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Abstract:
 The aircraft structure is an important part where the structure of an aircraft depends on the optimum requirement of the customer and the environments in which it will be going to fly for the major time. It has to go several checks at regular interval of flying hours under proper inspection. This paper contains the basic information regarding the components of an aircraft and the basic concept of its design. The main criteria of design and its philosophy is the factor of safety which has to be accounted at the time of the construction with respect to the flying condition and in which environment.

The material which has high strength with low weight such type of materials has to be used in order to maintain high strength to weight ratio under all conditions. The type of joints and the paint has to be appropriate such that the Reynolds’s number is much  high which induces less amount of the parasite drag. The structure of an aircraft must be such that it can bear the differential pressure as well as the cyclic loads due to continuous take offs and landings.
 
The pressurization system of an aircraft must be in tune with the aircraft structure so that the differential pressure between the cabin and ambient pressure is under a constant value. To sustain such high differential pressure, aircraft thickness should be high which in result in high amount of dead load or known as weight of an aircraft and high cost of production, which is undesirable.

 	The paper also contains the example which has changed the aviation history from the structure point of view.










Aircraft Structure - An introduction to major airplane components Major components
Although airplanes are designed for a variety of purposes, most of them have the same major components. The overall characteristics are largely determined by the original design objectives. Most airplane structures include a fuselage, wings, an empennage, landing gear, and a power plant 
[image: http://www.free-online-private-pilot-ground-school.com/images/airplane-components.gif] 
Figure 1: Airplane components.
Fuselage
The fuselage includes the cabin and/or cockpit, which contains seats for the occupants and the controls for the airplane. In addition, the fuselage may also provide room for cargo and attachment points for the other major airplane components. Some aircraft utilize an open truss structure. The truss-type fuselage is constructed of steel or aluminum tubing. Strength and rigidity is achieved by welding the tubing together into a series of triangular shapes, called trusses. 
          [image: http://www.free-online-private-pilot-ground-school.com/images/warren-truss.gif]
Figure 2: The Warren truss.
Construction of the Warren truss features longerons, as well as diagonal and vertical web members. To reduce weight, small airplanes generally utilize aluminum alloy tubing, which may be riveted or bolted into one piece with cross-bracing members. As technology progressed, aircraft designers began to enclose the truss members to streamline the airplane and improve performance. This was originally accomplished with cloth fabric, which eventually gave way to lightweight metals such as aluminum. In some cases, the outside skin can support all or a major portion of the flight loads. Most modern aircraft use a form of this stressed skin structure known as monocoque or semimonocoque construction.
The monocoque design uses stressed skin to support almost all imposed loads. This structure can be very strong but cannot tolerate dents or deformation of the surface. This characteristic is easily demonstrated by a thin aluminum beverage can. You can exert considerable force to the ends of the can without causing any damage.
However, if the side of the can is dented only slightly, the can will collapse easily. The true monocoque construction mainly consists of the skin, formers, and bulkheads. The formers and bulkheads provide shape for the fuselage.
Figure 3: Monocoque fuselage design.
[image: http://www.free-online-private-pilot-ground-school.com/images/monocoque-design.gif]
Since no bracing members are present, the skin must be strong enough to keep the fuselage rigid. Thus, a significant problem involved in monocoque construction is maintaining enough strength while keeping the weight within allowable limits. Due to the limitations of the monocoque design, a semi-monocoque structure is used on many of today´s aircraft.
The semi-monocoque system uses a substructure to which the airplane´s skin is attached. The substructure, which consists of bulkheads and/or formers of various sizes and stringers, reinforces the stressed skin by taking some of the bending stress from the fuselage. The main section of the fuselage also includes wing attachment points and a firewall. On single-engine airplanes, the engine is usually attached to the front of the fuselage. There is a fireproof partition between the rear of the engine and the cockpit or cabin to protect the pilot and passengers from accidental engine fires. This partition is called a firewall and is usually made of heat-resistant material such as stainless steel.
Wings
The wings are airfoils attached to each side of the fuselage and are the main lifting surfaces that support the airplane in flight. There are numerous wing designs, sizes, and shapes used by the various manufacturers.
Wings may be attached at the top, middle, or lower portion of the fuselage. These designs are referred to as high-, mid and low-wing, respectively. The number of wings can also vary. Airplanes with a single set of wings are referred to as monoplanes, while those with two sets are called biplanes.
