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(57) Abstract: The invention provides a method for dynamically alleviating loads generated on an aircraft (30) by a disturbance of
gust, the method comprising the steps of: automatically detecting a disturbance due to gust on a flight of the aircraft (30); when a
disturbance due to gust is detected, automatically generating control commands for control surfaces; and applying the control com-
mands to actuate the control surfaces. For providing an optimized alleviation, the method further comprises: dynamically actuating
the control surfaces in a prescribed dynamic way in order to minimize not only a first load peak but also at least a second load peak.
Further, an apparatus (10) and a device (40) for conducting such method are proposed.
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METHOD AND APPARATUS FOR MINIMIZING DYNAMIC STRUCTURAL
LOADS OF AN AIRCRAFT

The invention relates to minimizing dynamic structural loads of an aircraft, intro-

duced by an external excitation to the same.

Dynamic structural loads are introduced to the structure of an aircraft by external
excitations, e.g. due to wind, gusts, turbulences or similar influences, and by exci-
tations due to pilot/flight control system demands. As a result of the flexible proper-
ties of the aircraft structure, such excitation may result in oscillations or vibrations
that may exceed a given magnitude, so that they can be harmful to the aircraft
structure, especially of frequencies in the range of natural or characteristic oscilla-
tions of the flexible aircraft structure. If it is desired to reduce the mass of the air-
craft structure at high aspect ratio of wing and fuselage, it is necessary to take

measures against excessive dynamic structural loads.

Atmospheric gusts excite dynamic wing loads especially in the wing roots as well
as vertical accelerations critical for passenger safety. Besides manoeuvre loads
these loads are sizing for the aircraft structure. If it is possible to reduce said
loads, then a lighter wing design is possible, improving fuel efficiency and thus
reducing direct operating costs. Another advantage is the increase of passenger

safety due to alleviation of vertical accelerations.

Document DE 198 41 632 C2 discloses a method for compensating structural os-
cillations of an aircraft, which are introduced by an external excitation, comprising
detecting at least one body rate of the aircraft with a sensor arrangement, provid-
ing said at least one body rate to a flight controller, and producing movements of

control surfaces of the aircraft to minimize the excited oscillations.

For updraft gust the first load peak can be eliminated by a rapid deflection of spoil-

ers on the upper wing surface, see Airbus patent US 20080265104 A. This ap-
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proach is limited by control authority (reaction time, actuator power), by the loads
that the rapid spoiler deflection introduces to the wing structure, as well as by the
constraint that the second peak of the wing bending acceleration must not be in-

creased by the spoiler deflection.

EP 1 814 006 A1 proposes the symmetric actuation of ailerons for gust load alle-
viation using a high pass filtered alpha probe signal as reference for the gust and
an adaptive feed-forward controller. This approach solves the problems mentioned

above, but is even more limited by the control authority of the ailerons.

Further apparatuses and methods for reducing vibrations due to gust are disclosed
in DE 10 2008 014 236 A1 and in EP 1854 717 A1. In EP 1 854 717 A1, there is
disclosed how control commands for alleviating disturbances can be generated.
DE 10 2008 014 236 A1 describes an apparatus and a method for adaptive con-

trol.

The method as disclosed in US20080265104 is considered as the closest prior art.
Therein, it is suggested to just deflect spoilers (and other control surfaces respec-
tively) for some prescribed time in order to compensate the gust loads, and then
close them again. Such spoiler deflection excites the first wing bending mode
(among other flexible modes). The deflection (and thus the load alleviation) is thus

restricted by the second load peak.

The obiject of the invention is to provide an optimized method and an optimized

apparatus for alleviation of dynamic structural loads on aircraft due to gust.

This object is achieved by a method, an apparatus, a device and/or a system as

defined in the independent claims.

Advantageous embodiments of the invention form the subject-matter of the de-

pendent claims.
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According to one aspect of the invention, the control surfaces are not just de-
flected, but actuated in a prescribed dynamic way in order to minimize not only the

first load peak but also at least one subsequent peak.

Preferably, the first and all subsequent load peaks are minimized by the pre-

scribed dynamic actuation of the control surfaces.

