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Operation an Effect of Flight Controls

The development of the aeroplane was delayed by two problems: how to achieve
stability and how to achieve control. Before the Wright brothers’ successful flight
in 1903, others had flown, but none had their success in controlling their aircraft.

“Stability” relates to maintaining the desired flight attitude with a minimum of pilot
effort, and "control” involves rotating the aeroplane about one or more of its three
axes. On Figure 1 on page 3 are most of the control surfaces of an aeroplane
shown.

Balanced aerodynamic forces cause a properly designed and trimmed aeroplane
to fly straight and level with hands and feet off of the controls. The lift preduced by
the wings is equal.
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Figure 1: Control Surfaces of a Jet Airliner (MD-80)
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Longitudinal Control (Rotation About the Lateral Axis)

The aeroplane can be rotated nose upward about its lateral axis (pitch up) by in-
creasing the downward tail load, or nose downward (pitch down) by decreasing the
tail load.

The most generally used pitch control for an aeroplane is the fixed horizontal sta-
biliser with 2 movable elevator hinged to its trailing edge. When the control wheel
or stick is pulled back, the trailing edge of the elevator moves up and increases the
down load on the horizontal tail surface. The tail moves down and rotates the aer-
oplane nose-up about its lateral axis.

Figure 2: Conventional Pitch Control

Down

Elevator

Pitch
Moment

Some aeroplanes use a stabilator for pitch control.(see "Figure 3" on page 4). This
is a single-piece horizontal surface that pivots about a point approximately one
third of the way back from the leading edge. When the control wheel is pulled back,
the leading edge of the stabilater moves down and increases the downward force
produced by the tail. This rotates the nose up. When the wheel is pushed in. the
nose of the stabilator moves up, decreasing the tail load, and the aeroplane rotates
nose down.

Figure 3: Aeroplane with Stabilator

Stabilator

" Force

Any aeroplane that has the equivalent of two lifting surfaces. instead of the con-
ventional horizontal stabiliser that provides a down load, can be classified as a ca-
nard. The canard is the forward surface, and frequently is also a control surface.

Figure 4: Canard Aeroplane
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Lateral Control (Rotation About the Longitudinal Axis)

To roll the aeroplane to the left, the control wheel is turn to the left. The aileron on
the left wing moves up, decreasing the camber, or curvature, of the left wing and
decreasing the lift it produces. At the same time, the aileron on the right wing
moves down, increasing the camber of the left wing and increasing the lift it pro-
duces. The difference in lift produced by the two wings rolls the aeroplane to the
left.

Figure 5: Roll Movement with Ailerons

Control Force

Lift
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Roll Moment

Directional Control (Rotation About the Vertical Axis)

The rudder is used on an aeroplane only to rotate it about its vertical axis. An aer-
oplane is turned by tilting the lift vector with the ailerons and not by using the rud-
der. The rudder is used only at the beginning of the turn to overccme the adverse

yaw and start the nose moving in the correct direction and for such flight conditions
as crosswind and one engine off operation.

Figure 6: Yaw Movement with Rudder

Pedals

Yaw Moment

Control & &

Force {

— N

Rudder

The movement of the rudder is controlled by rudder pedals operated by the feet of
the pilot. When the right pedal is pressed, the rudder swings to the right, thus cre-
ating an aerodynamic force that pulls the tail to the left.
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Trim Systems

In aviation, trimming means maintaining the equilibrium of an aircraft during flight
without having to use steering force. For this reason, the following are installed in

the aircraft:
+ an adjustable horizontal stabiliser (stabilizer) for trimming the pitch axis (pitch
trim);

«  adjustable trim surfaces in rudders and ailerons;
+  electrical actuators which are included in the cable system.

(see “"Figure 1" on page 3)

The adjustable trim surfaces and the actuators give trim possibilities for the longi-
tudinal axis and the yaw axis.
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Figure 7: Example of Trim System Layout
LD q L) Cockpit
[
Aileron |
Trim Tab

Trimmable
Horizontal
Stabiliser

Pitch Trim
Control

Yaw Trim
Control

Trim Knob

Trim Switches Roll Trim

Control

Corresponding with EASA Part-66
For traiming purposes only Cat: B2 131-7



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.1 Aerodynamics and Flight Controls

High Lift Devices

An aercplane is a series of engineering compromises. We must choose between
stability and manoeuvrability and between high cruising speed and low landing
speed, as well as between high utility and low cost. Lift-modifying devices give us
some good compromises between high cruising speed and low landing speed, be-
cause they may be extended only when they are needed and then tucked away
into the structure when they are no longer needed.

Figure 8: Most Used High Lift Devices
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Slots

Siots are nozzle-shaped passage through a wing, designed to improve the airflow
conditions at high angles of attack and slow speeds. Itis normally placed very near
the leading edge and is built into the wing. As the angle of attack of the wing in-
creases, more of the air is deflected through the slot, thus maintaining a streamline
flow around the wing.

Slats

Since the slot is of use only at high angles of attack, at the normal angles its pres-
ence serves only to increase drag. This disadvantage can be overcome by making
the slot movable so that when not in use it lies flush against the ieading edge of
the wing. In this case the slat is hinged on its supporting arms so that it can move
to either the operating position at which it gives least drag. This type of slat is fully
automatic in that its action needs no separate control.

Wing Flaps

A wing flap is defined by the NACA as a hinged, pivoted, or sliding airfoil, usualty
near the trailing edge of the wing. It is designed to increase the lift and drag, when
deflected. Wing flaps are used for both take-off and landing phases of flight. For
take-off, an intermediate setting is used. This gives an increase of lift with little in-
crease in parasite drag, allowing a shorter take-off run and lower take-off speed.
For landing, the flaps are lowered fully. The increase in camber and in some cases
surface area gives an increase of lift for any given speed. This allows a lower ap-
proach speed. At the same time parasite drag is increased significantly. This al-
lows for a steep approach without an increase in speed. The advantages are that
obstacles on the approach can be cleared easily and the landing run will be shorter
with less wear on the landing gear.

Types of Flaps

The trailing edge flap has many variations, all of which serve to increase the C_
max. Some, however, are more efficient than others. The more efficient flaps are
usually more complex mechanically and their use is restored to, only when the low-
est possible stalling speed is essential.

Fowler Flap

This flap is constructed so that the lower part of the trailing edge of the wing rolis
back on a track, thus increasing the effective area of the wing and at the same time
lowering the trailing edge.

Slotted Flap

Have been developed to provide even more lift than the flaps described previously.
When such flaps are extended, either partially or completely, one or more slots are
formed near the trailing edge of the wing. The slots allow air from the bottom of the
wing (high-energy air) to flow to the upper portion of the flaps and downward at the
trailing edge of the wing. This aids in preventing the airflow from breaking away
into turbulence. When lowered there is increased lift for similar angles of attack of
the basic airfoil and the maximum lift coefficient is greatly increased.

Kriiger Flap

Another method for providing the leading edge flap is to design an extendible sur-
face that ordinarily fits smoothly into the lower part of the leading edge. When the
flap is required, the surface extends forward and downward.
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Drag Ind ucing Devices For aileron assistance, they act on the “down” wing through a mixer system and

move in proportion to the aileron. The spoiler system can also act as a backup ai-

Aerodynamic brakes are devices, which when deployed disturb the patterns of leron system, should the primary system ever fail. This function of spoilers is
smooth airflow This produces an increasment of drag and also decreasment of lift, named “roll spoilers”

depending of the kind of device.

They are two kind of devices mainly in use:
+  Wing installed (drag increasment and lift decreasment}
+ Fuselage installed (drag increasment)

Figure 9: Different Aerodynamic Brakes

Wing
Spoilers . :

uselage
Spoilers

Spoilers

A spoiler is a control device that destroys lift over a part of the wing. The most com-
mon spoilers are used on sailplanes. They are “popped up” to allow a rapid rate of
descent, while still retaining full control. This function of spoilers is normally named
“speed-brake”. They can be retracted to regain full lit when the desired altitude
is reached.

On the ground, spoilers can be raised to the maximum to help increase braking
efficiency by increasing contact pressure of the tires with the ground and providing
additional drag, thus becoming aercdynamic ground spoilers.
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Boundary Layer Control Figure 10: Air Flow over a Swept Wing

As it is described in Sub Module 8.2 "Aerodynamics”, separator of boundary layer
is the cause of wing stall. Before this happens, it turns turbulent which cause an
unwanted increasment of drag. Much study has been made to find ways of mini-
mizing it.

Not only high angle of attack causes turbulent boundary layers, also shock waves
along the wing upper surface, flying near speed of sound, cause turbulent bound-
ary layers.

To retard separation during high angle of attack flying, slots and slats are used.
Swept wing is the most used methed to retard shock waves from emerging. The

movement ¢f the air flow parallel tc leading edge affects the boundary layer. This
cause the boundary layer to lose energy, grow thicker and turbulent.

Vortex generators are low-aspect-ratio airflows arranged in pairs. The tip vortices
of these pull high energy air down into the boundary layer and prevent the sepa-
ration.

Fences and other devices like saw-cut or dog-tooth may also be used to prevent
air from flowing toward wing tip (see "Figure 11" on page 12).
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Figure 11: Examples of Boundary Layer Control
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Control Aids / Tabs

Balanced Control Surface

Even on small, light aeroplanes, aerodynamic assistance in the movement of the
controls is used. The simplest form of this assistance is the balanced control sur-
face. In the case of the rudder, the balance portion, cr overhang, deflects to the
opposite side of the fuselage from the main rudder surface to produce an aerody-
namic force that aids the pilot in moving the surface. See
Sub Module 11.1.2 "11.3 4 Flight Control Surfaces”

Figure 12: Balanced Control Panels

Unshielded Shielded

Control Tabs

Large aircraft are usually equipped with a power-operated irreversible flight control
system. in these systems, the control surfaces are operated by hydraulic actuators
controlled by valves moved by the control yoke and rudder pedals. An artificial fee!
system gives the pilot resistance that is proportional to the flight loads on the sur-
faces. The control forces are too great for the pilot to manually move the surfaces,
s0, In the event of a hydraulic system failure, they are controlled with control tabs.
In the manual mode of operation, the flight control column moves the tab on the
control surface, and the aerodynamic forces caused by the deflected tab move the
main control surface.

Figure 13: Servo Tab

Control
Surface

Tab
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Balance Tabs

The control forces may be excessively high in some aeroplanes, and in order to
decrease them. the manufacturer may use a balance tab. This tab is located in the
same place as a trim tab and in many installations one tab serves the function of
both. The basic difference s that the control rod for the balance tab is connected
to the fixed surface on the same side as the horn on the tab. In Figure 14 on
page 14 we see the way a balance tab works.

Figure 14: Balance Tab
—.—’.

Anti-Balance Tabs

Stabilator surfaces do not have fixed stabiliser in front of them, and the location of
their pivot point makes them extremely sensitive. To decrease this sensitivity, a full
length anti-servo tab may be installed on the trailing edge. This tab works in the
same manner as the balance tab except that it moves in the opposite direction
(see "Figure 13" on page 15).
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Figure 15: Anti-Balance Tab Trim Tabs

Trim tabs are small movable portions of the trailing edge of the control surface.
These tabs are controlied frem the cockpit to alter the camber c¢f the surface and
create an aerodynamic force that will hold the control surface deflected.

Trim tabs may be installed on any of the primary control surfaces. The tab has a
variable linkage that is adjustable from the cockpit. Mcvement of the tab in one di-
rection causes a deflection of the control surface in the opposite direction.

Figure 16: Trim Tabs

Control Surface

Trim Tab
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Spring Tabs

Another device for aiding the pilot of high-speed aircraft is the spring tab The con-
trol horn is free fo pivot on the hinge axis of the surface, but it is restrained by a
spring For normal operation when the control forces are light, the spring 1s not
compressed and the horn acts as though it were rigidly attached to the surface. At
high airspeeds when the control forces are too high for the pilot to properly oper-
ate, the spring collapses and the control hern deflects the tab in the direction to
produce an aercdynamic force that aids the pilot in moving the surface.

In Figure 17 on page 186, three situations are shown:
(A) illustrates no control input which means no deflection of the aileron and tab

(B} illustrates control input during low speed flight The spring is not compressed
and therefore no tab deflection takes place

(C) ilustrates control input during high speed flight where the required force to op-
erate the control surface is high. The spring will compress and a deflection of the
tab takes place, assisting the control surface to move in the demanded direction

Figure 17: Spring Tab
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Control Surface Mass Balancing

Mast control surfaces are mass balanced. The purpose of this is to prevent control
surface fiutter.

Flutter is an oscillation of the control surface, which can occur due to the bending
and twisting of the structure under load.

Fiutter may be prevented by adding weight to the control surface in front of the
hinge line, to bring the centre of gravity closer to the hinge.

Note: It is necessary that the control surface balance be checked whenever
any operation is performed on a control surface, which can change the static
balance.

Figure 18: Mass Balancing
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The Speed of Sound

When air is disturbed, Icngitudinal waves are created that cause the air pressure
to increase and decrease. The speed of sound is the speed at which this small
pressure disturbances are able to move through the air. these pressure changes
in the sound wave are caused by the movement of the molecules in the air, and as
the temperature changes so does the molecular movement, as indicated in the
chart:

Table 1: Standard Atmosphere

Altitude Temperature Speed of sound
(m) (°C) (km/h)
Sea level 15.0 1224 1
1700 51 1203.5
3300 -4.8 1181.4
5000 -14.7 1159.4
6700 -246 1137.0
8300 -34.3 11141
10000 -44 4 1090.7
11700 -54.3 1066.7
13300 -56.5 1061.5
16700 -56.5 1061.5
20000 -56.5 1061.5
Mach Number

High-speed flight is measured in terms of Mach number, which is the ratio of the
speed of the aircraft to the speed of sound. An aeroplane flying at a speed of
Mach 1 at sea level is flying at the speed of sound, which, according to Table 1 ¢n

page 19is 1224 km/h. When it is flying at a speed of Mach 0.75, it is flying at 75%
of the speed of sound at the existing air temperature.

Critical Mach Number

The critical Mach number of an aeroplane is that flight Mach number at which there
is the first indication of local sonic flow. This means when a normal shock wave
forms somewhere on the wing (see "Figure 2" on page 21).

Aeroplanes that fly at these speeds have Machmeters in the cockpit that automat-
ically compensate airspeed for the air temperature and show the pilot the Mach
number at which the aeroplane is flying.
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Flight Speed Ranges

High-speed flight can be divided into four speed ranges:
+  Subsonic - Below Mach 0.75

All airflow is below the speed of sound.
« Transonic - Mach 0.75 to Mach 1.20

Most of the airflow is subsonic, but in some areas, it is supersonic.
*+  Super-sonic - Mach 1.20 to Mach 5.00

All of the airflow is faster than the speed of sound.
»  Hypersonic - Greater than Mach 5.00

Subsonic Flight

In low-speed flight, air is considered to be incompressible, and acts in much the
same way as a liquid. It can undergo changes in pressure without any appreciable
change in its density. But in high-speed flight the air acts as a compressible fluid,
and its density changes with changes in its pressure and velocity. An aeroplane
passing through the air creates pressure disturbances that surround it. When the
aeroplane is flying at a speed below the speed of sound, these disturbances move
out in all directions and the air immediately ahead of the aeroplane is affected and
its direction changes before the air reaches the surface.

At speeds greater than the speed of sound, the disturbances do not spread cut
ahead of the aeroplane, and there is no change in flow direction ahead of the lead-
ing edge.

Figure 1: Subsonic Air Flow
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Transonic Flight

When an aeropiane is flying below the speed of sound in the transonic range,
some of the air flowing over the airfoil has accelerated until it is supersonic and a
normal shock wave forms. Air passing through this normal shock wave slows to a
subsonic speed without changing its direction. The shock wave can cause the air
that passes through it to be turbulent, and to separate from the wing surface.
Shock-induced separation can create serious drag and control problems.

Figure 2: Transonic Air Flow
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Supersonic Airflow

When air flows cver a surface at a supersonic speed, pressure waves form. There
are three types of pressure waves, normal and oblique shock waves, and expan-
sion waves.

Normal Shock Waves

Air flowing over an airfoil acts in the same way it does as it flows through a con-
verging and diverging duct. Figure 3 on page 21 shows that air approaching a rel-
atively blunt-nose subsonic airfoil at a supersonic speed forms a normal shock
wave, which wastes energy.

Figure 3: Normal shock wave

90°
'/ Sub-
Sonic
Normal
Shock Wave

Oblique Shock Waves

When a supersonic airstream strikes a sharp-edged airfoil, the air is forced to turn,
forming an oblique shock wave(see “Figure 4" on page 22).

Expansion Waves

When air flows at a supersonic speed over a double-wedge airfoil like that in
Figure 4 on page 22, the air will turn to follow the surface and an expansion wave
forms.
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Figure 4: Expansion and Oblique shock wave Figure 5: Supersonic Airflow on a swept wing
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Effect of Sweepback

One of the most common ways to prevent drag rise and control problems with an
aeroplane flying in the transonic range is to sweep the wings back. This will in-
crease the critical Mach number by effectively decreasing the thickness ratio of the
wing. In Figure 5 on page 22, its seen that the air flowing across the wing in the
line of flight travels farther than the distance perpendicular to the leading edge.
This longer travel for the same thickness has the same effect on the effect on the
critical Mach number as making the wing thinner, yet it allows a thicker wing for
structural strength
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Figure 6:
Notes:
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Rotary Wings

Aerodynamics

Like fixed wing aircraft, the helicopter flies because of its airfoils. The airfoils of the
fixed wings are primarily their wings. However, the tail surfaces and sometimes the
fuselage, as well as the propeller may also be airfoils. The primary airfoil of the hel-
icopter is the main rotor. For this reason the helicopter is often referred to as a ro-
tary wing aircraft.

Figure 1: Rotor Blade

Tip

T e —_— /.

Root Span

The span of the blade is the distance from the root of the blade to the tip of the
blade, measured along the center line (see “Figure 1" on page 25).

The atrfoils which are used for helicopters are usually reffered to as symmetrical
airfoils. Some successful designs have been built with an unsymmetrical airfoil.

Some efforts are being made to change the airfoil shape along the span to achieve
better flight characteristics in the blade (see “Figure 2" on page 25).

Figure 2: Actual Rotor Blade

Relative Wind

As the rotor blade moves, it is subjected to relative wind. This is aiways opposite
the flight path of the blade.

Figure 3: Relative Wind on the Rotor

Relative
Wind

Relative wind is considered in relation to the nose of the helicopter. For this reason
the forward moving blade is referred to as the advancing blade, while the back-
ward blade is called the retreating blade. The relative wind may be affected by
several factors such as movement of the rotor blades, horizontal movement of the
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helicopter, flapping of the rotor blade, wind speed, and direction. The relative wind
of the helicopter is the flow of air with respect to the rotor blade. For example: when
the rotor is stopped, the wind blowing over the rotor blades creates a relative wind.
When the helicopter is hovering in a no-wind condition, the relative wind is created
by the motion of the rotor blades. If the helicopter is hovering in a wind, the relative
wind is a combination of the wind and the rotor blade movement. When the heli-
copter is in forward flight, the relative wind is created by the rotor blades, the move-
ment of the helicopter, and possibly a wind factor

Pitch Angle

Pitch angle is the acute angle between the rotor biade chord and a reference
plane. The reference plane of the helicopter will be determined by the main rotor
hub. The pitch angle is varied by movement of the collective control which will ro-
tate the blade about the hub axis, increasing or decreasing the pitch (see
“Figure 4" on page 26).

Figure 4: Pitch Angle

Axis of
Rotation

Pitch
Angle X

Angle of Attack

The angie of attack is the acute angle between the chord line of the airfoil and the
relativ wind.

The pilot can increase or decrease the angle of attack by moving the pitch angle
of the rotor. When the pitch angle is increased, the angle of attack is increased and
when the pitch angle is decreased, the angle of attack is also decreased.

Figure 5: Angle of Attack
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Center of Pressure

The center of pressure is an imaginary point where the result of all the aerodynam-
ic forces of the airfoil are considered to be concentrated. This center of pressure
can move as forces change.

On some unsymmetrical airfoils, this movement can cover a great distance of the
chord of the airfoil.

On helicopters, because the rotor blades are moved from a fixed axis {the hub),
this situation could lead to instability in the rotor, with the rotor blades constantly
changing pitch. For this reason, the preferred airfoil is symmetrical where
the center of pressure has very little movement. Accompanying lift and
drag is stall.
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Figure 6: Rotor Blade Airfoils Figure 7: Relationship between Vertical Forces
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Effects on Lift

The lift development by the helicopter has to be sufficient to overcome the weight.
The heavier the weight, the greater the pitch angle and power requirement to over-
come the weight vs. lift action.

Also acting on the helicopter will be thrust and drag. Thrust is the force moving the
helicopter in the desired direction, while drag is the force which tends to resist
thrust. Therefore, before any movement may take place thrust must overcome Thrust
drag (see “Figure 7" on page 27). T

Vertical Descent
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Thrust

Thus far we have discussed the fiight of the helicopter only in regards to obtaining
lift, with little mention of thrust. Since the rotor will produced lift force and at the
same time propel the helicopter directionally, thrust is mest important. [t is thrust
that gives this directional movement.

Thrust is obtained by movement of the tip path plane of the rotor or rotor disc. If
the helicopter is ascending vertically or at a hover, lift and thrust are both in the
same direction, vertical. However, in order to obtain forward, backward, or side-
ward directional flight, the rotor disc will be tilted in the direction of the movement
desired. This will result in lift and thrust being perpendicular to each other. giving
the helicopter the ability to maintain flight and move directionally (see “Figure 8"
on page 28).

Figure 8: Thrust and Flight Directions
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Movement of the tip path plane to change the direction of the helicopter is accom-
plished by changing the angle of attack of the individual blades as they pass along
the disc. In order to accomplish this the hub must have provisions for a feathering
axis, which simply allows the pitch to be moved as shown in Figure 9 on page 29.

Figure 9: Feathering Axis

O

Feathering Axis

Collective and Cyclic Pitch

By changing the pitch angle of the blade, more or less lift will be created. This pitch
change can be accomplished by the pilot by use of the collective to raise or lower
the helicopter in the air. This raises or lowers the pitch angle of all the blades the
same amount throughout the tip path plane. If this lift is increased at one point and
decreased at another point 180° apart, the blades will climb and dive, thus moving
the disc. This is accomplished as the pilot moves the cyclic control, which in turn
moves each blade a predetermined and equal amount as shown in Figure 10 on
page 29.

Figure 10: Swash Plate
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Gyroscopic Forces Precession

Another property of the rotor must be discussed before the total directional control
can be understood. Since the rotor path is considered as a disc, it has the same
properties as that of any other rotating mass. The property of most interest is gy-
roscopic precession which means that action occurs 90° from the force applied in

Figure 11: Precession

High Flap
Result

Low Pitch

the same direction as rotation. This means that the blades do not raise and lower
the maximum deflection until a point 90° later than the input (see “Figure 11" on
page 30). For this reason a device which is called a washplate or star assembly is
used to place the input of the cyclic to main rotor at the location required for the
movement of the helicopter in the desired direction.

High Pitch
Applied

Low Flap
Result
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Torque

Newton's third law states that for every action there is an opposite and equal re-
action. Therefore when power is applied to the rotor system the fuselage of the hel-
icopter will tend to move in the opposite direction of the rotor. This tendency is
referred to as torque. The torque problem has plagued designers since the incep-
tion of the helicopter. Several designs of rotor systems were tried to eliminate this
problem.

One such design was the coaxia!l helicopter in which two main rctors were placed
on top of each other rotating in opposite directions. Another design requires two
main rotors placed side by side. Some of these designs actually used intermeshing
rotors turning in opposite directions. Still other designs have used single rotors
powered at the tip by ramjets or hot air passing through the blade and ejected
through nozzles at the tip.

The disadvantages of these systems seem to outweigh the advantages to the
point that most helicopters use one main rotor with an auxiliary roter on the tail to
counteract torque.

This system, however, absorbs a great percentage of the power available. To give
the helicopter fuselage this directional control, a variable pitch rotor is vertically
mounted on the tail. In order to keep the fuselage straight when increasing power,
the pitch of the tail rotor is increased to counteract the torque. This is accomplished
by foot pedals moved by the pilot (see “Figure 12" on page 31).

Figure 12: Principle of Tail Rotor

Rotation
of the
Rotor

Counter Rotation
of the Fuselage /\r:\ —

o Tail Rotor
Force

Many of the conventional helicopters using tail rotors have found methods to help
reduce this power requirement in flight. One of these methods is a vertical fin,
which is offset in order to keep the fuselage straight during forward flight. This in
turn unloads the tail rotor.
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Structural Classification

When designing aeroplanes, loads to which the various parts are exposed must
be taken into consideration. These loads are different for each part of the construc-
tion. A difference is made between primary and secondary constructions. When
choosing materials for maintenance work, this must be taken into account.

The primary construction consists of those parts of the aeroplane construction that
bear the loads (see "Figure 1° on page 3).
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Figure 1: Structural classification
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The secondary construction generally gives the aercdynamic shape to the aero-
plane construction. On the basis of the main sections, the difference between pri-
mary and secondary can be clearly illustrated. For example, a wing section
consists of a primary part and a secondary part (see “Figure 2" on page 4).

Figure 2: Wing Structural classification

Secondary

Primary
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Dimensions and Locations Figure 3: Axle Systems
Lateral Axis Vertical Axis Longitudial Axis

Station identification Systems

[n order to determine a particular location in an aeroplane, it is divided into three
(imaginary) planes that are at angle of 90° to each other. {see “Figure 3" on
page 5).
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The first plane cuts the aeroplane horizontally (based on a cross section). These Figure 4; Zero Point of Stations
planes are called water lines or Z stations.

The second plane cuts the aeroplane vertically (based on a cross section). These LR
planes are called buttock lines or X stations. g g % é § §_ z g = g § ggg é
The third plane cuts the aeroplane vertically (based on a side view). These are R EE R R RS YR
called body stations or Y (X) stations. By means of these three planes, any and PR EEETLE:
every point in the aeroplane can be given an X, a Y and a Z coordinate. Some aer- TrrTY T T s T e eT oy
oplane manufacturers use abbreviations for these coordinates as follows: ]

+  B.L. (buttock lines) - the X (Y) coordinate; NMANNINEE ;’g % g P

+  Sta. (body stations) - the Y (X) coordinate; N ,§'§'§l§|§|g|§|515f515;E; |
+ WL (water lines) - the Z coordinate. g % 5 g g g :2: :Z’u g}g éf § L%
Other manufacturers use the following abbreviations: 2 = E@IE,E EIEﬁE‘E,E E.E[ ¥

» X Sta. (X Stations) - the X coordinate; A AR RN
+ Y Sta. (Y Stations) - the Y coordinate; L ++ ]

+  Z Sta. (Z Stations) - the Z coordinate. ‘ | raniiis o !
There is a number behind these abbreviations which indicates the distance of the | d i }

part from the zero point. For aeroplanes built by Being, these distances are given ! l [

in inches. For aeroplanes built by Airbus, in cm. / | Ij Py i
The zero point of the Sta. (Y Sta.) is in front of, behind or on the point of the fuse- cL A [ _‘_ 1T + ] i -
lage nose (Figure 4 on page 6). In cases where the station number 0 is behind the ARREN ! T

pointof the nose, the station number that are in front of the zero point have a minus ‘ ‘ Pl ‘ ol
sign, for instance: Sta. -60.4. ‘ i

/

FR1SA/STA12359 -

FRI4A/STA11871 - ~—f— — ———
FRIGA/STA12849 — :{' -

FR14/3TA11627 -
FR15/5TA12115 -
FR16/STA12603 -

Corresponding with EASA Part-66
For training purposes only Cat: B2 13.2-6



Basic Maintenance

Module 13 Aircraft Structures and Systems
Training Manual

13.2 Airframe Structures - General Concepts

Figure 5: Station Examples
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The zero point of the W.L. (Z Sta.} depends on the type of airplane.The zero point Figure 6: Major Zones (Example)
of the W.L. in a B-747 is 91 inches below the lowest point of the fuselage. Every
aeroplane has a different zero point.

The zero point of the B.L. (X Sta.) is the centre line of the aeroplane (see “Figure 5"

on page 7). Looking in the direction of flight, there are left-hand and right-hand but- 800 800 800 800
tock fines. The left- hand buttock lines are indicated by a minus sign and the right- \ \ \ 300,
hand ones with a plus sign. tl 200 ﬁ
The wings, horizontal and vertical stabilizers, and powerplants of most aeroplane @ T 100
types have their own location identification system. L/“ ﬁ/
Zonal Identification Systems

800 800 800

The location identification system is used to pinpoint the various locations in an air-
plane. The station numbers make it possible to indicate the location of the centre
of gravity, the distribution of the load, the iocation of the compartments and of
parts. To localize parts more easily and to localize where work must be done, the
aeroplane is divided into:

+  Major zones

+  Major sub-zones

. Unit zones

Major zones are identified by hundred as follows:
+ 100 FUSELAGE LOWER SECTION

»+ 200 FUSELAGE TOP SECTION

+ 300 STABILIZERS

+ 400 NACELLES 400 400
« 500 LEFT WING

«  B00RIGHT WING

« 700 LANDING GEAR
« 800 DOORS

Major sub-zones are identified by the ten of the majors zones.

Corresponding with EASA Part-66
For traming purposes oy Cat: B2 13.2-8



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.2 Airframe Structures - General Concepts

Figure 7: Major Sub Zones (Example)

Figure 8: Unit Zones (Example)
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Unit zones are identified by a three digit number. An example of a location identi-

fication system is 212:

+  200: upper half of body (major zone)

+  10: Cockpit (major sub-zone)

+ 2. zone number on the right-hand side (unit zone)

330

145/ 148
i
i

Where necessary, the uneven zone number refers to the left-hand zone, and an

even number indicates a right- hand zone. Large construction sections, including
doors and control surfaces, have their own zone numbers.
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Lightning Strike Protection

Aircraft require electrical contact between all metallic and composite parts in order
to prevent arcing or fiber damage. Aluminum is used to provide a conductive path
for the dissipation of the electrical energy. The aluminium may be provided in a
number of ways depending on the manufacture of the aircraft.

No matter whether an aircraft is aluminum or composite, when lightning hits an air-
craft it needs a path for the electricity to flow through. On an aluminium skin, the
electricity will flow through the skin and discharge out the static wicks. Since com-
posites do not conduct electricity, lightning protection has to be built into the com-
ponent.

If there is no lightning protection in the composite and the lightning exits through
the composite component, the resins in the composite will evaporate, leaving bare
cloth. Carbon/graphite composite was at first believed to conduct enough electric-
ity to dissipate the electrical charge, but this was later found net to be true. Alumin-
ium lightning protection may be found in carbon/graphite parts. A barrier, such as
a layer of fiber glass, should be used to prevent a galvanic potential between the
carbon/graphite and aluminium.

Figure 9: Lightning Attachment Zones

<

W

Zone 1, Initial Lightning
Attachment Area

Y Zene 2, Swept Stroke

Attachment Area

E Zone 3, All Remaining Areas

Electrical Bonding

Normailly the structure of an aircraft consists of metallic assemblies which ensure
an excellent electric conductibility; however certain insulating intermediate parts
stop the continuity in large zones. The continuity is restored by means of strips,
screws or grounding lugs fitted between metallic assemblies. Hinged parts (control
surfaces, doors, hatches, etc....), removable parts (unhinged inspection doors,
etc....), are provided with one or several bonding means shunting each part where
conductibility may be interrupted. For particular zones such as fuel tanks, engines
and APU, the bondings provide an efficient circulation of static potential: bonding
strips and screws are connected to the main structure.

External protruding parts, metallic or not. are provided with electrical lead connect-
ed to the main structure. Antennas and other equipment are not bonded due to the
fact that flash of lightning cculd damage only the element struck without endanger-
ing the other parts of the aircraft.

Different manufacturers use different methods to dissipate the electrical charge on

composite structures. These are a few different methods:

«  Aluminium wires may be woven inte the top layer of composite fabric. This is
usually done with fiber glass or Kevlar and not with carbon/graphite.

+  Afine aluminium screen may be laminated under the top layer of fabric. If this
method is used on a carbon/graphite component, it is usually sandwiched be-
tween two layers of fiber glass to prevent a galvanic potential.

+  Athinaluminium foil sheet may be bonded to the outer layer of composite dur-
ing the manufacturing process.

+  Aluminium may be flame sprayed onto the component. This is molten alumin-
ium that is sprayed on like a paint. Some companies will just paint the compo-
nent with an aluminised paint.

+ In some structures, a piece cf metal is bonded to the composite to allow the
dissipation of the electrical charge out to another metal component or static
wick.

Corresponding with EASA Part-66
For training purposes only Cat: B2 13.2-10



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.2 Airframe Structures - General Concepts

Construction Methods of Aeroplanes

Maintenance and repairs to aeroplanes must be done well, fast and at the right lo-
cation. That's why the aeroplane maintenance mechanic must know where the
part to be repatired or replaced is.

When constructing an aeroplane, a distinction is made between the main sections
and the subsections. The main sections are connected to each other in a particular
order in various ways. The main sections of the aeroplane construction as shown
in Figure 10 on page 11 are:

+  the fuselage
+ the wings
+ the landing gears

+ the empennage (consisting of the vertical and horizontal stabilisers, rudder
and elevator)

+ the propulsion systems {(powerplants, also referred to as engines).

Figure 10: Main Sections of an Aircraft

Engines

Fuselage

Landing
Gear

Landing

Tail Surfaces

Wings

Stressed Skin Construction Method

To take the maximum advantage of metal, most aircraft structure is of the stressed
skin. A type of aircraft structure in which all or most of the stresses are carried in
the outside skin. A stressed skin structure has a minimum of internal structure.
There are two types of metal stressed skin: monocogue and semimonccoque.

Monocoque Structure

The name monocoque means single shell, and in a true monocoque structure, all
the strength of the structure is carried in the outside skin. Figure 11 on page 12
shows a view of a monocogque structure. The formers give the structure its shape,
but the thin metal skin riveted to them carries all the flight loads.
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Figure 11: Monocoque Structure Figure 12: Semi-Monocoque Structure
Former
Skin

Stringer

Semi-monocoque Structure

Pure monoceoque structure has the serious drawback that any dent or deforma-
tion will decrease its ability to carry the flight loads. To overcome this limitation,
semimonocoque structure as seen in Figure 12 is widely used. In this type of struc-
ture, formers not only provide the shape, they carry the majority of the flight loads.
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Automatic Flight Fundamentals

Introduction

Early automatic pilots were primarily pilot relief devices, which did little more than
hold the aircraft straight and level. The introduction of transistorized electronics
permitted dramatic changes in the size, weight, and power requirements of auto-
matic pilots. The automatic pilot has grown to become a system that is utilized in
all phases of flight and has, as such, acquired its more modern identification as an
Automatic Flight Control System.

Commercial Aircrafts

The Automatic Flight Control Systems or AFCS, in medern jet transports, are all
uniquely tailored to the specific aircraft, but all share commen features. For exam-
ple, the flight aerodynamics of a MD-11 are different from those of a A380; how-
ever, both aircraft would most tikely require an "attitude hold" mode of operation.
In this case, the attitude hold feature is common to both autopilot designs, but
gains in the two autopticts will differ fo accommodate the differences in the aero-
dynamics of each aircraft. Each AFCS receives attitude and heading signals from
a vertical and directional gyro and has its own rate gyro/accelerometer system to
develop attitude and flight path stabilization signals. The AFCS computers com-
prise an electronic "brain" that receives signals from its "senses" to compute the
proper responses and provides outputs to electric and/or hydraulic actuators that
are then "muscles” which move the aircraft's control surfaces.

Smaller Aircraft

The need for Automatic Flight Control in smaller aircraft has produced autopilots
with varying degrees of complexity; from simple single-axis "wing levelers" in small
single engine aircraft, all the way up to three-axis systems for corporate jet aircraft
that have as many features and functions as those systems found on jet transport
aircraft. Autopilots, from the simple to the complex, have undoubtedly reduced pi-
lot workload and mental fatigue throughout all areas of the flight envelope.

Helicopters

Helicopters are relatively unstable aircraft requiring constant attention of the piiot
even under smooth flight conditions. Helicopters must be controlled from zero for-
ward speed to speeds approaching 200 miles per hour. Additionally, since they
can fly sideways and backwards as well, a completely new design approach was
required.

Figure 1: Various Types of Aircrafts with Autoflight Systems
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Aircraft Axes and Movements
Movements of an aircraft occurs alcng and around the known axes.

X - Axis
Longitudinal axis
Roll axis

Y - Axis
Lateral axis
Pitch axis

Z - Axis
Vertical axis
Yaw axis

Figure 2: Axes

X -
Longitudinal/Roll Axis

Vertical/Yaw Axis
4

Zz Ny
Lateral/Pitch Axis
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Aircraft Movements Figure 3: Movements Pitch
Movements around the aircraft axes are named according following drawing:

Aircraft Nose UP (ANU)
Pitch Angle

Pitch Axis

Pitch Movements
Movements around lateral axis:

Aircraft Nose Down (AND)
. Attitude

. Rate
. Acceleration

Dimension Winkelgrad/s

20
At

Dimension Winkelgrad/s?

Pitch Acceleration = 9" =
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Bank or Roll Movements Figure 4: Movements Roll
Movements around Iengitudinal axis:
Left Bank, Left Wing Down %
s Atftitude \92 Bank
. Rate Angle
*  Acceleration
Rolling
Roll Axis

Right Bank, Right Wing Down

e — &

Roll Rate = 68' = AA—? Dimension : Deg/s

At

Roll Acceleration = 8" = %? Dimension: Deg/s?
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Yaw Movements Figure 5: Movements Yaw

Movements around vertical axis: mN

Yaw Angle

Heading| ‘Y

«  Attitude (Heading)
. Rate
. Acceleration

Left Turn

Right Turn

’
£

/
AW
’

I

At At
. AY : ; .
Yaw Rate = V' = =+ Dimension : Deg/s
AWy
V/j /\x
, At 55 at
H " A\lll H H . 2
Yaw Acceleration = W' = A Dimension: Deg/s
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Integrating and Differentiating Figure 8: Relations between displacement rate and acceleration
are mathematical functions. In graphs the functions are easier understandable.
Integrating [ [
The output is the sum of all inputs. [j [q';] [(;} Relationship & & &
Acceleration > Rate > Displacement
. Lo Rollangle ¢
Differentiating 50+ 10+ 4+ 9
The output is proportional to the rate of change of the input.
Displacement > Rate > Acceleration
31 Angular velocity
around roll axis o
Figure 6: Resistor and Capacitor as Integrator and Differentiator
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Operation Principle of Flight Controls Figure 10: Flight Controls

Primary flight controls
Aileron > steers around Roll axis, causing a heading change Rudders
Elevator > steers around Pitch axis, causing a altitude rate change

Horizontal

Stabilizer \

Rudder > steers around Yaw axis, causing a heading change

Secondary flight controis

Flaps > controls lift and drag

Slats > controls lift and drag

Spoiler > assisting aileron and spoiling of lift

Elevators

Flight manoeuvres Spoilers

The primary flight controls must be deflected to initiate or terminate an attitude
change.

During climb for example the attitude is nose up and the elevators are centered.
To initiate and terminate a climb, the elevators must be shortly deflected.

During heading change the left wing is up or down, the ailerons are nearly cen-
tered. To initiate and terminate a curve, the ailerons must be shortly deflected. The
allerons may be assisted by spoilers and rudder.

Figure 9: Deflections of Flight Control
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During climb the elevator /
stays centered
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Feedback Controls

Feedback controls are widely used in modern automated systems. A feedback
control system consists of five basic components:

1  input

2. process being controlled

3. output

4. sensing elements

5. controller and actuating devices

The input tc the system is the reference value, or set point, for the system output.
This represents the desired operating value of the output. Using in example a heat-
ing system, the input is the desired temperature setting for a rocom. The process
being controlled is the heater. In other feedback systems, the process might be a
steering system or the engines of a aircraft. Also the automobile engine in cruise
control, or any of a variety of other processes to which power is applied. The output
is the variable of the process that is being measured and compared to the input;
in the above example, it is room temperature.

Sensing elements

The sensing elements are the measuring devices used in the feedback loop to
monitor the value of the output variable. In the heating system example, this func-
tion is normally accomplished using a temperature sensor. There are many differ-
ent kinds of sensors used in feedback control systems for automation.

Controller and actuating device

The purpose of the Controller and actuating device in the feedback system is to
compare the measured cutput value with the reference input value and to reduce
the difference between them. In general, the controller and actuator of the system
are the mechanisms by which changes in the process are accomplished to influ-
ence the output variable. These mechanisms are usually designed specifically for
the system and consist of devices such as motors, valves, sclenoid switches, pis-
ton cylinders, gears, power screws, pulley systems, chain drives, and other me-
chanical and electrical components. When the cutput (room temperature) is below
the set point, the controller turns on the heater. When the temperature exceeds the
set point, the heater is turned off.

Hunting and damping

The stability of a control system is determined to a large extent by its response to
a suddenly applied signal, or transient. If such a signal causes the system to over-
correct itself, a phenomenon called hunting may occur in which the system first
overcorrects itself in one direction and then overcorrects itself in the opposite di-
rection. Because hunting is undesirable, measures are usually taken to correct it.

The most common corrective measure is the addition of damping somewhere in
the system Damping slows down system response and avecids excessive over-
shoots or overcorrections. Damping can be in the form of electrical resistance in
an electronic circuit, the application of a brake in a mechanical circuit, or forcing oil
through a small orifice as in shock-absorber damping. Signals proportionally of the
actuating device rate or process rate are also commonly used for dampening.

Figure 11: Control Loop

Controller and Actuating Device

T A |
Controller Process » Output
Sensing |
Feedback Elements
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Control Loops Figure 12: Inner- and Outer Loop
The autopilot represents two different control loops.

Inner loop /ﬁ -

Stabilizes the aircraft attitude around the pitch or roll axis.
Inner Loop
- - - - - - ————-—-- | Feedback
! ! |
| o | Attitude Signal
Outer loop i_' Sensors Processor |
Controls the aircraft in lateral and vertical direction. ' |
(i. e. airspeed, altitude, track, intersception of radio beam etc.) -E————— | —_————— -~
Control
———— | Actuator I
Panel I\Illanufl Control
npu Iy Surface
CQuter Loop
|
' |
| Navigation Signal |
I Sensors Processor i
e |
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Synchronisation

Autopilot not engaged

During the time, when the human pilot steers manually the aircraft, the attitude ref-

erence provides the actual attitude information (2) to the autopilot computer. The

output of the internal summing point is feeded back instead of input (1) to wash out

any builded up signal to the servo.

+  This mode is called synchronisation. The synchronisation is necessary to pre-
vent any jerks of the flight controls at the moment of autopilot engagement.

+  Adisengaged autopilot synchronizes with the actual aircraft attitude, therefore
the autopilot must be always electrically powered and functional operative.

Autopilot engaged

The navigation system and sensors provides a steering command (1) to the auto-
pilot computer. The summing point feeds the steering order (3) to the servo. The
aircraft reaction is sensed by the attitude reference and acts as feedback (2) to the
summing point.

Figure 13: Loop, Autopilot disengaged and engaged
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Terms and Definitions

The following explanations covering the autoflight system are held in a general lev-
el covering mainly commercial airplanes. Detailed instructions are covered in air-
craft type courses.

The therm ,Automatic Flight Control System" (AFCS) is to understand as a com-
plex system. with the purpose to increase the comfort for the passengers, to relief
the pilots routine workload and to increase the stability of the airplane.

Depending of the aircraft model, different devices or integrated into one computer
unit will perform following functions:

Take-off
Today there is no aircraft certificated for an automatic take-off certified. Some
functions like yaw damper, pitch trim, aute trust etc. must or may be activated.

Cruise
The AFCS controls the aircraft around and along all three axes.

Landing
The AFCS lands the aircraft automatically, including align, flare, nose lowering and
roll out.

Roll out
The AFCS steers and maintains the airplane along the runway centerline.

Yaw damper YD

The YD is damping dutch rolling, assisting the lateral steering by turn coordination
and eliminates gusty wind effects close the ground. The electronic controlled ac-
tive rudder compensates every small distortion around the aircrafts yaw axis.

Control wheel steering CWS

With no autopilot engaged. ailerons and elevators are deflected via electro-hy-
draulic servos manually controlied by force sensors installed at the control wheel
and column.

Automatic pitch trim APT
If the elevator is deflected over a longer time, the AFCS trims the heorizontal stabi-
lizer to eliminate the elevator deflection load.

Longitudinal stability augmentation system LSAS

Large aircrafts with reduced size of horizontal stabilizers needing an electronic
controlled active elevator compensating every small distertion around the aircrafts
pitch axis.

Center of gravity control
Controls the center of gravity (CG) within the allowable limits by transferring fuel
from-to regular fuel tanks and tanks located in tail or inside the horizontal stabilizer

Mach pitch trim
With increasing aircraft speed, the outer wing produces more lift. This results in a
nose-down effect. The mach pitch trim counteracts this effect.

Flight director FD

The AFCS calculates ,How to fly* that means the aileron, elevator and rudder com-
mand. This commands are shown at a flight director horizon instrument or EFIS
display. Pilcts has to follow the steering orders to reach and maintain the correct
flight path. The FD can be used to monitor AP reactions.

Mode annunciation
Armed (preselected but momentary not active) and active AFCS operation modes
are displayed at the PFD or a separate flight mode annunciator.

Flight envelope protection

According the aircraft configuration {landing gear, flap, slat, weight and angle of
attack) the AFCS calculates and displays the minimum and maximum operating
airspeeds.

Engine thrust Limit (N1/EPR)

Depending of the environment condition (temperature and air pressure) and the
selected mode of operation, the AFCS calculates the maximum thrust limit. The
limits are displayed and applied to the engine thrust control system.

Auto Throttle AT

The AFCS thrust contro! circuit moves the power levers with a servo motor to get
the desired engine thrust or a signal is directly applied to the electronic engine con-
trol (EEC) without moving the thrust levers. The AT operates in speed or thrust
mode.

Stall warnping

The AFCS triggers the warning if the aerodynamic lift get lost (increasing angle of
attack)

The engine thrust is increased and a safe attitude (aircraft nose down) will be es-
tablished)

Failure monitoring and logging
The AFCS stores failure conditions for analysis and troubleshooting. Tests can be
initiated for maintenance purposes.

Corresponding with EASA Part-66
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Definitions of System Layouts Fail Safe System
Fail safe The crew is part of the monitoring.

The crew is part of the monitoring. When only one sensor of one kind is available (one RA, one ILS)

Redundant Figure 14: Single Channel System

To have extra equipment:

+  flight control computers Aerodyn Feedback

+  calculations F———— |
+  Sensors ! |
. ' .
servos Valid -
»  Autopilot | ﬁ
Sensors S ~|Comp. Channel Act.
ignal

Redundant modes
In these modes the extra equipment is really in use:
«  Take Off . .
- Land Fail Passive System
+  Go Around The system monitor will disconnect a system before a dangerous situation occurs.
All other modes are non redundant. A system becomes fail passive by using:

+ 2 different computers for monitoring
«  multiple channels
+  multiple feedback

Figure 15: Dual Channel System

| Disengage |
| Autoland i
i Comp. Act. _— ]
i Channel 1 {
A
Signals * A *
Sensors [ '|0n Line Comparison —@
valids I_}in }
Autcland J
L] Comp. Act. —
Channel 2
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Fail Operational System Figure 16: Failsafe Tripple Channel System

After a single failure the system continues its operation but degrades to fail pas-
sive.

When you give more redundancy by adding a third or a fourth channel, the auto- On Line I
flight system becomes a fail operational status. This is used in critical modes like | Comparison Sel. I
Take-off, Land and Go-around. | and Disengaging I
I
I
I

. . . Comp. Channell«—! Ty
Triple configuration Nr. 1 ! [ Ac]

Example: Boeing 747, Fokker-100

-
|
Comp. Channel [«
J

Compl\.lrc.:gannel - Act. | —
Figure 17: Failsafe Quadruple Channel System
e l
| P I — ;
Quadruple configuration | croome. - et |- — (=
Example: MD-11, Airbus A320, A330, A340 I

|

[
I
‘I On Line Comparison and I l I
I 7| Automatic Disconnect | System 1 |
1 ‘ |
N Comp. |
| .
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I

I
| || |
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I
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Dual Channel Fail Passive System
One dual channel flight control computer with duplex servo actuators are active.

If a failure occurs system disengages and if available, the second autopilot must

be manually selected.

Figure 18: Dual Channel

Settings and Monitoring by Pilot

Flight Mode
Annunciator | FMA Flight Control Panel FMA
Attitude
Director ADI ADI
Indicator
[ { Sensors Sensors f 1
Dual 1 2
Sensors
\ A d U : U Y
Input * Monitoring
==
» Averaging
‘Flight Control Computer|
* Endaround Tests
Dual Channel Compute
Computer === . Airt_:raft.State
Channel A Channel B Estimation
Output * Control Laws
* Qutput Conversion
| _______ - — "
Duplex I | -Surtface Positioning
| Servos |
Duplex Servos £ | + Servo Position- and
| L —g— - B Rate Feedback
* Surface Position

Control Surfaces

Goatl: - 100% Maonitoring

Control Surfaces

- Hardover Protection, No Transients, No out of Trim
- Single Failure causes Autopilot off

Feedback

Quadruple Channel Fail Operational System

Two dual flight control computers with two duplex servo actuators are active.
If a failure occurs system remains engaged and continues the flight with the
healthy system.

Figure 19: Quadruple Channel

Settings and Monitoring by Pilot

Flight Control Panel
il
Sensors Sensors
1 2
Yy f Y v l
I |
FCC 1 FCC 2
I |
CH. A | CH.B CH. A | CH.B
| |
| |
| |
] | End-
around
A
ey T T Ty - — T T —y— |
| | | Duplex l vo
Servos Position
| - 4& _ ] | [ 4@7 | [
_—— == Average|Position L——— -
* Feed|Back * Surface

it
—100ntrol Surface LH }— —_—— LVDT —_— — A{Control Surface RH Papition

Quadrupple System: - 2 x Dual Channel Computer
- Dual Sensors
- 2 x Duplex Servos
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System Layout Figure 20: Progress of System Layout
Development of autopilot and flight director system in different aircrafts models
1960's-2000 FD AP Speed Auto AP AP Stab.

) _ ] Roll Roll Comm. Thrott. Pitch Pitch Augm. |Analog
Different stand alone system are today integrated today in modern systems. Comp. Comp. Comp. Comp. Comp. Comp. Comp. | DC-8
AP Autopilot
FD Flight Director / / /

AT/SC Aute throttle/Speed Command Computer —
FCC  Flight Control Computer Ping Comp, Ftch Fg(')'::fh Yaw | Analog
TCC  Thrust Control Computer 2 x Comp. 2x Comzp,'( DC-10
FAC Flight Augmentation Computer
FMGC Flight Management Guidance Computer
FMGEC Flight Management Guidance Envelope Computer Digital N
FE - Flight Envelope FG - Flight Guidance Flight B"g';ao'
FM- Flight Management FIDS - Fault Isolation Detection System Guidance )
Computer 5 MD-11
X
Autom. Land.
FCC Arinc TCC Arinc FAC Reiseflug Digital
Computer 220 Computer 425 Computer Autom Land. A310
2 x 2x 2x
FCC Arinc FAC Digital
Computer | Computer F-100
429 A320
FMGECH FMGEC2
Lre| [Fa||_|[FE| [FG]
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Example MD80 Figure 21: Flight Guidance System (MD-80)
The Digital Flight Guidance Computer is a dual channel unit. It receives all neces- o e s A f\|‘=
sary inputs to calculate outputs which are send to all users. ASSUMED TEMPERATURE (51 el
. i 1 - 4 i L & R ANGLE OF ATTACK - .
Flight Guidance Control Panel: Engagement and mode selection of Autopilot, LEADING 182 Fioht Gordance Control Pare
Flight-Director and Auto throttle. VG 1,2 & AUX
+  Flight Mode Annunciator: Displays the preselected and active operational T TeEn 182 T —
mode. N1 ENGINE 182 “er| . Was vERY| 7 |Mode
. . . . . . . t88 300 SEL (5P T A ; "
- Attitude Direction Indicator (ADI) shows deviation of the actual speed against Somace rosions B Annunciato
optimum or preselected speed and Flight Director commands. NOSE GEAR SENSORS DIGITAL -
- . . . - : : MAIN GEAR SENSORS FLIGHT PP ‘f;yl
+  Automatic Reserve Trust increases engine power if one engine fails during WHEEL SPIN UP GUIDANCE 3 N LW
COMPUTER B T
take off. AIRCONDITION ON N
+  EPR Synchrenisation controls both engines to keep identical trust. LCN“ESSOT.CI’;ZE SEEN S Al
+  Auto throttle Servo moves both power levers to reach and maintain the de- ENGINE ANTI - ICE ON o HE g T
. d tI'USt or speed AUTQO RESERVE THRUST ON N
Sire i ) o o . L INST WARN TEST ON FAST-SLOW & F.IGHT DIRECTOR COMMANDS
+  Engine Pressure (EPR) Limit is the limiting parameter for the engine. The limit Nt
depends from outside temperature, bleed air consumption, air pressure and 110, GIA OUIRUT SEGE 2
flight phase. THROTTLE POSITION J
+  Speed Bug shows the selected speed at the airspeed indicator. It also repre- { I ‘ T ‘
sents the auto throttle desired speed. L AT EPR AUTOTHROTTLE \ 1 CENTRAL_AURAI
. . L R . R SOLENCID lmwnwm| | SEAVO DRIVE I | WARNING UNIT
+  Altitude Alert Light and sound reminding the crew to maintain the correct flight Y : T
level. T | :
+  Aileron Servo steers the aircraft around roll (x) axis with ailerons. i ] e
«  Elevator Servo steers the aircraft around pitch (y) axis with elevators. | r
*  Auto Pitch Trim controls stabilizer to eliminate a durable elevator deflection. Ur B
+  Mach Trim counteracts the nose down tendency of the aircraft when flying a
nigh Mach number | | | MR TR SR ER gy
+ Rudder Servo steers around yaw (z) axis at low airspeed with great rudder de-
flections. For roll out guidance, the nose wheel steering system is driven by L —————— % _ A
rudder servo. ' * I
. . . D%AL AILERON CUA, ELEVATOR BUAL RUDDER |
«  Yaw Damper counteracts dutch rolling and performs the turn coordination ;_ ______ _ e L _J
function. . ‘ — '
. "seRvos " ‘ i 1
| Rt/ oY |
| ! ﬁ@ | : |
I .
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Example A320 Figure 22: Flight Guidance System (A320)

The interactive Flight Management and Guidance System (FMGS) provides pre-
dictions of fight time, mileage, speed. economy profiles and altitude. It reduces
cockpit workload, improves efficiency and eliminates many routine operations nor-
mally performed by the pilots.