Many high-wing airplanes have external braces, or wing struts, which transmit the flight and landing loads through the struts to the main fuselage structure. Since the wing struts are usually attached approximately halfway out on the wing, this type of wing structure is called semi-cantilever. A few high-wing and most low-wing airplanes have a full cantilever wing designed to carry the loads without external struts.
The principal structural parts of the wing are spars, ribs, and stringers.
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Figure 6: Wing components.
These are reinforced by trusses, I-beams, tubing, or other devices, including the skin. The wing ribs determine the shape and thickness of the wing (airfoil). In most modern airplanes, the fuel tanks either are an integral part of the wing´s structure, or consist of flexible containers mounted inside of the wing.
Attached to the rear, or trailing, edges of the wings are two types of control surfaces referred to as ailerons and flaps. Ailerons extend from about the midpoint of each wing outward toward the tip and move in opposite directions to create aerodynamic forces that cause the airplane to roll. Flaps extend outward from the fuselage to near the midpoint of each wing. The flaps are normally flush with the wing´s surface during cruising flight. When extended, the flaps move simultaneously downward to increase the lifting force of the wing for takeoffs and landings.
Empennage
The correct name for the tail section of an airplane is empennage. The empennage includes the entire tail group, consisting of fixed surfaces such as the vertical stabilizer and the horizontal stabilizer. The movable surfaces include the rudder, the elevator, and one or more trim tabs.
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A second type of empennage design does not require an elevator. Instead, it incorporates a one-piece horizontal stabilizer that pivots from a central hinge point.
This type of design is called a stabilator, and is moved using the control wheel, just as you would the elevator.
For example, when you pull back on the control wheel, the stabilator pivots so the trailing edge moves up. This increases the aerodynamic tail load and causes the nose of the airplane to move up. Stabilators have an antiservo tab extending across their trailing edge.
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Figure 8: Stabilator components.
The antiservo tab moves in the same direction as the trailing edge of the stabilator. The antiservo tab also functions as a trim tab to relieve control pressures and helps maintain the stabilator in the desired position.
The rudder is attached to the back of the vertical stabilizer.
During flight, it is used to move the airplane´s nose left and right. The rudder is used in combination with the ailerons for turns during flight. The elevator, which is attached to the back of the horizontal stabilizer, is used to move the nose of the airplane up and down during flight.
Trim tabs are small, movable portions of the trailing edge of the control surface. These movable trim tabs, which are controlled from the cockpit, reduce control pressures. Trim tabs may be installed on the ailerons, the rudder, and/or the elevator.
Landing gear
The landing gear is the principle support of the airplane when parked, taxiing, taking off, or when landing. The most common type of landing gear consists of wheels, but airplanes can also be equipped with floats for water operations, or skis for landing on snow. The landing gear consists of three wheels — two main wheels and a third wheel positioned either at the front or rear of the airplane. Landing gear employing a rear mounted wheel is called conventional landing gear.
Airplanes with conventional landing gear are sometimes referred to as tail wheel airplanes. When the third wheel is located on the nose, it is called a nose wheel, and the design is referred to as a tricycle gear. A steerable nose wheel or tail wheel permits the airplane to be controlled throughout all operations while on the ground.
The powerplants
The powerplants usually includes both the engine and the propeller. The primary function of the engine is to provide the power to turn the propeller. It also generates electrical power, provides a vacuum source for some flight instruments, and in most single-engine airplanes, provides a source of heat for the pilot and passengers. The engine is covered by a cowling, or in the case of some airplanes, surrounded by a nacelle.
The purpose of the cowling or nacelle is to streamline the flow of air around the engine and to help cool the engine by ducting air around the cylinders. The propeller, mounted on the front of the engine, translates the rotating force of the engine into a forward acting force called thrust that helps move the airplane through the air.
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Structural Concepts
Analyses introduce cyclic loads from ground-air-ground cycle and from power spectral density descriptions of continuous turbulence. Component fatigue test results are fed into the program and the cumulative fatigue damage is calculated. Stress levels are adjusted to achieve required structural fatigue design life.
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Design Life Criteria -- Philosophy
Fatigue failure life of a structural member is usually defined as the time to initiate a crack which would tend to reduce the ultimate strength of the member.

