UNIT1

INTRODUCTION

Hydraulics is based on a very simple fact of nature - you cannot compress a liquid. You can compress a gas (think about putting more and more air into a tire, the more you put in, the higher the pressure). If you're really strong you can compress a solid mass as well. But no matter how much pressure you apply onto a liquid, it isn't possible to compress it. Now if you put that liquid into a sealed system and push on it at one end, that pressure is transmitted through the liquid to the other end of the system. The pressure is not diminished.

Aircraft Hydraulics Definition
It is a system where liquid under pressure is used to transmit this energy. Hydraulic systems take engine power and convert it to hydraulic power by means of a hydraulic pump. This power can be distributed throughout the airplane by means of tubing that runs through the aircraft. Hydraulic power may be reconverted to mechanical power by means of an actuating cylinder, or turbine.
(1) - A hydraulic pump converts mechanical power to hydraulic power
(2) - An actuating cylinder converts hydraulic power to mechanical power
(3) - Landing Gear
(4) - Engine power (mechanical HP)

 If an electrical system were used instead of a hydraulic system, a generator would take the place of the pump and a motor would take the place of the actuating cylinder

Some Hydraulic Systems in Aircrafts
1. Primary control boosters 

2. Retraction and extension of landing gear 

3. Sweep back and forth of wings 

4. Opening and closing doors and hatchways 

5. Automatic pilot and gun turrets 

6. Shock absorption systems and valve lifter systems 

7. Dive, landing, speed and flap brakes 

8. Pitch changing mechanism, spoilers on flaps 

9. Bomb bay doors and bomb displacement gears 

2.Principles of Operation
Part of the hydraulic system is the actuating cylinder whose main function is to change hydraulic (fluid) power to mechanical (shaft) power. Inside the actuating cylinder is a piston whose motion is regulated by oil under pressure. The oil is in contact with both sides of the piston head but at different pressures.  High pressure oil may be pumped into either side of the piston head. 


 The selector valve determines to which side of the actuating cylinder the high pressure oil is sent.  The piston rod of the actuating cylinder is connected to the control surface.  

As the piston moves out, the elevator moves down. As the piston moves in, the elevator moves up. The selector valve directs the high pressure oil to the appropriate side of the piston head causing movement of the piston in the actuating cylinder. As the piston moves, the oil on the low pressure side returns to the reservoir since return lines have no pressure! 

The differential in oil pressure causes movement of the piston.  The force generated by this pressure difference can be sufficient to move the necessary loads.  Each cylinder in the plane, boat, etc., is designed for what it must do. It can deliver the potential it was made for; no more, no less. Air loads generally determine the force needed in aircraft applications. 

Hydraulic System
A hydraulic system transmits power by means of fluid flow under pressure. The rate of flow of the oil through the system into the actuating cylinder will determine the speed with which the piston rod in the actuating cylinder extends or retracts. When the cylinder is installed on the aircraft, it is already filled with oil.  This insures that no air bubbles are introduced into the hydraulic system, which can adversely affect the operation of the system.

Pascal’s Theory
  In a confined stationary liquid, neglecting the effect of gravity, pressure is distributed equally and undiminished in all directions; it acts perpendicular to the surface it touches.   Because the actuating cylinder is not vented, the force delivered through the piston to the surface of the fluid is translated into a pressure on the surface of the fluid.  

The pressure (p) acting on the incompressible oil does work [(pressure) x (Area of piston) x (piston's stroke) = Work].  
3.Hydraulic Pressure Regulated Power System
The system in drawing below represents a pressure regulated power system comprised of two parts: 
1) the power system, and 
2) the actuating system part of the overall hydraulic system.


Parts of the Power System

1. Reservoir -- holds an extra supply of fluid for system from which oil was drawn when needed, or oil was returned to it when not needed. 

2. Accumulator -- absorbs pulsation within the hydraulic system and helps reduce "linehammer effects" (pulses that feel and sound like a hammer has hit the hydraulic tubes).  It is an emergency source of power and it acts as another reservoir. 

3. Filter -- removes impurities in the hydraulic system and in the reservoir.  The reservoir has one big filter inside the tank. 

4. Power Pump -- it changes mechanical horsepower (HP) to hydraulic HP. 

5.System Relief Valve -- relieves pressure on system as a safety.measure and takes over as a pressure regulator when pressure regulator fails

6.
Pressure Regulator -- as the name implies, regulates the pressure in the hydraulic system.  When it senses a built-up in pressure in the lines to the selector valves, it acts so that the system automatically goes to bypass.

4.Aircraft Hydraulic System Reservoir
Functions of the Reservoir
1. Provides air space for expansion of the oil due to temperature changes 

2. Holds a reserve supply of oil to account for

a. thermal contraction of oil. 

b. normal leakage - oil is used to lubricate piston rods and cylinder seals. When the piston rod moves, it is scraped to remove impurities that might collect on the rod when returning into actuating cylinders. If many actuating cylinders are operating at the same time, then the amount of oil lost is greater. 

c. emergency supply of oil -  this case occurs only when the hand pump is used. 

d. volume changes due to operational requirements - oil needed on side 2 of piston head is less than that needed on side 1 of cylinder piston (which occurs during actuation). 

3. Provides a place to remove air or foam from liquid. 

4. Provide a pressure head on the pump, that is, a pressure head due to gravity and depends upon the distance of the reservoir above the power pump.

The best shape is a domed cylindrical shape. Not only can it be mounted easily, but it can be made to order. 

5.Aircraft Hydraulic System Power Pumps
Function: 
1. The function of the hydraulic system power pump is to change mechanical horsepower to hydraulic horsepower. 

Types of Power Pumps
There are two types of power pumps, a gear pump and a piston pump. 

1. Gear pumps have efficiencies that average about 70-80% overall efficiency, where overall efficiency is defined as:
overall efficiency = (mechanical efficiency)*(volumetric efficiency)
Gear pumps move fluid based upon the number of gear teeth and the volume spacing between gear teeth.

2. Piston pumps move fluid by pushing it through the motion of the pistons within the pump. They can generate overall efficiencies in the 90-95% range.

 Principles of Operation: 
Gear type pumps are ideal when working with pressures up to 1500 lb./sq.in. As mentioned previously, the volumetric efficiency of gear pumps depends upon the number of teeth, the engine speed and the tooth area.
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As the liquid comes from the reservoir, it is pushed between the gear teeth. The oil is moved around to the other side by the action of the drive gear itself and sent through the pressure line. What makes the oil squeeze in between the gear teeth? gravity and the pressure head. To prevent leakage of oil from the high to the low pressure side from occurring, you can make the gears fit better. 

You might want to increase the pressure used to move the fluid along. However, the higher the pressure, the higher the friction loading on the teeth. Friction will develop heat which will expand the gears and cause the pump to seize (parts will weld together and gears will stop rotating). In order to stop this, you can have the pump case, the gears, and the bearings made out of different materials, (e.g., steel gears [1-1/2 inch thick], bronze bearings, aluminum casing). Normally, the gear speed is higher than the engine speed (normally 1.4 times the engine speed). 

Oil can leak over and under the gears. To prevent leakage, you can press the bearings up against the gears. This decreases seepage but this decreases the mechanical efficiency when friction increases. Even though oil acts as lubricant, seizing can occur when oil is drained from the hydraulic system. 

As mentioned previously, we can push the bearings up against the gears to decrease leakage. As F increases, M decreases, thus, the gears and bushing increase in friction and mechanical efficiency decreases. When you increase the pressure on the inlet side of the pump, leakage will increase around the gears. To reduce the leakage, you must push the bearings and gears closer, causing an increase in friction. That is why inlet pressures over 1500 lb/sq in, are not used.

Principle of the Shear Shaft
Gear pumps are built using a shear shaft principle. That is, if the pump fails, the shear shaft breaks and this allows each of the gears to rotate in its own part of the system 

(pump side or engine side) and nothing else will happen to the system. This phenomenon is similar to a fuse in an electrical system. When the electrical system overloads, the fuse breaks, causing the circuit to break without damaging the rest of the electrical circuit.

Principle of the Reciprocating Piston Pump
These kind of pumps attain volumetric efficiencies of up to 98% and they can maintain pressures from 1500 to 6000 psi. They can achieve overall efficiencies of up to 92% and can move fluid volumes up to 35 gallons per minute.

As the cylinder block rotates, space between the block and the pistons increase, letting in more oil. As the block rotates from bottom dead center, the reverse occurs and the pistons push oil out through the outlet. When the pistons move down, the suction caused by the vacuum from the space, created by the movement of the piston, pulls in oil. Changing the angle between the swash plate and the cylinder block gives a longer pumping action and causes more fluid to be pulled in. As the cylinder block rotates, the piston cylinder openings over the inlet and the outlet vary. When cylinders 4-6 take in hydraulic fluid and act as the inlet to the pump, then cylinders 1-3 push the hydraulic fluid out and act as outlet to the pump.
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As the shaft and swash plate rotate, the piston will suck oil into the cylinder block and as the shaft and swash plate keep on rotating, the piston pushes oil out through the outlet. Pumps can be made to move more or less oil volume. 

6.Hydraulic System Check Valves
Function of Check Valves
Check Valves are hydraulic devices which permit flow of fluid in one direction only.
Check Valve Used In Aircrafts
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Poppet type valve is the preferred type that is used in hydraulics now. The front of the poppet (left side of the picture above) sits snugly on the hard seat (darker shaded areas on the left side). The poppet works on the following principle. When high pressure fluid (with pressure P1 ) comes in on the left, it forces the poppet open. Since P1>P2 , the force on the left side of the poppet (F1) is greater than the force due to the spring (F2 ) and is just enough to open the poppet. But, when flow stops, or there is a high pressure flow from the right side of the poppet, then P2>P1 and the pressure forces the poppet against the valve seat, closing off the opening. Thus the fluid is allowed to flow through in one direction only.

Check valves are designed so as not to tolerate leakage. The purpose of the light spring is only to keep the poppet on the seat. 

Most manufacturers use sharp-edged, very hard seats and soft, maybe plastic, poppets. Parallel seats are very good except that they are too prone to trapping contaminants between the seat and the poppet.

7.Pressure Control 
(Pressure limiting device-relief valves)

Function 
To limit the pressure of some section of the hydraulic system when the pressure has reached a predetermined level. That pressure level may be considered dangerous and, therefore, must be limited.

Principle of Operation
[image: image5.png]To Return «— Adjustment
<
"

———Spring

P2 Poppet

P1 ¥ }WSeat

»)





The adjustment screw at the top of the pressure relief valve is set for a certain pressure value, let us call it P2. In general, even with a pressure of P1, the poppet would lift up, except that the spring is strong and has downward force forcing the poppet closed. Poppet will not move until a pressure greater than that required is felt by the system (i.e., P1>P2). When the pressure increases, the poppet will move up, forcing the excess liquid to move through opening at high velocity. On other side of seat, pressure is zero because the back side of the relief valve is connected to the return line. When the pressure in the system decreases below maximum, poppet will return to its seated position, sealing the orifice and allowing the fluid to follow its normal path. These type of pressure relief valves are only made to be used intermittently.

Circuits Using Pressuring Limiting Devices (PLDs)
1. The power system where the system relief valve is used to back up the regulator is an example of a use of the PLD. In such a system, the pressure setting, P2, is set 125% above the system pressure. Rate of flow is dependent upon engine speed. 

2. Thermal relief valves are set at 150% of system pressure. When the temperature (T) changes, the liquid expands more than the expansion of the hydraulic tubing. Since T increases, the pressure (P) increases. Thus, the tubing will burst unless there are thermal relief valves in the system. Set at one pressure, the thermal relief valves are connected to the return lines because the pressure there is close to nil. This only works when the selector valve is set in the neutral position. 
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3. Force Limiting Device (FLD). Suppose that we want 1000 pounds of force to move a certain control surface. But our system can deliver 3000 pounds per square inch. If that pressure can be delivered on a 2 square inch piston head that moves the control surface, we would be= 6000 lb, a much higher force than is needed. We can put a force limiting relief valve (FLD) which would limit the force to 1000 lb by adjusting the FLD to act when the pressure reaches 500 psi (1000 lb/ 2 square inches). [image: image7.png]Force
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5. Blow up devices. When a plane is coming in for landing on a carrier deck, the brakes are set and the selector valve is put at neutral. If the plane is waved off on its landing attempt, the brakes must retract quickly so that the plane does not stall. Therefore, when the pilot is waved off, he will push the throttle to get more speed to get away from carrier. In doing so, the air pressure force acting on the brakes, F, is so great that it moves the brake. In doing so, the piston moves to right, causing fluid to flow and to push on the relief valve. This action allows more oil into the other line which in turn pushes on the piston and repeats the process. After the pilot reacts to this situation, he will change the selector valve position (if he has to change it), to move the b
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8.Hydraulic System Accumulator
Principle of Operation
At the bottom of the accumulator is a gas valve. Compressed gas at about one half the system pressure is let into the accumulator through the gas valve. This forces the diaphragm that separates the oil side from the gas side to "pop" up towards the oil side. Then oil is sent through the system. When the system pressure reaches a point when it is greater than the pressure of the accumulator, the diaphragm will deploy (inflate). Using Boyle’s Law, the compressed gas will increase in pressure as its volume decreases. The diaphragm will move up or down, depending on system pressure. 

When the diaphragm is at half way, the gas volume will be ½ as much as it was initially, while the accumulator pressure will be twice as much as its pre-load pressure (i.e., 1/2 system pressure). Therefore when the accumulator is at half volume of gas, it will be charged at full system pressure.
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Uses of an Accumulator
1. Absorbs the shocks due to rapid pressure variations in a hydraulic system 

2. Helps maintain a constant pressure within the hydraulic system 

3. Helps the hydraulic pump under peak pressure loads 

4. It is an emergency source of power (the braking system has its own accumulator) 

           The preload is checked every day. Nitrogen and helium are preferred to compressed air. Oxygen leaks into the oil will cause spontaneous combustion and that is why it is not used in the accumulator. Carbon dioxide (CO2 ) is not used because it liquefies at 800 or 900 psi (which is considered low pressure compared to the pressure requirements of the system).

The accumulator has to withstand about 450,000 lb of force. The spherical shape is used because a monocoque (single shell) body is the strongest and can withstand high pressures before failing.

9.Pressure Regulation in 
Hydraulic Systems
If a system relief valve (SRV) were used to regulate pressure, it would have to be replaced in a very short time. This would be due to the overuse of the SRV and the failure of the spring's elasticity. If the SRV were used, the oil pushing on the spring-ball combination would cause tremendous vibrations and heat would be dissipated by the oil under high pressure attempting to push the ball away from the seat to get to the low pressure side.  

Douglass Pressure Regulator
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When an actuating cylinder finishes its motion and stops, a high pressure will be felt through the system. If so, this high pressure oil coming from the power pump (right side of diagram) will keep check valve C open and also act on piston A. In its movement, piston A pushes Ball B off seat D. The oil, taking the passage of least resistance, goes through passage D into the center chamber back to the reservoir. The pressure on the right side of check valve C will drop and will be less than the pressure on the left side of C, therefore, causing the ball to seat itself in check valve C. 
When the hydraulic system pressure drops, the pressure on piston A decreases, causing a decrease in pressure on B as well. The path of least resistance through D will close and the oil will move in the direction towards check valve C. Now, because the pressure on the right side of C is greater than on the left of C, the check valve will be forced open and the oil will move toward the selector valve side of the system (left side of diagram). 
The range of operation of the pressure regulator is defined by the difference in force required for bypass and the force required at actuation.

Electrol Pressure Regulator

The dual purpose of a pressure regulator is to reduce the load on the hydraulic pump when not needed and to keep the hydraulic pressure within the operating range of the hydraulic system. 

When the hydraulic pump is charging the system, balls 1 and 2 are seated on their seats but ball 3 is letting oil pass through to the actuating cylinders. When actuation stops, the pressure in the system builds to maximum. The spring holding ball 1 onto the lower seat is designed to withstand the force produced by the maximum pressure of the hydraulic system. As maximum pressure is reached, ball 1 is made to move to the upper seat, thereby letting high pressure oil reach the A side of piston. But, ball 3 has already moved to its seat due to the higher pressure felt on side C than on side D. Therefore, oil coming from the hydraulic pump is at a charging pressure less than the maximum pressure of side A of the piston, causing the piston to move down, in turn pushing ball 2 down. Oil, wanting to take the path of least resistance, goes by ball 2 to the return line. 

If actuation restarts, then pressures at C side of ball 3, at A side of piston and at F side of ball 1 decreases. Ball 1 falls onto the lower seat, since the spring force is greater than the force generated by the hydraulic system's oil pressure. Piston A will then move up due to the pressure drop on side A, causing ball 2 to close the orifice to the return line. The oil being pumped from the hydraulic pump now has greater pressure on side D of ball 3, causing the ball to move to the left and the hydraulic system oil goes in the direction of the actuating cylinder. 

The range of operation depends on ball 1. As you can see, if the force of the spring holding ball 1 is to be overcome, a certain pressure (equal to the spring force divided by the opening's cross-sectional area) at the lower seat would be needed. If the ball were to move upward to the upper seat, the exposed surface area of the ball on which the pressure acts would increase (while the spring force would essentially remain the same) thereby causing the pressure in the system to decrease. Ball 1 would then move from the lower seat to the upper seat very quickly as more surface area is exposed, causing the pressure required to move the ball to drop. When the pressure delivered is much higher than the pressure required to move the ball, then the ball will move quickly and bang shut against the upper seat. The opposite reaction occurs when the pressure in the system is lowered to within operational limits.
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10.Hydraulic System Hand Pumps
Functions 
1. Hydraulic system hand pumps are used to test the hydraulic system when the plane is on the ground; and, 

2. acts as an Emergency system of power 

Principles of Operation 
The hand pump converts the power of a human being to hydraulic horsepower. For this reason, such pumps are used in older model aircraft.

Types
There are several types of handpumps. 

1. Single action - single impulse (S.A.S.I.) 

2. Double action - double impulse (D.A.D.I.) 

Analysis of a S.A.S.I. Pump
The pump works on the principle of mechanical advantage.  
When pilot moves the handle away to L (see diagram below), a low pressure is caused to form in the chamber of the pump, Z. Since the reservoir liquid pressure is greater than the pressure in Z, liquid is forced around the check valve from the reservoir line. When the pump handle is moved to R, a positive pressure will form in Z, causing the check valve to the reservoir side to close. Since the hydraulic system liquid is incompressible, it is forced out through the bottom check valve to the system line.

Suppose the force delivered by the pilot was F1 = 100 lb, at a distance D1 = 20 inches from the pump handle pivot, and suppose that D2 = 1 inch from the pivot to the pump piston.  Then by moment equilibrium (F1D1=F2D2), the force acting on the piston would 

be F2 = 2000 lb. If the piston area on which the oil acts is A = 2 square inches, then the pressure developed is [image: image12.png]
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The volumetric output [image: image14.png]
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. But a man’s average output is about 50 lb for F1. Therefore, the piston area must be made half its present size (if the pressure is to remain constant). Thus, volumetric output will then decrease to 1 cu. in., since [image: image16.png]D2xA = linch stroke X 1 square inch area



.

Analysis of a D.A.D.I. Pump
The DADI pump works in the same way that the SASI pump works, except that while chamber A is filling up from the reservoir, chamber B is pumping oil to the system. 
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11.Flow Control
Selector Valves
Selector valves are used as (1) directional control devices to insure the movement of the hydraulic fluid flow in the proper direction, and (2) as stop-locks to lock the selector switch in a certain position.