During cockpit preparation, the pilot inserts a planned route from origin to destina-
tion via the Multifunction Control and Display Units (MCDUs). This route includes
the departure, enroute waypoints, arrival, approach, missed approach and alter-
nate routes as selected from the NAV data base. The system generates optimum

Flight Control Unit

Flight Management

VOR

Autotune DME

vertical and lateral flight profiles and predicted progress along the entire flight path. Guid Svst ILS

Either FMGC performs all operations if one FMGC fails. ILS 1,2 uidance System ADF

The pilot may modify any flight parameter on a short term basis (SPD. VIS, - Navigation Electronic Flight

HDG...and the FMGS will guide the aircraft to the manually selected target. RA1.2 - Performance " [Instrument System
. . . Optimization

The FM part provides following functions: VOR 1.2 - F-PLN Management _ | etectronic rrignt

+  Navigation. i - hcnanag(etdtguidance "| control System

omputation
+  Performance prediction and optimization. DME 1,2 - lnforr':nation Display

+  Flight planning management

+  Managed guidance computation.

+ Information display.

The FG part provides following functions:

+  Autopilot command (AP).

+  Flight director command (FD).

+  Auto thrust command (A/THR).

The Flight Augmentation part provides following functions:
+  Yaw functions.

+  Flight envelope functions.

+  Windshear protegtlon. e on Actaators for
. L.ow energy warning. - Windshear Protection | RudderTrim
- Low Energy Warning Yaw Damper
Rudder Travel
Stats/Flaps
Position
Onboard

Air Data Inertial
Reference Sys.

Digital Engine |

Control

A

Thrust Levers

Landing Gear
Position

- Autopilot Command
- Flight Director Command
- Autothrust Command

- Yaw Damping
- Rudder Trim
- Rudder Limiting

- Flight Envelope

O = TN N M -

»| Maintenance

System
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Example MD-11 Automatic Flight System

The aircraft is equipped with an automatic flight system (AFS). The AFS supplies
automatic flight control and flight crew guidance during the full flight envelope
(from takeoff above 100 feet through ground roll out after landing).

The AFS Provides the following functions:

+ Automatic ILS approach.

Figure 23: Flight Guidance System (MD-11)
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Figure 24: Function Hierarchy (MD-11)
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Autopilot Figure 25: Autopilot operational loop
General
The autopilot represents a closed control loop. The autopilot controls the aircraft Settings Mode Switching
via the associated servos in the right order to fly. r--= AP-Control Panel [ = = = == = =
If the autopilot is not engaged, clutches are open so the pilot has to control the M l
plane. Then the autapilot is synchronizing during this time the output of the servos Attitude
to zero, so the autopilot can be engaged at any time with no jerking aircraft move- :’fﬁf'"g
ments. s ' uc:je R Autopilot
. . . ) . | LOF:IGGP Computer
The aircraft response is sensed by different sensors and applied as response in- VOR
formation back to the autopilot. Radio Altitude
The pilot task are: A;’Cfﬁesp:?nse
+  Moede selection and switching riormation Mode
«  Setting of different navigation parameter like speeds, altitude, Al
radio frequencies.
+  Selection of aircraft configurations such as flaps, slats, landing gear, trim. onim o ‘S:;'\;O) ol
Clutches Lr‘ |_|_' |_|_,
N 7
A/C Response to Flight $ Manual | ]
Controf System ~ Tinput Pilot
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Control Panel

Figure 26: Various Autopilot Control Panels 1/2
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Boeing 747
Triple autopilot system

MD-11
LCual autopilot system
Each autopilot has two channels

Airbus A320, 330, 340
Dual autopilot system
Each autopilot has two channels

Figure 27: Various Autopilot Control Panels 2/2
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Flight Mode Annunciation Figure 29: Primary Flight Display

The autothrottle/autothrust, autopilot and flight director operational modes are dis-
played at the specified flight mode annunciator or integrated in the primary flight
display. —-i 1. Column: - Autothrust Operation

—| 2. Column: - AP/FD Vertical modes
—{ 3. Column: - AP/FD Lateral modes
—| 4 Column: - Approach Capabilities DH or MDA |

Figure 28: Flight Mode Anunciator
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1

ﬂ @Y FMA Color Symbol Logic
E 5 D S E L S P D o - W h Green (G) - Engaged active modes.

2 Blue (B) - Armed modes.
Red (R) - First priority caution messages.
Throttle Mode Armed Rol! Pitch Mode Amber (A) - Caution messages.
White (W) - AP/FD/A/THR engage status,
Mode (S) Mode Approach capabﬁi‘lis. ¢
Magenta (M) - ALT mode when armed for F-PLN
\ altitude constraint only.
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Actuators

Servos vary in complexity with the size of the aircraft in which they are installed,
and with the aerodynamic forces they must control.

Pneumatic Servo

The simplest servo is pneumatic and uses a diaphragm moved by either suction
or a positive air pressure from the gyro pickoff. This diaphragm is attached to the
control cable by a clamp and it pulls on the cable at the command of the autopilot,

Electric Servo Actuators

Electric servos may use either a reversible DC or AC motor driving a capstan
through a reduction gear. If the autopilot is engaged, the servo motor gear train is
mechanically clutched to the control cables which connect the cockpit control to
the control surface actuator. The clutch is cperated by an electric solenoid. The
servo motor drives a tachometer generator to provide inverse feedback to the am-
plifier for speed limiting and smoothing.

A sine winding follow-up synchro is driven by the servo motor to a nult prior to en-
gaging the autopilot. The null results because there is no command signal to the
amplifier while the autopilot is disengaged.

if the autopilot computer determines that the control surface should be moved up,
the computed command calls for control surface movement up. The signal from
the follow-up synchro is of a phase opposite to that of the computed command.
Therefore, control surface mavement will stop when the follow-up signal equals
the computed command.

Figure 30: Vacuum driven servo
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Figure 31: Electric motor driven servo
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Rudder Servo Yaw Damper Servo
This actuator rotates the cable drum. For system redundancy motors are used. This actuator moves the output rod in linear direction. The input to the rudder sys-
The actuator operates in parallel mode. The rudder pedals are moving with rudder tem is in serie mode. No movements at the rudder pedals are existent. The rudder
movements. The deflection of the rudder is +/- 25°. deflection is +/- 3-6°.
Figure 32: Servo rotary type Figure 33: Servo linear type
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Hydraulic Servo

The next figure illustrates a hydraulic power unit which can be operated directly by
the autepilot. The servo amplifier has a low power output on the order of 100 mil-
livolts or 8 mA.

The transfer valve is an electrically controlled hydraulic valve which operates a pis-
ton assembly called the autopilot actuator, which in turn cperates the main control
valve for the actuating cylinder.

The amount of movement of the autopilot actuator is indicated by the output of the
linear variable differential transformer, abbreviated LVDT. An LVDT is a cylindrical
E-pickoff. This becomes the follow-up signal to the computed command.

The control surface position may also be used as a follow-up signal. Direct opera-
tion of the hydraulic power unit by the autopilot has two main advantages. One is
the very low power computer output. The other is that control is effected directly at
the hydraulic power unit, bypassing cable slack, stretch and drag. The control is
therefore more sensitive and more accurate.

Figure 34: Hydraulic Servo
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Manual input from the cockpit

The cockpit control cables move the quadrant at the top of the drawing. Assume
that it rotates clockwise. As it turns, it moves the arm attached to it to the left. That
moves the autopilot actuator to the left, compressing the left springs. This is of no
conseqguence since the autopilot is not engaged. The long lower arm then pivots
around the ball at its lower end.

As the top end of the long lower arm moves to the left, it moves the control valve
to the left. This connects the left side of the main actuator piston to pressure. The
right side of the main actuator piston is, at the same time, connected to return.

The main actuater piston then moves to the right, carrying the bottom end of the
long arm to the right, and moving the contro! valve back toward its neutral, or shut-
off position. The main actuator piston will move the control surface until the control
valve has closed off its ports.

Further movement of the cockpit control in the same direction would again move
the contral valve to the left, causing the main actuator piston to move to the right
untit the control valve is once again shut off. The amount of control surface move-
ment is a function of the amount of movement of the cockpit control. The direction
of control surface movement is a function of the direction of cockpit control move-
ment.

Autopilot input

The autopilot is capable of performing the same operation. If the transfer valve has
a signal, the black verticai spcol on the right moves in one direction or the other.
Hydraulic system pressure is then ported to the right side of the autopilot actuator,
and return is ported to the left. As Ieng as the transfer valve ports remain open, the
autopilot actuator continues to move to the left.

As it moves to the left, however, it develops a follow-up signal in the autopilot
LVDT This will cause the transfer valve signal to become null when the computed
command has been equaled by the follow-up signal.

As the autopilot actuator moves to the left, rotating the quadrant tc which the ca-
bles are attached, and moving the associated cockpit control. This could be either
the control wheel rotating for aileron movement, or the control column moving for
elevator movement.

The amount of movement developed in the autopilot actuator determines how far
the control surface moves. When the control surface moves, an aerodynamic fol-
low-up signal shows up in the autopilot as a changed attitude signal.

Figure 35: Hydraulic Actuator
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Transfer Valve Figure 36: Electro Hydraulic Transfer Valve

If the "C" core is magnetized by a signal to the electric coil, it can move the perma-
nent magnet armature up or down about its pivot point. Hydraulic fluid comes in at
the lower right, passes through the flex tube and splits across the pointed divider \\\\\\\\\\\\\\\\\ AN Pivot Point
just under the flex tube. This fluid flows all the time that the autopilot is engaged.

If there is no electric signal to the ccil, the flex tube is spring-loaded to the neutral Electric Coil
position. In this position, the combination spool valve, against whose ends the hy- ™
draulic flow is directed, sees equal pressures at both ends. It, therefore, takes up

the neutral position. In this position, both of the control ports are closed off by the

spool valve.

- Armature

- Feed Pipe

If the autopilot develops a command signal cailing for control surface movement,
the first action is the electrical signal in the coil windings polarizing the core, caus-
ing the permanent magnet to rotate slightly in one direction or the other.

If the signal develops a north pole at the top and a south pole at the bottom of the Flex Tube —] \ \\

/// L

core ends, the permanent magnet will rotate slightly counter clockwise, moving the

bottom of the flex tube to the right. That causes greater pressure at the right end X

of the spool valve than at the left end. The spool will therefore move toward the Feedback __ N

ieft. It moves to the left until the force from the feedback springs is sufficient to Springs N ﬁ\ Spool
bring the flex tube back almost to the neutral position. NN 4 N Valve
A stronger signal from the autopilot would cause a greater movement of the spool \\\\\\ N N -\_\\:\\il §J

to the left in order to develop a greater force from the feedback spring to overcome C | ‘, Control

the greater magnetic force on the permanent magnet. With the spool moved to the ontro ontro "

left, the right control port is connected to hydraulic pressure, and the left control ’ Supply Pressure

port is connected to return, moving the autopilot actuator. If the electrical signal is Return
of the opposite polarity, the spool will move right instead of left, reversing the hy-
draulic connections to the control ports.
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Rudder Power Control Unit
Example 747

Figure 37: Rudder Actuator {Hydraulic)
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Serie - Parallel Mode

The mechanical output of autopilot servos are applied in two different manners to
the flight control system:

Figure 38: Serie - Mode

) Summing
+  Serie Mode Link
+  Parallel Mode.
_ , ‘ Input Actuator
Following example is shown for the rudder function. from Pedals
Serie Mode
The Yaw Damper servo movement is added (in serie) to the input from the pedals.
There is no feedback to the pedals feelable. The rudder deflections are small.
(up to +/-6°) YAW
This mode is used for yaw damper function during cruise. Damper
Servo
Parallel Mode Figure 39: Parallel Mode
In critical modes like Take-off, Land, Go-around and Engine-failure, the servo
movement is directly (parallel) applied to the pedal input. The pedals will move ac- .
cordingly. The rudder deflection authority can be large. {(up to 25°) FL'_"e‘:’
n
This mode is active during take-off, approach, landing and go-around. Input < Actuator Rudder
to Pedals
YAW
Damper
Servo
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Orrfizgfzr;lrl:r?gv;lurposes onelly Cat;: B2 13.3-31



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.3 Autoflight (ATA 22)

Control Wheel Steering

Force sensors are installed in the mechanical steering links or directly inside the
control wheel hub. If the pilot is manually steering, sensors takes the applied force
from the control wheel to the autopilot computer. The output is electrically send to
the servo actuator The movement of the control surface is mechanically feed back
to the control column and wheel.

The control wheel steering provides lateral and vertical stability through electronic
control of ailerons and elevators when the AP is not engaged.

With no force on the control wheel the aircraft holds the current attitude. Forces on
the control wheel command an aircraft roll and pitch rate proportional to the ap-
plied force so that when the force is removed from the contrcl wheel the aircraft
holds the new attitude. This simplifies the steering of the airplane and is also a pro-
tection against excessive steering commands by the pilots.

CWS is available when the flight control computer is operational but not engaged.

Figure 40: System Layout
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Figure 41: Force Tranducer (E - Pick-off Transformer Type)
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Figure 42: Force Transducer (Piezo-Resistive Type)
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Fly By Wire Figure 44: Aircraft Control Characteristic

Sidesticks are used to fly the aircraft in pitch and roll. The pilot inputs are interpret-
ed by the computers and move the flight controls as necessary to achieve the de- Sidestick released
sired flight path. However, regardless of the pilot's input the computers will prevent Sidestick pushed
excessive manoeuvres and exceeding of the safe flight envelope. The flight con- . .
trol surfaces are all electrically controlled and hydraulically actuated. One of the Sidestick released g
advantages of fly by wire is that the aircraft is simpler to fly than a conventional g 3
aircraft.

Sidestick pulled

if the sidestick is centered the aircraft will maintain its attitude. Deflection of the Sidestick released
sidestick represents a pitch or roll attitude change with a predetermined rate. g

The autopilot will provide the commands directly in to the flight control computers
of the fly by wire system instead of the side stick signal.

Figure 43: System Layout .
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Operational Modes Figure 46: Take Off situation
Take Off - Thrust Reduction Altitude
This is the mode in which the system powers-up on the ground. In the take-off //
mode the auto flight system gives steering signals for the ground roll, rotation, ~ 7
lift-off and climb-out segments cf the take-off. N
'~\ A/P Engaged

Aircraft on the ground and up to 35 - 100 feet of radio altitude:
The AFS gives flight director commands only.

Above 35 - 100 feet:
it is allowed to engage the autopilot.

Figure 45: Take Off Run

To Mode Selected

Power Levers with TO/GA Triggers

Activated on the ground:

- Take-off mode engaged.

- ATS engaged when armed
and selects take-off thrust,

- AP disengaged.

+  V; Decision Speed
* Vg Rotation Speed
+  V, Take Off Safety Speed
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Take off

The autopilot can be engaged after lift off

The pitch attitude is controlled to reach and maintain take off reference speed
V, +10 Kts and wings level or heading hold.

Pitch control

The take off reference speed can be determined according aircraft weight, ambi-
ent temperature and airport elevation with tables specified in the aircraft operators
manual or booklet.

The modern solution is the automatic determination of the automated computation
of the alfa speed ¢ with the help of the computer.
Roll control

After lift off the autopilot steers for wings ievel, after reaching a safe height the air-
plane is controlled to steer heading held. After selection by the pilct the mode is
changed to heading select or navigation.

Yaw control

In take-off the rudder channel stabilizes the airplane around the yaw axis. If one
engine fails, the rudder immediate deflects to compensate the asymmetric thrust.

Go around

After a missed approach, an automatic go around can be initiated. For pitch control
the angle of attack speed o + a safe margin of 10 kts is applied. The roll control
is identical of take off.

Figure 47: Pitch Control

Speed on Pitch
Acceleration ALT
FD Commands

V2+10 Thrust red. ALT
VREF = V2+1 0

AP cmd.

Rotation + Acceleration to V,+10

Figure 48: Control Loop
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Landing

This mode provides the capture and track of the ILS beam (LOC and GLIDE) and
ensures the following functions: alignment, flare and roll out.

This mode is available for AP and FD. It enables landings to be performed in
CAT2/ CAT3 operation. Therefore, the selection of the LAND mode authorizes the
engagement of a second AP.

The arming of the LAND mode enables the LOC and GLIDE modes to be armed
on the lateral and longitudinal axes. When the aircraft is stabilized on the LOC and
GLIDE beams: the AP/ FD guides the aircraft along the ILS beam to 30 ft. At this
altitude, the LAND mode provides the alignment on the runway center line on the
yaw axis and flare on the pitch axis.

The ROLLOUT submode is engaged at touch down and provides guidance on the
runway center line. As the LAND mode is latched below 400 ft. it can be deactivat-
ed only by engaging the GO AROUND mode. Actions on the FCU are no longer
taken into account.

Figure 49:

Figure 50: Before Touch Down
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Approach and Landing Figure 51: Automatic Landing Sequence
+  CAPTURE PHASE - This phase is when the aircraft captures the localizer or

glideslope beams for guidance during an automatic landing. The localizer and ILS Beam Center

glideslope beams supply the guidance references to keep the aircraft on an

optimum flight path. S
. LOCALIZER CAPTURE is smooth and stable at ranges from four nautica! Land Mode <~ =

miles up to 40 nautical miles from the runway threshold and at airspeeds up Arm Localizer

to 1.5 Vs (Minimum steady-flight speed). The localizer beam is captured at Glideslope

any intercept angle up to 90 degrees from the selected runway heading. This LOC Capture P

is done from either side of the beam.

+  GLIDESLOPE CAPTURE is done within the performance limits from above or
below the glideslcpe centerline. This is done at any intercept angle up to plus
or minus three degrees. The capture is smooth and does not overshoot the LOC Track & GS Capture
beam center.

+ ALIGN PHASE - The align mode is engaged automatically at 150 feet radio
altitude. The autopilot commands an align manuever to bring the aircraft

heading to the runway heading. S!ign (Cat It"()C o
1Isconnec a

+ FLARE PHASE - The flare mode is engaged automatically at about 50 feet N e
radio altitude. The autopilot commands a flare path and the auto throttles con- Flare
trol to reduce thrust to the idle stop. Autothrottle retard is engaged at approx- S e~
imately the same point as autopilot flare, but is independent of the autopilot Touch Down v°
engage status. All changes in the rate of descent are smocth. When the flare Roll Out ‘\\
mode is engaged a nose-up control column motion is supplied by the autopi-
lot.

+  NOSE LOWERING - Nose lowering is initiated immediately after touchdown
of the main landing gear The autopilot decreases the current nose up attitude
at main landing gear touchdown to a minimum pitch rate of two degrees per
second. After the nose gear has touched down the autopilot continuously
sends a nose down command (to make sure there is always firm contact with
the runway) during the landing rollout phase.

+ ROLLOUT - The AFS supplies a ground rollout mode which controls the air-
craft to stay on the runway centerline.

Redundancy
Upgrade
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Automatic Landing Categories

Landing in low visibility is perhaps one of the most exciting ways to operate an air-
craft but is certainly the most demanding. Such progress in civil aviation was made
possible by huge improvements in aircraft control systems over the last 30 years
coupled with stringent requirements for airfield equipment and crew qualification.
In Category |lI, pilots see the runway lights only a few seconds (about 5 secends)
before touch down, therefore there is no margin for error. The basis for Category
1711l operations, such as aircraft certification or airtine operational demonstration,
ensures a high level of safety. Moreover, approach success rate in actual in-line
services is now nearly 100%.

A Brief History

The 9th of January, 1969, an Air Inter Caravelle became the first aircraft in the his-
tory of civil aviation to land in actual Category Ill A conditions during a commercial
flight (Lyon-Paris). This approval was the direct result of successful flight tests
made since 1962.

Figure 52: Auto Land Categories

DH = Decision Height (Feet)

Since then, many aircraft were granted approval for Category Il A, such as the Tn-
dent, the B747 (1971) or the Concorde (1975). In 1974, the A300 was certified for
Category lll B, followed by the A310 (1983) and also the A300-600 (1884). Fail-
operaticnal automatic landing was first used for these type of operations, butit was
found useful to develop fail-passive capability in order to satisfy airline requests.
Currently, Airbus industrie Aircraft are certified both with fail-passive (limited to DH
=50 ft.) and fail-operational landing systems.

Economic Aspects

CAT I/l equipment represents a significant cost for an airline. However, it is the
only way to keep in-line services during the whole year without any diversion.
Weather conditions mainly depend on the airfield location, nevertheless actual
CAT Hl or CAT IIf conditions may occur at any airfield during scme periods of the
year Diversions are expensive for an airline: directly by passenger compensation
costs but also by the resulting bad 'image' For these reasons, getting operational
approval for CAT Il and CAT Ill approaches may be considered as a necessary
step in the evolution of a madern airline.

Flare Touch Down Complete Stop

RVR = Runway Visibility Range (Meter)
DH>200
RVR:=>300
CAT | DH 200-100
RVR 300 DH<100
CAT I <
RVR 200 DH<50
CATII A RVR 75-200
CATIIB

DH and RVR = zero

! CATIIC

141 L
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Decision Height and Alert Height

In CAT IVCAT Il regulations, two different heights are defined:
«  Decision Height (DH)

*  Alert Height (AH).

Decision Height Definition

Decision height is the wheel height above the runway elevation by which go
around must be initiated unless adequate visual reference has been established
and the aircraft position and approach path have been assessed as satisfactory to
continue the approach and landing in safety.

A pilct may not continue the approach below DH unless a visual reference contain-
ing not less than a 3 light segment of the centre line of the approach lights or run-
way centre line or touchdown zone lights or runway edge lights is obtained.

Alert Height Deftition

An Alert Height is a height above the runway based on the characteristics of the
aircraft and its fail-operational automatic landing system, above which a Category
Il approach would be discontinued and a missed approach initiated if a failure oc-
curred in one of the redundant parts of the automatic landing system, or in the rel-
evant ground equipment.

It is generally stated that if a failure occurred below the Alert Height. it would be
ignored and the approach continued

Decision Height and Alert Height Concept

Decision height is a specified point in space at which a pilot must make an opera-

tional decision. The pilot must decide if the visual references, adequate to safely

continue the approach, have been established:

« Ifthe visual references have not been established, a go around must be exe-
cuted.

+ If the visual references have been established. the approach can be contin-
ued. However, the pilot may always decide to execute a go around if sudden
degradations in the visual references or a sudden flight path deviation occur.

Runway Visual Range

Runway Visual Range (RVR) is the range over which a pilot of an aircraft on the
center line of the runway can see the runway surface markings or the lights delin-
eating the runway or identifying its center line (ICAQO).

Fail-Passive Automatic Landing System

An automatic landing system is fail-passive if, in the event of a failure, there is no
significant out of trim condition or deviation of flight path or attitude but the landing
is not completed automatically. For a fail-passive automatic landing system the pi-
lot assumes control of the aircraft after a failure.

On Airbus Industrie aircraft since the A320, fail-passive capability is announced by
the display of CAT 3 SINGLE on the PFD.

Fail-Operational Automatic Landing System

An automatic landing system is fail-cperaticnal if, in the event of a failure below
alert height, the approach, the flare and landing can be completed by the remain-
ing part of the automatic system. in the event of failure, the automatic landing sys-
tem wifl operate as a fail-passive system.

On Airbus Industrie aircraft since the A320, fail-operational capability is an-
nounced by the display of CAT 3 DUAL an the PFD.

Table 1: Categories

Landing RVR (Meter) DH (feet)
Category

CATII 300 100 - 200
CATIII A 200 <100
CATINB 75 - 200 0-50
CATIIC zZero Zero
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Automatic Landing

The automatic approach contains different phases of operation in all 3 axes pitch,
roll and yaw.

Flare: the vertical speed will be reduced, acceptable for the landing.

Align: the aircraft's heading must be identical with the runway’s heading.
Roll-out: the aircraft is steered along the centerline of the runway with the help of
localizer signal.

Figure 53: Approach

~ 1500 ft
~ 150 ft
LOC/GS Track Align Flare Roll-out
_ Autoland engaged

-] .

Figure 54: Pitch Control

GS DEV

Manual Input

GS-Track
trol _|_4;.———
Hg —| Contro : Toe Ce _|Inner Loop 553 Elev. | &
He Flare _I_I:—— Contr. Law Servo I
A —»| Control f |
H

Main Wheel Spin-up

Figure 55: Roll Control
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Go-Around Figure 56: Missed Approach Go Around

In the go-around mode the autoflight system gives pitch, roll, and thrust steering
signals to control the aircraft on a safe climb-out from an unsuccessful approach.

) \6"1\ ILS Beam Center
There are switches on the thrust levers to select the go-around mode. The GA se- \:;:%‘\
lection automatically engages the ATS, selects HDG hold mode on, and a safe e S
speed in the speed display.

Localizer
On other aircraft types the throttles must be manually moved to fully forward posi-

tion. The Go-around thrust will be demanded from the engine and automatically a
positive safe climb is initiated. The wings are leveled and at a safe altitude heading

Glideslope
hold or heading select mode is initiated.

Go-Around
Selected

Power Levers with TO/GA Trigger

Activated in flight:

- go-around mode engaged

- ATS selects go-around thrust
- AP remains engaged

Corresponding with EASA Part-66
For training purposes only Cat: B2 13.3 - 41



Basic Maintenance Module 13 Aircraft Structures and Systems
Training Manual 13.3 Autoflight (ATA 22)

Heading Hold Figure 57: Heading Hold and Heading Select Mode

In the heading hold mode the autopilot makes steering signals to hold the air- Heading
craft's existing heading. When the crew selects the HDG hold mode while the air-
craftis in a roll, the AFCS first levels the aircraft off. The heading hold mode is the HDG Hold Select
basic roll mode.
Heading Select
In the heading select mode the AFCS controls the aircraft to capture and hold the
heading which the crew sefects on the flight mode panel.
N
Hold
Pull : Select
Turn : (Pre) select value
in window
. Selected
Intercept New Heading Heading
Heading Preselect Heading Select
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Altitude Hold

In the altitude hold mode the auto flight system makes steering signals to level the
aircraft off and it then holds the altitude at which the aircraft was flying when the N
altitude hold mode was initiated by pressing the selector knob momentary in. h

Figure 58: Altitude Hold and Altitude Select Mode

Hold Altitude
Altitude Hold Select <
/
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e

Altitude Select ALT

The auto flight system makes steering signals to level the aircraft off at a prese- ||l|

lected altitude and then it holds the altitude. The aircraft was climbing or descend-

PUSH : Altitude hold engage
ing with a preselected vertical speed or in the level change mode. ’ TURN : Preselect Altitude

@ PULL : Altitude select engage

N Level change or vertical
N speed mode

. Altitude Track
Altitude Capture Preselected Altitude

Level change or vertical
s speed mode
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7
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Level Change

The level change mode is a combination of an speed mode and a thrust mode
(when AT is engaged). With this combination AFCS flies the aircraft from an old
flight level to a new preselected altitude. in the level change mode the AFCS
makes steering signals to control the speed of the aircraft with the elevator (IAS or
M select mode). Auto throttle controls the engines to the upper limit in level change
climb or the lower limit in descent. The vertical speed in this mode depends on air-
craft weight etc. The AFCS stays in the level change mode until the aircraft is at
the preselected altitude and then it goes to altitude capture/hold.

Vertical Speed Select

You select the vertical speed mode with the VS selector. The read-out shows the
current vertical speed on the display and selects the VS mode. Rotating the knob
update the display and the AFCAS adjusts the vertical speed of the aircraft to the
displayed value.

Figure 59: Level Change and Vertical Speed Select Mode
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Flight Path Angle Select

Figure 60: Flight Path Vector

This mode allows a preselecticn of a desired climb- or descent- path angle. The

aircraft is guided along the desired flight path.

The selector is combined for:

»  Vertical speed selection (4 digits in the read-cut are shown ending with ¢co)
»  Flight path angle selection (2 digits are shown with a decimal point in be-

tween)

o = Angle of attack

B = Flight path vector angle
tg B = vertical speed / groundspeed

a + B = Pitch angle

Pitch Axis

Flightpath
Vector
Vertical
Speed

! Ground
e = Spoes
o = Angle of Attack
B = Flight Path Angle

Figure 61: VS / FPA Selector
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Vertical Speed Flight Path Angle
Select Select

Vertical Speed / Flight Path Angle
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Lateral Navigation

In the navigation mode the flight management computer gives steering signals to
the flight control computers to control the heading of the aircraft.

Profile Navigation

Profile mode. In the profile mode the FMS gives vertical steering and thrust com-
mands to the flight control computers. The flight management system does all the
altitude changes, altitude captures, and altitude holds when the AFCS is in the pro-
file mode.

Figure 62: Lateral

YYY

XXX

ZZ2Z

Horizontal steering from flight management system

Figure 63: Profile

Thrust and vertical steering
from flight management system
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VOR or LOC Figure 64: VOR

in the VOR or localizer mode the flight control computers use VOR or LOC signais
to make roll steering signals.
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Figure 65: LOC
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Pitch Trim Figure 66: Lift, Weight and Center Of Gravity

Function L

The horizontal stabilizer is automatically positioned to off-load any steady state el-
evator deflections of more than 3 seconds. The trim rate is varied with airspeed
and altitude to provide best performance for all flight conditions.

Automatic pitch trim (APT) function is contained in auto flight system.

Center of Gravity Point of Lift

Out-of-trim conditions that could result in unacceptable trim function causes to dis-
engage and are annunciated to the flight crew.

Aircraft flies in stable condition
The Lift A + the Weight G + the negative Lift S = Zero
Axly=Sxlg

Lift attachment moved backward

Induced by increased lift of the wing tips at high speed flight.

+  The aircraft lowers the nose.

+  Correction with horizental stabilizer toward aircraft nose up direction (ANU).

Center of gravity moved backward
Due of fuel usage of the inner tanks.
«  The aircraft rises the nose.

. Correction with horizontal stabilizer toward aircraft nose down direction
(AND).
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Automatic Stabilizer Trim System

The motor on the right drives a jackscrew whose nut is attached to the forward spar
of the stabilizer. The stabilizer is pivoted on the aft spar. Turning the jackscrew one
way or the other raises or lowers the nose of the stabilizer. The motor itself could
be hydraulically operated and electrically controlled, or it could be a threephase
electric motor. Shown is a DC electric motor.

There are always at least two stabilizer motors, and usually, both can drive into the
same differential gear box. If both are driving, the rate of operation is greater than
that of only one motor. If there are two electric motors, one is typically smaller and
drives through a lower ratio gear train for slow speed operation. There might be
one hydraulic motor used for the fast operation, and an electric motor used for the
slow operation. Fast is used during takeoff and approach, and slow is used for
cruise. The slow operation is used by the autopilot system.

On the outboard horns of the cockpit control wheels are two switches mounted
close together which can be operated by one thumb.

Generally, the manual operation of the stabilizer trim system by the pilot discon-
nects his autopilot. The reasoning behind this arrangement is that, if the pilot
needs to trim the stabilizer, the autopilot is not doing its job correctly. Operation of
either the captain's or first officer's wheel trim switches operates a pricrity relay
which disconnects from the motor any signals that might be generated by the au-
tomatic stabilizer trim coupler. The trim coupler is part of the automatic flight guid-
ance system,

The basic control signal for automatic stabilizer trim is the elevator position. If the
level detectors see an elevator too far away from the faired position for several
seconds, one of them will operate the servo motor to trim the stabilizer up or down
as needed. When the elevators get close enough to the faired position, the level
detectors stop their operation of the servo motor.

An airspeed function usually controls the sensitivity of the level detectors. At cruise
speeds, ifthe elevator is held perhaps as little as 114" away from the faired position,
the stabilizer trim system operates. At approach or takeoff speeds, automatic sta-
bilizer trimming is not initiated unless the elevater is held much farther away from
the faired position.

Figure 67: System
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Pitch Trim Functions Figure 68: Functions

«  Electric trim This basic function provides pitch axis stabilizing and enables

loads apphed to the control column in manual flight to be overridden by means Flight Augmentation

of the pitch trim control switches located on the control wheels. Pitch Trim

«  Automatic trim or autotrim Without any action on the pitch trim control ON/OFF _| pitch Trim =|| Flectric | )
switch, permanently stabilizes the pitch axis and overcomes out-of-trim con- o o e Pitch

i - Electric Trim Control i Trim

ditions o - Automatic Trim Valves Wheel

+  Mach/Speed Trim compensates aerodynamic pitch down tendency at high Trim |- Mach/Speed Trim Hvdr Horizontal
Mach number or speed. /;@ ) - AlphaTrim Motors™ S(t).':lbziloirz]er

+  Alpha trim (angle of attack trim) applies forward trim to improve aircraft re- s

sistance to stall at high angle of attack.

Figure 69: Trim Threshold

Elevator
. . . (Degrees)

Automatic Pitch Trim Threshold 11
When the system is engaged it provides automatic pitch trim. The horizontal sta-
bilizer automatically moves to trim out steady state elevator commands. If elevator 0.9
position exceeds threshold during more than 3 seconds the trim coupler will trim Trim Threshold
horizontal stabilizer until elevator position is 10% below the threshold. 0.7
Out of trim condition is met if the elevator position exceeds 3 times the trim thresh-
old. This causes a warning to the pilots. 0.5

0.3

0.1
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Airspeed (KTS)
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Yaw Damping

Introduction

Many of the high-speed jet aircraft with swept-back wings have the undesirable
problem of Dutch Roll flight characteristics. This is an oscillatory flight condition
that can be very uncomfortable for the passengers and, to counteract it, these air-
craft are equipped with yaw dampers.

A rate gyro senses the rate of yaw of the aircraft and sends a signal to the rudder
servo that provides just exactly the correct amount of rudder deflection to cancel
the Dutch Roll before it gets enough amplitude to be disturbing.

The yaw damper system provides the following functions:
+  Dutch roll damping

+  Turn coordination in low speed manual flight to reduce the sideslip induced by
the turn.

+  Engine failure compensation. A command is generated to the rudder to coun-
teract sideslip during the transient induced by a engine failure.

The block diagram shows a yaw damper. The ccmplete rudder channel may or
may not perform other functions, but this is its most important one. The dutch roll
is only dampened, it is not eliminated.

In the signal source on the left of the block diagram, yaw rate or yaw acceleration
is called out. This signal is typically supplied by the inertial reference system, a
yaw rate gyro or yaw accelerometers.

The shaper/processor accomplishes whatever is necessary in the way of conver-
sion, smoothing, dampening, limiting, and gain control. Its output goes to the dutch
roll filter.

The dutch roll filter attenuates all signals which are not at the frequency of the
dutch roll. Its output is a continuously changing command for left rudder, then right
rudder, then back to left rudder and so on.

The servo amplifier amplifies this signal as required to control the servo and oper-
ate the rudder the correct amount to eliminate most of the dutch roll.

The small amount of dutch roll that is not eliminated is represented with a dashed
line coupling the airplane to the signal source.

Figure 70: Dutch Rolling
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Figure 71: Block Diagramm
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Yaw Damper Figure 73: Rudder Functions

The yaw rate gyro senses the oscillations around the yaw (Z) axis. The oscillation
frequency named "Dutch Roll" is about 0.25 Hz. The air data computer provides
the computed airspeed for gain programming to the yaw damper computer. At high
CAS the correction is smoother than at low CAS. Yaw Damper

The Y/D servo output is applied to the rudder actuator to control the rudder. The
steering signal will nct be feel able at the pilots pedal input.

- Dutch Roll Damping
-Turn Coordination
Figure 72: Control Loop - Engine Fail. Comp. Assist. —»
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Signals

The left figure illustrates an airplane flight path beginning at the left with a straight
path. It soon changes to a constant rate of turn to the right. Near the end it resumes
a straight path.

The rate gyro output represents the 400 Hertz synchro signal developed by the
rate gyro during this flight path. When the airplane is flying straight ahead there is
no output from the synchro. During the time it is making a constant rate of turn, the
output is of a particular phase with a constant amplitude.

The DC graph shows the demodulated and filtered output of a dutch roll filter. Only
during the time that the rate of turn is changing is there an output from the dutch
roll filter.

The right figure shows the flight path and the changing turns that occur during a
dutch roll. In a dutch roll manceuvre the rate of turn is constantly changing. Since
the rate of turn is constantly changing, the output of the rate gyro is constantly
changing.

The DC graph is the dutch roll filter output resulting from the rate gyro input. The
DC polarities are greatest when the rate of turn is greatest, and reverse when the
direction of turn (phase of gyro signal) reverses.

The dutch roll filter is a narrow band pass filter designed to pass only signals which
change at the frequency of the dutch roll, which range from 1/5 Hz to 1/3 Hz. The
rate gyro produces outputs for all turns, but only those related to dutch roll will ap-
pear at the input to the servo amplifier driving the rudder servo motor.

Figure 74: Dutch Roll detected by Yaw Rate Signals
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Figure 75: Yaw Damper Dutch Roll dampening Function
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Stability Augmentation Systems in Helicopters

Stability and control are among the most important aspects in the design and anal-
ysis of rotary wing aircraft. It is interesting to note that no civil fixed wing transport
aircraft with inherent static instabilities, has ever received fight certification. Heli-
copters on the other hand. routinely receive light certification despite being natu-
rally unstable. The deciencies in the helicopter's stability and control
characteristics have become an acceptable part of the vehicle over the years pro-
viding that a good Automatic Stabilisation Equipment (ASE) or Stability Augmen-
tation System (SAS) is installed.

When a helicopter operates at hover or low speed (up to approximately 45 knots),
it exhibits poor handling qualities and is difficult to fly. Interactions between the log-
itudinal and lateral axes, coupling of the control inputs, and inherent low frequency
instabilities are undesirable characteristics typical of a helicopter when flying at low
speeds. As most unaugmented helicopter will not meet the handling quality spec-
ifications, Stability Augmentation System (SAS) is necessary to improve handling
qualities so that safe operation close to the ground in poor weather conditions and/
or at night is possible.

The correction movements are mostly relative fast and small (constant regulation).
There is no correction movement feedback to steering column.

® These days, stability augmentation is a function of the automatic flight control

system. This means that the autopilot also takes care about stability at lower

level. Therefore we only discuss about a typical autopilot system used in
modern helicopters.

Basic Principles of flying an Helicopter

A helicopter has four main controls for creating movement. They consist of the cy-
clic, collective, yaw pedals. and throttle. Only three of these are used to create
movement. The throttle is used primarily to control power output of the engine.

For creating forward movement the cyclic is moved forward. This tilts the rotor
blades forward. The resulting thrust vector now has a vertical and forward compo-
nent. For the same reasons, moving the cyclic back, right, left cause overall move-
ment in the helicopter backwards, to the right, to the left respectively. During
forward flight the cyclic is moved laterally in order to produce turns. The yaw ped-
als are not used.

The collective is used to change the thrust of the helicopter by changing the col-
lective pitch of the blades. Hence, increasing the collective pitch increases the
thrust and decreasing the collective pitch decreases the thrust. in order to effect

an increase in height above ground, the collective pitch must be increased. Since
this increases the thrust vector, any lateral or longitudinal movement of the heli-
copter will see a increase in speed. For example, if the helicopter is traveling for-
ward while the collective is increased, the helicopter will see an increase in forward
speed and height. In order to correct the increase in forward speed. the cyclic must
be pulled back to lower the forward component of the thrust vector. This can be
applied in the cther directions as well.

The yaw pedals are used to counter the rotational effect of the main rotors. The
pedals themselves alter the collective pitch of the tail rotor It must be kept in mind
that the main and tail rotors are using the same power source. Increasing one will
have a direct effect on the amount of power used on the other. This leads into the
reasons why the throttle is used primarily to control power output. tn turbine and
certain piston helicopters, the pilot doesn't have a throttle control, but the rpm is
controlled by a governor. A governor on the engine simplifies the task of controlling
a helicopter. It eliminates one more variable to adjust during flight since the gover-
nor maintains constant engine rpm.

Corresponding with EASA Part-66
For tramning purposes only

Cat: B2 13.3-54



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.3 Autoflight (ATA 22)

Automatic Flight Control System

The structure of the control system for the helicopter is called AFCS (Automatic
Flight Control System). It consists of a hierarchy that builds from vehicle stability
to an operational autopilot. Each inner level builds on the previous which will make
it easier to develop. We will start at the inner most level and develop each one step
by step.

The cverall hierarchy of an AFCS is shown in Figure 77 on page 56. The overall
system can be divided into an inner and outer loop. The inner ioop primarily deals
with internal conditions from sensors directly related to the helicopter. For exam-
ple, pitch, roll, and yaw attitudes, rates and accelerations. Consequently, the outer
loop deals with conditions external to the helicopter such as air speed, altitude,
and other navigational information. See Figure 76 on page 55.

Figure 76: Relationships between inner and outer loops of AFCS

HELICOPTER
REACTION

4 l_
AFCS Inner Loop

AFCS Outer Loop

AUTOPILOT Bl SERVOS

Level Description

The inner most level, called SAS (Stability Augmentation System), provides rate
damping for the helicopter. This makes the helicopter stable in flight. Stability is im-
portant in a helicopter since it is an inherently unstable vehicle. If left alone, a hel-
icopter will diverge and become unstable. Sensors in the helicopter, rate gyros or
attitude gyros with a differentiator, will detect a disturbance. In this case, we will
assume it is a gust of wind. Once the disturbance is detected the AFCS sends a
contral signal to cancel the movement generated by the disturbance. Note that this
does not mean the helicopter is returned to its original state e.g. nose down atti-
tude, but only that the resulting movement from the disturbance is stopped.

The next level in the hierarchy is the SCAS (Stability Control Augmentation Sys-
tem). The purpose of this system is to provide control of the helicopter. If this sys-
tem is not present the SAS would sense any disturbance in the helicopter from a
control input, i.e. pilot or auto-pilot command, and damp it Instead, the SCAS
‘feeds the signal forward” which results in a delay of the damping. Without the
SCAS the damping would take place immediately and the responsiveness of the
helicopter would be slow at best.

The last level in the inner loop is the ASE (Attitude Stabilization System). As the
name suggests this system maintains the attitude of the helicopter. It works with
either a rate gyro or attitude gyro. The signal from a rate gyro must be integrated
over time to provide a displacement. If a displacement exists, the system will appiy
a corrective movement until the previous attitude is attained.

The lowest level of the outer loop consists of an autopilot. This autopilot works to
maintain airspeed, altitude, and sideslip. While the helicopter is traveling forward
there is some inherent sideslip which means the helicopter is not traveling in a
straight line but at a slight diagonal. This system will maintain the height and side-
slip according to the levels set by the operational autopilot

The outer most system is an operational autopilot. it carries out higher level func-
tions. The operational autopilot works to coordinate maneuvers such as the tran-
sition from hovering to forward flight. Navigation from point to point is also carried
out by this system. This is the highest level of the control system which in the final
implementation will take commands and execute them. Commands given to the
operational autopilot will be similar to "goto point (x,y,z)".
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Figure 77: Architecture of Automatic Flight Control System

Common Parts of an Autoflight System

RATE DAMPER

CONTROL
AUGMENTATION

(SCAS)

OPERATIONAL AUTOPILOT

.

* OUTER LOOP INNER LOOP

The common parts of a typical auto flight system are:

Autopilot Computer

(Regulator of the Flight Position, Calculator / Amplifier) Processor of the Ana-
jog and/or Digital Signals.

Autopilot Control Unit

A unit for access system function to the Autopilot System.

AD! Attitude Direction Indicator (Artificial Horizon)

Rate Gyro's for sensing fast turn movements with a pick up to send correction
signals to the Autopilot Computer.

Accelerometers for sensing accelerations in each directions with a pick up to
send correction signals to the Autopilot Computer.

Servomotor, Actuators

There are servomotors in each of the primary controls: The roll-, pitch-, yaw-
and collective {power axis) axis. The automatic pilot senses when a flight cor-
rection is needed, and it sends current of the correct polarity to turn the ser-
vomotor in the proper direction to make the correction.
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Figure 78: Auto Flight Control Component Overview
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Figure 79: Component Location Example Augusta 109K2
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Figure 80: Block Diagram Autopilot (Example Augusta A109)
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Schematic of a Control Channel

The following figure shows a schematic diagram of a roll channel. Pitch and Yaw
channels are almost identical in design.
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Airworthiness Criteria for Helicopter Instrument Flight

Stability Augmentation System (SAS)

1. If a SAS is used, the reliability of the SAS must be related to the effects of its
failure. The occurrence of any failure condition which would prevent continued
safe flight and landing must be extremely improbable. For any failure condi-
tion of the SAS which is not shown to be extremely improbable:

a) The helicopter must be safely controllable and capable of prolonged in-
strument flight without undue pilot effort. Additional unrelated probable
failures affecting the control system must be considered.

b) The flight characteristics requirements in Subpart B of Part 27 must be
met throughout a practical flight envelope.

2. The SAS must be designed so that it cannot create a hazardous deviation in
flight path or produce hazardous ioads on the helicopter during normal oper-
ation or in the event of malfunction or failure, assuming corrective action be-
gins within an appropriate period of time. Where multiple systems are
installed, subsequent malfunction conditions must be considered in sequence
unless their occurrence is shown to be improbable ]
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Auto Throttle/Thrust

Introduction

The auto throttle system controls the power setting of the engines to reach and
maintain a preselected speed or thrust limit. A servo moves the thrust levers or an
electronic signal commands the engine power via the engine control unit.

The ATS operates in the following modes:

IAS HOLD Provides control of throttles to hold the current airspeed.

IAS SELECT Provides control of throttles to capture and hold the selected refer-
ence airspeed.

MACH HOLD Provides control of throttles to hold the current MACH number.
MACH SELECT Provides control of throttles to capture and hold the selected ref-
erence MACH number

THRUST LIMIT/TARGET Provides control of throttles to capture and hold thrust at
the thrust limit/target.

RETARD Provides control of throttles to reduce thrust at the appropriate radio al-
titude during the landing flare mode.

CLAMP Inhibits ATS control during takeoff at approximately 80 knots without caus-
ing disengagement of the ATS. Full manual throttle is available during this mode.

Engine Thrust Trim

The engine thrust trim system is available during both, manual and automatic
throttle operation. It is engaged any time, when two or more engines are operating
above an EPR/N1 threshold. The engine thrust trim system will maintain the en-
gines at a common thrust setting to eliminate the need for throttle adjustments. Au-
tomatic engine trim is independent of air/ground operations.

Figure 81: Auto Throttle Principle
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Auto Throttle MD-11 Figure 83: Throttle Module
A single or duplex throttle system is used to provide a drive to the aircraft throttle
quadrant. The motor drives via the thrust control slip clutch to move all thrust con- 7 & N

trol (throttle) levers. Manually operation of the throttle levers is any time possible.
The throttie-position is transmitted as thrust demand to the Full Authority Digital
Engine Control (FADEC) to the engines.

Pressing the auto throttle disconnect switches disconnects the auto throttle func-
tion.
Pressing the Go-around switch will:

+ Aircraft on ground:
Throttles will move to maximum thrust limit if they are manually moved over a

Start Switch

A Fuel Switch
certain limit. —
+ Aircraft in flight land-approach: /
the levers moves forward to reach GA thrust.
Figure 82: Throttles with GA and Disconnect switches
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Auto Thrust A320 A330 A340 A380 Figure 84: Thrust Levers

Thrust Control
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Thrust Limit

The maximum allowable engine thrust is a function of:

+  Selected Flight mode like:
Take off
Take-off flexible for a derated take off
Go around
Maximum continucus thrust
Climb thrust
Cruise thrust

+  Ambient condition like:
Ram air temperature RAT or TAT
Airspeed CAS
Altitude

«  Bleed-air demand from engine for:
Anti ice and airconditioning.

The thrust limit is shown as EPR-Limit or N4 Limit depending of the engine model.
The limit is shown at a dedicated indicator: Thrust rating indicator, EPR indicator.

The auto throttle servo controls the engine thrust to the limit.

The assumed temperature is used for a derated take off thrust limit computation.
This temperature is assumed to be higher than the actual outside air temperature.
TAT = Total Air Temperature, RAT = Ram Air Temperature.

Figure 85: MD 80 Thrust Rating

TO-Flexible is used for noise abatement, environment and engine protection.
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Thrust Rate Limit Computation Figure 87: Thrust Control (Airbus)

Thrust rating limit is computed according to the thrust lever position. If the thrust
lever is set in a detent the Electronic Engine Control will select the rating limit cor-

responding to this detent. Thrust
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Warnings Stall

. A stall is caused by the separation of airflow from the wings upper surface. This
Overview results in a rapid decrease in lift. For a given airplane, a stall always occurs at the
Different warnings are covered in a modern flight guidance system: same angle, regardless of airspeed, flight attitude or weight.
+ Stall Figure 88: Wing
+  Altitude alert
+  Wind shear

+  Flight envelope protection
+  Autopilot failure/disengage

Normal Airflow

As angle of attack increases, the coefficient of lift also increases. this continues to
a point where C| peaks. The point of maximum lift is called Cy 5. |f the maximum
lift angle is exceeded, lift decreases rapidly and the wing stalls.

Figure 89: Lift vs. Angle of Attack
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Stall Sensor

An electrically operated stall warning system uses a small vane mounted near the
stagnation point in the leading edge of the wing. At flights above the stall speed,
the airflow over the vane is downward and the vane is held down. An eiectrical
switch connected to the vane is open when the vane is down. As the angle of at-
tack increases to the extent that a stall is impending, the stagnation point moves
down until the airflow over the vane is upward. When the vane is blown up, the
switch is closed and either a red light is turned on or a warning horn is sounded,
or both.

Figure 90: Stall Warn Switch

Stall Warning Unit

Stagnation Point

Angle of Attack Sensor AOA

The vane is used to sense the angle between the airflow and the longitudinal axis
of the airplane. The angle of attack is used for static source error correction, stall
warning/protection and other avionics system.

Figure 91: Vane Type Sensor
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Stall Warning Stall Prevention
System activation occurs as a function of angle of attack and flaps, slats and hor- Stick Pusher will be activated which pushes the control column forward. The stick

pusher remains active until either stall warning conditions are no longer fulfilled, or

izontal stabilizer position.
manually disengaged via a dedicated switch.

tncreasing the angle of attack will activate stick shakers at captain's and copilot's

control column to indicate a pre-stall condition. At stall an aural warning is heard Autoslat Extension controls the slats automatically to the correct position, to have
and visual indication (STALL-light or -indication at PFD) s shown. the correct wing geometry to prevent a deep stall.
Figure 92: Stall Warning System Figure 93: Stick Pusher
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Altitude Alert

The altitude alerting functicns give visual and aural alerts when the aircraft devi-
ates from, or comes close to, a selected altitude. The altitude alert function makes
altitude entry and exit alerts. To make the alerts the function compares a selected
altitude with the current altitude from the air data computer or the altitude hold ref-
erence altitude.

The altitude entry alert is a visual and an optional aural alert. The visual alert
comes on the EFIS or warning light. The aural alert is a "C" chord from the flight
warning system, when the program pin for this option is enabled. The entry alert
resets when the aircraft comes outside the entry alert area or when the crew se-
lects a new target or alert altitude. Refer to the illustration for the alert areas.

The altitude exit alert is visual and aural. The exit alert resets when the aircraft is
back within the alert area or when the crew selects a new altitude.

Figure 94: Altitude Alert System

Figure 95: Altitude Alert Thresholds
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Wind Shear

Windshear means a strong horizontal or vertical windshift that acts at right angles
to the direction the wind is blowing. Wind shear, normally associated with the pas-
sage of a front, can be dangerous if an aircraft flies through one when slowed for
landing or immediately after takeoff.

