the fuselage structure 

The word fuselage is based on the French word fuseler, which means "to streamline." The fuselage must be strong and streamlined since it must withstand the forces that are created in flight. It houses the flight crew, passengers, and cargo.
Fuselages are classified according to the arrangement of their force-resisting structure. The types of fuselages we will study are the truss and the semi-monocoque. Five types of stress act on an aircraft in flight: tension, compression, bending, shear, and torsion. Let's look at each one individually (figures 1-2). 
Tension
Tension is the stress which tends to pull things apart. When you try to break a length of rope, you exert a type of stress which is called tension. (see figure 1-2a) 
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fig 1 - 2a tension stress
Compression
Compression is the opposite of tension. It is the stress which tends to push materials together. When you grasp a football at both ends and push, the ball is subject to compression. The landing gear struts of an aircraft are also subject to compression. 
Bending
This type of stress combines tension and compression. You put a bending stress on a bar when you grasp it with both hands and push the ends together or when you bend a paper clip. The wing spars (interior structural members) are subjected to bending while the aircraft is in flight. The lower side of the spar is subjected to tension, while the upper side is subjected to compression. Obviously, some materials will break before they bend and often are unacceptable for aircraft construction. (see figure 1-2c) 
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fig 1 - 2 c bending stress
Shear
   Shear stress is caused by forces tending to slip or slide one part of a material in respect to another part. This is the stress that is placed on a piece of wood clamped in a vice and you Chip away at it with a hammer and chisel. This type of stress is also exerted when two pieces of metal, bolted together, are pulled apart by sliding one over the other or when you sharpen a pencil with a knife. The rivets in an aircraft are intended to carry only shear. Bolts, as a rule, carry only shear, but sometimes they carry both shear and tension. (see figure 1-2d)
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1 - 2d shear stress
Torsion
   Torsion is the stress which tends to distort by twisting. You produce a torsional force when you tighten a nut on a bolt. The aircraft engine exerts a torsional force on the crankshaft or turbine axis.
   All the members (or major portions) of an aircraft are subjected to one or more of these stresses. Sometimes a member has alternate stresses, such as compression one instant and tension the next. Some members can carry only one type of stress. Wire and cables, for example, normally carry only tension. (see figure 1-2e) 
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fig 1 - 2e torsional stress
traditional construction
Since any member is stronger in compression or tension than in bending, members carry end loads better than side loads. In order to do this, designers arrange the members in the form of a truss, or rigid framework (see figure 1-3). In order for a truss to be rigid, it must be composed entirely of triangles. When the load on a truss acts in one direction, every alternate member carries tension while the other members carry compression. When the load is reversed, the members which were carrying compression now are subjected to tension and those which were carrying tension are under compression. The truss itself consists of a welded tubular steel structure with longerons (horizontal members) and diagonal braces. These features make it rigid, strong, and light.
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fig 1- 3 truss-type fuselage structure
The truss is covered with a metal or fabric cover so that less drag will be generated. To produce a smooth surface, the fabric cover is put on fairing strips, which are thin flat strips of wood or metal. These fairing strips run the length of the fuselage in line with the direction of flight.
Semi-monocoque
The semi-monocoque is the most often used construction for modern, high-performance aircraft. Semi-monocoque literally means half a single shell. Here, internal braces as well as the skin itself carry the stress (see figure 1-4). The internal braces include longitudinal (lengthwise) members called stringers and vertical bulkhead.
The semi-monocoque structure is easier to streamline than the truss structure. Since the skin of the semi-monocoque structure must carry much of the fuselage's strength, it will be thicker in some places than at other places. In other words, it will be thicker at those points where the stress on it is the greatest. 
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fig 1- 4 semi-monocoque - type fuselage structure
Some aircraft use a combination of construction methods. The superb Mooney range of four seat aircraft, for instance, use a steel tube truss frame around the passenger compartment with semi-monocoque behind.
monocoque construction
Many modern light aircraft are constructed using composite (glass fibre) materials. This type of construction is effectively monocoque and is extremely strong. Extra rigidity can be achieved by using glass foam sandwich construction.
the wings 
Wing construction is basically the same in all types of aircraft. Most modern aircraft have all metal wings, but many older aircraft had wood and fabric wings. Ailerons and flaps will be studied later in this chapter.
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fig 1 - 5 wood and fabric wing structure
To maintain its all-important aerodynamic shape, a wing must be designed and built to hold its shape even under extreme stress. Basically, the wing is a framework composed chiefly of spars, ribs, and (possibly) stringers (see figure 1-5). Spars are the main members of the wing. They extend lengthwise of the wing (crosswise of the fuselage). All the load carried by the wing is ultimately taken by the spars. In flight, the force of the air acts against the skin. From the skin, this force is transmitted to the ribs and then to the spars.
Most wing structures have two spars, the front spar and the rear spar. The front spar is found near the leading edge while the rear spar is about two-thirds the distance to the trailing edge. Depending on the design of the flight loads, some of the all-metal wings have as many as five spars. In addition to the main spars, there is a short structural member which is called an aileron spar.
The ribs are the parts of a wing which support the covering and provide the airfoil shape. These ribs are called forming ribs. and their primary purpose is to provide shape. Some may have an additional purpose of bearing flight stress, and these are called compression ribs.
The most simple wing structures will be found on light civilian aircraft. High-stress types of military aircraft will have the most complex and strongest wing structure.
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fig 1 - 6 wing and fuselage attachments
Three systems are used to determine how wings are attached to the aircraft fuselage depending on the strength of a wing's internal structure. The strongest wing structure is the full cantilever which is attached directly to the fuselage and does not have any type of external, stress-bearing structures. The semi-cantilever usually has one, or perhaps two, supporting wires or struts attached to each wing and the fuselage. The externally braced wing is typical of the biplane (two wings placed one above the other) with its struts and flying and landing wires (see figure 1-6). 
In order to confer lateral stability to an aircraft, the wings may be angled upwards from the fuselage towards the wingtips. This is known as a dihedral. Some wings may be inclined the opposite way and this is called anhedral and allows aircraft to be very manoeuvrable, as is needed for military or aerobatic aircraft. 
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empennage 
The empennage, commonly called the tail assembly (see figure 1-7), is the rear section of the body of the airplane. Its main purpose is to give stability to the aircraft. The fixed parts are the horizontal stabilizer and the vertical stabilizer or fin.
 The front, fixed section is called the horizontal stabilizer and is used to prevent the airplane from pitching up or down.
The rear section is called the elevator and is usually hinged to the horizontal stabilizer. The elevator is a movable airfoil that controls the up-and-down motion of the aircraft's nose.
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fig 1 - 7 empennage structure
The vertical tail structure is divided into the vertical stabilizer and the rudder. The front section is called the vertical stabilizer and is used to prevent the aircraft from yawing back and forth. The principle behind its operation is much like the principle of a deep keel on a sailboat. In light, single-engine aircraft, it also serves to offset the tendency of the aircraft to roll in the opposite direction in which the propeller is rotating.
The rear section of the vertical structure is the rudder. It is a movable airfoil that is used to turn the aircraft. 
	Sometimes the fixed stabilizer and separate movable elevators are replaced by a single moving horizontal tail known as a Stabilator. The Piper Pa28 is an example. 
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	Another variation is to combine the vertical fin and the stabilizer into one pair of controls (two instead of three) which form a Vee shape, known as a V-Tail. The theoretical advantage of this design is the reduced interference drag associated with two surfaces instead of three. On the V-tail the combined rudders and elevators are known as Ruddervators. The engineering is more complicated in this system. The early Beechcraft Bonanzas are an example. 
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Tailless Aircraft 
Although the conventional aircraft described above represent 95% of all the worlds aircraft some of the most important designs are Tailless. Concorde, the AVRO Arrow, and the Space Shuttle are three notable examples. As you may have noticed they are all Supersonic aircraft. In the future, when supersonic flight becomes more common we will probably see more tailless aircraft.