Types 
There are two types of selector valves. They are piston type and poppet type.

Piston Type
Positions 1, 2 and 3 (shown below) are representative positions for the piston-type selector valve. Position (1) is the position of the selector valve, for example, upon the extension of the landing gear or the lowering of flaps. Position (2) is the position of the selector valve upon retraction of the landing gear or the raising of the flaps. Position (3) is the stop-locking position of this type of valve. This piston type valve uses the Vickers spool mechanism in which the piston "lands" isolate the high pressure oil from the low pressure oil. 
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 Poppet Type - Stacked Poppet
In this type valve, any movement of the handle (at the lower right of the diagram) changes the camshaft and cam settings, thereby opening and closing the poppet valves and letting high and low pressure oil to the proper sides of the actuating cylinder and return line, respectively.
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In in-line poppets, the poppet valves are set up along a cam shaft, in the same manner as for the intake and exhaust valves of a car engine. The camshaft is represented by the "sinusoidal" line in the diagram below.  However, the motion of the poppets are controlled by the pilot.
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These mechanical type selector valves require a fair amount of tubing. In order to reduce the amount of tubing, electric switches have been used to operate solenoids which operate the selector valves. This has the added advantage of reducing the wasteful motions of pilot. This is type of combined electronic circuits and hydraulic system is called electrohydraulics.

12.Flow Restrictors
Since the speed of the actuating cylinder is determined by the rate of flow of the hydraulic fluid, we may need a device to control the rate of flow. This device is called a flow restrictor.  Since none of the selector valves meter the flow, we must use the restrictor. 

There are four types of restrictors: 

1. one way fixed restrictor 

2. one way variable restrictor 

3. two way fixed restrictor 

4. two way variable restrictor 

The One Way Fixed Restrictor
The One Way Fixed Restrictor is not used all the time, but, it is being used more than the other types of restrictors. It is a check valve type restrictor with a drilled hole through the seat to the other side of the check valve. When the flow pressure seats the check valve ball (i.e., flow moving from right to left), some of the fluid can still reach the other side through the drilled hole in the seat. However, since the hole size is fixed, the amount of fluid passing through the passage to the other side is also fixed.
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The Two Way Fixed Restrictor
The Two Way Fixed Restrictor is not used because it restricts the flow on the side of the restrictor where we want the flow to occur normally. Because the passage size is fixed, the amount of fluid moving from right to left, or vice versa, is fixed, as well.

The One Way Adjustable Restrictor
The One Way Adjustable Restrictor is being used nowadays. It is the same as the One Way Fixed Restrictor but the amount of fluid passed through the drilled opening in the seat is regulated by means of an adjustment screw.
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The Two Way Adjustable Restrictor
The Two Way Adjustable Restrictor is the same as the Two Way Fixed Restrictor, but it also has an adjustable screw that can be used to further restrict the amount of hydraulic fluid passing through the opening.

13.Synchronizing Circuits
During aircraft turns or maneuvers, if wing air loads on one wing are greater than loads on the other wing, and, we attempt to sweep the wings back or sweep them forward, these motions will occur so unevenly that probable loss of aircraft and pilot will result. Therefore, if we want to synchronize our sweepback motion, we must use devices called flow equalizers.

  Another example where flow equalizers are needed is in case of air-to-air missile attack. Suppose our selector valve is set to neutral and we try to get away from a rocket missile by turning right or left. The pressure forces on the wings would be so unequal that the wing actuating cylinder (of the wing undergoing the smaller turn radius) would act as a pump, since its greater pressure loading would cause wing sweepback. The hydraulic fluid would be pushed out of one cylinder and the only path that it could take 

would be to the other wing's actuating cylinder, causing that cylinder’s wing to go in the opposite direction to that of the first wing. This would be catastrophic.
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If a downward force is applied to the left piston and the selector valve is closed, the oil is forced into the right cylinder causing the right piston to move up--a motion opposite to what is needed.

Flow Equalizer
A device that may be used as a flow equalizer is a power pump that is run in reverse. If the power pump direction were reversed, the flow would push on the outer teeth of the gear and not on the meshing teeth at the center because the oil can’t be compressed. Since fluid moves towards the meshed teeth at the center of the pump (A1), as well towards teeth closest to pump casing (A2), and since the fluid pressure acts on twice the teeth area (A2) than at A1, the gear direction reverses, as compared to the direction of operation of a power pump. 

	[image: image25.png]





Thus the flow equalizer is made up of two power pumps placed side by side in which the drive gears of both pumps are connected (see the side view for the figure below). The main figure shows the two power pumps of the side view, cut along the side view's centerline and opened like a book.  When one drive gear turns (2), it causes the other to turn as well (1) through the connection. Since the volumetric output per revolution is the same for both sides, we have found the right device to keep synchronization.
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This kind of power pump is set between the two cylinders requiring equalization and would channel the flow to both cylinders (as shown below left).  The VICKERS EQUALIZER setup is shown below right, where the VICKERS pumps are connected by a shaft at the center of the diagram.  Input is at the top of the pumps and outputs are shown by the arrows. 
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You should never connect the actuation cylinders of the two wings is series, since this type of circuit, for it to work, would require cylinder (1) to put out twice the fluid pressure, or even more, in order to operate itself and cylinder (2) [see the figure below). The hydraulic fluid in this series type of circuit will burst the hydraulic tubing, due to the fluid pressures required to operate both actuating cylinders, and, because this type of circuit does not compensate for expansion or contraction of the hydraulic fluid.  The tubing between cylinders and to the selector valve can transmit high pressure hydraulic fluid as well as return line pressure hydraulic fluid.
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Sequencing Circuits
These circuits are used to cause certain operations to occur in a particular sequence. Sequencing circuits have been used, for example, for the complete ejection of a pilot from the plane. The sequencing valve is such that it sends hydraulic fluid through the valve to the other sequencing valves and actuating cylinders.  As the piston rod (of the extreme left cylinder) moves upward, it activates the sequencing valve releasing hydraulic fluid to the next cylinder.
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Sequencing Valve Operation
As the actuating cylinder piston moves upward, it hits the rod of the sequencing valve (shown in bottom). The rod, in turn, moves up into the sequencing valve pushing the poppet up and releases the hydraulic fluid from the holding side (top) to the releasing side (middle), permitting it to go to the next cylinder and sequencing valve.
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In the diagram below, the system is set so that the sequence of actuation is 2,4,3,1. 
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Double Sequence
We can design a system so that it can perform a double sequence of actuations. In the diagram below, the system is set so that when the selector valve is open to the "red" side, the sequence of events from left to right is 1,3,4,2 (cylinder numbers in red). When the selector valve is open to the "blue" side, the sequence of events goes from right to left and is 4,3,1,2. 
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By proper connection of the sequencing valves and actuating cylinders, any sequence of events can be made to occur.

14.Actuation Cylinders
The function of the actuating cylinder is to take the pressure and hydraulic fluid flow and change them into either linear or rotary motion. The ones that have been employed more commonly are the double action actuating cylinders, because they work in both directions.

A. Single Piston, Single Rod

This type of actuating cylinder has one piston connected to one rod. Such a device requires the piston rod to move into the actuating cylinder to cause one motion to occur and to move out of the cylinder to cause the reverse motion to occur.

B. Single Piston, Double Rod

This is an equal displacement cylinder and could be used on an aileron system or an automatic guidance system .

The piston ends can be attached to a pulley system that can pivot a control surface.  The motion of the piston to the right, due to high pressure fluid in the left side of the actuating cylinder, can be activate the pulley system and pivot the control surface upward.  By reversing the flow, the opposite motion will occur.
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C. Double Piston, Double Rod

 This type of actuating cylinder would be used on bomb bay doors (figure shown below right). High pressure fluid enters the center section of the cylinder, acting on the two pistons simultaneously. The rods would be extended outward, causing the doors to rotate open. When the high pressure fluid enters the two end sections, this operation is reversed, closing the bomb bay doors.
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Single Action Cylinders

Bungee Type- this type of actuating cylinder is used where gravity or weight can act as high pressure oil. Either a rubber mass or a spring loading device counteracts the weight. Its disadvantages include: 

1. The decrease in piston stroke on account of weight and size of spring or inserted rubber mass; 

2. The fact that oil on the spring side of the piston must move both the piston and the spring; 

3. The size and weight of the spring to do the job might be too great. 
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Locking Cylinder

The locking cylinder is a cylinder which has a locking device attached to it. This cylinder is a "fail-safe" design so that it will not actuate beyond some given point. 

· The locking cylinder is part of  the Fail-safe design philosophy: if the cylinder is malfunctioning, it should fail in a position that is safe for the rest of the flight. 
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Stationary Piston-Moveable Cylinder

Whenever we don’t want the piston rod to extend into an environment that can damage the rod or contaminate the hydraulic fluid (for example, a stream of sea spray or in the  path of little pebbles when landing or taking off from a      rough airstrip), we make the piston cylinder extend instead of the piston rod. The type of cylinder we use is the   stationary piston moveable cylinder. 

PNEUMATIC SYSTEMS

Pneumatics provide a limited, but necessary source of energy in the aircraft. Pneumatic systems operate in principle very much like hydraulic systems. Both systems use a confined fluid as the motivating force. Hydraulic fluid, a viscous liquid, is virtually incompressible; air, or more commonly nitrogen, is also a fluid but unlike hydraulic fluid it is very compressible. Regardless, because both are fluids trapped in a confined space, they share very similar operational traits.

Most aircraft rely on either the electrical system or the hydraulic system as the primary means of accomplishing the heavy work in an airplane. Jobs such as raising and extending landing gear, moving major control surfaces, and operating the brakes are typically left to hydraulics. Electrical motors might also move control surfaces, occasionally operate the gear on certain smaller business aircraft, and frequently move minor control surfaces, such as flaps, spoilers, and slats. Despite the popularity of hydraulic and electrical systems, however, pneumatics can, and occasionally do, perform all these tasks and more.

Compressed air does have some significant advantages over the more popular hydraulic

and electrical systems. For one thing, air is everywhere and if the system happens to leak, the hangar floor remains clean. Compared to high-pressure hydraulic systems that require very solid components, heavy fluid and return-line requirements, pneumatic systems are relatively lightweight. Compressed air, which can get very hot, does not present the temperature-related problems associated with hydraulic fluid, and, finally, no fire hazard is associated with compressed air.
Basic Components of a Pneumatic System 
A pneumatic system carries power by employing compressed gas, generally air, as a fluid for transmitting energy from an energy-generating source to an energy-using point to accomplish useful work. Figure 1.3 shows a simple circuit of a pneumatic system with basic components.
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The functions of various components shown in Fig. 1.3 are as follows: 

1. The pneumatic actuator converts the fluid power into mechanical power to perform useful work. 

2. The compressor is used to compress the fresh air drawn from the atmosphere. 

3. The storage reservoir is used to store a given volume of compressed air. 

4. The valves are used to control the direction, flow rate and pressure of compressed air. 

5. External power supply (motor) is used to drive the compressor. 

6. The piping system carries the pressurized air from one location to another. 

Air is drawn from the atmosphere through an air filter and raised to required pressure by an air compressor. As the pressure rises, the temperature also rises; hence, an air cooler is provided to cool the air with some preliminary treatment to remove the moisture. The treated pressurized air then needs to get stored to maintain the pressure. With the storage reservoir, a pressure switch is fitted to start and stop the electric motor when pressure falls and reaches the required level, respectively. The three-position change over the valve delivering air to the cylinder operates in a way similar to its hydraulic circuit.
Comparison between a hydraulic and a pneumatic system</table>
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LANDING GEAR

Landing Gear Types

Aircraft landing gear supports the entire weight of an aircraft during landing and ground operations. They are attached to primary structural members of the aircraft. The type of gear

depends on the aircraft design and its intended use. Most landing gear have wheels to facilitate operation to and from hard surfaces, such as airport runways. Other gear feature skids for this purpose, such as those found on helicopters, balloon gondolas, and in the tail area of some tail dragger aircraft. Aircraft that operate to and from frozen lakes and snowy areas may be equipped with landing gear that have skis. Aircraft that operate to and from the surface of water have pontoon-type landing gear. Regardless of the type of landing gear utilized, shock absorbing equipment, brakes, retraction mechanisms, controls, warning devices, cowling, fairings, and structural members necessary to attach the gear to the aircraft are considered parts of the landing gear system.
Landing Gear Arrangement

Three basic arrangements of landing gear are used: tail wheeltype landing gear (also known as conventional gear), tandem landing gear, and tricycle-type landing gear.
[image: image43.emf]
Tail Wheel-Type Landing Gear

· Tail wheel-type landing gear is also known as conventional gear because many early aircraft use this type of arrangement. 
· The main gear are located forward of the center of gravity, causing the tail to require support from a third wheel assembly.
·  A few early aircraft designs use a skid rather than a tail wheel. This helps slow the aircraft upon landing and provides directional stability. 
· The resulting angle of the aircraft fuselage, when fitted with conventional gear, allows the use of a long propeller that compensates for older, underpowered engine design. 
· The increased clearance of the forward fuselage offered by tail wheel-type landing gear is also advantageous when operating in and out of non-paved runways. 
· Today, aircraft are manufactured with conventional gear for this reason and for the weight savings accompanying the relatively light tail wheel assembly. [Figure 13-3]

· The proliferation of hard surface runways has rendered the tail skid obsolete in favor of the tail wheel.
·  Directional control is maintained through differential braking until the speed of the aircraft enables control with the rudder. 
· A steerable tail wheel, connected by cables to the rudder or rudder pedals, is also a common design. Springs are incorporated for dampening. [Figure 13-4]

Tandem Landing Gear

· Few aircraft are designed with tandem landing gear. As the name implies, this type of landing gear has the main gear and tail gear aligned on the longitudinal axis of the aircraft. 
· Sailplanes commonly use tandem gear, although many only have one actual gear forward on the fuselage with a skid under the tail.
·  A few military bombers, such as the B-47 and the B-52, have tandem gear, as does the U2 spy plane. The VTOL Harrier has tandem gear but uses small outrigger gear under the wings for support.
· Generally, placing the gear only under the fuselage facilitates the use of very flexible wings. [Figure 13-5]

Tricycle-Type Landing Gear

The most commonly used landing gear arrangement is the tricycle-type landing gear. It is comprised of main gear and nose gear. [Figure 13-6] Tricycle-type landing gear is used on large and small aircraft with the following benefits: 
1. Allows more forceful application of the brakes without nosing over when braking, which enables higher landing speeds.
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2.Provides better visibility from the flight deck, especially during landing and ground maneuvering. 

3. Prevents ground-looping of the aircraft. Since the aircraft center of gravity is forward of the main gear, forces acting on the center of gravity tend to keep the aircraft moving forward rather than looping, such as with a tail wheel-type landing gear.

The nose gear of a few aircraft with tricycle-type landing gear is not controllable. It simply casters as steering is accomplished with differential braking during taxi. However, nearly all aircraft have steerable nose gear. On light aircraft, the nose gear is directed through mechanical linkage to the rudder pedals. Heavy aircraft typically utilize hydraulic power to steer the nose gear. Control is achieved through an independent tiller in the flight deck. [Figure 13-7]

The main gear on a tricycle-type landing gear arrangement is attached to reinforced wing structure or fuselage structure. The number and location of wheels on the main gear vary. Many main gear have two or more wheels. [Figure 13-8] 

Multiple wheels spread the weight of the aircraft over a larger area. They also provide a safety margin should one tire fail. Heavy aircraft may use four or more wheel assemblies on each main gear. When more than two wheels are attached to a landing gear strut, the attaching mechanism is known as a bogie. The number of wheels included in the bogie is a function of the gross design weight of the aircraft and the surface type on which the loaded aircraft is required to land. The tricycle-type landing gear arrangement consists of many parts and assemblies. These include air/oil shock struts, gear alignment units, support units, retraction and safety devices, steering systems, wheel and brake assemblies, etc. A main landing gear of a transport category aircraft is illustrated in Figure 13-10 with many of the parts identified as an introduction to landing gear nomenclature.

Fixed and Retractable Landing Gear

Further classification of aircraft landing gear can be made into two categories: fixed and retractable. Many small, singleengine light aircraft have fixed landing gear, as do a few light twins. This means the gear is attached to the airframe and remains exposed to the slipstream as the aircraft is flown. as the speed of an aircraft increases, so does parasite drag. Mechanisms to

retract and stow the landing gear to eliminate parasite drag add weight to the aircraft. On slow aircraft, the penalty of this added weight is not overcome by the reduction of drag, so fixed gear is used. As the speed of the aircraft increases, the drag caused by the landing gear becomes greater and a means to retract the gear to eliminate parasite drag is required, despite the weight of the mechanism.

A great deal of the parasite drag caused by light aircraft landing gear can be reduced by building gear as aerodynamically as possible and by adding fairings or wheel pants to streamline

the airflow past the protruding assemblies. A small, smooth profile to the oncoming wind greatly reduces landing gear parasite drag. Figure 13-11 illustrates a Cessna aircraft landing gear used on many of the manufacturer’s light planes.

The thin cross section of the spring steel struts combine with the fairings over the wheel and brake assemblies to raise performance of the fixed landing gear by keeping parasite drag to a minimum.

Retractable landing gear stow in fuselage or wing compartments while in flight. Once in these wheel wells, gear are out of the slipstream and do not cause parasite drag. Most retractable gear have a close fitting panel attached to them that fairs with the aircraft skin when the gear is fully retracted. [Figure 13-12] Other aircraft have separate doors that open, allowing the gear to enter or leave, and then close again.

NOTE: The parasite drag caused by extended landing gear can be used by the pilot to slow the aircraft. The extension and retraction of most landing gear is usually accomplished with hydraulics.

Shock Absorbing and Non-Shock Absorbing Landing Gear

In addition to supporting the aircraft for taxi, the forces of impact on an aircraft during landing must be controlled by the landing gear. This is done in two ways: 
1) the shock energy is altered and transferred throughout the airframe at a different rate and time  than the single strong pulse of impact, and 
2) the shock is absorbed by converting the energy into heat energy.
Leaf-Type Spring Gear

· Many aircraft utilize flexible spring steel, aluminum, or composite struts that receive the impact of landing and return it to the airframe to dissipate at a rate that is not harmful. The gear flexes initially and forces are transferred as it returns to its original position. [Figure 13-13]
·  The most common example of this type of non-shock absorbing landing gear are the thousands of single-engine Cessna aircraft that use it. Landing gear struts of this type made from composite materials are lighter in weight with greater flexibility and do not corrode.
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Rigid

· Before the development of curved spring steel landing struts, many early aircraft were designed with rigid, welded steel landing gear struts. Shock load transfer to the airframe is direct  with this design. Use of pneumatic tires aids in softening the impact loads. [Figure 13-14] 
· Modern aircraft that use skid-type landing gear make use of rigid landing gear with no significant ill effects. Rotorcraft, for example, typically experience low impact landings that are able to be directly absorbed by the airframe through the rigid gear (skids).
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Bungee Cord

· The use of bungee cords on non-shock absorbing landing gear is common. The geometry of the gear allows the strut assembly to flex upon landing impact. 
· Bungee cords are positioned between the rigid airframe structure and the flexing gear assembly to take up the loads and return them to the airframe at a non-damaging rate. The bungees are made of many individual small strands of elastic rubber that must be inspected for condition. 
· Solid, donut-type rubber cushions are also used on some aircraft landing gear. [Figure 13-15]
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Shock Struts

· True shock absorption occurs when the shock energy of landing impact is converted into heat energy, as in a shock strut landing gear. 
· This is the most common method of landing shock dissipation in aviation. 
· It is used on aircraft of all sizes. Shock struts are self-contained hydraulic units that support an aircraft while on the ground and protect the structure during landing. They must be inspected and serviced regularly to ensure proper operation.

