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Abstract

In the aviation industry, aircraft manufactures are constantly striving to fully understand the
essentials required to successfully design an AFCS, based on dynamic response of the

aircraft in relation to atmospheric turbulence and structural flexibility.

This report is about the analysis of the longitudinal and lateral dynamics stability of an
aircraft, based on the data of CHARLIE. Applying Stability Augmentation System (SAS),
Attitude and Flight Path Control System.

Furthermore, to achieve the control system in a good response it was simulated
using Matlab environment.
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1. Introduction

To design successfully any automatic flight control system (AFCS) you need a general
understanding of an aircraft dynamic response, nevertheless this knowledge is not
satisfactory. It is also important to know the quality of aircraft response which can result in
the aircraft being regarded as a satisfactory to fly. Among the different methods of designing
control systems, the most common one in AFCS is a self contained account of the main

methods of design linear control systems.

When you have to control a commercial aircraft, the pilot can primarily command rates of
rotation in any or all 3 axes: pitch, roll and yaw. Nevertheless to make the pilot's workload
smaller, especially on long haul flights, most aircrafts have some AFCS or an autopilot
system. The AFCS will have a complexity and a capability to control the airplane according to

the customer’s needs and the investments they want to make

Many autopilot systems have the minimum capacity to control or hold certain path
parameters. Modern aircrafts which do medium or long range transportation have an

autopilot system that can do navigational tasks too.

The autopilot can be designed to hold and control. Some longitudinal parameters in a flight
parameter control or hold mode. So, the autopilot must be designed in a way that the pilot
cannot select conflicting modes. When pilots want to communicate with the AFCS they make

an input into the computer and it will follow through the command.

Because of the natural split of the airplane equations of motion into longitudinal and lateral-

directional equations, this is the order which the fundamentals of autopilot system follow:

) Basic longitudinal Autopilot mode.

o Basic lateral-Directional Autopilot
mode.

o Longitudinal navigation modes.

o Lateral-Directional navigation modes.

It is very important to get flying stability of an aircraft when a control system in an aircraft is
designed and modeled. In the first place finding a way of modeling the dynamic motion of
aircrafts must be considered. We have efficient modeling systems which can describe all the
flying state within the engineering field. For each case, we can use various methods to model

the dynamic motion, and this will also simplify the problem.



2. Aims and objectives

2.1 Aim: To develop an autopilot or an AFCS for an aircraft. The Design is conducted in the

Matlab environment and will be tested in the Flight Simulator.

2.2 Objectives: to develop an AFCS understanding of the principles of small perturbation
model for aircraft flight dynamics, the use of the model for the assessment of aircraft flying
qualities. Later develop control laws for proposed stability augmentation systems (SAS) for
aircraft longitudinal and lateral movements. Furthermore, develop the design according to the

analysis result in MATLAB and later test it in the flight simulator.

2.3 Summary of tasks to be completed: In order to achieve the aim, a set of objectives

have been carried out as follows:

1. Know concepts about control systems designs.

2. Develop flight dynamic models for small aircraft perturbation motion.

Design state space models and transfer function models (longitudinal and lateral).
Research flying qualities analysis.

Develop and enhances handling and flying qualities.

Understand Control Law design (SAS).

Close-loop system performance analysis.

© N O O bk w

Understand and choose which control system design approaches is better.
9. Be familiar with advanced programming techniques using in Matlab (Simulink).
10. To test the design in the flight simulator and made modifications accordingly.

11. Conclusions and discussions of the analysis.

2.4 List of equipment/facilities needed:

1. Library —to carry out research using books, journals and the internet.
2. Software — Matlab is used for designing the flight control sketches and solving the

complex matrix.



3. Review of Literature

3.1 AIRCRAFT CONTROL SYSTEM
3.1.1 Introduction

The value of any vehicle to its user will always depend on the effectiveness to proceed in the
time allowed on an exactly controllable path between its departure point and its final
destination.

The velocity vector, which can be denoted as x, is affected by the position, x, of the vehicle in
space by any kind of control, u, can be used, by any disturbance, &, and by time, t. Thus, the
motion of the vehicle can be represented in the most general way by the vector differential
equation:

X=f(x, u, &, 1) (3.1.1.1)

Where f is some vector function .The methods by which the path of any vehicle can be
controlled vary widely, depending mainly on the physical constraints which obtain. Due to the
bigger freedom of the motion, aircraft control problems are normally more complicated than
other vehicles.

The features of an aircraft which tend to make it resist any change of its velocity vector,
either in its direction or its magnitude, or in both, are what constitute its stability

The path of any aircraft is never stable on itself; aircrafts have only neutral stability in
heading. If there is no control, aircraft tend to fly in a constant turn. So as to fly a straight and
level course continuously-controlling we must make corrections, either through a human
pilot, or with an automatic flight control system (AFCS). In aircraft, such AFCS employ
feedback control to get these advantages:

1. The velocity of response is better than from the aircraft without closed loop control.

2. The accuracy when it follows commands is better.

3. The system is able to suppress, to some degree, unwanted effects which have arisen
due to disturbances affecting the aircraft’s flight.

Nevertheless, under certain conditions such feedback control systems tend to oscillate; the
AFCS then has less stability. Although the use of high values of gain in the feedback loops
can help to achieve fast and accurate dynamic response, their use is invariably inimical to
good stability. Therefore, designers of AFCS must strike an acceptable, but delicate, balance
between the requirements for stability and for control.

When it tends initially to deviate further from its equilibrium flight path, it is statically unstable.
When an aircraft is put in a state of equilibrium flight path, and stays at that position, for
some time, we can say that the aircraft is dynamically stable.



3.1.2 Control surfaces

All aircrafts have control surfaces or other means that we can use to generate the forces and
moments necessary to produce the accelerations which cause the aircraft to be steered
along its three-dimensional flight path to its specified destination.

In figure 3.1.2.1, a conventional aircraft is represented. It has the usual control surfaces,
namely elevator, ailerons, and rudder. This conventional aircraft has a fourth control, the
change in thrust, which is obtained from the engines.

One characteristic of flight control is that the required motion often needs a number of control
surfaces to be used simultaneously. When more than one control surface is deployed
simultaneously, there often results considerable coupling and interaction between motion
variables. It is this physical situation which makes AFCS designs both fascinating and
difficult.

Ailerons
(roll control)

Rudder ~
(yaw control) ‘,\}// e Ay

:E\'g“\ <\
N

Elevator
(pitch control)

Figure 3.1.2.1 Conventional aircraft (McLean 1990, p. 6)

One characteristic of flight control is that the required motion often needs a number of
control surfaces to be used simultaneously. When more than one control surface is deployed
simultaneously, there often results considerable coupling and interaction between motion
variables. It is this physical situation which makes AFCS designs both fascinating and
difficult.



Ailerons Leading edge (LE) slats

Y\ N Horizontal canard
All-moving fins
\‘

Speed brake et
All-moving :aily
ol Spoilers
- @
Vertical canard — o) o) e

e

Figure 3.1.2.2 A proposed control configured aircraft (McLean 1990, p. 4)

A sketch of a proposed CCV s illustrated in Figured 1.2 where several extra and
unconventional control surfaces are shown.

We move the surfaces by actuators that are signaled electrically (fly-by-wire) or by through
fiber optic paths (fly-by-light). However, in a conventional aircraft, the pilot has direct
mechanical links to the surfaces, and how he manages the deflections, or changes, he
requires from the controls is by means of the so called primary flying controls.

3.1.3 Primary Flying Controls

The primary flying controls belong to the flight control system and are defined as the input
elements which a human pilot moves directly cause an operation of the control surfaces. The
most important primary flying controls are pitch control, roll control and yaw control. The use
of these flight controls affects motion especially about the transverse, the longitudinal, and
the normal axes respectively. However, each may affect motion about the other axes.

Figure 3.1.3.1, is the cockpit layout in a typical, twin engine, general aviation aircraft. The
yoke is the primary flying control which is used for pitch and roll control.
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Figure 3.1.3.1 Cockpit layout (McLean 1990, p. 5)

A pilot pushes the pedal left or right with his feet to move the rudder and this affects yaw
control. In the type of aircraft with the type of cockpit illustrated, the link between these
primary flying controls and the control surfaces is through cables and pulleys.

There are trim wheels for pitch, roll and yaw, which is often called a ‘nose trim’.

When an electrical or hydraulic failure happens, such a powered flying control system stops
working, so that the control surface could not be moved: then, the aircraft would be out of
control. So that this won’t happen, most civilian and military aircraft keep a direct, mechanical
connection from the primary flying control. When this is done, it is said that the control
system has ‘manual revision ". Fly-by-wire (and fly-by-light) aircraft have basically the same
type of flight control system; (FBW) aircraft have flight control systems which are ftriplicate,
sometimes quadruplicated, to accomplish this stringent reliability requirement.

Modern aircraft are being equipped with side arm controllers that provide signals
corresponding to the forces that the pilot applies.

3.1.4 Flight Control System

Apart from the control surfaces that are used for steering, every aircraft has motion sensors
which provide measures of changes in motion variables that happen when the aircraft
responds to the pilot’s commands or as it finds any disturbance.

We can represent the general structure of an AFCS as the block schematic of Figure 3.1.4.1.
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3.2EQUATIONS OF MOTION OF AN AIRCRAFT

3.2.1 Introduction

The problems involving AFCS are generally related to events which do not persist, because
of that is considered an Earth axis system as a basic frame of reference, to which any other

axis frames employed in the study are referred, so the aircraft itself must have a suitable axis
system, as shown in Figure 3.2.1.1.

Yerlical axis

Zs

Figure 3.2.1.1 System of axis

The origin of the axes, O, is located at the centre of gravity (CG) of the aircraft. ¥Xs¥sZn is a
set of rectangular axes and moves with the aircraft. It's plane of symmetry is UXgZg .