Preferably, this dynamic actuation can be triggered by an alpha probe or by verti-

cal acceleration measurement, by LIDAR or by any combination of those.

Compared to the prior art as disclosed in US20080265104, the invention and/or
the preferred embodiments thereof provide the advantage that the spoilers and/or
other control surfaces are not just deflected and retracted after a certain pre-
scribed time but opened and closed in a prescribed dynamic way. Thereby, the

control authority of the spoilers is fully exploited.

According to a preferred embodiment, also for downdraft gusts, a delayed spoiler

deflection alleviates the first positive peak of the wing bending.

An advantage of an embodiment of the invention is that peak loads, i.e. first peak
and subsequent peaks induced by strong gust can be optimally alleviated, for up-
draft as well as for downdraft gusts with the available control authority and/or ac-
tuator bandwidth.

According to one aspect, the invention provides a method of dynamically alleviat-
ing loads generated on an aircraft by a disturbance of gust, the method comprising
the steps of:

automatically detecting a disturbance due to gust on a flight of the aircraft;

when a disturbance due to gust is detected, automatically generating control com-
mands for control surfaces; and

applying the control commands to actuate the control surfaces;

wherein the method further comprises:
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dynamically actuating the control surfaces in a prescribed dynamic way in order to

minimize not only a first load peak but also at least a second load peak.

In a preferred embodiment, the method further comprises:
generating control commands using a predetermined control command sequence
that has been pre-determined in a previous control command sequence determin-

ing step.

It is further preferred that the control command sequence determining step com-
prises:

determining an optimized control command sequence in a convex synthesis.

Preferably, the control command sequence determining step comprises:
determining a load response of the aircraft in response to an actuation of the con-
trol surface according to a basis function H,,

modelling the control command sequence as a linear combination of basis func-

tions in the form of

wherein 6, represents the i"" element of a vector of variable 8,

simulation a typical wind gust shape being alleviated by the control command se-
guence H, and

determining the vector of variable 6 by optimization calculation such that the load

response to the typical wind gust shape is minimized.

According to an advantageous embodiment, the basis function is an impulse func-

tion and the load response is a load response in response to an impulse.

It is preferred that the optimization is done over discrete time series, wherein H,

represents the basis function for the discrete time ¢; of a series of discrete times
tr.. .t .ty
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According to a preferred embodiment, the method further comprises:

storing the control command sequence determined in the control command se-
quence determining step in a memory device,

wherein the step of generating the control commands comprises reading out the

memory device for generating the predetermined control command sequence.

Preferably the control commands are at least one element of the following group of
control commands:

elevator control commands for actuating an elevator control surface, spoiler con-
trol commands for deflecting spoiler control surfaces arranged on an upper and/or
lower surface of a wing of the aircraft, and aileron control commands for actuating

an aileron control surface.

According to a further aspect, the invention provides an apparatus for dynamically
alleviating loads generated on an aircraft by a disturbance of gust, comprising:
monitoring means for automatically detecting a disturbance due to gust;

control command generating means for automatically generating control com-
mands for an actuating of control surfaces when said disturbance due to gust is
detected;

wherein the control command generating means is configured to dynamically ac-
tuate the control surfaces in a prescribed dynamic way in order to minimize not

only a first load peak but also at least a second load peak.

It is preferred that the control command generating means comprises a memaory

device containing a predetermined control command sequence.

According to a further aspect, the invention provides a control command sequence
determining device for determining a control command sequence to be used as
control commands in an apparatus as mentioned before, said device comprising:
load response determining means configured to determine a load response of the
aircraft in response to an actuation of the control surface according to a basis

function H,,
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modelling means configured to model the control command sequence as a linear

combination of basis functions in the form of
H=>0 H,
i=1
wherein 6, represents the i"" element of a vector of variable @,
gust simulation means configured to simulate a typical wind gust shape being alle-
viated by the control command sequence H, and
variable vector determining means configured determine the vector of variable 6

by optimization calculation such that the load response to the typical wind gust

shape is minimized.

It is preferred that the load response determining means is configured to use an
impulse function as the basis function and is configured to determine a load re-

sponse in response to an impulse.

