Amirkabir Journal of Mechanical Engineering

Amirkabir J. Mech. Eng., 54(2) (2022) 57-60
DOI: 10.22060/me;j.2022.19869.7136

Gust Load Alleviation of Flexible Aircraft

J. Masrour, S. H. Sadati*, M. Shahravi

Department of Aerospace Engineering, Malek Ashtar University of Technology, Tehran, Iran

ABSTRACT: Concerns about aircraft gust disturbance have increased not only because of the design =~ Review History:

cases that are not primarily structural but also because of gust influence on aircraft handling qualities  Received: Apr. 17, 2021

and flight controllability. Load alleviation system duty is reducing loads caused by a gust on aircraft.  Revised: Nov. 22, 2021

Using active control when crossing gust causes alleviation of loads on aircraft and improves ride quality. ~ Accepted: Dec. 20, 2021

In this paper gust response of a flexible aircraft has been simulated by using the Lagrange equation and ~ Available Online: Jan. 05.2022
quasi-steady aerodynamics. Wing has been considered as flexible and other parts have been considered
rigid. Two degrees of freedom in pitch and plunge of rigid mode have been considered and the elastic  Keywords:
wing has been modeled as a beam with torsion and bending. Gust responses with different profiles have
been analyzed. Then by using elevators and aileron gust loads have been reduced. Feedback control has
been used to decrease the pitch and heave acceleration of the aircraft. Closed and open-loop response
to gust has been compared and it has been shown that pitch oscillations have been damped very well by
elevator. Then by using elevators and flaperon gust loads have been reduced by using neural networks
adaptive controller and classic controller. Comparison has been made between closed-loop and open
loop response to gust.

Flexible aircraft
Quasi-steady aerodynamics

Gust load alleviation

1- Introduction
Gust is one of the sources of critical design and fatigue [5T j or 8U =0, i=1,234
loads. The gusts cause structural elastic vibrations and rigid- dt\ dq 6q aq, ' T (1)
body motions which can result in a significant reduction of the G=z ¢,=0, q¢=h q,-=
airframe structure’s life. It is due to the high level of dynamic
stresses that occur during these events. However, vibrations

caused by gusts may have an adverse effect on passenger The generalized forces of Q; are calculated by virtual
comfort, pilot workload, and aircraft handling quality [1]. work:

An active control technique called Gust Load Alleviation

(GLA) can be used to minimize the adverse effects induced Q. =-Ly+W-Lr

by the gust. This paper investigates the dynamic response Op=(,L,+Mp ,~(rLy

of flexible aircraft to gust. Then by using control surfaces 0,=-L, @)

tries to alleviate gut loads on aircraft. It uses an elevator and

flaperon to decrease gust effects on aircraft. Qo =M.
2- Methodology L and L, are lift forces of wing and tail, 7, and /;
A flexible aircraft (Fig. 1) has been modeled with distance from wing and tail elastic axes to alrcraft CG
considering pitch and plunge of a rigid body, z, and 6, and respectively. M g, is the moment around the elastic axis of
bending and torsion of elastic wing / and a. the wing. Now by putting Q ; and arranging aerodynamic
A quasi-steady aerodynamic model has been used. and structural forces it is possible to write:

By using the Lagrange equation, it is possible to obtain
generalized forces O, andQ, [2]

*Corresponding author’s email: hsadati@mut.ac.ir

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
B NG is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,
please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

57



J. Masrour et al., Amirkabir J. Mech. Eng., 54(2) (2022) 57-60, DOI: 10.22060/me;j.2022.19869.7136

Inertial

z

Fig. 1. Aircraft with flexible wings

Open loop
closed loop

Heave Acceleration (g)
&
& °
—_—

Time

Fig. 3. Comparison of heave acceleration of aircraft in
closed and open-loop

(M, +M,)i+(C, +C,)G+(K,+K, )g =F

3
4,=0, q3=h, q,=a @

9=z,

In the above equation z and ¢ are rigid modes, / is
bending modes of the wing, and & 1is torsional modes of the
wing. F'is composed of two elements gust and control forces:

F=Fg, +F

control
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Fig. 2. Comparison of pitch response of aircraft in
closed and open-loop

F’control =BU

U= [5elevat0r 5ﬂapeler0n :' (5)

In the above equation, U denotes control command,

1) elevator rotation, and &y, flaperon rotation.

elevator >

3- Results and Discussion

The 1-cosine gust [3] with a vertical velocity of 20 m/s
and a gust length of 110 m has been applied to the flexible
airplane with a velocity of 150 m/s. The wing has been
considered flexible. Pitch response to gust has been shown
for closed and open-loop in Fig. 2.

Gust causes aircraft pitch nose down then nose up and this
behavior repeats with lower amplitude. But with controller
after nose down aircraft slightly begins to nose up and
reaches zero attitude. As it is seen controller has been able
to damp and control oscillations of aircraft and brings back
vehicles to its stable position in a short time. Fig. 3 shows
heave acceleration. The controller reduces heave acceleration
and damps oscillations.

In order to alleviate gust load on aircraft, a Proportional
Integral Derivative (PID) and adaptive neural network
controller has been used. In Fig. 4 pitch response of adaptive
neural network and PID, control methods have been compared.
As it is seen adaptive neural network method shows better
results than PID. Fig. 5 shows heave acceleration results
for these controllers. Both have similar trends but as before
adaptive neural network, methods damps acceleration faster
than the PID method.

Fig. 6 shows wing bending due to gust. Adaptive neural
network methods damp wing bending faster than the PID
method.
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Fig. 4. Pitch angle versus time Fig. 6. Wing bending versus time
15 I I 4- Conclusions
Adaptive Neural Networks In this paper, the dynamic response of a flexible aircraft to
1 A PID 1-cosine gust has been studied. Then by using neural adaptive
/ \ controller gust loads have been reduced. Elevator has been
05 used to control pitch oscillations and alleviate the heave
f *\H acceleration of the aircraft. A comparison has been made
0 between PID, and neural adaptive controller, which shows
o neural adaptive controller has better results than PID.
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Fig. 1. Aircraft with flexible wings
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Pitch Response for flexible Aircraft in Gust
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Fig. 2. Dynamic response of rigid mode of aircraft to gust with different wave length
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Fig. 3. Gust response of flexible mode of aircraft
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Fig. 4. Comparison of rigid mode of aircraft in closed and open loop
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Fig. 5. Comparison of flexible mode of aircraft in closed and open loop
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Fig. 6. Elevator changes versus time to alleviate gust load
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Table 1. Aircraft Parameters [11]
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Fig. 10. Pitch angle versus time
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Fig. 12. Heave acceleration versus time
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Fig. 13. Heave displacement versus time
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Fig. 16. Flapron angular changes versus time
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Table 2. Maximum heave acceleration of aircraft
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