SHOCK STRUTS

· These units take the brunt of the shock imparted on the landing gear by taxiway and runway bumps and holes, and hard landings. 
· Each strut is a self-contained hydraulic shock absorber unit that shares the weight of the aircraft on the ground with the other shock struts.

· The pneumatic/hydraulic shock strut is typical on aircraft (FIG. 9-3). The strut uses compressed air combined with hydraulic fluid to absorb and dissipate shock loads.

· This type of unit is also referred to as an air/oil or oleo strut.

· A shock strut is simply two telescoping cylinders with sealed ends. Known as cylinder and piston, when the two pieces are put together they form an upper and lower chamber for movement of the fluid. 
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· The lower chamber is filled with the fluid; the upper chamber contains the compressed air. The two chambers are separated by an orifice that allows the fluid to flow into the upper chamber when the two cylinders compress together, and return to the lower chamber when they are pulled apart.

· Shock absorbers also include a metering pin that controls the rate that the fluid flows from the lower to the upper chamber during compression. As a result, during the compression stroke, the fluid flow rate varies according to the variable shape of the metering pin as the fluid passes through the orifice.
Hydraulic retraction system

Devices used in a typical hydraulic gear retraction system include actuating cylinders, selector valves, uplocks, downlocks, sequence valves, tubing, and other standard hydraulic components. The main gear and nose gear and the various gear doors are interconnected to permit proper sequencing of all units and operate all components off a single hydraulic system. Figure 9-8 illustrates a typical hydraulic landing gear retraction system schematic.

Because the hydraulic landing gear system is so common in aircraft, it is worth looking more closely at how it works. Consider what happens when the landing gear is retracted. When the crew moves the landing gear selector switch to the GEAR UP position, the selector valve is placed in the "up" position. This causes pressurized hydraulic fluid to enter the gear-up line and flow to eight different units:

· C valve

· D valve

· Left landing gear down lock

· Right landing gear down lock

· Nose gear down lock

· Nose gear cylinder

· Left main gear actuating cylinder

· Right main gear actuating cylinder

Note that because sequence valves C and D are closed at the time, fluid cannot flow to the door cylinders yet. The lines are pressurized and waiting for the sequence valves to open; therefore, the doors cannot close. The fluid that has been routed to the three downlock cylinders is not delayed, resulting in the gear becoming unlocked. Simultaneously, pressurized fluid also enters the up side of the gear-actuating cylinders causing the gear to retract. Due to the small size of its actuating cylinder, the nose gear retracts and engages its uplock first. In addition, the nose gear door is operated only by linkage from the nose gear, so this door closes as soon as the nose gear has been retracted. At the same time, the main landing gear is still en route, which forces hydraulic fluid to leave the downside of each main gear cylinder. The fluid that is exiting flows
through an orifice check valve that opens the sequence check valve A or B, as appropriate.

From there it flows through the landing-gear selector valve and into the system return line. When the main gear is fully retracted a spring-loaded uplock is engaged by the main gear that causes the gear linkage to strike the plungers of sequence valves C and D. That action causes the sequence check valves to open and allow pressurized fluid to flow into the door cylinders that close the gear doors.
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Shimmy dampers

The purpose of a shimmy damper is to control nosewheel shimmy (vibration) through hydraulic damping while taxiing, landing, or taking off. The damping device is attached, or built, into the nose gear. Three primary types of shimmy dampers are piston, vane, and power steering.

Piston shimmy damper. 
This damper is used primarily on lighter aircraft and is illustrated in FIG. 9-16. It is made up of two primary components: cam assembly and damper assembly. The shimmy damper is attached to the nose gear shock strut outer cylinder at the lower end. The cam assembly is attached to the 
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inner cylinder of the shock strut and rotates with the nosewheel. The damper assembly consists of a springloaded reservoir piston that maintains the confined fluid under pressure and an operating cylinder and piston. A ball check permits the flow of fluid from the reservoir to the

operating cylinder to make up for any fluid loss in the operating cylinder. Because of the rod on the operating piston, its stroke away from the filler end of the piston displaces more fluid than its stroke toward the filler end. This difference is taken care of by the reservoir orifice, which permits a small flow both ways between the reservoir and operating cylinder. As the nosewheel fork rotates in either direction, the shimmy damper cam displaces the cam follower rollers, causing the operating piston to move in its chamber. This movement forces fluid through the orifice in the piston. Because the orifice is very small, rapid movements of the piston, which commonly occur during landing and takeoff, are restricted, and nosewheel shimmy is eliminated.

Vane shimmy damper. This damper is located on the nosewheel shock strut immediately above the nosewheel fork and can be mounted either internally or externally. When this unit is mounted internally, its housing is fitted and secured inside the shock strut, and the shaft is splined to the nosewheel fork. If the unit is mounted externally, the housing of the unit is bolted to the side of the shock strut, and the shaft is connected by mechanical linkage to the nosewheel fork. 
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The shimmy damper housing is divided into three main parts (FIG. 9-17): replenishing chamber, working chamber, and lower shaft packing chamber. The replenishing chamber, located at the top of the housing, is a reservoir for hydraulic fluid. Pressure is applied to the fluid by the spring-loaded replenishing piston and piston shaft that extends through the upper housing and serves as a fluid-level indicator. The area above the piston contains the piston spring and is open to atmosphere to prevent hydraulic lock. Fluid is prevented from leaking past the piston by 0-ring packings. A grease fitting provides the means for filling the replenishing chamber with fluid.

The working chamber is separated from the replenishing chamber by the abutment and valve assembly. The working chamber contains two one-way ball check valves, which will allow fluid to flow from the replenishing chamber to the working chamber only. This chamber is divided into four sections by two stationary vanes called abutment flanges, which are keyed to the inner wall of the housing, and two rotating vanes, which are an integral part of the wing shaft. The shaft contains the valve orifice that fluid passes through when going from one chamber to another. 

Turning the nosewheel in either direction causes the rotating vanes to move in the

housing. This results in two sections of the working chamber growing smaller, while the opposite two chambers grow larger. The rotating vane can move only as fast as the fluid can be displaced from one chamber to the other. All of the fluid being displaced must pass through the valve orifice in the shaft. Resistance to the flow of fluid through the orifice is proportional to the velocity of flow. This means that the shimmy damper offers little resistance to slow motion, such as that encountered during normal steering of the nose gear or ground handling, but offers high resistance to shimmy on landing, takeoff, and high-speed taxiing. An automatic orifice adjustment compensates for temperature changes. A bimetallic thermostat in the shaft opens and closes the orifice as the temperature and viscosity change. This results in a constant resistance over a wide temperature range. In case an exceptionally high pressure is suddenly built up in the working chamber by a severe twisting force on the nosewheel, the closing flange moves down, compressing the lower shaft packing spring, allowing fluid to pass around the lower ends of the vanes, preventing structure damage.

Steer dampers. A steer damper is another hydraulically operated dampening device that performs the dual role of steering and eliminating shimmy.
BRAKE SYSTEMS

It would be difficult to overstate the case for properly maintaining the aircraft brake system. Brakes are in near-constant use whenever the aircraft is on the ground. They help control taxi speed, assist in steering the aircraft, secure it for parking, must hold against engine thrust during runups, assure that the aircraft does not run off the end of the runway after landing, and brakes are critical to safety during an aborted takeoff. 
The common configuration for brake systems is that each main landing gear has a brake that can be activated simultaneously with, or independent of, the other main gear. This is done by incorporating toe brakes with the rudder pedals. When the pilot moves the rudder pedals fore and aft, the action turns the nosewheel and rudder appropriately Depressing the upper portion of each rudder pedal activates and linearly increases brake pressure on the corresponding brake. This allows the pilot to simultaneously activate the brakes on both sides for even, straight ahead braking, or apply differential braking, if necessary, to assist in a turn. Nose gear brakes are generally limited to transport category aircraft and not found on corporate turboprops and turbojets.

In light aircraft, independent brake systems are standard. Such systems are totally independent of any other hydraulic system on the aircraft and include their own hydraulic reservoir; however, aircraft with substantial mass require very powerful brake systems that, in turn, require a large volume of hydraulic fluid to operate.

Power brake control systems

Figure 9- 18 depicts a typical power brake system. The system is powered by the aircraft's main hydraulic system through a single line. When hydraulic fluid under pressure is diverted to the brake system, the first component affected by the fluid is a check valve that protects the brake system from losing pressure in the event of a main hydraulic system failure. The check valve traps pressurized hydraulic fluid in the brake system and only allows fresh fluid to enter. After passing through the check valve, the fluid goes to the accumulator, which has two purposes. One purpose is to act as a surge chamber for excessive loads imposed upon the brake hydraulic system. The second purpose is to serve as a reservoir for pressurized fluid. Pressure drops in the accumulator when the pilot presses down on the brakes. The result is a demand for additional hydraulic fluid from the main system.
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From the accumulator, the fluid travels to the pilot's and first officer's control valves. The control valve controls the volume and pressure of the fluid used to actuate the brakes. Four check valves and two orifice check valves are associated with these control valves. The check valves permit the hydraulic fluid to flow in only one direction. The orifice check valves allow unrestricted flow of fluid in one direction from the pilot's brake control valve; flow in the opposite direction is restricted by an orifice in the poppet. Orifice check valves help prevent chatter.

The hydraulic fluid eventually encounters the pressure relief valve. Under normal conditions, the fluid merely bypasses the valve, but unseats under overpressure conditions. The exact pressure settings vary from system to system, but the valve's purpose is to protect the system from excess pressure. For instance, the valve might be preset to open up if the system pressure reached 825 psi. The valve would reroute pressurized fluid back to the main hydraulic system until brake system pressure dropped to fewer than 760 psi, at which time the valve would close and allow the system to continue undisturbed.

Each brake actuating line incorporates a shuttle valve for the purpose of isolating the emergency brake system from the normal brake system. When brake actuating pressure enters the shuttle valve, the shuttle is automatically moved to the opposite end of the valve. This closes off the hydraulic brake system actuating line. Fluid returning from the brakes travels back into the system to which the shuttle was last open. 
Power boost brake systems

We have seen that independent brake systems are used in light aircraft and power brake systems in large aircraft. There is a middle ground between light and large: aircraft that land fast enough to build up more energy than an independent system can handle, but are still light enough in weight that they do not require the complex power brake system. Certain manufacturers simply install the more sophisticated power brake system; another solution is the power boost system.

The power boost system uses aircraft hydraulic system fluid to assist the pedals through a power boost master cylinder. Actual hydraulic system fluid never enters the brake system.
 A typical power boost brake system is depicted in FIG. 9-19. The system is made up of a reservoir, two power boost master cylinders, two shuttle valves, and the brake assembly in each main gear. The system depicted also utilizes a bottle of compressed air as an emergency backup. Main hydraulic system pressure is routed from the pressure manifold to the power master cylinders. When the brake pedals are depressed, fluid for actuating the brakes is routed from the power boost master cylinders through the shuttle valves to the brakes.
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When the brake pedals are released, the main system pressure port in the master cylinder is closed. Fluid that was moved into the brake assembly is forced out the return port by a piston in the brake assembly, through the return line to the brake reservoir. The brake reservoir is connected to the main hydraulic system reservoir to assure an adequate supply of fluid to operate the brakes. 
UNITII

Direct mechanical control (conventional control system)
· The linkage from cabin to control surface can be fully mechanical if the aircraft size and its flight envelop allow; in this case the hinge moment generated by the surface deflection is low enough to be easily contrasted by the muscular effort of the pilot. 

· Two types of mechanical systems are used: push-pull rods and cable-pulley. 

· In the first case a sequence of rods link the control surface to the cabin input. 

· Bell-crank levers are used to change the direction of the rod routings: fig. 6.2 sketches the push-pull control rod system between the elevator and the cabin control column; the bell-crank lever is here necessary to alter the direction of the transmission and to obtain the conventional coupling between stick movement and elevator deflection (column fwd = down deflection of surface and pitch down control). 

· First of all the linkage must be stiff, to avoid any unwanted deflection during flight and due to fuselage elasticity. Second, axial instability during compression must be excluded; 

[image: image58.emf]
Fig 6.2

· The reference length is linked to the real length of the rod, meaning that to increase the instability load the length must be decreased, or the rods must be frequently constrained by slide guides, or the routing must be interrupted with bell-cranks. 

· Finally a modal analysis of the system layout is sometimes necessary, because vibrations of the rods can introduce oscillating deflections of the surface.

[image: image59.emf]
Fig 6.3

· The same operation described before can be done by a cable-pulley system, where couples of cables are used in place of the rods. 
· In this case pulleys are used to alter the direction of the lines, equipped with idlers to reduce any slack due to structure elasticity, cable strands relaxation or thermal expansion.

·  Often the cable-pulley solution is preferred, because is more flexible and allows reaching more remote areas of the airplane.

·  An example is sketched in fig. 6.3, where the cabin column is linked via a rod to a quadrant, which the cables are connected to.

Fly-By-Wire
· In the 70’s the fly-by-wire architecture was developed, starting as an analogue technique and later on, in most cases, transformed into digital. 

· It was first developed for military aviation, where it is now a common solution; the supersonic Concorde can be considered a first and isolated civil aircraft equipped with a (analogue) fly-by-wire system, but in the 80’s the digital technique was imported from military into civil aviation by Airbus, first with the A320, then followed by A319, A321, A330, A340, Boeing 777 and A380 (scheduled for 2005). 

Working principles:

· This architecture is based on computer signal processing and is schematically shown in fig. 6.5: 

· the pilot’s demand is first of all transduced into electrical signal in the cabin and sent to a group of independent computers (Airbus architecture substitute the cabin control column with a side stick); 

· the computers sample also data concerning the flight conditions and servo-valves and actuators positions; 

· the pilot’s demand is then processed and sent to the actuator, properly tailored to the actual flight status. 

· The flight data used by the system mainly depend on the aircraft category; in general the following data are sampled and processed:

1. pitch, roll, yaw rate and linear accelerations; 
2. angle of attack and sideslip; 
3.  airspeed/mach number, pressure altitude and radio altimeter indications; 
4. stick and pedal demands;  other cabin commands such as landing gear   condition, thrust lever position, etc. 

· The full system has high redundancy to restore the level of reliability of a mechanical or hydraulic system, in the form of multiple (triplex or quadruplex) parallel and independent lanes to generate and transmit the signals, and independent computers that process them; 

· In some cases the multiplexing of the digital computing and signal transmission is supported with an analogue or mechanical back-up system, to achieve adequate system reliability.
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· The benefits of the fly-by-wire architecture are different, and vary significantly between military and civil aircraft; some of the most important benefits are as follows: 

• Flight envelope protection (the computers will reject and tune pilot’s demands that 

   might exceed the airframe load factors); 

• Increase of stability and handling qualities across the full flight envelope, including   

  the possibility of flying unstable vehicles; 

• Turbulence suppression and consequent decrease of fatigue loads and increase of 

  passenger comfort; 

• Use of thrust vectoring to augment or replace lift aerodynamic control, then 

  extending the aircraft flight envelope; 

• drag reduction by an optimised trim setting; 

• Higher stability during release of tanks and weapons; 

• Easier interfacing to auto-pilot and other automatic flight control systems; 

• Weight reduction (mechanical linkages are substituted by wirings); 

• Maintenance reduction; 

• Reduction of airlines’ pilot training costs (flight handling becomes very similar in an 

  whole aircraft family). 

· For civil fly-by-wire aircraft in normal operation the flight control changes according to the flight mode: ground, take-off, flight and flare. 

· Transition between modes is smooth and the pilot is not affected in its ability to control the aircraft:

·  In Ground Mode the pilot has control on the nose wheel steering as a function of speed, after lift-off the envelope protection is gradually introduced and

·  In Flight Mode the aircraft is fully protected by exceeding the maximum negative and positive load factors (with and without high lift devices extracted), angle of attack, stall, airspeed/Mach number, pitch attitude, roll rate, bank angle etc;

·  Finally, when the aircraft approaches to ground the control is gradually switched to flare mode, where automatic trim is deactivated and modified flight laws are used for pitch control.

· The risk of aircraft loss due to flight control failure is 2x10-6 per flight hour for a sophisticated military airplane, that anyway has the ejection seat as ultimate solution; 

· The risk is reduced to 10-9 per flight hour for a civil airplane, were occupants cannot evacuate the airplane during flight.

Power operated and power assisted

· Aircraft with cruise speeds of approximately 300 knots and faster develop significant air loads on the control surfaces that are difficult for the pilot to overcome when operating the controls without mechanical advantage. 

· As a result, aircraft in this category will typically employ hydraulically operated flight controls. 

· Conventional cable or pushrod systems are installed in the aircraft as usual, but tied into a power transmission quadrant. 

· When the system is activated, the pilot's control inputs do not go directly to individual control surfaces. 

· Instead, the inputs open and close hydraulic valves that direct hydraulic fluid to individual actuators. The actuator moves the control surface to the requested position. 

· There are two primary methods of providing for hydraulic control system failure. 
Power assisted control
· The pilot’s control is connected to the control surface through push pull rod and control lever.

· E.g., control column to initiate a climb say, the control lever pivots about point ‘X’ and Moving the elevators up. 

· At the same time, the control valve pistons are displaced and this allows oil from the hydraulic system to flow to the left hand side of the actuating jack piston.

· The rod of which is secured to the aircraft’s structures.

· The reaction of the pressure exerted on the piston causes the whole servo unit, and control lever, to move to the left because of the greater control effort produced.

· The pilot is assisted in making further upward movement of the elevator. 
Fully powered control

· In this system pilot control is connected to the control lever only while servo-unit directly connected to the control surface.

· Thus, the effort required by the pilot to move the control column is simply that needed to move the control lever and control valve piston.

· It does not vary with the effort required to move the control surface, which is supplied solely by servo-unit hydraulic power.

· Since no forces are transmitted back to the pilot. The pilot has no feel of the aerodynamic load acting on the control surfaces.

· It is necessary to incorporate an ‘artificial feel’ device connected between the pilot’s controls and servo-unit control lever.

· A commonly used system for providing artificial feel is the one known as ‘q’ feel.

· In this system, the feel force varies with dynamic pressure of the air, the pressure being sensed by pitot –tube or bellows type sensing element.

· The sensing element connected in the hydraulic powered controls.

· The hydraulic unit produces control forces dependent on the amount of control movement and forward speed of the aircraft.        
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Autopilot Systems
Definition 

An aircraft automatic pilot system controls the aircraft without the pilot directly maneuvering the controls. The autopilot maintains the aircraft’s attitude and/or direction and returns the aircraft to that condition when it is displaced from it. Automatic pilot systems are capable of keeping aircraft stabilized laterally, vertically, and longitudinally. 

The primary purpose of an autopilot system 
1. To reduce the work strain and fatigue of controlling the aircraft during long flights. Most autopilots have both manual and automatic modes of operation. 
2. In the manual mode, the pilot selects each maneuver and makes small inputs into an autopilot controller. 
3. The autopilot system moves the control surfaces of the aircraft to perform the maneuver. 
4. In automatic mode, the pilot selects the attitude and direction desired for a flight segment. The autopilot then moves the control surfaces to attain and maintain these parameters.