Microburst is a localized, extremely high-intensity column of descending air. They
have such extreme downward velocity that any aircraft, when flying slow near the
ground, as during takeoff and landing, can be slammed into the ground before it is
able to fly out of it.

Comparing the airspeed from Airdata-Computer with groundspeed from Inertial
reference system gives the information about the wind to the aircraft. Any change
of the wind means windshear.

The windshear alert and guidance system (WAGS) provides detection, alerting,
and guidance through windshear The categories of headwind shears and tailwind
shears are formed based on the wind change direction with respect to the aircraft.

Updrafts are categorized as Headwind Shears-Increasing Performance
Downdrafts are categorized as Tailwind Shears Decreasing Performance

On takeoff the WAGS is available from 80 kts to 1500 feet RA.
On landing the WAGS is available from 1500 feet RA to 50 feet RA.

The WAGS gets data from the air data computers ADC, the inertial reference sys-
tem (IRS), and other AFS components. The windshear detection circuits which
cempare inertial and airspeed rate are integrated in the dual-channel FCCs. The
WAGS will provide visual warnings on the PFD / FMA and aural warnings through
the CAWS. FD and AP are provided through the AFS.

The flight director and /or autopilot pitch guidance during takeoff, landing and go-
around is provided for best flight path relative to the ground.

Figure 96: Windshear
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Flight Envelope Protection Speed Protection
The Flight Envelope (FE) part detects aircraft configurations outside the normal Following speeds are generated in the Flight Augmentation Computer (FAC) and
flight envelope such as: displayed on the speed scale of the PFD:
Alrcraft weight computation * Maximum selectable speed
Center of gravity computation *  speedtrend

+  slat retraction speed

- flap retraction speed

+ lowest selectable speed
+  Stall warning speed

Alpha-floor signal for protection against high angle-of-attack.

Aft center of gravity out of tolerated limit.
Alpha floor acquisition

Wind shear conditions

Operational Speed computation

Lateral asymmetry due of engine failure

Figure 99: Various Speeds
Figure 98: Envelope Protection
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Operational Speed Computation and Display

The Flight Envelope function computes the limit and manoceuvring speeds which
are displayed on the speed scale of the Primary Flight Display.

F Speed is a manoeuvring speed which means minimum flap retraction speed and
corresponds to the speed at which flaps can be retracted.

S Speed is a manoeuvring speed which means minimum slat retraction speed and
corresponds to the speed at which slats can be retracted.

VLS means lower selectable speed. It is the minimum selectable speed for the ac-
tual slat and flap configuration taking into account the control lever position, the
real surface position and the speedbrake configuration. The lowest selectable
speed provides a safety margin in order to avoid stalling at low speed and buffeting
during cruise.

VMAN or Green Dot is a manoeuvring speed and is a function of the weight, the
altitude and the number of engines running. It is the optimum speed in the event
of one engine failure.

VMAXOP is the maximal operational speed used as a limit in the Flight Guidance
part. Note that it is not presented on the Primary Flight Display.

VMAX speed is the maximal speed. It is used by the Auto Flight System in order
to prevent excessive speed. The maximal speed corresponds to the Maximum Op-
erating Speed/ Mach (VMO/MMO) in any configuration.

VFEN corresponds to the maximum flap and slat extension speed of the next slat/
flap configuration. The predictive Maximum Flap Extended Speed at next S/ F po-
sition.

VCTREND represents the airspeed tendency, that means the aircraft acceleration
or deceleration. The airspeed tendency is computed to represent the speed that
the aircraft would have 10 seconds later if the acceleration remains constant.

Figure 100: Speed Computation and Display
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Auto Flight Failure Warnings

Warning and alerting systems calling the pilots for attention at system failures and
alerting the pilots at complete system dropout. Also limit exceeding of flight limits
are visually and acoustical presented.

Autoland lights

are triggered below 200ft. in LAND and FLARE mode if an automatic landing re-
lated failure occur.

Master warning lights

illuminates red if autopilot disengages due of system failure or manual disengage-
ment. Cavalry charge sound is broadcasted. {Level 3)

Master caution lights

llluminates amber if a auto flight related failure occurs that causes not a complete
disengagement. Single chime sound is broadcasted. (Level 2)

Cockpit speakers

broadcasting a specific sound (Cavalry charge) if the autopilot disengages.
Single chime sounds if Master Caution light is on.

Triple click sounds if the autoland category is downgraded CAT3/CAT2
C-chord sounds for altitude alerting.

Different voice warnings are audible. "STALL", "WINDSHEAR" etc.

Engine and warning display E/WD
presenting warnings and cautions.

System display SD
presenting the actual system status of the flight guidance system.

Primary flight display PFD

presenting the actual and armed automatic flight mode and
windshear warning and different flight envelope speeds.

Navigation display ND
presenting the horizonta! flight situation.
No specific autoflight messages are shown.

Figure 101: Failure Warning Block Diagram
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Fault Isolation and Test

Build In Test

In advanced technology aircrafts with digital flight guidance computers, test and
maintenance devices are integrated to assist maintenance engineers for trouble
shooting. Some aircraft types are equipped with a dedicated auto flight system sta-
tus/test or maintenance panel, others use the multipurpose control and display
units (MCDU) to access the integrated fault isolation and detection system.

AFS Maintenance Panel

A very useful, the STATUS/TEST panel, is installed in the flight compartment. The
panel allows two way communication with the built-in test system (BIT). It provides
the operator upon request with a display of memorized failures, test instructions
respectively test results and autoland availability.

The Status Test Panel (STP) is the primary Digital Flight Guidance System
(DFGS) troubleshooting tool. There are three functions the STP provides:

+  Flight Fault Review

+  Return To Service Test

+  Maintenance Test

The DFGC runs continuous internal self-tests and controls a valid light (CMPVLD)
on the Status/Test Panel. Failures detected by these self-tests and other automat-
ic tests are logged in Flight Fault Review. The Maintenance/Return to Service

Tests are tc be used primarily to test DFGS sensors and inputs for correct opera-
tion.

Figure 102: DFGC’s and Maintenance Panel
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Flight Fault Review

This section is used to read failures which occur during flight. The DFGS continu-
ously monitors the performance of itself and all of its sensors for proper operation.
if a unit should fail at any time in flight, a corresponding failure wilt be logged by
the DFGC. These failures can then be read out on the STP. Flights and failures
are read out in a first-in/last-out method. Therefore, the most recent failure will be
the first one in Flight 1. Flight Fault Review has encugh memory to log about 350
failures. These failures can be erased by using the Maintenance Memory Erase
Feature. Doing this will erase all failures logged in FLIGHT FAULT REVIEW.

Return To Service Test (RTS)

The RTS testis a fast, comprehensive system recheck which is to be run after per-
forming line maintenance. The test requires operator interactions and takes less
than 5 minutes to run. At the conclusion of the test, the message "GQO" or "NO GO"
appears. If a "GQO" is received, then the system is capable of performing all of its
functions, including fail-passive Category llla automatic landings. If "NO-GO" - ap-
pears, then one or more failures have been detected and the system affected by
the detected faiture will be displayed.

Maintenance Test

The Maintenance Test is an extensive system troubleshooting test. It is structured
so that specific tests can be performed to isolate DFGS failures by selective use
of the forward space, back space, and verify push buttons.

The flowchart on the left is to be used with the STP to operate the different levels
described above. More detailed information on the STP is provided in the Mainte-
nance Manual (C 22-01-05). See the troubleshooting section for a complete list of
all failure definitions for those failures that can appear in the Flight Fault Review,
the RTS, and the Maintenance Test,

The Flight Management and Guidance Computer performs several tests to isolate
any system failure or failed component.
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Figure 104: Flow Chart Maintenance Panel (MD-80 Example)
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Fault Isolation Detection System Figure 105: Build In Test access

The Auto flight maintenance system comprises a maintenance card and several

BITEs. A Fault Isolation Detection System (FIDS) card is physically located inside
of each Flight Management Guidance and Envelope Computer (FMGEC). The MCDU
BITEs are located in the various AFS computers.
The FIDS is connected to the BITEs of the various AFS computers and serves as
the SYSTEM BITE. The FIDS is linked in acquisition and reception to the Central-
ized Maintenance Computers (CMC’s). 4
It receives commands from the CMC, interprets these commands and transfers I\CAE\TJE;NLANCE
them to the various BITEs concerned. It can also request the BITE to give comple- COMPUTER
mentary information.
It receives malfunction reports from BITEs. manages these reports and. if applica- l
ble, consolidates the BITE diagnosis and generates a fault message which is sent
to the CMC. FAULT
The AFS system BITE has two fault detection and isolation modes, IDSSTLEA;(IDONN
« In NORMAL MODE, the system stores the failure data relevant to the AFS in SYSTEM
nonvolatile memaories and transmits this data to the CMC. y
+ In MENU MODE, the FIDS transmits different menus and submenus accord-
ing to the operater selection on the MCDU. This is only available on the v Y
ground when the CMC itself allows access to System Report Test. The AFS coenT y
maintenance system always operates in NORMAL MODE as long as it is not GUIDANGCE FLIGHT FLIGHT
interrupted by a CMC request (System Report Test). ENVELOPE MANAGEMENT
SYSTEM SYSTEM SYSTEM
3 I A
The BITE tests performed by the FMGC or FMGEC are:
+  Power up test Y Y
«  MCDU test BUILD INTEST
+ In Operation test.
The power up test starts automatically at power up provided that the aircraft is on POWER UPTEST IN OPERATION TEST MCDUTEST

the ground with engines stopped. It will be Initiated too if the computer power sup-
ply has been cut off for more than four seconds under the same conditions.

If the power up test is not ok, you have to dialogue with the FMGC through the
CFDS in order to get more information about the failure.

The reading of the BITE contents of the FMGC through the GROUND REPORT
function gives the faulty component.

Corresponding with EASA Part-66

For tratning purposes cnly

Cat: B2

13.3-78




Basic Maintenance Module 13 Aircraft Structures and Systems
Training Manual 13.3 Autoflight (ATA 22)

MCDU Test Figure 106: Auto Flight System Report and Test Initiation

Each test request made from the MCDU is accepted only if the aircraft is on the
ground with engines stopped. The validity of all components can be checked. All
the MCDU test requests to the FM are send through the FIDS
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Check of a correct Installation and operation of a new AFS LRU. S| <mmee =2 UL | SLAST LEG ECAM REPORY ()
Extraction of the status of AFS computer peripheral discretes from ARINC In- = = i) | kpRevious Less mepomT G
put messages g :A:os % % kaviomnics status %

M LAND TEST | = EFDs [ 5L IKKSYSTEM REPORT/TEST 2
This test enables to check avaitability of LAND MODE, equipment and wiring =1l reTuRn> || r‘f-nl PosT FiianT mer eRINTW |
required to obtain CAT IIl. Si\ksusw DESIRED SVSTE-'//El ;

+  GROUND SCAN: @

Simulates that the aircraft is flying. Existing failures are logged in the BITE é O I 1] O z i
memaory d r wcout | |
+ IN OPERATION TEST ]‘D e !
The In Operation test is a cyclic test automatically performed when the system - - A~ - - - l
operates. During In operation test, the validity of all components are checked. ( —— et |
AIRCOND F/cfh>1 ig
s FUEL > @
com ICELRAIN (6
ELEC INST ;‘[E'
FIRE PROT L/G ; E
RETURN NAV > ‘ E

AFS
; MAIN MENU :
(L} | KLAST LEG REPORT Ny
= || ' =
L] | <PREVIOUS LEGS REPORT [NEN
= | ! | =
3L TROUBLE SHOOTING DATA NEY
= =
Wi GROUND SCAN /LRU IOENTH| L
= =
e AFS TEST LAND TEST> | 3R
(L | KRETURN, WINDSHEAR TEST> | (&
:
P
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Radio Waves

When a high-frequency AC signal is placed on a special conductor called an an-
tenna, two fields exist: electric fields, calied E fields; and magnetic fields, called H
fields.

+ A shows an electrical generator connected between the two halves of the an-
tenna.

+ B shows the development of the magnetic field whose strength is determined
by the amount of current flowing. Since this is AC, which periodically reverses,
the current is not uniform throughout the antenna, but is minimum at the end
of each section, where it reverses, and maximum in the center. The current
flows in the direction shown by the arrow | for one alternation and then revers-
es during the next.

»  C shows the development of the electric field. The polarity is shown for one
alternation, and the intensity of the £ field is determined by the amount of volt-
age.

+ D shows the two fields that exist in the antenna at the same time.

When the AC changes fast enough, the fields do not entirely collapse before the
next buildup occurs. and some of the energy is radiated out into space as an elec-
tromagnetic, or radio, wave. This wave has two components, the electric wave and
the magnetic wave. The waves are at right angles to each other, and both are at
right angles to the direction of propagation, or the direction the wave is traveling.

When a radio wave leaves the transmitter antenna, it travels out in space at the
speed of light, 300,000,000 meters per second. When this wave strikes the anten-
na of a radio receiver, it generates a voltage that is a much weaker replication of
the voltage in the transmitter antenna.

Figure 1: E and H Field radiated in to Space

Figure 2: RF - Electromagnetic Fields

. . Antenna
A Transmitter is actually

an AC generator placed ¢m¢
between two halves of (\J
the antenna.

Generator —

B Alternating current
flowing in antenna
produces magnetic
field whose strength
varies along length of
antenna. Direction of field
reserves with each alternation.

C Voltage that exists
between the ends of +
antenna produces an + + + fr-\) - -

electric field. Polarity

of this field reverses +
with each alternation

of the AC.

D Magnetic (H) and
electric (E) fields exist + —

in antenna at same time. \-/
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Antenna

An antenna is a special conductor connected to a radio transmitter to radiate the
electromagnetic energy produced by the transmitter into space. An antenna is also
connected to the receiver to intercept this electromagnetic energy and carry it into
the receiver circuits, where it is changed into signals that can be heard and used.
The characteristics that make an antenna good for transmitting also make it good
for receiving.

Three characteristics of an antenna are critical: its length, polarization, and direc-
tivity. For an antenna to be most efficient, its length must be one-half the wave-
length of the signal being transmitted or received, as shown in the figure below.
This length allows the antenna current to be maximum.

Figure 3: Antenna Wavelength

When the transmitting antenna is vertical, its electric field is vertical and the mag-
netic field is horizontal. Itis picked up best by a vertical antenna. Most LF, MF, and
HF communication use horizontally polarized antennas, and higher frequency sys-
tems use verticaily polarized antennas.

Next figure shows three types of antennas and their directional characteristics.

A The dipole antenna transmits its signal strongest in a direction perpendicular to
its length.

B The vertical whip antenna in has a uniform field strength in all directions and is
called an omnidirectional antenna.

C The loop antenna is highly directional. Its strength is sharply educed in the di-
rection perpendicular to its plane

Figure 4: Various Antenna Types

A
B

g
|
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Oscillators

Alternating current is produced with oscillators. There are many different types to
produce almost any waveform and frequency. For electronic oscillation to occur,
two conditicns must be met: Amplification and feedback in the correct phase from
the output back into the input. A coil and a capacitor connected in parallel gives a
resonant circuit with a specified resonant frequency depending of the capacitance
and inductance.

Figure 5: L-C Oscillator with Amplifier

+

s
i

- C———

IRVEVAY

This formula tetermines the resonant frequency of the oscillator circuit.

ResonantFrequency =

1
ZKJE

The processes inside a L-C circuit is comparable with a pendule. The potential en-
ergy is the electric field in the capaciter, the kinetic energy the magnetic field of the
coil. The electric energy changes periodically in the two different forms between
capacitor and coil.

a) The resonant circuit has no power

b) The energy is stored in the capacitor like potential energy of the pendule.

c) The energy is in the magnetic field of the coil like kinetic energy of the pendule.
d) The electric energy is back in the electric field of the capacitor

e) The energy is again in the magnetic field of the coil.

Figure 6: L-C Oscillator Circuit compared with a Pendulum

a) b)

c L C mE L

(
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Polarization

To induce the maximum amount of voltage into the receiving antenna, the antenna

must be installed in such a way that it is perpendicular to the magnetic H field and

parallel to the electric E field in the radio waves.

Figure 7: Antenna forming a resonant circuit When the transmitting antenna is vertical, the E field is vertical and the radiation is
said to be vertically polarized. The maximum reception is picked up with a vertical

antenna.

When the transmitting antenna is horizontal, the radiation is horizontally polarized,

and is best received on a horizontal antenna.

Antenna, an open Resonant Circuit

The antenna is comparable with a resonant circuit. The energy oscillates between
the capacitance and inductance. The circuit is opened and straightened from a
parallel circuit a) to the antenna e)

Figure 8: Electric- and Magnetic-Fields of a Dipol Antenna

/ Dipol

E Field

-
-
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Wavelength Figure 9: Frequency, Period and WaveLength

A radio wave is essentially a sine wave, that radiates from the transmitting anten-
na. There is a definite relationship between the length of the wave and its frequen-
cy. and this relationship is extremely important.

The higher the frequency, the shorter the distance between the ends of the wave. /\ /\
Obtain following definitions: /
»+  Frequency f. The number of complete cycles of a recurring event that take :
place in one unit of time. (Periodes per second) |
[

+ Periode T: The iength of time needed for one compiete cycle of oscillation to

take place. The periode is inversely related to the frequency of the wave.

|
I

+  Wavelength A. The distance between a peak or a trough of an electromag- : T
netic wave and the corresponding peak or trough in the next cycle of the wave |

Iy
L ]

f §

Wavelength A=c/f=cxT

A = Wavelength

¢ = Speed of light = 3 x 108 m/sec = 300'000 km/sec
f = Frequency

T = Time of a Periode = 1/ f

More simplified:
A (in Meter) = 300 / Frequency (in MHz/)

Example: Find the wavelength of a signal with a frequency of 127 MHz

Corresponding with EASA Part-66
For traming purposes onfy Cat: B2 13.4-6



Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23 / 34)

Basic Maintenance
Training Manual

Frequency Band Figure 10: Radio Frequency Bands
Radio frequencies up to 300GHz are divided into decadic ranges. Each decade is Optical Emission f by
designated as a frequency band. Radar frequencies are divided into special radar
bands (Infrared)
? 300GHz || 1mm
Designation and abbreviations of radio frequencies: Ez::ema Hiah Freauenc
- RF Radio Frequency (Carrier) yHig 9 y
- IF Intermediate Frequency 30GHz || 1em
+  OF Oscillator Frequency SHF .
+  AF Audio Frequency Super High Frequency
3GHz || 1dm
UHF
Ultra High Frequency
Table 1: Radar Bands 300MHz || 1m
VHF
Band | Frequency f Wavelength A Very High Frequency
P 225 - 390 MH2z 133.3-76.9cm 30MHz || 10m
HF
L 390 - 1550 MHz 77.9-193cm High Frequency
S 155-52 GHz 19.3-57cm 3MHz || 100m
C 53-58GHz 5.7 -5.2cm MF
Medium Frequency
X 52-109 GHz 58-2.8cm 300KHz || 1km
Ku 10.9-36 GHz 26-08cm LF
Low Frequency
Q 36 - 46 GHz 8.3-63mm 30KHz 10km
VLF
Vv L F
ery Low Frequency akHz || 100km
AF
Audio Frequency 30Hz
c ith EAS -
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Aeronautical Frequency Band

To support the continued growth in the world economy, aviation must continue to
introduce new technologies to maintain and improve safety and efficiency and re-
duce the ATC delays and the environmental impact of its operations. These new
technologies can only be implemented if the radio frequency spectrum presently
used by aviation is protected from interference from other users and if access is
guaranteed.

General concerns

As it is well known, telecommunication is a fast growing industry. To cope with the
immense demand of new wide band data transfer technologies, there is an im-
mense need for new frequency bands.

These spectra which intersect for the telecommunication industry are partially
identical to the spectra used by aviation. This inciudes bands used for HF-, VHF-
Communications. Primary Surveillance Radar, GNSS, DME and MLS

The WRC-2000 (World Radio Conference) has the task of distributing the frequen-
cy bands to all users in a balanced manner and in the public {economical) interest.

Importance of protection radio frequencies for aviation

Only the next generation of aviation radio systems introduced predicated in inter-
ference free operation, will be certificated for safe use. Until then, aviation systems
need an interference free environment, i.e. the frequency spectrum must be pro-
tected from other users/systems in the same bands.

The new technologies, such as satellite-based communications systems, have the
potential to reduce congestion through improved air traffic control, reduce delays
and make air travel safer.

Figure 11: Aeronautical Frequency Bands

3kHz
* VLF-Very Low Navigation
30KHzZ Frequency [~ (9-14) Omega @ 9
] LF-Low m Communication
Frequency % {1190-535) Non Directional
Beacons - Surveillance
300kHz Selected Bands //
MF-Medium
Frequency 5= (1825-1875 and 1925-1975) Loran
3MHz (2.85-22)
HF-High HF Communications
Frequency Selected Bands
30MHz
VHF-Very High
Frequency ] (74.8-75.2) MB-Marker Beacons
RS (108-112} ILS-Instrument Landing System
(108-118) VOR-VHF Omnidirectional Radio Range
v =7 (118-137) VHF Communications
300MHz
UHF-Uitra High m (328.6-335.4) G/S-Glide Slope
Frequency @ (960-1215) DME-Distance Measuring Equipment
(1030 and 1090) SSR- Secondary Surveillance Radar
z (1215-1370) PSR-Ground Based Primary Radar
(1227.6) L2-Precision Positioning Service
= (1545-1555) Satcom Space to Earth
=77 (16559-1610) GNSS Global Positioning Satellites
v Lo {(1646.5-1656.5) Satcom Earth to Space
3GHz [ZZ4 (2700-3300) PSR-Primary Surveillance Radar
SHF-Super High
Frequency Z5d (4.2-4.4) Radio Altimeter
% (5-5.15) MLS-Microwave Landing System
(5.35-5.47) Airborne WX Radar
XX (8.75-8.85) Airborne Doppler Radar
[774 (9-9.8) PAR-Precision Approach Radar
FZJ {9.975-10.025) Airborne Wx Radar
72~ (13.25-13.4) Airborne Doppler Radar
(15.4-15.7) ASDE-Airfield Surface Detection Equipment
1 and (15.4-15.7) Airborne Radar Altimeter
! [774 (24.5-24.65) ASDE-Airfield Surface Detection Equipment
30GHz (774 (31.8-35.2) ASDE-Airfield Surface Detection Equipment
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Radio Wave Propagation

When a radio wave is transmitted from the antenna it moves out along three paths,
depending primarily upon its frequency. These paths are surface waves, sky
waves, and space waves.

The lower frequencies such as VLF, LF, and MF normally follow the curvature of
the earth in surface waves. These waves travel great distances and are used for
very tfong-distance communication and navigation. Commercial broadcast signals
follow this path in the daytime.

HF communication and commercial broadcast at night are carried primarily by sky
waves. This energy tries to radiate into space, but it bounces off the ionosphere
and returns to the earth at a distance from the transmitter. This “skip distance,” as
it is called, varies and is responsible for the fading of many signals heard from a
long distance.

Frequencies in the VHF and higher bands follow a straight line from the transmit-
ting antenna to the receiving antenna and are said to travel by space waves.

Figure 12:

Space Wave

lonosphere

I A
Surface Wave
il

|
I3
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The frequency determines the propagation characteristics. Figure 13: Field Strength

Radio waves propagate at the speed of light. In fact light waves are electromag-

netic waves only of much higher frequency. Signal

Field Strength Source
The field strength (energy) of radio waves decreases proportionally to the square

of the distance from the transmitting antenna. This is due to the fact that the waves
are spread over larger and larger areas as the distance increases.

Figure 14: Reflection

Reflection

Radio waves will be reflected from conducting surfaces in the same manner as
light waves are reflected from a sheet of glass.

Figure 15: Refraction
Refraction

When radio waves travel through or over a medium of different conductivity, their Boundary
path will be refracted (or bent). The classic analogy in optics is the apparent bend ) _
in a stick, held at an angle, partly immerged into water. Medium with low

. . . . . Refractive Index
In radio transmissions the boundary between 2 mediums of different conductivity
is not always so abrupt. The radic waves will be bent gradually and their path will Direction of Waves
be curved at a rate depending on the ratio at which the conductivity of the mediums

changes. Medium with high
Refractive index
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Coastal Effect

When radio waves have travelled overland and suddenly cross a coastline, they
will be bent abruptly because water has a higher conductivity than land. This phe-
nomenon called coastal effect has its importance in radio navigation.

Refiected Sky Wave

Radio waves travelling through space with a slower change in conductivity will be
bent more gradually until they are eventually reflected to the earth. This phencm-
enon of space-reflected radio waves is very important in high frequency radio com-
munications.

Diffraction

Another phenomenon which affects radio waves of lower frequencies is diffraction.
Diffraction is the bending of the radio waves when they pass the edge of an obsta-
cle, for instance a mountain top. Diffraction lessens with increasing frequency.

Figure 16: Coastal Effect

Sea

T

Land Transmitter

Figure 17: Reflected Sky Wave
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Figure 18: Diffraction
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Ground- and Sky Waves

Regardless of their frequencies the propagation of radio waves can be divided into
2 main groups depending on the medium which affects them most.

*  The part of the radio wave which travels atong the surface of the earth and is
mainly influenced by its conductivity is called "ground waves”

«  The portion of the radio waves that is radiated into space and is influenced by
the conductivity of the various layers it encounters, is called "sky waves".

Ground Waves

ideal conditions for the propagation of ground waves would be given if the surface
of the earth were flat and of constant high conductivity.

Since the surface of the earth is made of various matters and their conductivity in-
fluences the propagation of radic waves. Ground waves can only be used to a re-
stricted extent (mainly in the lower frequency bands). The range covered by
ground waves depends on the power of the transmitter the frequency used and the
conductivity of the surface over which the radio waves travel.

Sky Waves

The portion of the radio waves that is radiated into space would be lost if it were
not somehow reflected back to earth.

In fact, the ultraviolet radiation from the sun provides conductive layers of various
density at an altitude between 75 and 400 km above the surface of the earth,
called the ionosphere, which will reflect the sky waves back to earth.

By constant frequency, the reflection depends on the angle at which the sky waves
penetrate the ionosphere. If the angle is too wide (o g), the radio waves will go
through the ionosphere into space, with smaller angle of penetration, the radio
waves will be reflected back to earth (o 4 5).

By constant angle of penetration the frequency of the radio wave governs its re-
flection capability. Is the frequency too high. e.g. {; f, the radio waves will go
through the ionesphere into space. Only from a certain frequency range will the ra-
dio waves be reflected.

Figure 19: Radiation of Ground and Skywaves

Sky Waves

Figure 20:

f = Constant
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The lonosphere Figure 21: lonosphere

Although very complex in its physical structure, the ionosphere may be described
as one or more layers of ionized or conducting air enveloping the giche at a dis-
tance between 100 and 400 kilometers from the earth's surface.

Radic transmissions from ground and aircraft stations, unless travelling along the
surface of the earth will all enter the ionized layer(s) of the ionosphere. The effect
of the ionosphere on radio waves varies directly with their frequency range. Lower Magnetosphere
frequencies, LF and MF, will be almost completely absorbed by the ionosphere. (or Exosphere)
Thus only the ground waves of these frequencies can be used for communication 650-160,000 km
and navigation purposes. 700 -

High frequency radio waves will be less absorbed by the ionosphere and "bend"”
back to earth at a ratio depending on the frequency range and the "thickness" of
the ionosphere layers. 600 -

In order to extend the area of possible communication, we could therefore choose
higher frequencies. This not only would it increase the communication range, but
it would also improve the signal strength within the reception area, because of the
reduced absorption of the transmitted signal by the ionosphere.

This has however its limitations; the reduced absorption effect on the higher fre-
quencies is coupled with a reduced ability of the ionosphere to bend the radio
wave back to earth. The wave must travel deeper into the ionosphere before
reaching the turning point. By increasing the frequency up to VHF range, we come
to the point where the wave will not be bent back to earth but keep on traveliing
into space.

800 -

/——\

500 --

/——_\

400 - F Region

Altitude, km

lonosphere
300 50-650 km
This simplified explanation of radio wave propagation is only intended to give a F, Layer Concentration (Night)
general idea of its complexity. The "thickness" i. e, the conductivity respectively the
absorption capacity of the ionosphere varies greatly between day and night and
with the seasons of the year due to greater or lesser sun spot activity. There are EaL .
. ’ : . . 1 Layer Concentration (Day)
several factors involved in selecting the optimum frequency under a specific set of

conditions. " ELayer T
Particularly in the case of air-ground communications over widely varying distanc- 100 " DbrLayer T
es, propagation prediction charts have been developed and are issued for quick e T Stratosoh
determination of the optimum frequency to be used. ;?J 23'1 b
/—\‘ i m
. Troposphere

0-10 km

200 -
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Propagation Characteristics of Different Frequency Ranges

VHF - UHF - SHF
Line of sight propagation.
Radio waves in these frequency ranges are not reflected by the ionosphere.

Through a shght bending along the surface of the earth, the line of sight is slightly
increased beyond the horizon.

All these frequencies are practically not interfered by ionospheric or atmospheric
storms and are best suited for aeronautical communication and navigation purpos-
es over short and medium distances.

The ground-to-air communication range on VHF depends directly on the altitude
of the aircraft. It can be calculated approximately as follows:

Range in NM = 1.23 x square-root of aircraft altitude in feet

This gives a thecretical communication range of 220 NM with an aircraft flying at
33’000 feet, in actual practice up ta 350 NM.

VHF is the primary communication frequency band for aeronautical services and
is used in radio navigation by the (LS and VORs. UHF and SHF are mainly used
in satellite communication and radar systems. (ATC radar, ATC transponder,
TCAS, DME, weather radar.)

Figure 22: Propagation VHF, UHF, SHF
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Figure 23: Range of VHF
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Short Waves HF Figure 24: Propagation Shortwave

High frequency radic waves propagated into space will be reflected by the iono-
sphere and render communications possible over very long distances.

The propagation range of the HF ground waves is very small and has no practical
value.

Since we have to relay on the ionosphere for HF communications and as we have
seen before, the ioncsphere is a very unstable "reflector”. It is very important to
choose the right frequency for a point-to-point communication at a given time.

HF communications are very much affected by ionospheric and atmospheric
storms, interferences and fadings.

Shortwave HF 2000 KHz - 30 MHz A=10...100m

No Reception
Zone

Ground Wave

Figure 25: Short Wave Radio propagates worldwide

lonosphere .
Radiowaves
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MF (Medium frequencies) Space and ground wave propagation

The sky waves of MF radio waves are reflected by the lower layer of the iono-
sphere. The ground waves propagate a few hundred kilometers over the surface
of the earth, filling the "no reception gap” cf the sky-relected waves.

Continuous reception is possible over considerable distances. MF communication
is subject to interferences, fading and is very sensible to atmospheric storms.

LF (Low frequencies) space and ground wave propagation

The main difference between LF and MF is that the ground waves of LF extend to
a few thousand kilometers. So that from a given distance from the transmitter in-
terferences between ground and sky waves render reception practically impossi-
ble.

Figure 26: Propagation Medium Wave

300 KHz - 3000 KHz A =100...1000m

Medium Wave

Layer
(by Day only)

Ground Wave

Figure 27: Propagation Long Wave

4 =1000 - 10 000m
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{by Day only)

Ground Wave

Corresponding with EASA Part-66
For tramning purposes only

Cat: B2 13.4-16



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23/ 34)

Undesired Effects

Interferences/Fading

When direct and reflected radio waves reach a receiver antenna simultaneously,
the resulting signal is directly dependent on the phase relationship of the 2 waves.

in the case the direct and reflected waves are in phase and the resulting signal
strength is the addition of the 2 waves. A clear and strong signal is received.

With reception with a phase difference of 90° between direct and reflected waves.
Although the resulting signal strength is average, the "readability” of the signal is
very poor since the 2 waves are interfering with each other,

When direct and renected waves are in phase oppositicn (phase difference 1800),
they cancel each other and weak signals wili result.

Since we have to relay on the ionosphere to reflect the sky waves for long distance
communications, and the ionosphere not being a very constant reflector indeed,
all above mentioned situations, with all possible variations, may occur in relatively
short periods of time.

Figure 28: Cause of Interferences
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Fading

Sky waves sometimes suddenly disappear as a result of a great increase in the
absorption of radio energy in the ionosphere caused by a burst of ionization radi-
ation from a solar eruption, which in turn causes a sudden abnormal increase of
the ionization of some portions of the ionosphere. A fade-out is usually complete
within less than a minute and it may last from a few minutes to several hours.

Figure 29: Fading

E &
Resulting Signal
Direct Waves
T TN Reflected Waves
4 N
- t
L
E ,
= t
to @
E
PN -
// \\ //
v AN -
y N 7
N 4 t
\\ //\
/s
t . t N 4
0 ¢ =180 | N L 4

Corresponding with EASA Part-66
For training purposes only Cat: B2 13.4 -17



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23/ 34)

Modulation

The carrier wave that is generated in the transmitter is just that, a device that car-
ries the information from the transmitter tc the receiver The carrier has a frequen-
¢y high enough to produce electromagnetic waves that radiate from the antenna,
and this frequency is accurately controlled so that a sensitive receiver can select
the carrier from a specific transmitter and reject the carriers from all other transmit-
ters.

The carrier itself serves no function other than to carry the signal from the trans-
mitter to the receiver, and the carrier is routed to ground after the intelligence is
removed from it. It is the intelligence, or information, produced by the microphone
or cther type of input like modulated digital data. The process of placing intelli-
gence on a carrier is called modulation, and there are several ways to do it. Three
ways most often used in aviation communication equipment are amplitude modu-
lation (AM), frequency modulation {FM), and single-sideband (SSB).

Amplitude Modulation (AM)

Amplitude modulation. or AM, is a method of modulation in which the voltage of
the carrier is changed by the audio or data signal. The figure below shows a sine-
wave audio signal that has been used to modulate a carrier. The voltage of the re-
sulting carrier varies with the voltage of the modulating audio frequency.

Figure 30: AM
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Frequency Modulation (FM} Figure 31: FM

Man-made interference, such as that caused by electric motors and ignition sys-
tems, and natural interference, like that caused by lightning in the atmosphere,
amplitude-modulate all radio signals in their vicinity. Frequency modulation can be
used to obtain interference-free communication or navigation applications.

The voltage variations of the audio frequency signal produced by a microphone
are used tc change the frequency of the carrier The figure shows that the voltage
of the AF rises in a positive direction, the frequency of the carrier increases, and
as it goes negative, the frequency of the carrier decreases.

The amplitude of an FM carrier is held constant by limiter circuits, and any inter- n e an
ference, which amplitude-modulates the carrier, is clipped off so it does not appear W } H W /\ ” H W

:

in the output.

When an FM signal is received, the deviations in frequency are changed into am-
plitude variations in an audio-frequency voltage that is amplified and used to drive
the speaker.
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Single-Sideband (SSB)

Both AM and FM are limited in that they require a wide band of frequencies for their
transmission. For example, if a 25 MHz carrier is AM-modulated with an audio-fre-
quency signal that contains frequencies up to 5 Khz, the transmitted signal occu-
pies a band of frequencies from 24,995 to 25.005 Mhz.

This band includes the carrier, the lower sideband, which is the carrier frequency
minus the modulating frequency; and the upper sideband, which is the carrier fre-
quency plus the modulating frequency.

Top left llustration shows the bandwidth required for an AM signal, and right illus-
tration the bandwidth required for an SSB signal. The carrier and the lower side-
band have been removed.

All the information needed is carried in either one of the sidebands, and it is inef-
ficient use of energy to transmit the carrier and both the upper and lower side-
bands. Removing the carrier and ane of the sidebands and using all of the
available energy for transmitting the other sideband give the transmitter a much
greater range.

Aircraft shortwave {HF)} radio communication uses the upper sideband (USB). The
lower sideband (LSB) is used for other services and by radio-amateurs.

When an SSB transmissicn is picked up by an regular AM receiver, it is heard as
a muffled noise because it has no carrier io mix with to produce an audible tone.
But inside the SSB receiver, a carrier of the proper frequency is inserted and the
original sound is reproduced.

Advantage

«  Higher range with less transmitter power.

+  More radiostations may share a frequency band (see figure below).
+  Less reception noise due of smaller bandwidth of the receiver.

« Less fading. No carrier will be cancelled at the ionosphere.

Disadvantage

SSB Receivers circuits are more complex. The missing carrier signal must be add-
ed from a very accurate local-oscillator inside the receiver, this makes the receiver
expensiv. Broadcasting radios operates on AM, to reduce the cost of the receivers.

Figure 32: AM forming upper and lower sidebands
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Pulse Modulation

Instead of transmitting the information continously, the data signal is periodically
sampled and converted in different codes. A periodic short sequence of pulses are
used to carry the information. There are different forms of pulse transmitting.

Pulse amplitude modulation PAM
Pulse width modulation PWM
Pulse phase modulation PPM
Pulse code medulation PCM

Figure 34: Various Pulse-Modulations

Multiplexing

To send different information on the same line (cable or wireless) time division
multiplex TDM samples each channel for a short periode of time. In this way a
mixed sequence of pulses (PAM) are transmitted over the line. The receiver has
to reconstruct a continously signal from the incomming pulses.

\ m\

Figure 35: Multiplexer and Demultiplexer
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Transmission Lines

Transmission cable are used to carry the signal from the radio to the antenna. The
correct installation of antenna cable or coaxial cable as it is commonly called, is
critical to the proper operation of the radio equipment.

In order for a transmitter to get the maximum amount of energy into its antenna,
and for the receiving antenna to get the maximum amount of energy into its receiv-
er, the antennas must be connected to the equipment with a special type of con-
ductor called a coaxial cable. This cable has a central conductor surrounded by a
special insulating material. This is, in turn, surrounded by a braided metal shield.
All of this is encased in a protective plastic coating. A coaxial cable, commonly
called coax, has a specified characteristic impedance that must be matched to the
antenna and the transmitter or receiver. Normally this impedance is 50 ohms.

Coax is relatively rugged, but care must be exercised to not bend it around tco tight
a radius or to allow it to become overheated. Anything that distorts the spacing be-
tween the central conductor and the cuter conductor can change the characteris-
tics of the coax and decrease the efficiency of the installation.

Always follow the manufacturers recommendations concerning the installation of
coaxial cable. In general, the transmission lines should be kept as short as possi-
ble. They should not be bent in any radius smaller than three inches (for certain
cable the radius shoutd be a minimum of eight inches) always use coaxial connec-
tors for splicing or terminating cables and follow good wiring practices when rout-
ing cables through the aircraft.

The length of certain antenna cables is critical to proper operation of the radio. The
proper length cable is often matched to a specific antenna. If the cable length must
be changed, be sure to use the appropriate test equipment to determine transmis-
sion line measurements.

In some cases two radios may use the same antenna if the proper coaxial tee-con-
nector and proper length cable is used. Another method of connecting two radios
to the same antenna is by utilizing a coupler or diplexer. The diplexer is used to
provide proper impedance matching and isolate the two radios connected to the
antenna.

Figure 37: Coax Cable
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Conductors for Radio Waves

There are three main types of transmission lines used: coaxial lines, open-wire
lines and waveguides. The most common type is the coaxial line, usually called
coax.

Parallel Conductors

The second type of transmission line utilizes parallel conductors side by side, rath-
er than the concentric ones used in coax. Typical examples of such open-wire
lines are 300 Ohm TV ribbon line. Their advantage is the lower losses in simple
multiband antenna systems, coaxial cables are far more prevalent, because they
are much more convenient to use. In aircraft this type of cable is not existent.

Waveguides

The third major type of transmission line is the wavequide A waveguide is a hol-
low, conducting tube, through which microwave energy is transmitted in the form
of electromagnetic waves. The tube does not carry a current in the same sense
that the wires of a two-conductor line do. Instead, it is a boundary that confines the
waves to the enclosed space. Skin effect on the inside walls of the waveguide con-
fines electromagnetic energy inside the guide, in much the same manner that the
shield of a coaxial cable confines energy within the coax. Microwave energy is in-
jected at one end {either through capacitive or inductive coupling or by radiation)
and is received at the other end. The waveguide merely confines the energy of the
fields, which are propagated through it to the receiving end by means of reflections
off its inner walls.

Waveguides are used for weather radar system (9.375 GHz.)

Figure 38: Coaxial Cable
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Perfect line

A perfectly lossless transmission line may be represented by a whole series of
small inductors and capacitors connected in an infinitely long line. Each inductor
represents the inductance of a very short section of one wire and each capacitor
represents the capacitance between two such short sections.

The inductance and capacitance values per unit of line depend on the size of the
conductors and the spacing between them. The smaller the spacing between the
two conductors and the greater their diameter, the higher the capacitance and the
lower the inductance. Each series inductor acts to limit the rate at which current
can charge the following shunt capacitor, and in so doing establishes a very im-
portant property of a transmission line: its surge impedance, more commonly
known as its characteristic impedance. This is usually abbreviated as Z,, and is
equal to square root of L /C, where L and C are the inductance and capacitance per
unit length of line.

Matched and mismatched line

At A the coaxial transmission line is terminated with resistance equal to its imped-
ance. All power is absorbed in the load.

At B, coaxial line is shown terminated in an impedance consisting of a resistance
and a capacitive reactance. This is a mismatched line, and a reflected wave will
be returned back down the line toward the generator. The reflected wave reacts
with the forward wave to produce a standing wave on the line. The amount of re-
flection depends on the difference between the load impedance and the charac-
teristic impedance of the transmission line.

Reflection Coefficient and SWR

in a mismatched transmission line, the ratio of the voltage in the reflected wave at
any one point on the line to the voltage in the forward wave at that same point is
defined as the voltage refiection coefficient. This has the same value as the current
reflection coefficient.

Figure 41: Substitute of an electrical Line

Figure 42: Matched and mismatched electrical Line
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Antenna Installation

Regardless of the excellence of the equipment, no radio installation is better than
its antenna. Each piece of equipment must have a specific antenna, and this an-
tenna must be mounted in a specific location for the most efficient operation. Most
antennas are used for both reception and transmitting.

The length, polarization, and location of an antenna is of extreme importance in
getting the most efficient transmission and reception from the installed equipment.
The types of antennas used with several pieces of avionic equipment are exam-
ined here.

The shown antennas are used for:

Radar Radio detection and ranging. Shows the weather in ahead of the flight
route.

Localizer Receives lateral guidance for landing.

Figure 43: Aircraft with Antennas
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+ Glideslope Receives vertical guidance for landing. ATC (2) Marker VHF 2
+  VHF Very high frequency communication within a range up to about 300 NM. DME 1 TCAS _’_/
+  ATC Air traffic control transponder. Receives and sends signals for air traffic Glide DME 2 Radio Altimeter
surveillance. Slope
+ DME Distance measuring equipment. Detecting the distance to ground sta-
tions.
+ TCAS Traffic collision avoidance system. Alerts pilot if other aircrafts are
around.
- Marker Receives signal from a beacon at ground, for position determination
during approach or enroute.
«  GPS Global positicning system. Satellite navigation
- ADF Automatic direction finder Navigation for short and medium range.
« Radio Altimeter Detects the aircraft height above ground.
+  SATCOM Satellite communication fer voice and data.
- ELT Emergency location transmitter. Sending signals for searching and res-
cuing the victims of an accident.
+  HF High frequency (short wave) communication over whale world.
+  VOR VHF omnidirectional range. Accurate navigation within 300 NM.
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Installation of aircraft antenna systems

There are a variety of radio antennas, each designed for a specific radio and in-
stallation. Typically the radio antenna must be located on the exterior of the aircraft
or located near the exterior protected by a plastic or nonconductive cover. Anten-
nas which are mounted an the exterior of the aircraft are either the blade (rigid) or
whip {flexible) type. Flush mounted antennas are located within the aircraft outer
cover and produce less drag than an externally mounted antenna.

Maintenance procedures

Antennas and their associated cables should be visually inspected for security and
integrity. The leading edge of blade-type antennas often deteriorate rapidly on
high-speed aircraft. This area should be given particular attention. If the antenna
leading edge is deteriorated beyond limits, the antenna should be removed and re-
placed. In some cases, the antenna may be repaired; however this typically re-
quires a special repair facility.

All antennas or antenna covers should be inspected for a proper seal OR GASKET
to the aircraft. If the seal has deteriorated, moisture may enter the antenna or air-
craft and create corrosion problems. Remove and reseal any antenna or antenna
cover which may admit moisture. Pressurized aircraft also require that special at-
tention be given to the antenna-to-aircraft seal in order that vapors do not leak form
the pressurized structure.

Radar antennas are typically housed in the nose-section of the aircraft and are
protected form the environment by a non-conductive cover called a radome. The
radome should be inspected for cracks and to ensure a proper seal to the airframe.
Proper radome repair is critical to the operation of the radar equipment. Always fol-
low the manufacturers recommendations for the repair and/or painting of the ra-
dome.,

Figure 44: Antenna Types
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Radio Fundamentals

For many years the only efectronics involved in aviation were used for communi-
cation and navigation, and all electronic equipment was classified simply as “ra-
dio.”

Today's aircraft employ vast quantities of electronic equipment, much of it unrelat-
ed to either communication or navigation. This equipment is now classified as av-
ionics, build from the words: aviation and electronics. This section considers the
porticn of avionics that deals with communication and navigation.

Radio is a method of transmitting intelligence from one location to another by
means of electromagnetic radiation.

Figure 45: Radio communication using transmitter and receiver

Transmitter

This extremely basic radio shown transmitter contains a crystal-controlled oscilla-
tor that produces aiternating current with a very accurate frequency in the radio fre-
quency (RF) range. This is above approximately 100 kilohertz.

The intelligence to be transmitted is changed into an audio frequency (AF) electri-
cal signal by the microphone. This AF modulates, or changes. the carrier so that
its voltage varies in exactly the same way as the voltage from the microphone. No-
tice that both sides of the modulated carrier are the same as the AF signal.

The voltage of the modulated carrier is amplified so that it has enough power to
radiate into space when it goes to the antenna. The signal radiates out into space
from the transmitter antenna.

Figure 46: Transmitter
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Receiver

The signal radiated out into space from the transmitter is picked up by the receiver
antenna. The signal picked up by the antenna is a very weak imitation of the am-
plified modulated RF signal that was sent to the transmitter antenna.

The weak medulated RF signal is amplified, and then in the demodulator rectified.
One half of the RF signal must be removed. This is done in the detector, or rectifier.
A variating DC voltage is the result of the rectifier. The DC component of this signal
is filtered out. The resulting AC voltage has the same waveform as that produced
by the microphone attached to the transmitter The voltage of this signal is too low,
so it is amplified and then used to drive a speaker.

The transmitter uses a crystal oscillator to produce an accurately controlled carrier
frequency, and only this one frequency radiates from the transmitter antenna. The
receiver antenna picks up not only the signa! from the desired transmitter, but sig-
nals from every other transmitter in the area as well as electromagnetic radiation
from all sorts of electrical devices. In order for a receiver to be useful, it must filter
out every frequency except the one that is wanted. To do this, it employs a special
superheterodyne circuit.

Detector

A very basic receiver is the diode detector. The radiowaves are received by the
antenna. A tuneable resonant circuit by C4 and L4 will conduct all unwanted fre-
quencies to ground.

The desired tuned carrier frequency will be rectified by the diode D4. The output of
D, is pulsating DC. The capacitor C, smoothens and averages the DC.

This represents the demodulated AF signal audible through the headphones.

Figure 47: Radio receiver
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Quarz Oscillators

Crystal resonators are small chips or sticks cut in a special way from a crystal.
Pressure or pull on the crystal surface cause electrical charge displacement and
thus electrical voltages (Piezo-effect).

Conversely, if a alternating voltage is applied to the crystal, it begins to oscillate
mechanically. The resonant frequency of the oscillations is highly stable and de-
pends upon the mechanical dimensions of the crystal.

To obtain a very accurate and stable frequency for many different purposes such
as clock’s, transmitters, receivers and computers quarz- or cristal oscillators are
used. According the dimensions of a small quarz piece, a defined resonant fre-
quency is the result.

Figure 49: Circuit symbol and electrical equivalent circuit

Phase Locked Loop (PLL) or Synthesizer

A quarz oscillator produces only one frequency according its dimensions. To pro-
duce different selectabie frequencies, a phase locked loop is used.

Lets assume the desired output frequency is 121.95 MHz.
The voltage controlled oscillator produces a frequency that is only 120.00 MHz.

The tuning of the desired frequency through processor applies a determined divi-
sion ratic as freguency select to the programmable divider. The output of the VCO
(120.00 MHz) is divided by 14'634.

This results a lower frequency to the phase & frequency comparator (8.2 KHz).
The comparator increases the DC voltage to the VCO, the VCO increases the fre-
quency until the comparator gets the divided output of exactly 81/3 KHz which is
equal with the reference frequency.

Figure 51: PLL
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Superheterodyne Receiver

The antenna picks up all the radio signals in the area, and they are taken into a
tunable preamplifier. This preamplifier uses an electronic filter circuit that passes
only the frequency to which the receiver is tuned and sends all of the other fre-
quencies to ground.

We will consider the receiver to be a broadcast receiver tuned to 1'200 kilchentz.
The preamplifier amplifies any signal with a frequency of 1'200 kHz and passes all
other frequencies to ground.

A tunable local oscillator is included in this circuit. The frequency of this oscillator
is varied so it is always a specific frequency higher than the frequency to which the
preamplifier is tuned. For most broadcast band receivers, the frequency of the fo-
cal oscillator is always 455 kilohertz higher than the frequency tuned on the pream-
plifier.

+  ForIntermediate Frequency obtain following relationship: IF = RF +/- f;

{Intermediate Frequency = Radio Frequency +/- Oscillator Frequency)

In this case, the local oscillator produces a signal with a frequency of 1'655 kilo-
hertz (1'200 + 455).

The signals from the preamplifier and the local cscillator are sent to the mixer.
When signals with two frequencies are mixed, they produce two other signals:

+ one with a frequency that is the sum of the original two frequencies
= the other with a frequency that is the difference between the two.

The four signals will have frequencies of:
1200 kHz, 1'655 kHz, 2’855 kHz (1’200 + 1,655), and 455 kHz (1’655 — 1°200).

The four signals from the mixer are sent into the intermediate frequency (IF) am-
plifier. This is a very narrow-band amplifier that is tuned to 455 kHz. It amplifies the
455 kHz signal and attenuates, or diminishes, all other frequencies.

The amplified 455 kHz signal is sent to the detector/demodulator, which removes
the 455 kHz IF carrier. The detector rectifies the IF signal and removes one half of
the envelope.

The resulting signal is an exact copy of the AF that modulated the carrier that is
being received. The AF signal is amplified by a audio amplifier stage and drives
the speaker. The output of the speaker is the same as the input to the microphone
at the transmitter.

Figure 52: Superheterodyne Receiver
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VHF Communication Receiver

Communication receivers such as those used in aircraft are more sensitive than
the normal household broadcast receiver, and they have more stages.

The signal is picked up on the antenna and amplified by the tuned preamplifier.
The local oscillator produces a frequency that is 10.8-megahertz different from the
frequency to which the preamplifier is tuned.

These two frequencies are fed into the mixer where they produce a 10.8 MHz
intermediate frequency. This IF is amplified several stages of IF amplification and
sent into the detector/demodulator, where it emerges as an audio frequency signal
that duplicates the AF produced by the microphone at the transmitter.

AGC

To hold the output constant as the input signal voltage changes, some of the out-
put from the detector goes to an automatic gain control (AGC). This is fed back into
the IF amplifier in such a way that it increases the amplification when the signal is
weak and attenuates it when the signal is too strong.

Squelch

Some of the detector output is sent into a squelch circuit that controls the audio
frequency amplifier. When no signal is being received, the AF amplifier output is
attenuated, or decreased, so the background noise that makes a hissing sound in
the speaker is not loud enough to be annoying.

But as soon as a signal is received, the attenuation is removed, allowing the audic
output to be loud enough to be comfortably heard. The cutput of the AF amplifier
goes to a power amplifier where it is further amplified so it can drive the speaker.

If there is a weak communication signal, the squelch also suppresses the commu-
nication signal. Therefore adjustable squeich thresholds are provided.

Fig

ure 53: Receiver with AGC and Squelch
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Dynamics of the Static Electricity

One of the problems we must deal with in radio communication, is precipitation
static or abbreviated to p-static. This hissing and buzzing noise is caused by an
uncontrolled discharge to the surrounding air of the high potential difference accu-
mulating on the aircraft under certain conditions. Such electrical discharges (also:
corona discharge) are accompanied by lonisation of the air and therefore look like
St. EImo’s fire. The installation of static dischargers ensures controlled removal of
the electrical charge, solving the problem. One condition is that a sufficient number
of dischargers must be present. Since this depends on the type of aircraft it is
therefore a problem that must be solved during the design phase.

However, the static dischargers cannot do the job alone. An uninterrupted trans-
port of charge over the fuselage is just as important. Synthetic parts also bring their
own specific problems. In this article we spotlight these problems, while at the
same time explaining the principles of the static discharger.