Fatigue design life implies the average life to be expected under average aircraft utilization and loads environment. To this design life, application of a fatigue life scatter factor accounts for the typical variations from the average utilization, loading environments, and basic fatigue strength allowable. This leads to a safe-life period during which the probability of a structural crack occurring is very low. With fail-safe, inspectable design, the actual structural life is much greater.

The overall fatigue life of the aircraft is the time at which the repair of the structure is no longer economically feasible.

Scatter factors of 2 to 4 have been used to account for statistical variation in component fatigue tests and unknowns in loads. Load unknowns involve both methods of calculation and type of service actually experienced.

Primary structure for present transport aircraft is designed based on average expected operational conditions and average fatigue test results, for 120,000 hrs. For the best current methods of design, a scatter factor of 2 is typically used, so that the expected crack-free structural life is 60,000 hrs, and the probability of attaining a crack-free structural life of 60,000 hrs is 94 percent as shown in the following figure and table.
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	s.f. = N / Np
	Probability of
Survival (%)
	Np (Flight Hours)
(N = 120,000 hrs)
	Np (Years)
(3,000 flight hrs / year)

	2.0
	94.0
	60,000
	20

	2.5
	97.5
	48,000
	16

	3.0
	98.8
	40,000
	13.3

	3.5
	99.3
	34,300
	11.4

	4.0
	99.54
	30,000
	10.0



With fail-safe design concepts, the usable structural life would be much greater, but in practice, each manufacturer has different goals regarding aircraft structural life.
Materials
Choice of materials emphasizes not only strength/weight ratio but also:
· Fracture toughness 
· Crack propagation rate 
· Notch sensitivity 
· Stress corrosion resistance 
· Exfoliation corrosion resistance 

Acoustic fatigue testing is important in affected portions of structure.

Doublers are used to reduce stress concentrations around splices, cut-outs, doors, windows, access panels, etc., and to serve as tear-stoppers at frames and longerons.

Generally DC-10 uses 2024-T3 aluminium for tension structure such as lower wing skins, pressure critical fuselage skins and minimum gage applications. This material has excellent fatigue strength, fracture toughness and notch sensitivity. 7075-T6 aluminium has the highest strength with acceptable toughness. It is used for strength critical structures such as fuselage floor beams, stabilizers and spar caps in control surfaces. It is also used for upper wing skins.

For those parts in which residual stresses could possibly be present, 7075-T73 material is used. 7075-T73 material has superior stress corrosion resistance and exfoliation corrosion resistance, and good fracture toughness. Typical applications are fittings that can have detrimental preloads induced during assembly or that are subjected to sustained operational loads. Thick-section forgings are 7075-T73, due to the possible residual stresses induced during heat treatment. The integral ends of 7075-T6 stringers and spar caps are overaged to T73 locally. This unique use of the T73 temper virtually eliminates possibility of stress corrosion cracking in critical joint areas. 
Miscellaneous Numbers
Although the yield stress of 7075 or 2024 Aluminum is higher, a typical value for design stress at limit load is 54,000 psi. The density of aluminum is .101 lb / in3

Minimum usable material thickness is about 0.06 inches for high speed transport wings. This is set by lightning strike requirements. (Minimum skin gauge on other portions of the aircraft, such as the fuselage, is about 0.05 inches to permit countersinking for flush rivets.

On the Cessna Citation, a small high speed airplane, 0.04 inches is the minimum gauge on the inner portion of the wing, but 0.05 inches is preferred. Ribs may be as thin as 0.025 inches. Spar webs are about 0.06 inches at the tip.