On the tailless aircraft the pitch controls and roll controls must both be on the wing. There can be separate elevators and ailerons or they can be combined into one set of controls known as Elevons. 
The tailless aircraft still usually has a vertical Fin with a rudder. 
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Canard Aircraft
A Canard aircraft is one in which the horizontal stabilizer and elevators are ahead of the main wing. Such aircraft still have the same controls as the conventional aircraft they are just in different places. The aircraft below (Cozy) has two vertical fins and two rudders on the tips of the wings. (An interesting side note about this design is that the left rudder pedal operates the left rudder and vice versa. The rudders only extend outboard. Both rudders can be deflected at once by pushing the rudder pedals together, thus acting like drag brakes.) 
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landing gear 
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Landplanes are fitted with either a nose wheel or tailwheel. The landing gear not only has to support the aircraft on the ground but must be capable of withstanding the considerable stresses and shock loadings experienced during landing. The gear is always sprung. This can be by the use of spring metal, rubber or by oleo. An oleo is in effect a spring and shock absorber combined. 
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oleo construction 

Most modern aircraft have are fitted with a nosewheel (tricycle). Earlier designs are most likely to have a tailwheel (taildragger). 

tricycle gear 
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tricycle gear 
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spring metal landing gear of a fixed undercarriage 

Nosewheel airplanes have the "third" wheel in front of the main landing gear (i.e., under the nose) as pictured below. Nose-wheel airplanes have much better handling (due to less airplane behind the pivot point) and visibility characteristics while taxiing. Almost all new airplanes are nose-wheel design. It is most important that the pilot does not land the aircraft on the nose wheel. This is called a ' wheelbarrow ' and often results in serious damage. The nose wheel is usually dampened with a shock absorber or friction ring to prevent shimmy. click here for shimmy animation. 

A torque link is also fitted to maintain correct nose-wheel alignment. Braking is usually controlled from the tops of the rudder pedals, and a separate parking brake is often fitted. 

Most light aircraft have steering nose wheels. When on the ground a linkage is actuated between the rudder pedals and the nose wheel. This  disconnects automatically once that aircraft leaves the ground. A small number of aircraft are fitted with castoring nose wheels. Steering is effected below rudder authority by the use of the differential brakes on the main wheels. An example of an aircraft with a castoring nose wheel is the Grumman Tiger series. Many homebuilt aircraft are also similarly equipped. 
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castoring nose gear of pilotfriend editor's retractable Glasair 

Main Gear 
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typical light aircraft oleo main gear 

Brakes are usually of the disc type and when used differentially may be used to reduce turning circles. 

Creep marks are painted on the tyre and wheel rim so that the pilot can check that the tyre is not moving on the rim. A maximum of 1/4" is permitted.
  

Tailwheel 
These airplanes have the "third" wheel under the tail. Taildragger aircraft can land on much rougher terrain and, consequently, are used by bush pilots. In a tailwheel airplane, this gear supports the weight of the rear portion of the airplane. They are harder to control, (imagine driving a rear steering dumper truck at high speed) and extra training is required to handle them. 
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tailwheel retractable. The beautiful Globe Swift 

monowheels with outriggers 
A small number of aircraft use a single central landing wheel and are laterally supported by outriggers. Example are the U2 spy plane and the homebuilt Europa. Ground handling is not all that it could be with this configuration. 
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the now defunct Europa 

Retractable landing gear 

Retracting the gear reduces drag and increases airspeed without additional power. The landing gear normally retracts into the wing or fuselage through an opening which may be covered by doors after the gear is retracted. The smooth door will provide for the unrestricted flow of air across the opening that houses the gear. The retraction or extension of the landing gear is accomplished either electrically or hydraulically by landing gear controls from within the cockpit. Warning indicators are usually provided in the cockpit to indicate whether the wheels are extended and locked, or retracted. In nearly all airplanes equipped with retractable landing gear, a system is provided for emergency gear extension in the event landing gear mechanisms fail to lower the gear. The pilot operating manual will specify the maximum speed at which the gear can be lowered. 
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retractable ('complex') aircraft in flight
the power plant 

It is almost certain that your training aircraft will be fitted with a four cylinder Lycoming or Continental engine. These are air-cooled flat fours, that is four horizontally opposed cylinders. The old VW Beatle car had an engine of the same configuration and indeed some homebuilt aircraft have used a modified version of this powerplant with some success.
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Aircraft engines are built to very different criteria to those in automobiles. As you cannot pull over to the side of the sky in the event of breakdown, reliability has been the first and foremost priority. These designs have been around for decades, and just about every possible bug has been designed out. They are also designed to give maximum power output continuously for 2000 hours. If you tried that with an automobile engine, it would be in the scrap yard very fast indeed! As a student pilot, you will be expected to understand the basic principles of operation, and you will be taught how to check oil levels and check for integrity of the alternator belt.
Engine Operation
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Flat four aero engine - The cylinders are arranged in two banks on opposite sides of the engine. This arrangement is by far the most common.
The Intake Stroke 
During the intake or admission stroke, the piston moves downward as a charge of combustible fuel and air is admitted into the cylinder through the open intake valve. At the completion of this stroke the intake valve closes. 
Compression Stroke 
During the compression stroke, the crankshaft continues to rotate, the piston is forced upward in the cylinder, and both intake and exhaust valves are closed. The movement of the piston upward compresses the fuel-air mixture.   
Power Stroke 
As the piston approaches the top of its stroke within the cylinder, an electric spark jumps across the points of the spark plugs and ignites the compressed fuel-air mixture. This is the ignition event. The intake and exhaust valves are closed. 

Having been ignited, the fuel-air mixture burns. It expands as it burns and drives the piston downward. This causes the crankshaft to revolve. Since it is the only stroke and event that furnishes power to the crankshaft, it is usually called the power stroke, although it is sometimes called the expansion stroke for purposes of instruction. This is event power stroke. The intake and exhaust valves are closed.     

