LECTURE 1.2
1.1.5. LANGING GEAR

1.1.5.1. Introduction
Not only must aeroplanes be able to fly. they should also be able to move about on the ground. That's why aeroplanes have landing gears with wheels. Landing gears make it possible to take off and to land. During landing, the kinetic energy is transformed into heat. The pressure inside the shock absorber increases because it must absorb the mass of the aeroplane. Landing gears also absorb the shock during landing and movement on the ground.

The choice of a certain type of landing gear is determined by the location of the aeroplane's center of gravity. It is obvious that the center of gravity of an aeroplane with a tail gear is behind the main landing gear, while the center of gravity of airplanes with a nose gear is in front of the main landing gear. For an even balance, the center of gravity must always be between the landing gears. The location of the center of gravity influences the division of the weight of the aeroplane over the landing gears.

Two common concepts with reference to landing gears are "Wheel-base" and 'Wheel-track".

By "wheel base" we mean: the distance of the operating line through the wheel axles of the main landing gear to the center point of the nose gear or tail gear. By "track" we mean: the distance between the far right and the far left main wheel. In the case of tandem wheels, track is the distance measured to the center of the bogie beam as shown in Figure.
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Figure: Base and Track
Wheels are identified by numbers. This means that each wheel has a unique number. Wheel numbering differs from type of aircraft and therefore, we refer to the maintenance manual applicable to the aircraft.
1.1.5.2. Main Landing Gears
Main landing gears must absorb large downward forces of the aeroplane. How many landing gears with their wheels and brakes are installed depends on the mass of the aeroplane. In the development of commercial aviation with ever faster and ever larger aeroplanes, landing gears were quickly produced in two wheel versions. The wheels have grown in relation to that, to keep the pressure on the runway during landing as low as possible. Aeroplanes already have four or six wheels per main landing gear and more than two landing gears per aeroplane. The four or six wheels are connected in pairs to the bogie beams or also called gear trucks.

Some bogie beams consist of one, others of two parts, where one part of the bogie beam can swing to give the aeroplane a shorter turning circle.
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Fig: Steerable Main Landing Gear Truck (Top View)                       Fig: Main Landing Gear
1.1.5.3. Nose Landing Gears
The nose gear works on the same principle as that of the shock absorber of the main landing gear. In some cases, the long metering pin which slowly closes the calibrated opening during retraction is missing. In these nose gears, the hole is not closed until the last movement of retraction. This does not influence the principle of shock absorbing. Most of the energy during the landing is absorbed only by the main landing gear. Nose gears usually have two wheels. Many nose gears are steerable when the nose gear shock absorber is compressed (on the ground).
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Figure: Nose Landing Gear
1.1.5.4. Landing Gear Extension and Retraction
The landing gears are retracted during flight to reduce drag. This makes it possible to fly faster and it decreases fuel consumption. Depending on the type of aircraft, there are main, nose and fuselage landing gears. For most aircraft, the main gears are retracted in a side-ward direction and the nose landing gear is retracted in a forward direction.

Apart from the retraction and extension system, the following subsystems are part of the landing gear systems:

· the brake system

· the nose wheel steering system

· the ground/flight switching mechanism

Because of the weight, a hydraulic power system is used for retraction and extension of the landing gears. The retraction and extension system consists of the following hydraulic components:

· a selector valve;

· a downlock actuator;

· a retract actuator;

· a door un-latch actuator;

· door actuators;

· an up-lock actuator;

· several sequence valves;

· several restrictors and check valves.

The components in Figure shows the components of a retractable landing gear. They make it possible to open the wheel well doors at the right time and in the right way, to retract or extend the landing gear and close the wheel well doors again.
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Figure: Main Landing Gear Components
Electronically Controlled Landing Gear Operation

In the following, we go through a landing gear cycle, controlled and monitored by a gear control computer.

Gear Extension

Initiation by setting the landing gear control lever to DOWN. 
Door Opening

When DOWN is selected, the Gear Control Computer takes the control of the extension sequence. The Computer signals the doors to open via selector valves and the door proximity detectors signal the doors' fully open position back to the Computer in order to continue the sequence.