For low speed aircraft where flush rivets are not a requirement and loads are low, minimum skin gauge is as low as 0.016 inches where little handling is likely, such as on outer wings and tail cones. Around fuel tanks (inboard wings) 0.03 inches is minimum. On light aircraft, the spar or spars carry almost all of the bending and shear loads. Wing skins are generally stiffened. Skins contribute to compression load only near the spars (which serve as stiffeners in a limited area). Lower skins do contribute to tension capability but the main function of the skin in these cases is to carry torsion loads and define the section shape.

In transport wings, skin thicknesses usually are large enough, when designed for bending, to handle torsion loads.

Fuel density is 6.7 lb/gallon.

 Aircraft Tires

Introduction:
Aircraft tires, tubeless or tube type, provide a cushion of air that helps absorb the shocks and roughness of landings and takeoffs: they support the weight of the aircraft while on the ground and provide the necessary traction for braking and stopping aircraft on landing. Thus, aircraft tires must be carefully maintained to meet the rigorous demands of their basic job to accept a variety of static and dynamic stresses dependably--in a wide range of operating conditions.

Brief description:
	
Aircraft Tire Construction: 
Dissect an aircraft tire and you'll find that it's one of the strongest and toughest pneumatic tires made. It must withstand high speeds and very heavy static and 	dynamic loads. For example, the main gear tires of a four-engine jet transport are required to withstand landing speeds up to 250 mph, as well as static and dynamic loads as high as 22 and 33 tons respectively.. 

Tread: 
It is made of rubber compound for toughness and durability, the tread is patterned in accordance with aircraft operational requirements. The circumferential ribbed pattern is widely used today because it provides good traction under widely varying runway conditions.

Tread Reinforcement: 
One or more layers of reinforced nylon cord fabric strengthen the tread for high 	speed operation. Used mainly for high speed tires.

Breakers: 
Not always used, these extra layers of reinforcing nylon cord fabric are placed under the tread rubber to protect casing plies and strengthen tread area. They are considered an integral part of the carcass construction.

Casing Plies/Cord Body: 
Diagonal layers of rubber-coated nylon cord fabric (running at opposite angles to one another) provide the strength of a tire. Completely encompassing the tire body, the carcass plies are folded around the wire beads and back against the tire sidewalls (the "ply turnips"). 

Beads: 
Made of steel wires embedded in rubber and wrapped in fabric, the beads anchor the carcass plies and provide firm mounting surfaces on the wheel.

Flippers: 
These layers of fabric and rubber insulate the carcass from the bead wires and improve the durability of the tire.

Chafers: 
Layers of fabric and rubber that protect the carcass from damage during mounting and demounting. They insulate the carcass from brake heat and provide a good seal against movement during dynamic operations.

Bead Toe: 
The inner bead edge closest to the tire center line.

Bead Heel: 
The outer bead edge which fits against the wheel flange.

 Inner liner: 
They are on tubeless tires, this inner layer of less permeable rubber acts as a built-in tube; it prevents air from seeping through casing plies. For tube type tires, a thinner rubber liner is used to prevent tube chafing against the inside ply.
	
Tread Reinforcing Ply: 
Rubber compound cushion between tread and casing plies provides toughness and durability. It adds protection against cutting and bruising throughout the life of the tread.

Sidewall: 
Sidewalls are primarily covers over the sides of the cord body to protect the cords from injury and exposure. Little strength is imparted to the cord body by the sidewalls. A special sidewall construction, the "chine tire," is a nose wheel tire designed with built-in deflector to divert runway water to the side, thus reducing 	water spray in the area of rear mounted jet engines.

