
has to be rewritten in an LFT (standard form)
manner in order to extract from the overall sys-
tem a generalizedV — A) form as described in
Fig. 1.

3.4 Some precisions on the Step A.1 : an
equivalent modal dynamic controller

If the initial feedback design stems from non-—
modal approaches, it is necessary to find an
equivalent modal dynamic controller. A modal
analysis of the closed loop system is performed
in order to identify the dominant modes and as-
sociated eigenvectors following a systematic pro-
cedure :

1 — Plot the impulse response with respect to all
modes,

2 — Calculate modal matriR of the closed loop
system,

3 — Perform a modal decomposition of the im-
pulse response b,

4 — Plot the contribution of all modes to the im-
pulse response by histogram or time plots,

5 Choose the most contributing modes.

Let us recall that the time response of a linear
systemx = Ax+Bu, y=Cxis equal to

y(t) =y Cw /Ot i =Dy Bu(t)dt

where; andy; are respectively the already de-
fined eigenvalue and right eigenvectassare the

els of the lateral motion of a flexible aircraft
around equilibrium points. The system is a large
carrier aircraft in which flexibility was intention-
ally degraded in order to evaluate the relevance of
control law synthesis techniques in highly critical
cases. The modelg]are 66"-order state—space
representations with 2 control inputs (aileron de-
flectiond pand rudder deflectiodr) and 44 mea-
surements: 4 measurements (lateral acceleration
ny,, roll rate p;, yaw rater; and roll angleg) at 11
measurement points regularly spaced along the
fuselage (= 1,...,11). The state vectax con-
tains:

e 4rigid states (yaw anglp, roll rate p, yaw
rater, roll angleq),

e 36 states corresponding to 18 flexible
modes modeled between 8 and r8@s
(generalized coordinateg; and dj, (j =
1,...,18)),

e 20 secondary states that represent the dy-
namics of the servo—control surfaces and
aerodynamic lags.

The models are available for 3 different flight
conditions (corresponding to 3 different air-
speedsV; = 250kts Vo, = 320kts and V3 =
350kts) and 6 different loading cases (corre-
sponding to 3 mass cases with = 277t, mp =
410t and mg = 505t and the trim tank being
emptyAm= 0 or full Am = 20t).

The following list summarizes the various speci-
fications:
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Fig. 3 Root loci atrm, for the initial #5> controller (on the left), the intermediate (in the middle) and the
final modal dynamic controlleko(s) (on the right)

S1 Dutch roll damping ratio> 0.5,

S2 templates on the step responses vr.t.

andp,

S3 roll/lyaw channel decoupling,

S4 no degradation of the damping ratios of

flexible modes, or furthermore, an increase
of the damping ratios of low frequency

flexible modes in order to improve comfort

during turbulence, especially, the acceler-

ationsny at all measurement points of the

closed loop system have to be smaller than

half the maximum valuay maxin open loop
when the aircraft enters turbulences

S5 the previous performances must be ro-

bust with respect to the various loading

cases,

S6 the previous performances must be ro-

bust with respect to the various flight con-

ditions.

4.2 Initial %5 controller

The design method and the initial design of the
H, controller is described inl]. It has been
assigned to satisfy the design criteB4 to S5

i.e. satisfying all performance criteria for the
flight condition low speed; on high mass model
me and most of the performance criteria for the
other loading casesy —mg atV;. Itis a 22h or-

der controller using the 4 measurements of mea-
surement point 6.

4.3 Equivalent modal dynamic controller
Ko(S)

At Step A.1 of the (Mu4l-iteration, first the
structure Eq. §) of the equivalent modal dy-
namic controllerKo(s) has to be chosen. Us-
ing 4 measurements and the 2 inputs defines a
controllerKo(s) matrix of 2x 4. The dominant
modes of the initial controller have to be iden-
tified in order to fix the denominator®;;. A
modal decomposition using EdL({) of the con-
troller’s time responses reveals that the eigenval-
UeS)\Ql’z = —17.64+17.59i, }\C,3,4 = -1.83+%
3.22i andA¢ 56 = —1.55+8.67i should be main-
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tained. Thea; x of Dy are hence fixed with
k=1,...,6. For simplicity, all?}j are equal. To
eliminate a direct transfer, thij; order is set to
5 which offers §2 x 4) design parametets; .