Exhaust Stroke 
During the power or expansion stroke, the hot gases obtained by combustion exert tremendous pressure on the piston to force it to move downward, but near the end of the stroke this pressure is greatly reduced because of the expansion of the gases. At this stage, the exhaust valve opens as the crankshaft continues to revolve and the piston is again moved upward in the cylinder by the connecting rod. The burning gases remaining in the cylinder are forced out through the exhaust valve, hence this stroke is usually called the exhaust stroke, although it may be called the scavenging stroke for purposes of instruction. One engine cycle has been completed.    
Reciprocating-Engine Horsepower
According to the most common definition of horsepower, one horsepower is defined as exactly:
1 hp = 745.69987158227022 W 
Most persons are acquainted with the term horsepower as applied to automobile and aircraft reciprocating engines. The horsepower was first used by James Watt during a business venture where his steam engines substituted horses. It was defined that a horse can lift 33,000 pounds force (the weight of a 15,000 pound mass on Earth) with a speed of 1 foot per minute: 33,000 ft·lbf·min-1. This is roughly equivalent to lifting 147,000 Newtons (the weight of a 15,000 kg mass on Earth) at a speed of 0.005 metre per second. 
If an aircraft reciprocating engine is rated at 200 horsepower, it means the engine is capable of producing this much power. However, the engine has to be running at a certain speed before that much power is produced. The same is true for all other types of reciprocating engines. Unlike car engines, aircraft engines are designed to operate at their full rated power output for a considerable time (usually 2000 hours)
Engine power output
Engine power is the product of force by time: torque is the force and engine speed, measured in crankshaft revolutions per minute [rpm], is the time. Torque is the rotational force produced by a force acting about the engine crankshaft i.e. it is the product of the firing stroke in the cylinder and the radius of the crank to which the connecting rod is attached; and the bigger the cylinder the bigger the force – the bang. 
Normally aspirated aero engines
The maximum power which can be developed, in the cylinders of a particular piston engine, increases or decreases directly with the intake manifold air density, and air density decreases as altitude increases or temperature increases. Thus the full throttle power output of a normally aspirated engine ( i.e. one that relies solely on the ambient atmospheric density) decreases as operating altitude increases. The diagram in below shows how maximum brake horse power, delivered at full throttle in a normally aspirated engine, decreases with altitude. A 100 hp engine operating at 65% power will be delivering 65 hp. 
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Power produced is proportional to the air density at the air intake manifold, the cylinder displacement and compression ratio, the number of cylinders and the rpm. Of those items only the air density at the air intake manifold and the engine rpm alter, or are alterable, during flight. A traditional four stroke light aircraft engine, such as the Lycoming O-235, has an individual cylinder displacement of 950 cc, a compression ratio of 7:1 and a maximum design speed of 2600 rpm at which its rated 110 brake horsepower [bhp] is produced in sea level ISA conditions. The Rotax 912, the most common light weight four cylinder aero engine, utilises an individual cylinder displacement of only 300 cc, a compression ratio of 9:1 but doubles the maximum design speed to 5500 rpm to achieve its rated 100 bhp. The very light weight Jabiru 2200 has an individual cylinder displacement of 550 cc, a compression ratio around 8:1 and a maximum design speed of 3300 rpm to achieve its rated 80 hp. 
The three engines mentioned are all horizontally opposed, four stroke and four cylinder; a popular configuration providing a fully balanced engine that doesn't require crankshaft balance weights. Engines are often described in terms of 'total capacity' [cylinder displacement by number of cylinders] in litres or cubic centimetres. Thus the Lycoming O-235 is 3800 cc or 3.8 litres [235 cubic inches], the Rotax 912 is 1200 cc or 1.2 litres and the Jabiru 2200 is 2.2 litres. Most engines used in ultralights tend to be around 30% lighter (in terms of weight per rated hp) than the ubiquitous Lycoming and Continental piston engines used in general aviation aircraft: thus they are cheaper to manufacture but less robust, with a consequent shorter time between overhaul [TBO]. 
The term 'brake horsepower' is a measure of the power delivered at the engine output shaft measured by means of a dynamometer or similar braking device. The term 'shaft horsepower' [shp] is a measure of the engine power available at the propeller shaft. Generally it is the same as bhp but if the coupling is not direct drive – reduction gearing is interposed between the crankshaft output and the propeller shaft as in the Rotax 912 – the shp will be a little less than bhp because of the power loss in driving the belt, or gear, driven reduction device. 

Although aero engines can quite happily operate continually at their rated power, doing so is not good practise, because it is uneconomical in terms of fuel efficiency but, more importantly, it may shorten engine life if engine operating temperatures and pressures are exceeded. Normally the maximum – and optimum – power setting for continuous cruise operation is 75% of rated power. 
Turbocharging
The volumetric efficiency (i.e. the cylinder filling capability) of an engine can be improved by increasing the density of the fuel/air charge delivered to the cylinders through compressing the air in the atmospheric air intake manifold; this process is supercharging and develops more torque at all engine speeds. The compressor is usually a lightweight centrifugal impeller driven by a gas turbine that utilises the otherwise wasted engine exhaust gas energy. Such a system is a turbine powered supercharger, otherwise known as a turbocharger. An oil pressure driven butterfly valve or waste gate is incorporated within the exhaust manifold system, automatically adjusting – according to the pressure within the intake manifold – to allow all, or a portion, of the exhaust gases to bypass the turbine; thus continually maintaining the system within the designed operating limits. There is a slight penalty in that turbocharging also increases the temperature of the charge, and consequently decreases the achievable density, unless a charge cooling device – an intercooler – is incorporated between the compressor and the cylinders. 
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Turbocharging may be used to increase the sea level rated power of the engine, but the use of that full throttle power at low altitudes would normally be limited to short periods because of engine temperature limitations. The big advantage is the increase in power available at altitude. The diagram plots the power achieved (percentage of rated power) at full throttle in ISA standard conditions for a normally aspirated engine and the turbocharged version. The turbocharged engine can maintain its rated power from sea level up to the 'critical altitude', probably around 6000 or 7000 feet, after which it will decrease. The waste gate would probably be fully open at sea level and then start closing with altitude increase so that it would be fully closed at, and above, the critical altitude. 

Turbocharging raises the service ceiling of the aircraft. The service ceiling is the ISA altitude at which the aircraft's best rate of climb (from an extended climb starting at MTOW and unassisted by any atmospheric phenomena) drops below 100 feet per minute – which is recognised as the minimum useful climb rate. This should be the aircraft's ceiling quoted by the manufacturer. 
Two stroke aero engines
[image: image33.wmf]
The lower power (say 70 hp and below) engines used in ultralight aircraft are usually two stroke engines. Two strokes don't have very good volumetric efficiency and the engine is efficient only in a narrow rpm and throttle opening range occurring at very high rpm; in fact ultralight two strokes tend to run very roughly at speeds below 2500 rpm. The three most common two strokes are two cylinder models with individual cylinder displacements around 250 cc and achieving their rated power at 6800 rpm with power dropping off very quickly as rpm is reduced below that figure. Gearing or belt reduction is used to improve the torque delivered to the propeller shaft whilst at the same time reducing the rpm to something more suitable for the propeller. The torque increases because of the larger rotational radius of the driven gear. 
Reliability of two stroke engines has improved in recent times, however they are still not favoured in light aircraft.


propellers 
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fig 6 - 4 cross section of a propeller. An a (alpha) denotes angle of attack of airfoil sections
Propellers may be classified as to whether the blade pitch is fixed or variable. The demands on the propeller differ according to circumstances. For example, in takeoffs and climbs more power is needed, and this can best be provided by low pitch. For speed at cruising altitude, high pitch will do the best job. A fixed-pitch propeller is a compromise.
fixed pitch propellers
The propeller is made in one piece. Only one pitch setting is possible and is usually two blades propeller and is often made of wood or metal. 

