DISCIPLINE „REGOINAL/RANG AIRPLANE, ITS ENGINES AND AIRFRAME SYSTEMS”
LECTURE 1.1
MODULE № 1 „AIRPLANE AND ITS AIRFRAME SYSTEMS”
THEME 1.1: AIRPLANE STRUCTURE
1.1.1. GENERAL DESCRIPTION
1.1.1.1. Zonal and station identification systems
When designing aeroplanes, loads to which the various parts are exposed must be taken into consideration. These loads are different for each part of the construction. A difference is made between primary and secondary constructions. When choosing materials for maintenance work, this must be taken into account.
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Figure: Structural classification

The secondary construction generally gives the aerodynamic shape to the aeroplane construction. On the basis of the main sections, the difference between primary and secondary can be clearly illustrated. For example, a wing section consists of a primary part and a secondary part
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Figure: Wing Structural classification

In order to determine a particular location in an aeroplane, it is divided into three (imaginary) planes that are at angle of 90° to each other.

The first plane cuts the aeroplane horizontally (based on a cross section). These planes are called water lines or Z stations.

The second plane cuts the aeroplane vertically (based on a cross section). These planes are called buttock lines or X stations.
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Figure: Axle Systems

The third plane cuts the aeroplane vertically (based on a side view). These are called body stations or Y (X) stations. By means of these three planes, any and every point in the aeroplane can be given an X, a Y and a Z coordinate. Some aeroplane manufacturers use abbreviations for these coordinates as follows:

B.L. (buttock lines) - the X (Y) coordinate;

Sta. (body stations) - the Y (X) coordinate; 
W.L. (water lines) - the Z coordinate.

Other manufacturers use the following abbreviations: 
X Sta. (X Stations) - the X coordinate;

Y Sta. (Y Stations) - the Y coordinate; 
Z Sta. (Z Stations) - the Z coordinate.

There is a number behind these abbreviations which indicates the distance of the part from the zero point. For aeroplanes built by Being, these distances are given in inches For aeroplanes built by Airbus, in cm.
The zero point of the Sta. (Y Sta.) is in front of, behind or on the point of the fuselage nose. In cases where the station number 0 is behind the point of the nose, the station number that are in front of the zero point have a minus sign, for instance: Sta. -60.4.
The zero point of the W.L (Z Sta.) depends on the type of airplane.The zero point of the W.L in a B-747 is 91 inches below the lowest point of the fuselage Every aeroplane has a different zero point.

The zero point of the B.L (X Sta.) is the centre line of the aeroplane (see "Figure 9" on page 12) Looking in the direction of flight, there are left-hand and right-hand buttock lines. The left- hand buttock lines are indicated by a minus sign and the right-hand ones with a plus sign.

The wings, horizontal and vertical stabilizers, and powerplants of most aeroplane types have their own location identification system.

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

· Major sub-zones 

· Unit zones

[image: image5.png]BT6ELYLS/61Ud

BEECLYLS/BLYS
LYOELYLIS/YILYY
SOBZLYLS/05 144

LZe2Ly1s/aviEd
488LLIVIS/Y1dd
28SLLYIS/VELYS
2060LY1S/VZLEL
2290L¥1S/V 1LY
2S66VLS/VOLYS
0676YLS/ 644
9206YLS/ 204
29sevLs/cHd
GYLBYLS/EYd
2994Y1S/ 144

£SLEIVLS/2Lad -

£9521¥15/854%4 -

6402 _.M‘_.w\mw ud -
2LOLLYLIS/8ELEd -

T 6YBZIVLIS/VILEd

- mmnmS«.—M\(m L

ZoULLVAS/ELE -

L9901¥LS/21E1 -

28L0LVAS/LLE -

Z1L6¥1S /0084 -

£926V1S/9ud -

608BYLS/94] -

<SSERYLS /784 -

ZH6LYLS/EN -

28E9 = X-———

ox-——

~LLBLIVLIS/VYLES

-£0921YIS/914d
-SLLZLYLS/SIYd
- L2ILIVLS/ VLYY




Figure: Zero Point of Stations
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Figure: Stations Examples
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Figure: Major Zones (Example)

Major zones are identified by hundred as follows: 
100 FUSELAGE LOWER SECTION 
200 FUSELAGE TOP SECTION 
300 STABILIZERS     
400 NACELLES 
500 LEFT WING 
600 RIGHT WING 
700 LANDING GEAR 
800 DOORS
Major sub-zones are identified by the ten of the majors zones.
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Figure: Major Sub Zones (Example)
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Figure: Unit Zones (Example)