 Autopilot systems provide for one-, two-, or three-axis control of an aircraft. Those that manage the aircraft around only one axis control the ailerons. They are single-axis autopilots, known as wing leveler systems, usually found on light aircraft. [Figure 10-107] Other autopilots are two-axis systems that control the ailerons and elevators. Three-axis autopilots control the ailerons, elevators, and the rudder. Two-and threeaxis autopilot systems can be found on aircraft of all sizes. There are many autopilot systems available. 

Basis for Autopilot Operation
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· The automatic pilot system flies the aircraft by using electrical signals developed in gyro-sensing units. 

· These units are connected to flight instruments that indicate direction, rate of turn, bank, or pitch. 

· If the flight attitude or magnetic heading is changed, electrical signals are developed in the gyros.

· These signals are sent to the autopilot computer/amplifier and are used to control the operation of servo units.

· A servo for each of the three control channels converts electrical signals into mechanical force, which moves the control surface in response to corrective signals or pilot commands.
Rudder Channel 
1. Receives two signals that determine when and how much the rudder moves. 
2. The first signal is a course signal derived from a compass system. As long as the aircraft remains on the magnetic heading it was on when the autopilot was engaged, no signal develops. 
3. But any deviation causes the compass system to send a signal to the rudder channel that is proportional to the angular displacement of the aircraft from the preset heading.

4. The second signal received by the rudder channel is the rate signal that provides information anytime the aircraft is turning about the vertical axis. 
5. This information is provided by the turn-and-bank indicator gyro. 
6. When the aircraft attempts to turn off course, the rate gyro develops a signal proportional to the rate of turn, and the course gyro develops a signal proportional to the amount of displacement. 
7. The two signals are sent to the rudder channel of the amplifier, where they are combined and their strength is increased. The amplified signal is then sent to the rudder servo. 
8. The servo turns the rudder in the proper direction to return the aircraft to the selected magnetic heading.
9.  When the two signals are equal in magnitude, the servo stops moving. 
10. As the aircraft arrives on course, the course signal reaches a zero value, and the rudder is returned to the streamline position by the follow-up signal.

Aileron Channel 
1. Receives its input signal from a transmitter located in the gyro horizon indicator.
2.  Any movement of the aircraft about its longitudinal axis causes the gyro-sensing unit to develop a signal to correct for the movement. 
3. This signal is amplified, phase detected, and sent to the aileron servo, which moves the aileron control surfaces to correct for the error.
4. When the two signals are equal in magnitude, the servo stops moving.
5.  When the aircraft has returned to level flight roll attitude, the input signal is again zero. At the same time, the control surfaces are streamlined, and the follow-up signal is zero.

Elevator Channel 

1. These circuits are similar to those of the aileron channel, with the exception that the elevator channel detects and corrects changes in pitch attitude of the aircraft. 
2. For altitude control, a remotely mounted unit containing an altitude pressure diaphragm is used. 

3. The signals control the pitch servos, which move to correct the error. An altitude select function causes the signals to continuously be sent to the pitch servos until a preselected altitude has been reached.
4.  The aircraft then maintains the preselected altitude using altitude hold signals.

Engine Control Systems

· To allow the engine to perform at maximum efficiency for a given condition 

· Aids the pilot to control and monitor the operation of the aircraft's power plant 

· Originally, engine control systems consisted of simple mechanical linkages controlled by the pilot then evolved and became the responsibility of the third pilot-certified crew member, the flight engineer 

· By moving throttle levers directly connected to the engine, the pilot or the flight engineer could control fuel flow, power output, and many other engine parameters. 

· Following mechanical means of engine control came the introduction of analog electronic engine control. 

· Analog electronic control varies an electrical signal to communicate the desired engine settings 

· It had its drawbacks including common electronic noise interference and reliability issues 

· Full authority analogue control was used in the 1960s. 

· It was introduced as a component of the Rolls Royce Olympus 593 engine of the supersonic transport aircraft Concorde. However the more critical inlet control was digital on the production aircraft.  In the 1970s NASA and Pratt and Whitney experimented with the first experimental FADEC, first flown on an F-111 fitted with a highly modified Pratt & Whitney TF30 left engine 

· Pratt & Whitney F100 – First Military Engine 

· Pratt & Whitney PW2000 - First Civil Engine fitted with FADEC 

· Pratt & Whitney PW4000 - First commercial "dual FADEC" engine. 

· The Harrier II Pegasus engine by Dowty & Smiths Industries Controls - The first FADEC in service 

Functions

· FADEC works by receiving multiple input variables of the current flight condition including air density, throttle lever position, engine temperatures, engine pressures, and many other parameters 

· The inputs are received by the EEC and analyzed up to 70 times per second 

· Engine operating parameters such as fuel flow, stator vane position, bleed valve position, and others are computed from this data and applied as appropriate. 

· It controls engine starting and restarting. 

· Its basic purpose is to provide optimum engine efficiency for a given flight condition. 

· It also allows the manufacturer to program engine limitations and receive engine health and maintenance reports. For example, to avoid exceeding a certain engine temperature, the FADEC can be programmed to automatically take the necessary measures without pilot intervention. 

· The flight crew first enters flight data such as wind conditions, runway length, or cruise altitude, into the flight management system (FMS). The FMS uses this data to calculate power settings for different phases of the flight. 

· At takeoff, the flight crew advances the throttle to a predetermined setting, or opts for an auto-throttle takeoff if available. 

· The FADECs now apply the calculated takeoff thrust setting by sending an electronic signal to the engines 

· There is no direct linkage to open fuel flow. This procedure can be repeated for any other phase of flight 

· In flight, small changes in operation are constantly made to maintain efficiency. 

· Maximum thrust is available for emergency situations if the throttle is advanced to full, but limitations can’t be exceeded 

· The flight crew has no means of manually overriding the FADEC 

· True full authority digital engine controls have no form of manual override available, placing full authority over the operating parameters of the engine in the hands of the computer 

· If a total FADEC failure occurs, the engine fails 

· If the engine is controlled digitally and electronically but allows for manual override, it is considered solely an EEC or ECU. 

· An EEC, though a component of a FADEC, is not by itself FADEC. When standing alone, the EEC makes all of the decisions until the pilot wishes to intervene 

Safety 

· With the operation of the engines so heavily relying on automation, safety is a great concern. 

· Redundancy is provided in the form of two or more, separate identical digital channels. 

· Each channel may provide all engine functions without restriction. 

· FADEC also monitors a variety of analog, digital and discrete data coming from the engine subsystems and related aircraft systems, providing for fault tolerant engine control 

Applications 

· FADECs are employed by almost all current generation jet engines, and increasingly in piston engines for fixed-wing aircraft and helicopters. 

· The system replaces both magnetos in piston-engined aircraft, which makes costly magneto maintenance obsolete and eliminates carburetor heat, mixture controls and engine priming. 

· Since, it controls each engine cylinder independently for optimum fuel injection and spark timing, the pilot no longer needs to monitor fuel mixture. 

· More precise mixtures create less engine wear, which reduces operating costs and increases engine life for the average aircraft. 

· Tests have also shown significant fuel savings 

Advantages 

· Better fuel efficiency 

· Automatic engine protection against out-of-tolerance operations 

· Safer as the multiple channel FADEC computer provides redundancy in case of failure 

· Care-free engine handling, with guaranteed thrust settings 

· Ability to use single engine type for wide thrust requirements by just reprogramming the FADECs  

· Provides semi-automatic engine starting 

· Better systems integration with engine and aircraft systems  

· Can provide engine long-term health monitoring and diagnostics 

· Reduces the number of parameters to be monitored by flight crews 

· Due to the high number of parameters monitored, the FADEC makes possible "Fault Tolerant Systems" (where a system can operate within required reliability and safety limitation with certain fault configurations) 

· Can support automatic aircraft and engine emergency responses (e.g. in case of aircraft stall, engines increase thrust automatically). 

Disadvantages 

· No form of manual override available, placing full authority over the operating parameters of the engine in the hands of the computer. 

· If a total FADEC failure occurs, the engine fails. 

· In the event of a total FADEC failure, pilots have no way of manually controlling the engines for a restart, or to otherwise control the engine. 

· With any single point of failure, the risk can be mitigated with redundant FADECs 

· High system complexity compared to hydromechanical, analogue or manual control systems 

· High system development and validation effort due to the complexity.

UNITIII

AIRCRAFT FUEL SYSTEMS

Fuel System Components

1. Fuel Tanks

1. There are three basic types of aircraft fuel tanks: rigid removable tanks, bladder tanks, and integral fuel tanks.
2. Most tanks are constructed of noncorrosive material(s). They are typically made to be vented either through a vent cap or a vent line. 
3. Aircraft fuel tanks have a low area called a sump that is designed as a place for contaminants and water to settle. 
4. The sump is equipped with a drain valve used to remove the impurities during preflight walk-around inspection. [image: image64.png]



a. Rigid Removable Fuel Tanks

1. Normally found in many older model aircraft. 
2. A rigid tank is made from 3003 or 5052 aluminum alloy or stainless steel and are riveted   

    and seam welded to prevent leaks. 
3. Many early tanks were made of a thin sheet steel coated with a lead/tin alloy called  

     terneplate. 
5. The terneplate tanks have folded and soldered seams. 
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Bladder Fuel Tanks

1. A fuel tank made out of a reinforced flexible material called a bladder tank can be used instead of a rigid tank. 
2. A bladder tank does not require as large an opening in the aircraft skin to install. 
3. The tank, or fuel cell as it is sometimes called, can be rolled up and put into a specially prepared structural bay or cavity through a small opening, such as an inspection opening. 

4. Bladder tanks must be attached to the structure with clips or other fastening devices. 

5. Bladder fuel tanks are used on aircraft of all size. 
6. They are strong and have a long life.
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Integral Fuel Tanks

1. Normally found on many aircraft, especially transport category and highperformance aircraft. 
2. The sealed skin and structural members provide the highest volume of space available with the lowest weight. 
3. This type of tank is called an integral fuel tank since it forms a tank as a unit within the airframe structure. 
4. Integral fuel tanks in the otherwise unused space inside the wings are most common. 
5. Aircraft with integral fuel tanks in the wings are said to have wet wings.
6. Baffle check valves are commonly used. 
7. These valves allow fuel to move to the low, inboard sections of the tank but prevent it 
from moving outboard.
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2. Fuel Lines and Fittings

1. Aircraft fuel lines can be rigid or flexible depending on location and application. 
2. Rigid lines are often made of aluminum alloy and are connected with Army/Navy (AN) or military standard (MS) fittings. 
3. Fuel Valves

1. There are many fuel valve uses in aircraft fuel systems. 
2. They are used to shut off fuel flow or to route the fuel to a desired location. 
3. Large aircraft fuel systems have numerous valves. Most simply open and close. 
4. Fuel valves can be manually operated, solenoid operated, or operated by electric motor.

4. Hand-Operated Valves

1. There are three basic types of hand-operated valves used in aircraft fuel systems. 
2. The cone-type valve and the poppettype valve are commonly used in light general aviation aircraft as fuel selector valves. 
3. Gate valves are used on transport category aircraft as shutoff valves. 

5. Fuel Pumps

1. All aircraft have at least one fuel pump to deliver clean fuel under pressure to the fuel metering device for each engine. 
2. Engine-driven pumps are the primary delivery device. 
3. Auxiliary pumps are used on many aircraft as well. 
4. Auxiliary pumps are used to provide fuel under positive pressure to the engine-driven pump and during starting.

5. On many large aircraft, boost pumps are used to move fuel from one tank to another. 
6. There are many different types of auxiliary fuel pumps in use. 
7. Most are electrically operated, but some hand-operated pumps are found on older aircraft. 
6. Fuel System Indicators

1. Aircraft fuel systems utilize various indicators. 
2. All systems are required to have some sort of fuel quantity indicator. 
3. Fuel flow, pressure, and temperature are monitored on many aircraft. 
4. Valve position indicators and various warning lights and annunciations are also used.

Small Single-Engine Aircraft Fuel Systems

Gravity Feed Systems

1. High-wing aircraft with a fuel tank in each wing are common.
2.  With the tanks above the engine, gravity is used to deliver the fuel.
3.  The space above the liquid fuel is vented to maintain atmospheric pressure on the fuel as the tank empties. 
4. The two tanks are also vented to each other to ensure equal pressure when both tanks feed the engine. 
5. A single screened outlet on each tank feeds lines that connect to either a fuel shutoff valve or multiposition selector valve. 
6. The shutoff valve has two positions: fuel ON and fuel OFF. 
7. If installed the selector valve provides four options: fuel shutoff to the engine; fuel feed from the right wing tank only; fuel feed from the left fuel tank only; fuel feed to the engine from both tanks simultaneously.
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8. Downstream of the shutoff valve or selector valve, the fuel passes through a main system strainer. 
9. This often has a drain function to remove sediment and water. 
10. From there, it flows to the carburetor or to the primer pump for engine starting. 
11. Having no fuel pump, the gravity feed system is the simplest aircraft fuel system.

Pump Feed Systems

1. Low- and mid-wing single reciprocating engine aircraft cannot utilize gravity-feed fuel systems because the fuel tanks are not located above the engine. 
2. Instead, one or more pumps are used to move the fuel from the tanks to the engine. 
3. Each tank has a line from the screened outlet to a selector valve. 
4. However, fuel cannot be drawn from both tanks simultaneously; if the fuel is depleted in one tank, the pump would draw air from that tank instead of fuel from the full tank. 
5. Since fuel is not drawn from both tanks at the same time, there is no need to connect the tank vent spaces together.
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6. From the selector valve (LEFT, RIGHT, or OFF), fuel flows through the main strainer where it can supply the engine primer. 
7. Then, it flows downstream to the fuel pumps. 
8. Typically, one electric and one engine-driven fuel pump are arranged in parallel. 
9. They draw the fuel from the tank(s) and deliver it to the carburetor. 
10. The two pumps provide redundancy. 
11. The engine-driven fuel pump acts as the primary pump. 
12. The electric pump can supply fuel should the other fail. 
13. The electric pump also supplies fuel pressure while starting and is used to prevent vapor lock during flight at high altitude.

FUNCTION OF THE LUBRICATION SYSTEM (PISTON ENGINE)

The components that make up a piston engine are subjected to high loads, high temperatures, and high speeds. The component parts are generally made of metals, and as the moving parts of the engine slide against each other, there is a resistance to their movement. This is called ‘Friction’. The friction will increase as the load, temperature and speed increases, the movement of the components also produces ‘Wear’ which is the loss or destruction of the metal components. Both friction and wear can be reduced by preventing the moving surfaces coming into contact by separating them with a material/substance which has lower frictional properties than the component parts. This is referred to as a ‘Lubricant’. A lubricant can come in many forms. Greases, Powders and some solid materials. However it is in the form of ‘Oils’ with which this chapter will concentrate on. The oil can be forced between the moving parts, called ‘Pressure Lubrication’ or the components can be ‘Splash Lubricated’. The ‘Primary’ task of the lubrication system of the engine is to ‘Reduce Friction’ and component ‘Wear’, it also has a number of secondary functions. Of these perhaps the most important is the task of ‘Cooling’. The flow of oil through the engine helps to dissipate the heat away from the internal components of the engine.

As the oil flows through the engine it also carries away the by-products of the combustion

process and ‘Cleans’ the engine. The internal metal components are protecte against ‘Corrosion’ by the oil, which also acts a ‘Hydraulic Medium’ reducing the shock loads between crankshaft and bearing and so reducing vibration. The oil can provide the power source for the operation of a hydraulic variable pitch propeller.

The oil system can be used to give an indication of the power being developed by the engine, and its condition. The oil system’s use as an ‘Indicating Medium’ is of great importance to the pilot as it can give an early warning of mechanical failure or loss of power. It should be remembered that an increase in friction will cause an increase in Friction Horse Power, and therefore a reduction in the Brake Horse Power developed by the engine. The ‘Reduction in Friction and Wear’ by the lubricant is of prime importance, but the secondary functions of ‘Cooling, Cleaning, Protection, Hydraulic and Indicating Mediums’ should not be ignored.

THE WET AND DRY SUMP LUBRICATING SYSTEMS
There are two lubrication systems in common use, these are the ‘Wet Sump’ and ‘Dry Sump’ systems. The system used is normally dependant on the power output of the engine, and role of the aircraft. The principle of lubrication of the engine is the same whichever system is used, the principle difference between the two systems being the method used to store the supply of oil. Most light, non-aerobatic aircraft engines use the ‘Wet Sump’ system. In this system the oil is stored in the bottom or sump of the engine. This simplifies construction but has number of

disadvantages:

a) Lubrication difficulties arise during manoeuvres. The oil enters the crankcase, is flung around by the revolving shafts with possible over-oiling of the engine, inverted flight being particularly hazardous.
b)The temperature of the oil is more difficult to control as it is stored within the hot engine casing.

c) The oil becomes contaminated and oxidizes more easily because of the continual contact

of the oil with hot engine.

d) The oil supply is limited by the sump capacity.

The ‘Dry Sump’ system overcomes the above problems by storing the oil in a remotely mounted ‘Tank’. As previously stated the principle of oil supply is the same for both systems. A ‘Pressure Pump’ circulates the oil through the engine, and so lubricates the moving parts. In a dry sump system, ‘Scavenge Pumps’ then return the oil to the tank to prevent the engine sumps flooding.

The arrangement of the oil systems in different aircraft engines varies widely, however the functions of all such systems are the same. A study of one system will clarify the general

operation and maintenance requirements of other systems. The principal units in a typical reciprocating engine oil system includes an ‘Oil Tank’ (dry sump), ‘Oil Filters’, ‘Pressure’ and ‘Scavenge Pumps’, ‘Oil Cooler’ (radiator), an ‘Oil Pressure’ and ‘Temperature Gauge’, plus the necessary interconnecting oil lines, which are all shown in the Figure 3.1. 
This shows a dry sump system, for a wet sump system the oil tank is not used. 
The following paragraphs state the function of the main components of the system.
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THE OIL TANK

Oil tanks are made of sheet metal, suitably baffled and strengthened internally to prevent damage due to the oil surging during manoeuvres. The tank is placed wherever possible at a higher level than the engine to give a gravity feed to the pressure pump, and forms a reservoir of oil large enough for the engine’s requirements, plus an air space. The air space allows for:

a) The increased oil return when starting the engine. When the engine is stopped after a previous run, the walls of the crankcase are saturated with oil which will drain into the sump. The oil will remain there until the engine is started, when the scavenge pump will return it to the tank.

b) The expansion of the oil, and therefore it's greater volume as the oil absorbs heat from the bearings

c) 'Frothing' due to aeration of the oil.

d) The displacement of oil from the variable pitch propeller and other automatic controlling devices.

The 'hot pot’ forms a separate compartment within the tank. Its purpose is to reduce the time taken to raise the temperature of the oil when starting the engine from cold by restricting the

quantity of oil in circulation when the oil is cold and viscous. The hot pot consists of a cylinder of metal fitted above the oil outlet to the engine, thus the oil must be inside the hot pot to be able to reach the pressure pump. When starting, the level of oil in the hot pot drops, uncovering a ring of small diameter ports. These ports offer a great resistance to the flow of cold thick oil so that very little passes to the inside of the hot pot. The oil is returned from the engine to the inside of the hot pot and is recirculated.