Wooden Propellers: Wooden propellers were used almost exclusively on personal and business aircraft prior to World War II .A wood propeller is not cut from a solid block but is built up of a number of separate layers of carefully selected .any types of wood have been used in making propellers, but the most satisfactory are yellow birch, sugar maple, black cherry, and black walnut. The use of lamination of wood will reduce the tendency for propeller to warp. For standard one-piece wood propellers, from five to nine separate wood laminations about 3/4 in. thick are used. 
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Metal Propellers: During 1940, solid steel propellers were made for military use. Modern propellers are fabricated from high-strength , heat-treated, aluminium alloy by forging a single bar of aluminium alloy to the required shape. Metal propellers is now extensively used in the construction of propellers for all type of aircraft. The general appearance of the metal propeller is similar to the wood propeller, except that the sections are generally thinner. 
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variable pitch propellers
There are two types of variable-pitch propellers adjustable and controllable. The adjustable propeller's pitch can be changed only by a mechanic to serve a particular purpose-speed or power. 
[image: image37.jpg]A ground-adjustable propeller.




The variable pitch propeller permits pilots to change pitch to more ideally fit their requirements at the moment. In different aircraft, this is done by electrical or hydraulic means. 
Two-position: A propeller which can have its pitch changed from one position to one other angle by the pilot while in flight.
Controllable pitch: The pilot can change the pitch of the propeller in flight or while operating the engine by mean of a pitch changing mechanism that may be operated by hydraulically.
Constant speed propellers
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In modern aircraft, it is done automatically, and the propellers are referred to as constant-speed propellers. As power requirements vary, the pitch automatically changes, keeping the engine and the propeller operating at a constant rpm. If the rpm rate increases, as in a dive, a governor on the hydraulic system changes the blade pitch to a higher angle. This acts as a brake on the crankshaft. If the rpm rate decreases, as in a climb, the blade pitch is lowered and the crankshaft rpm can increase. The constant-speed propeller thus ensures that the pitch is always set at the most efficient angle so that the engine can run at a desired constant rpm regardless of altitude or forward speed.
Constant-speed propellers may have a full-feathering capability. Feathering means to turn the blade approximately parallel with the line of flight, thus equalizing the pressure on the face and back of the blade and stopping the propeller. Feathering is necessary if for some reason the propeller is not being driven by the engine and is wind-milling, a situation that can damage the engine and increase drag on the aircraft.
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Some controllable-pitch and constant-speed propellers also are capable of being reversed. This is done by rotating the blades to a negative or reverse pitch. Reversible propellers push air forward, reducing the required landing distance as well as reducing wear on tires and brakes. 
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Beta Control: A propeller which allows the manual repositioning of the propeller blade angle beyond the normal low pitch stop. Used most often in taxiing, where thrust is manually controlled by adjusting blade angle with the power lever.
Propeller theory
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The forces. Propeller blades are constructed using aerofoil sections to produce an aerodynamic force, in a similar manner to a wing. Consequently the blades are subject to the same aerodynamics – induced drag, parasite drag, wingtip vortices, lift/drag ratios at varying aoa, pressure distribution changing with aoa etc. There is a difference in application because, in flight, the propeller has rotational velocity added to the translational [forward] velocity thus the flight path of any blade section is a spiral – a helical flight path.

The diagram at left represents a blade section in flight and rotating around the shaft axis. Because of the different application it doesn't serve much purpose to express the resultant aerodynamic force as we would for a wing, with the components acting perpendicular (lift) and parallel (drag) to that flight path, as in the upper figure. So we represent the aerodynamic force component acting forward and aligned with the aircraft's longitudinal axis as the thrust force, and that component acting parallel to the direction of rotation as the propeller torque force. 

As you see in the lower figure the component of the lift acting in the rotational plane has now been added to the drag to produce the 'propeller torque force' vector. The remaining forward acting portion of lift is then the thrust. That is why propeller efficiency is usually no greater than 80 – 85%, not all the lift can be used as thrust and the propeller torque force consumes quite a bit of the shaft horse power. The propeller torque and the engine torque will be in balance when the engine is operating at constant rpm in flight. 

There are other forces acting on the blades during flight, turning moments that tend to twist the blades and centrifugal force for example. The air inflow at the face of the propeller disc also affects propeller dynamics. 
Blade angle and pitch
Although all parts of the propeller, from the hub to the blade tips, have the same forward velocity, the rotational velocity – and thus the helical path of any blade station – will depend on its distance from the hub centre. Consequently, unless adjusted, the angle of attack, will vary along the length of the blade. Propellers operate most efficiently when the aoa at each blade station is consistent (and, for propeller efficiency, that giving the best lift drag ratio) over most of the blade, so a twist is built into the blades to achieve a more or less uniform aoa. 
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The blade angle is the angle the chord line of the aerofoil makes with the propeller's rotational plane and is expressed in degrees. Because of the twist the blade angle will vary throughout its length so normally the standard blade angle is measured at the blade station 75% of the distance from the hub centre to the blade tip. The angle between the aerofoil chord line and the helical flight path (the relative airflow) at the blade station is, of course, the angle of attack and the angle between the helical flight path and the rotational plane is the angle of advance or helix angle. The aoa and helix angle vary with rotational and forward velocity. 

The basic dimensions of propellers for light aircraft are usually stated in the form of number of blades, diameter and pitch with the latter values given in inches. e.g. 3 blade 64" × 38". The pitch referred to is the geometric pitch which is calculated, for any blade station but usually the 75% radius position, thus:

Geometric pitch = the circumference (2 π r) of the propeller disc at the blade station multiplied by the tangent of the blade angle. Thus it is the distance the propeller – and aircraft – would advance during one revolution of the propeller if the blade section followed a path extrapolated along the blade angle. 
e.g. For a blade station 24 inches from the hub centre [0.75r] and a 14° blade angle, the circumference = 2 × 3.14 × 24 = 150 inches and tangent 14° = 0.25. Thus the geometric pitch is 150 × 0.25 = 38 inches. Propellers are usually designed so that all blade stations have much the same geometric pitch. 

Designers may establish the ideal pitch of a propeller which is the theoretical advance per revolution which would cause the blade aerofoil to be at the zero lift aoa; thus it would generate no thrust and, ignoring drag, is the theoretical maximum achievable aircraft speed. 