Unit zones are identified by a three digit number. An example of a location identification system is 212:
200: upper half of body (major zone)
10: Cockpit (major sub-zone)
2: zone number on the right-hand side (unit zone)
Where necessary, the uneven zone number refers to the left-hand zone, and an even number indicates a right- hand zone. Large construction sections, including doors and control surfaces, have their own zone numbers
1.1.1.2. Construction Methods of Aeroplanes
Aircraft structures have evolved fully as much as have their powerplants. The very first airframes were made of open trusses of either wood strips or bamboo. The aerodynamic surfaces were made of lightweight wood covered with cotton or linen fabric, shrunk and made air tight with a syrup-like collodion product that dried to a hard film.
Metal stressed-skin aircraft structure has been the standard since the 1930s, but a new era is dawning, that of composites. Composite structure can be made stronger, lighter in weight, more rigid, and less costly than metal. We have experienced what may be termed a plastics revolution. Early plastic materials such as celluloid and Beetleware gave promise of a low-cost, easy-to-manufacture material, but they did not have the strength needed for structural applications One of the first plastic materials used in aviation was a thermosetting phenol-formaldehyde resin that was reinforced with paperor linen cloth. This phenolic material, called Micarta, pioneered in the early 1930s, is still used for control cable pulleys and fairleads and for electrical insulators.

Glass fibres, both woven into cloth and packed into loose mat and roving, have been reinforced with polyester resins and used for radomes, wing tips, and wheel pants since the early 1950s. This material is truly a composite, and may be thought of as being the ancestor of modern composite structural materials.
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Figure: First All-Composite Commercial Aircraft (Beech Starship)
Modern composite materials use fibres of graphite and Kevlar as well as glass for most applications, with boron and ceramic used in some special applications These fibres are primarily bonded into an epoxy resin matrix. Composite structural components have the advantage over metal of being lighter in weight, stronger, more rigid, and better able to withstand the sonic vibrations that are commonly encountered in aircraft structure.
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Figure: Use of Composites on Jet Airliner (Airbus A321)

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

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

· the fuselage

· the wings

· the landing gears

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

· the propulsion systems (powerplants, also referred to as engines).
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Figure: Main Sections of an Aircraft (Boeing-737)
Stressed Skin Construction Method

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

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

A monocoque fuselage is in its strength similar to a tube, its cross section is of high bending and torsion strength. There is no need for cross-struts, which would demand to much space from the cabin and cargo compartments.
Semi-monocoque Structure
Pure monocoque structure has the serious drawback that any dent or deformation will decrease its ability to carry the flight loads. To overcome this limitation, semi-monocoque structure as seen in Figure is widely used. In this type of structure, formers not only provide the shape, they carry the majority of the flight loads.
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Figure: Semi-Monocoque Structure
1.1.2. FUSELAGE 
1.1.2.1. Fuselage Construction
The fuselage is the body of the aircraft, to which the wings, tail, engine and landing gear attach. Because of the tremendous loads that are imposed upon the fuselage structure, it must have maximum strength and, as with all of the parts of an aircraft, it must also have minimum weight. Stressed-skin-type fuselages are used in modern transport aircraft.(see Title "Stressed Skin Construction Method")

The main limitation of a stressed-skin structure is that it cannot tolerate any dents or deformation in its surface. We have all seen this characteristic demonstrated with a thin aluminium beverage can. When the can is free of dents, it will withstand a great amount of force applied to its ends, but if we put only a slight dent in its side, it can be crushed very easily from top or bottom.

Most fuselage of transport aircraft are semi-monocoque structures. It is shaped by a number of frames and stringers that keep each other at the correct distance. The skin panel is attached to these stringers by means of rivets or glue. Sheets of different thicknesses are used. The big advantage of these fuselage constructions is that an area is created that is not blocked anywhere by extra means of strengthening. Extra means of strengthening are only necessary at those places where large forces are transmitted. This is the case at places where wings, tail surfaces, engines and landing gears are attached to the fuselage. In addition, this occurs at those places where weak spots are created in the construction as a result of missing frames and stringers, as at doors, windows and hatches. Special strengthening is used at those places in the fuselage where the area is used for stowing the retracted landing gears.
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Figure: Typical Sections of a Fuselage (Fokker 100)

The fuselage is made of separate assemblies which are riveted together.