As the hot oil is returned to the tank some of its heat raises the temperature of the walls of

the hot pot. The oil in the immediate vicinity is heated and thins so that the ports offer less

resistance to the flow of the thinner oil, and progressively more and more oil is brought into

circulation. The oil is filtered by the suction filter before passing to the pressure pump. When feathering propellers are fitted, the lower ring of feed ports to the hot pot are placed above the bottom of the tank, this provides a feathering reserve of oil even if the main tank has been emptied through the normal outlet, as would occur if the main feed pipeline was to develop a leak or completely fail.

The scavenge oil returning to the tank is passed by an internal pipeline over a de-aerator plate to the inside of the hot pot. The plate separates the air from the oil to reduce frothing. The

tank is vented through the crankcase breather to prevent oil losses during excessive frothing conditions.

THE SUCTION FILTER

A coarse wire mesh filter is fitted between the tank and pressure pump. It is designed to remove large solid particles from the oil before it enters the pressure pump and so prevent damage.

THE PRESSURE PUMP

The pump consists of two deep toothed spur gears rotating in a close fitting pump casing and driven via the accessory housing. Oil is carried either side of the casing in the space between the gear teeth, and is made to flow. The outlet side of the pump is enclosed and restriction to flow is given from the engine components to be lubricated. This gives a rise in system pressure. The actual oil pressure obtained will depend on the ‘Speed of the Pump’, the ‘Temperature of the Oil’ and the ‘Resistance offered by the Components’. The capacity of the pump must be such that it will supply a minimum oil pressure under its most adverse running conditions of low turning speed and high inlet oil temperature. As a consequence of this, under normal running conditions the increased flow would tend to cause a dangerously high oil pressure. Very high pressures are prevented by a ‘Pressure Relief Valve’ (P.R.V.) across the inlet and outlet connections which limits maximum pressure in the system. When the pressure reaches a predetermined Figure, the valve opens and sufficient oil is returned to the inlet side of the pump

to limit the maximum oil pressure. In operation the engine will have range of operating pressure related to engine speed from idle to maximum RPM.
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(Non Return Valves, or One-Way Valves)

The oil tank may be at a higher level than the pressure pump to provide a gravity feed. When

the engine is stopped and the oil is hot and thin, there is sufficient pressure from the gravity

feed to force the oil through the clearances in the pressure pump so that the oil tank would

drain into the crankcase and the engine would be flooded with oil. This feature of Dry-Sump

operation is sometimes referred to as ‘Over-Oiling’. To prevent this a check valve is fitted. This

consists of either an lightly sprung loaded valve, or electrically-operated S.O.V. which will hold

back the oil until the engine is started.

THE PRESSURE FILTER

The pressure filter is fitted down stream of the pressure pump before the oil enters the engine and is designed to remove very small solid particles before the oil passes to the bearing surfaces. A spring loaded relief valve is fitted to by-pass the filter element when the oil is cold, or if the element becomes blocked. It will also protect the engine if the pressure pump breaks up.

LUBRICATION SYSTEMS FOR TURBINE ENGINES

TWO LUBRICATION SYSTEMS ARE USED IN TURBINE ENGINES: WET-SUMP AND dry-sump. Most systems are dry-sump in conjunction with axial-flow engines; select wet-sump systems are used with centrifugal-flow engines. One of the primary differences between wet-sump and dry-sump systems is the wet-sump stores oil in the engine; the dry-sump uses an external oil tank mounted on, or near, the engine. In the dry-sump system, the hot, return oil is cooled by an oil cooler that uses either an air/oil or fuel/oil heat exchanger system. Of all the points on a turbine engine that use oil as a coolant, the most critical is the exhaust turbine bearing. With exhaust gases leaving the combustion chamber well in excess of 1000°F, this fast-turning bearing requires a high level of cooling efficiency. In addition to oil cooling, certain engines also add the cooling effect of airflow.

The air can be supplied in a number of ways. One method is by a cooling air impeller

that is mounted on the compressor shaft just aft of the main compressor. Other engines add air-pumping vanes to the front of the turbine wheels to channel cooling airflow over the turbine disk, which reduces heat radiation to the bearing surface. Some axial flow engines will use the cooler, pressurized fourth or fifth stage bleed air. 
Whatever method is used, there are several advantages to using supplemental air cooling, for instance, it reduces or eliminates the need for an oil cooler in a wet-sump system. A significant amount of heat can be dissipated with cooling air, thus, reducing the heat that must be absorbed by the oil. Additionally, using cooling air allows a reduction in the quantity of oil necessary to meet the total cooling requirement. Engines that use only oil cooling invariably require an oil heat exchanger, though it is smaller and lighter than such a system would be on a reciprocating engine of equivalent power.

WET-SUMP SYSTEM

Few wet-sump lubrication systems are associated with centrifugal-flow engines, but a typical system is illustrated in FIG. 4-1. Many of the components of the wet-sump system are similar to those of the dry-sump, but the major difference is the location of the oil reservoir. The reservoir of a wet-sump system is located either in the accessory gear case and front compressor bearing support casing, or it is mounted on the bottom of the accessory case. In either instance, wet-sump reservoirs are an integral part of the engine and will hold the majority of the engine oil supply The system illustrated is typical of engines using wet-sump systems in that the bearing and drive gears in the accessory drive are all lubricated by the splash method. The remaining lubrication points are fed by oil that is sprayed directly onto the appropriate bearing or coupling in a manner similar to that used in the dry-sump system. 
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One other difference between the two types of systems is that the wet-sump pressure sys-
tem is of variable pressure in which the pump outlet pressure depends on engine rpm. Scavenged oil goes back to the reservoir (sump) through a combination of pump suction and simple gravity as the oil flows to the lowest point of the engine which is the sump.

DRY-SUMP SYSTEM

Dry-sump systems incorporate an oil tank and cooler arrangement that is mounted somewhere on the engine (FIG. 4-2). It has the advantages of being able to hold a large quantity of oil, easily control oil temperature, and allow the engine design to remain streamlined and efficient. Engines that store oil internally lose some aerodynamic efficiency in their shape because a sump area must be included at the bottom of the engine for oil storage and cooling.

This information includes those components that are typical of dry-sump lubrication systems. Not all components will be found with every system. While it is correct to say that dry-sump systems utilize an oil reservoir or tank that is external to the engine, there must be a small sump located in the engine to which the oil drains, is collected, and pumped to the main tank. This sump typically contains the oil pump, scavenge and pressure inlet strainers, scavenge return connection, pressure outlet ports, oil filter, and various mounting bosses for pressure and temperature indicating units. 
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Figure 4-3 depicts a typical external oil tank. The swivel assembly connected to the oil outlet is designed to provide a constant supply of oil to the engine in any aircraft attitude. The horizontal baffle mounted in the center of the tank helps contain a constant quantity of oil in the lower half of the tank regardless of the aircraft's attitude. The total tank capacity is greater than the space under the baffle; therefore, as oil enters the upper half of the tank, the oil flows through the flapper door to the lower half of the tank keeping the lower half constantly full with the excess oil stored above. The door does not permit oil to travel back into the upper half in the event of turbulence or an unusual attitude, though it does provide for heat expansion; therefore, the oil in the lower half of the tank is essentially trapped and can only find its way out through the swivel assembly intake port. Some tanks also include a de-aerator tray for separating air from return oil.

Oil pump. 
The purpose of the oil pump is to move oil from the tank to the specific parts of the engine that need lubrication. Select pumps include pressure supply and scavenge elements in one pump; others are either a pressure supply pump or a scavenge pump. Which type of pump, or how many pumps, are used with any given engine depends upon the specific requirements of the engine. For instance, axial-flow engines have long rotor shafts that require more bearings than their centrifugal-flow counterparts. As a result, axial-flow engines require a greater number of supply and scavenger elements or pumps with a greater capacity.

Scavenge elements typically have a greater pumping capacity than pressure elements; that is, the system is able to take used oil out of the bearing sump faster than it is able to pump fresh oil to the bearing. The pressure pump supplies the site with a constant flow of fresh oil to assure the part is constantly bathed, but the scavenger will draw away the used oil so quickly that it prevents any oil accumulation in the bearing sump. This prevents oil accumulation that might inhibit flow to the bearing.

Most oil pumps can be separated into three types depending upon design: gear, gerotor, and piston. A gear pump is the most common on aircraft powerplants and a piston pump is the least common; the piston pump is not discussed. Figure 4-4 illustrates a common, two-element, gear oil pump. The illustrated pump has a single pressure element and a single scavenger element, but an actual gear pump might include several pressure and scavenger elements.

A relief valve can be seen on the discharge side of the pump. The valve limits the pump's output pressure by sending bypass oil back to the inlet side of the pump when output pressure exceeds a predetermined limit. Directly below the relief valve, in the diagram, is the shear section. The gear to the far left is driven by the engine. If the pump's gears seize, the shear section would break and automatically disconnect the pump from the engine's accessory drive-gear.

Gerotor pump. 
This pump is somewhat similar to the gear-type pump. A gerotor typically contains a single pressure element and two or more scavenging elements all driven by the same shaft. The pressure is determined by the engine's rpm; therefore, when the engine is at idle, there is minimum pressure, and when the engine is at maximum rpm, there is maximum pressure. All elements are essentially the same shape, but the capacity of the elements can vary by changing the size of the gerotor elements. A pressure element, for instance, might have the pumping capacity of 3.1 gallons per minute (gpm); a scavenge element has a 4.25 gpm capacity.

Filters. 
One of the most important facets of engine lubrication is filtration. Turbine engines rotate at very high speeds on antifriction ball and roller bearings. Even small amounts of particulate matter could rapidly lead to deterioration of the bearings and potential engine destruction. In addition, oil flows through small drilled holes or core passages; small particulate matter could clog these passages, preventing oil flow, resulting in lubrication failure of one or more bearings

Oil pressure relief valve. 
The purpose of the oil pressure relief valve is to set a maximum limit to the system pressure. The relief valve is set to a predetermined value and will automatically bypass oil back to the inlet side of the pump if system pressure exceeds the maximum limit. This is particularly necessary in systems that employ an oil cooler because coolers have very thin walls to maximize the heat exchange. Excessive oil pressure could rupture the heat exchanger walls causing a massive and catastrophic oil leak.

Oil jets. 
Also called nozzles, the oil jets are located directly next to the bearings and parts to be lubricated. The jets are connected to the pump via various pressure lines. The nozzle is designed to atomize and spray the oil directly on the appropriate spot. Some systems include an air/oil mist that is obtained by tapping bleed air from the compressor to the oil nozzle outlet. Such a system is most likely to be used with ball and roller bearings, though the solid oil spray is still considered to be the more effective of the two methods.

One concern regarding oil jets is that the tiny tip orifice is easily clogged. This is the most likely place for system contamination to cause problems; hence, the "lastchance" filter. These filters are as inaccessible as they are effective. Last-chance filters can only be cleaned when the engine is disassembled for overhaul. The problem is if the filter clogs, the tip will not spray oil on the bearing, which will rapidly lead to bearing failure. Prevention of the problem is accomplished by the maintenance technician faithfully and regularly cleaning the main lubrication system filter to get rid of contamination before it reaches the nozzles.

Lubrication system gauge connections. 
Oil temperature and pressure sensing hardware is connected to the oil system to provide flight deck indications. The oil pressure gauge indicates the pressure at the output port of the pump as the oil moves toward the nozzles. The sensor is located between the pump and the nozzles. The oil temperature gauge indicates the temperature of the oil at the engine's pressure inlet. Oil temperature can be obtained two ways: a thermocouple fitting in the oil line or an oil temperature bulb inserted in the oil line.

Lubrication system vents. 
Oil tank air pressure and outside air pressure are equalized with vents that are on the tank or accessory case, depending upon the type of engine. The vents are also called breathers. High altitude aircraft systems usually route the vent through a check valve that is preset to maintain approximately 4 psi within the tank to provide a positive pressure on the oil to assure flow to the oil pump inlet regardless of the ambient pressure.

Lubrication system check valve. 
The purpose of the check valve is to prevent oil from seeping into the engine after shutdown. Check valves are normally spring-loaded ball-and-socket and generally require approximately 5 psi to unseat and allow oil to flow through. The problem is that when the oil pump stops operating, the entire system is essentially in a static condition. Gravity, acting upon the oil lines, might cause the oil in some lines to reverse direction and flow backward through the system. If left unchecked, this would allow oil to flow back into the various sumps underneath the bearings, the engine's accessory gearbox, the compressor rear housing, and the combustion chamber. Unwanted accumulated oil can lead to excessive loading of the accessory drive gears during engine start, contamination of the cabin pressurization air, or internal oil fires.
IGNITION SYSTEMS
4.2 IGNITION SYSTEM TYPES

Basically Convectional Ignition systems are of 2 types :

(a) Battery or Coil Ignition System, and

(b) Magneto Ignition System.

Both these conventional, ignition systems work on mutual electromagnetic induction

principle.

Battery ignition system was generally used in 4-wheelers, but now-a-days it is more commonly used in 2-wheelers also (i.e. Button start, 2-wheelers like Pulsar, Kinetic Honda; Honda-Activa, Scooty, Fiero, etc.). In this case 6 V or 12 V batteries will supply necessary current in the primary winding.

Magneto ignition system is mainly used in 2-wheelers, kick start engines. (Example, Bajaj Scooters, Boxer, Victor, Splendor, Passion, etc.). In this case magneto will produce and supply current to the primary winding. So in magneto ignition system magneto replaces the battery.

Battery or Coil Ignition System

Figure 4.2 shows line diagram of battery ignition system for a 4-cylinder petrol engine. It mainly consists of a 6 or 12 volt battery, ammeter, ignition switch, auto-transformer (step up transformer), contact breaker, capacitor, distributor rotor, distributor contact points, spark plugs, etc.

Note that the Figure 4.1 shows the ignition system for 4-cylinder petrol engine, here there are 4-spark plugs and contact breaker cam has 4-corners. (If it is for 6-cylinder engine it will have 6-spark plugs and contact breaker cam will be a perfect hexagon). The ignition system is divided into 2-circuits :

(i) Primary Circuit : It consists of 6 or 12 V battery, ammeter, ignition switch, primary winding it has 200-300 turns of 20 SWG (Sharps Wire Gauge) gauge wire, contact breaker, capacitor.

(ii)Secondary Circuit : It consists of secondary winding. Secondary Ignition Systems winding consists of about 21000 turns of 40 (S WG) gauge wire. Bottom end of which is connected to bottom end of primary and top end of secondary winding is connected to centre of distributor rotor. Distributor rotors rotate and make contacts with contact points and are connected to spark plugs which are fitted in cylinder heads (engine earth).

(iii) Working : When the ignition switch is closed and engine in cranked, as soon as the contact breaker closes, a low voltage current will flow through the primary winding. It is also to be noted that the contact beaker cam opens and closes the circuit 4-times (for 4 cylinders) in one revolution. When the contact breaker opens the contact, the magnetic field begins to collapse. Because of this collapsing magnetic field, current will be induced in the secondary winding. And because of more turns (@ 21000 turns) of secondary, voltage goes unto 28000-30000 volts.

This high voltage current is brought to centre of the distributor rotor. Distributor rotor rotates and supplies this high voltage current to proper stark plug depending upon the engine firing order. When the high voltage current jumps the spark plug gap, it produces the spark and the charge is ignited-combustion starts-products of combustion expand and produce power.
Magneto Ignition System

In this case magneto will produce and supply the required current to the primary winding. In this case as shown, we can have rotating magneto with fixed coil or rotating coil with fixed magneto for producing and supplying current to primary, remaining arrangement is same as that of a battery ignition system.
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4.4 DRAWBACKS (DISADVANTAGES) OF

CONVENTIONAL IGNITION SYSTEMS

Following are the drawbacks of conventional ignition systems :

(a) Because of arcing, pitting of contact breaker point and which will lead to regular maintenance problems.

(b) Poor starting : After few thousands of kilometers of running, the timing becomes inaccurate, which results into poor starting (Starting trouble).

(c) At very high engine speed, performance is poor because of inertia effects of the moving parts in the system.

(d) Some times it is not possible to produce spark properly in fouled spark Ignition Systems

plugs. In order to overcome these drawbacks Electronic Ignition system is used.

4.5 ADVANTAGES OF ELECTRONIC IGNITION

SYSTEM

Following are the advantages of electronic ignition system :

(a) Moving parts are absent-so no maintenance.

(b) Contact breaker points are absent-so no arcing.

(c) Spark plug life increases by 50% and they can be used for about 60000 km without any problem.

(d) Better combustion in combustion chamber, about 90-95% of air fuel mixture is burnt compared with 70-75% with conventional ignition system.

(e) More power output.

(f) More fuel efficiency.

4.6 TYPES OF ELECTRONIC IGNITION SYSTEM

Electronic Ignition System is as follow :

(a) Capacitance Discharge Ignition system

(b) Transistorized system

(c) Piezo-electric Ignition system

(d) The Texaco Ignition system

Capacitance Discharge Ignition System

It mainly consists of 6-12 V battery, ignition switch, DC to DC convertor, charging resistance, tank capacitor, Silicon Controlled Rectifier (SCR), SCR-triggering device, step up transformer, spark plugs.

A 6-12 volt battery is connected to DC to DC converter i.e. power circuit through the ignition switch, which is designed to give or increase the voltage to 250-350 volts. This high voltage is used to charge the tank capacitor (or condenser) to this voltage through the charging resistance. The charging resistance is also so designed that it controls the required current in the SCR.
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Depending upon the engine firing order, whenever the SCR triggering device, sends a pulse, then the current flowing through the primary winding is stopped. And the magnetic field begins to collapse. This collapsing magnetic field will induce or step up high voltage current in the secondary, which while jumping the spark plug gap produces the spark, and the charge of air fuel mixture is ignited.
ENGINE STARTING SYSTEMS

Many types of starter systems have been developed for turbine-powered engines; three basic types are electric motor, air turbine, and combustion. The purpose of a starter is to get the air cycle started by turning the compressor at a high enough rate of speed to supply adequate airflow to support combustion in the burners. With a multiple-spool engine, only the high-pressure compressor needs to turn. Once fuel is added and ignition occurs, the starter must continue to assist the engine in spooling up to a sufficient rotational speed to assure that the engine is self-sufficient. Deactivating the starter system during the start-up procedure is referenced in the operating handbook and is usually related to a specific compressor speed as indicated by the N 1 tachometer.

Electric motor starter systems. 
Two types of electric .starters are direct-cranking and starter-generator. Both systems are very similar except the starter-generator is not disconnected after engine start; the starter-generator produces electricity when the engine is operating. The direct-cranking system, which resembles a reciprocating engine system, serves only as a starter and is disconnected when the engine has reached a selfsustaining speed. The starter-generator system is very popular on corporate turboprop aircraft because one unit fulfills two requirements, weighs less than two separate pieces of equipment, and reduces the number of spare parts in inventory.

Air turbine starter systems. 
This type of system is commonly used on three- and four-engine aircraft and with larger engines where the necessary torque to turn the engine's compressor would require a very large electrical starter motor. Air turbine starters are capable of providing the necessary torque with a unit that is as little as onequarter the weight of an equivalent electrical starter. The system operates by directing high pressure air onto an axial flow turbine contained within the starter system. The turbine drives a reduction gear that is connected to a starter clutch (FIG. 3-26). Most aircraft are designed to utilize one of three possible air sources to operate the system: 
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auxiliary power unit, bleed air from another engine, and a ground power unit. An auxiliary power unit (APU) is a small, on-board turbine engine usually located in the aft fuselage section of the aircraft. This lightweight engine, which can be easily started with an electrical starter, is used to power the aircraft systems when the main engines are shut down. The APU typically provides heat, air-conditioning, electricity, and compressed air, but is not capable of providing any in-flight thrust. By tapping off air from the APU's compressor and routing it to one of the air turbine starter systems, it is possible to start a main engine. 