The velocity that the propeller imparts to the air flowing through its disc is the slipstream and slip used to be described as the difference between the velocity of the air behind the propeller ( i.e. accelerated by the propeller) and that of the aircraft. Nowadays slip has several interpretations, most being aerodynamically unsatisfactory, but you might consider it to be the difference, expressed as a percentage, between the ideal pitch and the advance per revolution when the the propeller is working at maximum efficiency in conversion of engine power to thrust power. Slip in itself is not a measure of propeller efficiency; as stated previously propeller efficiency is the ratio of the thrust power (thrust × aircraft velocity) output to the engine power input. 
Pitch and velocity
The performance of aircraft fitted with fixed pitch or ground adjustable propellers is very much dependent on the chosen blade angle. Fixed pitch propellers limit the rpm developed by the engine at low forward velocity, such as occurs during the take-off ground roll and may also allow the engine rpm to exceed red-line maximum when the load on the engine is reduced, such as occurs in a shallow dive. Fixed pitch propellers operate at best efficiency at one combination of shaft power and airspeed. Blade angle is usually chosen to produce maximum performance at a particular flight condition, for example: 
      •  Vy climb i.e. a climb propeller 
      •  Vc cruise i.e. a cruise propeller 
      •  High speed. 
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The climb propeller is usually chosen when the aircraft normally operates from a restricted airfield or in high density altitude conditions. The climb propeller will produce maximum efficiency at full throttle around the best rate of climb airspeed and will perform fairly well at take-off, but during the initial take-off acceleration even the climb propeller may restrict the engine rpm to less than 75% power. The cruise propeller will achieve maximum efficiency at 75% power at airspeeds around the design cruising speed but aircraft take-off and climb performance will not be the optimum. The cruise propeller usually has a little more pitch than the standard propeller fitted to the aircraft. A high speed propeller might be fitted when the aircraft is intended to be operating at, or above, rated power for short periods – in speed competition for example. 

A constant speed propeller allows the engine to develop maximum rated power and rpm during the ground roll and to develop full power throughout its normal rpm range. With a constant speed propeller the pilot controls inlet manifold air pressure [MAP] with the throttle lever and the engine rpm with the rpm control lever or knob/switches. The pilot has several combinations of rpm/MAP to achieve a particular power setting. For example, in one particular aircraft, the recommended combinations for 65% power at sea level are 2100 rpm + 26 inches Hg MAP or 2200 + 25 inches or 2300 + 24 inches or 2400 + 23 inches. So you can use low rpm and high MAP or high rpm and low MAP to achieve exactly the same power output. The low rpm / high MAP combination probably gives more efficient cylinder charging and better combustion plus less friction. The high MAP also acts as a cushion in the cylinders, reducing engine stress. MAP is usually measured in inches of mercury [Hg] rather than hectopascals. Standard sea level barometric pressure is 29.92 inches Hg or 1013.2 hPa. 
The windmilling propeller
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The angle of attack of a fixed pitch propeller, and thus its thrust, depends on the forward speed of the aircraft and the rotational velocity. Following a non catastrophic engine failure the pilot tends to lower the nose so that forward airspeed is maintained while at the same time the rotational velocity of the engine/propeller is winding down. As the forward velocity remains more or less unchanged while the rotational velocity is decreasing the angle of attack must be continually decreasing and at some particular rpm the angle of attack will become negative to the point where the lift component becomes negative ([reverses) and the propeller autorotates, driving the engine. This acts as greatly increased aerodynamic drag which seriously affects the aircraft's L/D ratio and thus glide angles. The drag (including the negative lift) is much greater than that of a stationary propeller, also the engine rotation may cause additional mechanical problems if oil supply is affected.

If the forward speed is increased windmilling will increase, if forward speed is decreased windmilling will decrease, thus the windmilling might be stopped by temporarily reducing airspeed, probably to near stall, so that the negative lift is decreased to the point where internal engine friction will stop rotation. This is not something which should be attempted without ample height. 

In the diagram the upper figure shows the forces associated with a section of a propeller blade operating normally. The lower figure shows the forces and the negative angle of attack (aoa) associated with the propeller now windmilling at the same forward velocity. 
A variable pitch propeller may have a feathering facility which turns the blades to the minimum drag position (i.e. the blades are more or less aligned fore and aft) and halts windmilling when the engine is stopped. 

The runaway propeller
As a propeller system increases in complexity then the possibilities for malfunction increase. A problem associated with constant speed propellers is governor failure during flight which, in most installations, will cause the propeller blades to default to a fine pitch limit. This greatly reduces the load on the power plant, and the engine will immediately overspeed, particularly if in a shallow dive. The rpm of an overspeeding engine – sometimes referred to as a 'runaway prop' – will quickly go way past red-line rpm and, unless immediate corrective action is taken, the engine is likely to self destruct and/or the propeller blades depart the hub due to the increased centrifugal force. 

The corrective action is to immediately close the throttle and reduce to minimum flight speed by pulling the nose up. . Once everything is settled down fly slowly, consistent with the fine pitch setting, to a suitable airfield using minimum throttle movements. (The constant speed propeller fitted to a competition aerobatic aircraft usually defaults to the coarse pitch limit to prevent overspeeding but an immediate landing is required.)
primary flight controls 

These consist of the flight control surfaces and the engine power management (unless you are flying a glider that is!). 

control activation

In light aircraft the control surfaces mentioned above are moved by the power of the pilot's muscles. Each control surface is connected directly to the control column or rudder pedals with a series of cables and pulleys or rods. In such a control system the control column can move the control surface, but the control surface can also move the column. This is called a reversible control. 

In large aircraft the pilot requires assistance in moving the controls. Assistance may be provided by electrical motors or hydraulic jacks. When such a system is employed the controls become irreversible.
simple controls
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A simple basic control system as operated by a pilot 

A simple mechanical cable operated system as you will find on aircraft such as the Cessna C152. The cables in some aircraft are replaced by rods. The control column can be moved by raising and lowering the elevator
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boosted control system
This is a simplified boost system. When the pilot moves the column, tension in the cable or rod also opens a valve letting pressure from a hydraulic or pneumatic pump expand a slave cylinder that assists moving the control. The control column can be moved by raising and lowering the elevator but a considerably more force is required.
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fly-by-wire system
There is no mechanical connection between the control column and the flight surface in a 'fly-by-wire' system. There is a sensor on the control column which transmits the column's position to an actuator. The actuator then moves the control surface to a position which matches the column's deflection. This system is not reversible. (The control column will not be moved by moving the control surface). The system is much lighter than the boosted system and is used on all large aircraft nowadays.
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Tab Control Systems
In the early days of large aircraft many designers avoided the need to provide boosted controls, as described above, by using tab activated controls. The DC-9 for example uses tab actuated controls. In a tab controlled system the pilot moves only a small actuating tab on the larger control surface. The force generated by the tab then moves the main control. This is of course the same way trim tabs work. Therefore, you can think of this system as being like trim tabs if they were connected to the control wheel instead of a separate control wheel. Note that in a tab controlled system there is no direct connection between the control column and the control surface.
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servo and anti-servo tabs
Another way of changing the amount of force the pilot must apply to the control column is through servo and anti-servo tabs. In this system the control column is directly connected to the control surface (just like a C-172) but a tab is geared to the movement of the control surface so that it either assists the movement of the control, or counters the movement of the control. Thus, the controls can be made to feel heavier or lighter than they would otherwise. 
	servo tab
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Control Horns 