It is further preferred that the device is configured to calculate the optimization

over discrete time series, wherein H, represents the basis function for the discrete

time t; of a series of discrete times t;...t...1,.

According to one embodiment of the invention, the strength of the disturbance is
determined using the methods as known from US2008/0265104 A1 and/or EP 1
814 006 A1. It is preferred that the strength of the disturbance is determined using

the angle of wind attack.

According to a preferred embodiment, the invention provides a triggered L-infinity

optimal gust load alleviation.

Embodiments of the invention will now be described with reference to the ap-

pended drawings.

Fig. 1 shows an embodiment of a gust load alleviation apparatus forming an

embodiment of an apparatus according to the invention;
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

shows examples of predetermined control command sequences for ele-
vator commands and spoiler commands used as control commands in

the apparatus of Fig. 1;

shows a graph for an incremental wing root bending moment over time
in response to a gust without gust load alleviation and with gust load al-

leviation;

shows a block diagram representing a general augmented plant plot for
feedback and feed-forward control laws defining input signals and out-

put signals;

shows the application of the general augmented plant plot of Fig. 4 to a
special aircraft for explaining a set-up used for optimization signals
generation wherein wind gust signal and elevator and spoiler basis
function generators are used one by one to generate responses of the

whole system;

shows a diagram of a wind gust signal generated by H_wind in Fig. 5;

shows an example of a basis function used as elevator and spoiler input

signal generated by H_el and H_spo in Fig. 5;

shows a graph of a response of a wing root bending moment signal Mx

(Mx response) for a series of impulses in spoiler input;

shows a graph for a response of the wing root bending moment signal

Mx (Mx response) for a series of impulses in elevator input;

shows the Mx response for wing gust input which is a reference signal

as response of uncontrolled system;
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

11

12

13

14

15

.16

17

shows a graph of an impulse response of a spoiler shaper which repre-
sents the optimal spoiler command sequence for minimization of wing

load during wind gust;

shows a graph similar as in Fig. 11, but here the impulse response of

an elevator shaper is presented;

shows a graph of a spoiler deflection rate usable to prove actuators’

rate limits constraints;

shows a graph of an elevator deflection rate usable to prove actuators’

rate limits constraints;

shows a graph of the wing root bending moment signal Mx comparing a
control-free (“control-free” means here free of gust load control; there
may be a feedback control system, for example flight controller) aircraft

with the gust load alleviation system;

shows a graph for the wing root torque moment signal My comparing a
control-free (for “control-free, see above) aircraft with the gust load alle-

viation system; and

shows a graph of the normal acceleration in centre of gravity signal
comparing a control-free (for “control-free” see above) aircraft with the

gust load alleviation system.

Fig. 1 shows a block diagram of a gust load alleviation apparatus 10 which is an

apparatus for dynamically alleviation loads generated on an aircraft by a distur-

bance of wind or gusts. The apparatus 10 comprises monitoring means 12 for

automatically detecting a disturbance due to gust and a control command generat-
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ing means 14 for automatically generating control commands for actuating control

surfaces in response to a detection of a gust.

The monitoring means 12 comprises a reference sensor 16 and excitation identifi-
cation means 20 configured to compute from a reference sensor signal a parame-

ter ., , that can be used for detection of a gust.

wind

The reference sensor 16 can comprise an alpha probe 18, a vertical acceleration
measurement means (not shown), a LIDAR device (not shown) or combination of

those.

Regarding the excitation identification by the reference sensor 16, it is referred to

EP 1854 717 A1 which explains how « ., can be computed from the alpha probe

wind

measurement, which is also recalled in US20080265104.

Thus, the measurable angle of attack at the alpha probe mounting position«

(i.e. the angle between the aircraft, and the velocity vector of the airflow) can be
split up into:

a(lil’ = awin(/ + a() + aground = awind + aO + agmzmeL + agrounda Eq (1)

Thereby, «, denotes the static angle of attack of the trimmed aircraft in a ground
reference system. The static angle of attack ¢, can easily be erased by a high-

pass filter. The alpha probe mounting node’s angle of attack deviation from this

static value ¢, in a ground reference system is denoted« The feed-forward

ground *
GLAS (GLAS is an abbreviation of gust load alleviation system) however requires

a,,. asreference signal. So «

, heeds to be subtracted from the measured

groun,

a . in order to get the required o

air

g - N Order to compute «o mainly pitch rate

ground

and vertical speed are required.