Gear Down

When ALL doors are fully open, the Computer commands a gear extension while maintaining the doors "open" signal. The gear sensors signal to the Computer that the gears are down and locked.

Door Closing

When ALL the gear is down and locked, the Computer signals the doors to close while maintaining the gear extended signal. Door closing hydraulic pressure is fed to the lock stay actuators to back up the downlock springs. Door uplock proximity detectors signal to the Computer that the doors are uplocked. As the doors begin to close, the Computer cancels the gear extended signal while maintaining the door "close" signal.

Gear Retraction Door Opening

The Computer must detect all shock absorbers extended before allowing the selection of the landing gear control lever to UP. The Computer signals the doors to open via selector valves, and the doors sensors signal the doors' fully open position back to the Computer, in order to continue the sequence.

Gear Up

When ALL doors are fully open, the Computer signals the landing gear to raise while maintaining the doors "open" signal to keep the doors "open" line pressurized. The gear uplock sensors signal the Computer that the gear is up and locked.
Door Closing

When ALL the landing gear is up and locked, the Computer signals the doors to close while maintaining landing gear UP signal to keep the "raise" line pressurized. The door uplock sensors signal the Computer that the doors are uplocked. As soon as the last door closes and locks, the Computer cancels the landing gear "raise" signal and maintains the door close signal.
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Figure: Cycle Sequence
Figure shows a simplified retraction schematic of a typical landing gear hydraulic system. Follow the sequenze points.
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Figure: Landing Gear Retraction Schematic (Simplified)
[image: image9.png]NLG LOCK
ACTUATOR

'\
NLG LOCKING
MECHANISM

OVERCENTER

NLG DOWN AND LOCKED

NLG LOCKING
MECHANISM
UNLOCKED

NLG IN-TRANSIT

NLG LOCKING
MECHANISM
OVERCENTER

NLG UP AND LOCKED




Figure: Retraction and Folding of a Nose Landing Gear
Emergency Extension System

If the hydraulic pressure should be cut off from the landing gear operation system during the flight, which would make it impossible to open the doors and to extend the landing gear, an emergency extension system can be used. By means of a handle on the flight deck, the wheel well doors and the landing gears can be mechanically unlocked. The mechanical transmission is done by control cables. After the wheel well doors have been opened, the landing gear will come down by gravity. In this case, the doors remain open. Due to mass inertia, and sometimes under the influence of the forces of air, the landing gears come in the "down" position. The bungee springs bring them in the "locked" position. In this case, the hydraulic fluid must be able to flow around all hydraulically operated cylinders. For this reason, bypass valves are opened as the emergency extension system is operated.
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Figure: Emergency Release Mechanism
Position and Warning System

Warning lights are installed on the flight deck for each landing gear. The colour of this lights indicates the actual position of the particular landing gear by means of several sensors located on the gear, doors etc.
· Green: the landing gear is "down and locked";

· Red: the landing gear is moving "up" or "down" (in transit); 
· Amber: the wheel well doors are not closed.

· Light out: the light is out if the particular landing gear is "up" and the doors are closed and locked. The cockpit crew is not distracted by an unnecessary warning.
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Figure: Landing Gear Interface
If the warning system on the flight deck should fail to work, many aircraft have view windows at certain places which make it possible to check the position of the landing gear.
1.1.5.5. Brake System
Each wheel of a main landing gear has a brake unit. The purpose of the wheel brakes i.s to decrease the speed of the aircraft during landing and taxiing or to stop the aircraft. These brake units are operated by the brake system, which sometimes uses pneumatic pressure but usually uses hydraulic pressure. The brake operation system consists of the following mechanical, hydraulic and electrical components:

· brake pedals

· a cable or electrical transmission system from pedals to control valves 
· brake control valves 
· flow limiters or fuses 
· brake units

· brake and anti skid computer
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Figure: Brake System
Brake Pedals and Transmission System

The brake pedal system consists of two sets of two pedals. The left and the right pedal of the pilot are connected to the left and the right pedal of the co-pilot by means of rods. The pedals are connected to the left and the right brake control valves by means of a cable system. (Some aircraft use a low press hydraulic system instead). Computer controlled brake systems have pedal position transducer connected to a control computer. As the pedals are pressed deeper (toe-pres​sure), the hydraulic pressure in the brake system becomes higher.