Table 3.2.1.1 Essential elements of the modeling

Axes (). 49 Oy 0Z;y
Force components X Y YA
Moment components L (rolling) M (pitching) N (yawing)
Angles of rotation ® (bank) O (pitch) Y (yaw)
Linear velocity of U \ W
components
Angular velocity components P (roll) Q (pitch) R (yaw)




of the aircraft

From Table 3.2.1.1, all the essential elements which are used to describe the dynamic
motion of an aircraft are set up a relationship between them. In other words, they can be
applied to make equations for modelling.

Components of linear velocity and force are positive in the positive direction of the
corresponding axis. Components of angular and its velocity as well as moment are positive in
the clockwise sense about the axes.

According to Donald McLean’s work [2] (p27), a set of equations below can describe the
resultant of gravitational, aerodynamic and thrust forces in the ‘six degrees of freedom’,
which were developed from Newton’s second law:

X =m(lf + @W - RV + gsln@)
¥ — ml* + RU — FW — gcozOsind) (3.2.1.1)

Zmm{W 1 PVY  GU  gcoa@aind)
Similarly, the moments of an aircraft can be expressed in another set of equations below:

L= Plyy — Fyz(B + P@)+ (lzz — 5 )R
M = Qhpy + 5P = @7+ G — PR (3.2.1.2)

N = Rig — L P+ POy — B ) + 1 UR
3.2.2 Equations for perturbed longitudinal motion:

Tt = Xyt 4 Xy llgm — grneyelf

Iy _gsinyg ,  Zog
d:—ﬂbu+zﬁ-m:r+rf T, EH-H“BE
(3.2.2.1)
&= Myu + MUt + MpUplt + Mgq + M&'EBE
i=¢
_rex o _aem oy 100
Where there are some substitutions as: “¥ ~ mdx, “¥ = max and Ly O [2] (p32)

combined with some ignorance of insignificant parameters [2] (p33). Moreover, a new
variable, ¢, the deflection of elevator, is introduced in (3.2.2.1). In fact, @ = ¥o + &, where
¥o is the initial flight path angle and s is the initial angle of attack. In the stability axis
system [2] (p36), "o and @a are considered as zero, so s = ¥a.



Sometimes when the aircraft is disturbed from its trim condition, the stability axes rotate with
the airframe and, consequently, the perturbed £ may or may not be parallel to the relative
wind while the aircraft is with some disturbance. This situation is illustrated in Figure(3.2.2.1)

Relative GOy =Yy
wind X,
e -
Horizontal 1
(a)

Relative wingd o

Horizontal
(b)

Figure 3.2.2.1 Directional stability axes with respect to the relative wind:
a) Steady Flight. b) Perturbed Flight (McLean 1990, p. 36).

3.2.3 Equations for perturbed lateral motion:

=Yyl —-1r— %cas&nﬂ? + ¥ #5, O0a+ Y.g 8,
1]

p=Lgf-Lpp+L,r+L'8,+L; 5,

(3.23.1)
P = NGB+ N'pp+ Npr 4 NGy + N8,

*=p

¥ = r secy,

Where,0x, is the deflection of the ailerons, and 9r is the deflection of the rudder.

10



3.3FLYING AND HANDLING QUALITIES
3.3.1 Introduction

A number of parameters related to the complex frequency domain, for example, the damping
ratio and undamped natural frequency of the short period longitudinal motion of the aircraft,
feature aircraft flying qualities. Knowing the parameters the designer can image the aircraft’s
response to any command or disturbance; it gives a general orientation of the way the
aircraft will fly in a controlled way.

Handling qualities show the ease with which a pilot can do a determinate mission with an
aircraft which has its own set of flying qualities. But, handling qualities depend on flying
qualities and also the primary flying controls, the visual and motion cues available, and the
display of flight information in the cockpit. We must realize that a human pilot is changeable,
active factor closing an external loop in the region of an AFCS.

As similar missions can be carried out by different kinds of aircraft, it can be said that the
required handling qualities also depend on the kind of aircraft.

“The UK laid specifications which were in a number of respects different in expression from
the ones of the American Authorities, the UK specifications (MoD, 1983) were decided by
1978 to correspond wherever with those used by the American authorities.

For most classes of fixed wing aircraft, the most significant of these specifications is MIL-F-
8785(ASG), Military Specification-Flying Qualities of Piloted Airplanes published in 1980”
(McLean 1990, p.151)

3.3.2 Definitions necessary for flying qualities specifications.

3.3.2.1 Aircraft classes

We consider that an aircraft belongs to one of these four classes:

Table 3.3.2.1 Aircraft classification (McLean 1990, p. 152)

Class Aircraft characteristics

I Small, light aircraft (max. weight = 5000 kg)

11 Aircraft of medium weight and moderate manocuvrability (weight between
5000 and 30 000 kg)

11 Large, heavy aircraft with moderate manoeuvrability (30 000+ kg)

v Aircraft with high manocuvrability

11



3.3.2.2 Flight Phases
We can divide any mission an aircraft is use to accomplish into three off light in this ways:

In phase A we include all the non- terminal phases of a flight for example those which
involve fast manoeuvring, accuracy tracking, or precise control of the flight path. Integrated in
phase A would be flight phases like: air-to-air combat (CO), ground attack (GA), weapon
delivery (WD), reconnaissance (RC), air-to-air refuelling when the aircraft acts as the
receiver (RR), terrain following (TF), maritime search and rescue (MS), close formation flying
(FF),and aerobatics (AB).

In phase B there are the non-terminal phases of flight which we get by regular
manoeuvres that don’t need accurate tracking, although accurate flight path control may be
needed. We include in the phase: climbing (CL), cruising (CR), loitering (LO), descending
(D), aerial delivery (AD) and air-to-air refuelling when the aircraft acts a tanker (RT).

“Phase C are terminal flight phases, usually accomplished with gradual manoeuvres,
which require accurate flight path control. This phase would include: take-off, landing (L),
overshoot (OS) and powered approach (including instrument approach) (PA).”

3.3.2.3 Levels of Acceptability

We start the requirements for airworthiness in terms of three different, specific values of
control (o stability) parameter. The levels have relation with the capability to finish the
mission intended for the aircraft. These levels are defined in Table

Table 3.3.2.3.1 Flying level Specification (McLean 1990, p. 153)

Level Definition

1 The flying qualities are completely adequate for the particular flight phase

being considered.

The flying qualities are adequate for the particular phase being considered, but

there is either some loss in the effectiveness of the mission, or there is a

corresponding increase in the workload imposed upon the pilot to achieve the

mission, or both.

3 The flying qualities are such that the aircraft can be controlled, but either the
effectiveness of the mission is gravely impaired, or the total workload imposed
upon the pilot to accomplish the mission is so great that it approaches the limit
of his capacity.

{§=]
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Yes
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satisfactory
without
improvement
2

erformance
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tolerable
workload

controllable
9

No

Aurcraft
charactenstics

Demands upon the pilot
in selected task or
required operation

Excellent Pilot compensation isnot a factor
Highly desirable for desired performance

Good Pilot compensation is not a factor
Negligble deficiencies| for desired performance

Fair Minimal pilot compensation needed
Some mildly unpleas- | for desired performance

ant deficiencies

Minor butannoying

Desired performance needs

deficiencies moderate pilot compensation
Deficiencies ;
S L Moderatelyobject- | Adequate performance needs
: ionable deficiencies | considerable pilot 5310
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Veryobjectionable | Adequate performance needs
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mandatory of required operation

Figure 3.3.2.3.1 Cooper-Harper rating chart (McLean 1990, p. 154)
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1
2
3
4
5

b

N R B

10

“There is a direct relationship between these levels of acceptability and the pilot rating
developed by Cooper and Harper (1986). The rating scale is shown in Figure 3.3.2.3.1 and a
representation of the relationship between the rating scale and the levels of acceptability is
illustrated in Figure 3.3.2.3.2.” (McLean 1990, p.155)

13
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® Adequate to accomplish mission Right phase

@ Increase in pilot workload, or loss of
effectiveness of mission. or both
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) ® ® Aircraft can be controlled
g 1Y @ Pilot workload excessive — mission effectiveness
& » impaired )
° 3 ® Category A flight phases can be terminated safely
10 ‘

Figure 3.3.2.3.2 Acceptable levels of flying qualities (McLean 1990, p. 155)

3.3.3 Longitudinal Flying Qualities
3.3.3.1 Static Response

The airspeed of an aircraft should not tend to diverge periodically when it is disturbed from its
trim condition and with its free or fixed pitch control.

3.3.3.2 Phugoid Response

When the frequencies of the phugoid and the short period modes of motion are separated,
and the pitch control is free or fixed, we must get to the values of damping ratio which are in

Table 3.3.3.2.1.

Table 3.3.3.2.1 Phugoid mode flying qualities (McLean 1990, p. 156)

Level Damping ratio of phugoid mode
1 = 0.04

2 = 0.0

3 An undamped oscillatory mode

having a period of at lcast 55=s

3.3.3.3 Short Period Response

The flying qualities to the short period are defined by the parameters, Csp, the short period

damping ratio, and “se/"z. ,where ™:z:is the aircraft acceleration sensitivity. In Table
3.3.3.3.1, the specified values of damping ratio are shown.

14



Table 3.3.3.3.1 Short period mode damping ratio specification (McLean 1990, p. 156)

Flight phase Level 1 Level 2 Level 3
category

Min. Max. Mip. Max.
A 0.35 1.3 0.1 —
B 0.3 2.0 0.1 —_
C 0.5 — 0.25 —

When the short period oscillations are non-linear with amplitude, the flying qualities

parameters have to apply to each oscillation.

3.3.4 Lateral flying qualities

The flying qualities for lateral/directional motion is more complicated than for longitudinal

motion and for this reason they need more parameters.