The modal analysis of the system’s behaviour
when fedback with the initial/5 controller —
using again Eq.1(0) — delivers the eigenvalues
which have to be assigned in the closed loop by
Ko(s). For the modeMg with mg it is sufficient
to place the rigid body modes as

e the dutch roll mode witA1 » = —0.9670+
1.7670i

e the spiral and roll mode withAz4 =
—0.8796+0.0542

and the corresponding vectorsandw; assigned
by the initial controller.Kq(s) is computed using

2 equations of type4). A multi-model analysis
(Step B.J) via root loci for all mass cases shows
that the first flexible mode at about®ad/s has
been destabilized in the low mass configuration
my. See the root locus in the middle of Fig.
The real part of its eigenvalu@sex 1 is shifted

to the right (from—0.8 to —0.5). A worst-case
modelMy. 1 is detected. In order to improve its
behaviour) fiex 1 should be shifted back to its ini-
tial value for modehm while projecting the open
loop eigenvectowsiey 10 USING Eq. §). In Step
B.2 the worst—case behaviour is improved while
still assigning the rigid body modes for moated
using now 3 equations of type)( 2 for model
mg, 1 for modelm,.

On the right root locus of Fig3, it can be
observed that the first flexible mode is indeed
shifted back to the left as the initial controller
does. The resulting'® order Ko(s) is equiva-
lent to the initial 28" order #5 controller as ad-
ditionnally shown on Fig4. The frequency re-
sponses of lateral acceleratiop corresponding
to passenger comfort in wind turbulences at three
different measurement points are depicted. On
the right hand, the responses for the mochgl
are given, on the left hand side those for model
my. The dash—dotted lines correspond to the ini-
tial 46 controller, the solid lines to the equiva-
lent modal dynamic controlleq(s), the dotted

assignment

rrrrr

Fig. 4 Frequency domain responses of lateral ac-
celeratiomy; of the open—loop (dotted lines), the
initial #6 controller (dash—dotted lines) and the
equivalent modal dynamic controll&p(s) (solid
lines) for the two modelsy (left) andmg (right)

lines correspond to the open—loop behaviour. For
model mg, the two responses are almost equal.
The peaks are indeed smaller than half the open—
loop peak response (see crite8d). For model

my, controllerKo(s) fits very well with the initial
one, at frequencies of about tHd/s it is even
better,i.e. the peak is at least not higher than the
open—loop one. These results have also been con-
firmed by time plots.

4.4 Extension of the initial controller to flight
conditionsV, and V3

The initial controller has been assigned for a
good compromise for the different loading cases
at flight conditionV;. The frequency domain re-
sponses ofiy; on Fig.5 show that the initialH
controller (dashed line) does not perform well at
high speed/s, especially at massy.

To improve its behaviour for speed variations
without deteriorating its initial performances, a
dynamic self-scheduled controller of typg (is-
ing airspeed variatiodV as scheduling variable
is designed. The interpolation formula

K(s,8V) = Ko(s) + Ky (S) 8V + Ky2(s) V2 (11)

is chosen which is inspired by the fact that all
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aeronautical forces and moments depend on the the multi-model design procedure of sectibf

dynamic pressurévz. In order to offer enough
design parametets; x, Ky (s) andKy2(s) are dy-
namic matrices of size 2 4. For the missile ex-
ample treated ing], it was sufficient to use static
termskK;. For simplicity, their denominator$);
are fixed in the same way.

Modélo : vol 1 et masse 1

e o ot it vt o menen i vent
s B 3 3 -

g g

] == 2 = RS a > 3 K 3

g g si g2 Z T e

8 / 8 5 08 8 8 3

aaaaa

Fig. 5 Frequency domain responses of lateral ac-
celerationny; of the initial #5 controller (dashed
line) and the dynamic modal self—scheduled con-
troller Ksched s, 0V) (solid line) for the two mod-
elsm; andmg at speed¥; andVs