Electrical charge

When flying through ice panicies for example cirrus clouds a large number of par-
tictes will strike the aircraft and bounce away. Electric charge is transferred at each
impact. (We know this phenomencn as triboelectricity). Typically, the aircraft is left
with a negative charge while the rebouncing particle acquires a positive charge.
Each impact adds to the electrical charge or potential on the aircraft. The devel-
oped potential difference can reach high values. Under normal charging conditions
this potential can reach values of 100'000 to 200'000 volts In a fraction of a second.

Table 2: Causes of electrical charge

Dust and Sand Solid particles produces the most violent forms

of p-static, especially when there are dry.

Ice Crystals The colder and drier they are, the more p-static.
Dry Snow Found in high cirrus clouds and in cold arctic masses
Rain Large rain drops also producing p-static

Corona discharge

When the potential of the aircraft reaches these high values, some interesting
things take place. The electric fields around the aircraft become high, particularly
at its extremities (wing tips, tall, etc.). At the sharper edges in these locations, such

as at airfoil tralling edges, these fields become high enough to cause lonization of
the air and short bursts of charge, or current, will leave the aircraft (corona pulses).

It is the energy released by the corona pulses, coupled into the radic antennas,
that causes the precipitation static (or shortly p-static). In the radio receivers this
will become evident, in the form of irregular popping sounds. As the degree of
charging increases so does the frequency of the popping, until it becomes a con-
tinuous buzzing which increases in intensity. Eventually, it becomes a steady roar
which masks all but the very strongest radio signals.

Thunder Clouds

Particles striking the aircraft are not the only cause for high electric fields. They can
also develop when flying near or between electrically charged clouds or during
electrical storms. In this instance we refer to Induced charging rather than triboe-
lectric charging. The resulting corona pulses, however, will generate the same kind
of p-static.
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lonospheric storms Figure 56: Different noise affecting the reception

lonospheric storms {caused by solar activities disturbing the earth’'s magnetic
field) may destroy the normal layer pattern of the ionosphere and cause the ioni-
zation to form clouds that move in an irregular manner The disturbing effect of ion-
ospheric storm on sky wave communication I1s greater in and near the polar
regions and becomes negligible at the equator lonospheric storms may occur at
night as well as in day time.

Atmospheric noise

Even when the propagation conditions are very good and result in a signal of us-
able strength in the receiver antenna, it may not always be possible to carry out
communication or get reliable navigation information due to the fact that also noise
signals are aiso delivered by the antenna. These noise signals are caused by radio
waves created for instance by thunderstorms, lightning and corona discharges.

Precipitation static

The precipitation static type of noise is caused by corona discharges from different
parts of the aircraft structure which in turn are caused by the bombardment of the
aircraft with electricity charged raindrops, snowflakes, hailstones, small ice crys-
tals or dust particles.

The atmospheric and precipitation staic noise may be so strong that it will com-
pletely mask communication and navigation signals of relatively great strength
when the aircraft is in an area of thunderstorms or flying through clouds.

Man made noise

In an aircraft the man-made noise from electrical motors, arching between relay
contacts or in electrical motors etc may also reach a disturbing level.

If there is a failure in one of the aircraft's electrical motors or relays or in the filter
elements which are used to suppress the noise generated in electrical apparatus,
the noise is disturbing the reception. In this case the source of noise has to be
found and repaired.

High level man-made noise may also be noted when reception takes place in an
aircraft over (or on the ground in} a large city with an extensive traffic of electrical
vehicles such as street cars, troliey-buses etc. Electrical welding equipment and
equipment for high frequency diathermic are also producing noise of high level.
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Static Dischargers

One major source of radio interference comes from the discharge of static electric-
ity which is preduced on the aircraft due to friction. When ever an aircraft travels
through rain, dust or even airborne poliutants, a static charge is produced on the
skin of the aircraft.

This static charge is more prevalent on aircraft capable of speeds of 200 kts or
greater. The static charge formed on the aircraft skin will not produce radio inter-
ference if the charge remains stationary. However, if the charge builds up and be-
comes great enough, it will discharge from the aircraft back into the atmosphere.
This discharge produces a magnetic field which is received by the radio as static
interference.

Static dischargers help to eliminate radio interference by lowering the amount of
static electrical current which discharges from the aircraft back into the air. Without
static dischargers, static electricity would build up on the aircraft to a certain level
and then rapidly discharge back into the air. This periodic discharge would contin-
ue as long as the static charge continued to build on the aircraft surface.

If the aircraft is equipped with static dischargers, the static discharge occurs at a
lower current level and much more frequently. The lower level of discharge current
produces an extremely weak magnetic field which is not picked up by radio receiv-
ers.

Static dischargers are mounted to the trailing edges and tips of wings, vertical and
horizontal stabilizers, and control surfaces. The layout of static dischargers can be
different, but work according to the same principle.

Figure 57: Static Dischargers

30-Degree Angle mounted
Static Discharger

Straight Mounted
Static Discharger

Flat Retainer \

{at the Trailing Edges)

Angular Retainer
(at the Tips)

Figure 58: Locations
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The Principle of the Static Discharger Figure 59: Noise current coupled to the antenna
P-static interference occurs when the radio noise created by the static discharge Coupling field
current pulses is coupled to the receiving antennas. In accordance with the princi- / of antenna
ples of reciprocity, a receiving antenna has a coupling field identical to the electric -
field it would create if excited as a transmitting antenna.
This antenna coupling field is mainly concentrated near the extremities of the air-
frame and especially in regions with sharp curvature, such as the tralling edge of y

the wing tip. The shape of the field near these extremities does not vary greatly
with the type or location of the antenna but is determined principally by the shape
of the conducting airfolil.

Unfortunately, the electrostatic field created by a charge on the airframe is concen-
trated at just those extremities of the airframe where the antenna field is concen-

trated. Since the corona discharge current flows where the static field is strongest Cross section
and in the direction of the static field lines, the corona noise currents will flow par- of trailing edge
allel to the antenna coupling field. of wing

\

Electrostatic

field created by \
aircraft charging

This means that the noise currents will be tightly coupled to the antenna. The static
discharger moves the electrostatic field slightly aft, reducing the coupling with the
antenna field.

Figure 60: Noise current not affecting the coupling field of antenna

Very importantin this respect is the high-resistance rod. This is contained between /_— Coupling field
the metal shank and the tip and acts almost as a non-conductor at rf frequencies. / of antenna

/

|/

Consequently the antenna field is not further concentrated. The high resistance
rod is a satisfactory conductor at DC, consequently the static field is concentrated
near the end of the discharger and the discharge will take place at some distance
from the trailing edges.

Since the antenna field is nearly zero in this region only little coupling can occur /
Away from the tip. the discharge current flowing along the static field lines encoun- N
. . . /——-—__-7
ters the antenna field, but since the two are nearly perpendicular to each other, the I ) A
coupling is very small. \ \\;—/ | &1
\
\

|

\
Cross section
of trailing edge
of wing
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Bonding

As already stated in the introduction, the p-static problem can easily be solved by
installing static dischargers. There are, however, some additional issues that re-
quire attention. First of all it must be assured that all moving airframe surfaces, de-
tachable panels, etc. are bonded to the main mass of the airframe. This Is done to
prevent arcing which might create a fuel storage ignition problem. It is also true
that, when moving parts of the aircraft like flaps and ailerons, are not bonded to-
gether, then a difference in voltage level can exist between the two surfaces. (Dis-
tribution of the static charges through the bearings only is absolutely insufficient).
As a result of this differential potential, sparking can ke induced across the un-
bonded portions of the aircraft. We now in effect have a spark transmitter, that cou-
ples the energy of the spark into the aircraft antennas and can create crackling
noises into the head phones. Similarly, inspection panels can become isolated
from the main structure of the aircraft and have the same result.

Figure 61: Charging due of incorrect bonding

Impinging precipitation particles
charge isolated inspection panel

Charge flows to airframe via
sparks across insulated gap

Streamering

Synthetic materials form a different problem. As an aircraft flies through precipita-
tion static conditions these parts will accumulate a static charge (static electricity).
Because they are not conductive, they cannot easily lose this charge without fur-
ther steps. Upon reaching a certain potential difference, the accumulated charge
will then discharge all at once. This discharge can couple into the antenna system
and create static noise. This phenomenon has been named 'streamering’

The solution is the application of special paint that allows the charge to leak away.
Furthermore the radome is equipped with metal strips to drain the static charge
without disturbing the radar operation. The strips may not be damaged.

Figure 62: Radome diverter strip and static discharger bonding failure

Insulating Fiberglass
Radome Airframe
Charge deposited on radome
surface flows to isolated / _4—
portion of diverter strip and
charges it to a high voltage

Aluminium Foil
Diverter Strip

Charge flows to
airframe via sparks
gap in diverter strip

Metal Airtframe \

\_
Fiberglass Trailing

Edge \

-
/

Bonding Strap

Static
Discharger

Current flows
from airframe to
discharger via
sparks across
break in bond
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VHF Communication Figure 64: Transceiver

Introduction

The VHF is used for short range voice and data communications. The VHF system
allows short distance voice communications between different aircrafts (in flight or
on ground) or between the aircraft and a ground station.

Frequency: Very High Frequency 118.000 - 136.975 MHz AM

. . VHF
in 25 kHz channel spacing / 760 Channel Antenna
in 8.33 kHz channel spacing / 2280 Channel
Power 5 - 25 Watt Transmitter Connector
Tx }
Figure 63: Propagation VHF Transmit Coax-
Receive Cable
Switch
Radio signals not
reflected by ionosphere R Receiver | |
Rx
VHF Transceiver

Pressing the Push To Talk switch (PTT) located at handmicrophone, audio control

panel, control wheel or side-stick changes from reception (Rx) mode to transmis-
sion (Tx) mode.

Figure 65; System simplified

Antenna
. ] Acoustic
Line of sight Equipment

PTT
Side Stick

@Boomset

hoadset (1) || Audio | VHF ‘

{7 Oxygen Integrating Transceifer %
Mask

Hand Mike 8 Frequency

Cockpit Selection
Loudspeakers
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Controls

Tune the desired frequency

Figure 66: VHF COMM Control Panel

2 O 3 O @

Disable

Figure 68: Audio Control Panel

Figure 67: Radio Management Panel tunes 3 VHF and 2 HF Systems

ACTIVE STBY

VHF | VHF |
(I601] <@ | (imon
VHF1 VHF2 VHF3 VHF1 VHF2 ‘v‘“""
== LF

Paval)

[

Some useful Frequencies

121.70 MHz
131.70 MHz
127.20 MHz
128.525 MHz
121.95 MHz
122.80 MHz
12175 MHz

Dispatch Ground (SELCAL)

Dispatch Flight (SELCAL)

VOLMET Meteo Region

ATIS Meteo Zurich Airport
Maintenance Control Center SRTechnics
Maintenance test or werking channel (IERA)
Geneva Ground Control

- Mc;m.“lc;xu hCALL “CALL” “CALL” liMECH‘ ATT

VHF1 VHF2 VHF3 HFA1 HF2

INT

RAD

INT CAB

O 000w
ﬂv&%e RESET @_PA _

VOR1 VORZ MKR ILS MLS

00 0L LL L LK

ADF1  ADF2

Reception:
open the respective VHF potentiometer.

Transmit:
press the desired Micrefone (CALL) button and
hold the RAD/INT switch in RADio position at ACP or Control Column/Stick, or
press the PTT button at handmicrofone

Never transmit at these frequencies:

118.00
118.10
121.90
121.75
125.95
121.80

MHz
MHz
MHz
MHz
MHz
MHz

Arrival
Tower
Ground
Apron
Departure
Delivery

121.50MHz EMERGENCY
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VHF Communication System

The aircraft is equipped with 1 to 3 independent systems. They either operates in
reception- or transmitmode. The operation frequency is selectable at the contol-
panel.

Figure 69: System

X_ VHF
Antenna

Squelch Disable

VHF Comm -
Control Panel|_Frequency Selection
VHF
Jack Audio Selector Transceiver
Box Panel
[FPTT Microphone M!c Audio > Input
Selector Mic Control o Key
Q Audioc Volume [+ Phone Audio Output
Audio Selector —+ ¢ |
Panels  -» 14 Selcal
b Audio

The received signal comes from the antenna to the receiver. The squelch cancels
the reception noise with no input signal. The unsquelched output goes direct to the
SELCAL decoder

To transmit, the microphone key/Push To Talk has to be pressed. The antenna is
new connected to the transmitter. To confirm the transmitter output goes te air, a
small amount of RF energy is demodulated and fed back to the receiver output to
be listened as a sidetone.

The frequency synthesizer produces according the selected cperation-frequency
at the controlpanel during Rx mode the local oscillator frequency and during Tx
mode the carrier frequency.

Figure 70: VHF Transceiver - Functional diagram
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Wave Ratio) is in optimal cases 1. If the ratio is more than 2, a problem in the an-
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VHF COMM Transceiver Figure 71: TRx
The transceiver operates in the frequency band from 118.00 to 136.975 MHz in 25 T@
kHz or 8.33 kHz steps. The frequency selection comes in ARINC 429 format from .

the control pane! or from an ACARS. A frequency source select input controls the contaoe Ml«? N

source from which we use the frequency selections.

The VHF COMM receiver detects the audic modulation of the RF signal of the se-

sidetone audio output. The squelch takes care that the audio switch switches off Mg /q ok

] n

lected frequency. The audio goes through an audio switch to the receiver and i Lré’ﬁ’;"p‘{tj L"[r

PFY

JaTE

the audio when there is no reception of a signal. The second audio output goes nm—u' H H
HOJULATDQ TAANSMITTER

Fwoi il H ,
RECEIVER S‘L“,?,C_‘
unumn | ¢

directly from the receiver to the data output for equipment such as a SELCAL de- "BATs
coder or an ACARS.

The transmitter starts when there is a ground at the PTT input. This ground starts ‘
the transmitter and it stops the receiver Audio information from a microphone or °\ b

SELECT

g

ATTENUATOR ‘f

SAUELLH

the optional ACARS goes through the modulator to the transmitter. The transmitter
generates an output of the selected frequency with a nominal power of 30 Watt 2000 2

TEST AP‘
GENERATOR i

128775 MHz

{min. 25 Watt). This output passes through a circuit that measures the forward and Jfrea

reflected power. At the forward power output of this circuit there also is detected sy r prr

4
Y"WCSIZEﬂ;—ﬂ x®

audio which goes to the audio amplifier as sidetone. FRED su I

ARING &29
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|
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When you test the VHF COMM transceiver both the transmitter and receiver oper-
ate for about 100 millisecands. The modulation of the transmitter is 2000 Hz and
the transmitter output goes through an attenuator to the receiver. The monitor
checks the forward and reflected power and shows the VSWR on the display. The VHE MM TRANSCE VER

REFLECTED

L_oREFL
DISALAY
| DRIVER

FGRWARD _4:1

monitor also checks the data and headset audio outputs of the receiver for pres-
ence and amplitude of the 2000 Hz signal. If there is a failure the LRU PASS light

does not come on.
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VHF Control Panel

The control panel receives its power supply through the circuit breaker of its
VHF COMM transceiver. On the control panel you can select frequencies from
118.00 to 136.975 MHz. On the control panel there is an active and preselected
frequency which you can select with a transferswitch. The green transfer light
above the frequency display shows which frequency selection is active. When
electrical power switches on, the control panel shows the last selected frequen-
cies. The control panel stores these frequencies in non-volatile memory when
electrical power switches off. When you select a frequency the control panel up-
dates the frequencies in the non-volatite memory. The non-volatile memory gives
the active and preselected frequencies to the display driver and to the ARINC 429
transmitter

When there is a centro! panel failure when you switch the system on, the transceiv-
er goes to the emergency frequency, 121.5 MHz. When there is a control panel
failure during operation of the system the transceiver continues to operate on the
last operational frequency.

TRANSFER SWITCH

Figure 72: Control Panel
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Antenna Figure 73: VHF Comm Antenna

VHF transmitters and receivers use a vertically polarized antenna that may be
mounted either above or below the aircraft fuselage. Some of the simpler installa-
tions use wire whip antennas while the more efficient installations use a broad-
band blade antenna. Some wire antennas are bent aft at about a 45° angle, which
allows them to receive horizontally as well as vertically polarized signals.

A VHF communication antenna is a quarter-wavelength antenna that uses the BLADE
metal of the aircraft as the other quarter wavelength to give the antenna the re- ANTENNA
quired half wavelength. When installing this type of antenna on a fabric-covered

aircraft, you must provide a ground plane. This is done by using strips of aluminum

foil or a piece of aluminum screen wire that extends out for approximately one-

quarter wavelength from the center of the antenna on the inside of the fabric.
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HF Communication

Introduction

The HF system allows long distance voice communications between different air-
crafts (in flight or on ground) or between the aircraft and a ground station.

Table 3:
Frequency: Shortwave 2 - 29.999 MHz AM
in 1 kHz channel spacing/28000 Cannel
Power 100 W-400 W

The ionosphere reflects the radiowaves back to the earth. This helps to reach de-
pending of the solar activity to reach any point of the world.

Figure 74: Signal Radiation on Short Wave

a—— — — m———— —

——
e

lonosphere
-

The antenna must be matched to the transmission frequency. This is done with an-
tenna-coupler near the antenna. Before transmission the antenna is automatically
tuned within few seconds.

Pressing the Push To Talk switch (PTT) located at handmicrofone, audio control
panel, control wheel or side-stick changes from reception (Rx} mode to transmis-
sion (Tx} mode.

Figure 75: HF - COM Block Diagram simplified
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Figure 76: HF Control Panel

Figure 77: Radio Management Panel
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System Figure 78: HF System
This is for communication between the aircraft and ground stations. The iono- K7Antenna
sphere reflects the frequencies in the HF band, so the line of sight does not limit
the reception range of the system. That is why the HF COMM is suitable for long
range, world wide communication.
. Antenna
The frequency range of the systemis 2 to 29.999 MHz. You can make the frequen- Coupler
cy selection in 1kHz steps, so there are 28000 channels available. There are two .
modes of operation, these modes are: Antenna 4 4 Tx Signal
«  AM - amplitude modulation Tuning
+ SSB - upper side band .
. : . . . Mode ¥ Y Rx Signal
In the AM mode the system transmits a carrier with amplitude modulation. in the -
SSB mode you remove the carrier and the lower side band. The system only trans- Transmitter .
mits the USB. Receifer - Frequency Selection Control
. Mod Panel
The System has the following compenents: TRx ode
a transceiver, an antenna coupler, an antenna and a control panel.
On the control panel you make the mode and frequency selections. The informa- PTT
tion goes from the control panel to the transceiver through an ARINC 429 data bus.
The control panel also shows the frequency selection. The received audio signals Mic Headset

go from the transceiver directly to the audioc management system. A data output of
the transceiver supplies the SELCAL decoder. The push to transmit (PTT) and mi-
crophone signals go directly from the audio management system to the transceiv-
er. The PTT signals also go to the coupler. The antenna coupler adjusts the
antenna impedance to get the correct load for the transmitter. To do a tune-cycle
after a frequency change the coupler gets a re-channel pulse from the transceiver
The transceiver gets a Tune-In-Pregress (TIP) signal from the coupler. To monitor
the coupler condition interlock signals come and go from the coupler to the trans-
ceiver.

Figure 79: HF Transceiver Unit
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Control Panel

On the control panel are the controls to select the frequency and the mode of op-
eration. This information goes through the ARINC 429 data bus to the transceiver.
The display, which is an LCD, shows the selected frequency With the LCD test
switch on the maintenance and test panel you can test the display. A non volatile
memory holds the last selected frequency after a power interruption.

The RF sensitivity and squelch lines from the transceiver unit are grounded in the
control panel. This gives maximum sensitivity and a disabled squelch setting.

Figure 80: HF Control Panel
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Transceiver Figure 81: HF - TRx
The HFS 700 transmits 125 W in AM mode and 400 W peak envelope power
(PEP), in the SSB mode. On the front of the transceiver are a telephone and mi- e . )
crophone jack, a test button and 3 fault lights. LRU FAIL, KEY INTERLOCK and Pl o pen ok o PANEL B
CONTROL INPUT FAIL Ly P PONI- == SYNTHESIZER LOLK
[+ FREQUENCY CONTROL
After switch-on, the transceiver is in the receive mode. It gets the RF signal from L rest
the antenna through the antenna coupler. Through the R/T switch the signal goes [P
to the receiver, which makes an IF {(intermediate frequency) signal from the RF. It WIERLoOK & MonroR NTERLOCK
depends on the mode selection how the mode converter detects the audio from ey
the IF signal. When the system is in the USB mode, the mode converter uses a
500 KHz from the synthesizer for detection. From the audio amplifier the audio sig- CONTROL PUT PAL TUNER
nal goes to the audio integrating system. ol {* ”:"“r'e":r TPl
A PTT signal, that comes from audio management, changes the transceiver from st ’“IJ
the receive mode in the transmit mode. The input microphone signal goes to an 1 SRR
amplifier/fcompressor circuit. This circuit changes the variable input signal to a sig- o1T = 1,‘;‘RI,NT PANEL] ! e
nal with a constant amplitude, to get a constant modulation level. The mode con- rooe | ‘
verter makes from the microphone signal and the 500 kHz signal from the Verea A —
synthesizer an IF AM or USB signal. The transmitter changes the IF to the transmit BAND o i TRANSCENER :fif"“
frequency and amplifies the signal before it goes to the antenna coupler. | S CONTROL o]
Normally the transmitter gives more than 30 W output power and closes a sidetone . JDAIPN O S S [Rp— L
enable contact and you hear the microphone signal as sidetone. Absence of ' : T
sidetone, while in the transmit mode, will cause the LRU FAIL light to come on, to ; '
show that the transmitter is defective. When the frequency selection on the control SIOKHZ | TRANS- :
panel changes, the antenna coupler must tune to a new position, to adapt the an- F """: | e
tenna to the new frequency. After a frequency change the receiver gives a tune- TX POWER
cycle signal to the coupler. When you now push the PTT button mementarily the
transceiver gets a tune-in-progress signal (TIP) back from the coupler, and the f ‘] wope (sl TUNE
coupler will hold the PTT line low. s | Tx | | (ONVERTER CYeLe
AUDIO | \/] /i/ oK SYT&H&SJZER
Tﬁ&imm 1:' SDOI:HZ RECEVER -
|
s | T
L
oarA Tl
e TEST
RE SENS I )
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Transceiver (continued)

The TIP signal switches the transmitter to the AM mode and gives a low output
power (minimum 70 W). The coupler uses the RF signal to measure the SWR,
which it uses to tune the filters in the coupler The tune-tone osciliator gives a 1000
Hz tone to the audio amplifier during the tune-cycle. When the coupler removes
the TIP and PTT signal at the end of the tune-cycle, the tune tone disappears and
the transmitter goes off. The system is in the receive mode again.

On the panel of the transceiver are 3 lights (in fact LED's), which show which part
of the system is faulty. LRU FAIL shows a faulty transceiver. It monitors the follow-
ing:

«  power supply

+  frequency control

+  synthesizer out of lock

+  transmitter low power « 30W)

KEY-INTERLOCK shows a faulty coupler. See Antenna Coupler for description.

CONTROL INPUT FAIL shows a faulty control panel. It monitors:

+  ARINC 429 bus activity

«  Validity of ARINC 429 word.

The transceiver operates in a wide frequency band (2 to 29.999 MHz) or in a nar-
row frequency band (2.8 to 23.999 MHz). The band selection depends on aircraft
wiring. When a transceiver operates in the narrowband with a control panel for the
wide band, a frequency selection outside the narrow band gives a 1000 Hz tune-
tone warning. This is to warn you for the out-of-band selection.

Figure 82: HF - TRx
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Antenna Coupler

Overview

To get optimal power transfer from transmitter to antenna, the antenna impedance
must be the same as the transmitter output impedance (50 Ohm). For each fre-
qguency the impedance of an antenna is different. Since the antenna on the aircraft
has a fixed lenght, it is only suitable for one frequency. The antenna coupler tunes
filters to adapt the antenna impedance for each different frequency to the transmit-
ter output impedance. The coupler tunes to minimum standing wave ratio (SWR),
which is a relation between forward and reflected power. This is to prevent that too
much refiected power damages the transmitter.

The antenna coupler is the interface between the antenna and the transceiver For
each frequency the filters in the coupler have a different position, so after each fre-
quency change the filters must tune to the new position. To do such a tune-cycle
the coupler needs RF power from the transmitter for SWR measurement.

The location of the unit is on some aircrafts outside the pressurized cabin. When
air pressure is low, arcing occurs easily, especially when you use high voltage as
the coupler does. To prevent arcing inside the coupler when the aircraft is at a high
altitude, the unit is pressurized. Nitrogen also prevents corrosion inside the unit.

Figure 83: Antenna Coupler

Figure 84: Antenna Matching
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Antenna Tuning Sequence Figure 85: Tuning Sequence

After switch-on or after a frequency change, the coupler must do a tune-cycle be-
fore it is ready for transmissions.

After the initial switch-on and a change in frequency selection, the coupler gets a Home
rechanne! signal from the transcetver. The filters in the coupler go to a start posi-
tion, which is a neutral mid-band position.

When you now mementarily push the PTT button, the tune-cycle starts. A tune-in- NO 15 o> gg m&x
progress (TIP) and PTT signal go to the transmitter to keep the transmitter on as c3 L2 MAX
long as the tune-cycle continues. Yes
During the tune-cycle, the coupler is in the transmit mode and the transmitter sig- Receive
nal goes through the filters to the antenna. Standby
The SWR detector measures the load, and the SWR and the coupler control uses
this signal to set the filters in the correct position. E
When you have the correct load (50 Ohm) and so a minimum SWR, the coupler 5
filters have the correct position. The coupler control removes the TIP and PTT sig- S Q
nal and stops the tune-cycle. C <
The transmitter goes off. because the TIP and PTT disappear and the coupler Tune A §
goes to the receive mode, but is now ready for transmissions. 3
Yes ®
o
@ £
A No €
2

Power ON Tune C
Frequency Change |Yes
>1.3 1kHz Tone
NO Audible
Operate <1.3
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Antenna Coupler Function Figure 86: Antenna Coupler Functional Diagram

In the input of the isolation amplifier is a spark-gap. It starts to conduct when it gets
a voltage of more than 90V. This is to protect the isolation amplifier and the receiv-

er against lightning strike or high static charges. o otation

After switch-on the coupler comes automatically in the receive mode. The received Connection " “BI= Amplitier ] ARx to
signal goes to an isolation amplifier This amplifier makes it possible to connect ~ Spark 1™ |System 2
two HF systems to one antenna. After the isolation amplifier the signal goes to the sov ) {Optional)
transceiver. RE fromto ; ~<RX I

A PTT signal, that comes from the audio integrating system has the following func- — fx

tions: Changes the coupler from the receive in the transmit mode. The TX/RX con- T

tacts change from the RX in the TX position. Connects the input of the isolation Test Data (Test 5

amplifier to ground to protect the amplifier and the spark-gap against the high Sl e !

transmitter power. Closes a contact to complete the key-interlock signal. The pres- June in Progr. ARG

ence of the key interlock signal tells the transmitter that the coupler function is cor- Disable out Coupler| b Mistor Sensor !

rect so the transmitter can come on. 20VDC ook ] ™| Control | Ampitfrer

When there is a dual system the coupler control makes a disable signal which: in- Exchation — |

hibits the other system so you cannot transmit with two sytems at the same time. Key [mterlock . Tx or Digable

Connects the input of the isolation amplifier of the other system to ground, to pro-

tect the amplifier and the receiver of the other system. In the transmit mode the Fault=o

_| Receive through Fitters Antenna Coupler

transmitter signal goes through the tuned filters to the antenna.

When the coupler control detects a fault it interrupts the key-interlock signal to the
transmitter. This inhibits the transmitter and the KEY-INTERLOCK fight on the
front of the transceiver comes on. When the light is on, it shows one of the follow- Figure 87: Unit
ing coupler faults: Excessive tuning time (more than 15 seconds). Excessive start
positioning time {the coupler fails to go to the start position within 15 seconds, after
it got a tune-cycle signal). Occurence of an arc (low pressurization of the unit in

combination with high altitude). I:I(;)ut to
nitenna

(Shop
Maintenance)

Main Connector

In/Out to
Transceiver

Pressurization Connection
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Antenna Figure 88: Various HF Antenna Types

Aircraft that fly over the water for long distances rely on high-frequency communi-
cations. The lower frequencies used by this equipment require long antenna. The
horizontally polarized radiation used by HF communications allows long wires to

Antenna Wire
be used.

In the past, long-wire trailing antennas were used for HFcommunication. These
are often installed between a point above the cockpit and the tip of the vertical fin.
The wire is often a copper-plated steel wire, but the more efficient systems use an
antenna wire encased in a plastic sheath to minimize precipitation static.

Some modern high-speed aircraft have the HF communications antennas built into
some part of the structure, such as the leading edge of the vertical fin.
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D Antenna

DC-9/ MD-80

Antenna Probe
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Lightning Arrestor Figure 89: Grounded Antennas (no Lightning Protection needed)

To protect the HF system against high static voltages and lightnings an separate
protection device is used, A glassbowl| containing a sparkgap. If the voltage is to
high the gas inside will ionizise and discharge the energy to the aircraft structure.

If the lightning strike was to strong, the clear glas change its colour to black and
the whole device {(and in most cases also the coupler and transceiver) must be re-
placed.

Modern systems uses grounded antennas. One end of the antenna is connected [ to Aircraft
with the aircraft structure. The electric energy of a lightning strike is discharged di-
rect to the structure, so no further protection device is used.

HF Antenna
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Figure 90: Antenna using Lightning Arrestor
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SELCAL Figure 92: Decoder
Introduction
The SELCAL (Selective Calling) system provides aural and visual indications of Ch?C':;:'_g @ @
the calls received from ground stations equipped with a coding device. The com- - HF-2*)
munication systems used for SELCAL reception, are VHF and HF systems. @ @
The ground station transmits a selective call code, via VHF or HF transmitters. The
SELCAL code pane! is used to provide the decoder with the SELCAL code dedi- @ @
cated to the aircraft The transmitter and receiver must be tuned to the same op- Channel 1
eration frequency. - X?':'J) @ @
The SELCAL decoder compares the code selected on the SELCAL code panel
with the received code. Once detected, the information is send to the aural warn-
ing, which generates a buzzer sound and the "CALL" legend flashes AMBER in
the cockpit.
When the RESET key is pressed, the aural and visual indications are cancelled.

Figure 91: Principle

Figure 93: Control Panel

Call Light
HF/VHF
. Call Reset PUSHTO
Receiver PA Seical Selcal PA @
LEVEL @) |5 LEVEL
L1  seLcaL _'Dj (D) |noru e HIGH
] Decoder
Chi /
ime 8
o [dd414-
SELCAL Code Pane! SELCAL lights (blue)

Blinking on to alert pilot of incoming

/f—\ call. Chime also sounds.

HF/VHF SELCAL
Transmitter Encoder ’ RESET button
Ground Station When pushed, the alert lights will go

out and the equipment will be reset.
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System Description

With the Selective Calling (SELCAL) system a ground Operator calls an individal
aircraft. SELCAL reduces the pilots workload since they do not have to listen to all
the communication receivers all the time. The selective calling system has a
SELCAL decoder, which monitors the communication receivers. The ground oper-
ator transmits a coded signal with a communication transceiver The aircraft has a
specific code and the SELCAL decoder compares the received coded signal with
the aircraft code. When the decoder detects a coded signal, which agrees with the
aircraft code, a buzzer makes a sound to get the attention of the pilots. Lights on
the overhead panel or audio contro! panels identifies the associated receiver. The
pilots must select the proper receiver to listen to the message.

The SELCAL code is a 4 letter word. Audio frequencies, in the range between 300
- 1500 Hz. represent these 4 letters. Each letter has a different frequency. The
transmitted code signal has 2 periods and each period contains 2 frequencies. In
the 2 periods there are 4 frequencies, which represents the 4 letters of the
SELCAL Code.

Figure 94: Two Tones carrying 4 different Frequencies

Freq 1/2 Freq 1/2
Letter 1/2 Letter 3/4

- -
1Sec 1Sec
-

0.2 Sec

Each communication receiver has a SELCAL data output. This data goes to the
SELCAL decoder, which compares the signal with the aircraft code. The code se-
lection unit gives this code to the decoder. When the decoder detects audio, which
has the aircraft's Code, the associated channel light comes on. At the same time
an audio alert signal goes to the flight warning system, which makes a buzzer tone
for audio management. You stop the buzzer and you reset the channel light, when
you push the channel light or the resetbutton.

The decoder has 2 or 5 channels. It is a separate unit or it is located inside the
audio management unit. The code selection panel contains 4 code select wheels
which gives the selected aircraft code to the decoder with 17 wires. For one letter
there are 4 wires. A grounded wire represents a binary 0 an open wire binary 1.
With 4 wires for each letter there are 16 possibilities.

Figure 95: Decoder Block Diagramm
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Satellite Communication

Introduction

The Multichannel Aviation Satellite Communication System (MCS SATCOM) is a
worldwide mobile communications system providing continuous voice and data
communications services to and from the aircraft. In addition to the Airborne Avi-
onics (referred to as an Aircraft Earth Station), the total MCS SATCOM system
consists of the Space Segment (Satellite), Ground Earth Station (GES) and Public
as well as Private Voice and Data terrestrial telecommunications networks.

Figure 96;

The Space Segment comprises Satellite in geosynchronous orbit, providing air-
ground packet- switched data services and voice communications using conven-
tions and capabilities which are standardized worldwide. The Satellites function as
communication transponders to support L- band links to and from the Aircraft and
provide links to and from Ground Earth Stations (GES). There are two space seg-
ment providers for Airline Aeronautical Satellite Communications. The first is the
International Maritime Satellite Organisation (INMARSAT), whose system is in
place today to provide worldwide coverage. The other is Amencan Mobile Sateltite
Consortium (AMSC) system.

Figure 97: Four Satellites and ten Ground Earth Stations
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Ground Earth Station (GES)

Each Ground earth station has the necessary equipment to communicate with ter-
restrial networks and communicate through satellites with the Aircraft. The GESs
are designed to provide the Airline customer with a divers routing of national and
international Voice and Data communications via submarine cable, satellite and
microwave links to all destinations. Automatic traffic management systems ensure
efficient routing of communications using optimum links intc Public Switched Tel-
ephone Networks (PSTN) and avoiding multiple satellite connections whenever
possible. The GESs are strategically placed globally to provide redundancy and
diversity in the terrestrial extension of communications. The aircraft will be con-
nected to a GES via a "In- view" satellite depending on the service preference table
settings in the AES Satellite Data Unit.

Figure 98: SATCOM

Space
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Aircraft Earth Station (AES)

The aircraft earth station comprises the AVIONICS and ANTENNA subsystems,
whose primary function is to interface with the SPACE SEGMENT for communica-
ticns with the GES. The AES accepts DATA and VOICE messages from various
sources, encodes and modulate this information onto appropriate Radio Frequen-
cy carriers to be relayed by satellite to GES. Standard interface inciude the
ACARS, IRS, MCDUs and Cabin Telecommunications System, for Passenger tel-

ephone. Channels are also provided for voice and data communications with Air
Traffic Control (ATC).

Figure 99: AES
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SATCOM System Description Figure 100:

General to/from Satellite
The SATCOM system uses a sateilite network, a ground earth station (GES) net-

work, and the aircraft earth station (AES) (that is the aircraft), to supply long-range 1.5 GHz 1.6 GHz
communications. The satellite communications (SATCOM) system transmits long-

range data and voice information through two-way communications with geosta-
tionary satellites and a global network of ground stations. The SATCOM system

can supply this function to a large number of users and applications. These appli- High Gain Antenna -

cations include transmission of data, cockpit voice communication for the flight
crew and cabin voice communication for passengers.

Bite & Control

Communications satellites convert the L-band frequencies (1.5- 1.6 GHz) of the
aircraft's SATCOM system to the C-band frequencies {4- 6 GHz) of the GES net-
work. This supplies near hemispherical communications.

The satellite communications system uses the subsequent components:

+  Satellite Data Unit (SDU)
+ Radio Frequency Unit (RFU)
+  High Power Amplifier (HPA)

\i

«  High Gain Antenna (HGA)

+  Diplexer/Low Noise Amplifier (DIP/LNA)

+  Beam Steering Unit (BSU)

The_a SATCOM system has three to six channels. One is for the aircraft communi- Rx
cations addressing and reporting system (ACARS) channel, one channel is used

for cockpit-communication and the remaining channels are used for cabin-commu-
nication (passenger-telefone system).

Tx/Rx .| Beam Steering
‘ Unit
) i
Diplexer Bite
LNA
Iy
Tx
HPA -
¥ Tx
RFU -
A
Rx Tx
SDU Bite & Control

f—» Cabin Telefone System
— ACARS/Skylink
* Inertial Reference System
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Satellite Data Unit (SDU) Figure 101;

The SDU is the main processing element of the SATCOM system avionics and
supplies overall AES control and monitoring. The SDU controls timing functions,
all system voice and data coding/decoding functions, makes system protocol de-
cisions, and supplies the necessary system interface functions. The voice or data
signal is digitized by the SDU, which adds special codes to complete the aircraft-
to-ground station connection.

The coded voice/data signal is sent to the high power amplifier (HPA). The SDU
also decodes all voice/data signals that are received.

The SDU receives the navigation informaticn and supplies the beam steering unit
(BSU) with the azimuth and elevation data necessary to make sure the antenna is
pointed directly at the satellite.

High Power Amplifier (HPA)

The HPA amplifies the L-band signals to the power level necessary for transmis-
sion to a satellite. The HPA supplies the necessary average output power of at
least 40 watts and transmits multiple signals without excessive intermodulation.

The HPA also controls cutput power and supplies the necessary radiated power
from the AES. The SDU can control the HPA increase in a 15 dB range in 1 dB
increments through an ARINC 429 interface. This automatically adjusts the HPA
signal strength as necessary for a wide variety of conditions.

Radio Frequency Unit (RFU)

The RFU operates in a full duplex mode (transmission and reception of satellite
signals at the same time). The transmit side uses a power amplifier which receives
a signal from the SDU, and translates it to correct radio frequency (RF). The re-
ceive side uses the output from a low noise amplifier (LNA) and translates those
signals for transmission to the SDU.

The RFU is only used on aircrafts operating with six channels. The SDU will pro-
vide the nessecary circuits for 3 channel operation.
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Beam Steering Unit Figure 102:

The BSU is used with electronically steered antennas and has two main functions.
It contains the antenna power supplies and the control interface monitor circuitry.
The BSU receives antenna position data and beam change commands from the
SDU. This data and beam change commands are received in a standard digital
format. The information is then changed into signals that select specific antenna
elements in combinations that cause the beam to point at the desired sateliite. This CMA-2102 BSU
keeps the beam automatically pointed in the correct direction. ]

Diplexer/Low Noise Amplifier Figure 103:

The DIP/LNA makes two-way communications paossible, and performs three main
functions. it filters the transmit signal (which reduces out-of-band transmissions to
the correct levels) and at the same time, prevents de-sensitization of the receive
channel during transmission. This receive signal is then filtered, which reduces the
amount keep out-of-band signal interference. It also contains an ultra-low noise
preamplifier (low noise amplifier) for the receive path to maximize receiver system
performance.
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Antenna Figure 105: Antenna Cirquit

This system communicates via satellites which are located in a geostationary orbit
of 36’000 km located above the earth equator. The very sharpend antenna beam
is directed toward the satellite. The direction of the beam depends from the aircraft Input

position, attitude and heading. T High T Power
The high gain antenna (HGA) is top-mounted on the outer side of the upper fuse- | Radiating Gain | ‘— | Beam |
lage. on the aircraft centerline. It is a low-profile-plate antenna-array. The 32 radi- ‘ Elements Antenna Steering \
ating elements, phase shifters, corporated feed (power splitterfcombiner), and ‘ ‘ Unit
associated driver circuitry are integrated within a low profile, aerodynamically | | ] |
shaped radome structure. The HGA supplies +12dBic minimum gain with near l Phase Shifters | | Power Supply — |
hemispherical coverage. The HGA transmits and receives satellite signals at the - T &) ; \
same time. ! | || |
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System Operation

Log-on of the aircraft earth station (AES) to the ground earth station (GES) net-
work begins when electrical power is applied to the AES. Log-on is automatically
initiated by the SDU. At this time the SDU receives position and orientation infor-
mation from the aircraft navigation system. The SDU then commands the antenna
to steer towards the appropriate satellite and tune to the appropriate channel for
that satellite region (all GESs, channels, and the order of preference in which they
are selected, are set up by the user, usually by the telephone handset).

During this process the AES notifies the GES that it is operating in that region and
that it is monitoring the GES. The GES identifies the AES by its address, registers
the AES as operational in that region, and assigns channels to the AES. All other
GESs in that satellite region also note the presence of that AES. This feature as-
sists in the completion of connections for calls {(ground-to-air) to aircraft in that sat-
ellite region, as well as, allows an AES to place a call (air-to-ground) through a
GES other than the one to which it is logged on.

When a call is initiated by an AES (air-to-ground call), the AES signals the GES.
When the GES receives the call request, it assigns a pair of C-type channels for
voice call, or reserves time on a T-type channel for long-duration data transmis-
sions. The call can then go through. The assigned channels are reserved for as
long as the call is in progress.

When the GES receives a call from the ground that is to be sent to an AES
(ground-to-air call), the GES verifies whether the applicable AES is operating in
that region and if it is monitoring the GES. If it is, the GES notifies the AES that a
call is incoming and tells the AES the frequency/time slot assignment. The AES
then tunes to the assigned frequencies and sends an acknowledgement to the
GES. The GES then passes the call or data to the AES. If the AES is not operating
in that region, the caller is notified by the GES that the AES is not available.
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Satellite Telephone System

The Cabin Communications System, operates in conjunction with the SATCOM
avionics, a space segment (satellites) and a worldwide network of ground stations,
provides cabin services such as telephone, data. facsimile, and other communica-
tion interfaces.

Cabin communicaticns are accomplished with digitally connected phones. The
user interface with digitally connected phones is handled by the Cabin Telecom-
munications Unit (CTU). The SBU has provisions to support up to four independ-
ent channels.

Optional cocckpit handsets and/cr Audio Management System allows the commu-
nication for the pilots.

The distribution to/from all cabin handsets is established via the existing passen-
ger entertainment system and is different in each aircraft type.

Figure 106:
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They have a perfect telecommunication system, but they don’t speak together.

Figure 107: Airborne Satellite Telephone System
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Figure 108: Various Telephone Handsets
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ACARS Figure 110: Ground Network with Aircraft

Introduction

The Aircraft Communication Addressing and Reporting System (ACARS) is an air/
ground communication data link network that enables the aircraft to function as a
mobile terminal associated with modern airline command, control and manage-
ment systems.

The ACARS is used to transmit or receive automatically or manually generated re-
perts or messages to or from a ground station. The ACARS is dedicated to Main-
tenance, Operation and Commercial purposes. The ACARS can manage both Airline
transmission or reception of data. Ground- to- air and air- to- ground digital mes- Computer
sages are transmitted or received via VHF transceiver or the SATCOM system
when the VHF link is not available.

The transmitted information is relayed via the ground stations to a central compu-
ter (Singapore for SITA or Chicago for ARINC) where data is converted into airline
messages.

VHF Control
Comm Unit

@ @ Management
Unit

= P Sita Sita
Airline Radio Site Radio Site

Computer

Arinc/Sita
A ground network (SITA for EUROPE, ARINC for the USA), transmits the data Network
from the ground receiver to the airline main base. !
Airline
Figure 108: Aircraft System Computer Ground Ground
. Station Station
= Arinc/Sita Wire
= Central Line
Computer
Chicago/
Singapore Wire Line

(/ Satcom
L{) ACARS
A/C

Management
Unit K)ZD Systems

VHF |- > ARINC Aeronautical Radio Incorporated operates ACARS.

@ {L SITA Société International de Télécommunication Aérienne operates AIRCOM.
M= - Printer The most part of the world is covered by SITA-AIRCOM operated at 131.725 MHz.
Clm - In USA is ARINC-ACARS dominant at 131.550 MHz.
3 amwnmn Canada operates the own AirCanada at 131.475 MHz.
m=mmmm Japan uses AVICOM at 131.450 MHz.
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If there is to much communication traffic at a certain frequency channel, the ground At uncovered areas of the world. if there is no link to a ground station, the ACARS
station initiates an automatic frequency change to an other channel. (Remote Tun- uses the Satellite Communication.

ng)
Figure 111: Worldwide Coverage of VHF Network

AVICOM (JAL)
131.450

O Air Canada ACARS ARINC ACARS O SITA AIRCOM
131.475 131.500
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System Architecture

An establishes data communication via VHF to a Regional Ground Station (RGS)
or via L-Band (Frequency) to a satellite (SATCOM).

A Remote Ground Station is basically an intelligent VHF transceiver and message
converter. Once a RGS has received a Downlink Message from an aircraft, its con-
tent is turned into a conventional Telex Message and sent to the ASP.

The ACARS service processor ASP controls all RGS's or earth-stations (SAT-
COM) connected via ground network. It receives downlink messages from an air-
craft via RGS and distributes them to the appropriate designators (Airline Host
Computer or Telex printer

Figure 112: Network

2400 BITS/Sec
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Ground
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Computer Computer
System System
'y }

Y Y
Airline C Airline D
Computer Computer
System System

Ground Data Network
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Besides the AC-Registration and Flight No., downlink messages coming from a
RGS also contain the IATA code of the receivers RGS. Therefore the ASP knows
the approximate position of an aircraft upon the last received downlink. Currently
there are four major Service Providers offering Air-to Ground Link Message Han-
dlting. SITA, ARINC, AIR CANADA and AVICOM.

Messages going to SITA or AVICOM (Japan) are sent to SITA's Service Processor
in Singapore always. Traffic designated to ARINC is routed to the appropriate Data
Service Processor in Chigago via separate telex connections.

Inmarsat
Satellite

Regional
Ground

S
Station RGS \\\\
Ras \\\\

ACARS Service
Processor

‘ASP| ‘GES Ground 10.5 KB/Sec
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Airborne Components and Subsystems Figure 113: Interface

The ACARS System consists of a CMU (Communicaticn Management Unit), a
data printer, a Control-Unit/Terminal (MCDU) for entering and displaying data, Data Pri
VHF Transceiver and SATCOM system. ata Printer

— @ MCDU1/2/3

|
|

|

|

\
y
(=]

.

Communication Management Unit (CMU) i

The CMU provides input {receive) and output (transmit) interfaces through VHF-3 De o < o o
or SATCOM for the up- and down-linked messages.

The CMU collects or distributes and formats data from/to various subsystems for
transmissicon to or from the operators ground based computer system.

A

\
\
\
|
\
the CMU. These times are automatically transmitted to the ground system and are o

{

Out-, Off-, On- and In-event (OOOI) times are automatically generated by a set of o ‘5
parameters permanently broadcasted by sensors and various aircraft system to @ : i
(o] =

used for aircraft movement and messages control. L Je=] | A @

The CMU controls the VHF-3 communication system in data mode. VHF-3 can ei- JL
ther be used for digital data link or for voice communication.

Multifunction Control Display Unit (MCDU) ,.| Cabin Video

) o Info Systems
Both MCDU's are hooked up to the CMU and provide the main interface to the
crew. It consists of an alphanumeric keyboard and display to control and enter da-

ta. CMU status messages are also provided. The CMU shall maintain a dialog with Various

only ane MCDU at a time. If selected, the opposite MCDU will duplicate the active MU «— +|  Aircraft

ACARS page. Systems
Autotune

Airborne printer
The multifunction printer is the output device for data.

Rx/Tx Data N Sensors

I Y
Furthermore, there is an Cabin Video Information System (Long Haul} providing Data
the display of actual data from ground to all passengers for example:
+  Connecting flights

+ Information about passenger terminals VHF-Comm Satellitg
+  Weather at destination 3 Data Unit

+  Sport results /L J\
Antenna Antenna

Cerresponding with EASA Part-66
For tramning purposes only Cat: B2 13.4 - 68

1 Ad




Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23 / 34)

Operations, Requests and Communications with ACARS:

The Aircraft Communications Addressing and Reporting System (ACARS) is a two
way digital data link between the aircraft and ground stations through the VHF-3
communication system or to Ground Earth Stations (GES) via satellite through the
satellite communication system (SATCOM). ACARS provides the means to auto-
matically report vital flight and routine information. In addition the system enables
manual routing of pre-canned or free text messages to and from the aircraft.

+  System initialisation {(must be done before the flight. FIt. Nr. and From-To)

«  Mission Status (OO0, Block Time and Flight Time, UTC)
Out Aircraft out gate (Doors closed, Engines Running, Parkbrake released)
Off: Aircraft lift off
On: Aircraft touched down
In:  Aircraft in gate

«  Sending and Receiving of free messages via telex
+  Standard Text (Sending of preprogrammed text)
+  Flight Data entering (Fuel, Time and Weight)

«  Fueling (Uplift, Fuel on board, supplier, station)
+  Automated Terminal Information System (ATIS)
+  Destination Weather

+  Weather (Actual and Forecast)

+  Delay Message (Reascn)

+  Estimated Arrival Time ETA

+ Load Sheet request

+  Operation Info

+  Qperation Flightplan

+  Diversion (New Destination, Comment and ETA)
«  Parking Position Request

+ Passenger Connection Request

Data Format

The data is transmitted via VHF with frequency shift keying in analog format or via
SATCOM in digital format. Each alphabetic character is represented with 7 Bit.
Each packet is divided in 3 groups:

Preamble 34 Characters: Address and System Protokoll
Message 220 Characters of data
Trailer 7 Characters Parity and Verification

Figure 114: Data packet ACARS

Preamble Message Trailer

Ay
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ARINC Communication and Reporting

ARINC Communication and Reporting is described in Sub Module 5.4 "Data Bus-
es", Title "ARINC" on page 6.
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For traming purposes only Cat: B2 134 -70



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23/ 34)

Audio Integrating

Figure 116: Audio Integrating System

. Captain
Introduction
Modern airliners have a complex interphone system that allows flight crew mem- ACP
bers to communicate with each other and grocund crew-members. The pilots and »Eg"g’%’?g’g'c
flight attendants can make announcements to the passengers, and the conversa- Loudspeaker Dgoggooogc %
tions in the cockpit are recaorded for investigative use in the event of an air crash. Fe =

Each of the subsystems of the Audio Integrating System of a large jet transport air- Ry

craft are considered below.

All communications from the flight deck, both internal and external, are directed
through audio selection panels at each one of the crew stations. By using switches

T

i
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&
t

First Officer

>

ACP

! mu‘t
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|o [ s B 2 s}
00000008

@@jﬁ
1

&

Loudspeaker
,;\: oy
OFF | MAX

on these panels, the crew members can receive and transmit on any of the VHF
or HF transceivers, can listen to any of the navigation receivers, and can talk over

Audio Management Unit

the interphone or the public address system.
Figure 115: Overview l T i [
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Figure 117: Audio Control Panel ACP
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Accoustic Equipment

Headsets, boomsets, cockpit speakers, hand microphones and oxygen masks are
used for the communication. Push To Talk switches provides discrete signals to
enable the transmission.

Microphone (Mike or Mic)

A microphone is a transducer that converts sound waves into electrical signals.
For speech, its frequency response should be as flat as possible from below 200
to above 3500 Hz. Most microphones pick up a lot of background ambient noises
because the speech amplification. A “neoise cancelling” microcphone is recom-
mended tc reduce this background pick-up. Microphone output levels vary, de-
pending on the microphone type. Typical mics produce about 10 to 100 mV,

Dynamic

A dynamic microphone resembles a smali loudspeaker, with an tmpedance of
about 680 Q and an output of about 12 mV on voice peaks. In many cases a
preamplifier (possibly built-in) transforms the impedance to 100 k2 or more and
delivers about 100 mV on voice peaks. Dynamic mics are widely used.

Electret

"Electret” mics use a piece of special insulator material that contains a “trapped”
pelarization charge (Q) at its surfaces and a capacitance (C). Sound waves mod-
ulate the capacitance of the material and cause a voltage change. A polarizing
voltage of about 4 V is required to maintain the charge. The mic output level is fairly
low, and a preamplifier is sometimes required.

Figure 118:

M Tauchspule f_
LU n[:] ~Ug N
e o
Membran \ ~Ug
: Luftspalt ~ T
AN N
AN N >~ magn.
Membran Kristall Kreis

Piezo Microphone Electrodynamic Microphone

Hand Microphone

The handmic contains the preamplifier and the Push To Talk (PTT) switch.
The DC power for the preamplifier is provided through the same line as the output
audio signat AC.

The Push To Talk (PTT) or Key signal is used to change from reception mode to
transmit mode.

Figure 119: Microphones
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Headset Boomset
The headset converts electrical energy into the motion of air molecutes we call The combination of a headset with a microphone is calied boomset. The pilots or
sound. For reception and understanding of bad, distorted signals, it is better to use maintenance personal does not need to hold the mic. so both hands are free to
a headset instead the loudspeaker work.
Figure 121:

Figure 120:
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Oxygen Mask Microphone

If the crew wears oxygen masks, for communication it is important that a micro-
phone changes the veice in a signal to make spoken words in the mask under-
standable for radio or interphone communication.