3.3.4.1 Rolling Motion

“The time constant of the roll subsidence mode, Tr has to be less than the maximum values
found in Table 3.3.4.1.1. It is customary to specify roll performance in terms of the change of
bank angle achieved in a given time responding to a step function in roll command. In Table
3.3.4.1.2 we can see the required bank angles and time.” (McLean 1990, p.159)

Table 3.3.4.1.1 Short period mode damping ratio specification (McLean 1990, p. 161)

Flight phase Class TR (seconds)
category
Level 2 Level 3
A 1, 1V 1.0 1.4 Not specified -
A L, 1.4 3.0 limit is believed
B All 1.4 3.0 to lie within
C L 1V 1.0 1.4 range 6-8s
C ILIH 14 3.0

15



Table 3.3.4.1.2 Bank angle specification (McLean 1990, p. 160)

Class Flight phase Bark angle irn fixed tirne
caregory
Level I Level 2 Level 3
A 60° in 1.3 s 60° in 1.7s 60° in 2.6s
1 B 680° in 1.7s 60° in 2.5s 60 in 3.45s
& 30°in 1.3s 30° in 1.8s 30° in 2.6s
A 45° in 1.4 s 45% in 1.9s 45° in 2.8s
IX B 45° in 1.9s 45° in 2.8s 45° in 3.0s
C 30° in 2.5s 30° in 3.Ss 30° in 50s
F-N 30° in 1.5s 30° in 2.0s 30° in 3.0s
IiX B 30° in 2.0s 30° in 3.0s 30° in 4.0s
C 30 in 3.0s _30° in 4.0s 30° in 6.0s
A 90° in 1.3s 90° in 1.7 s 907 in 2.6s
v B 60° in 1.7s 60" in 2.5s &0° in 3.4s
C 30° in 1.0s 30° in 1.3s 30° in 2.0s

“’For class IV aircraft, for level 1,the yaw control should be free for class IV for levell. For
other aircraft and levels, the yaw control can be used to reduce any sideslip which tends to

retard roll rate.”” (McLean 1990, p.160)

3.3.4.2 Spiral Stability

“’When the specifying spiral stability itis assumed that the aircraft is trimmed for straight and

level flight, with no bank angle, no yaw rate and with the flying controls free. The
specification is given in terms of the time taken for the bank angle to double following an
initial disturbance in bank angle of up to 20°” (McLean 1990, p.160).The time must exceed

the values given in Table 3.3.4.2.1.

Table 3.3.4.2.1 Spiral mode stability specification (McLean 1990, p.160)

Flight phase " Level
category

7 2 3
A and C i2s 8s 5s
B 20s 8s Ss

3.3.4.3 Lateral /directional Oscillations-Dutch Roll
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The dutch roll mode has a little practical role in the control of an aircraft, but it has important
bother value. The values of the important dutch roll parameters are: damping ratio( ¢o ) and
the dutch roll frequency( @n).

Table 3.3.4.2.2 Dutch roll mode specification (McLean 1990, p. 161)

Flight phase  Class Level
category
1 2 3

o {pwp wp o {pwp @p o {pwp wp
A LIV 0.19 0.35 1.0 0.02 0.05 0.5 © —_ 0.4
A I, 111 0.19 0.35 0.5 0.02 0.05 05 0 —_ 0.4
B All 0.08 0.15 0.5 0.02 0.05 05 0 — 0.4
C I,IV 008 40.15 1.0 0.02 0.05 0.5 © — 0.4
C II, 111 0.08 0.1 0.5 0.02 0.05 0.5 0 —_ 0.4

3.4 Control System Design Methods |

3.4.1 AFCS AS A CONTROL PROBLEM

Despite the difficulty in defining control systems, we can say that its objective is to alter the
dynamical performance of a physical process and then the response from the controlled
system meets the user’s requirements. Both when the disturbances are extraneous to the
aircraft, if the AFCS has been specially arranged to reduce the effects of unnecessary inputs,
the desired dynamic performance of the closed loop system to command inputs will be
inevitably impaired.

‘”’Consequently, when an aircraft has to fly on some particular mission, through the extreme
regions of its flight envelope, say recourse is frequently taken to either gain-scheduling or
self-adaptive control schemes trying to retain some measure of the compromise solution at
every flight condition to be encountered.”””

3.4.2 CONVENTIONAL CONTROL METHODS
3.4.2.1 Introduction

Conventional control methods as those considered appropriate to time-invariant, linear
s.i.s.0 system are usually assessed by considering the nature of the roots of its characteristic
equation. When we know the values of the roots, insight into the nature of the corresponding
dynamic response can be acquired by a designer. The best way to present information about
the response of a system is to show in a s-plane diagram the location of the zeros of the
system. When designing AFCS, It is attractive to consider the use of methods that give the
designer the possibility of precisely locating the poles of the resulting closed loop system in a

way that they communicate with the specified locations.
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3.4.2.2 Simple Pole Placement Method

A method which is very simple means the use of the specified values of the poles to form a
characteristic polynomial that the closed loop system must have. Then, we use negative
feedback in the dynamics of the aircraft to change the coefficients of the polynomial to those
of each characteristic polynomial.

3.4.2.3 Method of Eigenvalues Assignment

When we consider a linear and multivariable system, the we have more trouble with
eigenvalue assignment, than to pole placement. If a transfer function of a system a system
has a pole, A, then A is also an eigenvalue of the coefficient matrix, A, of that same system.
Nevertheless, some eigenvalues of A could not be poles of the associated of the system.
Those will be the resulting eigenvalues when the appropriate feedback control has been
applied to the controllable, and observable, basic system.

Let's consider that system is defined by the vector equations:
A=4dx 4+ Bu (34.23.1)

=X

(3.4.2.3.2)

Where x ¢ 8% ue B™ and e 8™,

In here there is a problem when the values of some r all of the eigenvalues of matrix A, the
dynamic response of the system is not acceptable. A feedback gain matrix, K, should be
found to use in the control law:

u=Kx (3.4.2.3.3)

Such the eigenvalues, ¥:, of the closed loop system will be placed precisely at specified
locations.

The closed loop system is defined by:

F=(A+ BN =Ax
(3.4.2.3.4)

The eigenvalues, 4:, are determined from the characteristic polynomial, f(¥ ):

f)™pwi-Al=fi—4-BK
(3.4.2.3.5)

“We can evaluate the polynomial of Ec (3.4.2.3.5), and the coefficients of that polynomial can
then be equated with those of the desired polynomial, which is formed from the specified
eigenvalues.”
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3.5 Control System Design Method Il
3.5.1 INTRODUCTION

There will be an AFCS problem if a set of specifications don’t exist in the dynamic behavior
of an aircraft. To achieve the required dynamic performance, we must use additional
equipment together with the basic aircraft, in the most insignificant cases. All of these control
system designs depend upon the interpretation of the dynamic response.

3.5.2 CONTROLLABILITY

Controllability is a property which described the effects of the control inputs to the changes in
the state variables of some mathematical representation of the aircraft dynamics. It is said
that the model of the aircraft dynamics is completely controllable if any and only if all initial

state variables, tht‘], are transferred in finite time, with the application of some control
function, u(t), to any final state, x(T).

3.5.3 STABILIZABILITY

It is essential for AFCS that, if an aircraft is to be completely controlled, any unstable
subspace must lie in a controllable subspace.

A system represented by ¥=4x+Eu js considered as stabilizable if any vector, x,
contained in its unstable subspace is also contained in its controllable subspace.

Any asymptotically stable system is obviously stabilizable, and any completely system must
be stabilizable. For this reason, the pair (A, B) is stabilizable when %X=4Axz+Eu s
stabilizable.”

3.5.4 RECONSTRUCTIBILITY AND OBSERVABILITY

A fundamental property of a linear system is whether, knowing the output from the system,
the behavior of the state of the system can be determined. Knowing that the output is from

Ec(3.4.2.3.2).

Where y € &% then the system will be completely reconstructibility as long as the row

vectors of the reconstructibility matrixﬁ, order (n x'np), spans the space £ that is, R has
rank n.

€
€4
p=| c4®

AR-1 (3.5.4.1)
Equation (3.5.4.1) is the transpose of the observability matrix, namely:
v=R=[C:AC:HAMF C:...(A)n™ L] (3.5.4.2)
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Observability means that we can determine the state vector x(0), at time t=0, from the output
variables that happen in the future. In AFCS only output signals from the past are available.

For systems where only a single output is considered, R and V are squared matrices, of
order (n x n).The conditions for reconstructibility and observability simply require that R and
V be non-singular, which is equivalent to the condition that C[Si-A] has no pole-zero
cancellations.

3.5.5 THEORY OF LINEAR QUADRATRIC PROBLEM

We have to determine an optimal control, u, to minimize the performance index, J, given by:

1w, ;
J= E-[ fx Gx + u Guldt (3.5.5.1)

To control the aircraft whose dynamics are described by equation (3.4.2.3.1).

Where x € B™ and u € 8™ . The matrices A and Q are of order (n x n), B is of order n x m,
and G is of order (m® 1t ),

3.6 Stability Augmentation Systems

3.6.1 INTRODUCTION

About 1950, the term ‘stability augmentation system’ came into use the United States. At that
moment, there was an American manufacturer called Northrop who was famous for its ‘flying
wing’ aircraft, and was the best of those designs.

All similar systems have been called stability augmentation system (SASs) ever since,
However; their purpose is still the same as it was at first: the values of a number of specific
stability derivates of an aircraft must be increased through negative feedback control.
Basically, the values of the stability derivates are calculated more effectively by using AFCs
than by physical surfaces.

In general, SASs has to be with the control of a single mode of an aircraft's motion. The
general structure of such a SAS is shown in the block diagram of figure1, where we can see
that there are four principal elements: aircraft dynamics, actuator dynamics and flight
controller.
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Figure 3.6.1.1 Stability Augmentation System (McLean 1990, p. 271)

If the SASs is switched off, the pilot can control the aircraft directly moving the appropriate
control surface through his/her cockpit controls. The flight controller is not then active.

If the SAS is switched on, the control surface is driven by its actuator which the flight
controller will be controlling.