On an aircraft with reversible controls the pilot must apply a force to the control column sufficient to keep the the control surface deflected in the air stream. To assist the pilot the aircraft design will usually provide a control horn, such as the one shown to the right. The horn is simply an extension to the control surface which projects ahead of the hinge. The air striking the horn assists the pilot to deflect the control surface. Horns are usually provided on elevators and rudders. Ailerons usually do not require horns.
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Mass Balance

When a control is deflected a low pressure area forms on the cambered side. This tends to pull the control back into alignment with the wing, stabilizer or fin as the case may be. However, the control surface has mass and therefore momentum. If the centre of gravity of the control surface is behind the hinge, the control tends to overshoot the point of alignment. The result is a tendency for the control to flutter. Flutter could become sufficiently severe that the aircraft could break up in flight.
To solve the above problem the control must be balanced, so that its centre of gravity is in line with the hinge.
click here to see flutter movie 
Your browser does not support inline frames or is currently configured not to display inline frames.

The exact distribution of weight on a control surface is very important. For this reason, when a control surface is repainted, repaired or component parts replaced, it is essential to check for proper balance and have it rebalanced if necessary. To do this, the control surface is removed, placed in a jig and the position of the centre of gravity checked against the manufacturer's specifications. Without any airflow over the control surface, it must balance about its specified C.G. This is known as static balance. For example, the aileron of the Bonanza is designed for a static nose heavy balance of 0.2 inch pounds. The C.G. of the aileron is forward of the hinge centreline causing the control surface to be nose heavy.
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Bob weights

Bob weights are sometimes known as counter weights. Their purpose is to change the amount of control force required to deflect the control column under different g-loadings. Normally the amount of force the pilot must apply to the control column, assuming reversible controls, varies with airspeed only. However, by installing a bob weight the aeronautical engineer can make it more difficult to pull on the control column as g-force increases. The purpose of the bob weight is to reduce the likely hood the pilot will overstress the aircraft.
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Differential Ailerons
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Differential ailerons are designed so that the up-going aileron rises a greater angle than the down going aileron.
When we use ailerons we want the ship to roll only on its longitudinal axis. The problem is that to raise a wing the aileron increases lift on that wing with the resultant increase in drag. At the same time there usually is a decreased lift on the opposite wing with a decrease in drag.

The descending wing has less drag and moves forward while the rising wing has more drag and moves backwards. This produces a tendency to yaw (turn) in the wrong direction or into the rising wing and away from the intended turn direction. This usually results in a nose high slip with the fuselage side presented to the relative wind with high drag. This is called "adverse yaw" and is fine if you need to lose altitude with lateral fuselage drag as in a landing approach, but bad for beginning a coordinated turn with the fuselage parallel to the relative wind.

To compensate for this problem and make flying easier, aircraft are usually designed with one or a combination of a number of methods to decrease adverse yaw.

The common fix for adverse yaw is to mechanically produce differential aileron movement so that there is more up travel than down. In other planes the aileron is hinged towards the top of the wing/aileron joint so that a portion of the leading edge of the aileron sticks down into the slipstream creating drag when the wing is descending to balance the resultant drag from the rising wing.

Frieze Ailerons
Frieze ailerons are designed so that when the aileron is deflected upward a lip extend down into the air stream. As a result the up-going aileron produces more drag than the down going aileron. This helps provide some of the force required to start the aircraft yawing in the desired direction of the turn. Usually this is enough force to provide the required turn moment but not enough to overcome aileron drag. Therefore, the pilot will still need to use the rudder to coordinate the turn when large aileron deflections are employed.
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engine management
On simple aircraft on which student pilots usually begin, there are two controls. The throttle, which is always black in colour, and the fuel mixture control, which is always red. Vernier 'push pull' controls such as in the illustration below appear to be popular with Cessna. More power is applied if the vernier is pushed in. Fuel is shut off to the engine if the mixture control is pulled out. As simple aircraft have fixed pitch propellers, increase in throttle will increase the RPM of the propeller. For more information about propellers, see the propeller section.
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typical Cessna 152 engine management controls

Other aircraft are fitted with quadrant lever controls, (Piper for example). Power is applied by pushing the lever FORWARD. The fuel supple to the engine is cut off by pulling the lever back. 
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typical quadrant engine management controls

mixture
This is operated by the red control. At close to sea level altitudes, the mixture shown be maintained in the fully rich position. This should always also be the case when power setting are used that are more than 75% available, the the fuel contributes to the cooling of the engine. Once cruising altitude is reached, the mixture can be leaned. This results in considerable fuel savings. As the mixture is leaned, the exhaust gas temperature increases. The gauge is marked with a red line, and leaning should never exceed this. If an exhaust gas temperature gauge is not fitted the mixture can be adjusted by observation. As the mixture is leaned, there will be a small increase in engine RPM, or power in the case of a complex aircraft. Continued leaning will result in a decrease in RPM. The mixture should then be enriched until it is just on the rich side of maximum RPM. 

At airfields of high altitude, the mixture must be leaned to produce full power on the ground, prior to take-off.

carburettor heat
While carburettor heat is not a primary instrument, it is useful to include it in this chapter. Incredibly many aircraft engines are still fitted with carburettors, despite the fact that fuel injection has been generally available since half way through the last century. These archaic devices have a nasty habit of freezing up and preventing the fuel mixture from entering the engine, which begins to run a tad rough and then stops, sometimes with fatal results. This will happen when operating close to the dew point, and also when the engine is running under reduced power, such as during a descent. It is up to the pilot to periodically operate the carburettor (carb) heat control, which is usually to the right of the throttle and mixture controls. Carb heat control diverts hot air into the carburettor from a sleeve around the exhaust system and which will melt the offending ice. The engine must ingest the resulting water, so sometimes it will run rougher than before for a short period. Carburettors can suffer from a variety of different icing and this will be looked at later (see aircraft technical 'induction system').  The carb. heat should always be applied during descent. The power to the engine is reduced when carb heat is applied so it t is good practice to remove it just before touchdown (say 100 feet) so that full power is instantly available should a go around become necessary.

Complex 
Aircraft which are fitted with a constant speed propeller have a third system which manages the RPM of the propeller. This is always blue in colour. The throttle in this case just increases available power  and RPM is controlled by the propeller control. There is an order in which these controls should be used to avoid a possible overspeed of propeller. 

increase RPM 
Blue first Black second

decrease RPM

Black first Blue second.
Students almost always begin flying in simple aircraft. Further training is required to operate complex types such as the Piper Arrow or Mooney series.
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ignition system 
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The function of the ignition system is to provide an electrical spark to ignite the fuel/air mixture in the cylinders. The ignition system of the engine is completely separate from the airplane's electrical system. The magneto type ignition system is used on most reciprocating aircraft engines. Magnetos are engine driven self-contained units supplying electrical current without using an external source of current. However, before they can produce current the magnetos must be actuated as the engine crankshaft is rotated by some other means. To accomplish this, the aircraft battery furnishes electrical power to operate a starter, which through a series of gears, rotates the engine crankshaft. This in turn actuates the armature of the magneto to produce the sparks for ignition of the fuel in each cylinder. After the engine starts, the starter system is disengaged, and the battery no longer contributes to the actual operation of the engine. 