The bleed air source method simply allows the bleed air of any operating engine to be channeled to the air turbine starter system of any inoperative engine. It is the same system that permits using the APU as an air source
Combustion starter systems. 
The fuel/air combustion starter was primarily developed for use in regional air carrier aircraft operating over short stage lengths and into smaller airports without GPU availability. The system, which can be used in turboprop and turbojet engines, contains a turbine-driven power unit with auxiliary fuel, ignition, and air systems. Normally, the fully automatic system provides a fast and efficient start by using the combustion energy of conventional jet fuel combined with

compressed air stored in a rechargeable bottle
UNIT IV

AIR-CONDITIONING AND PRESSURIZATION SYSTEMS

The air-conditioning and pressurization system provides cabin pressurization, heating, cooling, and cooling of certain specific items such as navigation and communication equipment. Two primary methods of operating aircraft cabin pressurization are turbine-engine bleed air and reciprocating engine turbochargers or internal superchargers. By their very nature, both methods rely on compressed air, which is heated by the act of compression. In addition, heat is also produced inside the cabin through ram-air temperature increases, solar heat, electrical equipment heat, body heat, and engine heat, depending upon the engine's proximity to the cabin. As a result,

it is typically necessary to cool pressurized air prior to its entry into the cabin. Two primary methods of cooling pressurized aircraft are the air cycle machine (ACM) and the vapor cycle system.

Basic requirements. Five basic requirements must be met for an air-conditioning and pressurization system to effectively meet the needs of an aircraft. 
· A reliable source of compressed air to pressurize and ventilate the cabin. In turbine- powered aircraft, the source is engine bleed air.

· A pressure regulator to automatically and manually control the cabin pressure by regulating the cabin air outflow through the outflow valve.

· A method to prevent over-pressurization of the cabin. This is accomplished through the use of pressure relief valves, negative relief valves, and dump valves.

· A positive control method for regulating the cabin air temperature.
·  In turbinepowered aircraft this typically means cooling the turbine-engine bleed air used

for pressurization.

· An effective sealant system that minimizes uncontrolled leakage of pressurized air. Sealants must be tailored to the normally anticipated pressure differentials.

· Major components of an air-conditioning and pressurization system have numerous minor components. 
AIR-CONDITIONING SYSTEMS

The primary purpose of the air-conditioning system is to maintain a comfortable cabin temperature throughout all conditions of flight. It must be capable of adjusting cabin temperature to be able to sustain a range from approximately 70°-80°F under normally anticipated outside air temperatures. To do so, the system must have the ability to heat and cool the flow of air. Finally, the system must also reasonably control cabin humidity to assure passenger comfort and prevent window fogging. Research has shown that long exposure to low levels of humidity results in an acceleration of the aging effect on skin, dehydration, and possible kidney and liver diseases. It is worth noting that diuretics such as coffee exacerbate these problems.

Conditioned air is distributed throughout the flight deck and cabin via ductwork that attempts to reduce, if not eliminate, temperature stratification (hot and cold layers) in the cabin. The duct outlets should be positioned to maintain the temperature of the cabin wallpanels and floors.

Air-cycle cooling systems
1. The system is composed of a primary heat exchanger, primary heat exchanger bypass valve, flow limiters, refrigeration unit, main shutoff valve, secondary heat exchanger, refrigeration unit bypass valve, ram-air shutoff valve, and an air temperature control system. A cabin pressure regulator and a dump valve are included in the pressurization system.

2. Air bled from the compressors of both engines. The engine bleed lines are cross-connected and equipped with check valves to ensure a supply of air from either engine.

3. A flow-limiting nozzle to prevent the complete loss of pressure in the remaining system if a line ruptures, and to prevent excessive hot air bleed through the rupture.

4. After air routed to the primary heat exchanger and its bypass valve simultaneously Cooling air for the heat exchanger is obtained from an inlet duct and is exhausted overboard.

5. The air supply from the primary heat exchanger is controlled to a constant temperature of 300° F. by the heat exchanger bypass valve. 
6. The bypass valve is automatically controlled by upstream air pressure and a downstream temperature-sensing element. 
7. The cabin air is next routed through another flow limiter and a shutoff valve. 
8. The shutoff valve is the main shutoff valve for the system and is controlled from the cockpit.

9. From the shutoff valve, the air is routed to the refrigeration unit bypass valve, to the compressor section of the refrigeration unit, and to the secondary heat exchanger. 
10. The bypass valve automatically maintains compartment air at any preselected temperature between 60° F. and 125° F.
11. Cooling air for the secondary heat exchanger core is obtained from an inlet duct. Some installations use a turbine-driven fan to draw air through the heat exchanger; others use a hydraulically driven blower. After cooling the cabin air, the cooling air is exhausted overboard. 

12. As the cabin air leaves the secondary heat exchanger, it is routed to the expansion turbine, which is rotated by the air pressure exerted on it. In performing this function, the air is further cooled before entering the water separator, where the moisture content of the air is reduced. 
13. From the water separator the air is routed through the temperature sensor to the cabin.

14. Air enters the cabin spaces through a network of ducts and diffusers and is distributed evenly throughout the spaces. Some systems incorporate directional vents that can be rotated by the cabin occupants to provide additional comfort.

15. An alternate ram-air system is provided to supply the cabin with ventilating air if the normal system is inoperative or to rid the cabin areas of smoke, foul odors, or fumes which might threaten comfort, visibility, or safety.

16. The air conditioning and the ram air systems are controlled from a single switch in the cockpit. This switch is a three-position switch for selecting off, normal, and ram. 
17. In the "off'' position (under nor· mal conditions) all cabin air conditioning, pressurization, and ventilating equipment is off. 
18. In the "normal" position (under normal conditions) the air conditioning and pressurization equipment is functioning normally and ram air is off. 
19. In the "ram" position (under normal conditions) the main shutoff valve closes, and the cabin air pressure regulator and the cabin safety dump valve are opened.

20. This allows ram air from the secondary heat exchanger cooling air inlet duct to be routed into the cabin air supply duct for cabin cooling and ventilation. 
21. Air pressure regulator and the safety dump valve energized open, existing cabin air and incoming ram air are constantly being dumped overboard, ensuring a steady flow of fresh air through the cabin.
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Vapor-cycle (Freon) systems
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Major components of a typical Freon system include:

· Evaporator

· Compressor

· Condenser

· Expansion valve

Compressor 
· Powered by either an electric motor or by an air-turbine drive mechanism. 
· The compressor increases the pressure of the Freon in vapor form. 
· The result is that the Freon's high pressure raises the condensation temperature and results in the force necessary to circulate the Freon through the system. 

Condenser 
· Receives the Freon in a gaseous state 
· where it passes through the heat exchanger that uses ambient air to remove heat. 
· When heat is removed from the highpressure gas, Freon is converted to a liquid.  

Receiver 
· Takes this liquid Freon and serves as a reservoir; 
· During heavy cooling demand, the reservoir might be near empty and 
· During periods of reduced cooling demand the reservoir might be full. 
· The main purpose for the receiver is to ensure that the thermostatic expansion valve is not starved for refrigerant under heavy cooling load conditions.

Sub cooler 
· To reduce the liquid temperature after it leaves the receiver. Cooling the refrigerant at that point reduces the possibility of premature vaporization (flash-off
[image: image80.png]Condente prosurs Ram aif out Electronic
switcl juipment
Ram air in / T
e Bjector e
\ assembly Aircraft skin
=i f Ejector air Cround
: hutoff val rou
Condenser |} shutoff valve cooling
assembly || g 9 connection Header
gines
Charge n Sub  Thermostatic assembly
ve : jon vak
: cooler  expansion valve
f {0 Fitegdrier _g N\ A filter
High pressure it
cutout switch

Sight
€855 Evaporator
-« asembly

E=I

Low temperature’

Relief Ol filter cutout switch
valve Evaporator fan
5 Lubricating oil and
Refrigerant vapor refrigerant vapor
Refrigerant liquid Lubricating ol
[22220¢] Engine bleed air Refrigerant
¢ D copeiented v
[BBEZ Evaporator discharge airflow per Por
—— Flow direction o Refrigerant liquid

and vapor

Ficune 14-38. Vapor cycle system flow schematic.




Filter/drier
·  It is simply a sheet-metal housing with inlet and outlet connections. 
· The housing contains an alumina desiccant, a filter screen, and a filter pad. 
· The desiccant absorbs moisture; the screen and filter pad trap any contaminants. 

     Sight glass 
· To help the maintenance technician visually determine if sufficient refrigerant is present. 
· It simply permits a view of the fluid passing through the line. 
· In normal operation, a steady flow of refrigerant moves past the sight glass. 
· If the unit is low on refrigerant, bubbles will be present in the fluid passing the sight glass. 
Expansion valve 
· Lowers Freon pressure and, thus, Freon temperature. 
· The expansion valve meters the flow of refrigerant into the evaporator. 
· Metering, or regulation, of the amount of Freon that is sprayed into the evaporator is necessary because the heat load does not remain constant. 
Evaporator
· All other system components exist to support the operation of this one component. 
· The evaporator is simply a heat exchanger with passages through which warm cabin air flows around passages that contain Freon refrigerant. 
· Freon changes in the evaporator from a liquid to a vapor;  
· The Freon boils in the evaporator at a temperature lower than the cabin temperature, 
· The result is that the Freon extracts heat from the cabin air.

Bootstrap system: 
Figure shows the schematic of a bootstrap system, which is a modification of the simple system. As shown in the figure, this system consists of two heat exchangers (air cooler and aftercooler), in stead of one air cooler of the simple system. It also incorporates a secondary compressor, which is driven by the turbine of the cooling system. This system is suitable for high speed aircraft, where in the velocity of the aircraft provides the necessary airflow for the heat exchangers, as a result a separate fan is not required. 
As shown in the cycle diagram, ambient air state 1 is pressurized to state 2 due to the ram effect. This air is further compressed to state 3 in the main compressor. The air is then cooled to state 4 in the air cooler. The heat rejected in the air cooler is absorbed by the ram air at state 2. The air from the air cooler is further compressed from state 4 to state 5 in the secondary compressor. It is then cooled to state 6 in the after cooler, expanded to cabin pressure in the cooling turbine and is supplied to the cabin at a low temperature T7. Since the system does not consist of a separate fan for driving the air through the heat exchangers, it is not suitable for ground cooling. However, in general ground cooling is normally done by an external air conditioning system as it is not efficient to run the aircraft engine just to provide cooling when it is grounded. Other modifications over the simple system are: regenerative system and reduced ambient system. 
In a regenerative system, a part of the cold air from the cooling turbine is used for precooling the air entering the turbine. As a result much lower temperatures are obtained at the exit of the cooling turbine, however, this is at the expense of additional weight and design complexity. 
The cooling turbine drives a fan similar to the simple system. The regenerative system is good for both ground cooling as well as high speed aircrafts. The reduced ambient system is well-suited for supersonic aircrafts and rockets.

[image: image81.emf]
Oxygen systems

Continuous-flow oxygen

A simple schematic of a basic continuous-flow oxygen system is illustrated in FIG. 8-17. When the line valve is placed in the ON position, oxygen flows from the cylinder to the pressure-reducing valve. The valve reduces the compressed oxygen to the lower pressure required for use by individual oxygen masks. A calibrated orifice in the outlets actually controls the amount of oxygen that flows into individual masks. Passenger oxygen systems come in two forms. In one type, a series of plug-in supply sockets are located in the cabin walls next to the passenger seats. If supplemental oxygen is required, the passenger takes the oxygen mask and plugs it into the closest supply socket. In the second type of system, the masks are installed in overhead containers that open automatically in the event of an excessively low cabin pressure. The masks drop out of the containers and dangle in front of each passenger seat. In each case, the flow of oxygen is automatically turned on by an automatic barometric control valve. An override function for both systems allows the crew to make oxygen available to the passengers regardless of the cabin pressure. 
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Pressure-demand oxygen

Pressure-demand provides individual pressure-demand regulators for each crewmember (FIG. 8-18). This allows each individual to adjust the airflow to their own requirements. Otherwise, both systems are very similar.

Diluter-demand regulators. The name indicates the manner in which it functions by delivering oxygen to the user's lungs in response to the suction of the user's breath. Whenever the unit is operated below 34,000 feet, it automatically dilutes the oxygen in the regulator with appropriate amounts of atmospheric air. Figure 8-19 depicts a diluter-demand regulator. It is a diaphragm-operated valve that opens automatically when a slight suction is applied as the user breathes in. 
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When the user exhales, the valve automatically closes, preventing unwanted oxygen from

flowing. As altitude increases, the air inlet is gradually closed by the bellows, which results in an increasingly high concentration of oxygen until, at approximately 34,000 feet, the air inlet is shut and 100 percent oxygen is supplied. The diluter control (FIG. 8-20), can be set by turning the lever to give 100 percent oxygen at any altitude; however, the obvious drawback is the oxygen supply will not last as long. Unless there is a reason for operating at 100 percent oxygen, such as smoke in the cabin, the control usually remains in the normal oxygen mode. Finally, a red emergency knob is located on the regulator control that, when activated, provides a steady stream of pure oxygen to the mask. This pure oxygen stream will occur regardless of altitude and will not require the suction of a breath to draw it into the mask.
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One problem associated with supplemental oxygen is that it is not always easy to know if the unit is actually providing oxygen. The following procedure illustrates a typical method for checking the operation of a diluter-demand regulator. First, check the oxygen system pressure gauge, which should indicate between 425 and 450 psi, then check out the system using the following steps: 

1. Connect an oxygen mask to each diluter-demand regulator. 

2. Turn the auto-mix lever on the diluter-demand regulator to the "100 percent oxygen" position and listen carefully to make certain that no oxygen is escaping. 

3. Breathe oxygen normally from the mask. The oxygen flowmeter should blink once for each breath (FIG. 8-21).

4. With the auto-mix lever in the "100 percent oxygen" position, place the open end of the mask-to-regulator hose against the mouth and blow gently into the hose. Do not blow hard because the relief valve in the regulator will vent. Resistance should be positive and continuous; if not, the diaphragm or some part of the air-metering system might be leaking.

5. Return the auto-mix lever to the "normal oxygen" position.
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Narrow panel type diluter-demand regulator. This unit is similar to the previous one except that it displays a float-type flow indicator that signals oxygen flow through the regulator to the mask (FIG. 8-22). The face of the regulator also has three manual control levers. The supply lever opens and closes the oxygen supply valve to the unit. The emergency lever will initiate pure oxygen under pressure directly to the mask. The third lever, an oxygen selector, allows the crewmember to choose either an air/oxygen mixture or pure oxygen only.
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 Dangers associated with use of oxygen

It is critical to keep in mind that oxygen is one of the three elements necessary for fire: oxygen, fuel, and heat. Most things will burn under the proper conditions but oils, grease, and nonmetallic materials are particularly susceptible to fire when exposed to pure oxygen under pressure. As a result, all oxygen equipment must be kept absolutely free of any type of oil or petroleum-based product.

Fire potential is directly related to the proportional mix of all three elements. Oxygen alone is not flammable, but oxygen supports and intensifies a fire with any combustible material. Never permit smoking or any open flame in an environment in which oxygen is being used.
Fire protection system
Introduction:

Because fire is one of the most dangerous threats to an aircraft, the potential fire zones of modern multiengine aircraft are protected by a fixed fire protection system. A fire zone is an area, or region, of an aircraft designed by the manufacturer to require fire detection and/or fire extinguishing equipment and a high degree of inherent fire resistance. The term “fixed” describes a permanently installed system in contrast to any type of portable fire extinguishing equipment, such as a hand-held Halon or water fire extinguisher. A complete fire protection system on modern aircraft, and on many older aircraft, includes a fire detection system and a fire extinguishing system. Typical zones on aircraft that have a fixed fire detection and/or fire extinguisher system are: 

1. Engines and auxiliary power unit (APU)

2. Cargo and baggage compartments

3. Lavatories on transport aircraft

4. Electronic bays

5. Wheel wells

6. Bleed air ducts

 Fires are detected in reciprocating engine and small turboprop aircraft using one or more of the following:

1. Overheat detectors

2. Rate-of-temperature-rise detectors

3. Flame detectors

4. Observation by crewmembers

In addition to these methods, other types of detectors are used in aircraft fire protection systems but are seldom used to detect engine fires. For example, smoke detectors are better suited to monitor areas where materials burn slowly or smolder, such as cargo and baggage compartments.

Other types of detectors in this category include carbon monoxide detectors and chemical sampling equipment capable of detecting combustible mixtures that can lead to accumulations of explosive gases. 
Fire protection systems of most large turbine-engine aircraft incorporate several of these different detection methods.

1. Rate-of-temperature-rise detectors

2. Radiation sensing detectors

3. Smoke detectors

4. Overheat detectors

5. Carbon monoxide detectors

6. Combustible mixture detectors

7. Optical detectors

8. Observation of crew or passengers

The types of detectors most commonly used for fast detection of fires are the rate-of-rise, optical sensor, pneumatic loop, and electric resistance systems.

Classes of Fires

The following classes of fires that are likely to occur onboard aircraft, as defined in the U.S. National Fire Protection Association (NFPA) Standard 10, Standard for Portable Fire Extinguishers, 2007 Edition, are:

1. Class A—fires involving ordinary combustible materials, such as wood, cloth, paper, rubber,   

    and plastics.

2. Class B—fires involving flammable liquids, petroleum oils, greases, tars, oil-based paints, 
    lacquers, solvents, alcohols, and flammable gases.

3. Class C—fires involving energized electrical equipment in which the use of an extinguishing 
    media that is electrically nonconductive is important.

4. Class D—fires involving combustible metals, such as magnesium, titanium, zirconium, 
    sodium, lithium, and potassium.

Requirements for Overheat and Fire Protection Systems

Fire protection systems on current-production aircraft do not rely on observation by crew members as a primary method of fire detection. An ideal fire detector system includes as many of the following features as possible:

1. No false warnings under any flight or ground condition.

2. Rapid indication of a fire and accurate location of the fire.

3. Accurate indication that a fire is out.

4. Indication that a fire has re-ignited.

5. Continuous indication for duration of a fire.

6. Means for electrically testing the detector system from the aircraft cockpit.

7. Resists damage from exposure to oil, water, vibration, extreme temperatures, or handling.

8. Light in weight and easily adaptable to any mounting position.

9. Circuitry that operates directly from the aircraft power system without inverters.

10. Minimum electrical current requirements when not indicating a fire.

11. Cockpit light that illuminates, indicating the location of the fire, and with an audible alarm 
      system.

12. A separate detector system for each engine.

Fire Detection/Overheat Systems

A fire detection system should signal the presence of a fire. Units of the system are installed in locations where there are greater possibilities of a fire. Three detector system types in common use are the thermal switch, thermocouple, and the continuous loop.