“In SAS studies, command inputs are normally considered only secondarily; the flying
qualities of the aircraft are enhanced by the control action of the feedback control system in a
way that the effects of the atmospheric or other disturbances upon the aircraft’s motion are
suppressed. Sensor noise also affects the quality of control.” (McLean 1990, p.270)

Nevertheless, a lot of types of SAS cannot be switched off by a pilot; they are active all the
time, since the electrical system is on. If any failure occurs to the SAS, the aircraft has to be
controlled from the pilot’s cockpit controls. The main SAS function that we can find on
modern aircraft is:

e Pitch rate SAS,
¢ Roll rate damper
e Yaw damper

3.6.2 ACTUATOR DYNAMICS

The Actuator which is used in combat and transport aircraft is electrohydraulic. Electric
actuators can be used sometimes in commercial aviation. These actuators systems have
their own dynamic characteristics which affect the performance of the closed loop SAS.

The characteristic of the actuator dynamics, which can sometimes have very important
effects on the SAS performance, is the existence of non-linearities.

AFCS are not allowed to make use of the full range deflection of the control surfaces: it is
usually limited to deflections+10%. Then the SAS is said to have 10% control authority.
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3.6.3 SENSOR DYNAMICS

All sensors used in an AFCS are transducers. In modern aircraft, its objective is to measure
motion variables and to produce output voltages currents corresponding to these motion
variables. The sensors that are used in AFCS are chosen to have bandwidths and damping
so that they can be instantaneous in their action, so the performance of the SAS is more
affected by its location on the fuselage than by a sensor’s dynamics.

3.6.4 LONGITUDINAL CONTROL (Use of elevator only)

In SASs, the controller output is the command voltage to the control surface actuator that
gives the correct deflection.

The customary forms of feedback for AFCSs, and hence an SAS, are linear, i.e the control
takes the form:

u=Ky (3.6.4.1)
When the output vector y is defined as the state vector,
y=X (3.6.4.2)
(where C=ldentity matrix)

Then, full state variable is involved

3.6.4.1 Pitch Rate SAS

The stability derivate that these systems try to augment is Mg (change in pitching moment
caused by a change in pitch rate). The block diagram of a typical, conventional pitch rate
SAS is shown in Figure 2.

Controller Actuator Aircraft dynamics
Geomm() g (9 8e(s) [—12.73(1 +s1.618) | 96
Koom = Koo 2 3
E (s> + 1.76s + 29.49)
. Rate gyro
vi(s) :
) | x|

Koro = 0.01745rad V™' (1°V™Y)
Ky =573 Vrad's™'

Figure 3.6.4.1.1 Stability Augmentation System (McLean 1990, p. 276)
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“The feedback signal can be obtained from rate gyro used to measure the pitch rate q. AS
there is a sign change present inherently in the aircraft dynamics associated with the
relationship of pitch rate to elevator deflection, we add the feedback signal to the command
signal, &zemm .” (McLean 1990, p.276)

3.6.5 LATERAL CONTROL

As the simultaneous use of two independent control surfaces- the ailerons and the rudder —
control lateral motion in conventional aircraft, lateral motion studies are more involved than
those involving longitudinal motion only.

5.4.1The Yaw Damper

Not many aircrafts have such a degree of inherent damping of the dutch roll motion adequate
to assure the handling qualities. That is why, when their rudders are used, the lack gives rise
to oscillatory yawing motion, with some coupling into the rolling motion.

We show on figure 11 a block diagram of this yaw damper, using proportional feedback.

Rudder actuatar _
ﬂ}':@ SR_L:)_ s:‘ 5l dm 1(s) .
i
Controllex Rate gyro
Ke BLCE EEPTE 5

Figure 3.6.5.1.1 Yaw damper block diagram
(McLean 1990, p. 300)

This approximation is not as satisfactory as in the case of the pitch rate SAS, for instance,
because the response of the rudder actuator is slower than the control surface actuators.

‘The dynamic response of the uncontrolled aircraft Charlie-4 to an initial disturbance in roll
rate of 1°s™* is shown in Figure 3.6.5.1.2.
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Figure 3.6.5.1.2 Response of uncontrolled aircraft to p(O):l"S_" (McLean 1990, p.
301)

3.6.5.2 The roll Rate Damper

When the roll performance of an aircraft is considered to be inadequate, we usually fit this
type of AFCS, and this case is when the roll rate, in time, is too long. Consequently, the

aileron actuator have a gain, &=+, and the rate gyro a sensitivity of Ky,

A block diagram of a typical roll rate damper is shown in Figure 3.6.5.2.1.

K.n=l.0
K,=0.1
Aileron actuator Aircraft dynamics
PR o VO[T ) W0 [T, pls)
£ | e "
Controller Rate gyro
kL] & L

Figure 3.6.5.2.1 Roll rate damper block diagram. (McLean 1990, p. 307)

Figure 3.6.5.2.2 shows the corresponding roll rate response of a CHARLIE-4 obtained from
the roll rate damper, with a value of controller gain of 30.0.
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Figure 3.6.5.2.2 Roll damper and uncontrolled roll rate response block diagram (McLean 1990, p. 309)
It must be appreciated, however, that the roll rate damper does not affect the initial rolling

acceleration available, although it does reduce the maximum roll rate which the aircraft can
produce.

3.7 Attitude Control Systems

On modern aircraft, attitude control systems find extensive employment. They form the main
functions of any AFCS, which allow an aircraft to be placed and maintained in any required,
specified orientation in space, both in direct response to a pilot's command, and in response
to command signals from an aircraft ‘s guidance.

3.7.1 PITCH ATTITUDE CONTROL SYSTEMS

Pitch attitude control systems have the use of elevator only as the control in the system. In
figure 3.7.1.1, a block diagram of a typical system is shown.

o - dynamics ~ . Aircraft dynamics
Rl i RS i TN A
~ Aditude
Controller = o gyro
8.(s) K. | Bv(s) &

Figure 3.7.1.1 Block diagram of a Pitch Attitude Control System

(McLean 1990, p. 318)
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The feedback gain, ¥ | is increased. The feedback signals, which are used in an AFCS for
longitudinal motion, depend solely on motion variables derivatives #wus &g @ Mg. then
the total damping of the system does not change with the application of feedback. The
response of a pitch attitude control system used for FOXTROT-2 is shown in figure2.

10K
0.8
0.6

'0;4:

0.2 o ‘Steady-state error

0.0

Pitch atfitude § (degrees)

~-0:2

JSP'Y (RIRS TRNROU SO A Y S NN N B R
Time (s)

Figure 3.7.1.2 Response of a Pitch Attitude Control System(FOXTROT-2). (McLean 1990, p. 319)

3.7.2 ROLL ANGLE CONTROL SYSTEM

We control roll angle by the ailerons at low-to-medium velocity on all types of aircraft; At high
speed (spoilers are used on military aircraft).

“Roll control for swing-wing aircraft is generally produced by controlling surfaces, moving
differentially, and located at the tail. Swing —wings usually contain spoilers to increase the roll
control power of the tail surfaces.” (McLean 1990, p.323)

Getting the degree of dynamic stability desired in roll requires the use of roll attitude control
system, which is a feedback control system that control the roll attitude in the presence of
disturbances to have a better response from the pilot or guidance system. A block diagram
which represents a typical system is shown a Figure 3.7.2.1.
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Figure 3.7.2.1 Bank angle control system with roll rate inner loop damper. (McLean 1990, p. 329)

The actuator dynamics are represented by a transfer function of unity. With this method we
require a rate gyroscope, to use in the roll damper.

3.7.2.1 Some Problems arising with Roll control

“In fighter aircraft, the pilot usually controls the roll angle indirectly through a CSAS, a
commanded role damper, since such CSASs are necessary to assist the aircraft to provide
the rapid roll performance which is essential for modern aerial combat, or for evasive
manouvres during low level strike missions. To achieve the performance required inevitably
means the use of high loop gains. Such high values of gain cause a number of problems,
although it is worth noting that the gains of such CSASs are often fixed throughout the flight
envelope. Among the problems are the following:

1. The command signal from the pilot must usually be ‘damped’. If the input signal to the
CSAS corresponding to a small deflection of the pilot’s stick is too large them the
pilot-induced oscillations may result.

2. When the speed of the aircraft is low, and the dynamic pressure is relatively small,
such as during a landing approach, the response of the aircraft is sluggish.

3. A system with a too high value of loop gain precludes control of bank angle by use of
the rudder, which is a technique used by pilots in making S-turns during landing, or
during manoeuvres in aerial combat.

4. On swept-wing aircraft, as the stall condition is approached, it is essential to reduce
the value of the loop gain by a substantial amount to avoid very large deflections of
the control surfaces.” (McLean 1990, p.330)
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3.8 Flight Path Control System

Some flight missions require that an aircraft is made to follow with great precision some
specially defined path. For fixed-wing aircraft there are four positioning tasks that have to be
performed vey accurately. These tasks are: air-to-ground weapons delivery, air-to-air
combat, in flight refueling and all-weather landing.

Conventional aircraft’ have no special control surfaces to allow the control of translation in
both the normal and lateral directions. Thus, the reduction of an inadvertent lateral
displacement from some desired track, for instance, has to be achieved indirectly by means
of a controlled change of aircraft heading.

3.8.1 HEIGHT CONTROL SYSTEMS

“When a system is used to control the height at which an aircraft is flying, it acts as a
feedback regulator to maintain the aircraft’s height at a reference (or set) value, even in the
presence of disturbances. The pilot can either fly the aircraft by manual control or use the
pitch attitude control system to control the climb (or descent) of the aircraft until it has
reached the required height. When that height has been reached, the height control system
is selected to maintain that height thereafter. For a Supersonic transport (SST) aircraft, a
height system is a necessity.” (McLean 1990, p.359)

3.8.1.1 Height Hold system

Figure 3.8.1.1.1 shows the block diagram of a height hold system.