Modern airplane engines are required by to have a dual ignition system - that is, two separate magnetos to supply the electric current to the two spark plugs contained in each cylinder. One magneto system supplies the current to one set of plugs; the second magneto system supplies the current to the other set of plugs. For that reason the ignition switch has four positions:

OFF, L, R, and BOTHWith the switch in the "L" or "R" position, only one magneto is supplying current and only one set of spark plugs in each cylinder is firing. With the switch in the BOTH position, both magnetos are supplying current and both spark plugs are firing. The main advantages of the dual ignition system are: 

1. Increased safety. In case one system fails, the engine may be operated on the other until a landing is safely made. Consequently, it is extremely important for each magneto to be checked for proper operation before takeoff. This should be done in accordance with the manufacturer's recommendations. Unless the manufacturer specifies otherwise, it is advisable to turn the ignition switch from the "BOTH" position to the farthest "ON" position first, then back to "BOTH;" then to the nearest "ON" position and back to "BOTH." This sequence best assures that the magneto switch will be returned to the "BOTH" position for normal operation. Also, the performance of each ignition system will have been compared with a "BOTH" performance. 

2. More complete and even combustion of the mixture, and consequently improved engine performance; i.e., the fuel mixture will be ignited on each side of the combustion chamber and burn toward the centre. 
secondary flight controls 

In addition to primary flight controls, most airplanes have another group called secondary controls. These include trim devices of various types and wing flaps. The trim devices are adjusted so that the aircraft remains balanced in flight.<> 

Flaps
<> 

Flaps are moveable surfaces on the trailing edge of the wing similar in shape to the ailerons. they are usually larger in surface area. They are located on inboard end if the wing next to the fuselage. Both sides are activated together so they do not produce a rolling action like the ailerons. 

Flaps are usually deployed in "degree" increments. In small aircraft deployment is usually in 10 degree increments from zero degrees (non-deployed) to 40 degrees maximum. Larger or more sophisticated aircraft may have a different range of settings. Normally, the flaps operate electrically through a 4 or 5 position switch located on the instrument panel. In earlier aircraft the flaps were operated using a manual flap handle. 

Deployment of flaps increases both the lift and drag of the wing. Flap activation increases the angle of attack across the wing / flap section. At 10 degrees, more lift than drag is produced. As the flap angle is increased more drag and less lift is produced for each increment of deployment. 

The primary use of flaps is in landing. They permit a steeper decent without increase in airspeed. Flaps may be used in certain take-off situations (usually 10°) on short or soft fields. 

Flaps are now fitted to most aircraft because: 

· They permit a slower landing speed, which decreases the required landing distance. 
· They permit a comparatively steep angle of descent without an increase in speed. This makes it possible to safely clear obstacles when making a landing approach to a small field. 
· They may also be used to shorten the takeoff distance and provide a steeper climb path. 
VFE 
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This term describes the maximum velocity at which flaps can be deployed. The VFE is shown on the air speed indicator as the top end of the white arc. 
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Flaps are high lift devices which, in effect, increase the camber of the wing and, in some cases, as with the Fowler Flap, also increase the effective wing area. Their use gives better take-off performance and permits steeper approach angles and lower approach and landing speeds.
When deflected, flaps increase the upper camber of the wing, increasing the negative pressure on the top of the wing. At the same time, they allow a build up of pressure below the wing. During take-off, flap settings of 10 degrees to 20 degrees are used to give better take-off performance and a better angle of climb, especially valuable when climbing out over obstacles.
However, not all airplane manufacturers recommend the use of flaps during take-off. They can be used only on those airplanes, which have sufficient take-off power to overcome the extra drag that extended flaps produce. The recommendations of the manufacturer should, therefore, always be followed.
Flaps do indeed increase drag. The greater the flap deflection. the greater the drag. At a point of about half of their full travel, the increased drag surpasses the increased lift and the flaps become air brakes. Most flaps can be extended to 40 degrees from the chord of the wing. At settings between 20 degrees and 40 degrees, the essential function of the flaps is to improve the landing capabilities, by steepening the glide without increasing the glide speed. In an approach over obstacles, the use of flaps permits the pilot to touch down much nearer the threshold of the runway. Flaps also permit a slower landing speed and act as air brakes when the airplane is rolling to a stop after landing, thus reducing the need for excessive braking action. As a result, there is less wear on the undercarriage, wheels and tires. Lower landing speeds also reduce the possibility of ground looping during the landing roll.
Plain and split flaps increase the lift of a wing, but at the same time, they greatly increase the drag. For all practical purposes, they are of value only in approach and landing. They should not normally be employed for take-off because the extra drag reduces acceleration.
Slotted flaps, on the other hand, including such types as Fowler and Zap, produce lift in excess of drag and their partial use is therefore recommended for take-off.
From the standpoint of aerodynamic efficiency, the Fowler Flap is generally considered to offer the most advantages and the fewest disadvantages, especially on larger airplanes, while double slotted flaps have won wide approval for smaller types.
On STOL airplanes, a combination of double slotted flaps and leading edge slats are common.
Changes in flap setting affect the trim of an airplane. As flaps are lowered, the centre of pressure moves rearward creating a nose down, pitching moment. However, in some airplanes, the change in airflow over the tailplane as flaps are lowered, is such that the total moment created is nose up and it becomes necessary to trim the airplane "nose down".
The airplane is apt to lose considerable height when the flaps are raised. At low altitudes, therefore, the flaps should be raised cautiously.
Most airplanes are placarded to show a maximum speed above which the flaps must not be lowered. The flaps are not designed to withstand the loads imposed by high speeds. Structural failure may result from severe strain if the flaps are selected "down" at higher than the specified speed.
When the flaps have been lowered for a landing, they should not ordinarily be raised until the airplane is on the ground. If a landing has been missed, the flaps should not be raised until the power has been applied and the airplane has regained normal climbing speed. It is then advisable to raise the flaps in stages.
How much flap should be used in landing? Generally speaking, an airplane should be landed as slowly as is consistent with safety. This usually calls for the use of full flaps. The use of flaps affects the wing airfoil in two ways. Both lift and drag are increased. The Increased lift results in a lower stalling speed and permits a lower touchdown speed. The increased drag permits a steeper approach angle without increasing airspeed. The extra drag of full flaps results in a shorter landing roll.
An airplane that lands at 50 knots with full flaps selected may have a landing speed as fast as 70 knots with flaps up. If a swerve occurs during the landing roll, the centrifugal force unleashed at 70 knots is twice what it would be at 50 knots, since centrifugal force increases as the square of the speed. It follows then, that a slower landing speed reduces the potential for loss of control during the landing roll. It also means less strain on the tires, brakes and landing gear and reduces fatigue on the airframe structure.
There are, of course, factors, which at times call for variance from the procedure of using full flaps on landing. These factors would include the airplane's all-up-weight, the position of the C.G., the approach path to landing, the desired rate of descent and any unfavourable wind conditions, such as a strong cross wind component, gusty winds and extreme turbulence. With experience, a
pilot learns to assess these various factors as a guide to flap selection.
In some airplanes, in a crosswind condition, the use of full flap may be inadvisable. Flaps present a greater surface for the wind to act upon when the airplane is rolling on the ground. The wing on the side from which the wind is blowing will tend to rise. In addition, cross wind acting on full flaps increases the weather vaning tendencies, although in an airplane with very effective rudder control even at slow speeds, the problem is not so severe. However, in many airplanes, the selection of full flaps deflects the airflow from passing over the empennage, making the elevator and rudder surfaces ineffective. Positive control of the airplane on the ground is greatly hampered. Since maintaining control of the airplane throughout the landing roll is of utmost importance, it may be advisable to use less flaps in cross wind conditions. In any case, it is very important to maintain the crosswind correction throughout the landing roll.
trim tabs 
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A trim tab is a small, adjustable hinged surface on the trailing edge of the aileron, rudder, or elevator control surfaces. Trim tabs are labour saving devices that enable the pilot to release manual pressure on the primary controls. 