On root loci corresponding to the system
fed back by the initial controller, it can be ob-
served that a cluster of flexible modes between
10 and 20ad/s shifts to the right, when the air-
speed passes fromy to V3. This shift can be
avoided by placing th&y(s) and Ky,2(s) poles
at—0.9+10i and—2+17i. As before, we start

with modelMg at high massng and low airspeed
V1. The rigid modes corresponding to dutch roll
and roll and spiral mode are fixed as in section
Applying Prop. and Prop.3.1 a first
controller Kgcheds,8V) is computed. A multi—
model analysis for all mass and speed caS&s(
B.1) highlights that for the modeW,1 at low
massmy and high airspeetd/s a flexible mode
at about 17ad/s shifts to the right. To im-
prove this behaviour, &tep B.2the rigid modes
are placed for modeé¥p and simultaneously, the
flexible modeA fiexm, v; = —0.26284+17.4015
for modelMy,c 1 applying 3 equations of type'),
2 for modelMg and 1 for modeM,,¢1. A sec-
ond multi-model analysisSgep B.]) reveals that
a second worst—case appear : it is the model for
high massmg and high speed/;. The destabi-
lized flexible mode is assigned Afjexm\v; =
—0.7776+9.2734i for modelMy,c > while main-
taining the constraints follyc1 and Mo apply-
ing 4 equations of type4(at Step B.2 A last
multi-model analysis proofs that the final con-
troller Ksched S,0V) of order 14 satisfies the de-
sign criteria for all flight configurations in mass
and speed. See the solid line on Fig. Espe-
cially the high frequency response peak at about
20rad/sin ny1 could have been divided by two
as well as the peak at idd/s in ny11 could
have been reduced to 75% of its initial height
without deteriorating significantly the initial fre-
guency responses. This improved behaviour can
also be checked via time responses and root loci.

4.5 Additional dynamic self—scheduling with
respect to mass variation®m

In order to refine the performances in the differ-
ent loading cases, an additional ternim(s) dm

is added in the interpolation formulé 1) for a
new self-scheduled controlléscheds, OV, dm)
with respect to speed and mass variations. A dy-
namic 2x 4 controller matrixKmy(s) is chosen
with four controller poles fixed te-2.8 + 12.8i
and —3.2 4+ 22.5i following the same approach
has forKy andKy,z in section/.4. Two additional
flexible modes at 1fad/s and 3Qad/s can be
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assignment

assigned for the mod#fl ¢ 1 at low massn; and ible aircraft. Proc Proc. 21st ICAS Congress
high speed/z while maintaining the assignments \ol. 1, Melbourne, Australia, September 1998.
of section4.4. The system’s behaviour could [5] Doll C, Le Gorrec Y, Ferreres G, and Magni
have been still improved with a #8-order con- J. Design of a robust self-scheduled missile
troller (which is still smaller than the ¥2-order autopilot by multi-model eigenstructure assign-
initial controller), especially for modé¥l,¢ 1 and ment.Proc Proc. 3rd Asian Control Conference
also the intermediate models in mass — mg Vol. 1, pp 159-164, Shanghai, China, July 2000.
which is checked on the frequency response plots [6] KimuraH. Pole assignment by gain output feed-
as well as time plots and root loci. back.IEEE Transactions on Automatic Contyol

\ol. 20, pp 509-516, 1975.
5 Conclusions [7] KubicaF and Livet T. Flight control law synthe-

sis for a flexible aircraftProc Proc. 13th IFAC
In this paper, first the classical and then the Symposium on Automatic Control in Aerospace

multi-model modal control design methods like Vol. 1, Palo Alto, California, USA, September
dynamic and self—scheduled approaches are pre- 1994.

sented. Their different application fields are [8] Le Gorrec Y.Commande modale robuste et syn-
pointed out reaching from a simple controller these de gains autosequences. Approche multi-
synthesis to the retuning of already existing con- ;neoﬂigrgzgutt?ejs;ﬁel,Ezt'ggzlessﬁg’igilge
trollers. Retuning means improvement of global BP 4032 F_3f055 Toulouse pFran’ce Decembér
controller performances including order reduc- 1998, ’ ' '

tion and restructu_nng. These me_thods hav_e _b_een [9] Le Gorrec Y, Magni J, D6ll C, and Chiappa C.
successfully applied to the retuning of an initial

Ah . . Modal multimodel control design approach ap-
22"-order 7, controller for an highly flexible plied to aircraft autopilot desigrAlAA Journal

transport aircraft. Its excellent performances for of Guidance, Control and Dynamicsol. 21,
high mass at low speed could have been extended No 1, pp 77-83, January—February 1998.
to all flight conditions,i.e. low and high mass at 10} magni J. Multimodel eigenstructure assignment
low and high speed. The controller order could in flight—control design. Aerospace Sciences
have been reduced to 18 at the same time. and TechnologiesVol. 3, No 3, pp 141-151,
May 1999.
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