Controller - _ Actuator

= Y
h"'o K Beome &, ' 8 | Aircra > h
> ¢ 7 140.1p dynamics = g
“+ +.ﬂ + - g
Attitude gyro
Ky —
Rate gyro
Altimeter R
ha 1
1+0.lp |

Figure 3.8.1.1.1 Height hold System. (McLean 1990, p. 362)

It represents a pitch attitude control system; with a pitch rate SAS as its inner loop. An outer
loop, which means the use of an altimeter to give a feedback signal proportional to height, is
used to get the height hold function. The good dynamic can be seen from Figure 3.8.1.1.2,
and trying other values of the controller gain to improved dynamic response, is shown in
Figure 3.8.1.1.3.
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3.8.1.2 Some problem using the Height Control Systems

Once of the most difficulty design problems likely to meet in this type of the system relates to
the ‘backside’ parameter, a, namely:

1 @0 ar
a =E(‘%_&T) (3.8.12.1)

Where D represents the aircraft’s drag force, and T is its thrust.

The parameter a is one of the zeros of the transfer function relating height to elevator

deflection. In certain aircraft, a performance reversal can arise (on backside of the power
or %

curve) in whichdi = @i ; a is then negative. When this happens it is difficult to find a suitable

value for the gain of the controller to assure stability of the height hold system. In that case a

more complex form of control law than the simple proportional feedback control being used in

these two systems is required.””

3.8.2 HEADING CONTROL SYSTEM
The heading angle, of an aircraft is defined by:
A=B+y (3.8.1)

The direction control system operated by means of coordinated turns, thereby ensuring that
the sideslip angle, 3, was effectively zero. Nevertheless, the turning manoeuvre requires the
use of the ailerons. When there is rudder use, then it would seem that the yaw angle, y,
could be controlled by means of a yaw damper system, and with enough sideslip
suppression could give the basis of a heading control system.

‘A heading control system, with a block diagram like the one in Figure 3.8.2.1, can be
considered . For CHARLIE-4, and using the yaw damper we can show that if the state vector
is defined as” (McLean 1990, p.377)
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Figure 3.8.2.1 Heading Control System (McLean 1990, p. 377)

3.8.3 VOR-COUPLED AUTOMATIC TRACKING SYSTEM

Getting automatic tracking of an aircraft’s lateral path needs the use of navigation systems.
The VOR system is one of the most popular and effective of these systems. It is used
together with DME (distance measure equipment) and with both working, rho/theta
navigation system. VOR gives the bearing (8) information.

The VOR system operates in a range of 108-135 MHz; DME operates at UHF, in a range
960-1215 MHz.

The beams width of the VOR transmissions is relatively coarse, being about+ 10°.

The VOR guidance can be regarded as a accurate for the reception range which, because
the transmission is VHF, is line-of-sight, i.e. about one hundred miles. But as an aircraft
nears a particular transmitter the system inherently becomes more sensitive. It can easily be
understood, from studying Figure 11.30(a) why this comes about. Obviously the greater the
displacement, d, from the beam’s centre-line the greater is the error, r, as range reduces.

/ Beam centre-line

R s i i e

(a)

North

5

#—\rﬂ_ ’j_———‘\i__:_:_—: |
V{')R__—__' = i o i f(w—uimj \_1 Beam centre-line k_;)

transmitier —— Wrei

Beamwidth of e
VOR transmission - SEES

Figure 3.8.3.1 a) Change of error angle with range for fixed displacement.

b) Geometry of VOR system (McLean 1990, p. 382)
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A block diagram of VOR- coupled system is shown in figure 11.32
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Figure 3.8.3.2 Block diagram of VOR- coupled system. (McLean 1990, p. 384)

3.8.4 ILS LOCALIZER-COUPLED CONTROL SYSTEM

“ILS equipment is located only at airports where the runway length is greater than 1800 m.
The ILS involves a lot of of independent low-power radio transmissions:

1. The localizer which gives information to an aircraft and tells it whether it is flying to the left
or the right of the centre-line of the runway towards which it is heading

2. The glide path which gives an aircraft information about whether it is flying above or below
a preferred decent path.

3. Marker beacons which indicate to an aircraft its precise situation at fixed points from the
runway threshold.” (McLean 1990, p.386)

A representation of the transmission features of the ILS localizer and glide path systems is
shown as Figure 9 and the situations of the transmitter and aerial systems related to the
runway are shown in Figure 10.

32



Runway 90 Hz 150 Hz Glide path
(2200 m
length typically)

Beamwidth of 1.4° s
glide path - i
N Glide pat
transmission ""’/’/‘ uE:cl; Localizer beamwidth
freq {depends on topography
at airport)

Figure 3.8.4.1 ILS localizer and glide slope transmissions. (McLean 1990, p. 387)

3.8.5ILS GLIDE-PATH-COUPLED CONTROL SYSTEM

This is a system which uses the output signal from the airborne glide path receiver as a
guidance command to the attitude control system of the aircraft. The loop is closed via the
aircraft kinematics which changes the pitch attitude of the aircraft into a displacement to the
preferred descent path (the glide path) into the airport.

To understand better in geometric terms, in order to” the situation shown in Figure 11.38 the
aircraft’s flight path angle is less than 2.5°, therefore r is positive(note that r= ¥+ 2.5% ) so is
representing the case when the aircraft is approaching the glide path.
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Glide path

Horizontal /

Glide path
angle=—2.5"
(nominal)

v (very exaggerated)

. Ground
(a)
Glide path
Horizontal el

Aircraft

\ C.g.

v is the aircraft flight
path angle

Uy

X Ground

(b)
Glide path

Horizontal /

=3 Aircraft c.g.

"= Angular deviation ,
or glide path error

TX
()

Ground

Glide path

Aircraft ¢.g.

'l'_-'¥
(d)

Ground

Figure 3.8.5.1 a) The glide path geometry.
b) Aircraft below glide path-geometry.
c) Angular deviation from the glide path-geometry.
d) Slant range definition (McLean 1990, p. 391)
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The aircraft flight path angle ¥ is defined by:

r=0E-ad (3.8.5.1)

Thus, the flight path angle is most effectively controlled by using a pitch attitude control

system with a pitch rate SAS as an inner loop.

The block diagram of a typical glide path control systems is shown in Figure 3.8.5.2.

1+ pT| _t!.
Gdp) &(1 +——-)(l +p7‘=) T,>>T, plg
T 20
: Attitude Elevator 2>
r [ T controller actuator a -
g e[ 10 | 3 ; OO_ Y
+ 1 Aircraft Phe ;
@H G ”'(Izr}"\ Ka p+i10 || dynamics ra €2 o
—A +4A
Glide-path-
coup'l)ed Rate gyro
contruller |k, - q
Attitude
K, -
Glide path
receiver .
r 57.3 d d Uo
Kg. - R - —————— / R | 573 I

Figure 3.8.5.2 Glide-Path —Coupled control system (McLean 1990, p. 392)

A typical set of parameters for a CHARLIE-1 is shown in Figure 3.8.5.3.

S0.0— 0.5~ 205

—50.0 L —0.58 —2.0 i i L 1 ]
0.0 - 02 0.4 0.6 o8 1.0

Time (% 107 s}

Figure 3.8.5.3 Response of Glide-Path —Coupled control system (McLean 1990, p. 394)

It is clear the Effectiveness of the system restoring the aircraft.
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The treatment above supposes that the glide slope receiver is located at c.g. of the aircraft,
and measures the aircraft's angular derivation from the glide path at c.g. However, if the
aircraft receiver is installed at, say, the nose of the aircraft, the dynamics of the system are
affected, as follows. From Figure 3.8.5.4, the height measured at the receiver is:

R % R+ 26 (3.8.5.2)

Glide path
receiver

|"]‘ I:'h\

Figure 3.8.5.4 Glide path receiver located in aircraft nose. (McLean 1990, p. 398)

3.8.6 AUTOMATIC LANDING SYSTEM

It uses the ILS, and the whole automatic landing segment is made up of a number of phases
which are shown in Figure 16.

Pgint

I  Quier marker radio beacon
2 Middle marker radio beacon
3

4

5

Start of flare phase
Start of KOD manceuvre
Paint of touchdown

3 glide slope

1250t

e
8 000 m ] T 3 000 m runway length

Figure 3.8.6.1 BLEU aircraft automatic landing (McLean 1990, p. 399)

36



What distinguish landings into the different categories are the conditions of visibility, which
are summarized in Figure 3.8.6.2.

Category I
w— 3
E Category I
&
8 -
= 30
= ] 1
2 |lete |
= ==
P E |
2 gé Category Illa
0 L 1 | l i
0 200 400 600 800 1000 1200
" RVR (m)

Figure 3.8.6.2 Definition of landing categories. (McLean 1990, p. 400)



4. Design Process | (previous calculations)
4.1 EQUATION OF MOTION

First of all in a design of an AFCS for an aircraft in this case a CHARLIE (a very large, four-
engined, passenger jet aircraft), we have some specific parameters that is shown in
Appendix A for this aircraft.

4.1.1 Longitudinal motion

In the next equations has been in account the first flight condition for the longitudinal motion,
based in Equation (3.2.2.1) but we can easily calculate for each condition:

&= 0021u | 0.122a - 2.08
& = —2.98 x 1075y — 0.512a + ¢ — 0.0298;

& = 0.000036u — 0.402a — 0.0536¢ — 0.357¢ — 0.3788,
¢=gq

So we have the next states spaces matrices for the longitudinal motion:

Ky Ky 0 -G Cary, 0
4= Zy Zw Up -gshig B = Zsg
M+ Mo My+Mg Mg +UM, -gsiny, Mzz + ZggM,e
0 0 1 0 0

Later it has to be substituting the values in the first condition from appendix A:

—0021 L% 0 -9. 0
4| -2 ~.512 67 0 |,_|-toe
196 x10* -559x10* -04106 o |'°  |-0376e4
0 0 1 0 0 4.1.1.1)

4.1.2 Lateral motion

In the lateral equations we have the next equations for the first condition:

= —0.0898 —r — 0.146c8 + ¥ #5_ 8, + 0.0158,

= —1.33F — 0.98p + 0.33r + 0.238, + 0.0685,
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P = 0178 — 0.17p — 0.217r + 0.0268, — 0. 158,

f=p

Consequently we have:

&
¥ 1] -1 -
¥ Uycaost o o
¢ Fey L
ﬁl = -E'fﬁ' -E'Fp .E-F.r 0: :.B = FIS& F&H
Fﬁ' NFF NF’." 0 Ef& EE’H
1 1 1) &

So if we substituting the values for the first condition we have:

0.089 0 -1 0.14 0 0.015
4=|"1%3 -098 033 o | p=|923 000
“l-0a7 -m1F -0.217 o [~ |0o2e -5
0 1 0 0 0 0 (4.1.2.1)

Once we have the A matrix and the B matrix we can calculate C in order of the outputs that
we can have in the simulation, and the D which shows the number of inputs in relation with
the B matrix, the next figure is a help to understand the process;

n m
n A B
T C D

4.2 DEVELOP SUITABLE MODELS (STATE SPACE AND TRANSFER FUNCTIONS) TO
DESCRIBE THE LONGITUDINAL FLIGHT DYNAMICS OF THE AIRCARFT.