Brake Control Valves

Brake control valves control the pressure on the brakes and make sure that there is sufficient braking force.

If the hydraulic pressure is higher than the force exerted on the pedal, the brake control valve will assume a balance position against the foot pressure. In this balance situation, the brake pressure is separated from the hydraulic system pressure and return and, therefore, remains constant. When the pressure is taken away from the pedal, the brake control valve assumes a position in which the brakes are connected to the return line of the hydraulic power system.

Flow Limiters and Fuses

Flow limiters and fuses in a brake system keep all the brakes from becoming pressureless if one of the brakes or brake lines leaks. They shut off further hydraulic supply to the particular brake, so that the complete hydraulic system is not drained. Limiters and fuses work according to the same principle. There are two types of limiters or fuses. One limiter stops the supply of hydraulic liquid if the flow through the fuse becomes too great (drop in pressure). The other limiter, called the amount limiter, works according to the amount of fluid that flows to the brakes.

Brake Units

Axial brakes have a variable number of rotor and stator plates. The number of plates depends on the type of brake and aircraft. The extent of deceleration depends on the mass of the aircraft, the brake surface and the brake pressure.

In a great number of aircraft, the temperature of each brake can be seen on an indicator. If the temperature is too high, a warning light comes on. If the temperature rises even more, the tire deflates by means of a fusible plug.

This precaution is made to prevent a tire blow-out which can seriously damage the landing gear personnel. 
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Figure: Piston Arrangement

Emergency Brake System

The emergency brake system is used as a back-up system in case the regular system malfunctions. The emergency brake system has its own brake control valve and flow limiters or fuses and associated hydraulic lines from another power system.

The emergency brake system uses the same brakes as the regular system. It uses valves which are connected to the normal or to the emergency brake system (shuttle valves). As soon as one system is connected to the brakes, the other system is disconnected. Each brake is usually supplied by two independent brake systems. All pistons are arranged symmetrically around the brake.
Anti-skid System

The brake systems of modem passenger aircraft control the brake pressure under all circumstances to get an optimal braking force and to keep the wheels from skidding. The anti-skid system measures the deceleration of that particular wheel. If the wheel decelerates too much, the brake pressure decreases. This causes the wheel to accelerate again, and then brake pressure increases again.

The anti-skid system consists of the following components: 
· anti-skid transducers; 
· anti-skid control box; 
· anti-skid control valve.

The anti-skid transducers are located in the wheel-axles and transmit the rotation speed of the particular wheel to the anti-skid control box.

The anti-skid control box processes the signals of the transducers, calculates the necessary brake pressure and sends these signals to the anti-skid control valves.

The anti-skid control vaive controls the brake pressure to the brake. Controlling of the brake pressure is done by more or less opening of the brake return port.

The anti-skid system has two other functions, apart from the controlling of the brake pressure:

· Skid protection (anti-skid protection)

· Touch Down Locked Wheel Protection

The skid protection prevents blocking of a wheel during braking. Blocking of a wheel can be caused by ice, snow or water on the runway. Blocking of a wheel can also cause a tire blow-out.

Via the anti-skid control box, the Touch Down Locked Wheel Protection System ensures that the anti-skid control valves shut off the supply of pressure to the brakes, as long as the aircraft is in the air. This keeps the aircraft from landing with blocked wheels if the pilot should use the brake pedals by mistake.