The cabin floor structure divides the fuselage into two areas, the main deck and the lower deck. The main deck includes the cockpit and the cabin. The lower deck normally includes the avionics compartments, the landing gear bays and the fwd, aft and bulk cargo compartments. Support struts and crossbeams support the cabin floor structure.
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Figure: Typical Sections of a Fuselage
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Figure: Cockpit Section
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Figure: Mid Fuselage
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Figure: Aft Fuselage
1.1.2.2. Pressure Sealing
To make it possible to use pressurized cabins, the front and rear of the fuselage construction and the landing gear areas are closed off by a pressure bulkhead.

The cockpit, the cabin, the avionics compartment and the cargo compartments are normally pressurized The radome, the wing center box, the landing gear bays, the belly fairing and the cone/rear fuselage are normally not pressurized (see Figure).

It would be impractical to build the pressure vessel of an aircraft that is airtight, as pressurisation is accomplished by flowing more air into the cabin than is needed and allowing the excess air to leak out. There are two types of leakage in an aircraft pressure vessel: controlled and uncontrolled. The uncontrolled leakage is that in which air escapes around door and window seals, control cables and other openings in the sealed portion of the structure, and the controlled leakage through the outflow valve and the safety valve. This controlled leakage is far more than the uncontrolled and it determines the amount of pressure in the cabin. Pressurisation control systems can be of the pneumatic or electronic type, with the electronic type incorporating electrically controlled outflow valves.
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Figure: Typical Pressurized Zone
1.1.2.3. Fuselage Attachment
Wing to Fuselage Attachment

One method that can be used to support the wing is a simple four-pin attachment method. However, because of the thrust and drag loads (fore and aft loading) this simple four-pin design may not be sufficient for big airliners. Another way of overcoming the fore and aft loads imposed by the wing is to attach the fuselage frames to the wing spars, mainly used for bigger aircrafts. This is known as integral wing attachment.
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Figure: Wing to Fuselage Attachment
Bolted Wing Attachment

This kind of attachment is mainly used in smaller aeroplanes The following description belongs to the Saab 2000. There are eight wing-to-fuselage attach fittings on the mainframe. They transmit the load to the fuselage during flight for multiple load path redundancy. The aluminum attach fittings are put in position on the front and the rear spar to engage the related fuselage attach fittings
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Figure: Example of Center Wing Box Attachment (S2000)
Integral Wing Attachment

Most big aeroplanes are designed with this kind of wing attachment. There are also some smaler aeroplanes like the Embraer 145, which also use this kind of design. The following description belongs to airbus aeroplanes.

The wing center box structure extends across the width of the fuselage and is a continuation of the wing cantilever box. The wing box is usually attached to two primary frames of the fuselage, they are also part of the wing center-box structure. This frames are normally made of aluminium alloy and of integral kind (machined milled). The wing box distributes the wing loads in the fuselage and can form an optional integral fuel tank.
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Figure: Example of Center Wing Box Attachment (A330)

Landing Gear Attachment to the Fuselage

The landing gear loads are the largest loads on the aircraft. For this reason, the transfer of these loads to the fuselage shell requires extensive local reinforcement.

The wing spars along with additional structural members, support and attach the main landing gear to the wings on larger transport aircraft. The retractable landing gear system is required to move, the upper shock strut is supported by trunion fittings. These are shafts that fit to the shock strut and pass through fittings, which are bolted to the fuselage.
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Airbus A340-200                                                                Saab 2000

Figure: Examples of Fuselage Landing Gear Attachment
Horizontal Stabiliser to Fuselage Attachment

Modem high-speed transport category aeroplanes have adopted the use of an adjustable stabiliser. The aft portion of the stabiliser incorporates hinge assembles that are attached to the fuselage structure. The forward section of the stabiliser has a drive mechanism, which changes the pitch of the stabiliser. Figure shows the attachment fittings at fuselage.
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Figure: Example of Horizontal Stabiliser Attachment
Vertical Stabiliser to Fuselage Attachment

One method of construction is to attach the vertical stabiliser fore and aft spars to the fuselage using fittings. These fittings may be permanent or allow for the vertical stabiliser to be removed. Another method used is to make the vertical stabiliser an integral part of the aft fuselage. The vertical stabiliser spars enter the fuselage and become part of the aft fuselage frames. The skin panels of the vertical stabiliser tie directly onto the skin panels of the fuselage.
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Figure: Vertical Stabiliser Attachment
1.1.2.4. Doors
There are a number of different kinds of doors in an aeroplane. When talking about doors that are part of the pressurized cabin, the following are included: 
· cabin doors;

· cargo compartment doors;

· access doors to equipment compartments that are part of the pressurized cabin.