This microphone is active as soon the pilot has taken the mask from the stowage
container.

Cockpit Loudspeaker

[f the incoming reception signal is clear and understandable the cockpit speaker is
more comfortable than to wear the headsets. Amplifier increases the signal level
to operate the speaker.

Volume potentiometer is used to select a convenient sound level.

The muting of speaker during radic transmission or interphone operation prevents
acoustical feedback (whistling noise).

Figure 122:
Figure 123:
o @| LOUDSPEAKER
_ R
OFF “ MAX
Y A
Y ) ©)
‘QbOxygen
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Connections Push To Talk Switches
The microphones and headsets are connected via jacks located in the cockpit with To change transceivers from the reception mode to transmission mode. PTT or
the audio integrating system. Build in preamplifiers gains the low output level of the RADIO-INTERPHONE switches are used. Push To Talk switches for using hand
dynamic microphones to a appropriate level. microphones are located at the hand microphones.

For the usage of boom- or mask microphones, those switches are located at the

Figure 124: Jack Panel : _ _
steering wheel (Yoke) or at the side sticks in advanced technology aircrafts.

Figure 125: Yocke Switch and Side Stick Switch
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Audio Selector Panel

Each cew member has the possibility to adjust any combination of audio sources
and its volume by the volume levers. Also the selection of the microphone signal
to one of several transmitter or interphone cirquits can be done by pushing the ap-
propriate mike button. A Radio/interphone switch and the Voice/ldent switch is

also located on the panel.

Figure 126: Front View

Radio/Inter Switch
(springloaded to center)

Radio - Connects boom/mask
mike to the radio,
selected by the mike
selector button.

- Connects boom/mask
mike direct to the

Inter

flight interphone system.

\

Mike selector buttons
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system.
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system.
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@

Voice/ldent Switch
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Ident

- Voice and full
identification to be
heard.

Two different technologies are applied in the Audio Management System: Digital
and analog.

Analog cirquits contains a resistance network with several potentiometers and re-
sistors inside each panel. This network is used to mix all selected audio-outputs in
one output signal to head phone, speaker and voice recorder The loss of signal
strength by the resistors is compensated by the build in isolation-ampilifier. Recep-
tion audio from navigation receivers is routed through 1020 Hz range filters to can-
cel morsecode signals when listening weather or airport information.

The microphone signal is routed together with the push to talk discrete through the
selected mic button to the selected transmitter or interphene system. The mic se-
lectors are mechanically interlocked, so only one transmitter or the interphone sys-
tem can be used at the time by the crew member. The engaged mic button is
itluminated by the integral light.

Figure 127: Schematic
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Voice - Ident Filter Figure 129: Audio Signal passing the Filter

The VOICE / IDENT switch is used for cancelling morse code identification signals
from ADF, ILS and VOR navigation systems, in crder not to hinder voice reception
information.

In VOICE position a filter cancels the identification morse code 1020 Hz, so only
voice (weather and airport information) will be heard.
The DME identification morsecode 1350 Hz is disconnected by the swich.

In IDENT position both, the station identification and voice can be heard.

In some aircrafts it is possible that in IDENT ONLY position the voice-signal is fil-
tered out, sc only 1020 Hz and 1350 Hz morsecode passes the filter.

The filter consists of frequency dependant elements like coils and capacitors.
See example of a band-pass, and band-reject filter
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Digital Audio Control

Audio Control Panel

With the volume controls you set the volume for the various receivers. These con-
trols are potentiometers, and a DC voltage represents the wiper position. This volt-
age is converted to a digital signal and goes in an ARING 429 word to the audio
management unit. An ARING 429 receiver gets the data back after the audio man-
agement unit has followed the data commands. When the received data is differ-
ent from the transmitted data, the comparator gives a channel fauit to the flight
warning system.

The transceivers have a volume control and a transmitter selector. The volume
control operate in the same way as the receiver volume controls. When you sefect
a transmitter this selection goes as discrete in an ARINC 429 word to the AMU.

The positions of the 3 switches R/T-I/C (Radio Transmit - Intercom)} Voice-ldent
Speaker ON/OFF also go as discretes in ARING 429 words to the audio manage-
ment unit.

The monitor in the audio control panel does the normal monitoring. When there is
a faultin the ACP the monitor gives an ACP fault message signal to the flight warn-
ing system.

Figure 130: Front View
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Figure 131: DACP Schematic
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Audio Management Unit The interface in the audio management unit is the interconnection to all transmit-
ters, receivers and aural warnings. This means also for the acoustic equipment like

The main part of digital audio management is the Audio Management Unit. It con- ‘
P 9 g g speakers, headsets, microphones and PTT switches.

tains for each crew member a station control card. For system redundancy, there
are one or more spare channels available. Figure 133: AMU Block Diagram
The audio management unit gets all the audio signals from the communication and
alerting systems. These signals go through to the headphones and speakers, de-

pending on the selections of the associated audio control panel. The microphone
signals goes according the transmitter selection to the selected transmitter or in-
terphone. CAPTAIN
The data transfer between ACP and AMU goes through ARINC 429 buses. STATION }IC/RT FROM
CONTROL CONTROL WHEELS
. ) CAPT ACP
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Station Control Figure 135: Station Control Function

The audio management unit contains for each crew member a station contral card.
Each station control has an input to the ARINC 429 receiver. When the received

| 425

control data is followed, the control circuit gives an "action completed” signal. conTROL S SRV - COMM 1
which activates an electronic switch. Through this switch an ARINC 429 transmit- 0 I -—-%—vm—com« 7
ter gets the control data and sends this data back to the ACP for verification of the j‘ ACTION COMPLESED o TRANSHITTER | —e- VHE- (DM 2
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jackbox, the telephone. RECEIVER
ﬁSELEUEIONf
. - - . - Vi M
Figure 134: Reception and Transmission Control via ARINC 429 LS w
Rx MICR VHF - COMM 1 !
AUDIO PTT AUDIO VHF - (OMM 2
VHF - (OMM 3
HE - COMM 1 | TL
AF-(OMM 2 =l PECEVER  —9
PA — ] SELECTION
ADF — 1 +.| AND j
CONTROL ADF - 2 1 s - VOICE ¢
DATA STAT'ON DME -1 ——: VOICE FIDENT IDENT
AUD'O CONTROL OME -2 —lb- l _ﬂI.EE;,fﬁ |
ARINC 429 VOR — 1 — I/\[ W HEADPHONES
CONTROL CARD VOR = 2 _l_’ 0//3 /¥ ] | & COCKPIT-
© SPEAKER
PANEL <_ Inside Audio s -0 - A
CONTROL Management Unit Ls -z
DATA s~ 3 1
BACK STATION CONTROL
HEADPHONES PTT MICROPHONES
SPEAKER
Corresponding with EASA Part-66
For training purposes only Cat: B2 13.4 -80



Basic Maintenance Module 13 Aircraft Structures and Systems

Training Manual 13.4 Communication / Navigation (ATA 23/ 34)
Interphone Figure 137: Flight Interphone Schematic
Allows communication between people inside or outside of the airplane. The con- T CAPTAIN FIRST OFFICER N
nections are made via the wiring in the airplane. Three interphone systems can be : o T——— 1 —_— - 1
distinguished: Flight-, Cabin- and Service or Maintenance Interphone system. :\ & © j : @ @) gg? ®,,Q @]
Flight Interphone Cor M ] inl ! tJ AR p | a
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Cabin Interphone

Figure 139: Cabin Interphone Schematic

Cabin crew can communicate among themselves and with the flight deck crew via I
the cabin interphone system. The cabin interphone system consists of three com- @D > 1
ponents.
+  Cabhininterphone handsets
+  Control circuits inside Cabin Intercommunication Data System CIDS
or a separate amplifier. ) sls"gr:ngs
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Service or Maintenance Interphone

The service interphone system takes care of the communication ameng mainte-
nance personnel during maintenance activities. The service interphone system
consists of a number of plug in jacks can be found at various places in and on the
airplane. The service interphone system uses the audio distribution system for am-
plification and distribution of the audio signals. Older types of airplanes have a
separate service interphone amplifier.

Figure 141: Service Interphone Schematic
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Cabin - Service Interphone Handsets

One handset is located in the cockpit and several handsets are installed in the cab-
in at the attendant stations. The handsets are also used as a microphone for public
announcements via the public address system.

Dial buttons makes possible to communicate with a dedicated partner station or
cockpit, so other crew members are not able listening private communications. So
a digital central switching system (Cabin Intercommunication Data System CIDS)
is used.

Figure 142: Various Handsets
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Interconnections between interphone systems

+  The flight interphone makes it possible for the flight deck crew to communi-
cate with each other and with the ground engineer.

+  The cabin interphone is used by the cabin crew to communicate among them-
selves and to communicate with the flight deck crew.

+  The service- or maintenance interphone is used by the maintenance person-
nel to communicate with each other.

Depending of aircraft type, it is possible to interconnect this three interphone sys-
tems in the following way:

+  Cabin interphone with service- or maintenance interphone.
«  Flight interphone with cabin interphone
+  Flight interphone with maintenance interphone

Therefore dedicated switches are used or it is done automatically after landing.

To interconnect the service interphone of older aircrafts, it is nessecary to install
an external jumper cable between the flight interphone jack and service interphone
jack.
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Ground Crew Call

The ground crew has a flight-deck call button in the nose wheel well that, when
depressed, sounds a low chime on the flight deck and illuminates a ground-crew
call light. When the ground-crew call button cn the flight deck is depressed, a horn
in the nose wheel well sounds. When the chime or the horn sounds, the appropri-
ate crew members can use the interphone system to communicate with the one
who initiated the call.

Figure 143: Ground Crew Call and Cockpit Call
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Figure 144: Ground Crew Call Schematic
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Figure 145: Cockpit Call Schematic
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Cockpit Voice Recorder

Introduction

The cockpit voice recorder, or CVR, is an important device for determining the
cause of an aircraft accident. An endless tape or a solid state memory allows for
minimum 30 minutes of recording, and then it is automatically erased and recorded
over. There are four inputs to the recording heads: the microphones of the captain,
the first officer, the observer, and a microphone that picks up received audio and
cockpit conversations. These microphones are always "hot” and do not require any
type of keying. The pick-ups are all in the cockpit, but the actual tape recorder is
in a fire resistant box usually located near the tail of the aircraft, and is painted

bright orange so that it is easily identified among the wreckage.

Figure 146: CVR System Block Diagram
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Function

A voice recorder records information on an endless magnetic tape or in to a solid
state memory. This recording is kept of the last 30 minutes of flight crew commu-
nication and conversation. This information is essential for accident investigation,
therefore the voice recorder is an airworthiness requirement. For accident investi-
gation the voice recorder is used in combination with the flight data recerder.

The voice recorder has a protective casing which gives the recorder a bigger
chance to survive a crash. Also the location of the recorder, in the tail of the air-
craft, increases the survival chances. The casing has a bright orange color with
white fluorscent tape stripes. This makes the reccrder easier to find. On the front
panel of the voice recorder is an underwater locater beacon. Under water the un-
derwater locator beacon transmits ultrasonic pulse signals, which makes it easier
to find the recorder.

The voice recorder system gets audio signals and records them on 4 separate
tracks. On the tracks are the following audio signals:
»  Channel 1: - all selected audio from the captain's audio station
+  Channel 2: - all selected audio from the first officer's audio station
«  Channel 3: -all selected audio from the observer's audio station.
Time reference signals from the flight data recording system.
+  Channel 4: - all area-sound-signals from the flight compartment microphone.

The voice recerder control panel has the controls for a TEST and ERASE function
of the recorder. The erase function goes through interlock conditions. The control
panel has straps for the setting of an internal amplifier.

The voice recorder gets the electrical power automatically when one of the engine
is started (fuel levers open) or the aircraft is in flight. A time delay reiay removes
the power from the voice recorder 5 minutes after the aircraft is on the ground and
all fuel levers are closed.

Manually you apply power to the voice recorder with the CVR/FDR GND CONT
pushswitch on the avionics switch panel. The automatic power switching overrides
the manual switching.

Figure 149:
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Recorder

The voice recorder contains a magazine and electronic circuitry. The magazine
contains the endless tape, a bulk erase coil, an erase head, recording heads and
a moniter head.

The electronic circuitry is a power supply, bulk erase switching, a bias oscillator
and for each recorder channel an amplifier and mixer. There is also a test oscillator
and muitiplexer, and a meter circuit.

Once the voice recorder gets electrical power the recorder starts to record the au-
dio and time signals on the 4 tracks of the tape. Before the tape passes the record
heads it passes an erase head to erase the previous recording. The bias oscillator
supplies the erase head.

The audia signals from the audio management unit or the remote area microphone
go to amplifiers and from there to mixers. From the mixers the signals go to the
record heads, which put signals on the tape. In the mixer the audic signals are
mixed with the bias oscillator signal.

After the tape passes the record heads, it passes a manitor head, which gives the
recorded signals to a monitor amplifier. This amplifier supplies the telephone jacks
on the recorder front panel and the control panel. During test a meter circuit meas-
ures the signal strength. A test meter on the control panel shows the signal
strength (only during test!).

The ERASE pushbutton on the control panel gives the pilots the possibility to
erase all the recorded information after a succesfully completed flight. The erase
pushbutton is operative when the aircraft is on the ground and the parking brake

Figure 150: Recorder with endless Tape (analog recording)
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Solid State Cockpit Voice Recorder CVR Figure 152: CVR Solid State
Todays technology is the possibility to store the recording in digital format. There
are no moving part, which can be worn. (solid state)

Flash Crash Survivable Store Unit FCSSU

The non volatile flash memory is encased in a crash hardened titan alloy unit.

Storage capacity: 4 Channels for 30 minutes high fidelity
all channels up to 4 hours low fidelity

Acceleration surviving: 3400 g's

Force to withstand: 5000 Ibs (2.27 metric tons)
Deep sea pressure: 20°000 ft (6096 m)
Temperature to survive: 1100 °C

Figure 151: Analog Magnetic Tape and FCSSU (Memory Module)
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Underwater Locator Beacon ULB

The Beacon is a battery operated underwater acoustic pulse generator that is ac-
tivated when the switch end is immersed in either fresh or salt water.

The water switch is part of a low-current triggering circuit, which when closed by a
resistance of less than a few thousand ohms, such as immersion in water, will in-
itiate normal pulsing of the Beacon oscillator circuit. The output valtage of the os-
cillator is impressed upon the piezoceramic transducer ring. The resultant
mechanical motion is coupled to the metal case of the Beacon, which in turn, radi-
ates it into the surrounding water as 37.5 kHz acoustic energy.

The pulses generated are of 10-millisecond nominal duration, and they occur once
per second. The Beacons operate continuously for at least 30 days after being im-
mersed. The Beacons will withstand depths to 20,000 feet and they can be detect-
ed at a range of 2000 to 4000 yards, depending upon sea state, nearby boats,
marine animais, gas or ol lines, and other factors contributing to the ambient noise
level in the 35 to 40 kHz frequency range. The internal battery must be replaced
every 2 - 6 years.

Figure 153: ULB Schematic
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Emergency Locator Transmitter ELT

Introduction

An emergency locator transmitter (ELT) is a small, self-contained radio transmitter
mounted in a location where it is least likely to be damaged in a crash. It has an
inertia switch that closes in the event of a crash and starts the transmitter emitting
a series of down-sweeping tones simultaneously on two emergency frequencies,
121.5 MHz in the VHF band and 243.0 MHz in the UHF band. The battery in an
ELT has a design life long enough to operate the transmitter continuously for 48
hours.

ELTs are installed as far aft in the fuselage as it is practical to place them, and they
are connected to a flexible whip or external antenna. The installation must be such
that orients the inertia switch so that it is sensitive to a force of approximately 5G
along the longitudinal axis of the aircraft.

When an ELT is properly installed, it requires little maintenance other than ensur-
ing that it remains securely mounted and connected to its antenna. There must be
no evidence of corrosion, and the battery must be replaced according to a specific
schedule. Non rechargeable batteries must be replaced when it has reached its
usable life, The date required for its replacement must be legibly marked on the
outside cf the transmitter case and recorded in the aircraft maintenance records.

An ELT can be tested by removing it and taking it into a shielded or screened room
to prevent its radiation from causing a false alert. An operational check may be
made with the ELT in the aircraft for no more than three audible sweeps.

This test must be conducted within the first five minutes after any full hour.

Orbiting satellites of the COSPAS and SARSAT (Search and Rescue Satellite)
system can locate the position of the signal by doppler effect to approximately 14
km. The mission control center then initiates the rescue which is done with con-
ventional radio direction finding equipment on 121.5 MHz.

The transmitter is installed in the ceiling of the cabin. To make the unit sensitive
for the shock-detection the unit needs to be installed in the correct way. Therefor
an arrow on top of the unit shows how to install the unit with respect to the direction
of flight.

The ELT antenna installed on the rear-top of the fuselage transmits the ELT sig-
nals.

Figure 156: Transmitter and external Antenna Location
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ELT Function and Operation Figure 157: ELT

An internal battery pack in the battery compartment is the power supply of the unit.
When power is supplied to the audio generator and the oscillator the transmitter
starts to transmit the down-sweeping audio signal on the distress frequencies. QV

If the transmitter is switched an (automatically or manually) an audio signal is mod-
ulated on the international distress frequencies of 121.5 MHz. and 243.0 MHz. The 121 5mHz
audio signal is a down sweeping signal from 1600 Hz to 300 Hz which is repeated Oscillator | ;3 4y, | Modulator
3 times a second.

With the switch on the transmitter front-panel in the ON position the transmission
is started. With this switch in the AUTO position the internal impact-switch and the Audio

ELT control panel are enabled. The impact switch starts the transmission if a ‘ Generator
shock of 5 g. for a minimum of 11 msec. is sensed. The automatic transmission is l >4
reset when the remote pushbutton in the flightdeck is switched to ON and switched | I
back to AUTO again. With the remote pushbutton in the ON position the transmis- Auto lON ) v —————1

sion is also started.
{ d > limsec
OFF
Auto & ON
ELT Control Panel

1600-300Hz

Battery Compartment

On the front of the unit are two connection points for remote control and antenna. Antenna
A 3-position toggle switch. /
+  OFF position the transmitter is disabled.
- AUTO position automatic contro! of the transmitter If the automatic control is
enabled and the unit senses a shock of at least 5 g. for a timeduration of 11 = . =
msec. the transmitter starts to operate automaticaily. QELT XMIT
«  ON or MAN/RESET position, the transmitter starts to transmit. The automatic ANT HE’Q‘;‘}‘@)AN
transmission is reset when the toggle switch is switched to ON and switched OFF
back to AUTO again. \q o
A red light shows the ELT is operating.
A small whip antenna is provided, if after an accident the ELT is removed from the N y
aeroplane. ‘ J
. S

Corresponding with EASA Part-66
For training purposes only Cat: B2 13.4 - 92



Basic Maintenance Module 13 Aircraft Structures and Systems
Training Manual 13.4 Communication / Navigation (ATA 23 / 34)

Antenna Figure 158: Antennas

The emergency locator transmitter antenna typically uses a thin wire whip antenna

Antenna
mounted as far aft in the fuselage as possible, but ahead of the empennage. It is
usually mounted on top of the fuselage, where it is least likely to be damaged. G d
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Automatic Direction Finder ADF Figure 160: NDB Radiating Electromagnetic Fields
Principle
The ADF is a historic short and medium range radio navigation aid, which receives —_— EE— _—
and interprets the signals provided by a non directional and broadcasting ground — o
station. — . B T~
The combination of signals, received from two loop antennae and from one omni- ~ P = ~ AN
directional sense antenna, provides bearing infermation. The two loop antennae / / , P T N ~ ~
are positioned 90° apart on the aircraft structure. The signal from the omni-direc- s T T T T e \ \ \ \
tional sense antenna is not affected by the relative bearing. \ \ \ P TR P y Y,
An additional Morse signal is provided to identify the selected ground station. The AN h - _ "_'j 7 /
ADF system also provides aural identification of the ground station. Newer receiv- N —_— . -~
er also decodes the Morse identification which is received. For entertaining, listen- — o — -~
ing of broadcasting radio staions at long- and medium frequency is possible. ~—___ NON DIRECTIONAL BEACON —
Figure 159: Bearing Indication
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Control Indication
*  Frequency selection: Figure 164: Various ADF Bearing Indications

Long and medium frequency (LF and MF) 190 -1750 KHz

. A1 - NORM Switch
A1: Reception of non modulated morse code (continious wave CW)
Neormal: Reception of normally modulated NDB's and broadcasting stations.
= ADF - ANT Switch
ADF. Reception with Loop- and Sense Antenna. (Direction finding)
ANT  Reception with Sense Antenna only. (Listening of broadcating)
+  TFR Switch
Transfers the receiver tuning to the standby frequency

Figure 162: ADF Control Panel
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Direction Finding

The direction sensitive antenna receives depending on its position in the magnetic
field of a transmitter, will receive a stronger or weaker signal. By rotating the loop
360 we experience 2 maximum and 2 minimum signals. To find out the only pos-
sible direction to the radiostation. the signal of a second, non-directional antenna
{called sense antenna) is added to the signal of the loop antenna. Cnly the com-
bination of the 2 signals will give the correct bearing to the selected NDB, which is
displayed on the navigation instrument in the cockpit.

Figure 165: Loop Antenna in H-Field

Loop antenna in position:

A Output voltage is minimal
B Qutput voltage is maximal
C QOutput voltage is U aximal x Sin O

According the phaseangle between loop and sense-signal, the automatic direction
finding circuit steers the loop-antenna respective the loop-resolver to the correct

null position.

Figure 166: Loop and Sense Antenna in RF Field of NDB
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Receiver

An ADF receiver operates in the LF and MF frequency bands and has inputs for
two different antennas, a loop and a wire-type sense antenna. The output of the
loop antenna varies with the direction between the plane of the loop and the station
being received. The output of the sense antenna is omnidirectional, meaning that
its signal strength is the same in all directicns. The field of the two antennas, when
mixed in the ADF receiver, is heart-shaped with a very definite and sharp null.

When the frequency of a radio beacon is selected, the signals from the two anten-
nas mix and a voltage is generated in the receiver that causes the loop-drive motor
to rotate the loop. The ioop wili rotate until the combined field is the weakest, the
null. The same signa! that drives the loop antenna drives the needle of the ADF
indicator

The next figure shows a highly simplified block diagram of a rotating-loop ADF sys-
tem. The output of the loop antenna is amplified and mixed with the output of the
sense antenna. This combined signal is amplified by a tuned amplifier that filters
out all but the desired signal. The signal is mixed with the output of a local oscillator
to produce an intermediate frequency. The IF is amplified, demodutated, and de-
tected and sent to an audio power amplifier and then to the speaker. A voltage is
taken from the output of the detector, filtered and amplified, and used te drive the
loop-drive motor. This voltage has the correct polarity to drive the loop in the prop-
er direction to reach its null position. The needle of the ADF indicator is driven by
the same signal, and it shows the pasition of the station relative to the nose of the
aircraft.

The beat frequency oscillater {(BFO) connected to the IF amplifier is used when the
ADFreceiver is tuned to an modulated transmitter. The transmissicns from radio
beacons in some foreign countries are not modulated, and in order to hear the sta-
tion, a signal is generated by BFO. Almost all radio beacons are modulated, so the
BFQO is not switched in.

Antennas

The automatic direction finder requires two antennas:;

+  The loop antenna has traditionally been a rotating device enclosed in a rather
large housing. Now, almost all ADF installations use fixed loops mounted in
thin streamlined housings.

+ The sense antenna is a omnidirectional antenna to receves the electric com-
ponent of the radiowaves transmitted from the NDB. In older airplanes this an-
tenna was a separate pole, wire or in fiberglass contained wire grid.

Figure 168: ADF Receiver (Classic)
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Figure 169: Loop and Sense Antenna Pattern and their Combination
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Fixed Loop Antenna

Today the rotating loop antenna has been replaced with a nonrotating fixed loop.
The nonrotating loop is actually two fixed-loop antennas connected to two fixed
stator windings in a resolver, or goniometer. The fields of the two stator windings
induce a voltage in the rotor, and this voltage is sent into the loop input of the ADF
receiver. The signal is processed in the receiver. The output of the loop-drive am-
plifier drives a small motor inside the ADF indicator that drives the rotor of the go-
niometer until it aligns with the null.

Figure 170: Principle of Fixed Loop Antenna
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Combined Antenna

The ADF antenna contains a sense antenna and two loop antenna’s. The sense
antenna is an omni-directional electrical antenna. The loop antennas are direction-
al magnetic antennas which are perpendicular to each other. One loop antenna is
the sine antenna, the other the cosine antenna. The amplifiers in the ADF antenna
amplify the loop and sense antenna signals to make the signal transport and an-
tenna cable less critical. The power supply for the amplifiersis + 12V DC and -12
V DC from the ADF receiver power supply.

The ADF basically measures the bearing (direction) to the selected station with its
locop antennas. The sine antenna that peints for/aft mainly receives signals from
stations to the left or right of the aircraft. The "cosine” antenna that points left/right
mainly receives signals from stations before or behind the aircraft. Stations at an-
gles in between the for/aft and teft/right line of the aircraft induce voltages in both
antennas.

Figure 171: Loop and Sense Antenna combined
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Digital Receiver

The ADF receiver operates in the frequency band from 190.0to 17505 kHz in 0.5
kHz steps. The frequency selection comes in ARINC 429 format from the ADF
control panel. A test discrete input starts the ADF receiver self test.

The balance modulators modulate the output of both loop antennas with a 96 Hz
audio reference signal. The balance modulator 1 modulates the "sine" loop anten-
na output with a 96 Hz sine signal. The balance modulator 2 modulates the "co-
sine" loop antenna with a 86 Hz cosine signal. The two lcop antenna signals with
their 96 Hz modulation go to a summing circuit 1 which adds the two signals. The
output of the summing circuit 1 also has a 96 Hz modulation. This 96 Hz modula-
tion has a phase relation with the 96 Hz reference that depends on the direction of
the station. The phase difference depends on the amounts of loop antenna signal
with sine and cosine modulation which the summing mixes.

The summing circuit 2 mixes the sense antenna signal with the signal combinaticn
of both loop antennas. This eliminates the 180° directional ambiguity of the locp
antennas. The output of summing circuit 2 goes to the receiver. The receiver de-
tects the audio of the station of the selected frequency and the 96 Hz. The audio
goes to the audio management system. The 96 Hz goes to the phase detector,
which changes the phase difference of the two 96 Hz signals into a bearing output.
The bearing information goes through two ARINC 429 transmitters to the consum-
ers.

If the monitor detects a failure it makes the sign status matrix (SSM) of the bearing
output word invalid. When the aircraft lands the ground/flight discrete commands
the ADF receiver to put the detected failure in the non-volatile memory. With spe-
cial equipment in a workshop you can read the contents of the non-volatile mem-
ory.

When the receiver receives no useable signal or when the synthesizer fails, the
audio switching circuit switches the audio off. The A1/NORM switch commands
the audio switching circuit to give a 1000 Hz tone when the receiver receives a car-
rer.

Figure 172: Blockdiagram
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Bearing

Relative Bearing Indicator RBI

The oldest type of indication. The heading scale is always fix and not rotateable.
The arrowhead of the pointer shows in direction toward a NDB. The angle between
the aircraft longitudinal axis and a tuned radiostation is called relative bearing.

The absolute bearing from the aircraft position toward a non directional beacon
named QDM must be calculated by the pilot.

Radio Magnetic Indicator RMI

The heading dial rotates automatically with the compass system. At the heading
reference line, also named lubberline the actual magnetic heading is shown. The
pointers are showing the direction from the aircraft position toward tuned non di-
rectional beaccn called QDM (Direction Magnetic) or also defined as absolute
bearing.

The single or red pointer shows the bearing of ADF 1.
The double or green pointer shows the bearing from ADF 2.

Relative Bearing

Pointer 1 shows 90° { 3h position)
Pointer 2 shows 0° (12h position)

Absolute Bearing

Pointer 1 shows QDM 45° ( 3h position)
Pointer 2 shows QDM 315° (12h position)

Figure 173: Relative Bearing
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VHF Navigation Figure 176: Zurich ILS 16
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Figure 177: Airways around Zurich with VOR Stations
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ILS Instrument Landing System Figure 179: Display
General Glidepath Deviation Glidepath Deviation
The Instrument Landing System allows the aircraft to follow an optimum descent.

The descent axis is determined by the intersection of a localizer beam and a glide SpEED
slope beam. The beams are created by ground stations. The ILS allows measure-
ment and display of angular deviations. The ILS also detects Morse audio signal
which identifies the ILS ground station.

Figure 178: Runway with Localizer and Glideslope

' —
LOC\F\ LOC Beam
—_ LOCBeam

-

Antenna Flight  ———
TR e Glide/
. Localizer ™ T [———gjope . |
Glide \ N Qeviation "~ Deviation w31 fra3s sa | - /
Slope R < C =
Antenna T -~ - Optimum
Glide o Descent Localizer Deviation Localizer Deviation Runway Course
Axis
Slope
Beam . .
S Figure 180: Radio Management Panel
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Tuning Table 4: Localizer and Glidepath Frequencies in MHz
The operator has to tune the ILS via control panel or MCDU. In automated flight- LOC GP LOC GP LOC GP LOC GP
decks the Flight Management System executes an automated tuning before the
begin of the approach. 108.10 | 334.70 | 109.10 | 331.40 | 110.10 | 334.40 | 111.10 | 331.70
Localizer and Glidepath Frequencies 108.15 | 334.55 | 10915 | 331.25 | 110.15 | 334.25 | 111.15 | 33155
Each glide slope channel is paired with a specific localizer frequency and is auto- 10830 | 33410 | 109.30 | 332.00 | 110.30 | 33500 | 111.30 | 332.30
matically selected when the pilot tunes the VHF nav receiver to the localizer fre-
quency. 108.35 | 333.95 | 109.35 | 331.85 | 110.35 | 334.85 | 111.35 | 332.15
Figure 181: ILS Frequency Selector 108.50 | 329.90 | 109.50 | 332.60 | 11050 | 329.60 | 111.50 | 332.90

108.55 | 329.75 | 109.55 | 332.45 | 110.55 | 329.45 | 111.55 | 332,75

ILS Frequency Readout Course Readout

Shows ILS frequency Shows runway heading selection 108.70 | 33050 | 109.70 | 333.20 | 110.70 | 330.20 | 111.70 | 333.50
\ / 10875 | 330.35 | 109.75 | 333.056 | 110.75 | 330.05 | 111.75 | 333.35
@ \ FREQ ILS (RS/ 10890 | 329.30 | 109.90 | 333.80 | 110.90 | 330.80 | 111.90 | 331.10
10876 201 108.95 | 329.15 | 109.95 | 333.65 | 110.95 | 330.65 | 111.95 | 330.95
D
Figure 182: Radio Management Panel
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Navigation Radio Tuning Figure 184: MCDU useable for Navigation Radio Tuning
Auto Tuning
FMGC provides the frequency selection based on its database.

Manual Tuning . ‘
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Localizer

Ground Facility

The localizer signal comes from a transmitter located at the end of the runway that
operates in the frequency range from 108.10- 111.95 MHz. The localizer transmits
two beams one on the right side of the runway center line and one on the left side
of the runway center line.

The beam on the right side has a 150 Hz modulation, the beam on the left side has
a 90 Hz modulation. When the aircraft flies over the extended center line to the
runway it receives both signals with an equal strength. When the aircraft deviates
from the center line there is a difference in signal strength. The system measures
the deviation from the center line by comparing the strength of these 90 Hz and
150 Hz modulation signals.

Figure 185: ILS Runway
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Figure 186: Antenna Pattern
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LOC Receiver

When the VHF Nav receiver is tuned {0 a localizer frequency, the localizer circuitry
is activated. The signal from the antenna is taken into the receiver and passed
through two filters. One filter passes the 90-Hz tone and the other passes the 150-
Hz tone. This audio signal is rectified and changed to a DC voltage applied to the
amplitude comparator that drives the pointer of the Left-Right indicator

The summing network verifys the correct reception of both signals.

A spoken weather- and runway- information (Automated Terminal Informaticn
System ATIS) or/and 1020 Hz morseceode identification is routed through the veoice
filter to the cockpit speaker or headphones.

Figure 188: LOC Receiver

LOC Display

When the aircraft is to the right of the runway center line, it is in the 150-Hz mod-
ulation area, and the needle deflects to the left, showing that the runway is to the
left. The needle deflects full scale when the aircraft is approximately 2.5 Dot off of
the center line. This translates to about 1,500 feet at five miles out, but becomes
less as the runway is approached. If the aircraft moves to the left of the runway
center line, it is in the 90-Hz area and the needle is driven to the right, indicating
that the runway is to the right of the aircraft.

The localizer signals extend from both ends of the instrument runway. When the
aircraft is approaching the runway from the end that has the glide slope, it is said
to be making a front-course approach and the pilot turns toward the needle when
the aircraft is off course. When approaching from the opposite end of the runway.
the aircraft is making a back-course approach. When the aircraft drifts off course
the pilot must turn it away from the needle to get back on course.

“Nocatizer Figure 189: LOC Indication
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Glide Slope or Path Figure 190: Glide Path Antenna Pattern

Ground Facility

The glideslope signal comes from a transmitter at the beginning of the runway that
operates in the frequency range from 329.15 MHz to 335 MHz.

240 - 480m GP-Antenna

The glideslope transmits two beams to give vertical guidance over the glidepath. R P
The glidepath has an angle of approximately 3°. The glideslope beams are just like
the localizer modulated with 80 Hz and 150 Hz. The 90 Hz modulated beam is 120 - 170m
above and the 150 Hz modulated beam is below the 3° glidepath. The system - ) v —r— - — - —- —
measures the deviation from the difference in signal strength between the 90 Hz i
and 150 Hz modulation signals. The navigation display shows localizer and glides-
lope deviation.

The glide slope transmitter and antenna are located about 750 to 1,250 feet from
the approach end of the runway and offset about 250 to 600 feet from the runway
center line. It transmits a highly directional signal that is approximately 1.4° wide
and is angled upward from the transmitter at an angle of approximateiy 3°.

Figure 191: Range of Glide Path

The signal from the glide slope is transmitted on one of 40 UHF channels between
329.315 MHz and 335.00 MHz, and the antenna is a small UHF dipocle that is T
sometimes built into the front of the VOR/localizer antenna.
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GS Receiver

Two signals using the same carrier are transmitted from the antenna system in
such a way that they overlap to form the glide slope. The upper signal is modulated
with @ 90- Hz tone and the lower signal is modulated with a 150-Hz tone.

When the signal is received, the audio modulations are fiitered and converted into
DC voltages that drive the deviation pointer

Figure 192: GS Receiver
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GS Display

if the aircraft is above the glide siope, it is in the 80-Hz modulation and the pointer
is driven downward to show the pilot to fly down. If the aircraft is below the glide
slope, itis in the 150-Hz modulation and the pointer is driven up to instruct the pilot
to fly up.

Figure 193: GS Indication
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System Layout Figure 195: ILS

One, two or three receivers are installed. The receivers gets their VHF signals from
a VHF NAV or localizer antenna. The UHF signal is received by the GS antenna.
Tuning and course selection gccurs via controlpanel or automatically from FMS. oy

Tune- and test inhibit disables ILS tuning and testing during approach and au- 5

toland operation. a PFD
The receiver gives the output to autcmatic flight guidance system (autopilot), FMS, It 9 :
flight data recorder, ground proximity warning system and EFIS. The localizer au- "

dio output is routed to audio management system.

If two or more ILS receivers are provided, all of them must be tuned te the same
frequency, especially on airports with paralle! runways.
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Figure 194: Discrepancy of Localizer Displays
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ILS Approach

An automated or manual approach to the runway occurs in a predetermined se-
quence:

1. The aircraft flies according a preselected heading.

2. ILS frequency and runway course is selected. Autopilot is prepared te fly ac-
cording localizer.

3. The localizer deviation correspands a predetermined value (2 dots). The lo-
calizer deviation and course error is used to steer the aircraft.
The descent altitude is reached and beeing hold. The system is ready to fly in
the glideslope.

4. The centerline of the localizer is nearly reached. The aircraft maintains the
centerline.

5. The aircraft flies from below into the glide slope beam. The deviation is less
than 2 dots. The aircraft beginns with a slight descent.

The aircraft has centered to the glidepath and maintains the centerline.
Some automated confidence test of the autopilot system occured.
At about 135 feet the aircraft heading is aligned with the runway course.

The vertical speed of the aircraft is reduced for touch down.
At touch down the aircraft lowers its nose.

10. For rollout guidance the localizer deviation is used to maintain the aircraft on
the centerline.

© ®~ o

Figure 196: Approach
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Figure 197: ILS Categories

DH = Decision Height (Feet)
RVR = Runway Visibility Range (Meter)
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Figure 198: Geneva ILS Runway 05/23
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Figure 199: Zurich Airport

Figure 200: Zurich ILS Runway 14
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ILS Receiver

The ILS receiver contains two independent receivers, the localizer and the glides-
lope receiver. The localizer receiver operates in the frequency band from 108.00
MHz 111.95 MHz. The glideslope receiver operates in the frequency band from
329.15 MHz- 335.00 MHz. Freqguency selections come from the control panel in
ARINC 429 format. The 429 to digital converter decodes the 429 signal, the mul-
tiplexer seperates the various types of information of the deceded signal. The fre-
quency selection information goes to the localizer and glideslope synthesizers.

The localizer and glideslope receivers detect the audio modulation of the RF sig-
nals of the selected frequency. The audio output of the localizer receiver contains
the station morse-identification and the 90 and 150 Hz. The identification audio
goes to the audio management system. The 90 Hz and 150 Hz audio of the local-
izer and glideslope receivers goes alternately through the multiplexer to the 90 Hz
and 150 Hz detectors.

Figure 201: Blockdiagram

After the analog to digital conversion the detectors measure the ratic of the 90 Hz
and 150 Hz signals. This ratio is a measure for the deviation. The lccalizer and
glideslope deviations go from the detector through the multiplexer to the ARINC
429 transmitter

To monitor the operation of the 90 Hz and 150 Hz detection there are two detec-
tors. Each detector measures the 90 Hz and 150 Hz signal levels and ratios and
gives this information to the devtation monitor. The central monitor receives the re-
suits of the power supply monitoring, the computer monitor, and the deviation
monitor. If there is a failure the monitor makes the SSM of the faulty ARINC 429
label invalid. Upon touch-down the receiver puts the current failures together with
a flight segment number in the non-volatile failure history memory. This non-vola-
tile failure-history memory i1s mainly for workshop maintenance. Besides the local-
izer and glideslope deviation the LS receiver also gives the frequency selection
and runway heading as ARINC 429 output. The ILS receiver does not use the se-
lected runway heading for its calculations.
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Antennas Figure 203: .Antenna Locations

The VOR and the localizer function of the ILS share the same antenna. The left
figure shows a “ram’s-horn” VHF V-dipole antenna. The favored location for this
type of antenna is on top of the aircraft above the cabin with the apex pointing for-
ward.

Other high-efficiency VOR antennas are of the type shown in the right figure. The
two antennas are designed to mount on the upper section of the vertical stabilizer
of a single-finned airplane or on either side of a helicopter tail boom. The two an-
tennas are connected together through a phasing coupler to provide a single 50-
ohm input in the VOR, localizer, and glide slope bands.

The glide slope portion of the ILS operates in the UHF range. Its antenna is a UHF
dipole mounted near the front of the aircraft, sometimes on the same mast as the
VOR/LOC antenna. Some general aviation aircraft mount the glide slope antenna
inside the cabin in roughly the same location as the rear view mirror in an autome-
bile.

Figure 202: VOR/LOC Antenna (Boomerang Type)
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VOR VHF- Omnidirectional Range

Introduction

The Very High Frequency Omnidirectional Range system is a navigation aig,
which receives, decodes and processes bearing information from the omnidirec-
tional ground station.

The phase difference between the reference and the variable phase is function of
the aircraft position which respect to the ground station.

Figure 204: VOR Signal

Variable Phase Signal

Comparisow

The VOR system provides:

+  Bearing information from the difference between two phases transmitted by a
ground station,

«  Aircraft angular positicn which respect to a selected course.
+  TO/FROM position which respect to a selected course.
* A Morse signal which identifies the station.

The Frequency is: 108.00 - 117.95 MHz
The VOR system is a medium range radio navigation aid.

Figure 205: VOR Information

Identification Morse Signal

Selected Course (CRS) =

™

?\FROM Area
/ Angular
Reference Phase Signal . . Deviation
Bearing Information
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VOR Indication

Radio Magnetic Indicator

This instrument is a compass repeater, fitted with two VOR pointers, one for each
VOR system installed. When the frequency of a VOR station is tuned and valid sig-
nals are received, the respective pointer to bear automatically in the direction of
the selected VOR station, showing QDM.

Figure 206: RMI

MAG. NORD
A

HDG:soc

| 010 || FREQUENCY
[ 108.00 - 117.95 MHz

COURSE
001° - 360°

Navigation Display

The VOR Bearing pointer at the Radio Magnetic Indicator or Navigation Display
(see below Nr. 2) shows always the direction toward the tuned VOR ground sta-
tion.

The Pilot may select any desired VOR course at the shown course selector or
MCDU. The indication at ND, Radio Direction or Horizontal Situation Indicator
makes possible an accurate flight along any selected course, also with crosswind
toward or from the VOR station.

Figure 208: VOR ND Indication and real Situation

1. Information of selected VOR station
Selected frequency, course and station identification.

2. VOR Bearing Pointer
Magnetic bearing (QDM) toward selected VOR station.

3. VOR Course Pointer
Represents selected VOR course.

4. Deviation Bar
Each dot represents a lateral deviation of 5° against the selected course.

5 TO/FROM Indication
The arrow shows toward (QDM) or from QDR the VOR station (QDR).
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Ground Stations

AVOR is a VHF transmitter whose carrier is simultanecusly frequency and ampli-
tude modulated, FM and AM emission. The two modulation signals, called refer-
ence and variable signal differ in their phase position according to the direction in
which they leave the station. The phase position difference between the reference
and the variable signal is use to determine the lines of position.

«  The reference signal (FM) is constant in all directions.

«  The phase position of the variable signal (AM) differs from the reference
signal according to the direction in which it leaves the station.

Figure 209: Phase Shift depending of Azimuth

— REFERENZ SIGNAL

Line of position
We differentiate the line of position in 2 terms, whether we mean the course lead-
ing TO a radio station, or FROM that radio station.
+  The magnetic course to be flown TO a radiostation, (by no wind) is called track

or QDM.

+  The magnetic course leading away FROM a radio station is called radial

or QDR.

Figure 210: Track QDM and Radial QDR
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TRACK

180 360
1 o 3 o
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&
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340 RADIAL 180

Table 5: Categories of VOR Stations ICAO

. mem VARIABLE SIGNAL Type Used for Range NM | RF Power | Frequency MHz
High Power | Airway 100 - 300 200W 112.00-117.95
A-VOR Navigation All Channels
Low Power | Terminal 25-50 25 W 108.00-111.85
T-VOR Area even 1/10 MHz Steps
s Cat: B2 13.4-118
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Emissions Classic VOR Figure 213: Variable and Reference Signal at Receiver

The carrier antenna radiates a nonratating, circular pattern around the station.
This consists of the rf-carrier amplitude modulated by 9960 Hz subcarrier which is
frequency modulated (+/- 480 Hz) by the 30 Hz reference phase signal.

The sideband antenna radiates a lobe pattern of unmodulated carrier, rotating at
the rate of 30 revolutions per second producing the 30 Hz variable phase signal.

In the receiver the variable phase and reference phase signals are exactly in
phase at the magnetic north of the station.  Accurancy: 3..5

Figure 211: Variable and Reference Signal

CARRIER

VAR|ABLE
CIRCULAR SIGNAL

{REFERENCE PHASE) \ PHASE SIGNAL
9960 FM SIGNAL

(FM COMPONENT 15
REFERENCE PHASE
SIGNAL)

Cone of Silence

Directional component of the radiated signal above the VOR station are not usea-
ble to determine the directions. Overflying the "cone of silence" or also called

ROTATING LOBE . "zone of confusion” results in a unusable reception and navigation guidance.
(VARIABLE PHASE)

Figure 214: Cone of Silence

Figure 212: Frequency Spectrum of Classic VOR 40°- 50°

(Cone of Sitence}
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- \
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Emissions Doppler VOR

To increase the accuracy of the navigation, today many VOR stations working as
Doppler-VOR. Doppler effect means rising of the reception frequency if the signa!
source approaches toward the receiver, or decreases if the source moves away.

The reference phase consists of the rf carrier amplitude modulated by 30 Hz.

The variable phase is received as a 30 Hz FM signal produced by doppler effect.
The ground station has 39 dipols arranged in a circle sending the carrier modulat-
ed with a subcarrier 9'960 Hz rotating around 360 in 1/30 second. Due of contin-
uously changing the distance between rotating antenna and receiver 30 Hz FM 1s
produced at the receiver,

The aircraft equipment is identical as for the classic VOR.  Accuracy: 0.5°

Figure 215: Rotating Radio-Beam, Producing 30 Hz FM at Receiver
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v
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Figure 216: Frequency Spectrum of D-VOR
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Figure 217: Doppler VOR Tx-Antenna
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Aircraft Equipment Figure 219: VOR Aircraft Equipment
The VOR receiver is a separate unit or is build as a VHF-navigation receiver
Some light aircraft uses the VHF-communication receiver with additional circuitry
to process the VOR and ILS signals. nﬂﬂ

The output can be divided into two groups: @

Automatic VOR

The pilot has just to select a operating VOR stations frequency. The Radio Mag-
netic Indicator RMI or Navigation Display ND shows automatically the actual
VOR bearing (QDM).

RELATIVE BEARING

COURSE ERROR —»\ auTopILOT
Manual VOR e E(;/SII:’/M NEA'\YT \T/gl:t;xmom ﬁ_}rusm DIR.
The pilot selects manually at the course selector a desired VOR COURSE. FLAG
One of the 360 possible position lines around the tuned VOR station. T - / Vv v "W
The: l HUICC IR : )
RDI {Radio Direction Indicator) or 6’6

HSI (Horizontal Situation Indicator) or
PDI {Pictorial Deviation Indicatorjor
ND (Navigation Display)

shows VOR-DEVIATION, TO-FROM and COURSE ERROR between actual air- COURSE SET.
craft situation to the selected station.

b
c
g
@]

2r---

HEADING —-

Corresponding with EASA Part-66
For traiming purposes onfy Cat: B2 13.4-121



Basic Maintenance

Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23/ 34)

Automatic VOR

Figure

The VHF NAV receivers pick up both reference and variable signals of the VOR.
A phase detector automatically shifts the phase position of the reference signal to
correspond with the phase position of the variable signal. This phase shift corre-
sponds with the position line on which the aircraft is in respect to the selected VOR

station.

The combination of position line (Relative Bearing) and compass information
(Magnetic Heading) inside VOR RMI| results as Absolute Bearing QDM.

Figure 220: VOR Rx and RMI

VCOR — AUDIO
ANTENNA
30 Hz
VARIABLE
RECEIVER PHASE
DEMODULATOR DETECTOR
|
30 Hz
REFERENCE
FREQUENCY
TUNING

MAGNETIC HEADING

VOR RM|

Figure

RELATIVE BEARING

221: VOR Receiver with RMI

MAG, NORD
A

HDG“Joo

VOR /RMI L RB2: 270° S~
rd -~
b 4 \
QDM QDM
060° 300°

222: Radio Magnetic Indicator

< )

i L ——— DME Counters
/

VOR1 (2) Flags

Appear in case of:

~ VORI (2) receiver failure.
— Internal failure of RML.

— Heading signal invalid.

— Power supply failure

Compass Card

Bearing Pointer
Indicate the magnetic bearing to the station received by
VOR 1 (dashed pointer) and VOR 2 (double pointer).
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Function of RMI
Left example shows the airplane flying toward north. The phase angle is continu-
ously changing, so the VOR-pointer changes it's QDM.

Figure 223: QDM changing, Heading 360°

—

VOR T
STATION N

/s

F

22s5°

0% TRACK

Right example shows the airplane is along VOR-track 360. The phase angle re-
mains 180° The heading is continuously changing. so the pointer moves with the
heading scale.

Figure 224: Heading changing, QDM 360°
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Combined VOR / ADF Radio Magnetic Indicator

To minimize the number of instruments, the radio magnetic indicator, or RMI, has
been developed and is now widely used. This instrument combines the remote in-
dicating compass with the indicators for the ADF and VOR.

The single arrow that indicates for the VOR is pointing to 150° This is the TO bear-
ing to the station (QDM), and if the aircraft were turned to a heading of 150° it
would go to the station. This places the aircraft on the 330° radial

{180°+ 150° = 330°). VOR radials (QDR) are always numbered by the magnetic
direction FROM the station.

The flux-gate compass has rotated the dial of the indicator to show that the aircraft

Figure 225: VOR/ADF - RMI

Magnetic
north

315
heading

is flying with a magnetic heading of 315° The dial has turned until 315° is under o ro Magnetic

the marker at the top of the instrument, which is the lubber line. magnstic

The double arrow that indicates for the ADF shows that the station being received bearing /\

on the ADF is to the left of the aircraft between the wing and the nose. The station ‘ | \

has a magnetic bearing (QDM) from the aircraft of 255° / } vor ‘\\
3I30 station f
radial /

\k,, 7
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Manual VOR Figure 226: Receiver and Display

The display gives a image of the aircraft position in relation to a selected VOR
course. Following information are shown:

+  VOR deviation (left - right indicator), ‘LESA‘S“SS
+  Course error (difference between aircraft heading and selected track), VARIABLE SIGNAL
. _ PTTg *| TO - FROM "TO-FROM',
TO l_:ROM indication, 1| peTeCTOR >
+  Warning flag.
The phase shift is activated manually by selecting the desired track with the » VHF-Rx MOMTORIL FLAG o
“course knob". When the aircraft is on the selected course (on track), there is no
phase difference between reference and variable signals in the deviation discrim- r /—\ | DEVIATION VOR/DEV
inator. The deviation pointer of the indicator remains in the center REF SIS 4 »| DETECTOR "
As soon as the aircraft leaves the selected track, the phase difference in the devi- %ASE 1 COURSE
ation detector brings the pointer to move across the instrument, showing where the | SHIFTER selecTen | ERROR
selected track lies in relation to the aircraft heading. VHF/NAV R COURSE __ & _ e
The course error (also called WCA, Wind Correction Angle), shows the angle be- EQUIPMENT s RCNELC

tween the aircraft heading and the selected track. The selected course and the
compass information are lead to a differential synchro, and the difference between
the 2 pieces of information gives the course error. The course error signal-governs
the Course Pointer in the indication. Figure 227: Radio Direction Indicator

The TO - FROM indicator shows whether the aircraft is in the TO or FROM area
of the selected VOR station.

The warning fiag is activated when the reception of VOR signals becomes toc
weak, for instance when the aircraft is out of the VOR working range, or by tech-
nical malfunctions either of the ground or aircraft equipment.

The reception frequency must be tuned and the desired course must be selected.
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Function of Manual VOR

Figure 228: Aircraft Position Situations toward and from a VOR Station

FROM AREA VOR

TO AREA >ﬂ\:
\

< !

ITO10° 17360 1T355°

The aircraft is on the selected course. Deviation bar centred.
The aircraft is 10° left of selected course. Deviation bar is 2 dots right.

3. The aircraft is 5° right of selected course and the heading is not equal the se-

lected course. Deviation bar is 1 dot left, course pointer shows the course er-
ror

4. The aircraft has over flown the VOR-Tx with a Wind Correction Angle.
The TO/FROM pointer moved to the other end of the deviation bar and shows
(FROM). The course error is shown.

Figure 229: Radio Direction Indicator

[3j6]0] 3§0 (316 [0]

pos. (D @ !

[31610C] 315 \?0 045

pos. (3) @

Figure 230: TO - FROM Indication
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Control Panel and Automatic Tuning
A wide variety of control panels depending on system layout are present.

Figure 231: VOR/DME Control Panel

VOR/DME

Figure 232: VHF NAV Control Panel (VOR, ILS and DME)

The Flight Management System automatically tunes the VOR Receivers. The pi-
lots may tune the VOR via MCDU’s. Backup tuning is possible via RMP.

Figure 233: Automatic and MCDU Remote Tuning

VHF NAV Frequency Selector
- The top knob selects 50 kHz

IIDEDl

A increments.
Ipo - The bottom knob selects entire
- MHz.

w

- Selects course shown in course

|
: Course Selector

window and displayed by the

course pointer in the respective
ND.

MCDU 1 MCDU 2
FM 1 FM 2
B
:> VOR 1 A VOR 2
Q ) a
DME 1A : ADME 2
N6 -
iLs1 .| IS 2
AR ::::> A
Y N
ADF 1 . CZ—

Table 6: Categories and VOR Frequencies

Type Used for Frequency MHz

High Power | Airway 112.00-117.95 All Channels

A -VOR Navigation 120 Channels 50 KHz spacing

Low Power | Terminal 108.00-111.85 Even 1/10 MHz Steps
T-VOR Area 40 Channels

ACTIVE

STBY/CRS
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b0

STBY NAV

P a
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c////////
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//@Vvor|c s |d MLSW@ @

Corresponding with EASA Part-66

For training purposes only

Cat: B2

13.4 -127



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23 / 34)

Marker Beacon

Fundamentals

The Marker system is a radio navigation aid which determines the distance be-
tween the aircraft and the runway threshold. When the aircraft overflies one of
these Marker transmitters, the system provides aural and visual indications to the
flight crew.