See Figure how skid detection takes place in case of a dry or a wet runway.
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Figure: Dry and Wet Runway
Parking Brake

All aircraft have parking brakes. This means constant hydraulic pressure on the brake cylinders. It is done by either by pressing the pedals completely down and then locking them with the help of the Parking Brake Lever or electrically by opening a valve supplying hydraulic pressure directly to the brakes. If the hydraulic power system is switched off, a hydraulic accumulator supplies pressure to the brake cylinders. Because of internal leakages of the servo valves the accumulator becomes empty after some time and the brake pressure becomes minimal. To prevent this, shut-off valves has been installed in the return lines.
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Figure: Anti Skid Schematic (Simplified)
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Figure: Anti Skid Principle
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Figure: Anti Skid Tachometer

In-flight Brake

During the retraction of the landing gears, the wheels of the main landing gear are decelerated to prevent rotation of the wheels in the wheel wells. For this purpose, the system uses increased return pressure in the return lines of the retraction system, resulting from the retraction of the landing gear. This temporarily increased pressure is just enough to decelerate the wheels. Wheels of nose landing gears, which are not supplied with wheel brakes, are decelerated by brake pads in the wheel well. After retraction, the tires touch these pads or belts and the wheels are decelerated.
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Figure: Brake Belt
Auto Brake System

Because the number of brakes in modem aircraft has increased considerably as a result of the increased aircraft mass, it is difficult for the pilots to apply different deceleration levels with the help of the pedals. Therefore, aircraft are supplied with an Auto Brake System. This system consists of an Auto Brake Deceleration Selection Switch, an Auto Brake Control Box.
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Operation

The pilot activates the system by means of the Auto Brake Selection Switch. In doing this, he also selects the desired deceleration level to be able to brake automatically and correctly during the landing run out or after an aborted take-off. Signals related to the setting of the selection switch go to the Auto Brake Control Box. The brakes are brought to the selected level automatically if the pilot sets the thrust levers in the idle position during the landing or the aborted take-off.

The system can be made inoperative with the help of the Auto Brake Selection Switch. The system is automatically deactivated if:

· the pilot pushes the thrust levers out of idle position;

· the brake pedals are operated;

· the speed of the aircraft has decreased below a certain value; 
· there is a malfunction in the system.

The pilot is warned about a malfunction by means of a warning light in the flight deck. Whenever the Auto Brake System is inoperative, the pilot will have to do the braking by means of the pedals.
1.1.5.6. Nose Wheel Steering
The pilot can steer the nose wheel from the flight deck by means of the Nose Wheel Steering System. It makes it possible to steer the aircraft on the ground during taxiing, take-off and landing. The system works mechanically/hydraulically and consists of the following components:

· control wheels or tillers;

· pedals;

· nose wheel control slide valve; 
· steering cylinders or steering motor.
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Figure: Cable controlled Nose Wheel Steering System

Operation

When the control wheel is turned, the control selection valve is opened by means of a cable system and a summing lever. The control selection valve then connects the hydraulic power system to the steering cylinders. The piston in the steering cylinder is moved under influence of the hydraulic pressure. As a result, it turns a steering collar which is installed round the outer strut. The upper torque link, which will also rotate, is attached to this steering collar. Because the lower torque link is attached to the inner cylinder of the landing gear, the inner strut (with the vanes) will eventually rotate in relation to the outer strut. In some aircraft, the steering col​lar is actuated by means of a steering motor.

Rotation of the steering collar via a Feed Back Cable adjusts the Summing Lever in such a way that the steering slide is put back into the neutral (closed) position. A neutral position makes it possible to make another steering selection. On the ground, the Nose Wheel Steering System is automatically connected to the Rudder Control System, by means of a ground/flight switching mechanism. The torque axle is moved in such a way that the pedals are connected to the Nose Wheel Steering System. Now the pilot can make small nose wheel deflections with the pedals at high ground speeds (take-off and landing) to keep the aircraft on the axis of the runway. The Nose Wheel Steering System, however, reacts primarily to changes of the control wheel by means of the override mechanism.