The formula of EP 1 854 717 A1 for « is:

wind
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. H
g = cos(CD arcsin
VTAS

Thereby, @ is the bank angle, H is the aircraft’s inertial vertical speed, VTAS is

VTAS VTAS

J_@ . cos(cp)(% . ff___j . sin(ib)-( 5- _..—ﬂ Eq. )

the flight velocity of the aircraft with regard to the surrounding air, © is the pitch

angle, «,, is the measured angle of attack, § is the sideslip angle, r is the yaw

rate, raoa, and raes are the distances from the centre of gravity to the alpha and to
the beta sensor respectively. For further details and explanation, it is expressly
referred to EP 1 854 717 A1.

The control command generation means 14 includes a comparing means 22 con-

figured to compare the present signal of «,,, with a predetermined threshold to

wind

detect a gust and to trigger generation of control commands when «,,, exceeds

Wi

such threshold.

Further, the control command generation means 14 comprises a memory device
23 which contains different predetermined command sequences 24, 26 for differ-

ent control surfaces.

Fig. 2 shows examples of predetermined command sequences 24, 26 for elevator

command signals and for spoiler command signals.

As visible, the predetermined elevator command sequence 24 has a predeter-
mined signal curve for the elevator command signal so that the elevator is actu-

ated in a predetermined dynamical way.
Further, there is provided a predetermined spoiler command sequence 26 for a

spoiler command signal which is in the form of a predetermined command signal

curve so that spoilers are deflected in a dynamic predetermined way.

10
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In the present example of the spoiler command sequence 26, there is a first large
signal peak starting at approximately 0.2 s and lasting to approximately 0.6 s.
Thereafter, the spoilers are closed again wherein the closing starts at a time of ca.
0.9 s so that the spoilers are fully closed again at a time of approximately 1.4 s.
Thereafter, there is a short command signal peak at the time of approximately 2 s
to 2.1s.

Referring again to Fig. 1, there is shown that the control command generation
means 14 outputs the predetermined control command sequences 24, 26 and
sends them as control commands to the control surfaces. Thus the control sur-
faces (not shown) are actuated in a predefined dynamic way to alleviate loads ex-
cited by the gust. For example, wing root bending moments and/or wing root
torques are alleviated in an optimized dynamic way so that not only the absolute
value of a first load peak but also the absolute value of at least a subsequent sec-

ond load peak is minimized.

Preferably, the L infinity norm of the corresponding time signal is minimized, that

means that the maximum of the absolute value of signal is minimized.

Fig. 3 shows a graph of incremental wing root bending moment over the time in
response to a gust wherein a first line (blue line) 27 shows the incremental wing
root bending moment in response to a gust without gust load alleviation while a
second line (red line) 28 shows the incremental wing root bending moment with

gust load alleviation.

It is to be noted from Fig. 3 that by applying the predetermined control command
sequences 24, 26 for elevator command signal and spoiler command signal, both

the first load peak as well as the second (negative) load peak is alleviated.
In the following, an example procedure and an example device for the determina-

tion of the predetermined control command sequences 24, 26 are explained with

reference to Figs. 4 to 17.

11
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Fig. 4 shows a block diagram for a convex synthesis of an augmented plant P. The
augmented plant P is given as a model (e.g. computer model for simulation) and

definition of input and output signals are provided.

In this block diagram, the following notation is used:
P represents the augmented plant to be optimized in a convex synthesis,
w  represents exogenous inputs,
z represents the output to be regulated,
H represents a feed-forward control law,
Us represents reference inputs,
Urr represents actuator feed-forward inputs,
y represents sensed outputs,
K  represents a feedback control law,

Urs represents actuator feedback inputs.

This general plot as given in Fig. 4 is especially used to find the optimized feed-
forward control law such that regulated outputs time signals are minimized. This

can be done by convex optimization.