In small perturbation flying, the angle of attack is considered very small, so the relationship
between a and w is easy to find:
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- _ W
a="p and T, 4.2.1)

The short-period case implies € =& =0 and ¥u = 0 . Therefore, can be shown as an easy-
looking version, assuming &w = £z and M-t = My

b=z Zag g
- ﬂ-ﬂ-"l'q'l'uﬁ E

(4.2.2)
25,
& = e + MaZada + (Mo + Mg)a + (Ma- T, * MEE)B‘E
(4.2.3)
Generally, the state-variable model of a system is defined as below
i=Ax + Bu (4.2.4)
¥y=Cx+Du (4.2.5)

Where A, B, C and D are matrixes. For u is the input vector while X and x are state-variable,

so is called state equation. While y is the output, so is defined as output equation

Which can also be written as below:

Z,;E
" + Mg,
Where;
Zsy
Uy
E=
E&E

& 1
- & = & .F"]. - ¥ M _— M
A [ﬂ] x= Iﬂf] , [M“ +Maly Mg+ Mﬁf] and T
While for the input vector, W £ & . So is the state equation of the longitudinal small perturbed
motion.

In this particular task, to describe the longitudinal flight dynamics effectively, transfer
functions in Laplace domain are essential. Generally, it can be expressed as below:
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1 0
Where'E:[n 1].

So, finally, we the transfer function of angle of attack is:

& &g
ald) F:'s * Mg - F:M‘?
GeG) 52— (Zn+ Mo+ Ma)r + (M2, — Mg)

With the same principle, the transfer function for the pitch rate is shown as below:

Zy _ Zg
a6 _ (M&vaﬁ-'l' MEE)A =-Lghg, -I-m:-ﬂ‘lq-
Je) 57— (g + M; + My)s + (MgZs — 3i;)

4.3 LONGITUDINAL SHORT-PERIOD FLYING QUALITIES

To understand better how the flying qualities affect in the calculations of motions it is good to

see in two degrees (short-period).

The dynamic stability of small perturbation case of longitudinal motion is analyzed from the
eigenvalues 4i of the coefficient matrix A. The aircraft is dynamic stable if all the eigenvalues
of A are real and negative, or complex and their real part negative (see section 3.4.2.3). As
long as there is one eigenvalue of A is zero or positive for a real number, or its real part for a
complex number, the system is unstable. Fortunately, we can use a MATLAB command

‘eig(A)’.

4.3.1 For the 1°' condition:
With all the parameters from the appendix, we get:

“"1=[M‘ L 1 ]= -0.0272 1 ]
et Mgy Mg+ Mg 00132 -1.149

Then we get the eigenvalues by MATLAB:
Ay = =00156 4pd A:==-11606

Both 41 and 4z are less than zero, so in this condition, aircraft is stable for short-period
longitudinal motion. We can get the natural frequency and damping ratio:

oy = 0.1344 rad s =4.3757

and 1PPE[I
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4.3.2 For the 2" condition:

0023 1
‘q=[Ma+§¢aﬁa- Ma""'M] Eu:tns —1.3]

Then the eigenvalues are:

Ay =—00141 g Az = —1.3089

Since they are all negative, so this condition is also stable, and “m as well as Csp are:

Gigp = 0.13B6 rad s = 4.8783

and 1‘;S[l

4.3.3 For the 3" condition:

A=l tinze mipan) =[205 %0

Consequently, the eigenvalues are:

Ay = —0011F  and A = —12393

As shown, the 3" condition is stable. Then we can get “s» and Cap correspondingly:

ep = 0.1200rads™ | ; {5, =5.1958

4.3.4 For the 4" condition:

0.008
A= IM«+MqZ¢ M¢+M] Lnfmm -ﬂmq]

According to this, the eigenvalues are:
Ay — =0.0%18 45q A — —02917
For the natural frequency and damping ratio, it can be make:

wgp = 0.0955 fop = 1.6911

and

A diagram below can show the poles of four conditions (from section 3.4.2.2):
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Ploes diagram of the four conditions
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Figure 4.3.1 Poles placement diagram

Note: one of the poles in each condition is too close to the origin, so the system cannot
guarantee the stability.

4.3.5 Flying quality analysis:

According to the specifications of the levels of acceptability (looking the damping ratio) it is
clear that all of them are in Level 3.And the definition of that level is:

“The flying qualities are such that the aircraft can be controlled, but either the effectiveness
of the mission is gravely impaired, or the total workload imposed upon the pilot to accomplish
the mission is so great that it approaches the limit of his capacity”.(see section 3.3)

4.4 DESIGN STABILITY AUGMENETATION SYSTEM
4.4.1 Calculation of the transfer fuction

In longitudinal control (use elevator only) design, pitch rate SAS is one important facet. It can

help to augment M3, which leads to improvement of the damping ratio. For simplification,
only rate gyro signal is considered.

Substituting the parameters of the first condition, we can get:

¢ _ —0.3635s - 0.0099
Grs) ~ 5% +1.176Z5+ 0.01681

And its eigen equation is:

8,00 =5% +1.1762Z5 + 0.0181
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m?,/ _ _
If we assume that &zs = &7 and L= a0 (WFF - 1"1?”), which meets the standard
of CAT A, Level 1. According to (E.22) and (E.23), a new eigen equation is founded:

80 =52 +1.530075 +0.1149

Where the roots of this equation is 1 = —&.0809 and 5z = —=1.4198  which are also the
new poles of the system. Compared with the previous poles, the new ones are not only

stable, but more desirable. Then we have to find the value of £z . The key step is to establish
the feedback equation.

Then, we can make the new eigen equation I —E—EE]=0 So substituting my
parameters my values are: ¥z = [-0.2394 —0.8904]

4.4.2 Simulation:

With MATLAB simulink, it can be seen the response from the transfer function, as follows:

—.36352 — 0090
e 3 — P ¥+ Litezr- o0lol > ¢l

Figure 4.4.2.1. Block diagram of pitch rate and elevator
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The new transfer function can be written as below:

Fg )

—0.3635s — 0.0099

¥+ 117625 + C.O181

Figure 4.4.2.2. Simulation of the previous system

v

gl
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Figure 4.4.2.2 The block of the new system

Figure 4.4.2.3. Simulation of the new system

It is obvious that the response is slower after making improvements(with the new poles),
therefore it may be interesting when it comes to saving fuel, which is one of the most
important objectives for the airlines.

4.5 METHOD OF THE OBSERVER

Another method to determine the error is the method of the observer. Finding the matrix
"C"( ¥ =EL€X ) and later the tranfer function of each condition:

_ CoAdj 6T - A)+B Zas
@)= IST — Al C=(wgq) B= [ﬁnj

4.5.1. Find the transfer function depending on the conditions

45.1.1 Forcase 1

-39
C= (202.5 3460) 5= 618

G(S) = (—2771. 555 — 754426. 77)) f(s2 + 1.4695 — 0.363)
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45.1.2 For case 2

683
C = (418 11730) §=[_; 2
G(S) = —17517.45 — 15.469 = 10exp6
- g2+ 1.578s — 0.095

45.1.3 Forcase 3

2,51

C = (25.3 20900) ~1.5
—31590.6¢ — 50.33 + 10exp6

G(S) = a il

52+ Z.198s — 0.9688

Em

45.1.4 For case 4

-5l
C =[1274 10100] b= a.gg]
G(S) —15,8913 ¢ — 13. 624 ~ 10exp6
- s2+ 1.07s + 0.994

4.5.2 Characteristic equation for the closed loop system.

Finding the characteristic equation we can now the values of K; and K, in order that the
desired poles that we choose. And later calculate the K. values (15 = {4 — EK.N=0) so we

have our rate gyro feedback.