Thermal Switch System

1. A number of detectors, or sensing devices, are available. Many older-model aircraft still operating have some type of thermal switch system or thermocouple system. 
2. A thermal switch system has one or more lights energized by the aircraft power system and thermal switches that control operation of the light(s). 
3. These thermal switches are heat-sensitive units that complete electrical circuits at a certain temperature. They are connected in parallel with each other but in series with the indicator lights. 
4. [Figure 17-1] If the temperature rises above a set value in any one section of the circuit, the thermal switch closes, completing the light circuit to indicate a fire or overheat condition. 
5. No set number of thermal switches is required; the exact number is usually determined by the aircraft manufacturer. 
6. On some installations, all the thermal detectors are connected to one light; on others, there may be one thermal switch for each indicator light.
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7. Some warning lights are push-to-test lights. The bulb is tested by pushing it in to check an auxiliary test circuit. 
8. The circuit shown in Figure 17-1 includes a test relay. With the relay contact in the position shown, there are two possible paths for current flow from the switches to the light. 
9. This is an additional safety feature. Energizing the test relay completes a series circuit and checks all the wiring and the light bulb. Also included in the circuit shown in Figure 17-1 is a dimming relay. 
10. By energizing the dimming relay, the circuit is altered to include a resistor in series with the light. In some installations, several circuits are wired through the dimming relay, and all the warning lights may be dimmed at the same time. 

Thermocouple System

1. A thermocouple depends on the rate of temperature rise and does not give a warning when an engine slowly overheats or a short circuit develops. 
2. The system consists of a relay box, warning lights, and thermocouples. The wiring system of these units may be divided into the following circuits: 

1. Detector circuit

2. Alarm circuit

3. Test circuit.

3. These circuits are shown in Figure 17-2. The relay box contains two relays, the sensitive relay and the slave relay, and the thermal test unit. 

4. Such a box may contain from one to eight identical circuits, depending on the number of potential fire zones. 
5. The relays control the warning lights. In turn, the thermocouples control the operation of the relays. 
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6. The circuit consists of several thermocouples in series with each other and with the sensitive relay.
7. The thermocouple is constructed of two dissimilar metals, such as chromel and constantan. 
8. The point at which these metals are joined and exposed to the heat of a fire is called a hot junction. 
9. There is also a reference junction enclosed in a dead air space between two insulation blocks. 
10. If the temperature rises rapidly, the thermocouple produces a voltage because of the temperature difference between the reference junction and the hot junction. 

11. If both junctions are heated at the same rate, no voltage results. 
12. In the engine compartment, there is a normal, gradual rise in temperature from engine operation; because it is gradual, both junctions heat at the same rate and no warning signal is given. 
13. If there is a fire, however, the hot junction heats more rapidly than the reference junction. The ensuing voltage causes a current to flow within the detector circuit. 
14. Any time the current is greater than 4 milliamperes (0.004 ampere), the sensitive relay closes. This completes a circuit from the aircraft power system to the coil of the slave relay. 
15. The slave relay then closes and completes the circuit to the warning light to give a visual fire warning. 
16. The total number of thermocouples used in individual detector circuits depends on the size of the fire zones and the total circuit resistance, which usually does not exceed 5 ohms. 
Continuous-Loop Systems

1. A continuous-loop detector or sensing system permits more complete coverage of a fire hazard area than any of the spot-type temperature detectors. 
2. Two widely used types of continuous-loop systems are the thermistor type detectors, such as the Kidde and the Fenwal systems, and the pneumatic pressure detector, such as the Lingberg system. (Lindberg system is also known as Systron-Donner and, more recently, Meggitt Safety Systems.)

Fenwal System

1. The Fenwal system uses a slender Inconel tube packed with thermally sensitive eutectic salt and a nickel wire center conductor. [Figure 17-3] Lengths of these sensing elements are connected in series to a control unit. 
2. The elements may be of equal or varying length and of the same or different temperature settings. The control unit, operating directly from the power source, impresses a small voltage on the sensing elements. [image: image89.png]Figure 17:3. Ferwal sensing element.




3. When an overheat condition occurs at any point along the element length, the resistance of the eutectic salt within the sensing element drops sharply, causing current to flow between the outer sheath and the center conductor. 
4. This current flow is sensed by the control unit, which produces a signal to actuate the output relay and activate the alarms. 
5. When the fire has been extinguished or the critical temperature lowered below the set point, the Fenwal system automatically returns to standby alert, ready to detect any subsequent fire or overheat condition. 

Kidde System

1. In the Kidde continuous-loop system, two wires are imbedded in an inconel tube filled with a thermistor core material. [Figure 17-4] 
2. Two electrical conductors go through the length of the core. One conductor has a ground connection to the tube, and the other conductor connects to the fire detection control unit. 
3. As the temperature of the core increases, electrical resistance to the ground decreases. The fire detection control unit monitors this resistance. 
4. If the resistance decreases to the overheat set point, an overheat indication occurs in the flight deck. Typically, a 10-second time delay is incorporated for the overheat indication. 
5. If the resistance decreases more to the fire set point, a fire warning occurs. 
6. When the fire or overheat condition is gone, the resistance of the core material increases to the reset point and the flight deck indications disappear. 
7. The rate of change of resistance identifies an electrical short or a fire. 
8. The resistance decreases more quickly with an electrical short than with a fire. 
9. In some aircraft, in addition to fire and overheat detection, the Kidde continuous-loop system can supply nacelle temperature data to the airplane condition monitoring function of the aircraft in-flight monitoring system (AIMS).
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SMOKE DETECTION SYSTEMS -

A smoke detection system monitors the cargo and baggage compartments for the presence of smoke, which is indicative of a fire condition. Smoke detection -instruments, which collect air for sampling, are mounted in the compartments in strategic locations.

Smoke detection instruments are classified by method of detection as follows: 
Type I – Measurement of carbon monoxide gas (CO detectors),
 Type II - Measurement of light transmissibility in air (photoelectric devices) , and 
Type III - Visual detection of the presence of smoke by directly viewing air samples (visual devices) •

Carbon Monoxide Detectors

1. The CO detectors, which detect concentrations of carbon monoxide gas, are rarely used to monitor cargo and baggage compartments. 
2. However, they have gained widespread use in conducting tests for the presence of carbon monoxide gas in aircraft cabins and cockpits. 
3. Carbon monoxide is a colorless, odorless, tasteless, non-irritating gas. It is the byproduct of incomplete combustion, and is found in varying degrees in all smoke and fumes from burning carbonaceous substances. 
4. A concentration of .02% (2 parts in 10,000) may produce headache, mental dullness, and physical loginess within a few hours.

5. There are several types of portable testers (sniffers) in use. One type has a replaceable indicator tube which contains a yellow silica gel, impregnated with a complex silico-molybdate compound and is catalyzed using palladium sulfate. 
6. In use, a sample of air is drawn through the detector tube. 
7. When the air sample contains carbon monoxide, the yellow silica gel turns to a shade of green. 
8. The intensity of the green color is proportional to the concentration of carbon monoxide in the air sample at the time and location of the tests.
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Photoelectric Smoke Detectors

1. This type of detector consists of a photoelectric cell, a beacon lamp, a test lamp, and a light trap, all mounted on a labyrinth. 
2. An accumulation of 10% smoke in the air causes the photoelectric cell to conduct electric current. 
3. When activated by smoke, the detector supplies a signal to the smoke detector amplifier. The amplifier signal activates a warning light and bell.
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Visual Smoke Detectors

1. On a few aircraft visual smoke detectors provide the only means of smoke detection. 
2. Indication is provided by drawing smoke through a line into the indicator, using either a suitable suction device or cabin pressurization. 
3. When smoke is present a lamp within the indicator is illuminated automatically by the smoke detector. 
4. The light is scattered so that the smoke is rendered visible in the appropriate window of the indicator. 
5. If no smoke is present the lamp will not be illuminated. A switch is provided to illuminate the lamp for test purposes. 
Smoke, Flame, and Carbon Monoxide Detection Systems

Smoke Detectors

A smoke detection system monitors the lavatories and cargo baggage compartments for the presence of smoke, which is indicative of a fire condition. Smoke detection instruments that collect air for sampling are mounted in the compartments in strategic locations. A smoke detection system is used where the type of fire anticipated is expected to generate a substantial amount of smoke before temperature changes are sufficient to actuate a heat detection system. Two common types used are light refraction and ionization.

Light Refraction Type

The light refraction type of smoke detector contains a photoelectric cell that detects light refracted by smoke particles. Smoke particles refract the light to the photoelectric cell and, when it senses enough of this light, it creates an  electrical current that sets off a light.

Ionization Type

Some aircraft use an ionization type smoke detector. The system generates an alarm signal (both horn and indicator) by detecting a change in ion density due to smoke in the cabin. The system is connected to the 28 volt DC electrical power supplied from the aircraft. Alarm output and sensor sensitive checks are performed simply with the test switch on the control panel.

Flame Detectors

Optical sensors, often referred to as flame detectors, are designed to alarm when they detect the presence of prominent, specific radiation emissions from hydrocarbon flames. The two types of optical sensors available are infrared (IR) and ultraviolet (UV), based on the specific emission wavelengths that they are designed to detect. IR-based optical flame detectors are used primarily on light turboprop aircraft and helicopter engines. These sensors have proven to be very dependable and economical for these applications. When radiation emitted by the fire crosses the airspace between the fire and the detector, it impinges on the detector front face and window. The window allows a broad spectrum of radiation to pass into the detector where it strikes the sensing device filter. The filter allows only radiation in a tight waveband centered on 4.3 micrometers in the IR band to pass on to the radiation-sensitive surface of the sensing device. The radiation striking the sensing device minutely raises its temperature causing small thermoelectric voltages to be generated. These voltages are fed to an amplifier whose output is connected to various analytical electronic processing circuits. The processing electronics are tailored exactly to the time signature of all known hydrocarbon flame sources and ignores false alarm sources, such as incandescent lights and sunlight. Alarm sensitivity level is accurately controlled by a digital circuit.
Carbon Monoxide Detectors

Carbon monoxide is a colorless, odorless gas that is a byproduct of incomplete combustion. Its presence in the breathing air of human beings can be deadly. To ensure crew and passenger safety, carbon monoxide detectors are used in aircraft cabins and cockpits. They are most often found on reciprocating engine aircraft with exhaust shroud heaters and on aircraft equipped with a combustion heater. Turbine bleed air, when used for heating the cabin, is tapped off of the engine upstream of the combustion chamber. Therefore, no threat of carbon monoxide presence is posed. Carbon monoxide gas is found in varying degrees in all smoke and fumes of burning carbonaceous substances. Exceedingly small amounts of the gas are dangerous if inhaled. A concentration of as little as 2 parts in 10,000 may produce headache, mental dullness, and physical lethargy within a few hours. Prolonged exposure or higher concentrations may cause death. There are several types of carbon monoxide detectors. Electronic detectors are common. Some are panel mounted and others are portable. Chemical color-change types are also common. These are mostly portable. Some are simple buttons, cards, or badges that have a chemical applied to the surface. Normally, the color of the chemical is tan. In the presence of carbon monoxide, the chemical darkens to grey or even black. The transition time required to change color is inversely related to the concentration of CO present. At 50 parts per million, the indication is apparent within 15 to 30 minutes. A concentration of 100 parts per million changes

the color of the chemical in as little as 2–5 minutes. As concentration increases or duration of exposure is prolonged, the color evolves from grey to dark grey to black.
Icing

Of all the elements, ice is one of the most versatile destroyers of aircraft performance and handling characteristics. Two types of in-flight icing are rime and glaze. Rime ice forms a rough surface on the aircraft leading edges. The surface of rime ice is rough because the temperature is very cold and a droplet of water contacts the surface and freezes immediately, before spreading out. Conversely, glaze ice is smooth and forms a thick layer over the leading edges because the temperature is slightly below freezing, which allows the water droplet to hit the surface and spread out before freezing.

Icing conditions can be expected anywhere moisture is visible and the temperature is very near or below freezing. Even a small amount of structural icing can have a significant effect on the aerodynamic qualities of an airfoil. Ice accumulations can totally destroy the lift characteristics of the airfoil. The buildup of ice on an airframe increases drag and simultaneously decreases lift. The ice might cause vibrations as the air flows past, and when ice forms on antennae and other protrusions from the airframe, vibrations might be so severe than antennae subsequently break off the airframe. Additionally, radio antenna icing problems might interfere with communication and navigation equipment. Control surfaces can freeze in one position or, if they have freedom of travel, might have a serious imbalance that causes destructive vibration. Fixed slots fill with ice; movable slots freeze in one position. Engine-air inlets can freeze, causing engine performance to degrade or causing the engine to flame-out. And, finally, ice on a windshield will severely reduce forward visibility making collision avoidance scanning techniques impossible and landing approaches very difficult, at best. In-flight icing conditions can be dealt with three ways. First, avoidance: Even when flying aircraft certified for flight into known icing conditions, always critically analyze the situation. (Change course to avoid reported icing. Make pilot reports to assist other pilots flying through the same airspace and conversely rely upon other pilot reports about icing when you are flying through an area that might have icing conditions.) Second: Utilize anti-icing systems to prevent ice accumulation. Third: Utilize

deicing systems to remove ice that has already formed.

Anti-Ice and Deice Systems
Anti-icing equipment is designed to prevent the formation of ice, while deicing equipment is designed to remove ice once it has formed. These systems protect the leading edge of wing and tail surfaces, pitot and static port openings, fuel tank vents, stall warning devices, windshields, and propeller blades. Ice detection lighting may also be installed on some aircraft to determine the extent of structural icing during night flights. 

Most light aircraft have only a heated pitot tube and are not certified for flight in icing. These light aircraft have limited cross-country capability in the cooler climates during late fall, winter, and early spring. Noncertificated aircraft must exit icing conditions immediately. 
Coping with ice

A number of methods are used to either prevent or control the formation of ice on aircraft: hot-air heating, electrical heating, mechanically breaking up ice formations, and alcohol spray. These methods can be employed three ways. A surface might be anti-iced by keeping the surface dry by heating the surface to a temperature that evaporates water upon impingement; or by heating the surface just enough to prevent freezing; or the surface might be deiced by allowing ice to form and then removing it. Depending upon the surface, one or more methods can be employed.

Location of Ice





Method of Control

Leading edges of vertical and horizontal stabilizers
Pneumatic, thermal 

Windshields, windows, and radomes


Pneumatic, thermal

Heater and engine air inlets



Electrical, alcohol

Stall warning transmitters



Electrical

Pitot tubes





Electrical

Flight controls





Electrical

Propeller blade leading edges



Pneumatic, thermal

Lavatory drains





Electrical, alcohol

Pneumatic deicing systems

Deicing boots are standard equipment on all-weather, propeller-driven aircraft. These inflatable rubber deicers are attached to the leading edges of wings, and in some cases, horizontal stabilizers. The deicers are composed of a series of inflatable tubes that lie flat against the leading edge when not in use (FIG. 11-8). When activated, the tubes are alternately inflated with pressurized air, and deflated. This alternating inflation cycle causes the ice to crack and break off. The air stream carries the broken ice away. In turbine-powered aircraft, pressurized air is provided by compressor bleed air. The boot inflation sequence is controlled by a centrally-located distributor valve or, depending upon the manufacturer, by a solenoid-operated valve located adjacent to the deicer air inlet. Rather than have a single deicer boot run the entire length of the leading edge of a wing, they are installed in sections. Each section inflates and deflates 
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 separately from the other sections to minimize the aerodynamic disturbance to the airflow that would result from completely changing the shape of the entire leading edge of the wing at

once. Nevertheless, most operating handbooks still caution against using leading edge

deice on approach to landing because approach airspeed is comparatively slow: a bad

time to decrease the aerodynamic efficiency of the wing.

Deicer boot construction. Deicer boots are constructed with a number of considerations in mind. Built of a soft, pliable rubber or rubberized fabric, they contain tubular air cells. The outermost ply of the deicer is made of conductive neoprene for two reasons. First, excellent resistance to the elements and chemicals encountered in normal service. Second, neoprene is a conductive surface that will dissipate static electricity charges. (If electrical charges accumulated and discharged through the boot to the metal skin underneath, the discharge would cause static interference with the radio equipment.)

Early versions of deicer boots were secured to the leading edges of wing and tail surfaces with cement, fairing strips, and screws, or a combination of them. New versions use a special bonding agent (glue) that secures the boot to the surface. Top and bottom trailing edges of the boot are tapered to provide a smooth airfoil. Newer boots are also lighter in weight and aerodynamically cleaner when not in use (FIG. 11-9).
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Deicer boot cells are connected to a source of pressure and vacuum by nonkinking, flexible hose. Major components of the deicer boot system are: 
· Deicer boots

· Pressurized air source

· Oil separator

· Air pressure and suction relief valves

· Pressure regulator and shutoff valves

· Inflation timer

· Distributor valve or control valve

A typical deicer boot system schematic is depicted in FIG. 11-10. Air pressure for the system in FIG. 11-10 is supplied by bleed air tapped off the turbine engine's compressor. The pressurized air goes from the compressor to the pressure regulator that reduces the air pressure as necessary to operate the deicer system. The vacuum required to deflate the boots, and hold them flat when not in use, is provided by an ejector located downstream from the regulator.
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The air pressure and suction relief valves, and the regulators, maintain the pneumatic system pressure and suction at the desired settings. The timer is composed of a series of switch circuits actuated successfully by a solenoid-operated rotating step switch. The timer is energized when the deicing switch is placed in the ON position. When the crew activates the system, the deicer port in the distributor valve is closed to vacuum. System operating pressure is then applied to the deicers that are connected to that port. At the end of the inflation cycle, the deicer pressure port is shut off, and the air in the deicer flows overboard through the exhaust port. When the air flowing

from the deicers reaches a sufficiently low pressure, the exhaust port closes. Vacuum is then reapplied to exhaust the remaining air from the deicer. This cycling continues for as long as the system is activated. When the crew shuts off the system, the timer automatically returns to its starting position. 
Thermal anti-icing systems

Two types of thermal systems are hot air and electrically heated elements. Thermal systems that are used to prevent the formation of ice—or to deice airfoil leading edges—are usually heated air ducts that run spanwise across the inside of the leading edge. Turbine-powered aircraft typically use bleed-air heat to provide the heated air necessary for operation. Some aircraft, however, use electrically heated elements for anti-icing and deicing airfoil leading edges.

When protection prevents the formation of ice, heated air is supplied continuously to the leading edges as long as the anti-icing system is operating. When protection is supposed to deice the leading edges, much hotter air is supplied for shorter periods on a cyclic system. Select aircraft even provide an automatic temperature control that mixes hot and cold air to maintain a predetermined temperature range. Certain installations have a series of valves that permit the crew to control the hotair flow and conserve bleed air in the event of an engine failure. Or the valve system might channel all the hot air to a specific location in the event of a critical buildup of ice. Those portions of the airfoil that must be protected from the formation of ice are typically provided with a closely spaced double skin (FIG. 1 1 -1 1). This system carries heated air through ducting that allows the hot air to directly heat the leading edge from behind, which is sufficient to prevent ice formation. The hot air is then dumped overboard through a wing tip exhaust or at points where ice formation could be critical, for instance the leading edge of a control surface.
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UNIT V

FLIGHT INSTRUMENTS

1. The instruments used in controlling the aircraft’s flight attitude are known as the flight instruments. 

2. There are basic flight instruments, such as the altimeter that displays aircraft altitude; the airspeed indicator; and the magnetic direction indicator, a form of compass. Additionally, an artificial horizon, turn coordinator, and vertical speed indicator are flight instruments present in most aircraft. 