In a practical example, the control law is expressed as linear combination of basis

functions according to the following equitation (3):

H(s)=>0,-H(s) Eq. (3),
i=]
wherein
H(s) respresents the Laplace transformation of the feed-forward control
law H;
Hi(s) represents the Laplace transformation of feed-forward control law

i basis function;
6 represents a vector of variable (to be determined by optimization);
G, represents the i element of the vector of variable (to be

determined by optimization)

12
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n represents the number of basis functions.

The output signal z to be regulated can be written as function of time in the way as

expressed in equitation (4):

z(1) = i@i -z,(1) Eq. (4)
or in the form of equitation (5)

z2(t) = L {Z(s)} Eq. (5)
with

Z(s) = iei Z.(s) Eq. (6).
and

Z.(s)=P(s)-H,(s)-U(s) Eq. (7)
Therein:

z(t) represents the regulated output time signals,
zi(t) represents the i" regulated output time signal,
Z(s) represents the Laplace transformation of regulated output signals,
Z(s) represents the Laplace transformation of i regulated output signal, and
L represents the Laplace inverse transformation,
P(s) stands for the reponse of the augmented plant
U(s) stands for the influence by the inputs
By methods known in the convex optimization, the vector of variable is determined

from the before mentioned equitations according to expressions (8) and (9):
. T
mgmlc -0} Eq. (8)
A-0<bh Eq. (9).
Therein,

c represents linear program objective function coefficients, and

A, b define linear program constrains.

13
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In one example, the convex optimization is conducted such that z(t) is minimized.

This generally explained principle of finding an optimized feed-forward control law
can be conducted to find an optimized control command sequence for gust allevia-
tion in an aircraft as indicated in Fig. 5. Fig. 5 shows the set up used for convex

optimization of command signal sequences of the aircraft 30.

The aircraft 30 shown in this example of Fig. 5 is a blended wing body aircraft

BWB, but this is just a non-limiting example.

Inputs for the convex optimization are
H_ wind representing signals of a wind gust signal generator (e.g. a gust
signal simulation means 34),
H el representing signals of an elevator basis function generator 36
generating a basis function for an elevator command signal,
H_spo representing signals of a spoiler basis function generator 38
generating a basis function for a spoiler command signal.
In a preferred embodiment, a wind gust signal H_wind is provided by a gust signal
simulation means 34, an elevator basis function generator 36 provides a basis
function for the elevation command signal, and a spoiler basis function generator

38 provides a basis function for the spoiler command signal.

Using this definitions of Fig. 5 and referring again to Fig. 4, the aircraft 30 is then

the augmented plant P, the exogenous inputs w represent the disturbances due to
gust, and z are the outputs to be optimized, for example minimized load responses
such as wing root bending moments or wing root torque moments. U, is given, for

example, by «,,, obtained as mentioned above, and the feed-forward control law

H is contained in the gust load alleviation apparatus 10 providing the control com-
mand sequences 24, 26 as actuator feed-forward inputs Ugr. y are outputs of flight
sensors such like a pitch rate sensor or a vertical acceleration sensor to be input in
a flight controller 32 providing the actuator feedback inputs Urg according to the

feedback control law K.

14
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The aim is to reduce the absolute values of the maximum and minimum loads (z)
excited by a gust. This is conducted using basis functions from the elevator basis

function generator 36 and the spoiler basis function generator 38.

Referring to Fig. 6, there is shown a typical wind gust signal H_wind generated by
the gust signal simulation means 34 of Fig. 5. In the following, there is explained
how optimized control command sequences for alleviating loads induced by such

a gust are obtained.

For achieving this, an appropriate basis function is used, such as shown in Fig. 7.
Fig. 7 shows an elevator and spoiler input signal generated by the elevator basis
function generator 36 and by the spoiler basis function generator 38 of Fig. 5. Both
inputs signals are given as an impulse function. This shape is used to consider a

discrete impulse response optimization.

In the present embodiment, the aim is to design a control command sequence de-
termining device 40 (for example an elevator and/or spoiler input shaper/signal

generator) with impulse response designed by convex optimization.