These doors should meet the following requirements:
· the doors must be opened and closed from the inside and the outside; 
· instructions for closing and opening them must be easy to read and simple to explain;

· there must be an indication on the cockpit as well as a mechanical indication near the door itself that the door is properly closed.

In addition, cargo doors must be constructed in such a way that, in closed position, they are part of the total strength of the fuselage construction.

The doors in the pressurized cabin can be divided into two groups:

· plug-type doors;
· nonplug-type doors.

Door Safety

Proximity sensors attached to the door for 'Door Closed', 'Door Locked' and 'Girt Bar Activated' give an indication to the flight crew at time any one of these conditions is not met.

Door Seals

Usually a sillicon rubber seal is installed around the door. When the door is closed, the seal is pushed against the door frame of the fuselage. The seal has usually holes at equal intervals, which let the cabin air to the seal inside and viceversa. When the door is closed and the cabin is pressurized, the door seals inflate because of the pressure difference between inside and outside.
Plug-type Doors

Doors that close the fuselage from the inside are called plug-type doors. Plug-type doors are a little bigger than the dimensions of the door jamb in which they fit. For this reason, the door in open position is sometimes kept inside the pressurized cabin. Another possibility is that the door has what is known as gates. They make the door smaller while opening or closing so that it can be brought outside the pressurized cabin when it is in open position.

The advantages of a plug-type door are:

· the total load is distributed over the whole door jamb; 
· the doors close better and better as the pressure increases.
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Figure: Example of Door Seal (Airbus)            Figure: Plug-Type Door with Gates (Boeing)

[image: image36.png]Locking
Shaft

Lowering
Shaft

(Lower
Connection
Link)

Locking Hook

Guide Arms

CABIN DOOR (AIRBUS )

Quter Control
Handle

Unlocking
Handle

Support
Arm

Barrel
Lock

Spring Strut -

Push Rod

Internal Door
Handle

Barrel
Lock

BULK CARGO DOOR (AIRBUS )

External
Handle

Button




Figure: Other Plug-Type Doors

Nonplug-Type Doors

Doors that close the fuselage from the outside, are called nonplug-type doors. The hinges and the closing mechanism of this type of door must carry all the forces that are caused by pressure differences. For the above mentioned reasons, the large cargo compartment doors have heavy locking mechanisms. These locks are at the exact locations where the frames in the fuselage and the cargo door are broken. The lock forms the connection between these frames when the door is closed (Figure). In this way, nonplug-type doors add to the total strength of the fuselage construction.
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Figure: Example of Nonplug-Type Door (A321)

This kind of door is mainly used for cargo compartments. Depending on the dimensions of the doors, they are equipped with counterbalance mechanism for manual operation, electrical motor actuation or hydraulic actuation.

The locking hooks keep each cargo door in the closed position. To show this condition there are indication windows in the access panel of the cargo door. The green mark shows that the safety mechanism locks each locking unit in its latched position. The red marks show that the locking units are not locked and satisfactory. When the cargo doors are locked, the door seal makes the related cargo compartment pressure-tight. To balance the difference in pressure on the ground and in the cargo compartments, there is a vent door in each cargo door. This spring-load​ed vent door opens inboard and remains in this position until the cargo door is correctly locked.
The drift pin mechanism is installed in the middle of the cargo door. It decreases the contour off-set between the fuselage and the door. The drift pin mechanism includes the linkage assembly and the drift pins with the related bellcranks and the connection links. The linkage assembly transmit the movement of the safety shaft to the bellcranks. They operate the connection links which retract or extent the drift pins. When the cargo door is correctly locked, the extended drift pins engage with the pockets of the fuselage frame.

The door seal made usually of silicone rubber integrated with fabric is a round hose-type seal with inflation holes. The door seal is installed in the retainers so that the inflation holes show to the inner side of the cargo compartment. When the cargo door is in the closed position, the door seal comes into contact with the fuselage profile. Due to the higher internal pressure of the cargo compartment during the flight, the door sea! is inflated via the inflation holes so that the cargo compartment is sealed air-tight.
Electrical switches (micro switches or proximity switches) of the door warning system monitor the closed and locked condition of the cargo door. They send a signal to the cockpit indication system when a cargo door is not locked. Then an indication warns the pilots about the unlocked condition of the door.
1.1.2.5. Windows
Aeroplane windows are divided into two groups: flight deck windows and cabin windows. Flight deck windows consist of several layers of glass and plastics. Cabin windows are made completely of plastic. They are double windows for those aeroplane types with a pressurized cabin.