Frequency: 75 MHz

Beacons

Marker radio beacons are transmitters whose antenna systems are designed to
propagate vertical beams.

Two types of Markers are used, the Z- and the Fan-Marker

The Z-Marker whose vertical beam is cone shaped is used to mark a certain cross-
ing point of airways, or to fill the cone of silence over a NDB.

The Fan-Marker propagates a fan shaped beam and is used to mark important po-
sitions along airways and to give distance to threshold information on the approach
and landing path.

According to ICAO recommendations, Airway Markers should reach at least
20’000 ft and ILS Markers 6000 ft in altitude.

Frequency and Emissions

All markers work on 75 MHz with A2 modulation. They are modulated with either
one cf 3 audio frequencies according to their implementation. The audio fregency
can be keyed for identification purposes

MARKERS | AUDIO FREQ. | IDENT. | LAMP IMPLEMENT.
oM 400 Hz ---- blue 1LS
MM 1300 =z . =.~.~ |Orange 1LS
M 3000 Hz O white ILS

All other )

FM 3000 Hz * white airways

% with or without identification (Morse code)

Figure 235: Airway Marker

i —

K" Fan Marker g,

G

s Mwwaf@c

400 Hz 1300 Hz 3000 Hz

Middle
Marker [

ca. 3500 ft

ca. 4.5 nmi
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System

A 75 MHz VHF receiver and a display unit in form of 1 or 3 lamps (one for each or

one for all possible modulation frequency) are required.

The cutput of the Marker receiver is lead to the headphones or loudspeakers and

to the visual indicating system: lights or Primary Flight Display.

When the aircraft overflies a Marker beacon, the pilot hears the audio signal and
sees the appropriate Marker visual indication.

Indications
Marker |[dentification Tone Hz | Light Name
OQuter |- === =-=-=-=-- 400 Blue oM
Middle - .- . -.-.-11300 Amber | MM
Inner- or Airway Call sign/ 3000 White iMor A
Figure 237: Marker System
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Indicating on EFIS

When the aircraft overflies the Marker, the type of Marker is displayed in different
colors at the PFD and is indicated by an aural identification via cockpit speaker or
headphone.

Figure 238: Primary Flight Display
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Receiver

The marker beacon receiver detects the audio modulation of the 75 MHz input.
The audio modulation of 400 Hz of 1300 Hz or 3000 Hz goes to the audio filters. If
a marker beacon audio tone is present, it goes through the filter and closes the
electronic switch to give a ground for a Marker light.

The Marker receiver can also be build inside the VOR or ILS receiver

To have the display at the EFIS this informaticn also goes to the multiplexer and
ARINC 429 transmitter in the VOR/MB receiver. The ARINC 429 transmitter puts
the marker beacon information in the bits 11, 12 and 13 of label 222.

Figure 239: Blockdiagram Marker Receiver

OM—= D
MM —] 429 ouUTPUT
TEST M- 429
|
"test Gen ___| 3000 Hz 429X
| ALL FILTER 1 I
L TCTES — — v WHITE
N o\
:/o RECEIVER ’302:1 4297X
75NIHz LTER
| I
. AMBER MLIGHTS
N e ~.
|| s00H2 429 TX
FILTER 3 I
v BLUE
"}_\
l'/ AUDIO

MARKER RECEIVER

Antenna

Marker beacons transmit horizontally polarized signals vertically upward on a fre-
guency of 75 MHz. They are received in the aircraft by an antenna like the one in
figure mounted on the bottom of the fuselage.

Figure 240: .Different Antenna Models
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DME Distance Measurement

Principle

The Distance Measuring Equipment (DME) provides digital read-out of the aircraft
slant range distance from a selected ground station. The system generates inter-
rogation pulses from an onboard interrogator and sends them to a selected ground
station. The ground station replies. The interrogator determines the distance in
Nautical Mile (NM) between the station and the aircraft. The interrogator detects
the Morse audio signal which identifies the ground station.

Frequency: Around 1 GHz 252 channels paired with VHF NAV frequencies.

At the same location as a VHF omnirange station (VOR) is generally alsc a DME
station. The VOR gives bearing and the DME distance to that station.

DME ground stations located close to the ILS - runways are used to determine the
distance between approaching aircrafts to the runway threshold. To compensate
the distance between runway-threshold and the location of the ground-station, the
internal delay of the station 50 us is reduced to the corresponding value.

The DME gives the slant distance. The flight management systems use the dis-
tance information from the DME for position calculations. The distance is also
available for indication in the flight compartment.

The DME in the aircraft is an interrogator which interrogates the DME ground sta-
tion. The ground station gives a reply which the interrogator receives. From the
time difference between interrogation and reply the interrogator calculates the dis-
tance. The interrogation and the reply are on a different frequency. These frequen-
cies are:

» 1025 to 1150 MHz for the interrogator transmitter

+« 982 to 1213 MHz for the ground station transmitter.

The freguency for the ground station transmitter is always 63 MHz above or below
the interrogator frequency (when below and when above depends on the selected
channel). The DME frequency has a fixed relation with the collocated VOR, so
when you select a VOR frequency you automatically select the DME frequency.

Figure 241: Distances
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Figure 242: Interrogation and Reply
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Interrogation Pulses

The interrogator transmits 2 RF pulses, which is the interrogation. The ground sta-
tion retransmitts the same pulses on the selected frequency. The interrogator var-

Figure 244:

ies the repetition rate of the transmission at random, which gives each DME
interrogator a unique repetition rate. This is to make sure that the aircraft recog-
nizes its own reply pulses. The interrogator looks for replies with its own repetition
rate and ignores other replies which are for other aircraft. The time between the
two pulses depends on the channel type.

The DME ground station also transmits identification tones to identify the selected
station. The systems tune either automatically or manually. The flight manage-
ment system does the automatic tuning. You tune manually when you select a
VOR frequency on a VOR/DME control panel. When the FMS tunes the DME the
DME interrogator can give the distance to up to 5§ DME stations.
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Figure 243:
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Operation Figure 245: Interrogator and Ground Station

The DME interrogater transmits and receives matched pulse pairs. The ground

station receives and echoes the twin pulses back. With no interrogating aircrafts

around, the ground station sends continuously pulse pairs (PP) with a constant 0TI worcaros
rate of 2’700 PP/s filler and identification pulses. Called squitter. DME INTERROGATOR T

If there is an interrogating aircraft in the beacon range, filler (squitter) PP’s are re- POWER —— | 1

placed by reply pulse pairs. TRANSMITTER COMPUTER RECEIVER  [—{——# IDENTIFICATION
. . , . . VHF NAY 1350 HZ AUDID

If the interrogator receives PP’s from a ground station, the interrogator changes FREq. —™ T ¥

from standby to search mode. '

During search, a counter inside interrogater-computer runs through the range of
the range and searches for the actual distance.

If the computer of the interrogator has tracked to the actual distance, the rate of
PP’s are reduced. The indication follows the actual distance.
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DME Interrogator Modes

There are four modes of DME operations are summarized as follows:

Standby

No reception of any active or squittering randomly transmitting DME groundsta-
tion. Dashes - - - - are in view

Search

When the system is first turned on, a controlled variable delay counter system be-
gins count. it counts from zero delay to maximum delay, until it matches the de-
layed transmitted signal to the received signal.

This running through delay and distance indications is called "Signal Controlled
Search" or just ‘'SEARCH". During this time, dashes in the DME indicator are in
view, showing that the DME system is not yet operative. The transmitter is period-
ically transmitting and the receiver is periodically receiving. When the matching cir-
cuits see that the received signal is the same as the delayed transmitted signal, it
causes the distance counter/memory to lock on to that particular delay. The pulse
repetition rate is between 40 and 150 pulse-pairs/sec.

Track

"Locking on" means that the counter stops its relatively rapid search. It runs slowly
after "lock-on" as it sees a signal from the matching circuits calling for a move in
one direction or the other to maintain the matched condition.

As long as the delayed transmitter signal matches the signal received, the distance
indication is correct. When a difference occurs, the counter has to be driven one
way or the other to increase or decrease the delay, depending upon whether the
airplane is approaching or receding from the ground station.

The pulse repetition rate is between 16 and 40 pulse-pairs/sec.

Memory

If replies are lost an interrogator will not immediately revert to search or auto stand-
by but will enter its memory condition; this may be one of two types, either static
or velocity.

With static memery the readout is maintained steady, whereas with velocity mem-
ory the readout continues to change at its last known rate. Memory time will nor-
mally be between 4 and 12 seconds. The interrogator tries to track the DME station
again.

The pulse repetition rate is between 40 and 150 pulse-pairs/sec.

Figure 246;
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Frequencies Figure 248: .VHF NAV to DME frequency conversion chart

The Interrogater transmits a pulse-pair signal on any one of 126 frequencies within
the range of 1025 MHz to 1150 MHz. One hundred of the DME transmit frequen-

cies are automatically selected by tuning the NAV control to a frequency between DME DOME DME OME DME

108.00 and 117.95 MHz. NAV et rec | MY iR rec | MY atRlRrec | MY xR rec | MY TR REC

The other 26 frequencies can be selected by tuning the NAV control to frequencies %8%'8(5) %8:} ?17084 {83'8(5) %821 ?18134 {{8'82 1821 ?19284 m.gg 18;1 }105343 }}%'82 %gg} mg

E . . . 1061 B 1071 .

between 133.30 and 135.95 MHz, these channels are normally used for military 108.10 |1042 | 379 [109.10 1052|982 | 110.10 |1062[999 [111:10 |1672 [1008[112:10 | 1082|1019

TACAN stations. 108.15 |1042 | 1105(109.15 1052 [1115 | 110.15 [1062(1125 |111.15 10721135 | 112.15 | 1082 [1145
10832 |1043 | 1106 |105:25 |1023 | 10¢ | Hoas [1oe3|iToe | 11122 (1073 (16 11539 | 1983 | 1hae.

i i H i i 108. 109. 1 110. 1063 111, 1 B 1

The signals transmitted by the airborne DME are received by the ground station 108.30[1043| 981_|109.30 |1054|991 | 110.30 | 1064|1001 [111.30 [1674|1011 [ 112130 [1692 | 1157

assigned to the selected channel frequency. After a built-in delay of 50 microsec- }83'33 {ggg }alg }83'38 iggg }3191; “8’33 }82% %7672 mig %8% }a; Hggg i‘o’%é }?Ssax

onds, a reply pulse-pair is automatically transmitted on the channel frequency as- }nggg {832 [1318033 }8gjgg 1822 ‘1319{% nggg 18%2 {2)%53 mgg 18;2 %31% %jgg ‘832 }?_5392

i i ithi . .50 |1 .50 |1 50 |1 12.50 |1

signed to the ground station. There are 252 channels within the frequency band of 108.55 [1046 | 1109(109.55 | 1086 | 1113 [ 11055 | 1086|1129 |111:55 1076 [1133 | 113:35 | 1096 [1033

962 to 1213 MHz set aside for DME ground stations. 108.60 (1047 [ 984 |109.60 (1057|994 | 110.60 |1067|1004|111.60 |1077 (1014 [ 112.60 | 1097|1160
108.65 |1047] 1110 (109.65 [1057 [ 1120 110.65 [106 71130 | 11L.65 |1077|1140 [ 112.65 | 1697 [1034
108.70|1048| 985 |109.70 | 1058|995 [110.70 | 1068 [1005|111.70 [1078[1015 | 112.70|1098 |1161
108.75 1048 | 1111 |109.75 1058|1121 [110.75 | 1068|1131 [111.75 |1078 (114t | 112.75 | 10981035
108.80 (1049 986 (109.80 1059|996 |110.80 | 1069|10086(111.80 [1079 (1016 | 112.80 | 1099|1162
108.85 | 1049|1112 |109.85 | 1059|1122 [ 110.85 | 1069|1132 [ 111.85 [1079 (1142 | 112.85 |1099|1C36
108.90 |1050| 987 |109.90 |1060(| 997 [110.90 |1070(1007| 111.90 1680|1017 | 112.90 | 1100 (1163
108.95 |1050] 1113 |109.95 | 1060|1123 110,95 1070|1133 | 111.85 [1080]1143 | 112.95 [1100 |1037

Station Identification 113.05 [1101 |1038] 114.05 [ 1111 [1048| 115.05 | 1121 [1058|116.05 | n31 [1068(117.05 | 1141 1078

Once every 30 seconds the beacon transmits its identity, which is detected by the 113.15 (1102 1033 114.15 | 1212 [1049| 115115 | 1122|1055 11645 [ 1132 |1069|117.05 | 1142 1073
pilot as a Morse code burst of three letters at an audio tone of 1350 Hz. These 11325 |1103 [1040| 11425 | 1113 [1050| 115.25 | 1123]1060[116.25 | 1133 {1170 |117.25 | 1143|1180
Morse identifiers are contained in the onboard navigation cards. 113.35 |1104 1041 | 114.35 | 1114 {1051 | 115.35 | 1124 [1061 | 116.35 | 1134 [1071 |117.35 | 1144|1081

Figure 247: 113.45 (1105 (1042 114.45 | 1115 |1052| 115:45 | 1125 [1062|116.45 | 1135 |1072|117.45 | {145 1082

o 113.80 1109 80| 1119 1187 | 115.80 | 11291192 [ 116.80 | 1139 .
30 SECONDS - 113.85 [1109 1046 | 114.85 | 1113 |1056( 115.85 [ 1128 [1066]116.85 | 1135 |1076/117.85 | 1149|1086

l VOR | DME | VOR | VOR |
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Navigation with DME Figure 249:

While DME on its own provides useful navigation information it is not, in itself, a
complete navigation aid. It was intended from the start that for both approach and
short-range en-route navigation DME would be used in conjunction with ILS and
VOR respectively. DME works in conjunction with VOR and ILS beacons.

STRASSBOURG
156 STR

En-route Navigation ON COURSE

When a VOR and a DME beacon are at the same site the pilot can obtain range & o £ v"u“
and bearing information thus the two systems together provide a Rho-Theta navi- : m 262 "
gation system. 27 vors - 087 ‘
Since the pilot knows, from his charts, the location of the beacons, the range and NI \ \
bearing information allows him to obtain a position fix. » ‘ \ \\
1 { —wi
i | ISTANCE 2
Use of DME with VOR \_’_,,__,‘\.— 0 \

!

With VOR/DME beacons at selected waypoints such as airways crossing points \\.—_-——-—*— DISTANCE \
are co-located DME groundstations installed. Of course large expanses of ocean |

cannot be served by the line of sight system we are discussing here. The maxi- !

mum range of an airway DME is up to 300 NM. It should be enough to remind you

that pilots are given left/right guidance to fly along selected VOR radials and while

flying are given distance to go infermation courtesy of the DME.

A further complication is that some VOR beacons are designated terminal bea-

cons. These are situated at airfields and transmit low power thus giving restricted

coverage. The DME beacens used with such VOR beacons similarly provide a re- DME 1
stricted coverage. The range available is nominally 25 NM.

VOR / DME

BEARING

Approach DISTANCE 1 oNE 2 DISTANCE
The use of DME with ILS is guite straightforward. ILS will provide its normal func-
tion of giving guidance information leading to touchdown, while DME will give dis-
tance to touchdown. Of course the localizer, glidepath and DME beacons must be DISTANCE 2
suitably sited at the airfieid.
Note that at glidepath angles of about 3 degrees, the slant range and ground range DME/OME NAVIGATION VOR/OME NAVIGATION
are nearly the same.
M
S = |

iLS DME el e R )
{e—————— Range [

Corresponding with EASA Part-66
For traimng purposes only Cat: B2 13.4 -136



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23 / 34)

Indicating

The DME distance is shown on the Primary Flight Display and on the Navigation
Display. The DME distance is alsc shown on the two counters of the DDRMI.

Figure 251:

PRIMARY FLIGHT DISPLAY NAVIGATION DISPLAY

ILS DME distance to runway threshold [ "SPeeD | G5 | HDG [CAT 1 ~ gm e o e ™ ‘
Shown at the lower left corner of the PFD. : ‘ | LocC } 1FD2 |y oo 15 ' 21 crszis |||
' DHaoo | A/THR N i & asc
VOR DME distance to VOR station 1 and 2 ; A0
Depending of the ND's display mode the slant distance is shown at the left DME 1 3o
respective right lower corner for DME 2. 11s N
DME counters of mechanical indicator showing the DME distances as soon the in- 13 v e
terrogator has tracked to the actual distance. ©
. 7 e
No Computed Data H o V w
DME interrogator is not tracked to an actual distance, standby or search. o o oo o
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Figure 250: DDRMI
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DME usage by Flight Management Systems FMS

If possible the FMS calculates the horizontal position (latitude and longitude) with
distances from two DME stations (DME/DME). The FMS selects DME stations
around the start position of the selected route from its internal data base. There
must be an ideal angle between these stations (preferably 90°) to make an accu-
rate two-dimensional navigation possible. The stations must also be strong
enough and within a usable range. In areas with minimum radio coverage the FMS
may be unable to find a suitable DME/DME pair. In these areas the FMS uses dis-
tance and bearing at a collocated VOR/DME station for its position calculations.

There are three ways to tune the VOR/DME systems:

Automatic tuning by the FMS

The FMS can tune the DME and VOR automatically. Although the FMS can
tune the ILS, it tunes the DME to the ILS/DME frequency if the runway has
DME installed.

The FMS can automatically tune up to four VOR/DME stations and one ILS/
DME station. The FMS uses twe of the DME stations for its navigation. If the
FMS cannot find two suitable DME stations, it selects the frequency of a col-
located VOR/DME station.

Manual tuning from the FMS Control Display Unit

Through the CDU you manually select the identifier or frequency of a VOR/
DME beacon for use in the DDRMIs.

Manual tuning from Radio control panels

You can tune the VOR/DME manually from its control panel on the pedestal.
Information from this VOR/DME is shown cn the CDU, ND's and DDRMIs,

Figure 252: Scanning DME 5 Channels

O VOR/DME 1
b4

Background & Runway
DME Station <  »[[__ ]ensmme
O . T ‘ Station
T~y " Runway Threshold
4
O
»
O
VOR/DME 2

1
< Background
DME Station

The Flight Management System uses all distance informations for aircraft position
calculation.

The DME slant distance to VOR/DME 1 and 2 is shown at DDRMI’'s and Nav-
igation Displays.

The slant distance to the both background stations are for FMS usage only.
The slant distance to the ILS/DME station is shown on the Primary Flight Dis-
play.
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DME System Figure 254: DME Interface

Inputs

Each interrogator has 2 input busses (frequency input A and B) for frequency se-
fections, one from the flight management system and one from the VOR/DME con-
trol panel. A test switch gives the possibility to test both DME systems.

Outputs

The interrogator has 2 output busses; distance data 1 and 2. One goes to the
DDRMTI's and to the EFIS. The second goes to the flight management system.

An audio output with the DME identification tones, goes to the audio management
system. To listen to the DME you must select the associated potentiometer (VOR vty
or ILS) at the audio control panel.

Suppression IDENT P
TONES
When an interrogator transmits, it gives a suppression pulse to all other L-band A verem
equipment {other DME, ATC transponders and TCAS computer). This pulse pro- DISTANGE
tects these systems against high RF input power (up to 700 Watt) to their receivers DATA 1 DISTANCE DATA 2
and prevents distortions of their operation.
AUTOTUNE
Antenna . FREQ INPYT .
A short, vertically polarized UHF whip or blade antenna is used. It is mounted on grLicHT
. . | MANAGEMENT
the center line of the bottom of the fuselage as far from any other antenna as is SYSTEM
practical.
Figure 253: m'drER;o_ N MANUAL TUNE
GATOR VOR / DME CONTROL PANEL
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DME Interrogator

The DME interrogator has 3 modes of operation, which are:
«  standby

» directed scan

+ free scan

In the standby mode the distance displays on the DDRMIs and EFIS show 4 dash-
es because the ARINC 429 words is set to NCD. A system goes to standby when
the frequency selection data is invalid.

In the directed scan mode there are 2 possibilities:
*  manual
+  automatic

In manual the VOR/DME control panel controls the frequency tuning. In this mode
the DME measures the distance to only 1 DME ground station; the one you select-
ed on the VOR/DME control panel.

in the automatic mode the DME can measure the distance of 1 up to 5 DME
ground stations. On the output busses each frequency is followed by the associ-
ated distance to that station. Only the distance of one station is on the distance
displays In the DDRMI and EFIS.

The FMS selects automatically the station which Is displayed. On the FMS dispiay
control unit, it is also possible to select manually a DME station for display on the
DDRMI and EFIS. The information which station to display is in the DME frequency
word.

The free scan mode is basically the same as the automatic directed scan mode.
The difference is that the DME automatically selects S stations and gives the dis-
tance to these stations. The DME scans through all the 252 DME ground stations,
and separates them in a foreground and a background loop. In the foreground loop
are the 5 closest stations, which the flight management system can use for navi-
gation. The rest of the stations within the range of the system is in the background
lcop. (The maxim range 1s 320 NM)

The flight management system selects between directed scan or free scan.

The power amplifier (PA) of the DME interrogator transmits 700 W pulses. The
modulator and synthesizer take care of the proper frequency and puise spacing.
The frequency information comes through 2 ARINC 429 receivers. Which receiver
is in use depends on the AUTO/MAN discrete from the cockpit selection.

In the frequency data word is also information about the mode of operation of the
DME: for example free scan. directed scan 1 or 2 or 3 stations. The selected fre-
quency goes to the synthesizer while channel Information (X or Y) goes to the in-
terrogation coder, which takes care for the proper spacing between the pulses.
The frequency information also goes to the output coder, because the frequency
word (035) is retransmitted on the ARINC 429 output busses, paired with the as-
sociated distance.

The synthesizer also supplies the receiver, because the reply from the ground sta-
tion is always 63 MHz above or below the interrogator frequency. During transmis-
sion of a pulse a suppression pulse detunes the input filter in the receiver The
suppression pulse also goes to the other systems which operate in the same fre-
quency band (the other DME, TCAS and the ATC transponders).

The receiver filters mixes, amplifies and detects the incoming signals. The ident
detector applies the DME ident (1350 Hz) to the audic management unit. The
threshold detector and pulse pair decoder detect valid pulse pairs. The pulses next
go to the range counter, where the distance to the DME ground station is calculat-
ed.

Figure 255:
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Figure 256: DME InterrogatorFunctional Block Diagram
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Area Navigation

introduction

Area navigation (RNAV) is a navigation and guidance system which uses VOR
bearing, DME slant ranging, and barometric altitude as its basic signal inputs to
compute course and distance to a waypoint. Since the system can only function
within the service area of a VOR/DME statian, it cannot be used for overseas nav-
igation.

To fly over uncovered regions like oceans, deserts and unpopulated areas, the in-
put of the inertial reference system and or global positioning system is needed.

The next devlopment step is the Flight Management System, covering also profile
(vertical) navigation and engine thrust management.

Figure 257: RNAV
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VOR/DME flight

For example this is a flight plan between Chicago's O'Hare airport and Newark.
The flight takes from one VOR station to ancther until, by a round about path, we
arrive at Newark.

Figure 258: VOR Flight

VOR/OME
CRL

ACTUAL FLIGHT PLAN\

VOR/OME
PMM ‘*

VOR/DME
SLT

VOR/DME

Using Area Navigation RNAV

The area navigation concept provides direct routes between airports. Along each
route there are waypoints towards which the airplane flies. The waypoint locaticns
are established when the route is designed. Each waypoint is associated with a
specific NAV aid or VOR/DME station.

Figure 259: RNAYV Flight
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Waypoint Characteristics

The navigational data base stored in the computer contains the following charac-
teristics of each waypoint: latitude and longitude, altitude, freguency of its NAV aid,
distance from the NAV aid, and magnetic bearing from the NAV aid.

If the VHF navigation system is tuned to the proper NAV aid, the area navigation
computer will receive the information regarding the position of the aircraft in re-
spect to the NAV aid.

Rho-Theta Mode

Knowing the DME distance, the bearing of the aircraft and the bearing of the way-
point, the system can compute the distance to the waypoint; and the course or
track angle to the waypoint.

Figure 260: Rho - Theta
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This combination is referred to as the Rho-Theta mode of area navigation, where WAYPOINT
Rho is the DME distance, and Theta is the VOR angle. .
Figure 261: Rho - Rho
WAYPOINT NAV AID
i 2
Rho-Rho Method
An improvement over Rho-Theta is possible using two DME distances. The navi- - @
gation data base would be expanded to provide each waypoint with two NAV aid - -~
references. -~
Improved position accuracy is achieved along with improved navigational accura- 7~ /
cy. Rho-Rho is the preferred method of area navigation. // / Q
NAV AID Ve /Qo
" <
<
/8
Ves
s
fanC? >~ /
Rho ~—
P~/
Cc d h EASA Part-66
Orr:;f(t)fr;u;?r?gv:ffrposes onillj,i1 Cat: B2 13.4-144



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23 / 34)

Block Diagram

The navigation computer receives a VOR bearing from the VOR receiver, DME
distance from the DME interrogator, and altitude from the central air data compu-

Figure 262:

NAVIGATIONAL
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ter. VOR RECEIVER YOR BEARING CONTROL
A navigational data base is stored either within the navigation computer or in an DISPLAY LeaT
external storage unit. The navigational data base contains all information needed Hoaome
regarding the routes between cities, the navigation aids (VOR/DME stations) and NAVIGATION
waypoints. DME SLANT DISTANCE COMPUTER COURSE DEVIATION
. o : . . . INTERROGATOR Hst

The control display unit is used to enter information into the computer and to dis-
play navigation information. In a typical commercial airplane installation, the com-
puter may also send course deviation signals to the course deviation indicator,and | ______ __ _
lateral steering commands to the autopilot. CENTRAL AIR ALTITUOE NAVIGATIONAL || LATERAL STEERING et

DATA COMPUTER DATA BASE
Other inputs from Inertial Reference System IRS or Global Positioning System  b—mmm—— | —— — —— | Commanos CHANNEL
GPS provides further navigation data to fly over all regions over the world.
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Flight Management Figure 264: FMS Interface

introduction

The Flight Management System (FMS) compares a pilot selected flight plan with
the actual horizontal and vertical aircraft position. tn case of a difference between
the selected flight plan and the aircraft position the FMS makes a steering and a
thrust command.
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Figure 263: Flight Route
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The FMS shows the information about the selected flight plan on the Control Dis- : : GPS —
play Unit {CDU). Through the keyboard of the CDU the crew can change the flight 5= DME

® @)
' [e) (¢ Fuel [s) [o]

The FMS gives the steering and thrust commands to the AFS. The AFS can use

the commands to fly the aircraft automatically on the flight plan. The AFS can also Data Loader Connector 1 Data Loader Connector 2

use the commands to the crew through the flight director command cues. The FMS3
also gives information to the EFIS to show the flight plan on the navigation display.

AFS = Auto Flight System (Autopilot/Autothrottle)
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The FMS uses information from various aircraft systems and from a data base.

Navigation. The FMS uses information from its data base to automatically tune
the navaids (ILS, VOR and DME). With these navaids, the FMS measures the air-
craft's position, direction, and velocity.

Performance. The FMS calculates a vertical profile that gives the shortest pessi-
ble flying time at the lowest fuel consumption. The FMS also can give predictions
of fuel quantities and arrival times at future points in the flight plan.

Guidance. The FMS compares the position where the aircraft has to be according
to the flight ptan, with the actual aircraft position. If there is a difference, the FMS
gives guidance commands to the AFS to bring the aircraft back to the flight plan.

EFIS display. The FMS is the primary source of information for the displays.

In the FMS data base there is information about fiight plans, navaids, aircraft aero-
dynamics and engine data. The flight plan and navaid data must have an update
every 28 days. To start the FMS the crew has to select a flight plan on the CDU.
After the selection, the FMS takes the flight plan out of the data base and puts it in
the flight plan memery for use in that flight. The crew adds Standard Instrument
Departures (SID) and Standard Arrival Routes (STAR) when traffic control gives
these procedures.

After these selections the FMS knows the horizontal path that the aircraft must fol-
low from the origin airport to the destination airport. With information from the data
base about navaids that give the best result for navigation, the FMS tunes the ILS
VOR and DME automatically. The FMS uses information from the IRS, GPS, DME
and VOR to calculate the aircraft position, direction and velocity.

To calculate the optimum vertical path of the aircraft the crew give the FMS more
information, such as the:

«  cruise altitude (traffic control)

*  aircraft weight

+  standard instrument departure (traffic control)

Before the FMS starts to calculate the optimum vertical path the crew must select
an overalt target for the flight economy. There are three targets for the whole flight
profile; minimum cost, minimum fuel, or minimum flight duration. When the FMS

has this information it calculates the optimum vertical path in combination with the
horizontal path.

The crew can change the horizontal and vertical path through the CDUs. In most
cases, the crew does not change the horizontal path but the vertical path.

The reascn for this is traffic control. When there are many aircraft in the same air-
way section traffic control puts these aircraft above each other in the airway.

Figure 265: FMS Blockdiagram
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Flight Management System MD-11 Figure 266: Flight Management System MD-11
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Computation of Position

The Flight Management Computer or Area Navigation Computer computes its air-
craft position (called the "FM position") from a MIX IRS position and computed ra-
dio position or a GPS position. The computer selects the most accurate position
considering the estimated accuracy and integrity of each positioning equipment.
GPS/INERTIAL is the basic navigation mode provided GPS data are valid and
successfully tested. Otherwise navaids plus inertial or inertial only are used.

Mix IRS Position

The FMS or ANS receives a position from each of the three IRS and computes a
mean weighted average called the "MIX IRS" position. {f one of the IRS fails, the
computer uses only one IRS. Each IRS position and velocity is continuously test-
ed. If the test fails, the corresponding IRS is rejected. (Accuracy: 2 NM/h)

Radio Position

The FMS or ANS uses the navaids to compute its radio position. The navaids it
can use are; DME/DME, VOR/DME, LOC, DME/DME/LOC, VOR/DME/LOC. It
uses LOC to update the lateral position using LOC beam during ILS approach.
LOC is also used for quick update when in GPS/IRS mode (if GPS installed).
(Accuracy: 0.3 NM)

GPS Position

If the GPS data comply with integrity criteria, GPS data are used to calculate the
FMS position. (GPS Primary) (Accuracy < 0.3 NM)

FM Position

At takeoff, the FM position is updated to the runway threshold position as stored
in the data base. In flight, the FM position approaches the GPS positicn (or the ra-
dio position if the GPS Is not valid) at a rate depending upon the aircraft altitude.
Accuracy: Enroute 3.5 NM, Terminal 2 NM, Approach 0.36 NM)

Bias
Each FMGC computes a vector from its MixIRS position to the radio or GPIRS po-

sition. This vector is called the "bias". The FMS updates the bias continuously if a
radio position or a GPS/IRS position is available.

If an FMGC loses its radio/GPIRS position, it memorizes the bias and uses it to
compute the FM position, which equals the mix IRS position plus the bias.

Figure 267:
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FMS Functions

The Flight Management System combines lateral and vertical navigation control
with full performance management. Not only can it quickly define a desired route
from the aircraft's current position to any point in the world. The definition will be
based on the operating characteristics of the aircraft.

FMS navigation provides highly accurate and automatic long range capability by
blending available inputs from both long range and short range sensors such as
IRS, VLF/Omega, GPS (Global Positioning System), VOR and Scanning DME, to
develop an FMS position more accurate than any single sensor can provide. The
FMS performs flight plan computations, displays the total picture on the EFIS, and
provides signals to the autopilot and autothrottie for automatic tracking.

The Flight Management System (FMS) makes a flightplan. This flightplan is a lat-
eral flightplan to the selected destination and a vertical flightplan to the selected
cruise altitude.

The lateral flight plan exists of flight legs. Speeds and altitudes are added to these
flight legs. The total of the speeds and altitudes is the vertical flightplan.

After a lateral flightplan selection additional data (i.e.; weight, cruise altitude) is in-
serted to calculate the vertical flightplan.

During aircraft operation FMS updates the aircraft position. This present position
in relation to the flightplan is shown on the Electronic Flight Instrument System
(EFIS).

The FMS makes steering commands to maintain the aircraft on the lateral and ver-
tical flightplan. The Automatic Fiight Control and Augmentation System (AFCAS)
accepts the steering commands to follow the flightplan path.

These functions of the FMS take over many routine tasks and computations nor-
mally done by the flight crew.

Figure 268: FMS Tasks
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The Lateral Flightplan

The lateral flightplan comes from a navigation database in the FMS. This naviga-
tion data base contains company routes (iateral flightplans), navigation station in-
formation and navigation references (waypoints). Before each flight the crew
selects the lateral flightplan from this navigation database.

The navigation database information changes from time to time. It changes be-
cause of introduction of new company routes. The navigation stations are not al-
ways available because of periodic maintenance on these stations. The navigation
database in the FMS is updated with the |atest information every 28 days.

In addition to the flightplan selection the crew also has to tell the FMS what the
start position of the aircraft is. The FMS gives the start position from the selected
flightplan as a present position. When the crew confirms this present position to
the FMS, the FMS accepts this present position information.

The flightplan is a route from airport to airport. In addition to this flightplan the crew
must specify a take-off procedure and an approach procedure. The Standard fn-
strument Departure (SID) is the route from the take-off runway to the begin of the
flightplan. The Standard Arrival Route (STAR) is the route from the end of the
flightplan to the runway of the destination.

When the flightplan is inserted and the position of the aircraft is confirmed the FMS
starts to navigate. During the navigation operation the present position of the air-
craft is updated by the FMS. The FMS updates the present position with the IRS
(senses motions and attitude changes) and the VOR, DME, ILS and GPS systems
(senses direction and distances to navigation ground stations).

The present position of the aircraft is compared with the position of the flightplan.
Any deviation from the flightplan results in a deviation indication on EFIS.

Roll steering commands are generated to follow the Iateral flightplan if the Autopi-
lot operates in the NAV mode.

SID Standard Instrument Departure
STAR  Standard Arrival Route

Figure 269: Flight Plan
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AREA Navigation System RNAV

The RNAV system is identical to the Flight management system. containing the
lateral (horizontal) navigation part. The VOR/DME stations can be located besides
of the route. The routes and its waypoints are calculated and hased on the radio
navigation aids.

Figure 271: FMS or RNAV guided flight
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Performance Management Figure 272: Performance Computation

Speeds, altitude and engine thrust computed in the flight plan. The total weight and
altitudes must be inserted to calculate the flight plan and optimization of the aircraft
performance.

The perfomance computation reduces the fue! consumption. Via selection c¢f the
best strategy, between 1 and 2 % of energy can be saved.
How the Performance management saves fuel:

«  Calculation of the flight profile (Vertical Flight Pian) and optimization of speed
and altitude depending aircraft weight, fuel weight and time.

Initialization

Perf. Mode

Profile
«  Computation of Engine thrust limits for all flight phases. Targets
+  Direct coupling of engine thrust demand to the engine fuel control device. auto Sopr?er;;r:ft

throttle system or electronic fuel control.
+  Controlling the engine thrust with a minimum of change the demanded thrust.
+ Indication of the recommendations to the pilots for optimum climb, cruise and Eng. Model

descent.

Aerodyn.
The vertical flight plan is calculated in the FMS. For these vertical flight plan cal-

culations the FMS uses: Engine ADC

+  the aircraft model database (this database contains the aerodynamic specifi- Sensors
cations of the respective aircraft type)

+ the engine database (this database contains performance specifications of

Predictions
Fuel, Time, T/D
Step CL

the engine) . .
) . i . , 73: Tactical M
+ the inserted weights of the total aircraft (inctuding passengers, luggage and Figure 2 actical Modes
fuel)
+  the selected altitude
«  the windspeed and winddirection information. Tact. Mode Tact. Mode CRZ Tact. Mode

CLIMB DESC

After the vertical flight plan calculation the FMS shows predictions of time, speed
and altitude the aircraft will have on the different reference points in its flight plan.

During flight the FMS updates the aircraft altitude with the ADC (altitude) and IRS Max CL/SPD CL
(inertial vertical speed and inertial altitude) inputs. Any deviation from the vertical
flight plan results in a vertical deviation indication on EFIS.

Max END/SPED CRZ Max DES/SPD DES

Strategic Mode

Econ, Min Fuel, Min Time
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The Vertical Flight Profile Figure 274: Flight Profile

+  Thrust and pitch steering commands are generated to follow the vertical flight
plan if Auto Flight System operates in the PROFILE mode.

»  Avertical flight plan from origin to destination exists of a takeoff phase, a climb STEP [LIMB POINT
. INITIAL CRUISE FLIGHT LEVEL

phase, a cruise phase, a descent phase and an approach phase. 7 ( — IMMECIATE DESCENT
+  The takeoff phase starts when takeoff thrust is developed by the engines on TOP OF CLIM | 0P OF DESCENT

the takeoff runway. LT _ INTERCEPT DESCENT PATH
+  The climb phase starts at the thrust reduction altitude (1500 feet according ccmsmmr_| -
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[ ACCELERATION

climb thrust. . ’ _ o ATITUDE | I _SPEED LIMIT
« At 3000 feet above the airport level (acceleration altitude) the speed is in- ALTITUDE CONSTRAINT

creased to 250 kts. This is the maximum allowable speed below 10,000 feet. THRUST ELAPS
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+ At 10,000 feet the aircraft accelerates to a higher speed. ALTITUDE 250 kts
+  The cruise phase starts at the top of climb and ends at the top of descent. ai;‘%ggmo o DESTINATION
+ The descent phase starts at the top of descent and ends at the time the crew M V24N

selects the flaps down. At 10,000 feet the speed is decreased to 250 kts. | BEFAULT 1500 ft

3 |
(maximum allowable speed below 10,000 feet). i ‘ | |

+ The approach phase starts after flap down selection and ends at runway i
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Navigation Database Figure 276: Data Base Loader

The dataloader connectors located in cockpit or avionics bay is used to update the
navigation database once in the 4 weeks. Each FMC has its own data-load con-
nector. With a portable dataloader the new navigation database is loaded from a SNk 55 A
tape or diskette into the FMC. Any dataloader fullfilling the specification can be LD o,
connected to the dataload connector.

+ New data base content will be uploaded every 28 calendar days

Figure 275: FMS Blockdiagram ‘ 1.44 MB
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Figure 277: Receptacles for Data Base Loader
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Radio Altimeter

Fundametals

The Radio Altimeter System determines the height of the aircraft above the terrain
during initial climb, approach and landing phases.

The principle of the radio altimeter is to transmit a frequency modulated signal,
from the aircraft to the ground, and to receive the ground reflected signal after a
certain delay. The time between the transmission and the reception of the signal
is proportional to the A/ C height.

Frequency: 4.3 GHz
Maximum height: 2500 feet

Figure 278: Principle
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The RT Unit send the radioaltitude to the indicator system (EFIS or conventional
instruments} and to other systems. Flight data recorder for investigations. Flight
warn system for altitude call out during appreach and failure monitoring. Ground
proximity warning for pilot alerting. The automatic flight control system (Autopilot)
uses the height for autematic landings. During this phase of flight the selftest of the
RT Unit is inhibited to prevent a false maneuvre. The selftest can be initiated from
the cockpit or at the RT Unit.

Figure 279: System
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Radio Altimeter Indication

Analog instruments showing the aircraft height during take off and approach.
Above 2500 feet the poiner is not visible respective the tape with the scale shows
blank.

The DH light iluminates when the aircraft height is equal or lower than the selected
decision hight. A sound is audible when the light turns on.

The rising runway represents the height below 200 feet during approach. At
ground it is close to the aircraft symbol.

Figure 280: Radio Altimeter Indicators and Rising Runway
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The PFD shows the radio height in digital form. DH is shown when the aircraft de-
cents under the selected decision height.

Figure 281: Primary Flight Display
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In the final phase of an approach below 150 feet, the lower limit on the attitude
sphere moves up as the aircraft approaches the ground. The distance between the
lower limit and the horizon line is proportional to the aircraft height.

Automatic Call Out

Below 400 feet, the radio altitude is announced by a synthetic voice generated by
the Flight Warning Computer.
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Principle

The system continuousliy transmits radio signal to the ground. The ground reflects
this signal and it comes back in the aircraft after a delay. This delay depends on
the height of the aircraft above terrain. The system processes this delay into alti-
tude infarmation. A visual presentation of the altitude is on the EFIS or at the radi-
oaltimeter indicator with flightdirector horizon for the final approaches.

The transmitter sends a signal that changes from 4250MHz to 4'350 MHz and

Figure 283: Tx Rx Signal

back 100 times per second (FM/CW). The transmit frequency changes 100 times
per second around 100 MHz. Between the ground reflected signal and the actual
transmit signal, there is a frequency difference proportional of the traveltime. Out
of the difference frequency the system computes the height.

Figure 282: FREQUENCY
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Transceiver

The radio altitude transmitter is a Voltage Controlied Oscillator (VCQ). The control
signal is a sawtooth voltage. This sawtooth signal causes the VCO to make a
sweep through a frequency band from 4238 MHz to 4362 MHz (FM sweep of 123
MHz). The output of the VCO (75 mW) goes to the TX antenna, which transmits it
to the ground. The delay time between transmission and reception depends on the
height of the aircraft. The received signal goes to the mixer together with a sample
of the transmitter signal. The frequency of this sample changes during the detay
time (TX sweep). The mixer gives now a difference in frequency, which goes to a
25 kHz detector The output of the 25 kHz detector goes to the track control circuit.
This circuit gives a positive or negative control signal to the sawtooth generator,
when the output of the detector is higher or lower than 25 kHz (higher or lower al-
titude).

This signal controls the slope of the sawtooth. The length of this sawtooth is a
measure of the height of the aircraft. The pulse to hight converter changes the
sawtooth in a digital altitude signal. If the 25 kHz detector gives no output, a search
switch comes on. The sawtooth generator makes a sweep through the full range
of the system from the lowest altitude up to the highest limit. One search cycle
takes about 0.6 sec and goes on for as long as there is no cutput from the detector.
This ccours when we switch the system on or when aircraft altitude becomes more
than the system range. During a search cycle the SSM goes to NCD.

Figure 285: Low and high Altitude Oscilator Signal

L362 MHz

veo
. . QUTPUT
Figure 284: VCO Signal
3
SEARCH MODE - VCO STEERING SIGNAL t 4239 iz
x, = X
I, !::z
bI6IMHT - e 2 3% ——— 4362 Mz
-f: -r :-.r
! ]
123 MHz
4239 MHz -
VOLTAGE
——— [ONTROLLED
OSCILLATOR
VCO STEERING
SIGNAL / Y.
VIO OUTPUT Lo X 0235 M
SIGNAL
TRACK MODE
| HIGH ALTITUDE g
ALTITUOE Ry
>
Corresponding with EASA Part-66
For traming purposes only Cat: B2 13.4 -159



Basic Maintenance

Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23/ 34)

Figure 286: Transmitter/Receiver
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Antenna Figure 288:

Radio altimeters transmit vertically downward and receive their reflected signal
from the surface beneath them. This system requires two antennas mounted on

the bottom of the fuselage. In most instaliations these antennas are flush with the fg&éli‘\“
skin. SURFACEJ

Figure 287:
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Ground Proximity Warning

Warnings

It has been proven that a human voice can attract a person’s attention more than
a warning light or other visual indication. For this reason aural warnings are used
in the GPWS when the aircraft is in a dangerous position relative to the ground.

During operation, a GPWS senses the nearness of the ground and warns the pilot
if the aircraft has gotten too near the ground when it is not in a configuration for
fanding. it does this by monitoring the radio altimeter to determine the actual height
above the ground. It also monitors the air data computer, instrument landing sys-
tem, and landing gear and flap position to determine if the aircraft is properly con-
figured for its distance from the ground. If it is too near the ground for its location
or configuration, the system will warn the pilot.

A typical GPWS in a aircraft will warn the flight crew of 5 types of hazards:

\.!H "Whoop whoop
pull up™

Mode 1 warnings occur when the air-
craft is below 2,450 feet radio altitude
and the barometric aitimeter shows an
excessive rate of descent. When exces-
sive descent rate is detected, the warn-
ing light will illuminate and the aural
warning sounds. “SINKRATE" or
"WHOOP! WHOOP! PULL UPY

Mode 2 warnings occur when the terrain
is rising at an excessively fast rate.
When this is encountered the light illu-
minates and the aural warning says the
word "TERRAIN" or “WHOQOP!
WHOOP! PULL UPY

"Tarrain
Terrain”

—;-—-——&---—"’

“Sinkrate™
-
-
-
-
-

-*_.____,—

o —

Tarrsln
S

Mode 3 warnings occur when the air-
craft has initiated a climb after takeoff or
after a missed approach. If there is a
loss of altitude under these conditions,
the GROUND PROXIMITY light will illu-
minate and the aural warning will say
“DON'T SINK..

Mode 4 warnings occur during the land-
ing phase of a flight. If there is insuffi-
cient terrain clearance when the landing
gear is up or the flaps are not in land
configuration. The warning will sound
TOO LOW GEAR or TOO LOW FLAPS
and the GROUND PROXIMITY light illu-
minates.

Mode 5 warnings occur when the
aircraftis on ILS approach. If the aircraft
sinks below the glide slope, the amber
GS light will illuminate and the aural
warning will repeat "GLLIDE SLOPE
GLIDE SLOPE"

Figure 289: Warnings Mode 1 -5
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Call-Outs

Mode 6 provides alerts and callouts for descent below predefined altitudes, Deci-
sion Height {DH), Minimums and Approaching Decision Height, Approaching Min-
imums.

Alerts for excessive roll or bank angle are also provided as part of this mode. The
"Excessive Bank Angle" aural alerts are given twice, and then suppressed unless
the roll angle increases by an additional 20%.

Specific callouts are selected via program pin from predefined menus. Mode 6
alerts and callouts produce aural and ARINC 429 output indications, but do not
produce visual indications.

Figure 290:

"APPROACHING
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"BANK ANGLE
BANK ANGLE™

Windshear Alerting

Mode 7 produces optional alerts for flight into an excessive Windshear conditions
during takeoff or final approach. The Windshear warning produces aural, visual
and ARINC 429 output indications.

Windshear detection is active during the initial takeoff and final approach phases
of flight. Alert and warnings are provided when the level of windshear exceeds pre-
determined threshold values.

The actual windshear value measured represents the vector sum of inertial accel-
eration versus air mass accelerations along the flight path and perpendicular to the
flight-path. These shears result from vertical winds and rapidly changing horizontal
winds.

Windshear warnings are given for decreasing head wind (or increasing tail wind)
and severe vertical down drafts. Windshear alerts are given for increasing head
wind (cr decreasing tail wind) and severe up drafts. The windshear microburst
phencmenon and windshear caution and warning levels are illustrated below.

Figure 291:
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EGPWS Terrain Alerting and Display EGPWS Terrain Picture
The Enhanced Ground Proximity Warning System (EGPWS) incorporates terrain The ND presents the terrain picture. The terrain appears in different colours and
alerting and display functions. These functions use aircraft geografic position, air- densities according to its relative height.

craft altitude, and an internal terrain data base to predict potential conflicts be-

tween the aircraft flight path and the terrain, and to provide grafic displays of the Figure 293:

conflicting terrain.

The Caution and Warning envelopes use the Terrain Clearance Floor as a base- / \
line, and virtually "look ahead" of the aircraft in a volume which is calculated as a 65 394TAs 388 TRU LMG/004°
function of airspeed, roll attitude and flight path angle. 249/16 0 1 NN

If the aircraft penetrates the Caution Envelope boundary, the aural message "Cau-
tion Terrain. Caution Terrain” is generated, and alert discretes are activated for
visual annunciation. Simultaneously. the conflicting terrain areas are shown in sol-
id yellow color on the Terrain Display.

if the aircraft penetrates the Warning envelepe boundary, the aural message “Ter-
rain Terrain. Pull Up!”is generated, and alert discretes are activated for visual an-
nunciation. Simuitaneously the conflicting terrain areas are shown in solid red
color on the Terrain Display.

Figure 292:
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Terrain Clearance floor

A number of airports throughout the world have approaches or departures that are
not entirely compatible with standard GPWS cperation. These airports are identi-
fied in the database in such a way that when the GPWS recognizes such an air-
port, it modifies the profile to avoid nuisance warnings.

The Terrain Clearance Floor (TCF) creates an increasing terrain clearance enve-
lope around the intended airport runway directly related to the distance from the
runway it is active during takeoff, cruise and final approach.

Figure 294:

Terrain Database

Local Terrain Processing extracts and formats local topographic terrain data from
the EGPWS Terrain Database. This Database divides the earth’s surface into grid
sets referenced horizontally on the geographic (lat/long) coordinate. Elements of
the grid sets record the highest terrain elevation . Grid sets vary in resolution de-
pending on geographic location. Because the overwhelming majority of "Control-
led Flight into Terrain (CFIT)" accidents occur near an airport, and the fact that
aircraft operate in closer proximity to terrain near airports, higher resolution grids
are used around airports. Lower resolution grids are used outside of airport areas
where enroute aircraft altitude makes accidents unlikely and for which detailed ter-
rain features are not of importance to the flight crew.

Digital Elevation Models (DEMs) are available for most of the airports around the
world today. The global EGPWS Terrain Database is organized in a flexible and ex-
pandable manner. Using digital compression techniques, the complete database
is stored in non-volatite memory of 20 MByte within the LRU. Updates and addi-
tions are easily done by inserting a single PCMCIA card in a card slot on the LRU
front-panel. Status LEDs cn the LRU front-panel allow the operator to monitor the
database load progress and completion,

Obstacle Database

Provisions are also made for future use of an Obstacle Database providing cbsta-
cle data in the vicinity of major airports. This database will provide altitude data for
man-made obstacles or groups of obstacles that protrude above the EGPWS ter-
rain protection floors.
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System Block Diagram

The Enhanced Ground Proximity Warning System (EGPWS) generates aural
veice and visual warnings when one of the following conditions occurs between ra-
dio altitudes 30 feet and 2450 feet for modes 2, 4, 5 and between 10 feet and 2450
feet for modes 1 and 3.

+ Mode 1 excessive rate of descent

»+  Mode 2 . excessive terrain closure rate

+  Mode 3 altitude loss after takeoff or go around

+  Mode 4 : unsafe terrain clearance when not in landing configuration
«  Mode 5 . excessive deviation below glide slope.

[n addition to the basic GPWS functions the GPWS has an enhanced function
(EGPWS) which provides, based on a world wide terrain database .
+ A Terrain Awareness Display (TAD), which predicts the terrain con-
flict, and displays the terrain on the ND.

+ A Terrain Clearance Floor (TCF), which improves the low terrain
warning during landing.

The cockpit loudspeakers broadcast. even if turned off, the aural warning or cau-
tion messages associated with each mode. The audio volume of these messages
is not controlled by the loudspeaker volume knobs. (These knobs allow the adjust
audic volume for radic communication only).

GPWS lights ccme on to give a visual warning for modes 1 to 4. For mode 5 the
glide slope (G/S) lights come on on the captain and first officer instrument panel.

Figure 295:
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System Overview

The purpese of the Enhanced Ground Proximity Warning System is to help pre-
vent accidents caused by Controlled Flight into Terrain (CFIT) or severe Winds-
hear. The system achieves this objective by accepting a variety of aircraft input
parameters, applying alerting algorithms, and providing the flight crew with aural
alert messages, visual annunciation, and displays. The system comprises the fol-
lowing groups of components:

Terrain Alerting

Terrain awareness alerting algorithms continuously compute terrain clearance en-
velopes ahead of the aircraft. If the boundaries of these envelopes conflict with ter-
rain elevation data in the terrain database, then alerts are issued. Two envelopes
are computed, one corresponding to a Terrain Caution Alert level and the other to
a Terrain Warning Alert level. The algorithms are designed to meet the following
criteria:

Figure 296: Figure 297:
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ATC Transponder Figure 299: Transponder Control

Principle

The Air Traffic Control (ATC) transponder is an integral part of the Air Traffic Con-
trol Radar Beacon System. The transponder is interrogated by radar pulses re-
ceived from the ground station. It automatically replies by a series of pulses. These
reply pulses are coded to supply identification and automatic altitude reporting of
the aircraft on the ground controller's radar scope. These replies enable the con-
troller to distinguish the aircraft and to maintain effective ground surveillance of the

air traffic Mode sefector 1
. ) . . . i sTBY ~ Both ATC transponders are electncally
The ATC transponder also responses to interrogation from aircraft equipped with AUTO supplied but do not operate. '
1 ot H - Sel T t
a Traffic Collision Avoidance System. ight o epender operies enly n
ON — Sslected transponder operates,
Figure 298:
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A Identitication As long as the four figures of the new code are not
- \ entirsly written, the previous code remains.
c |Aftitude
P cati ALT RPTG Switch
ommunication
S ~ ON - The transponders sends barometric
link standard aftitude data.
OFF -~ No aftitude data transrrssion.
Controller Scope TCAS' The upper ECAM displays “TCAS
STBY™ in green.
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Primary and Secondary Surveillance Radar (PSR/SSR) Figure 301: PSR with SSR Principle

The air traffic control radar beacon system (ATCRBS) consists of airborne and
ground based equipment that operate together to locate and identify the aircraft
operating in the systems airspace. The airborne equipment consists of a trans-
ponder (receiver-transmitter), a control unit, and an antenna. The ground based
equipment consists of a primary surveillance radar {(PSR) system and a secondary
surveillance radar (SSR) system. The PSR consists of an antenna, a receiver-
transmitter, and an indicator The SSR system consists of an antenna, a receiver-
transmitter and interface and control equipment used by the air traffic controller.