Apex Strip: 
The apex strip is additional rubber formed around the bead to give a conture for anchoring the ply turnups.
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Concorde Flight 4590 crash
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On 25 July 2000, Air France Flight 4590, registration F-BTSC, crashed in Geneses, France, killing all 100 passengers and nine crew members on board the flight, and four people on the ground. It was the only fatal incident involving Concorde.
According to the official investigation conducted by the French accident investigation bureau (BEA), the crash was caused by a titanium strip that fell from a Continental Airlines DC-10 that had taken off minutes earlier. This metal fragment punctured a tyre on the Concorde's left main wheel bogie during takeoff. The tyre exploded, a piece of rubber hit the fuel tank, and while the fuel tank was not punctured, the impact caused a shock-wave which caused one of the fuel valves in the wing to burst open. This caused a major fuel leak from the tank, which then ignited due to sparking electrical landing gear wiring severed by another piece of the same tyre. The crew shut down engine number 2 in response to a fire warning, and with engine number 1 surging and producing little power, the aircraft was unable to gain height or speed. The aircraft entered a rapid pitch-up then a violent descent, rolling left and crashing tail-low into the Hotelissimo Hotel in Gonesse..On 6 December 2010, Continental Airlines and John Taylor, one of their mechanics, were found guilty of involuntary manslaughter.
Prior to the accident, Concorde had been arguably the safest operational passenger airliner in the world in terms of passenger deaths-per-kilometres travelled with zero, but with a history of tyre explosions 60 times higher than subsonic jets.[122] Safety improvements were made in the wake of the crash, including more secure electrical controls, Kevlar lining to the fuel tanks and specially developed burst-resistant tyres.
The first flight after the modifications departed from London Heathrow on 17 July 2001, piloted by BA Chief Concorde Pilot Mike Bannister. During the 3-hour 20-minute flight over the mid-Atlantic towards Iceland, Bannister attained Mach 2.02 and 60,000 ft (18,000 m) before returning to RAF Brize Norton. The test flight, intended to resemble the London–New York route, was declared a success and was watched on live TV, and by crowds on the ground at both locations.[124] Another BA assessment flight carrying passengers took place on 11 September 2001, and landed just before the 11 September 2001 attacks in the United States. This was not a revenue flight, as all the passengers were BA employees. 
Normal commercial operations resumed on 7 November 2001 by BA and AF (aircraft G-BOAE and F-BTSD), with service to New York JFK, where passengers were welcomed by the mayor Rudy Giuliani.