The flight deck windows are again divided into two kinds: windshield (front windows) and side windows. The requirements that flight deck windows must meet are significantly more severe than the requirements for cabin windows. This is un​derstandable because the safety of the flight crew must be guaranteed under all circumstances. Windshields consist of layers of toughened glass and plastics. There is a heating element between the outside window and the plastic layer. The heating element is made of gold, tin oxide or indium oxide. The outside window has a stiff, hard, scratch resistant layer. The synthetic middle layer keeps splinters from being spread in the flight deck if the inside window breaks. Heating the windshields is necessary because:

· it increases the flexibility of the windshields;

· it keeps the windows free of ice;

· it keeps the windows from fogging over

Uneven heating, expansion and shrinkage, careless installation, ultraviolet rays, pressure differences and seeping in of humidity via leaks in the window seals can all lead to delamination (the layers come loose), pealing, tearing or breaking. The side windows consist of layers of toughened glass and plastics just as the windshields.

In the case that side windows can be heated (against fogging over), the heating element is between the inside window and the synthetic layer.
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Figure: Cockpit Windows (A310)
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Figure: Cabin Window

1.1.3. WING
1.1.3.1. Wing Construction
The lift, which produced by the wing, must be transmitted into the structure in such a manner and in such a location that the aeroplane can be balanced in every condition of flight. And the structure must be built in such a way that it can support all of the loads without any damaging deflection.

The wing is mounted on the aeroplane in a location that places its center of pressure just slightly behind the point at which all of the weight of the aeroplane is concentrated, the center of gravity.

The center of pressure travel on the wing chord produces some rather large torsional, or twisting, loads on its structure, especially at the point where the wing attaches to the fuselage.
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Figure: Wing description

In addition to the twisting loads imposed on the structure in flight, the wing is also subjected to bending loads. The weight is essentially concentrated at the fuselage, but the lift is produced all along the wing. The wing spars, which are the main span-wise members of the structure, are designed to carry these bending loads.
In the same manner as the fuselage, wings have generally evolved from the truss form of construction to one in which the outer skin carries the greatest amount of the stresses.
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Figure: Semi-monocoque Wing Construction

One of the advantages of an all-metal wing is the ease with which it can be built to carry all of the flight loads within the structure so it does not need any external struts or braces. Such an internally braced wing is called a cantilever wing.

This configuration has become standard for transport aircraft, cantilever low wing, with retractable landing gear. The airfoil section of a cantilever wing is normally quite thick, and the wing has a strong center section built into the fuselage. The engines and landing gear attach to this center section. Rather than using the familiar two-spar construction, most of these wings are of the multi-spar construction in which several spars carry the flight loads, and spanwise stiffeners run between the spars to provide even greater strength.
Wing Skin

The skin is part of the wing structure and carries part of the wing stresses. It is an essential load bearing part of the wing structure. The upper wing surface is usually made from aluminium alloy 7075, this material has a high resistance to compression loads. The lower wing surface is usually made from aluminium alloy 2024 as this material has excellent properties that withstand tension loads.

As airspeeds increased with their higher flight loads, it became apparent that not only was more strength needed for the skins of all-metal wings, but more stiffness was also needed. And to gain the strength and stiffness needed and yet keep the weight down, at first the manufacturers of some of the high-speed military aircraft begin the construction of wing skins with thick slabs of aluminium alloy. Then they machine away some of the thickness but leave enough material in the proper places to provide just exactly the strength and stiffness needed.
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Figure: Milled Wing Skin
Wing Spars

The spars are the principle structural members of the wing. The spars support ail distributed loads as well as concentrated weights, such as fuselage, landing gear, and on multi-engined aircraft, the nacelles or pylons.

Most spars are built up from extruded 7075 aluminium alloy sections, with riveted aluminium alloy web sections to provide extra strength. More recent aircraft have machined spars.

As a rule, a wing has two spars. One spar is usually located near the front of the wing and the other about two thirds of the distance towards the wings trailing edge. Regardless of the type the spar is the most important part of the wing. When other structural members are placed under load they pass most of the resulting stresses on to the wing spars.

In general, wing construction is based on one of three fundamental designs: Monospar, Multi-Spar, Box Beam.