The PSR provides the bearing and range of the aircraft within the airspace. The
SSR system prevides the altitude and identification information of the aircraft with- P N
in the airspace. The primary radar system uses a narrow RF beam, transmitted Repty ,” \ 7/ |
|
I
!
/!
/

through a rotating antenna to illuminate aircraft in the path of the beam. By calcu- 1090 MHz”

lating the elapsed time between transmission cf the RF beam and reception of the /‘
reflected RF beam, the distance to an aircraft is determined. By noting the bearing /
angle of the antenna, when reception occurs, the bearing to the aircraft is deter- /
mined. /

The secondary surveillance radar (SSR) system interrogates the aircraft about its ! / [} /
identity and altitude by transmitting two sets of pulses. The interrogation mode is 1 ,ntemg;tion t Primary
determined by the P1-P3 interrogation pulse spacing. There are two modes of in- i 1030 MHz ,, hadar
terrogation used. Mode A for the basic ATC identity interrogation, and Mode C for \ A - '. -
requesting the transmission of digitally coded altitude information. The Mode A Secondary Primary
pulses are spaced 8 microseconds apart and interrogate the aircraft transponder Surveillance Surveillance
about the identity of the aircraft. The Mode C pulses are spaced 21microseconds Radar (SSR) Radar (PSR)
apart and interrogate the aircraft transponder about the altitude of the aircraft. The

pulses in both modes are identical except for the spacing of the pulses. There also \_( Synchronizer L_
exists two alternate modes for interrcgating the aircraft transponder. These option-
al modes are Mode B and Mode D.

Figure 300: Surveillance Radar Antenna (Primary with secondary)
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Interrogation Mode A or C Figure 302: Interrogation Pulses and Antenna Pattern

The ground station assumes that the reply signal it receives after an interrogation Interrogation Pulse Spacing

signal, is in response to that interrogation, because of a third pulse in the interro- Directional

gation set that prevents aircraft transponders replying to a side lobe transmission e—BpS e A’l‘_'eg‘"a

of the SSR. The interrogation set of pulses consists of three pulses. the rotating 248 - e E one

directional antenna transmits two pulses, designated P1 and P3. The P1 and P3 i '

pulses are spaced according to the SSR mode of operation. A pulse, designated egps = : P1 and P3
P2, is radiated by an omnidirectional antenna 2 microseconds after the P1 pulse MODE A ' Pulses
is transmitted from the directional antenna. PP A

The transponder contains circuits for detecting the amplitude of P2 relative to P1, i

in order to prevent the transponder from replying to a sidelobe transmission. The ?.'.Z?Es'm; [ E Directional

radiated power level of P2 is nominally 18 dB below the peak level of the direction- _th—n_ Antenna

al beam. M ez " . Sidelobes

Aircraft A flying in the main beam, will receive the P1 pulse at a higher amplitude k—-f— 21 ps —m

than P2. The transponder of aircraft A will detect this amplitude difference and de- MODE € p— |

termine the interrogation to be a valid interrogation. J-l.i"‘ rL

For aircraft B, the transpcnder detects that P2 is within 6 dB of P1, in amplitude '," ' " " P2 Pulse
and determines that the interrogation is not valid. The transponder will inhibit or .l 2545 a

suppress replies to further interrcgations for 35 microseconds when P2 is equal or MODE D ! | ' L3

greater than P1. (norusm)J-L;_. n_ Omnidirectional

All puises are 0.8 microseconds wide. The received interrogations from the ground P2 " Antenna

station are at a frequency of 1030 MHz. The transmitted reply signals to the ground Pattern

station is at a frequency of 1090 MHz with about 600 Watt.

The received signal from the airborne transponder is electronically encoded so it

can be displayed on an air traffic controllers radar screen. The replies processed Omnidirectional Antenna Pattern (P2)

by the SSR system will produce clear readable target on the air traffic controllers / P1 P2 P3
radar screen. Next to this, the air traffic controller may also display the aircraft P — A
identification number (selected by the aircrew) and the aircraft altitude.

177km [110mi]
Directional Antenna Pattern (P1+P3)

Side-Lobes
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Reply Mode A or C

There are two framing pulses Py P5, nominally spaced 20.3 microseconds apart.
Within these framing pulses are thirteen information pulses (the X pulse is re-
served for future use) These pulses are used to make up the 4096 = 2 identifi-
cation code selected by the pilot. The code designation will consist of digits 0
through 7.

The digits will be defined by the sum of the postscripts of the information pulse
numbers. The first digit will be defined by pulse group A, the second digit will be
defined by pulse group B, the third digit will be defined by pulse group C, and the
fourth digit will be defined by pulse group D.

As an example, let assume the identification code is 2534, This identification cede
would consist of pulses A2, pulses B1 and B4, pulses C1 and C2, and pulse D4.

An IP (ldentification Pulse) is transmitted upon interrogator request, following the
last framing pulse of a Mode A reply. The IP pulse is activated by the IDENT switch
(of the controller), and is transmitted for a period of 18 seconds.

If the interrogation of the transponder occurred in mode C the encoded altitude is
replied to the ground.

Some codes have been laid down internationally and are decoded automatically
by the ground station. these are:

+ 7700 Emergency
. 7600 Communication failure
+ 7500 Hijacking

These codes may not be used while testing the system.

Figure 303: Transponder Reply and Altitude Reporting Codes
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Mode S

The Mode S transpender equipped aircraft and ground station enhance the oper-
ation of ATCRBS by adding a data link feature for performance improvements in
determining the aircraft location. The Mode S transponder data link capabilities in-
clude bidirectional air-to-air information exchange, ground-to-air data uplink, air-
to-ground data downlink. The Mode S transponder may also function as part of a
airborne separation assurance system when interfaced with a Traffic Alert and
Collision Avoidance System (TCAS).

The ATCRBS/Mcde S system operates in a similar fashion as ATCRBS. As a
transponder equipped aircraft enters the airspace, it receives the ATCRBS/Mode
S all-call interrogation, which can be identified by both ATCRBS and Mode S trans-
ponders.

The Mode S transponder replies with a Mode S format that includes the discrete

Figure 304: .Mode S Principle

24-bit Mode S address. The address and the location of the Mode S aircraft is en- \ o aGATION RADAR |
tered into a roll-call file. On the next scan, the Mode S aircraft is discretely ad- y - w’
dressed. The discrete interrogations of a Mode S aircraft contain a command field ROLL CALL SECONDARY PRIMARY
that may desensitize the Mode S transponder to further Mode S all-call interroga- NEIGHBORING sl ’fi‘i'é‘ﬂ%‘é&“‘ .s&';‘;\f;{'i‘?p??“
tions. This is called Mode S lockout. ATCRBS interrogations (from ATCRBS inter- AIRSPACE AIRCRAFT 1t d d
rogators) are not affected by this lockout. Mode S transponders reply to the CONTROLLER AIRCRAFT 2 l—l SYNCHRONIZER '_]
interrogaticns of an ATCRBS interrogator under all circumstances. {MODE §) AIRCRAFT 3
As a Mode S aircraft flies into the airspace served by another Mode S interrogator, AT
the first Mode S interrogator may send position information and the aircraft's dis- DATA LINK SCOPE
crete address to the second interrogator via ground lines. COMPUTER
In regions where Mode S interrogators are not connected via ground link, so if the
aircraft enters an airspace served by a different Mode S interrogator, the new in-
terrogator may acquire the aircraft via the reply to an all-call interrogation.
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Interrogation Mode S

Aircraft are tracked by the interrogator throughout its assigned airspace. A Mode
S aircraft reports in its replies either its altitude or its ATCRBS 4096 code depend-
ing on the type of interrogation received. During each scan, interrogations of AT-
CRBS aircraft are made in both Mode A and Mode C. The Mode S interrogation is
transmitted using binary differential phase-shift keying (DPSK). The modulation of
the downlink transmission from the transponder is pulse position modulation
(PPM). Each Mcde S interrogation contains a 24-bit discrete address that allows
a very large number of aircraft to operate in a air traffic control environment without
the occurrence of a redundant address.

When an interrogator does not receive a valid reply, as it scans through a Mode S
aircraft's location, the interrogator can re interrogate a limited number of times.
Normally, interrogators interrogate at low power "whisper” and re interrogate at
high power "shout" if the low power interrogation fails.

The Mode S transponder receives an interrogation from the ground. The trans-
ponder will initiate a reply to an ATCRBS ground station, until the presence of the
P4 pulse is detected.

If the width of the P4 pulse is 0.8-microseconds (ATCRBS Mode A or Mode C only
all-call), no reply is transmitted.

If the width of the pulse is 1.6 microseconds (ATCRBS/Mode S all-call), a Mcde S
reply is generated 128 microseconds after the leading edge of the P4 pulse.

The Mode S reply is the same reply generated in response to the Mode S ali-call
interrogation. The standard replies are discussed in later paragraphs.

Side lobe suppressicn for Mode S is accomplished by overlaying a pulse (P5) on
the P6 pulse, the transponder will not reply.

The aircraft system is equipped with two antennas. One of the antennas is mount-
ed on the top of the aircraft, and the other antenna is mounted on the bottom of the

aircraft. The Mode S transponder wiil have automatic selection of antenna, based
on the relative strength of detected interrogation signals.

Figure 305: ATCRBS / Mode S Interrogation Pulses and Antenna Pattern.
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Interrogations

The Mode S transpender supports all surveillance functions, in addition to bidirec-
tional air-to-air data exchange, ground-to-air data uplink (Comm A), air-to-ground
data downlink (Comm B), uplinked extended length messages (Comm C), down-
linked extended length messages (Comm D), and multisite message protocol.

Pulse Amplitude Modulation

The Mode S PAM (pulse amplitude modulation) interrogations are shown below.
The following six interrogations are exclusively PAM signals:

ATCRBS Mode A, C,
Mode A/ Mode S ali-call, Mode C / Mode S all-call,
Mode A only all-call, and Mode C-only all-call

Figure 306: Mode A, C and S - All Call
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P4 is not present for ATCRBS mode A and mode C interrogations.

P4 is long (1.6 microsec) for Mode A/Mode S all-call and Mode C/Mode S all call.
P4 is short (0.8 microsec) for Mode A only all calt and Mode C only all call

P2 pulse amplitudes will vary from P1 amplitudes.

P4 amplitudes are equal to P3 amplitudes

Binary Differential Phase Shift Keying (DPSK)

All Mode S interrogations are binary differential phase shift keying (DPSK) signals.
The P1-P2 puise pair preceding P6 suppress replies from ATCRBS transponders
to avoid synchronous garble (caused by the random triggering of ATCRBS trans-
ponders). A series of "chips” contain the information within P6.

There are either 56 or 112 chips within each P6. The last chip is followed by a 0.5-
microsecond guard interval to prevent the trailing edge of the P& from interfering
with the demodulation process. PS5 may be overlaid on P6 by the interrogator as a
side lobe suppression signal in any Mode S interrogation.

Uplink Messages

The formats of uplink messages contain either 56 or 112 bits, with the last 24 bits
being used for address or parity, and the remaining bits used for information.

Each Mode S transmission centains two essential fields: one describes the format,
and the other (24-bits) carries parity information and contains either the address
or the interrogator identity overlaid on the parity. The format descriptor is the field
at the beginning of the transmission and the 24-bit field ways cccurs at the end of
the transmission.

Figure 307: Mode S Selective Interrogation
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Mode S Replies Figure 308: Reply Signal from Transponder to SSR

The Mode S replies to a Mode S interrogation are in a much different format, so
the reply can contain much more infoarmation than previous generations of trans-
ponders. The Mode S reply consisting of a preamble and data block.

The reply data blcck is formed by pulse position modulation (PPM) encoding of the

reply data. The first preamble pulse will also occur 128 microseconds after the P4 J"LJ ' | | ;'l .

pulse of an ATCRBS/Mode S all-call interrogation. o "
Bidirectional air-to-air data exchange, ground-to-air data uplink (Comm A), air-to-

ground data downlink (Comm B}, and multisite message protocol. In addition, the mooe 3 oncate
transponder is capable of receiving extended length messages (ELMs) from the mreRroekTon
ground. ELMs are received in the Comm C format. ELM transmittals to the ground | | | r I | | I l I l I l | | | | | ' l ’ | | ‘ } | | |
use the Comm D format. All discrete Mode S interrcgations and replies (except the o " ;

all-call reply) contain the 24-bit discrete address of the Mode S transponder. / \

The primary function of Mode S is surveillance. To accomplish this function, the
Mode S transponder uses the 56-bit transmissicons (in each direction). In the 56-
bit transmissions, the aircraft reports its altitude or ATCRBS 4096 code, and the
flight status (airborne, cn-ground, alert, special position identification (SPI), etc. INTERROGATION

The squitter transmission is an all-call reply which is transmitted by a transponder
approximately once every second. The squitter signal is observed by aircraft
equipped with airborne collision avoidance systems. Special surveillance interro-
gations from airborne collision avoidance systems are addressed to Mode S
equipped aircraft. These interrogations are used for Mode S target tracking and
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data interchange for cellision avoidance, or to provide flight advisory services such

H
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t
collision threat assessment. M DATA PULLL POSINONS .
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The Mode S transmissions permit their use as a digital data link. The interrogation ME 1N pSEC : seomtizmTs
and reply formats contain sufficient coding space to permit the transmission of da- —_— ' , Vo
. . . . . 1 v
ta. These data transmissions may be used for air traffic control purposes, air-to-air ° ? ‘ N ' e " " L

as weather reports, or automated terminal information system (ATIS).

i 1 + 1 . 1 1 ] 1

Lo Co I ; : |

; Lo Co I X : o '
Most Mode S data link transmissions will be handied as one 56-bit message in- l | I | - | | ] l Co | | l l : | ’ | X I | I | l I | : | ‘ I : | )
cluded as part of a long 112-bit interrogation or reply. These transmissions include —t ] ‘ v b= . 2y L
the message in addition to the surveillance data. Longer messages are transmit- e e T T S
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transmitting up to sixteen 80-bit message segments, either ground-to-air or air-to-

ted using the extended length message (ELM) capability. The ELM is capable of E
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Transponder System Figure 309:

The interrogation signal on 1030 MHz is received by the antenna, passed through
the coupler to the receiver it then passes into the decoder which is set to respond

only to the interrogation pulse selected by the pilots control. CONTROL PANEL

The trigger output of the decoder starts the encoder to produce a series of pulses STBY/ON

appropriate to the code selected. The transponder is capable replying to the M? ALT RPTG ATC_CODING

ground interrogator in any of 4096 = 2'2 codes. O IDENT

These transponder pulses modulate the 1090 MHz of the transmitter carrier CW, AIR DATA
which passes the coupler to the antenna. The coupler prevents any of this signal L - BAND ALTITUDE | DIGITIZER
from entering the receiver | EQUIPMENTS CODING

When the transponder is operating in mode A, it provides identification information
only. If the interrogation is in mode C, the interrogation is answered by a code pro-
duced in the encoding altimeter and responds with information that produces a
read-out on the controller's scope showing the altitude of the aircraft in one-hun-
dred-foot increments. On many corporate or commercial-type aircraft, the altitude DECODER TRIGGER ENCODER
information is sent to the ATC transponder from the central air data computer.

The enly indication the pilot has of the transponder operating is the winking light GAIN
on the face of the control head. This light blinks each time the transponder re-
sponds to an interrogation from the ground radar. 4 A

Some small transponders fit into the instrument panel, and others have only the RECEIVER TRANSMITTER
control head on the panel and the actual unit itself is remotely located in the avi-
onics equipment rack. The antenna is a short blade or stub and is located on the ?
belly of the aircraft as far as practical from any other antenna, and in a position that 1030 MHz —| * 1090 MHz
will not be shielded by the landing gear when it is extended. MONITOR |¢ COUPLER

Transponder installations are interconnected with the DME and TCAS system by 1090 MHz
a suppressor bus. This prevents simultaneous transmissions of the L-Band (about l
1 GHz) and inhibits the reception during transmission. ATC TRANSPONDER

e

MODE 1 ISUPPRESSFON

RECEIVE / TRANSMIT
ANTENNA
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Interface

A single ATC control unit enables system selection. |t provides the selected trans-
ponder with code and function data and, in return, receives status data.

Altitude information from airdata cemputer or altimeter-digitizer transmits altitude
information to ATC 1 and 2 transponders to allowing altitude reporting operation.

The antenna receive the Interrogation coming from the ground station and transmit
the reply. The transponder selects the top- or bottom antenna, depending on sig-
nal strength. The antenna is a blade antenna used for transmission and reception.
It is identical to the DME antenna. (same part number).

The Aircraft Ground/Flight information disables the transmit function of the trans-
ponder if the aircraft is on ground and the mode selector in AUTO position.

A coaxial suppressor connects the ATC’ s and TCAS to the DME interrogators to
prevent reception from one system while the other is in transmission mode. This
is necessary because the ATC, TCAS and DME systems operate in the same fre-
quency band.

The ATC Mode S transponder receives the fleet identification, by pin-programmed
mede S address plug and flight number from the Flight Management System. With
the TCAS the transponder exchanges control- and coordination data for TCAS op-
eration.

Figure 310:
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Components

The air traffic control transponder uses the same type of antenna as the DME. Itis
also mounted on the bottom center line of the fuselage It and the DME antenna
must be as far apart as practical. Both installations require that the coax between
the equipment and the antenna be as short as possible.

Figure 311: Transponder, Control Panel and Antennas
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Fleet identification

Mode S transponder system allows the individual addressing for all airplanes of
the world. By pin programming the country is assigned
i. e. Switzerland 0100 10 110.

The remaining 15 Bit of the 24 available Bit allows to individually assign 32’768 air-
planes.

Figure 312: County Codes Example

No. of

Country Addresses Bit Allocations (24)
Australia 262,144 0111 11
Brazil 262,144 1110 01
Canada 262,144 1100 00 Assigned
Egypt 32,768 0000 00 010 by
France 262,144 0011 10 each country
Germany 262,144 00t1 11
Ireland 4,096 0100 11 001 010 |
Israel 32,768 0111 00 111
Japan 262,144 1000 01
Jordan 32,768 0111 01 000
Monaco 1,024 0100 11 010 100 00
New Zealand 32,768 1100 10 000
Saudi Arabia 32,768 0111 00 010
Switzerland 32,768 0100 10 110
UK 262,144 0100 00|
USSR 1,048,576 0001
uUs 1,048,576 1010
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Secondary Surveillance Radar display Figure 314: Plan Position Indicator advanced Technology

Tcday the technology of display differs from in a wide way. Countries and regions
using older ground facilities, others are using modern and advanced technology.

Figure 313: Plan Position Indicator former Technology
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TCAS Traffic Collision Avoidance System

Introduction

The Traffic or Airborne Collision Avoidance System function is to detect and dis-
play aircraft in the immediate vicinity and to provide the flight crew with indications
to avoid these intruders.

TCAS is a family of airborne devices that function independent of the ground
based ATC system and provide collision avoidance protection for a broad spec-
trum of aircraft types.

«  TCAS | provides proximity warning codes, to assists the pilot in the visual ac-
quisition of intruder aircrafts. it is intended for use by smaller airpianes and by
general aviation aircraft.

«  TCAS Il Provides traffic advisorys and resolution advisorys. (Recommended
escape manoeuvres) in a vertical direction to avoid conflicting traffic. Airline
AC and larger commuters and business AC will use TCAS il equipment.

+  TCAS lil Which is still under development, will provide traffic advisory and res-
clution advisory in the horizontal as well as the vertical direction to avoid con-
flicting traffic.

Figure 315:

TCAS Il / MODE S MODE S
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Principle

The TCAS interrogates ATC transponders of intruders. From the transponder re-
plies the TCAS determines for each intruder:

+ lis bearing.

+ Its range and closure rate.

= lts relative altitude if available (ATC mode C or S).

Figure 3186:
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Function

The TCAS continually surveys the airspace around the aircraft utilizing ATC trans-
ponder replies from other aircrafts in the vicinity, determines range, relative bear-
ing and relative altitude of those AC and predicts than their flight paths.

Intruder whaose paths are predicted to penetrate protected collision area surround-
ing the TCAS equipped AC are annunciated by the TCAS on capt's and copi's VS/
TRA display or respective EFIS displays and by spoken messages. In addition, the
TCAS is capable of recommending evasive vertical manceuvres intended to pre-
serve or increase vertical clearance to intruder AC.

A traffic advisory (TA) is generated 40 to 45 seconds prior to a conflict and a res-
olution advisory (RA) 20 to 25 sec prior to a conflict. Once the flight path from the
intruder no longer conflicts with the own AC, annunciation of all advisory ceases
and the voice message "clear of conflict” will be broadcast.

TCAS provides no protection against aircrafts that do not have an operating ATC
transponder. The TCAS cannot provide an RA when the intruder AC does not pro-
vide altitude information.

The TCAS computer performs airspace surveillance and intruder and own AC
tracking, using ATC transponder infos and inputs from the TCAS antennas. If a
tracked AC is a collision threat, it selects the best avoidance manoeuvres and if
the threat AC is also equipped with TCAS, this manoeuvre is coordinated via the
ATC transponder (Mode S) to ensure the selection of complementary advisorys.

Figure 318: Caution, Warning and Resolution Areas
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Figure 319: Collision Avoidance by vertical Maneuvre
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Intruder Classification

Table 7:

The TCAS computes the intruder trajectory, the closest point of approcach (CPA)
and the estimated time (TAU) before reaching the CPA.

Each time the relative position of the intruder presents a collision threat, aural and
visual advisories are triggered.

TCAS epitomizes vertical orders to ensure a sufficient trajectory separation and a
minimal V/S variation considering all intruders.

Figure 320: Traffic and Resolution Advisory Areas
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Table 8:

| Level Intruder position Display information |
| Proximate | —No collision threat. — Intruder position i
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Cockpit Presentation

There are various types of displays in the cockpit:
+  VSI/TCAS Indicator

+  Weather Radar Indicator

+  NDand PFD

Traffic Advisory Display

The TA indication supports the pilot to make a visual search. The AC symbol on
the display shows the pilot the distance and the relative bearing. The relative alti-
tude in hundreds of feet, and as an arrow is displayed whether the aircraft is in
climb or descent. Altitude information are only avail if the aircraft is equipped with
altitude reporting. Update rate is once every second.

Resolution Advisory Display

The RA indication is the primary display to show the pilot the vertical speed cor-
rection to prevent a collision. The indication consists on red and green segments
which can iilluminate instead of the normal vertical speed indication. If the vertical
speed peinter is in the red "stay-out-off" area, the pilot has to change the vertical
speed until the pointer is in the green "fly to" area. That is designed as an correc-
tive RA. If the pointer is out of the red area, the pilot has to maintain the actual ver-
tical speed. That is designed as a preventive RA. Below 500 ft radio altitude, all
resolution advisory are suppressed.

Figure 322: VSI with TA-RA Indication

ARROW PRESENT NEXT 7O INTRUDER
INDICATES VERTICAL SPEED OF INTRUDER
IS EQUAL TO OR GREATER THAN 500 FT
PER MINUTE THE ARROW POINTS UP FOR
CLIMBING TRAFFIC AND THE ARROW
POINTS DOWN FOR DESCENDING TRAFFIC

NON THREAT AIRCRAFT ARE
SHOWN  AS AN  OPEN
DIAMOND  SHAPE  AND
WHITE OR CYAN IN COLOR

,,257 THREAT  AIRCRAFT AT
TRAFFIC ADVISORY LEVEL IS
A CIRCLE , SOLID AMBER IN

THREAT  AIRCRAFT AT
RESOLUTION  ADVISORY
LEVEL IS A SQUARE , SOLID

RED iN COLOR 1 CoLor
+0S
@ OWNAJRCRAFT
SYMBOL IN CYAN
ORWHITE
RANGE RING MARKINGS
TO INDICATE APPROX. ~  + 15— RELATIVE ALTITUDE INDICATED
IMATE BEARING OF N NEXT TO THREAT SYMBOL, A
AIRCRAFT / MINUS SIGN (-} INDICATES THREAT

o BELOW OWN AIRCRAFT. A PLUS
SIGN  (+) INDICATES THREAT
ABOVE OWN AIRCRAFT IN TH:S
EXAMPLE, THREAT IS 1500 FT
ABOVE OWN AIRCRAFT

PROXIMATE AIRCRAFT (WITH!N
1200 FT RELATIVE ALTITUDE,
AND 6 NMI OR MINIMUM RANGE
WHICHEVER 1S LESS) ARE SHOWN
AS A DIAMOND SHAPE AND
SCLID WHITE IN COLOR.
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Indication at ND and PFD Figure 323: ND
In today’'s EFIS equipped aircraft's traffic advisory (TA) and resolution advisory \
(RA) are superimposed in the navigation display. Vertical evasive manoceuvres is /%%,31 TAS 200
shown at the vertical speed scale on the primary flight dispiay. 4\1 6 1
1. RA Intruder Immediate evasive manoceuvre required
2. TA Intruder Alert of traffic
3. Proximate Traffic within a range of 6 NM
4. Other traffic within a range of 8 NM
5. Relative altitude, chmbing descending of the intruder 3/
6. Red area. Forbidden vertical speed. High risk of conflict
7. Green area. Recommended vertical speed
¥ 10 NM
The TCAS Il indications for flight plan modifications are in the vertical plane only. 2.5 NM
The TCAS aural messages can be inhibited depending on higher priority aural .
messages. The Resolution Advisory (RA) informs the crew about an available Figure 324: PFD
avoidance manoguvre.
<> OTHER
500" BELOW
05  CLB >500 FPM
+14  QTHER
<> v 1400° ABOVE
DESC >500 FPM
+11 | PROXIMATE
’ 1100' ABCVE
DESC >500 FPM
+05+ TA
@ Y 500 ASOVE
DESC >500 FPM
60 RA
[l CO-ALTITUDE
i VRATE <500 FPM
DESC FROM ABY
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Aural Annunciation

Displayed traffic and resolution advisory are supplemented by synthetic voice ad-
visory generated by the TCAS computer. The words "Traffic, Traffic" are annunci-
ated at the time of the traffic advisory which directs the pilot to look at the TA
display to locate the traffic. If the encounter does not resolve itself,. a resolution
advisory is annunciated. The aural annunciations listed in the following example
have been adopted as aviation industry standards.

The single announcement "Clear of Conflict” indicates that the encounter has end-
ed (range has started to increase), and the pilot should promptly but smoothly re-
turn to the previous clearance.

To avoid confusion of pilots, by differend meaning of aural recommandations, fol-
lowing warnings and situations will inhibit the TCAS voice warnings:

+  Stall warning

*  Windshear warning

+  Ground proximity warnings
+  Low radio heights

Examples of aural annunciations
Traffic Advisory: TRAFFIC, TRAFFIC

Resolution Advisory:
Preventive:

MONITOR VERTICAL SPEED. MONITOR VERTICAL SPEED. Ensure that the
VSl needle is kept out of the lighted segments.

Corrective:

CLIMB-CLIMB-CLIMB. Climb at the rate shown on the RA indicator. nominally
1500 fpm.

CLIMB, CROSSING CLIMB-CLIMB, CROSSING CLIMB. As above except that it
further indicates that own flight path will cross through that of the threat.

DESCEND-DESCEND-DESCEND. Descend at the rate shown on the RA indica-
tor; nominally 1500 fpm.

DESCEND, CROSSING DESCEND-DESCEND, CROSSING DESCEND. As
above except that it further indicates that own flight path will cross through that of
the threat.

REDUCE CLIMB-REDUCE CLIMB. Reduce vertical speed to that shown on the
RA indicator.

REDUCE DESCENT -REDUCE DESCENT Reduce vertical speed to that shown
on the RA indicator

INCREASE CLIMB-INCREASE CLIMB. Follows a "Climb" advisory. The vertical
speed of the climb should be increased to that shown on the RA indicator, nomi-
nally 2500 fpm.

INCREASE DESCENT-INCREASE DESCENT. Follows a "Descend” advisory.
The vertical speed of the descent should be increased to that shown on the RA
indicator, nominally 2500 fpm.

CLIMB, CLIMB NOW-CLIMB, CLIMB NOW. Follows a "Descend” advisory when
it has been determined that a reversal of vertical speed is needed to provide ade-
guate separation.

DESCEND, DESCEND NOW-DESCEND, DESCEND NOW. Follows a "Climb"
advisory when it has been determined that a reversal of vertical speed is needed
to provide adequate separation.

Corresponding with EASA Part-66
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System

+ 2 TCAS Antennas

+ 1 TCAS Computer

+ 2 TA/RA Displays

+ 1 TCAS Mode S controi- panel

+ 2 Mode S Transponder with 2 Antennas

Figure 325:

TOP ANTENNA

r

BOTTOM ANTENNA

RA 112 >
Top and Bottom Antenna
Each connected via 4 colour coded coaxial cables Tx. 1030 MHz. Rx. 1090 MHz. GNDFLT | INTRUDER
Radio altimeter units (RA) INFORMATION® NDs
Modulation of system sensitivity 0 - 2500 ft. and triggering of inhibit orders. ATT/HDG
—_—
Ground / Flight discrete
When Aircraft is on ground system operates in TA ONLY mode. lALT'TUDE RESOLUTION _ .
Attitude / Heading data ATC » ADVISORY
Used to compute the closest point of approach. TRA1NSP .
ATC mode S transponders
Air to Air coordination of own TCAS and detected TCAS equipped intruder aircraft.
One transponder is active the other on stand-by. ATC  e———

N 3 . TRANSP TCAS AURAL
Barometric Altitude via ATC Transponder 2 > COMPUTER MESSAGES
Modulation of system sensitivity above 2500 ft. and triggering of inhibit orders. 7y
|.e. inhibit climb order above 48000 ft. ALTITUDE
ATC /| TCAS Control panel
Common to the ATC transponders and the TCAS. Enables the operating modes
of these two items of equipment to be selected.

Navigation Display ND
Lateral display of intruders TA/ RA.
Primary Flight Display PFD D OEE [F @
Vertical display of resolution advisory RA. ; - @ IR s
Cockpit Speaker : ) e i e
Broadcasting aural TA and RA messages. O @,53,@ T_D @
ATC/TCAS CONTROL PANEL
Corr ndi ith EASA Part-66
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Computer Unit Figure 326:

The heart of the TCAS Il system, the computer unit, performs airspace surveil-

lance, intruder tracking, traffic display, threat assessment, collision threat resolu- ,
tion and TCAS coordination. Using data from the airframe and other installed Honeywell
systems, it changes performance parameters to match varying altitudes and air-
craft configurations. C )

The surveillance algorithms have been specially designed to reduce split tracks
(multipath), and have been extensively tested under high density conditions.

The unit uses collision avoidance algorithms to determine if a tracked aircraft is a

collision threat and for selecting the best avoidance manoeuvre. It also uses logic Teasrass Q Q Taow
to coordinate escape manoeuvres with other TCAS-equipped aircraft. easFan O Q raow
Future software changes are easily incorporated into the unit on board the aircraft :Z::: Q (o) ::o .L;s
via an ARINC 603/615 data loader port accessible from the unit front panel con- o Q xrons
nector ar rear connector aircraft wiring. nos Q Q ar

nacoc O pusH YO
The TCAS computer is equipped with a built in test equipment (BITE). This pro- ® @

gram protects the power supply, the micreprocessor, the memories, the transmit-
ter and receiver and the antennas. This program is able to detect a wrong antenna

| ® ®
) ® ®

connection. ® @
At the computer front face a self test can be made by pressing the test button for J
a few seconds. All lights are on for 3 seconds and after the TCAS status is dis-

played for 10 seconds.

TCAS Characteristics:

Pulse power 500 Watt

Transmit frequency 1030MHz

Reception frequency 1090MHz

Range 80 NM

Capable to handle 8 intruders simultaneously

Corresponding with EASA Part-86
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Computer Block Diagram Figure 327:

The block diagram shows the received signals entering the TCAS receiver-trans-
mitter through a beam steering network and a diplexer. The received signal is then .~~~
applied to the signal processing circuits that remove the altitude and aircraft iden- - 1

The TCAS receiver-transmitter contains the algorithms used for collision avoid-

i
1
|
|
|
|
|
]
ATTENUATOR |
|
w ' |
|
l
!
|
:
|
!
|
|
|
|

tification information from the received signal. This information is then sent to the ; 1030 MH -———:" ARINC 429
CPU for use in the threat algorithms stored in program memory. The TCAS system i FHSE&UF%ECY z ) ;
uses the replies of transponder equipped aircraft to determine the potential threat I W0 7™ ANALOG
of the aircraft. The TCAS system is capable of determining range, bearing to in- I1030 HZ :
truder and altitude of intruder if the intruder transponder is reporting altitude, from [ ! -——:—> OISCAETE
each reply. ‘ E’{»L
, _ . _ _ | | TRANSMITTER |«
The TCAS receiver-transmitter uses severa! replies from the intruder aircraft to de- [
termine the altitude rate and range rate of the intruder aircraft. In other words, the |
TCAS receiver-transmitter uses the reported altitudes to determine how fast the | 1
intruder aircraft is climbing or descending and uses the elapsed time between ! PER cPU
transmission and replies to determine whether the aircraft is approaching or leav- : WSA%UET !
ing the surveyed area. The TCAS receiver-transmitter also uses the changing |
bearing positions to determine a probable flight path for the intruder. |
I
I
!
{
|
|
!
i
!
I

ance in TCAS 1l. These algorithms include tracking algorithms for intruder aircraft, SIGNAL

threat detection algorithms, selection of resolution advisories algorithms, generat- DIPLEXER > RECEIVER —» oo8cess0R

ing traffic advisory algorithms, and the algorithms for own aircraft altitude and sen-

sitivity levels. 1:

The receiver-transmitter also handles the Mode S data link transmissions that are B -

TCAS related. The Mode S data link capabilities are only required when two TCAS L TOP ANTENNA
equipped aircraft approach each other, in order to coordinate the manoeuvres of NETWORK  |e— = BOTTOM ANTENNA
each aircraft. L ]

From the transponder replies of intruder aircraft and if available the TCAS Mode S
data link messages, the TCAS receiver-transmitter determines if the flight path and
profile of the intruder aircraft will result in a conflict with its own aircrafts flight.

Based upon the TCAS own aircraft profile, the receiver-transmitter determines the
appropriate resolution advisory.
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Antenna

The antennas, mounted on the top and bottom exterior fuselage, are extremely
low-profile, four-element directional devices capable of transmitting in four selecta-
ble directions and receiving omnidirectionally with bearing information. The 4 an-
tenna segments has an opening angle of 30 degrees and are vertically polarized.
The TCAS computer’s ability to receive omnidirectionally with bearing greatly sim-
plifies surveillance algorithms for tracking nearby aircraft.

The antenna transmits pulses at 1030 MHz at varying power levels in one of four
computer-selected segments. The computer receives at 1090 MHz from the direc-
tional antenna over four output coaxial cables to four receivers, one for each direc-
tional beam. The directional antenna permits sectorized interrogations for higher
density operation.

The range of the replying aircraft can be calculated, using the speed of the return-
ing signal and the amount of time elapsed

Elapsed Time
12.359us perNM

Distance =

Figure 328: Upper and lower Antenna

a—UPPER ANTENNA

-l

L_J
-~ LOWER ANTENNA

-

Figure 329: Antenna Beam Pattern

= ™

4 ANTENNA
CONNECTORS
{COLOR CODED)

DIRECTIONAL TRANSMISSION

4 BEAM ANTENNA PATTERN
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Communication between Aircrafts Figure 330: TCAS Communication Pulses

The TCAS receiver-transmitter transmits interrogations to the transponder
equipped aircraft in the vicinity to generate transponder replies that the signal
processing circuits of the TCAS will decode to identify the threat aircraft. Once
each second, it transmits an interrogation for all ATCRBS and Mode S transpond-
er-equipped aircraft. This one second period is referred to as the surveillance up-
date period for all traffic within range of the TCAS-equipped aircraft.

ATCRBS interrogations from TCAS eguipment employs the Mode C only All-Call
three pulse format. Pulse Sy is of lower amplitude than pulse P4 and the two form
a transponder suppression pair with a pulse separation of two microseconds. Only
transponders that receive P4 above a noise level of about S, pulse amplitude will
respond to the TCAS Il interrogation. The P4-P5 pulse spacing is the normal 21
micraseconds for a mode C altitude reporting interrogation. Pulse P4 is part of the
format in order to suppress airborne Mode S transponders, which also would pro-
vide Mode S replies if not suppressed. The four pulse format group are repeated
at increasing power levels over an approximately 20-dB range to generate a whis-
per-shout sequence. The transponder will reply if the amplitude of Sy is below the
noise level and P4 is received at a greater level,

Between aircrafts different TCAS communication depending on the equipment:

»+  Combined Mode A / Mode S-all-call or Mode C / Mode S all call interro-
gation:
Alf aircraft with ATC transponders reply this interrogation signals. Tc prevent
signal overlapping from different aircrafts, the computer uses a whisper shout
system. (different puise group amplitudes). The whisper shout sequence is re-
peated every second.

+  Mode A or Mode C reply:
If the TCAS computer receives only mode A signals, only TA indicaticn is pos-
sible. An evasive action coordination is impossible.

- Selective interrogation (Mode S):
Aircrafts equipped with mode S transponders can be interrogate selective.
(Coded pulse groups)

+  Mode S reply:
With this reply signals, the TCAS is able to display a TA and to calculate an
RA.

- Coordination of an evasive action:

§

: gt
g ]
o i
= 10% - J,I J-
£ i
3] 4] P3 2] : I.J'
g -l I J'IJ
Mode C only All Call g IJ’J Whisper - Shout
g { Sequence
STEPS 18EC
33dBmM e o e

31dBm 32dBm .

i

Whisper - Shout
Interrogation

il U'IﬂILﬂﬂ_ﬂ_JUmﬂﬂfLﬂ_FL Mode A /C Reply

F1 c1 A C2 A2 (4 Asg 81 D1 B 02 B84 D4

i

SP|
MODE A IDENT

Mode S
Interrogation

b= DATA PULSE POSITIONS —————3m
56 OR 112 AITS 7

[ [ 1 4 ) 1 o,
! 1 i | l
1
! L L
10 1] 1 0 o 11

1 1

111

4

1
1
1
1

el

Only possible between aircrafts equipped with TCAS Il and mode S trans- ] . Mode S Reply
ponders. i
g PREAMBLE —————ipn{
c EASA Part-66
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Weather Radar Figure 332: Radar scanning a Cloud
General
The Airborne Weather Radar System (WXR) allows the detection and display of Crove FramaTION. (\\
severe weather areas. The WXR helps the pilot to avoid these areas and the as- y SCCeTiE
sociated turbulences by determining their range and bearing. It also provides a et S {. R ‘

ground mapping.

The radar emits microwave pulses through a directive antenna which picks up the
return signals. The range is determined by the time taken for the echo to return.
The azimuth is given by the antenna position when the echo is received.

Frequency: Microwaves 9.4 GHz
Pulse power: 125 Watt - 65 kW 180 - 400 pulses per second

> REFLETTEL
ECHE: ENERGY

TRARGM TTEr
ENLRGY FL_SE

Figure 331: Tx with Rx Pulses

Power: 125 W ar 65 KW
| . b

—=q}=— Transmission: 2.5 microseconds

}=——— Reception. 2497.5 microseconds

400 pulses per second

Figure 333: Transmission and Echo

Observe the safety precaution if you operate the radar!

The high energy radiowaves are dangerous for human bodies and may ignite

. e \ .
inflammable liquids! ‘\X& N 10 NM

s

20 NM ROUND TRIP IN 123.6
MICROSECONDS
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Figure 334: Weather Radar System Block Diagram Figure 335: Weather Radar Indication
Colour Rainfall — —
/ ™
Brightness /EFIS EF]S\ Brightness Green 110 4 mm/hr L GS320 TAS330 MIG 004" |
1 2 Yellow 410 12 mm/hr [ | 3o0/20 93 NM | %
Red > 12 mm/hr L~ 183
Magenta Turbulence area
[ 33 4
AN TE b /
ND Range ND / S
1 2 R’\
& %
A Display
Display Display T
DMC 1 DMC 3 DMC 2 N 0.00 A
" ADF vORz {*
r ﬁ i " HYE M Mo RR
‘ 120NM
j %)\ /(S
Weather Radar Image WEATHER RADAR
CONTROL PANEL
—— WAPADAR Figure 336: Components

”
@a - AP
wr
WEATHER RADAR - @ g
Transceiver . "
oo o™ -
4 “

[ SYS Switch  Permits the radar to be eneraized. |
MODE Selactor

Roll/Pitch
Attitude

WX: Radar in normal operating mode.

WX/TURB: Turbulence areas are shown in magenta it
within 40 NM range.

ANTENNA MAP: Radar is in ground mapping mode,

TILT Knob
Allows manual control of antenna tilt. 0 refers to the horizon
GAIN Knob

Used to adjust the sensitivity of the receiver in ground
mapping mode only.
AUTO: Gain is automatically adjusted to optimum setting.

IRU

©

: INDICATOR

RECEIVER - TRANSMITTER
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How Radar detects Turbulences and Windshear Figure 338:
Conventicnal Radar: The transmitter emits a pulse which uses only the reflectivity
of rainfall (droplets of precipitation) to return an echo to the receiver. TURBULENCE

Turbulence Detection. Pulse waveforms show that the eche frequency differs from
that of transmitted pulse. Caused by the Doppler effect. The frequency shift repre- ‘ .
sents turbulence which imparted motion to the droplets. The received radar signal g& i ANVIL
actually shifts over a spectrum of frequencies; the broader the band, the greater is ’

the turbulence. When the spectrum exceeds a threshold defined moderate to o
heavy, the return is displayed on the screen as turbulence {a magenta-colored ar- B
ea). That threshold occurs when droplets move at the rate of 5 meters per second. - '
STORM

Figure 337: Pulses } K MOVEMENT

Transmit Transmit ROLL

CcLOUD
/\— I'Ak
Receive Receive . f "\.
WIND SHEAR
. . TURBULENCE WIND SHEAR
Conventional Radar Turbulence Detection TURBULENCE

| \\\\\\\\ '\
\ \ N\
\ NN\ \\ \ \
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Windshear Weather Radar (Microburst Detection)

During both takeoffs and landings, microbursts have been the cause of numerous
transpert aircraft accidents. A Forward Looking Windshear Detection/Avoidance
Airborne Weather Radar System has the capability to detect the presence of mi-
crobursts up to 5 NM ahead of the aircraft flight path when below 1500 feet AGL.

A microburst is a cool shaft of air, like a cylinder, between 1000 and 3000 feet
across that is moving downward. When it encounters the ground the air mass
mushrooms in a horizontal direction curling inward at its edges. The downward air
velocities associated with these narrow air shafts range from 40 to 110 knots.
When the downward moving air flow is translated to a horizontal flow at the base
of the air shaft, the outflow winds have front-to-back velocities ranging from 80 to
220 knots.

Two types of microbursts exist, wet and dry. A wet microburst is characterized by
the rain droplets within the air shaft failing all the way to the earth's surface largely
intact. A dry microburst s characterized by a rain that exits from the cloud base,
but substantially evaporates before reaching the ground. Virga occurs in high
based rainstorms found in places like the high plains and western United States.
Regardless of whether the microburst is wet or dry, the air shaft's wind character-
istics are identical.

The air shaft of a microburst creates problems for aircraft for two reasons. The first
problem is due to the downward air movement. Since the aircraft is flying within
the air mass, as the air mass plummets earthward, so does the aircraft. Second,
the lift that is generated by the wing is related to the relative velocity of air traveling
over the wing. If the air velocity suddenly changes, so does lift. When the lift is re-
duced, the aircraft descends. As an aircraft enters a microburst, depending on the
point of entry, it will experience at least one of these conditions and most probably
both.

Figure 339: Microburst

Microburst Air Shaft —= || §

is 2700 Feet Across Peak Downwarg Corrected
Air Flow Fhght Paih
40 Knots '/ ______________
Arcrat L R | 1¥11) | P tnended Touchdown
N oIl E \ ; Point
:-_{ 1200Fest AGL T TTTTTmee e l i J {—’f’ SfhghtPatn . /ﬁ
Aur Flow 40 Knots «— — Aif Flow 40 Knots Runway

Uncorracted Fiight Path

Detection Process

When the airshaft of a microburst encounters the ground, it mushrooms outward
carrying with it a large number of the failing raindrops. By measuring the horizontal
velocity of these water droplets the weather radar is able to infer the horizontal and
vertical velocity of the winds carrying the raindrops.

The radar processor detects the doppler frequency shift imparted onto the reflect-
ed microwave pulses by a microburst. As the radar scans across the windshear
event, it will detect raindrops moving toward it at one range and away from it at a
slightly greater range.

The difference in the range between the raindrcps moving toward and away is the
width of the base of the microburst. After the radar detects this condition, it then
proceeds to assess the severity of the event by measuring how fast the droplets
are moving. If the assessment of the severity of the microburst exceeds a preset
threshold value, a windshear alert is issued on the radar display and through the-
flight deck audio system.

Figure 340: Warning Thresholds

A

2.300
Windshear Mode Active
No Alerts'Displays !
1.500 -4
Advisory
200 “frrprerrrr————
k : {Display Onlyt
Aircraft
Altitude Caution
(Feet AGL) o
No Alerts :
. 365 | Below 50 FLAGL |
: SRS
50 -4 A -
TSI I ITHY, A7

T
0 05 15 30 % 50
Range {(NM) N
N

" Warning (Takepﬁ) During Takeoff RollﬂMw}
Caution (Landing) Warning Range 15 3 NM |
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System Figure 341: Blockdiagram
In short words:

CONIROL
Control Unit UNIT
Mode selection, Reception Gain, Range, Tilt.
Indicator INDICATOR
Separate CRT /TFT display unit or EFIS is used. ANTENNA
Attitude
Antenna stabilization. ATTITUDE
RadioAltitude RTA-4B I}

: : RADIO RECEIVER/ WAVEQUIDE

For windshear alert computation. ALTIMETER . il
Air Data Computer
True Airspeed for wind shear alert computation. AIR DATA

COMPUTER
Digital CMS Interface
Central Maintenance System for maintenance. Test and malfunction logging. WARNING

Y 3ng DIGITAL SPEAKER LAMPS
CMS
Discrete Input INTERFACE OR
Warning inhibit, Gear up/down.
ELECTRONIC/
DISCRETE INSTRUMENT

Antenna INPUT SYSTEM

Transmission and reception via wave guide.

Stabilisation in roll and pitch. Tilt control via selector. Azimuth movement contol.

Warning lamps (optional)
Wind shear alert.

Electronic Instrument System EIS
Instead of separate Indicator.

Speaker
Aural warning for winshear alert.
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Receiver - Transmitter Unit

Master Processor Controls all functions of R/T - Unit

Frequency Synthesizer, MultipliersModulator/Transmitter, RF Front End
Transmission of pulses from aircraft.

RF Front End, Filter Preamplifier, Logantmic Receiver

Reception of returning echo pulses.

Digital and Analog Input/Output

Attitude input for Antenna Stabilisation, Range and Made selection, Interface
to other avioncs system.

Figure 342: Block Diagram

Audio Module  Voice warning Windshear.

Analog/Digital Converter, Time Domain Processing. Weather Processing.
Fast- Fourier Transform Processor, Turbulence and Windshear Processing,
Range Processing

Performance of all output computations to displays and alerts.

Output to display unit: ARINC 453 1600 BitYWord, 1MHz Ciock, 6200 Words/
sec.

Antenna Stabilisation Processor, Antenna Drive Module

Performing antenna stabilization, tilt and azimuth control.

*ANTENNA AZIMUTH AND ELEVATION

Lo ANTENNA ANTENNA ANTENNA
ATE STABILZATION DRIVE ————
MODULE PROCESSOR MODULE AZIMUTHELEVATION
3 DRIVES
DIGITAL DIGITAL
AT SIGNALS Vo
DATA BUS
ANALOG PROGESSOR DATA BUS oMs
ANALOG o | PROCESSOR Lag—— \ oo .o
AT SIGNALS ™ (OPTIONAL)
SPEAKER
ouTRUT AuDIO DATA BUS
LOW-ALEVEL o .| MODWRE
AUDIO
1
WAVEGUIDE AF r —"l TIME
- - o PRE- o LOC - WEATHER
T DOMA L
»mgau Fgoa':n P AMPLIFIER RECEIVER Moia Pnocss;‘m gl PROCESSING
X6
MULTIPLIER
o TURBULENCE
MODULATOR/ 1 FFT AND
TRANSMITTER PROCESSCR WINDSHEAR
i FREQUENCY SYNTHESIZER " |PROCESSING
1
X6 X9
MULTPUER | MULTIPLIER RANGE
DISPLAY DATA BUSES <—— o0 orroopig e
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Transmission Pulses

A timing diagram of the pulse transmissions in the weather and weather/turbu-
lence operating modes is provided in next figure. In windshear detection/avoid-
ance mode, frequency is 6000 Hz and the sequence of transmitted pulses consists
of two interleaved pulse trains, each train with a different carrier frequency, A and
B.

For the weather (WX) and terrain-mapping (MAP) modes, the basic transmit-re-
ceive period is 5.25 milliseconds. This results in a basic pulse repetition frequency
{PRF) of 190 Hz. However since two pulses (6 and 18 microseconds wide) are
transmitted, the PRF is specified as 380 Hz.

The received echoes from the 6-microsecond pulses are processed to produce
targets ranging from zero to 20 nautical miles on the radar indicator. Received ech-
oes from the 18-microsecond pulses are processed to produce the targets located
at distances greater than 40 nautical miles. Received echces from both the 6-mi-
crosecond pulses and the 18-microsecond pulses are processed to produce the
targets located at distances between 20 and 40 nautical miles. The timing is varied
slightly (jittered) between the 8- and 18-microsecond pulses.

Figure 343:
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When the turbulence mode is selected, the system shifts to an interlaced high and
low PRF pattern to acquire intensity as well as turbulence information simultane-
ously. Pulses 1 through 9 (TURB) are transmitted at 1600 Hz and are used for tur-
bulence detection. Pulse 10 is used for weather intensity determination. Pulses 1
through 9 are 6 microseconds wide and pulse 10 is 18 microseconds wide. The
high PRF rate necessary for Doppler processing limits the turbulence detection
range to 40 nautical miles.

When a range greater than 40 nautical miles is selected in turbulence mode, the
indicator will display weather plus turbulence to a range of 40 nautical miles, and
weather only beyond 40 nautical miles. In turbulence mode, interference is mini-
mized by varying the timing between each PRF cycle.
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Antenna

The weather radar uses a narrow beam transmittet and received toward deter-
mined direction. The azimuth dive scanns the space ahead the aircraft for clouds,
thunderstorm, hail and terrestic obstacles. Elevation- tilt- and rolldrives compen-
sates the aircraft movements to obtain a stable weather radar image on the dis-

plays.

Parabolic Antennas

Older models using parabol antennas. The RF pawer 9,375 GHz about 65 kW is
supplied via wave-guide and feeder toward the parabolic reflector. From there a
narrow beem is directed into the space. The spoiler deflects the radiowaves to-
ward the ground for ground mapping.

The Parabolic Reflector works on a similar principle to a car headlight reflector. En-
ergy striking the reflector from a point-scurce situated at the focus will produce a
plane waveform in a direction parallel to the axis to the parabola.

The feed is usual a dipole with a parasitic element. The consequence of a dipole
feed is that the beam will have a main lobe and smaller side lobes, which usually
means much higher powers are associated with these antennae than with the flat-
plate types.

Figure 344:
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Figure 345: Antenna Pattern
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Flat Plate Antenna Figure 346;

Newer systems uses flat plate antennas. Into a hollow plate many slots are ar-
ranged so, that each slots sends a narrow beam. The sum of all beams together
builds up a pencil shaped narrow beam with an opening angle of only 3 degrees.
This high efficient antenna makes possible, that the weather radar system oper-
ates with reduced transmisson power of only 125 Watt's.

The flat plate antenna consists of strips of wave guide vertically mounted side by
side with the broad wall facing forward. Staggered off-centred slots are cutin each
wave-guide so as to intercept the wall currents and hence radiate. RADOME

Several wavelengths from the antenna surface, the energy from each of the slots
will be summed in space, resulting in a narrow beam radiation pattern.

The greater the number of slots the better the performance (narrower beamwidth),
but since the spacing between slots is critical. We can only increase the number WEATHER RADAR
of slots by increasing the plate area. ANTENNA

It is mounted on a pedestal, which contains the necessary mechanisms and cir-
cuitry for scanning and tilting the antenna.