Some airplanes have trim tabs on all three control surfaces that are adjustable from the cockpit; others have them only on the elevator and rudder; and some have them only on the elevator. Some trim tabs are the ground-adjustable type only. 

The tab is moved in the direction opposite that of the primary control surface, to relieve pressure on the control wheel or rudder control. For example, consider the situation in which we wish to adjust the elevator trim for level flight. ("Level flight" is the attitude of the airplane that will maintain a constant altitude.) Assume that back pressure is required on the control wheel to maintain level flight and that we wish to adjust the elevator trim tab to relieve this pressure. Since we are holding back pressure, the elevator will be in the "up" position. The trim tab must then be adjusted downward so that the airflow striking the tab will hold the elevators in the desired position. Conversely, if forward pressure is being held, the elevators will be in the down position, so the tab must be moved upward to relieve this pressure. In this example, we are talking about the tab itself and not the cockpit control. 

Rudder and aileron trim tabs operate on the same principle as the elevator trim tab to relieve pressure on the rudder pedals and sideward pressure on the control wheel, respectively.
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The tabs are usually controlled by a wheel which is often situated on the floor between the two front seats. Some aircraft have the trim controlled by a small rocker switch on the control column. The aircraft should be trimmed after every change in attitude or power setting. It takes a little practice to  trim an aircraft, but in the end it is done unconsciously.

	deflect trim tab


	
	 

	neutralise trim tab
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other wing additions
The type of operation for which an airplane is intended has a very important bearing on the selection of the shape and design of the wing for that airplane. Wing fences, slots, slats, spoilers, speed brakes and flaps are additions to the wing that perform a variety of functions related to control of the boundary layer, increase of the planform area (thus affecting lift and drag) and reduction of aircraft velocity during landing and stopping.
wing fences
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Wing fences are fin-like vertical surfaces attached to the upper surface of the wing, that are used to control the airflow. On swept wing airplanes, they are located about two-thirds of the way out towards the wing tip and prevent the drifting of air toward the tip of the wing at high angles of attack. On straight wing airplanes, they control the airflow in the flap area. In both cases, they give better slow speed handling and stall characteristics.
slots
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Slats are auxiliary airfoils fitted to the leading edge of the wing. At high angles of attack, they automatically move out ahead of the wing. The angle of attack of the slat being less than that of the mainplane, there is a smooth airflow over the slat which tends to smooth out the eddies forming over the wing. Slats are usually fitted to the leading edge near the wing tips to improve lateral control. The Socata Rallye is an example of a light aircraft that utilizes leading edge slats.
Slots are passageways built into the wing a short distance from the leading edge in such a way that, at high angles of attack, the air flows through the slot and over the wing, tending to smooth out the turbulence due to eddies.
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spoilers
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spoiler on an F4 Phantom wing
Spoilers are devices fitted to the wing which increase drag and decrease lift. They usually consist of a long narrow strip of metal arranged spanwise along the top surface of the airfoil. In some airplanes, they are linked to the ailerons and work in unison with the ailerons for lateral control. As such, they open on the side of the upgoing aileron, spoil the lift on that wing and help drive the wing down and help the airplane to roll into a turn.
In some airplanes, spoilers have replaced ailerons as a means of roll control. The spoiler moves only upward in contrast to the aileron that moves upward to decrease lift and downward to increase lift. The spoiler moves only up, spoiling the wing lift. By using spoilers for roll control, full span flaps can be used to increase low speed lift.
Spoilers can also be connected to the brake controls and. when so fitted, work symmetrically across the airplane for producing drag and destroying lift after landing, thereby transferring all the weight of the airplane to the wheels and making braking action more effective.
speed brakes
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RF-84K Thunderflash speed brake
Speed brakes are a feature on some high performance airplanes. They are a device designed to facilitate optimum descent without decreasing power enough to shock cool the engine and are especially advantageous in airplanes with high service ceilings. They are also of use in setting up the right approach speed and descent pattern in the landing configuration. The brakes, when extended, create drag without altering the curvature of the wing and are usually fitted far enough back along the chord so as not to disrupt too much lift and in a position laterally where they will not disturb the airflow over the tailplane. They are usually small metal blades housed in a fitting concealed in the wing that, when activated from the cockpit, pivot up to form a plate. On some types of aircraft, speed brakes are incorporated into the rear fuselage and consist of two hinged doors that open into the slipstream.
brakes 

Not all aircraft are actually fitted with brakes, however it is highly unlikely that you will ever fly one. Aircraft brakes are disc and are hydraulically or pneumatically operated.
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The main wheels only are braked, and most aircraft are fitted with differential braking. This means that the left or right brake can be applied individually, which enables the aircraft to turn about on its axis. This is a useful for tight manoeuvring. In aircraft with a castoring nose wheel, not connected to steering), the use of differential brakes is the only way that the aircraft can be steered on the runway below the speed of rudder authority.
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Too heavy an application of brakes (unless really necessary) will result in rapid pad wear and flat sports on the tyres.
Most modern aircraft are fitted with toe brakes. The top section of the rudder pedals are connected to the brake system. Care must be taken to to apply them at high speed on the runway, as this will result in a violent change of direction. Some older types have heel brakes. Here the positioning is reversed. Most pilots find them harder to use. A few aircraft (such as the YAK types) have small levers on the control stick that actuate the brakes pneumatically while others may have hand levers (Shaw Liberty)
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Cessna cockpit.
handbrake
Some aircraft have an independent handbrake that will apply the brakes evenly onto both main wheels (Pipers). Other types, (Cessna, Mooney) require that the toe brakes are applied and then a knob has to be pulled out to lock the brakes. 
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