45.2.1Forcasel

IS7 — €4 — BEN=0

The equation is:

S%+S (1.469-2.9k;-0.6315k,)+(-0.3631-k,(0.435)-k,(49.77))=0

Yo 053475

No=-Z,*8 = 10 =4.755

Desired Poles; P 1,=(-0.7+0.7j) and (-0.7-0.7j)
Then, we have:

S?+S (1.4)+0.98=0

Resolving both equations, we obtain:  K;=- 0.029

K>=0.242
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According with:
I5f = (4 — BE =0
with Desired Poles; P 1,= (-150+150j) and (150+150j),

we obtain: K.1=0.097 K.2=-0.174

45.2.2 For case 2
The equation is: SZ+S(0.96 - 6.83k; — 1.25k;)+(-0.097 - k(0.748) - k;(230.94))=0

Vo 0618 »190

No=-Z,*8 = 10 =11.742

Desired Poles; P 1,=(-1.85 + 1.85j) and (-1.85 — 1.85j)
We obtain:

S%+S(3.7)+6.84=0

Resolving both equations, we obtain: K;=-0.025 K,=-1.561

45.2.3 Forcase3
The equation is: Sz+s(2.198 —9.5k; — 1.5k,)+(0.968 - kp(1.391) - k1(391.6))=0

Q925 » 2153
= 10 =234

E
w8

N, =-Z
Desired Poles; P 1,= (-2.6 + 2.6j) and (-2.6 - 2.6j)
We have:

S%+S (5.2) +13.52=0

Resolving both equations, we obtain: K;=-0.026 K,=-1.838

45.2.4 For case 4

The equation is: S?+S(1.067 — 5.18k; — 0.92k») + (0.993 - k,(0.341) - k1(242.72))=0
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E (1L3A7 » 2h0
Np=-Z, & = 10 =10.062

Desired Poles; P ;5= (-1.25 + 1.25j) and (-1.25 — 1.25j)
So, we have:
S?+S (2.5) +3.125=0

Resolving both equations, we obtain: K= -0.0066

Ky=-1.52
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4.5.3 The controller without the observer (using Matlab) is:

Step

b ) 1 .
- K
¥ : i
Gaind . rtagrator Gainb
+
+
+ 1; :IK
4+
+
Gain L.. Integratiard [ Gaing
Gainz
_.:lu LC=== i 11
| b
AL G i 11
L '+ -
o
b
Gain2 ?:in&
| . | .
Ll Ll
Gaind

¥

Figure4.5.3.1 Controller without the observer

Scope

Figure 4.5.3.2 Simulation with the first condition
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4.5.4The controller with the observer (using Matlab) is:

Figure 4.5.4.2 Simulation with observer
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According with the second simulation my conclusion is that |'ve chose the values of the poles
too high because there is a jump at the start of the signal, so | have to try with other values.
But the response is smoother in figure 12 which means that there is an improvement.
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5. Design Process Il (Final results and Discussions)
5.1 INTRODUCTION

After calculate the equations of motion and the state space model for the aircraft, and
understand how a Stability Augmentation works it can be design the Attitude and Flight Path
Control Systems.

In the way of designing an Automatic Flight Control System (AFCs), it can be difference three
kinds of Control System which are individually the inner loop from the other ones, as it is
shown in the next Figure

Ailerons, 6A

Heading (roll control)

_ : Rudder, 6r
';ygg;muﬁfe_d; . (yaw control)

Elevators, SE

(pitch control)
Glide-path

Figure 5.1.1 Diagram of Control System Design

The most basic system is the SAS, which are the closed loop of the system used to remedy
the deficiencies in flying qualities, as a feedback to augment the stability.

SAS are the inner loop of the Attitude control system, which are the essential function of any
AFCS, to maintain the aircraft in any required, specified orientation in the space, either in
direct response to a pilot's command. It can be seen that in Attitude control there are three
primary motions to be controlled: pitch attitude, which involves the use of elevators as a
control system; the roll caused by the deflection of the ailerons; and the yaw, as a result of
the rudder deflection.

The Attitude Control are the inner loop of the Flight Path Control, which are designed
because there are a number of missions which require that the aircraft are made to follow
with great precision some specially defined path. In longitudinal motion, from the pitch
attitude as an inner loop it can be designed the Glide-Path-Coupled and the Height hold. On
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the other hand, in lateral motion, we it can be calculated from roll and yaw motion acting as
an inner loop the heading and the VOR-coupled.

5.2 ATTITUDE CONTROL SYSTEMS
5.2.1 Pitch Attitude

The first of the primary motions that has to be controlled is the pitch control, as a pitch
attitude.

The pitching is an up or down movement caused by the deflection of the elevators. To control
it, it is necessary the State Space model with longitudinal parameters (from equation 4.1.1.1),
and in this case from CHARLIE-1, which is a very large, four-engined aircraft, as we can see
the derivatives from Appendix.

Center of
Gravity

Pitch Axis

Pitch Motion

Figure 5.2.1.1 Axis system of pitching motion.

The damping movement caused by the elevators is controlled by two feedbacks: rate gyro
(Hq ), and attitude gyro (& ).As it shown in the next control system.
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o

Step

Once controlled, it has to be analyzing in the range of the flying qualities.

1 " # = foctBu ,{K.
RET y= CxtDu [

Actuator CHARLIE-1

Rate Gyro, kg

:

Aftitude Gyra, ko

-

Figure 5.2.1.2 Control system for Pitch Attitude.

Scoped

The pitch attitude works with the actuator and the feedbacks in such a manner that it can
control the SAS close loop first, in this particular case (CHARLIE-1), the chosen values of

1 1

controller gains are: Hq =10, and I€g=10, and o= ﬁ_p= ﬁ

This pitch attitude has been designed to control the height hold and the glide-coupled, and
because of that it used v, as the difference between u and 6.

It can be seen the response in Figure 5.2.3.

Figure 5.2.1.3 Response for pitch Attitude Control System
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The most important thing that it can be seen in the simulation is that 8 is dropping to zero in a
time of 5 to 10 seconds, which this means that the pitch attitude is controlled in this time.

It is important to know that the pitch attitude can be disadvantageous in presence of
atmospheric turbulence because of the pitch attitude in this case tends to hold the pitch
angle at a constant value. So, when the aircraft has a problem because of the pitch attitude it
can be arise again when is banked at some large angle. This, depends of the rate and
attitude gyros, because at some large bank angles the signals from q and 6 cannot be zero
simultaneously. For this reason in turning flight the system performance depend upon the
gyro; if the vertical one is used then the bank angles has to be restricted in a range, as it
shows as follows controlling the roll system.

5.2.2 ROLL CONTROL SYSTEM
The second primary control system that has been controlled is the roll control.

The roll angle axis lie in along the aircraft certain line. Is an up or down movement of the
wings caused because of the deflections of the ailerons.

Roll Mation

Roll Axis

Figure 5.2.2.1 Axis system of rolling motion

The roll angle is generally controlled simply and effectively by the ailerons at low—to-medium
speeds on all types of aircrafts ( in military the spoilers are used ).

The roll angle is a lateral motion, so it is necessary the lateral parameters in the State Space
models (from equation 4.1.2.1), while it is calculate with the same values for CHARLIE-1.
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Next step is to find a control system design for this particular case. The chosen design is the
“Bank angle control system with roll rate inner loop damper”. This means that the roll damper
has been used as a inner loop, which permits a designer to use considerable freedom in
arriving at the required dynamic performance of the roll angle, as it can be seen in the next
Figure 5.2.2.2.

ot 2 41—’12?5534 —

Step Roll angle Aileron Actuator CHARLIE-1
Caontroller, ka2 Scope

Cantroller, kol Rate Gyro

.K.}. n.ﬁ}.

Attiude Gyro
1 }‘

Figure 5.2.2.2 Control System for Bank angle control system with roll rate inner loop damper

The actuator dynamics are represented as a simple first order lag. Then using the roll
damper as a inner loop, the frequency of the roll angle system can be controlled by fez and

the damping by @3 | Kg=1,

The step response for the system is shown in Figure 5.2.2.3.

&= bank angle

B=sideslip

Figure 5.2.2.3 Response for Bank angle control system with roll rate inner loop damper
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0

Step

It can be seen how effective is the response of the bank angle, because of it is controlled in a
time of 10 seconds for 1° in the roll angle ¢.

However some problems arise with the Roll control (see in section 3.7.2.1).

5.2.3 YAW CONTROL

This is the third primary control that has been designed, which a side to side movement of
the nose is caused by the deflection of the rudder. To control it is necessary to have in
account that it is a lateral movement, so we need the lateral parameters (from equation
4.1.2.1) to design the State Space model for CHARLIE-1.

In the case of the yaw it has been used a control system design called ARI (aileron-to-
rudder), it can be said that is a “mixed-control”, because it controls the yaw and the roll. This
means that it maintains the sideslip to zero, which is produced by the yawing movement
caused by the deflection of the ailerons, while it controls in the same time the roll rate.

This ARI system has been designed especially for the moment when an engine fail so the
pilot will need to command a constant aileron deflection to know the yawing motion caused
by engine failure.

The control system design is shown next:

azh-out Rate gyro
z
— i} 10
T+
] Crozsfead
=+20
tazh-aut

Rudder actuator
P 6R

1
1
' 10 :I o ¥ = AuctBU I I : H I ]
! — = CxtDu 1
AD’—H +_ r—b’—\ "(* ) s+10 ;
- State-Space CHARLIESD
r

= 2

Attitude gyra

1
1
1
1
1
1
1
1
:
1
! kil rate gyro
1
1
1
1
1
1
1
1
1
1
1
1

Bank angle Control System

Figure 5.2.3.1 ARI Control System
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It can be seen that the bank angle control system with roll rate inner loop damper acts as an
inner loop to control the deflection of the ailerons helped by a crossfeed gain, which is
necessary in real flights in the moment when the flaps are deployed, or when the landing
gear is lowered, which it should vary with the forward speed of the aircraft. The crossfeed

gain is Koy = 0033 , has been found from flights studies(see McRuer and Johnston, 1975).
Additionally, the presence of the wash-out following the crossfeed it is necessary to permit
that the aircraft produce some sideslipping manoeuvres, which are the most common in
5
J+ L —'T
cross-wing landings, in this case the values for the wash-out, Tz =5+20 , SO this

means that Tz= 8055

The response depends seriously upon the values of 'z and Her | as it can be seen in the
simulation, in Figure 5.2.3.2.

¢= Bank angle

............ -----B=-sid-es-li-p

Figure 5.2.3.2 Response for ARI Control System

It can be seen that the bank angle has not been affected for in the presence of the crossfeed
but it is evident how effective the sideslip has been suppressed.
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5.3 FLIGHT PATH CONTROL SYSTEMS

While the control of the attitudes angles of an aircraft is the special function of Flight Control,
the control of path through space is more properly a guidance function. Because of that we
presume that an aircraft has to follow automatically a set of directions.

5.3.1 Heading Control System

From the idea that an aircraft need to be automatically steered along a set of directions, the
heading control is when the aircraft it's taken as its yaw angle, since it is assumed that any
turn the aircraft makes under automatic control will be coordinated. So the heading controls
the yaw moment in coordinate turns and the bank angle. Consequently, it is a lateral
movement which needs the lateral parameters (from equation 4.1.2.1) to be controlled.