The basis function as indicated in Fig. 7 are input in the simulation model of the
aircraft 30, as illustrated in Fig. 5 and represented by the augmented plant P in
Fig. 4. Thus, a load response as response to the basis function is determined. For
example, the response of the wing root bending moment signal Mx to the input of

the basis function as H_spo is determined as z(t).

A signal Mx shown in the figures represents a wing root bending moment. A signal

My shown in the figures represents a wing root torsion moment.
Fig. 8 shows the Mx response for series of impulses in spoiler input. The series of

impulses is generated during discrete times. For example, a series of n=200 im-

pulses are generated as spoiler input, e.g. one impulse per millisecond. This leads

15
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to a series of n=200 Mx responses illustrated in Fig. 8. Fig. 9 shows similar to Fig.

8 a series of Mx response for a series of impulses in elevator input.

Thus, for optimizing the spoiler control command signal, Mx is considered as z(t)
in Eqg. (4) wherein the Mx impulse response for the i impulse generated at the
discrete time t=t; is considered as z(t). Then the vector of variable @is determined

by optimization. The same is conducted for optimizing the elevator control signal.

Fig. 10 shows the Mx response for a wind gust input, i.e. when the wind gust
shape of Fig. 3 is given as input. This is a reference signal as a response of the
uncontrolled system. The aim is to minimize the absolute values at least for the

first and the second peaks.

The impulse response optimization is done based on convex optimization over
discrete time series. The response of the system for basis functions, see Figs. 7 to
9 is considered together with a typical disturbance input signal shape, see Figs. 6
and 10. A considered criterion is minimization of Liy norm of Mx responses and of
My responses (wherein My represents a wing root torque moment signal) with
constrains for actuator saturations and rate limits. A linear program can be in-

volved in this particular case to solve the problem, see Eq. (8) and (9).

Fig. 11 shows the impulse optimal spoiler command sequence achieved by this
optimization. The spoiler command sequence H is achieved by applying the de-
termined vector of variable 6 to the model of the control sequence according
H=>06 H,
i=1
wherein H; is the impulse function at the time t;. Thus, Fig. 11 shows the impulse

response of the spoiler command sequence determination means.

Fig. 12 shows the similar situation as in Fig. 11, but in this case the impulse re-

sponse of the elevator command sequence determination means is presented.

16
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In Figs. 13 and 14 spoiler and elevator deflection rates are presented to prove

sensor rate limits constraints. Such constraints can be considered by Eq. (8) and

(9).

Fig. 15 shows a graph of the Mx signal without gust load alleviation and with gust
load alleviation according to the method as explained above. Fig. 16 shows a simi-
lar graph for the My signal. Fig. 17 shows the similar situation for the normal ac-

celeration at centre of gravity (NzCG).

The optimized control commands sequences can be determined once when de-
signing or testing a type of an aircraft 30, and can be stored in the memory device

of the gust load alleviation apparatus 10 of each aircraft of this type.

Both the gust load alleviation apparatus 10 and the control command determining
device 30 can be implemented as software in appropriate data processing de-

vices.

The combination of the control command determining device 30 and the gust load
alleviation apparatus provides a gust load alleviation system that is indicated at 50
in Fig. 4 and that is configured to determine an optimized control command se-
quence and to use that control command sequence for actuating control surfaces

in a prescribed dynamic way for alleviating loads induced by disturbance of gusts.
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List of Reference Signs:

10
12
14
16
18
20
22
23
24
26
27
28
30
32
34
36
38
40
50

Gust load alleviation apparatus

Monitoring means

Control command generation means

Reference sensor

Alpha probe

excitation identification means

comparing means

memory device

predetermined command sequence for elevator command signal
predetermined command sequence for spoiler command signal
first line (without gust load alleviation)

second line (with gust load alleviation)

aircraft

flight controller

gust signal simulation means

elevator basis function generator

spoiler basis function generator

control command determining device

gust load alleviation system
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Claims

1. Method of dynamically alleviating loads generated on an aircraft (30) by a
disturbance of gust, the method comprising the steps of:

automatically detecting a disturbance due to gust on a flight of the aircraft (30);
when a disturbance due to gust is detected, automatically generating control com-
mands for control surfaces; and

applying the control commands to actuate the control surfaces;

characterized by

dynamically actuating the control surfaces in a prescribed dynamic way in order to

minimize not only a first load peak but also at least a second load peak.