Steering deflection angles must be restricted during take-off and landing roll. This is usually done electronically in relation with the actual speed. Figure shows an example of how steering limitation stays is relation to speed.
Modern aircraft are provided with steering systems in which the control and feedback signals are carried by electrical cables to a control computer. This makes the systems lighter in weight and easier to maintain. Figure shows a schematic drawing of such a system.
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Figure: Electrical Controlled Nose Wheel Steering
Shimmy Dampers
Undesirable unsteadiness of the gears is called "shimmying". To prevent this, a spring operated accumulator is often installed between the torque link assembly.
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Figure: Shimmy Damper
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Figure: Location of a Shimmy Damper
Body Gear Steering

When towing an aircraft or when taxiing the friction between the ground and the tires of the aircraft increases, especially when making turns. If several wheels are installed on bogie beams, the friction increases even more. If multiple axle main landing gears with bogie beams are placed one after the other, the friction when making turns becomes so great that the aircraft stops. To prevent damage to wheels or tires, large aircraft uses controllable body gear steering. In general, the system operates the same way as that of the nose wheel steering system. The in​ner strut is rotated in the outer strut by means of hydraulic cylinders which drive the torque links. The bogie beams with wheels are set in another direction, where less friction occurs. The steering signals come from a control transducer which measures the direction of the nose wheel control. These signals are transmitted to an Electronic Control Unit which makes matching steering signals for the Hydraulic Control Modules. The Hydraulic Control Modules will eventually give the Body Gear Steering Actuators the desired movement.

Feedback Transducers are included in the Body Gear Steering Cylinders. They send data to the Electronic Control Unit. They indicate when the desired steering movement has been reached and that the Electronic Control Unit can stop controlling the Hydraulic Control Modules.

Other systems only turn the last axle of a bogie or gear truck as shown in Figure.
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Figure: Steerable MLG Axle
Ground/Flight Switching Mechanism

The operation of a great number of aircraft systems depends on whether the aircraft is in the air or on the ground. This data almost always comes from the landing gears and can be transmitted mechanically as well as electrically. In many cases, the position of the torque links determines the ground or flight situation. They operate the ground/flight switches by means of a mechanical system. On modern aircraft, switches or proximity sensors are often installed directly on the torque links. See the proximity sensor in Figure.
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Figure: Proximity Sensor

Opening and closing of these switches will energize a great number of relays. These relays, in turn, transmit the ground/flight situation to the relevant aircraft system.

Examples of mechanical ground/flight switches are the switching off of the nose wheel steering in flight or the locking of the landing gear lever when the aircraft is on the ground.
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Figure: Ground/Flight Switching

THEME 1.2: COCKPIT
1.2.1. COCKPIT PRESENTATION
The word “avionics” at first appeared in 1940’s during World War II, derived from “aviation electronics”. 

Early avionics cockpit:
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Original avionics cockpit:
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Classic avionics cockpit:
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It is a combination of round gauges and electronics displays. 

New generation avionics cockpit (“All-glass” cockpit): 
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Round gauges are replaced by large LCD screens which produce images of any instrument. What remains of the old-style panel is at the lower left, where standby instruments act as backup. The large Primary Flight Display shows all flight instruments, weather, moving map and traffic. The Multifunction Display can also show those functions and show parameters of aircraft systems.
1.2.2. COCKPIT PHILOSOPHY
To achieve aircraft systems monitoring, the information of any failure or abnormal/emergency situation has to be clearly notified to the crew. To reach this goal, aircrafts cockpit philosophy is based on two main principles:

1) Dark cockpit philosophy. In normal operation, all lights, except blue or green lights for transcend phases, are extinguished. 

No light = normal operation
Lights philosophy:
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2) Detection sequence. In case of system failure, information is provided to the crew: 
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1.2.3. AVIONICS COMPARTMENT
The typical fuselage is divided into four production or manufacturing sections.
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Forward section (Section 41), forward contains the radar antenna behind a fiberglass fairing which is hinged at the top. Aft of the pressure bulkhead, above the floor are the control cabin and forward entry and service doors. Below the floor are the nose gear wheel well and electrical/electronic equipment compartment. This section has two lower access doors.

Central section (Section 43) contains the passenger compartment, with windows between the frames. Below the floor is the forward cargo compartment with a door on the right side.

Rear section (Section 46) is the center and aft portion of the passenger cabin with windows between the frames, two overwing emergency exits and aft entry and service doors.

Empennage section (Section 48) contains the auxiliary power unit (APU) and horizontal stabilizer truss. Access to this section is through a door on the left side, aft of which is the APU access door and APU exhaust.
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