The system shown in Figure 5.3.1.1 relates to CHARLIE-1.

Fo————————————— =
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@—» 1
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Figure 5.3.1.1 Control System for Heading.

The ARI (aileron-to-rudder) system acts as an inner loop to control the deflection of the
g _ %8 _ .

, . . , - —=—= {146
ailerons followed by an aircraft kinematics, consisting of a feedback (LYe 67 ),
which it change the input from ¢ to ¥ . And it can be seen that a new feedback path signal

120

has been introduced to have a direction control, in this case is K = T, the variable x is the

degrees that the system turns in relation to the reference. For a x=15° for the next
simulation.
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Figure 5.3.1.2 Response for Heading.

In this simulation it is evident that the heading is controlled in a time of 20 seconds at 15° ,
and in the same time the bank angle has a pick at the star but is not too important because
while the roll/bank angle is in this situation the heading has the control of the inner loop.

5.3.2 Height hold Control System

Other directional system that it has to be controlled is the height hold which is used to control
the height acting like a feedback regulator to maintain the aircraft height as a reference. The
pilot’'s can even fly the aircraft controlling the pitch attitude control system to control the climb
(or descent) of the aircraft until it has reached the required height. As it is shown in Figure
5.3.2.1.
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GF-MCP ADVANCED AUTOPILOT

VERT 5PD

DISENGAGE

Figure 5.3.2.1 Interface panel of an autopilot

Is the best thing to know how the heading works in the interface panel, where the pilot
controls the height. It works once the pilot put the height and the aircraft’'s path will follow
closely.
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Constant

In this case the movement, caused by the deflection of the elevators is controlled by
longitudinal parameters (for CHARLIE-1), because in this case the mean inner loop is the
Pitch Attitude with pitch rate SAS as the inner loop, as is shown in the next control system.**

The values for .1=0.2 is used becaqu;ltglf‘ Wﬁ&nu%l'ét signal to be reduced in order to the
outputs; -the - Fo-=413 - js- introduced- to- reduce the ;dynamic instability. Followed by the
feedbacks gain for the pitch attitude: attitude gyro, K& =10 | and the rate gyro, £& =% .

In this case w has to be transform in h to have an outpyt for the altimeter so:

—h=w— U |
R= Uyg— W |
h= Ul —w i

So with this expressions it can be understood that before the integrator we have h, to have
after h acting properly to control the altimeter in the outer loop to provide a feedback signal
proportional to the height, and is used to achieve the height hold function.

Figure 5.3.2.2 Control System for Height hold.
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Figure 5.3.2.3 Response of Height hold for the variables

It can be seen how the behavior of the variables from the “Scope” are.

64




h = height hold

Figure 5.3.2.4 Response of height hold

It can be seen the controlled gain lead to improved the dynamic response, because is non-
oscillatory, smooth and rapid response.

See in section 3.8.1.2 the problems of using this type of systems.

5.3.3 VOR-Coupled Automatic Tracking System

From the section 7.3 | made my own control system, based on the theory. The mean thing
that must be taken into account is that the heading is going to be the principal subsystem in
the VOR control and later we have to add the navigation system Kz, and the function

R{Y= B — Uald | which is shown in figure
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Figure 5.3.3.1 VOR-Coupled Control System

The values are taken are:

U, = 250
g

Hy = 45000 m

We start the integrator2 with 3° for the initial condition, so we run the simulation to have in
The Scope for the heading and the roll as follows:
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Figure5.3.3.2 Simulation for the roll and heading lateral (Scope)

As we can see here the roll is unstable at the start but in the same time is the heading control
stable which it does mean that is stable because in this position of the plane the roll has less
importance than the heading.

In the other hand we have a Scope2 that shows the behavior of R in order to:

R#) = Ro — Ual) 5o we have the next simulation:
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Figure 5.3.3.3 Simulation of R function lateral (Scope1)

As we can see, is the response of R so is going down as we wanted probe it because is decreasing in
order to He — Ua | respecting to t..

We can see when is intercepted the VOR, so as we can see in the next figure is around 300-400 metres
of the runway.

Figure 5.3.3.4 Simulation of A function lateral (Scope1)
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5.3.4 Glide-Path-Coupled Control System

In order to the theory showed in the section 7.4.1 | based my conclusions to design the glide-
path-coupled control system.

Knowing that the mean subsystem of the glide-path-coupled is the pitch attitude control
system, which is means that the states spaces parameters are from the longitudinal motion,
and the flight path angle is ¥ = {f — @) | made it as follows:

As we can see pitch attitude, which is the pitch rate as a inner loop has the control,
“effectively control any changes in the angle of attack which may arise as a result ofthe
elevator’s being used to drive the aircraft back into the glide path. The blogk diagram of a
typical control system is shown in the Figure****. The gain of the glide path receiver, iz ,
can be considered, without loss generality.”

Glide-path-coupled control system
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Pitch Attitude

“The transfer functlon of the glide-path-coupled controlled represents essent|al.ly a
proportional p|us integral term controller. The phase advance term has been added to
provide extra stablllzatlon if required. '

So farit has bleen presumed that the airspeed, Ua, is constant throughout the Goupled
trajectory, but: thls is never the case. A speed control system, used in conjunctlbn with the
glide-path- coupled system, is essential to ensure that the aircraft’s flight path a,ngle Y, in the
as the steady istate, has the same sign as_the commanded pitch angle..” _____!

The Simulation for this control syst%m it is shown in figure
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Figure 5.3.4.1 Gllde Path Control system
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Figure 5.3.4.2 Response of Glide Path Control system
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6.1 CONCLUSION

6.1 Design Process | (previous work)

This section introduces the AFCS as a control problem, because when the linear feedback is
used is impossible to have all the requirements satisfactory in the same time like: stability
tracking, performance and disturbance. So, in this section is introduced a set of conventional
methods used to contain the dynamic elements in a linear and time-invariant response.

6.2 Design Process Il (final results and discussions)
6.2.1 Attitude Control Systems

This area is related to the capability of the Automatic Flight Control has in order to control
and maintain the attitudes angles of an aircraft in direct response to a variable pilot’'s
command.

One of the most commons of the use of negative feedback, which is the principle of a SAS, is
shown in the design process of Pitch Attitude, which is in longitudinal motion. Followed by a
Roll and Yaw control, which are in the lateral motion, and consequently the ARI systems to
control both in the moment of a failure in the aircraft is introduced.

6.2.2 Flight Path Control Systems

While the attitudes angles is a function from the Flight Control, the control of the path through
the space is more properly to a guidance commands. So, this means that we presume that
an aircraft has to follow with great precision a set of direction. In order to achieve that a set of
control system designs with directional control has been introduced with heading or height
hold System.

Other step to improve the tracking of an aircraft’s lateral path is the introduction of navigation
system, in specially during the approach. To design them it is necessary the use of Attitude
Control as a inner loops, using directional system like coordinated turns and helped with
radio transmissions and appropriate airborne receivers.

In conclusion we need a set of elements to provide an aircraft with great tracking control,
especially during the approach where is essential the use of VOR receivers, ILS localizers
and Glide path to obtain the appropriate guidance commands.
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6.3 CONCLUSION OVERALL

When we consider the design of an AFCS an engineer will do it successfully when he can
not only establish an right model representing the appropriate dynamical behavior of the
aircraft to be controlled but also recognize how an effective control system design can be
made.

The subijects of the flying and handling qualities of an aircraft are essential. Because these
qualities govern the ease, the accuracy, and the precision with which a pilot can manage
his/her flying task it is especially important for the designer of an AFCS to understand them,
their specifications and how they can be measured. If an aircraft has poor handling qualities,
it is necessary to improve the failure by introducing a control system.

To conclude an AFCS needs to be equipped whit SAS, attitude and path control systems.
Some being active all the time in a flight, and others being switched in by the pilot only when

required for a particular phase or flight.
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7. RECOMENDATIONS

It would be appropriated to finish these set of objectives with:

o Finishing landing approach with automatic landing system.

. Test the values in Flight Simulator.
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CHARLIE - A very large, four-engined, passenger jet aircraft.

General parameters;

Wing area (m”) 510
Aspect ratio 7.0
Chord, € (m) 8.3
Total related thrust (kN) 900
Centre of gravity (c.g.) 0.25¢
Pilot’s location (m) — relative to c.g.
Iyp 26.2
Iy -3.05
Weight (kg) 250000
Inertias (kg m?)
Lyy 18.6 x 10
Ips 41.35 x 10%
- 58 x 10%
Iz 1.2 % 10%
Flight condition
Flight condition
Parameter 1 2 3 4
Height (m) Sea level 6100 6100 12200
Mach No. 0.198 0.5 0.8 0.8
Us (ms™) 67 158 250 250
7 (Nm?) 2810 8667 24420 9911
7o (degree) 8.5 +6.8 0 4.6
Va (degree) 0 0 0 0
Stability derivatives(longitudinal motion)
X, -0.021 -0.003 -0.0002 -0.0002
X 0.122 0.078 0.026 0.039
Xz 0.292 0.616 0.0 0.44
Xan 3.88x 107 3.434%107% 3.434% 107 3.434% 107
Zy, -0.2 -0.07 -0.09 -0.007
Zw -0.512 -0.433 -0.624 -0.317
Zg -1.9 -1.95 -3.04 -1.57
Zs, -1.96 -5.15 -8.05 -5.46
Fay -1.69% 1077 -1.5x107 -1.5% 1077 -1.5% 107
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M, 0.000036 0.00008 -0.00007 0.00004

| My -0.006 -0.006 -0.005 -0.003
M -0.0008 -0.0004 -0.0007 -0.0004
Mg -357 -0.421 -0.668 -0.339
M, -0.378 -1.09 -2.08 -1.16
Mg 0.7% 1077 0.67% 1077 -0.67% 107 0.67% 1077
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