3. This basic T arrangement for flight instruments is shown in Figure 10-4. The top center position directly in front of the pilot and copilot is the basic display position for the artificial horizon even in modern glass cockpits (those with solid-state, flat-panel screen indicating systems).
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4. Original analog flight instruments are operated by air pressure and the use of gyroscopes. 
ENGINE INSTRUMENTS

1 Engine instruments are those designed to measure operating parameters of the aircraft’s engine(s). 

2 These are usually quantity, pressure, and temperature indications. They also include measuring engine speed(s). 

3 The most common engine instruments are the fuel and oil quantity and pressure gauges, tachometers, and temperature gauges. 
NAVIGATION INSTRUMENTS

1. Navigation instruments are those that contribute information used by the pilot to guide the aircraft along a definite course. 

2. This group includes compasses of various kinds, some of which incorporate the use of radio signals to define a specific course while flying the aircraft en route from one airport to another. 

3. Other navigational instruments are designed specifically to direct the pilot’s approach to landing at an airport. 

4. Traditional navigation instruments include a clock and a magnetic compass. 

5. Radios and instruments sending locating information via radio waves have replaced these manual efforts in modern aircraft. 

THE GYROSCOPE AND ITS PROPERTIES
Definition:

As a mechanical device a gyroscope may be defined as a system containing a heavy metal wheel, or rotor, universally mounted so that it has three degrees of freedom: 

(i) Spinning freedom about an axis perpendicular through its centre (axis of spin XX, ); 

(ii) Tilting freedom about a horizontal axis at right angles to the spin axis (axis of tilt YY, ); and (iii) veering freedom about a vertical axis perpendicular to both the spin and tilt axes (axis of veer ZZ, ).

1. The three degrees of freedom are obtained by mounting the rotor in two concentricalIy pivoted rings, called inner and outer gimbal rings. The whole assembly is known as the gimbal system of a free or space gyroscope. 
2. The system will not exhibit gyroscopic properties unless the rotor is spinning; for example, if a weight is hung on the inner gimbal ring, it will merely displace the rings about axis YY, because there is no resistance to the weight.

3.  When the rotor is made to spin at high speed the device then becomes a true gyroscope possessing two important fundamental properties: gyroscopic inertia or rigidity, and precession. 
4. If a weight is now hung on the inner gimbal ring with the rotor running, it will be found that the gimbal ring will support the weight, thus demonstrating the first fundamental property of rigidity. 

5. However, it will also be found that the complete gimbal system will start rotating about the axis ZZ, such rotation demonstrating the second property of precession. Figure 5.2 illustrates how gyroscopic rigidity may be demonstrated.

6. If the frame and outer gimbal ring are tipped about the axis YY, the gyroscope maintains its spin axis in the horizontal position. If the frame is either rotated about the axis ZZ, or is swung in an arc, the spin axis will continue to point in the same direction.
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The two properties of gyroscope:

Rigidity 

The property which resists any force tending to change the plane of rotation of its rotor. This property is dependent on three factors: (i) the mass of the rotor, (ii) the speed of rotation,

and (iii) the distance at which the mass acts from the centre, i.e. the radius of gyration.

Precession 

The angular change in direction of the plane of rotation under the influence of an applied force. The change in direction takes place, not in line with the applied force, but always at a point 90' away in the direction of rotation. The rate of precession also depends on three factors: (i) the strength and direction of the applied force, (ii) the moment of inertia of the rotor, and (iii) the angular velocity of the rotor. The greater the force, the greater is the rate of precession, while the greater the moment of inertia and the greater the angular velocity, the smaller is the rate of precession.

The axis about which a torque is applied is termed the input axis, and the one about which precession takes place in termed the output axis.
Determining the Direction of Precession:

1. At (a) in Fig 5.3, the rotor of a gyroscope is shown spinning in a clockwise direction and with a force F, applied on the inner gimbal ring. 
2. In transmitting this force to the rim of the rotor, as will be noted from (b), it will act in a horizontal direction. 
3. Let us imagine for a moment that the rotor is broken into segments and concern ourselves with two of them at opposite sides of the rim as show at (c). 
4. Each segment has motion m in the direction of rotor spin, so that when the force F is applied there is a tendency for each segment to move in the direction of the force.
5.  As the gyroscope possesses rigidity this motion is resisted, but the segments will turn about the axis ZZ, so that their direction of motion is along the resultant of motion m and force F. 
6. The other segments will be affected in the same way; therefore, when they are all joined to form

             the solid mass of the rotor it will precess at an angular velocity proportional to the applied force     

           (see diagrams (d) and (e)).'
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In the example illustrated in Fig. 5.4 (a), a 'force, F, is shown applied on the outer ring; 
1. This is the same as transmitting the force on the rotor rim at the point shown in diagram (b). 
2. As in the previous example this results in the direction of motion changing to the resultant of motion m and force F, 
3. This time, however, the rotor precesses about the axis YY, as indicated at (d) and (e).
ALTIMETER

1. The altimeter measures the height of the airplane above a given pressure level. Since it is the only instrument that gives altitude information.

2.  A stack of sealed aneroid wafers comprises the main component of the altimeter. These wafers expand and contract with changes in atmospheric pressure from the static source. 

3. The mechanical linkage translates these changes into pointer movements on the indicator. [Figure 6-2]
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PRINCIPLE OF OPERATION

4. The pressure altimeter is an aneroid barometer that measures the pressure of the atmosphere at the level where the altimeter is located, and presents an altitude indication in feet. 

5. The altimeter uses static pressure as its source of operation. Air is denser at sea level than aloft, so as altitude increases, atmospheric pressure decreases. 

6. This difference in pressure at various levels causes the altimeter to indicate changes in altitude.

7. Some have one pointer while others have two or more.

8.  The dial of a typical altimeter is graduated with numerals arranged clockwise from 0 to 9. 

9. Movement of the aneroid element is transmitted through gears to the three hands that indicate altitude. 

10. The shortest hand indicates altitude in tens of thousands of feet; the intermediate hand in thousands of feet; and the longest hand in hundreds of feet. 

11. This indicated altitude is correct, however, only when the sea level barometric pressure is standard (29.92 inches of mercury), the sea level free air temperature is standard (+15°C or 59°F), and the pressure and temperature decrease at a standard rate with an increase in altitude. 
ACCELEROMETERS

1. An accelerometer is an instrument that measures acceleration. It is used to monitor the forces acting upon an airframe. 
2. Accelerometers are also used in inertial reference navigation systems. The installation of accelerometers is usually limited to high-performance and aerobatic aircraft. 
3. Simple accelerometers are mechanical, direct-reading instruments calibrated to indicate force in Gs. One G is equal to one times the force of gravity. 
4. The dial face of an accelerometer is scaled to show positive and negative forces. 
5. When an aircraft initiates a rapid climb, positive G force tends to push one back into one’s seat. Initiating a rapid decent causes a force in the opposite direction, resulting in a negative G force. 
6. Most accelerometers have three pointers.
7.  One is continuously indicating the acceleration force experienced. 
8. The other two contain ratcheting devices. 
9. The positive G pointer follows the continuous pointer and stay at the location on the dial where the maximum positive force is indicated. 
10. The negative G pointer does the same for negative forces experienced. 
11. Both max force pointers can be reset with a knob on the instrument face. The accelerometer operates on the principle of inertia. A mass, or weight, inside is free to slide along a shaft in response to the slightest acceleration force. 
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AIRSPEED INDICATOR

1. The airspeed indicator is a sensitive, differential pressure gauge which measures and shows promptly the difference between pitot or impact pressure, and static pressure, the undisturbed atmospheric pressure at level flight. 
2. These two pressures will be equal when the airplane is parked on the ground in calm air. 
3. When the airplane moves through the air, the pressure on the pitot line becomes greater than the pressure in the static lines. 
4. This difference in pressure is registered by the airspeed pointer on the face of the instrument, which is calibrated in miles per hour, knots, or both. 
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Pilots should understand the following speeds:

Indicated Airspeed (IAS)—The direct instrument reading obtained from the airspeed indicator,

uncorrected for variations in atmospheric density, installation error, or instrument error. 
Calibrated Airspeed (CAS)—Indicated airspeed corrected for installation error and instrument error. Although manufacturers attempt to keep airspeed errors to a minimum, it is not possible to eliminate all errors throughout the airspeed operating range. 

True Airspeed (TAS)—Calibrated airspeed corrected for altitude and nonstandard temperature. Because air density decreases with an increase in altitude, an airplane has to be flown faster at higher altitudes to cause the same pressure difference between pitot impact pressure and static pressure. 

Groundspeed (GS)—The actual speed of the airplane over the ground. It is true airspeed adjusted for wind. Groundspeed decreases with a headwind, and increases with a tailwind.

Machmeter

1. A Mach meter is a compound flight instrument which accepts two variables and uses them to compute the required ratio. 
2. The first variable is airspeed and therefore a mechanism based on the conventional airspeed indicator is adopted to measure this in terms of the pressure difference p - s, where p is the total or pitot pressure and s the static pressure. 
3. The second variable is altitude, and this is also meas'ured in the conventional manner, i.e. by means of an aneroid capsule sensitive to the static pressure S.
4.  Deflections of the capsules of both mechanisms are transmitted to the indicator pointer by rocking shafts and levers, the dividing function of the altitude unit being accomplished by an intermediate sliding rocking shaft.
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Tachometers

1. The tachometer, or tach, is an instrument that indicates the speed of the crankshaft of a reciprocating engine. 
2. On reciprocating engines, the tach is used to monitor engine power and to ensure the engine is operated within certified limits. 

3. Gas turbine engines also have tachometers. They are used to monitor the speed(s) of the compressor section(s) of the engine. 
4. Turbine engine tachometers are calibrated in percentage of rpm with 100 percent corresponding to optimum turbine speed. 

5. There are two types of tachometer system in wide use today: mechanical and electrical.

Mechanical Tachometers

1. Mechanical tachometer indicating systems are found on small, single-engine light aircraft. 
2. They consist of an indicator connected to the engine by a flexible drive shaft.
3.  The drive shaft is geared into the engine so that when the engine turns, so does the shaft. 
4. The indicator contains a flyweight assembly coupled to a gear mechanism that drives a pointer. 
5. As the drive shaft rotates, centrifugal force acts on the flyweights and moves them to an angular position. 
6. This angular position varies with the rpm of the engine. 
7. The amount of movement of the flyweights is transmitted through the gear mechanism to the pointer. 
8. The pointer rotates to indicate this movement on the tachometer indicator, which is directly related to the rpm of the engine. [Figure 10-53]

[image: image105.png]PERCENT
RPM

60

Figure 10-52. Atachommateyar a reciprocaing engine s calinated it ypm. AtacHometerfor a aybing engine iscalcalated i pevcent afspm.




[image: image106.png]



Electric Tachometers

1. It is not practical to use a mechanical linkage between the engine and the rpm indicator on aircraft with engines not mounted in the fuselage just forward of the instrument panel. 

2. Greater accuracy with lower maintenance is achieved through the use of electric tachometers. 

3. A popular electric tachometer system makes use of a small AC generator mounted to a reciprocating engine’s gear case or the accessory drive section of a turbine engine. 

4. As the engine turns, so does the generator. The frequency output of the generator is directly proportional to the speed of the engine. 
5. It is connected via wires to a synchronous motor in the indicator that mirrors this output.
A. The dual tachometer 
1. Consists of two tachometer indicator units housed in a single case. 
2. The indicator pointers show simultaneously, on one or two scales, the rpm of two engines. 
3. A dual tachometer on a helicopter often shows the rpm of the engine and the rpm of the main rotor.
4.  A comparison of the voltages produced by the two tach generators of this type of helicopter indicator gives information concerning clutch slippage. 
5. A third indication showing this slippage is sometimes included in the helicopter tachometer. [Figure 10-57]

B. Tachometer Probes
1. Some turbine engines use tachometer probes for rpm indication, rather than a tach generator system. 
2. They provide a great advantage in that there are no moving parts. 
3. They are sealed units that are mounted on a flange and project into the compressor section of the engine. 
4. A magnetic field is set up inside the probe that extends through pole pieces and out the end of the probe. 
5. A rotating gear wheel, which moves at the same speed as the engine compressor shaft, alters the magnetic field flux density as it moves past the pole pieces at close proximity. 
6. This generates voltage signals in coils inside the probe. 
7. The amplitude of the EMF signals vary directly with the speed of the engine.
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Temperature Measuring Instruments

The temperature of numerous items must be known for an aircraft to be operated properly. Engine oil, carburetor mixture, inlet air, free air, engine cylinder heads, heater ducts, and exhaust gas temperature of turbine engines are all items requiring temperature monitoring. 

Electrical Resistance Thermometer
Principle

 For most metals, electrical resistance changes as the temperature of the metal changes. This is the principle upon which a resistance thermometer operates. Typically, the electrical resistance of a metal increases as the temperature rises.
1. The principle parts of the electrical resistance thermometer are the indicating instrument, the temperature-sensitive element (or bulb), and the connecting wires and plug connectors. 
2. Electrical resistance thermometers are used widely in many types of aircraft to measure carburetor air, oil, free air temperatures, and more. 
3. They are used to measure low and medium temperatures in the –70 °C to 150 °C range. 

4. The metal resistor is subjected to the fluid or area in which temperature needs to be measured. 
5. It is connected by wires to a resistance measuring device inside the cockpit indicator. 

6. The instrument dial is calibrated in degrees Fahrenheit or Celsius as desired rather than in ohms. 
7. As the temperature to be measured changes, the resistance of the metal changes and the resistance measuring indicator shows to what extent. 

8. A typical electrical resistance thermometer looks like any other temperature gauge. 

9. Indicators are available in dual form for use in multiengine aircraft. 
10. Most indicators are self-compensating for changes in cockpit temperature. 
11. The heat-sensitive resistor is manufactured so that it has a definite resistance for each temperature value within its working range. 
12. The temperature-sensitive resistor element is a length or winding made of a nickel/manganese wire or other suitable alloy in an insulating material. 
13. The resistor is protected by a closed-end metal tube attached to a threaded plug with a hexagonal head. 
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Wheatstone-Bridge Meter 

1. It operates on the principle of balancing one unknown resistor against other known resistances. 
2. Three equal values of resistance [Figure 10-69A, B, and C] are connected into a diamond shaped bridge circuit.
3.  A resistor with an unknown value [Figure 10-69D] is also part of the circuit. 

4. The unknown resistance represents the resistance of the temperature bulb of the electrical resistance thermometer system. 
5. A galvanometer is attached across the circuit at points X and Y. 
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6. When the temperature causes the resistance of the bulb to equal that of the other resistances, no potential difference exists between points X and Y in the circuit. 
7. Therefore, no current flows in the galvanometer leg of the circuit. 
8. If the temperature of the bulb changes, its resistance also changes, and the bridge becomes unbalanced, causing current to flow through the galvanometer in one direction or the other. 
9. The galvanometer pointer is actually the temperature gauge pointer. 
10. As it moves against the dial face calibrated in degrees, it indicates temperature. 
11. Many indicators are provided with a zero adjustment screw on the face of the instrument. 
12. This adjusts the zeroing spring tension of the pointer when the bridge is at the balance point (the position at which the bridge circuit is balanced and no current flows through the meter).
Thermocouple Temperature Indicators

1. A thermocouple is a circuit or connection of two unlike metals. 
2. The metals are touching at two separate junctions. 
3. If one of the junctions is heated to a higher temperature than the other, an electromotive force is produced in the circuit. 
4. This voltage is directly proportional to the temperature. 
5. A voltmeter is placed across the colder of the two junctions of the thermocouple.
6.  It is calibrated in degrees Fahrenheit or Celsius, as needed. 
7. The hotter the high temperature junction (hot junction) becomes, the greater the electromotive force produced, and the higher the temperature indication on the meter. [Figure 10-71]
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8. Thermocouples are used to measure high temperatures. 
9. Two common applications are the measurement of cylinder head temperature (CHT) in reciprocating engines and exhaust gas temperature (EGT) in turbine engines. 
10. Thermocouple leads are made from a variety of metals, depending on the maximum temperature to which they are exposed. 
11. Iron and constantan, or copper and constantan, are common for CHT measurement.
12. Chromel and alumel are used for turbine EGT thermocouples. 

13. The amount of voltage produced by the dissimilar metals when heated is measured in millivolts. 
14. Two common types are the gasket and the bayonet. 
15. In the gasket type, two rings of the dissimilar metals are pressed together to form a gasket that can be installed under a spark plug or cylinder hold down nut. 
16. In the bayonet type, the metals come together inside a perforated protective sheath. 
17. Bayonet thermocouples fit into a hole or well in a cylinder head. 
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18. The cold junction of the thermocouple circuit is inside the instrument case. 
19. Since the electromotive force set up in the circuit varies with the difference in temperature between the hot and cold junctions.

20. This is accomplished by using a bimetallic spring connected to the indicator mechanism. 

21. When the leads are disconnected from the indicator, the temperature of the cockpit area around the instrument panel can be read on the indicator dial.
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Pressure Measuring Instruments

1. Pressure-sensing instruments can be found in the flight group and the engine group. 

2. They can be either direct reading or remote sensing. 
3. These are some of the most critical instruments on the aircraft and must accurately inform the pilot to maintain safe operations. 
4. The three fundamental pressure-sensing mechanisms used in aircraft instrument systems are the Bourdon tube, the diaphragm or bellows, and the solid-state sensing device. 
Bourdon Tube Pressure Gauge is illustrated in Figure 10-9. 
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1. The open end of this coiled tube is fixed in place and the other end is sealed and free to move. 
2. When a fluid that needs to be measured is directed into the open end of the tube, the unfixed portion of the coiled tube tends to straighten out. 
3. The higher the pressure of the fluid, the more the tube straightens. When the pressure is reduced, the tube recoils. 
4. A pointer is attached to this moving end of the tube, usually through a linkage of small shafts and gears. 
5. By calibrating this motion of the straightening tube, a face or dial of the instrument can be created. 

6. The Bourdon tube is the internal mechanism for many pressure gauges used on aircraft. 
7. When high pressures need to be measured, the tube is designed to be stiff.
8.  Gauges used to indicate lower pressures use a more flexible tube that uncoils and coils more readily. 
9. Most Bourdon tubes are made from brass, bronze, or copper.
10.  Bourdon tube gauges are simple and reliable. 
11. Some of the instruments that use a Bourdon tube mechanism include the engine oil pressure gauge, hydraulic pressure gauge, oxygen tank pressure gauge, and deice boot pressure gauge.
12.  Bourdon tube mechanisms can also be used to measure temperature. 
Diaphragm and Bellows Type Pressure Gauge 

1. The diaphragm and bellows are employed in aircraft instruments for pressure measurement.
2.  The diaphragm is a hollow, thin-walled metal disk, usually corrugated. 
3. When pressure is introduced through an opening on one side of the disk, the entire disk expands. 
4. By placing linkage in contact against the other side of the disk, the movement of the pressurized diaphragm can be transferred to a pointer 
5. Pointer registers the movement against the scale on the instrument face. [Figure 10-11]
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Bellows Type Pressure Gauge
1. When a number of diaphragm chambers are connected together, the device is called a bellows. 
2. This accordion like assembly of diaphragms can be very useful when measuring the difference in pressure between two gases, called differential pressure. 
3. Just as with a single diaphragm, it is the movement of the side walls of the bellows assembly that correlates with changes in pressure and to which a pointer linkage and gearing is attached to inform the pilot.
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