Aloha Airlines Flight 243

[image: See caption]
Fuselage of Aloha Airlines Flight 243 after explosive decompression.
Aloha Airlines Flight 243 was a scheduled Aloha Airlines flight between Hilo and Honolulu in Hawaii. On April 28, 1988, a Boeing 737-200 serving the flight suffered extensive damage after an explosive decompression in flight, but was able to land safely at Kahului Airport on Maui. The only fatality was flight attendant C.B. Lansing who was blown out of the airplane. Another 65 passengers and crew were injured.
The aircraft, Queen Liliuokalani (registration number N73711), took off from Hilo International Airport at 13:25 HST on 28 April 1988, bound for Honolulu. There were 90 passengers and five crew members on board. No unusual occurrences were reported during the take-off and climb.[1]
Around 13:48, as the aircraft reached its normal flight altitude of 24,000 feet (7,300 m) about 23 nautical miles (43 km) south-southeast of Kahului, a small section on the left side of the roof ruptured. The resulting explosive decompression tore off a large section of the roof, consisting of the entire top half of the aircraft skin extending from just behind the cockpit to the fore-wing area.
As part of the design of the 737, stress may be alleviated by controlled area breakaway zones. The intent was to provide controlled depressurization that would maintain the integrity of the fuselage structure. The age of the plane and the condition of the fuselage (that had corroded and was stressing the rivets beyond their designed capacity) appear to have conspired to render the design a part of the problem; when that first controlled area broke away, according to the small rupture theory, the rapid sequence of events resulted in the failure sequence. This has been referred to as a zipper effect.
First Officer Madeline "Mimi" Tompkins' head was jerked back during the decompression, and she saw cabin insulation flying around the cockpit. Captain Robert Schornstheimer looked back and saw blue sky where the first class cabin's roof had been. Tompkins immediately contacted Air Traffic Control on Maui to declare mayday, switching duties with Captain Schornstheimer, who from this point on, took over control of the plane, as it is usually customary for the Captain to take over a flight that enters a state of emergency.
At the time of the decompression, the chief flight attendant, Clarabelle "C.B." Lansing, was standing at seat row 5 collecting drink cups from passengers. According to passengers' accounts, Lansing was blown out through a hole in the side of the airplane by the greater air pressure remaining in the cabin.
Flight attendant Michelle Honda, who was standing near rows #15 and #16, was thrown violently to the floor during the decompression. Despite her injuries, she was able to crawl up and down the aisle to assist and calm the terrified passengers. Flight attendant Jane Sato-Tomita, who was at the front of the plane, was seriously injured by flying debris and was thrown to the floor. Passengers held onto her during the descent into Maui.
The explosive decompression severed the electrical wiring from the nose gear to the indicator light on the cockpit instrument panel. As a result, the light did not illuminate when the nose gear was lowered, and the pilots had no way of knowing if it had fully lowered.
Before landing, passengers were instructed to don their life jackets, in case the aircraft did not make it to Kahului.
The crew performed an emergency landing on Kahului Airport's runway 2 at 13:58. Upon landing, the crew deployed the aircraft's emergency evacuation slides and evacuated passengers from the aircraft quickly. First Officer Mimi Tompkins assisted passengers down the evacuation slide.[3] In all, 65 people were reported injured, eight seriously. At the time, Maui had no plan for a disaster of this type. The injured were taken to the hospital by the tour vans from Akamai Tours (now defunct) driven by office personnel and mechanics, since the island only had a couple of ambulances. Air traffic control radioed Akamai and requested as many of their 15 passenger vans as they could spare to go to the airport (less than a mile away) to transport the injured. Two of the Akamai drivers were former medics and established a triage on the runway. The aircraft was a write-off.
 Aftermath
Investigation by the United States National Transportation Safety Board (NTSB) concluded that the accident was caused by metal fatigue exacerbated by crevice corrosion (the plane operated in a coastal environment, with exposure to salt and humidity).]The root cause of the problem was failure of an epoxy adhesive used to bond the aluminium sheets of the fuselage together when the B737 was manufactured. Water was able to enter the gap where the epoxy failed to bond the two surfaces together properly, and started the corrosion process. The age of the aircraft became a key issue (it was 19 years old at the time of the accident and had sustained a remarkable number of takeoff-landing cycles — 89,090, the second most cycles for a plane in the world at the time — well beyond the 75,000 trips it was designed to sustain). Aircraft now receive additional maintenance checks as they age. However, several other aircraft operating under similar environments did not exhibit the same phenomenon. A deep and thorough inspection of Aloha Airlines by NTSB revealed that the most extensive and longer "D Check" was performed in several early morning instalments, instead of a full uninterrupted maintenance procedure.
According to the official NTSB report of the investigation, Gayle Yamamoto, a passenger, noticed a crack in the fuselage upon boarding the aircraft prior to the ill-fated flight but did not notify anyone.The crack was located aft of the front port side passenger door. The crack was probably due to metal fatigue related to the 89,090 compression and decompression cycles experienced in the short hop flights by Aloha.
In addition, the United States Congress passed the Aviation Safety Research Act of 1988 in the wake of the disaster. This provided for stricter research into probable causes of future airplane disasters.
Both pilots remained with Aloha Airlines. Robert Schornstheimer retired from Aloha Airlines in August 2005. At that time, Madeline Tompkins was still a captain of the airline's Boeing 737-700 aircraft until the airline ceased passenger operations in 2008.

Conclusion:

There are various factors which had changed the aviation history from the structure point of view such as the composites are being used to give extra strength to the material or the structure with minimum addition to the dead load or weight of an aircraft.

The factor of safety is designed for the safety of the people and it should not be disobeyed to earn the profit in exchange for the numbers of innocent souls.

The construction of an aircraft has to be done according to the requirement of the customer and the atmosphere or environments in which it will be going to fly.
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