2. Method according to claim 1,

characterized by

generating control commands using a predetermined control command sequence
(24, 26) that has been pre-determined in a previous control command sequence

determining step.

3.  Method according to claim 2,

characterized in that

the control command sequence determining step comprises:

determining an optimized control command sequence (24, 26) in a convex synthe-

sis.

4.  Method according to claim 2 or claim 3,

characterized in that

the control command sequence determining step comprises:

determining a load response of the aircraft (30) in response to an actuation of the

control surface according to a basis function 4,

modelling the control command sequence as a linear combination of basis func-

tions in the form of
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wherein 6, represents the i element of a vector of variable 0,

simulation a typical wind gust shape being alleviated by the control command se-
quence H, and
determining the vector of variable 6 by optimization calculation such that the load

response to the typical wind gust shape is minimized.

5.  Method according to claim 4,
characterized in that
the basis function is an impulse function and the load response is a load response

in response to an impulse.

6. Method according to any of the claims 4 or 5,
characterized in that

the optimization is done over discrete time series, wherein H, represents the basis

function for the discrete time t; of a series of discrete times t;...t;. .1,

7. Method according to any of the claims 2 to 6,

characterized by:

storing the control command sequence (24, 26) determined in the control com-
mand sequence determining step in a memory device (23),

wherein the step of generating the control commands comprises reading out the
memory device for generating the predetermined control command sequence (24,
26).

8.  Method according to any of the preceding claims,

characterized in that

the control commands are chosen of the following group of control commands:
elevator control commands for actuating an elevator control surface, spoiler con-

trol commands for deflecting spoiler control surfaces arranged on an upper and/or

20



10

15

20

25

30

WO 2013/014086 PCT/EP2012/064311

lower surface of a wing of the aircraft, and aileron control commands for actuating

an aileron control surface.

9. Apparatus (10) for dynamically alleviating loads generated on an aircraft (30)
by a disturbance of gust, comprising:

monitoring means (12) for automatically detecting a disturbance due to gust;
control command generating means (14) for automatically generating control com-
mands for an actuating of control surfaces when said disturbance due to gust is
detected;

characterized in that

the control command generating means (14) is configured to dynamically actuate
the control surfaces in a prescribed dynamic way in order to minimize not only a

first load peak but also at least a second load peak.

10. Apparatus (10) according to claim 9,
characterized in that
the control command generating means comprises a memory device (23) contain-

ing a predetermined control command sequence (24, 26).

11. Control command sequence determining device (40) for determining a con-
trol command sequence (24, 26) to be used as control commands in an apparatus
(10) according to claim 9 or 10, comprising:

a load response determining means configured to determine a load response of
the aircraft (30) in response to an actuation of the control surface according to a
basis function #,,

a modelling means configured to model the control command sequence (24, 26)

as a linear combination of basis functions in the form of

H=Y0, 1,

i=1
wherein 0, represents the i element of a vector of variable @,

a gust signal simulation means (34) configured to simulate a typical wind gust

shape to be alleviated by the control command sequence H, and
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a determining means configured determine the vector of variable 6 by optimization
calculation such that the load response to the typical wind gust shape is mini-

mized.

12. Control command sequence determining device (40) according to claim 11,

characterized in that

the load response determining means is configured to use an impulse function as
the basis function and is configured to determine a load response in response to

an impulse.

13. Control command sequence determining device (40) according to claim 11 or
claim 12,

characterized in that

the device (40) is configured to calculate the optimization over discrete time series,

wherein H, represents the basis function for the discrete time {; of a series of dis-

crete times t;...1;.. .1,

14, System (50) for alleviation of loads generated on an aircraft (30) by a gust
disturbance, comprising,

a control command sequence determining device (40) according to any of the
claims 11 to 13 and

an apparatus (10) according to any of the claims 9 or 10.
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