The weather radar system’s R/T unit and antenna are interconnected by flexible
and rigid wave-guide sections. The RF energy is routed directly to the antenna via
the wave-guide. The reflected RF energy is also routed directly back to the R/T
unit.

The wave-guide is connected to the antenna with a quick-disconnect so that the
antenna may be easily removed and replaced when required. The wave-guide
system is vented aft of the forward bulkhead, so that pressurised warm cabin air
can be used to keep the wave-guide free of moisture, this eases the problem of
wave-guide corrosion and reduces the risk of high-flashover at high altitudes.

RO R I e R i ik

FLAT PLATE ANTENNA

Radome ELEVATION-

The radome is usually a covered honeycomb structure, made of a plastic material & AZIMUTH
reinforced with fibreglass. Lightning conductors on the inside of the radome will ob- DRIVE UNIT

struct the beam, but their effect is minimised if they are perpendicular to the elec-

trical field of the wave. Figure 347: Antenna Pattern
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Antenna Stabilization

Pitch and Roll

The antenna is stabilized in pitch and roll by inputs from the Attitude Reference
System (IRS) or from the Vertical Gyros. The antenna is horizontally polarised and
emits a narrow 'pencil’ beam.

Antenna stabilization maintains antenna position relative to the earths horizon re-
gardless of aircraft attitude variations incurred during turns and moderate maneu-
vers. To accomplish this, the Radar System receives roll and pitch stabilization
input signals from either the aircraft's vertical gyro, or the Attitude Heading Refer-
ence System (AHRS). The AHRS is usually a part of the Inertial Navigation or Ref-
erence System.

The mechanical limit of the antenna is:

* Roll +/-43 degrees

+  Pitch +/- 25 degrees

« Tilt +/-15degrees

Azimuth Drive

The antenna is capable of scanning a total azimuth of +/- 45" to +/- 90°
20 times per minute.

Figure 348: Antenna Azimuth Scanning
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Figure 349: Roll and Pitch Stabilization
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Figure 350: Antenna Tilt for Ground Mapping
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Antenna Scan Pattern

Windshear Mode Antenna Tilt

In windshear mode, for the antenna scan dedicated to windshear detection, the
antenna ftilt is automatically adjusted achieve optimum windshear detection, re-
gardless of the setting of the TILT control on the control unit. For non-windshear
scans, the antenna follows the setting of the TILT control on the control unit.

Antenna Scan Patterns in Windshear Mode

The antenna scan pattern varies depending on the mode of operation. Above 1500

feet to 2300 feet, when the system is placed into alternate weather/windshear scan

pattern, and no windshear is detected, the antenna scan pattern is as follows;

«  Clockwise weather scan, with +90 degrees of azimuth coverage and process-
ing for weather.

«  Counterclockwise windshear scan, with full £90 degrees of azimuth coverage,
but with windshear processing limited to the +/-45-degree sector

When the system is in windshear-only mode, the scan pattern is +/-45 degrees az-
imuth coverage on both the clockwise and counterclockwise scans. This mode oc-
curs if the operator has a windshear-only control position on the control unit, or the
system is in STANDBY or OFF mode. Windshear data is processed during both
directions of antenna scanning.

When the system is in an alternate weather/windshear scan pattern, and the sys-

tem detects a windshear event, the antenna scan pattern is as follows:

«  Clockwise weather scan, from -90 degrees to +90 degrees.

+  Counterclockwise windshear scan, from +90 degrees to -45 degrees, with
windshear processing between +45 degrees and -45.

+  The next clockwise scan is from -45 degrees to +45 degrees, to validate wind-
shear.

+  The next counterclockwise scan is from +45 degrees to -90 degrees, to vali-
date windshear. No processing occurs between -45 degrees and -90 degrees.

+  Clockwise weather scan, from -90 degrees to +90 degrees. The sequence is
repeated as lang as windshear event is detected.

If a windshear event is not validated, the system reverts to the alternating weather/
windshear scan pattern first described.

Figure 351:
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Magnetron

In previous generation of weather radars the high transmission pulse rf energy is
generated by magnetrons.

The 13 kVolt, 12 ampere output pulse received from the magnetic modulator is ap-
plied to the cathode of the coaxial magnetron. This drives the magnetron Into os-
ciflation preducing a 9375 MHz, 65 kW peak power output signal.

The magnetron utilizes vane resonators which are slot-coupled to the stabilizing
cavity surrounding the anode. Arcund the tube there is a permanent magnet with
a strong magnetic field. Electrons travelling across this vane resonators stimmu-
lates the resonace inside the cavities. The rf current on the inner wall of the stabi-
lizing cavity flows into the output toward the waveguide and antenna.

The magnetic medulator turns the magnetrons high voltage power supply 200
times per second with a pulse duration of 5 microseconds on and for 4695 micro-
seconds in off mode.

In domestic appliance microwave ovens containig also magnetrons with a fre-
quency abcut 2.5 GHz.

Caution! The high radiating energy of magnetrons is dangerous.

Figure 352:
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Figure 353: Warning
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This instrument generates microwave radiation.

DO NOT OPERATE UNTIL YOU HAVE
READ AND CAREFULLY FOLLOWED ALL
SAFETY PRECAUTIONS AND INSTRUC-
TIONS IN THEOPERATING AND SERVICE
MANUALS.

WARNING

IMPROPER USE OR EXPOSURE MAY CAUSE
SERIOUS BODILY INJURY.

Maintenance and Testing Safety Precautions

There are two hazards when operating weather radar, namely damage to human
cells and ignition of combustible material. The greater the average power density
the greater the health hazard.

A figure of 10 mWatts/cm? is a generally accepted "maximum permissible expo-
sure level” (MPEL). Among the most vulnerable parts of the body are the eyes and
testas.

The greater the peak power the greater the fire hazard. Any conducting material
close to the scanner may act as a receiving aerial and have RF currents induced.
There is obviously a risk, particularly when aircraft are being refuelled or de-
fuelled.

The following rules should be observed when operating the weather radar on the
ground:

1. Ensure that no personnel are closer to a transmitting radar scanner than the
MPEL boundary, as laid down by the system manufacturer .

2. Never transmit from a stationary scanner.

3. Do not operate the radar when the aircraft is being refuelled or defuelled, or
when another aircraft within the sector scanned is being refuelled or defuelled.

4. Do not transmit when containers of inflammable or explosive material are
close to the aircraft within the sector scanned.

Do not operate with an disconnected wave guide.

Never look down in an open wave-guide of a installed system.

Fit a dummy load if part of the wave guide run is disconnected. (Workshop)
Do not operate close to large reflecting objects or in a hangar

An additional hazard, which does not affect safety but will affect the serviceability
of the radar, is the possibility of very strong returns, if the radar is operated close
to reflecting objects. The result of these returns is to burn out the receiver circuits.

In order to avoid the envelope in which the radiation level may exceed the standard
of 10 milliwatt per square centimeter, all personnel should remain beyend the dis-
tance indicated in the illustration on the left side.

© ~ o o
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MLS Micro Wave Landing System

System Description

The time-referenced scanning beam Microwave L.anding System (MLS) has been
adopted by ICAO as the standard precision approach system to replace ILS. MLS
provides precision navigation guidance for alignment and descent of aircraft on
approach to a landing by providing azimuth, elevation and distance. The system
may be divided into five functions:

Approcach azimuth
Back azimuth
Approach elevation
Range

5. Data cammunications

AWM=

With the exception of DME, all MLS signals are transmitted on a single frequency
through time sharing. Two hundred channels are available between 5031 and
5090.6 Megahertz. By transmitting a narrow beam which sweeps across the cov-
erage area at a fixed scan rate, both azimuth and elevation may be calculated by
an airborne receiver which measures the time interval between sweeps. For the
pilot, the MLS presentation will be similar to ILS with the use of a standard Course
Deviation Indicator (CDI), Radio Direction Indicator (RD!), Horizontal Situation In-
dicator (HSI) or an Electronic Flight Instrument System (EFIS).

Figure 354: MLS Coverage
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ILS Limitation

ILS has been the standard precision appreach and landing aid since 1948, but it
suffers from a number of limitations, which prompted research aimed at develop-
ing a new system. A new standard was adopted in 1978, which uses Microwave
Frequencies and hence is known as the Microwave Landing System or MLS.

The instrument Landing System (ILS) has served as the standard precision ap-
proach and landing aid for the last 40 years. During this time it has served well and
has undergone a number of improvements to increase its performance and relia-
bility. However, in relation to future aviation requirements, the ILS has a number
of basic limitations:

1. Site sensitivity and high installation costs;
2. Single approach path;

3. Multi path interference; and

4. Channel limitations - 40 channels only.

MLS versus ILS

ILS ground antennas suffer from ground effects, in fact the glideslope beam is
formed by using the ground in front of the antenna, which must be cleared and lev-
elled. The use of relatively low frequencies means that the ILS installations at an
airfield are much larger than those, needed for MLS. Site preparation for ILS is ex-
pensive and in some cases impractical. Reflections, interference and weather ef-
fects all have their part to play in degrading the performance of ILS due to the
frequencies employed. In mountainous regions it may not be possible to install a
reliable ILS because of reflection problems, although buildings within the vicinity
of an airfield can also make life difficult. The shift-up to Microwave Frequencies
has made possible, the use of many more channels. MLS will have 200 separate
channels compared with the 40 available with the current ILS.

MLS Advantages

As previously mentioned, ILS has limitations which prohibit or restrict its use in
many circumstances. MLS not only eliminates these problems; but atso offers
many advantages over ILS including:

1. Elimination of ILS/FM broadcast interference problems;

2. Provision of all-weather coverage up to +60 degrees from runway centeriine,
from 0.9 degree to 15 degrees in elevation, and out of 20 nautical miles (NM),

3. Capability to provide precisicn guidance to small landing areas such as roof-
top heliports;

Continuous availability of a wide range of glide paths to accommodate STOL
and VTCL aircraft and helicopters;

Accommodation of both segments and curved approaches,

Availability of 200 channels - five times more than ILS;

Potential reduction of Category | (CAT 1) minimums;

Improved guidance quality with fewer flight path corrections required,;

. Provision of back-azimuth for missed approaches and departure guidance;
0. Elimination of service interruptions caused by snow accumulation; and

1. Lower site preparation, repair, and maintenance costs.

&

- 20~ o»

MLS Approach Characteristics

The Antennae needed at microwave frequencies are small enough to allow, nar-
row scanning beams to be generated. These allow a much wider region of cover,
than with ILS and so, computed curved approach paths under MLS guidance can
be followed. This greater flexibility in approach will lead to separate approach
paths for commuter and scheduled flights at busy airports, high angle approaches
for vertical and short takeoff and landing aircraft (VTOL and STOL} and curved ap-
proaches in mountainous regions. Of course the capability to follow curved or seg-
mented apprcach depends on the carriage of sophisticated equipment in the
aircraft. If an MLS beam is being used the bends, bumps, wiggles, false courses
and false paths of the ILS system should not be experienced.
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Guidance

Approach Azimuth Guidance

The approach azimuth antenna normally provides a lateral coverage of 40° either
side of the center of scan. Coverage is reliable to a minimum of 20 NM from the
runway threshold and to a height of 20 000 feet (ft). The ground station antenna is
normally located about 1000 feet beyond the end of the runway.

Back Azimuth Guidance

The back azimuth antenna provides lateral guidance for missed approach and de-
parture navigation. The back azimuth transmitter is essentially the same as the ap-
proach azimuth transmitter. However, the equipment transmits at a somewhat
lower data rate because the guidance accuracy requirements are not as stringent
as for the landing approach. The equipment operates on the same frequency as
the approach azimuth but at a different time in the transmission sequence. On run-
ways that have MLS approaches on beth ends, the azimuth equipment can be
switched in their operation from the approach azimuth to the back azimuth and
vice versa.

Elevation Guidance

The elevation station transmits signals on the same frequency as the azimuth sta-
tion. The elevation transmitter is normally located about 400 ft from the side of the
runway between the threshold and the touchdown zone. It allows for a wide range
of glide path angles selectable by the pilot.

Range Guidance

Range guidance, consistent with the accuracy provided by the azimuth and eleva-
tion stations, is provided by the MLS precision DME (DME/P}. DME/P has an ac-
curacy of +100 ft as compared, with + 1200 ft accuracy of the standard DME
system. In the future it may be necessary to deploy DME/P with modes which
could be incompatible with standard airborne DME receivers.

Data Communication

The azimuth ground station includes data transmission in its signal format which
includes both basic and auxiliary data. Basic data may include approach azimuth
track and minimum glide path angle. Auxiliary data may include additional ap-
proach information such as runway condition, wind-shear or weather.

Figure 356: MLS Azimuth and Elevation Coverage
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The MLS Signal Format

The MLS system operates on 200 channels in the frequency band 5031 MHz to
5,091 MHz. (C-band systern) The signalling rate is 15,625 bits/sec. thatis a 64 us
spacing between Pulses.

All components transmit on the single frequency allocated to an approach in a time
multiplexed signal format. In addition to the elevation and azimuth transmissions.
a burst of data is transmitted.
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Angular Measurement Figure 357:
In fact what we have is a narrcw beam, which is electronically swept, first in the
TO direction and then in the FROM direction. , -40° . -40°
. o i . _ Azimuth Azimuth

Any aircraft within the coverage of the scanning beam witl thus receive Two-Pulses Antenna Antenna
of energy, in one complete cycle of scan.
Left of Center TO" Scan Bear&‘l 4 | 8FFIO ‘Scan Bear(;l
If the two received pulses are well spaced then the aircraft will be in the left hand N‘\ N
half sector of the cover as is the case in Figure below. A -~ /

. \/ . I.F‘S 40" ,."5
Right of Center +40 |
On the other hand if the TO and FROM pulses are close together then the aircraft Received W !
wilt be in the right hand half sector. Signals (dB) : Time (usec) ,’
Note that, even if the aircraft is on the extreme right of the sector of cover, the TO Measurement -— —ﬂ— S N B
and FROM signals will still be separated. Threshold akt A fﬂ ( "\,\ R
Processing "TO" Scan 7'1 T, "FRO"
Once the angle has been measured it can be compared with the angle selected by Begins Time diff T (i Scan
the pilot on the control panel, the difference in angle being used as feed to indica- 'd",'e II erelnced(A ) ".'eas:remetn B'S Ends
tion system and to the autoflight system. irectly related to azimuth angle
Alternatively, the angle can be fed to an external computer, which may be part of
a FMS and there used, together with waypoint data, to compute appropriate seg-
mented or curved paths.
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Aircraft Installation

The operational capabilities of MLS depend on the type of equipment installed in
the aircraft. For full capability of the MLS system by being able to execute curved
approaches under the guidance of the MLS following equipment is needed:

a) MLS Receiver,

b) DME/P,

¢) Control Panel,

d) Flight Management System,

e) Flight Director Indicator or EFIS.

A popular installation is the Multi-Mode Receiver This provides output deviation
signals from ground or satellite facility which can be ILS, MLS or GPS. This instal-
lation gives great flexibility and cost savings, allowing for a single airborne instru-
ment landing system installation with the capability of interfacing with all types of
landing system ground facility used today.

MLS Aerials

A single MLS system requires two aerials along the aircraft fore-and-aft centre line
for 360 coverage around the aircraft. one forward and one aft.

The Aircraft Aerials receive the C-band (5'031 - 5'061MHz) signals radiated by the
airport ground station. The Receiver selects the antenna receiving the strongest
signal or can be forced with external input to select the forward antenna.

Forward Aerial

A desirable location for the forward antenna is on the aircraft centre fine above the
cockpit in an area that slopes doewn toward the nose of the aircraft.

This location provides sufficient ground plane, minimum reflection and minimum
shadowing effect. The area above the cockpit also provides exceptionally good
signal reception on final approach and when making banked approaches to an air-
port.

Aft Aerial

The aft antenna may be located on the aircraft centre line on the belly of the air-
craft, behind obstructions such as wings and landing gear and just after the aircraft
belly begins tc curve upward towards the tail section of the aircraft.

The antenna should be mounted on a flat metal surface to obtain a proper ground
plane.

Figure 358:
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Hyperbolic Navigation

Fundamentals

A hyperbolic navigation system works on a time comparison technique based on
the fact that the propagation velocity of radio waves is constant (300'000 km/s or
6.18 us per NM). The ground installations consist of 2 or more stations. MASTER
and SLAVE - transmitting on very low frequency between 12 kHz and 2 MHz.

Following navigation systems are based on hyperbolic navigation:
+ LORAN Long Range Navigation System
+  OMEGA

Long wave transmitters covering a very long range, consuming to much energy.
The systems are only used for submarines and replaced with satellite navigation
system.

Working Principle

The MASTER and SLAVE stations are installed 200 to 400 NM apart and spread
over the world. The MASTER Station transmits puises of radio energy which are
received at the SLAVE Station after a certain time depending on the distance be-
tween the 2 stations, e. g. if the 2 stations are 200 NM apart, the MASTER Signal
wil take 200 x 6.18 us = 1'236 ps to reach the SLAVE Station.

The airborne receiver picks up both, the MASTER and the SLAVE Signals, com-
pares the incoming time difference between the 2 signals and computes based on
the time-difference the aircraft or boat position.

M denotes the MASTER and S the SLAVE Station. The concentric lines surround-
ing the 2 stations represent time in microseconds. ¢d lines are - lines of constant
time difference.

R, lies on the 90 us line of the MASTER and the 110 us line of the SLAVE Station.
The time difference at this position is 20 ps. At positions R,, R3 and R, we alsc
have a time difference of 20 us. This allows to draw a hyperbolic pasition line hav-
ing a constant time difference value of 20 us.

In early systems the navigator in the cockpit had to read the time difference with
an oscilloscope device and comparing it with a specific loran chart. With computers
then the LORAN or OMEGA works automatically and displays all desired naviga-
tion parameters.

Figure 359: Two Transmitter sending Pulses
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By moving the airborne receiver along a line of constant time difference, we de-
scribe an hyperbolic line of Position.
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All LORAN chains consist of a pair of transmitters, although a MASTER Station

may be common to 2 chains as seen below.

Figure 360: Two pairs of LORAN Transmitters was used
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Figure 361: LORAN Chart used by Navigators

LORAN Charts are drawn with hyperbolic position lines of constant time difference

in micro-seconds.
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Doppler Radar

The Doppler Radar is an airborne self-contained long-range navigation aid requir-
ing no ground installation. The Doppler works with great accuracy and provides the
pilot with the following information:

+  Ground Speed.

. Drift angle,

+  Miles-to-go (to a preselected Position),

+  Off-set miles (from a desired track).

Working principle

The basic principle, as the name implies, is the Doppler effect in conjunction with
radar. When a receiver is moved toward a transmitter, the resulting frequency in
the receiver wiil be higher than that of the transmitter. This because the moving
speed of the receiver is added to the propagation velocity of the transmitted radio
waves. By moving the receiver away from the transmitter, the opposite will occur.

Doppler-frequency-shift is a deviation in the signal frequency due to a change in
the path length between the transmitter and receiver. This can be due to move-
ment of any or all of the following: the transmitter, the receiver, or reflective surfac-
es along the path. The Doppler frequency shift is given by the foliowing equation:

fq="f.~vic
where v is the rate of change in path length between the transmit and receive an-

tenna, c is the speed of light, f. is the carrier frequency of the signal, and 4 is the
Doppler frequency shift. The carrier frequency is shifted from f; to f.+fy.

Example

In the example shown, the stationary transmitter transmitting on 3'000 MHz.

The wave length (A = c/f) of 3’000 MHz (300'000 KHz) is 0.1 m

The moving speed of the receiver is 3'600 km/h or 1 km/s.

By adding the moving speed of the receiver to the propagation velocity of radio
waves, we have a resulting speed of 300001 km/s.

The resulting frequency in the receiver is thus 3600010 kHz. This is 10 kHz higher
than that of the transmitter.

With a known transmitter frequency, the resulting frequency in the receiver gives
us information about the speed at which the receiver is moving. In our example,
the 10 kHz is known as the Doppler frequency shift.

Figure 362: Example of Doppler frequency shift
Azl0cm

VY
T

f Tx = 3'000 MHz vRx = 3'600 km/h
vIx=0 fRx = 3'000 MHz + 10 kHz

Doppler Sensor

The aircraft equipment consists of a transceiver unit and an antenna system emit-
ting 4 beams. The beams are reflected by the surface of the earth, and the reflect-
ed signals provide 4 Doppler frequencies giving information about:

+  Ground Speed (GS),
+  Drift Angle (DA).

Figure 363: Four Beam Antenna
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Doppler Navigation Computer
The Drift Angle and Ground Speed is shown to the pilots and used for further
computations. A computer provides additional types of information like:
+  Miles To Go
+  Offset Miles
Position
Today doppler systems are used in military airplanes. The system is very reliable
and has a high accuracy and is independent from any other signal provider. The
system is replaced for most cases by inertial navigation systems.
The accuracy of Doppler navigation is:
«  Drift +/- 1/2 degree
+  Ground Speed error +/- 0.5% plus 1 knot.

Figure 364: Navigation
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Dopopler navigation systems are still used in helicopters. Because there is no inter-
ference with rotors. In opposite of a satellite navigation system, the doppler navi-
gation is independant of any provider and ground installations.
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Figure 365: Indication and Control
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GPS Global Position System Figure 366: Earth orbiting Satellites

Introduction

GPS is a space based radio navigation system which provides worldwide, highly
accurate, continuous three-dimensional pesition, velocity and time information.
GPS is generally regarded to be divided into three parts:

+  Space Segment
+  Control Segment
+  User Segment

The Space Segment includes 21 operational satellites and 3 active spares.

The Control Segment includes a master control station in Colorado, in the United
States and 4 linked monitor stations located around the world.

The User Segment consists of all the receivers that provide pasition, velocity and
time data for aircraft, ships, trains, trucks, etc.

There are two levels of accuracy within the system. A precision mode for the mili-
tary and a coarse/acquisition mode for civilian use. The precision mode has an ac-
curacy of +16 meters both laterally and vertically, while the coarse/acquisition
mode has an accuracy of £+100 meters.

80
As is the case with much of the new technology in the field of aviation, GPS was 80
created by the military for purely military functions and is still under the control of 70
the United States Air Force. Certain features of the system are strictly reserved for 60
the exclusive use of U.S. and allied military services. However, GPS is available 50
to a large degree for civilian usage. gg
The European Space Agency and EU transport ministers released the develop- 20
ment for the Galileo program. The total project cost for development and deploy- Latitude 10
ment is forecast to reach 3.4 billion Euros, with a 2008 operaticnal date. The (degrees) 0O
Galileo system is based on civilian use. ';g
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Space Segment

The space segment consists of 24 satellites (21 + 3 spares), in six orbital planes
with four satellites in each plane. Orbiting the earth every 12 hours, at an aititude
of approximately 11,000 nautical miles, each of the satellites has a 28 view of the
earth. Frem any point on the earth, at any given time, there will be six to ten satel-
lites in view. This provides redundancy, since only four satellites are required for
three dimensional position determination.

Satellites

The architecture of the system is composed of a constellation of 25 satellites (21
always available).

Time of life: 7. 5 years Mass: 815 kg.

Boarded Power: 700 watt at the end of life. Operation frequency:.1515.42MHz
Operating clock: 2 caesium and 2 rubidium clocks.

The satellites are dispatched cn 6 circular orbits of 4 satellites each.

Orbit altitude: 20231 km

Orbit recurrence: 12 sidereal hour (1 sidereal day equals 23 hours 56 min. 4.1s)

Figure 367: Satellite

Control Segment

All 24 satellites will be controlled by the control segment on the ground. The control
segment is composed of 4 monitor stations and 1 master control station which pur-
sue the satellites. compute the ephemerides and clock corrections, and transmit
at regular intervais an information message for the GPS users. The 4 monitor sta-
tions are located at: Kwajalein, Hawaii. Ascension Island and Diego Garcia. The
master control station is located at Colorado Springs.

The spacing of the monitor stations provide a nearly continuous "ground"” visibility
of every satellite. All of the monitor stations track the satellites, determine their op-
erational performance and validity and relay this information back to the Master
Control Station. The Master Control Station can then determine the current satel-
lite orbital parameters, the current clock parameters and then transfer correction
data back to the satellites, three times a day.

Through the concept of the number of satellites circling the globe, plus the orbital
planes of the satellites, along with the command and control structure, GPS will
ensure that at least four satellites will always be available to a receiver at any time
of the day or night, anywhere over the surface of the earth, to obtain a precise nav-
igational fix. This concept will also ensure that the exact position of each satellite
will be known at all times and that each satellite will have a very precise time stand-
ard. These two factors are necessary to ensure accurate three dimensional posi-
tion determination.

Figure 368: Monitor Stations
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User Segment

The principle of GPS position computation is based on the measurement of trans-
mission time of the GPS signals broadcast by a minimum of 4 received satellites.
For a boat, only 3 satellites would be enough to obtain its position, while, for a user
on the move in the air, a fourth satellite is necessary to because of altitude of the
aircraft. The GPS data are:

+  GPS position (Latitude and Longitude)

+  Ground Speed

«  True Track

«  Altitude

+  Figure of merit (Position error can be up to 500 meter)

While the concept of navigation via GPS can include ships, trains, cars, etc. GPS
designed for aircrafts are expandable to include CAT Il precision approach guid-

ance, position reporting and flight following, as well as aircraft conflict reporting
and resolution.

Derived Information

GPS is primarily a position determining system, it is possible to derive certain data
by taking into account the change in position over time. Actual track can be ob-
tained by looking at several position fixes. Ground speed can be calculated by
measuring the distance between two fixes, then measure the amount of time re-
quired to travel between the fixes, to obtain a rate of travel.

Figure 369: Display of GPS Data at MCDU screen
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Figure 370: Receiver counting the Travel time of Satellite transmitted Signal
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Figure 371: Position Determination with 3 Satellites
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Theory of Operation

GPS works like DME in principle, with one important difference. DME measures
the elapsed round trip time for a signal that is transmitted to a DME ground station
from an aircraft and then dividing that time in half and multiplying the result by the
speed of light. The result equals the slant range distance from the aircraft to the
ground station.

GPS measures the amount of time it takes a signal to travel from a satellite to a
receiver. That time is then multiplied by the speed of light to obtain a distance
measurement. This distance results in a line of position (LOP). Just as DME de-
termines a position fix by the intersection of two or three DME arcs, GPS uses four
distance measurements from four satellites to determine latitude, longitude, alti-
tude and time difference.

A significant difference in the operation of DME versus GPS is that DME is an ac-
tive system, while GPS is a passive system. For DME to operate, an interrogation
signal from the user must be initiated. GPS required no interrogation signal. As a
passive system, itis always operational. The orbiting satellites continually transmit
data, without the need of being interrogated. An additional advantage to a passive
system is that it can have an unlimited number of users at any one time, where an
active system such as DME is limited to approximately 100 users per station at any
one time.

GPS is a expensive system to put into operation. If we forget about the cost of
putting the satellites into orbit for the moment, direct measurements of elapsed
time require exact synchronization between the satellites and the receivers on-
board the aircraft. To achieve this synchronization, extremely stable clocks are re-
quired. Extremely stable in this case is on the order of 10713 seconds per second.
This equates to a drift rate of 0.003 seconds per thousand years. To achieve this
stability, atomic clocks must be used. Fer redundancy four atomic clocks installed
on each satellite!

The GPS is working with time differences. By using a quartz oscillator to set the
timing at the receiver (aircraft) end, the cost of operation is greatly reduced. Using
a quartz oscillator provides less accuracy. However, by anticipating this loss in ac-
curacy, compensation can be applied in the form of a fourth line of position from a
fourth satellite. This is why with GPS, four satellites should be in view at any given
time for a precise navigation fix.

Figure 372: Distance measurement with one satellite (LOP)
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Position Fixing

If a distance from a specific point in space (satellite) is known, then it follows that
the receiver is located somewhere on the surface of sphere, with a radius of that
distance. The first distance measurement establishes the first line of position LOP.

The addition of a second satellite and a second distance measurement further re-
fines the position calculation as the two LOPs intersect each other. The addition of
a third distance measurement from a third satellite further refines the position cal-
culaticn as we now have three LOPs intersecting at a specific point in space. This
point in space represents the distances measured between the aircraft and the
three satellites.

This, all by itself, is not very helpful. if you consider that you are:

» 11,000 nautical miles from satellite No. 1 and

+ 12,000 nautical miles from satellite No. 2 and

. 13,000 nautical miles from satellite No. 3 and

+ that these satellites are moving through space at 7,500 miles per hour,

this means that they are not in the same position they were in a second ago. To
overcome this problem, each satellite transmits its position (ephemeris) to the re-
ceiving computer. The computer In turn can apply matrix algebra and the solution

of simultaneous equations with four unknowns (longitude, Iatitude, altitude and
time) into useful information.

For terristic navigation at the sphere with 3 satellites, the elevation is not deter-
mined. For elevation or altitude determination, the reception of a fourth satellite is
necessary.

Figure 374: Position fixing with 1, 2 and 3 satellites
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Receiver Clock Corrections Figure 375: Time Bias Error

GPS satellites are equipped with atomic clocks, GPS receivers, there is a recog-
nizable error in the measurement of the elapsed time between signal transmission
and reception. Because of this time bias error, distance measurements are termed
pseudo range estimates as opposed to true range estimates. To correct for this
time bias error 3 sateliites and for altitude, a fourth satellite is used.

Signal Structure

GPS satellites transmit on two frequencies and in two modes in the UHF band. The
first is precision mode (P) and the second is coarse/acquisition mode (C/A).

The P mode is for military use only and is not available to civitian applications. In
each mode, signals are transmitted that appear to be random in nature, but are
not. The signal pattern is computer generated in a repeatable pseudo random
code. Since the P mode is for military applications only, we will not discuss it here.
The C/A code is transmitted at a rate of 1,023,000 bits per second and repeats it-
self every millisecond. This code is simple in that it contains only 1023 bits and can
be deciphered quickly.

The GPS receiver on-board the aircraft has the same pregram as that which is on
the satellite for generating the pseudo random code. By matching the two code
patterns, the satellite and the receiver can be synchronized, which is the first step
in determining a LOP. This is commonly referred to as initial acquisition.

Time Measurements Figure 376: Accurate Time

Once the GPS receiver has synchronized with the satellite code, it can then meas-
ure the elapsed time since transmission by comparing the phase shift between the
two codes. The larger the phase shift, the longer the length of time since transmis- SATELUTE 8
sicn. The length of time since transmission times the speed of light equals dis- —@- _@_
tance. For instance, if the GPS receiver determines that the two codes can be )\ /
synchronized to within 0.08 seconds, multiplying 0.08 by the speed of light
(162,000 nautical miles per second = 300'000 km per second), results in a dis-
tance of 12,960 nautical miles between satellite and receiver. So, it is easy to see Time D
that by measuring phase shifts in the code, distance calculated are between sat- -
ellite and aircraft. As a point of interest, because the P code for military use is 10
times more precise than the C/A code, its phase shift can be measured 10 times
more accurately and mere precise distance measurement is obtainabie.

+ A time error of one micro second represents a LOP-difference of 300 meter!

SATELLITEA

SATELLITE D
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Corresponding with EASA Part-66
For traiming purposes only Cat: B2 13.4 - 218



Basic Maintenance
Training Manual

Module 13 Aircraft Structures and Systems
13.4 Communication / Navigation (ATA 23 / 34)

Serial/Parallel Processing

Smaller systems are using one hardware channel. Time-sharing this channel al-

lows to track with several satellites.

Commercially used or more advanced system using for up to 12 channel a sepa-

rate hardware. A better reliability and faster response is the result.

Example of a Hand-held GPS Navig

ator

GPS navigation systems are spreaded over a wide field of usage. For sailors, fish-

erman, general aviation pilots, hikers etc. a variety of models are existent.

Figure 378: GPS Navigator

Figure 377: Serial and paralieil processing
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Differential GPS

To increase the position accuracy on local places like airports a reference station
is installed. The ground station compares the GPS computed position with the true
(surveyed) position of the ground receiver. This determines the errors resulting
from any error source common to the ground station and GPS equipped airplanes
operating in the vicinity. The appropriate error corrections are transmitted to the
airplane by way of a data link.

Differential GPS capability may allow curved approaches and other standardized
instrument approaches assuming appropriate technical evaluations and crew pro-
cedures are developed. Departure navigation in very low visibility may be im-
proved by providing guidance on takeoff roll, initial climb out, noise abatement and
climb to enroute navigation.

GPS may provide improved ground control for accurate airplane and vehicle posi-
tioning. Low visibility taxi operations and emergency services are enhanced. Co-
ordinaticn of airline ramp activities and runway incursion prevention are possible.
A maior consideration in this application will be use of a data link system with suf-
ficient data capacity to coordinate aircraft and ground based vehicles.

Other Applications

A portion of the navigation signal transmitted by each satellite has been reserved
for future use. This could mean that the signals could also give ATC clearances,
or weather data, just to name a couple.

Figure 379: Approaching Aircraft with Differential GPS Guidance
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Aircraft Systems

Different system layout are possible:

+  GPSSU as a stand alone unit, located in the cabin ceiling close to its antenna.
+  GPS Sensor Module as a circuit board located inside IRU or FMC.

+  Multi mode receiver.

The GPS Sensor Unit (GPSSU) has twelve channels, each capable of tracking
NAVSTAR GPS satellite signals. The primary function is to track the RF signal re-
ceived from the antenna, determine the signal code phase and carrier phase, com-
pute the antenna positicn and output the navigation data to the aircraft's navigation
system.

GPS satellite orbits do change, there are times every day when the geometry of
the satellite positions is not optimum. During these times, the position accuracy of
the system will be slightly degraded. By integrating the GPS pesition information
with that of other long-range navigation (IRS) or flight management systems, the
overall positional accuracy of the system can be maintained.

In normal operation, the GPSSU data is used by ADIRU. In order to reduce
GPSSU initialization time, ADIRU's sending data to GPSSU (IR position, Altitude,
Date, UTC).

Multi Mode Receiver MMR

The primary function of the MMR is to receive and process ILS and GPS signals.
The ILS receiver and the GPS receiver make up two of the sub assemblies.

ILS

The ILS signals, including both localizer and glide slope, are used to determine
flight path deviations during precision approach and landing, and are supplied to
the aircraft flight control and instrument systems. These deviations are based on
radio frequency signals that the unit receives from a ground-based instrument
landing system.

GPS

The MMR receives RF signals through an active GPS antenna (preamplifier imple-
mented within the antenna). The GPS receiver filters, mixes and performs A/D
conversions. The resulting data is processed by microprocessors that output po-
sition, velocity, time, and integrity data to the system processor. The system proc-
essor transmits ARINC 743A-compliant data for use by other aircraft systems.

Figure 380: Interface
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Figure 381: Antenna

The GPS antenna is a L- band antenna. The GPS
antenna is designed to operate at 1575.42 MHz
with a right hand circular polarization and to pro-
vide an omnidirectional upper hemispheric cover-
age.
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Inertial Navigation Figure 383: Integration of Acceleration
Fundamentals
Inertia
tn order to understand an inertial navigation system, both the definition of “inertia” a
and the basic laws of motion as described by Newton over 300 years ago has to Acceleration
be taken into account.
+ Inertia can be defined as follows: "A body continues in a state of rest, or uni-

form motion in a straight fine, unless acted upcn by an external force." This is
also known as Newton's first law of motion.

«  Newton's second law of moticn states: "The acceleration of a body is directly
proportional to the sum of the forces acting on the body "

- Newtcn's third law of motion states: "For every action, there is an equal and
opposite reaction.”

With these laws we can mechanize a device which is able to detect minute chang-
es in accelerations and velocity, an ability necessary in the development of an in-
ertial system. Newton's second law states that the acceleration (that is rate of
change of velocity) is directly proportional to the force acting on the bady. Velocity
and distance are computed from sensed acceleration by the application of basic
calculus. The relationship between acceleration, velocity and displacement are
shown below.

v
Velocity

Note that velocity changes whenever acceleration exists and remains constant
when acceleration is zero. D

. . . . Displacement
Figure 382: Accelerometer as base of Inertial Navigation

Accelerometer

uam Ll Jm Velocity = acceleration * time v=a*t

Displacement D = velocity *time =v ~ t
D = acceleration/2 * time? = a/2 * 2

L —— ¥ Acceleration
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Accelerometer

The basic measuring instrument of the inertial navigation system is the accelerom-
eter. Two accelerometers are mounted in the system. One will measure the air-
craft's accelerations in the North-Scuth directions, and the other will measure the
aircraft's accelerations in the East-West directions. The accelerometer is basically
a pendulous device. When the aircraft accelerates, the pendulum, due to inertia,
swings off its null position. A signal pickoff device tells how far the pendulum is off
the null position. The signal fram the pickoff device is sent to an amplifier, and cur-
rent from the amplifier is sent back into the accelerometer to the torquer motor.
The torquer motor will restore the pendulum back to its null position.

Inertial navigation depends on the integration of acceleration to obtain velocity and
distance. In any integration process one must know the initial conditions, which in
this case are velocity and position. The accuracy to which the navigation problem
is solved depends greatly upon the accuracy of the initial conditions. Therefore,
system alignment is of paramount importance.

Figure 384: Accelerometer

The acceleration signal from the amplifier is also sent to an integrator, which is a
time multiplication device. It starts out with acceleration which is in meter per sec-
ond squared. In the integrator, itis literally multiplied by time and the resultis a ve-
locity in meter per second.

It 1s then sent through a second integrator and again it is a time multiplier With an
input of meter per second, which is multiplied by time, the result is a distance in
meter or in miles. It can be computed that the aircraft has traveled 221 miies in a
northerly direction from time of takeoff.

The computer associated with the inertial system knows the latitude and the lon-
gitude of the takeoff point and calculates that the aircraft has traveled so farin a
North-South direction and so far in an East-West direction. It now becomes simple
for a digital computer to continucusly compute the new present position of the air-
craft.

Figure 385: Accelerometer with Integrators
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Platform

X, Y and Z Axis

- X Axis North South
+ Y Axis East West

«  ZAxis Up Down

To navigate in horizontal level 2 perpendicular acceleometers are used. This ac-
celerometers are installed on a platform.

Figure 386: Platform with X and Y Accelerometers
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Leveling of Accelerometers

The accelerometer's cutput is affected by the attitude of the aircraft. In the illustra-
tion below, the aircraft is shown in a nose up attitude during takeoff. This pitch an-
gle makes the pendulum swing off the null position due to gravity. The
accelerometer would output an erroneous signal, which wouid result in an errone-
ous velocity and distance traveled. Therefore, there is a false acceleration problem
caused by this pitch angle. The solution to this problem is of course to keep the
accelerometer level at all times.

Figure 387: Tilted Accelerometer sensing Earth Gravity

Problem:
False acceleration
due to pitch angle

\ Solution:
\  Keep accelerometer
level
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To keep the accelerometer level, it is mounted on a gimbal assembly commonly Figure 389: Platform with 2 Gyros and 3 Accelerometers
referred to as the platform. The platform is nothing more than a mechanical device
which allows the aircraft to go through any attitude change and at the same time
maintain the accelerometers level. The inner element of the platform where the ac-

: - Inner
celerometers are mounted, will also mount the gyroscopes used to stabilize the Roll Gimbal
platform. The gyros provide signals to motors, which control the gimbals of the o Outer Roll
latform uter
P ' Roll Gimbal Torquer
Figure 388: Platform Principle p inner Roll
Pitch \$ Transmitter
H 9
Gimbal Transmitter Q \‘,\ Pitch
Accelerometer S \\' Gimbal

Gyro
Pitch
Torquer
Azimuth
Torquer
Outer
Roll Transmitter — Azimuth
Aircraft Inner Roll 1- X Accelerometer Transmitter
Torquer 2 -Y Accelerometer
3 - Z Accelerometer
4 - X Gyro
5-Y Gyro

Z-gyro signal is taken from Y-gyro
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Gyros Figure 390: Rate Integrating Gyro

The gyro is used to control the level of the platform. The gyro and accelerometer
are mounted on a common gimbal. When this gimbal tips off the level position, the

spin axis of the gyro remains fixed. The case of the gyro moves with the gimbal, Pickoff

and the amaount of movement is detected by the signal pickoff in the gyro. That sig- Amplifier Gyroscope
nal is then amplified and sent to a gimbal drive motor, which restores the gimbal N

back to a fevel position. In this example, the accelerometer is going along for the

ride. Since the accelercmeter is just being kept level, it does not sense a compo- i’

nent of gravity and is able to sense only true horizontal accelerations of the aircraft.
Here we have illustrated a single axis platform. In reality, movement can occur in

three axes of the platform, pitch, roll, and yaw. \\ 2
Gimbal ﬂ
Gimbal
Drive
Motor

Accelerometer
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Earth Rate Compensation

The previously described gyro stabilized platform would remain fixed in space, but
the aircraft is not operating in space. It is operating on an earth which is round and
rotating. In order to keep the accelerometers level with respect to the earth, so that
they sense acceleration of the aircraft in a horizontal direction only, some compen-
sation must be made. Take the example of looking down at the earth from a point
in space over the South Pole. At noon, the platform is leveled so that the acceler-
ometers sense only horizental accelerations. Now, as the earth rotates, the plat-
form would maintain the same orientation in space; however, from an earth
vantage point, the platform would appear to tip over every 24 hours.

To compensate for this apparent tipping, the platform is forced to tilt in proportion
to the earth's rate. From our space vantage point, the platform appears to tip over
every 24 hours, while from an earth vantage point, it remains fixed and level as
required for proper cperation. The required earth rate compensation is a function
of latitude, since what is being compensated for is the horizontal component of
earth rate that is felt by the gyros. At the equator this value is 15.04 degrees per
hour, and with travel north or south of the equator, it reduces until it becomes zero
at the poles.

Transport Rate Compensation

The aircraft travels from a place at the equator toward north. At the equator the
platform was leveled. Without compensation the platform maintains its position to-
ward the space, but not against the earth surface. The computer compensates this
effect depending on aircraft position, heading and speed, to maintain the platform
all the time perfectly leveled.

Figure 391: Earth Rate
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Navigation Figure 393: Latitude and Longitude

Navigation may be thought of as the means of finding the route from one location
on the earth’ s surface to another. This is made possible by dividing the surface of
the earth with a grid system that allows us to give an address to any location

Longitude

The earth may be thought of as a sphere rotating in space about an imaginary axis
that runs through its two geographic pcles This sphere is divided from north to
south by lines that intersect at the poles and cut through the center of the earth.
These lines are called meridians of longitude and are measured from the prime
meridian which passes through Greenwich, England. There are 360 meridians, la-
beled 1to 179 Eastand 1 to 179 West The prime meridian is zero degrees longi-
tude. and the international date line is the 180-degree meridian. Meridians of
longitude east of the prime mendian are called east longitude, and those to the
west are west longitude.

The mendians are not parallel, but each one of them i1s a part of a great circle, that
is. a part of aline on the surface of the earth formed by a plane that passes through
the center of the earth.

Latitude

To form an intersecting line with the meridians, the earth is divided by parallel lines
formed on the surface by planes that cut the earth into parallel slices, each per-
pendicular to the axis of rotation The Iine that cuts the earth at its center 1s called
the equator and it' s latitude is zero. The lines to the north are called parallels of
northern latitude, with the narth pole iocated at S0 degrees north latitude. Parallels
to the south are called southern latitude, and the south pole is iocated at 90 de-
grees south latitude The parallels are, as their name implies, parallel to each oth-
er, but the equator 1s the only parallel that 1s also a great circle

All of our maps and charts are based on the grid system of latitude and longitude,
with the geographic north and south poles being the references for this grid. The
fiight route from a departure to a destination point is divided into several waypoints
This waypoints are defined by latitude LAT and longitude LONG
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v L T Nar®ae,7
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Parameters and Display Figure 395: Parameter

The navigation parameter are presented in digital form at inertial system control
display units CDU, or multi function display units MCDU.

Horizontal situation indicator HS1 and navigation displays EFIS ND presenting the ‘rMAGrrRUE North by
navigation parameter in analcg and digital format.
Table 9: Parameter

WPT Waypoint Defined by Pilot Commanded HDG

DSRTK | Desired Track Greatcircle Line between two WPT's

POS Present Position Latitude/Longitude

HDG True or Magnetic Heading | Direction of longitudinal axis

TK Actual Track Angle Direction flown above ground

DA Drift Angle Vector HDG - Vector TK

TKE Track Angle Error Vector DSRTK - Vector TK

TAS True Air Speed Signal from Airdata System

GS Ground Speed 1 kt=1.852 km/h

XTK Cross Track Deviation Lateral Distance from DSRTK ) : ) - —— — ;:':-'—'V‘V'Z‘T—

DIS Distance Aircraft to next WPT -

WS Wind Speed Vector GS + Vector TAS -

WD Wind Direction Angle from where wind comes e —1

WPT
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Inertial Navigation System

The pasition information calculated by the INS equipment is typically displayed to
the flight crew through an horizontal situation indicator or EFIS. The flight crew typ-
ically controls the INS from a cockpit display called a control-display unit CDU.

If the IRS is switched on, there is a need to insert the present position to align the
system. The alignment takes 10 minutes.

When airplane power fails, the IRU switches to battery power. Aircraft batteries or
separate batteries provides the power for a maximum of 30 minutes.

Figure 396: Inertial Navigation System INS
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All navigation functions are system integrated.

Figure 397: Controls of Inertial Sensor System
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Figure 398: Inertial Sensor System (ISS)
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This system provides inertial parameter to other navigation devices (RNAV/FMS)
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Strapdown System

In a strapdown inertial reference system, the gyros and accelerometers are mount-
ed solidly to the system chassis which is in turn mounted solidly to the aircraft.
There are no gimbals to keep the sensors {evel with the surface of the earth. The
accelerometers are mounted such that the input axis of one accelerometer is al-
ways in the longitudinal aircraft axis, one is in the lateral axis, and one is in the ver-
tical axis. Likewise, the gyros are mounted such that one gyro senses roll, one
senses pitch, and the other senses yaw.

A microprocessor calculates velocity, position, and attitude from the inertial sen-
sors acceleration and angular rate measurements. Three accelerometers and
three gyros are needed because, in a three-dimensional world, an aircraft can si-
multaneously accelerate and rotate in three orthogonal axes - pitch, roll and head-
ing.

In order to navigate over the surface of the earth, the system must know how this
aircraft acceleration is related to the earth's surface. Because accelerations are
measured by accelerometers that are mounted to the lateral, longitudinal, and ver-
tical axes of the aircraft, the IRS must know the relationship of each of these axes
to the surface of the earth. The laser gyros in a strapdown system make the meas-
urements necessary to describe this relationship in terms of pitch, roll, and head-
ing angles. These angles are calculated from the angular rates measured by the
gyros through an integration - similar to the manner in which velocity is calculated
from measured acceleration. For example, suppose a gyro measures a yaw rate
of three degrees per second for 30 seconds. Through integration, the microproc-
essor calculates that the heading has changed by 90 degrees after 30 seconds.

Given the knowledge of pitch, roll, and heading that the gyros provide, the micro-
processor resolves the acceleration signals into earth-related accelerations, and
then performs the horizontal and vertical navigation calculations.

To reach the demanded accurancy of a strap down inertial navigation system, the
sensitivity of the instrument (gyros and accelerometers) must10 times higher than
those of a gimbaled platform. Laser gyros and precision pendulum accelerometers
are used.

Figure 399: Accelerometer and Laser Gyros

1 - X Accelerometer
2 -Y Accelerometer
3 -Z Accelerometer
4 - X Gyro
5-Y Gyro
6 -Z Gyro
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Laser Principle of Operation Figure 400: Spectrum of the Light

Laser = Light Amplification by Stimulated Emission of Radiation.

The laser gyro is a device that measures rotation by using the properties of two
laser beams rotating in opposite directions inside a cavity. The principles of oper- .

ation of an ordinary single beam laser are described below, and then expanded VISIBLE

into a description of the double-beam laser gyro.

700 (nm) (nm)

In a iaser cavity, photons are emitted (or light is radiated) in all directions. Howev-

er, only the light that radiates in a straight line between two or more mirrors is re- He-Ne

inforced by repeated trips through the gain medium. This repeated amplification of

the light reflecting between the mirrors soon reaches saturation, and a steady-

state oscillation results. This light oscillating between the mirrors is typically called

a laser beam. To obtain useful laser light outside the laser cavity, a small percent-

age of the laser beam is allowed to pass through one of the mirrers.

A laser gyro operates much like an ordinary laser. but rather than just two mirrors

it contains at least three so that the laser beams can travel around an enclosed

area. Such a configuration allows the generation of twa distinct laser beams cccu-

pying the same space. One beam travels in a clockwise direction and the other

traveis in a counter clockwise direction. The operation of a laser gyro is founded Figure 401: LASER - Beams are dangerous!
on the effects rotational motion has on the two laser beams.

A dc voltage is applied across a laser cavity, establishing an electrical discharge
in a mixture of helium and neon gases. The discharge that develops is similar to
that in a neon sign. Light amplification occurs when a photon strikes a necn atom
that has been pumped inte the excited state. This results in a net gain of photons,
or an amplification of light also known as “lasing.”

The light is a pure frequency. The helium-necn laser gyro, as defined by its wave- LASER

length and this is 6328 Angstroms, 0.6328 um or 632.8 nm. So the frequency is DO NOT LOOK INTO THE BEAM
474 x 1012 Hz. NICHT IN DEN STRAHL BLICKEN

A laser changes incoherent light, light whose vibrations do not have any consistent
phase relationship, into coherent light, whose vibrations are all in phase. The light
beam from a laser is highly concentrated, very narrow, and has an extremely small
area. Laser technology is opening new doors in all aspects of science.
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Laser Gyro

Laser gyros are sensors of angular rate of rotation about a single axis. As exem-
plified. They are made of a triangular block of temperature-stable glass. Very small
tunnels are precisely drilled parallel to the perimeter of the friangie, and reflecting
mirrors are placed in each corner. A small charge of helium-neon gas is inserted
and sealed into an aperture in the glass at the base of the triangle. When high volt-
age is run between the anodes and cathode the gas is ionized, and in the energy
exchange process many of the atoms of the gas are transformed into light in the
orange-pink part of the visible spectrum.

In a laser gyro two beams of light are generated, each travelling around the cavity
{(in this case a triangle) in opposite directions.

The laser beams have coherent wave-like properties. The light is a pure frequen-
¢y. The helium-neon laser gyro, as defined by its wavelength (the reciprocal of fre-
quency), it is 6'328 Angstroms.

Although the frequency is determined by the gas that is lasing. It can be varied
somewhat by changing the path length over which the waves have to travel. For a
given path length there are an integral number of waves. If the path length is al-
tered, the waves will be either compressed or expanded, but there always will be
an integral number of cycles that occur over the complete path. If the waves are
compressed, more cycles occur per unit time. Hence, the frequency increases. If
expanded, the opposite is true.

Since both contrarotating beams travel at the same constant speed of light, it takes
each the same exact time to complete its circuit. However, if the gyro were rotated
on its axis, the path length of one beam would be shortened, while that for the other
would be lengthened. Since, as explained, the laser beam adjusts its wave-length
for the length of the path, the beam that travelied the shorter distance would rise
in frequency (wavelength decreases), while the beam that travelled the longer dis-
tance to complete the circuit would encounter a frequency decrease.

Figure 402: RLG
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Detecting the Difference

This frequency difference between the two beams is directly propartional to the an-
gular rate of turn about the gyro's axis. Simply stated, that is the principle of the
laser gyro. Thus, frequency difference becomes a measure of rotation rate_ If the
gyro deesn't move about its axis, both frequencies remain equal (since the path
lengths of both beams are equal) and the angular rate is zero.

The difference in frequency in the laser gyro is measured by an optical detector
that counts the fringes of the fringe pattern generated by the interference of the
two light waves. Since the fringes are seen as pulses by the photocell, the detect-
ed frequency difference appears at the output of the detector in digital form, ready
for immediate processing by the system'’s associated digital electronics.

Note that there are two photocells. The function of one is to tell the direction in
which the fringes are moving, which is an indication of whether the gyro is rotating
to the left or right.

Light Path

The three corner mirrors are not identical. One is servoed so that it can make mi-
cro-adjustments to keep the physical path always the same. Another permits a
small amount of light to pass through so as to impinge on the photocell detectors.
The prism, as can be seen, flips one beam around causing it to meet and interfere
with the beam aimed directly at the photocells. The interfering beams alternately
cancel and reinforce each other, thus generating the fringe pattern.

The block of glass used for the laser gyro is made from Cervit, a special glass, the
physical dimensions of which remain constant over a wide temperature range.

High Voltage

To start the lasing action, 3,000 volts are applied across the anodes to the cath-
ode. Although one can't see the laser beams in the laser gyro, a plasma is formed
between the cathode and the two anodes that glows an orange pink that is in the
same part of the visible spectrum as the 6,328 Angstrom beams. This plasma can
be seen.

Dithering

In the center of the Cervit block is a device called a dither motor. The motor, which
vibrates at 319 Hz, eliminates "laser lock," a hangup that sometimes occurs in the
deadband around the zero-rate point.

Figure 403: RLG
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