Monospar

The monospar wing incorporates only one main longitudinal member in its con​struction. Ribs or bulkheads supply the necessary contour or shape to the airfoil. This kind of construction has no application in transport category aeroplane wings, but is quit often used for flight control surfaces

Multi-Spar

The multi-spar wing incorporates more than one main longitudinal member in its construction. To give the wing contour, ribs or bulkheads are often included.

Box Beam

The box beam type of wing construction uses two main longitudinal members with connecting bulkheads to furnish additional strength and to give contour to the wing. This is the most used construction design for wings with integral wing tanks.
Wing Ribs

Ribs are the structural crosspieces that make up the framework of the wing. They usually extend from the wing leading edge to the rear spar or to the trailing edge of the wing and gives the airfoil shape.

Wing ribs may be pressed from sheet aluminium alloy in a hydropress, or they may be built up of sheet metal channels and hat sections riveted to the skin to give it both the shape and rigidity it needs.
Wing Tips

The wing tip is often a removable unit, bolted to the outboard end of the wing panel. One reason for this is the vulnerability of the wing tips to damage, especially during ground handling and taxiing. If damage does occur to the wing tip it can be replaced in a short time period. Another factor to consider is if the wing tip should accidentally strike something then damage will be limited to the wing tip and not the whole wing.
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Figure: Example of Wing Tip with Fence (A320)
1.1.3.2. Wing Attached Components
For certain types of aircraft with engines attached to the wings, the wing also has a center spar that continues to beyond the outside engine pylon. The connection to the main landing gear requires an extra heavy construction. This consists of one or more auxiliary spars, that are connected to the rear spar and sometimes goes from the left side to the right side.

Flap/slat tracks or hinges and flight control surfaces are bolted to the spars or reinforced ribs.
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Figure: Hinge Points
The wing support structure for the landing gear has to be strengthened in order to accommodate the landing gear loads The front trunnion of the landing gear can be attached to the rear spar of the wing. If the landing gear is attached in this manner, a support structure for the landing gear rear trunnion will be necessary, this may be a gear wing beam or may be an extra wing spar. This spar is called a false spar.
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Figure: Examples of Gear Attachment
1.1.4. EMPENNAGE
1.1.4.1. Empennage Configuration
The empennage of an aeroplane is the assembly of tail surfaces that are used both for control and for stability. Regardless of their location or configuration, they serve the same functions. Longitudinal stability and control are provided by the horizontal surfaces, while directional stability and control are provided by vertical surfaces. The location of the horizontal tail surfaces must take into consideration because of the turbulence produced by the airflow over the wings. Some aeroplanes have these surfaces located quite low on the fuselage.

[image: image46.png]



Figure: Typical Empennage Configuration
The horizontal tail surfaces the turbulence produced by the airflow over the wings. Some aeroplanes have these surfaces located quite low on the fuselage.

A number of modem aeroplanes use the T-tail configuration. The horizontal tail surfaces are mounted on top of the vertical surfaces. This keeps them out of the turbulence caused by the wing and prevents the rudder being blanketed by the horizontal surfaces and losing its effectiveness in a spin.

The stabilizers usually are two or multispar structures.
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Figure: T-tail Configuration
As far as the construction is concerned, the wings, the stabilizers and the vertical stabilizers have much in common.

The way in which the parts of the stabilizers and the vertical stabilizer to the fuselage can differ. The method of connection depends greatly on the forces that occur as a result of bending and torsion moments and as a result of shearing forces.

The vertical stabilizer is normally bolted to the top center of special reinforced frames of the tail fuselage section. The vertical fin is bolted to fitting-brackets to facilitate removal and installation.

On modern aircraft such the Airbus A320 primary structural components of the sta​bilizers (spars, ribs and skin panels) are made of laminations of Carbon Fiber Reinforced Plastic (CFRP). All other components are made of the same material, or Glass-fiber Reinforced Plastic (GFRP) or of light alloy.

The trimmable horizontal stabilizer (THS) is a single-piece structure mounted through, and supported by the fuselage tail section. The horizontal stabilizer provides the supporting structure for the LH and the RH elevator. The angle of incidence of the THS can be mechanically adjusted by means of a trim control wheel located in the flight compartment. The THS is installed at the tail section in a large cutout, and is attached to the fuselage at three points, by the THS actuator and by the two hinge points on either side of the fuselage.

The THS comprises of a center spar box, the LH and RH spar boxes, the LH and RH leading edges, the LH and RH trailing edges, the LH and RH stabilizer tips, the LH and RH stabilizer aprons and the stabilizer attach fittings. The main structural component of the THS is the stabilizer spar box, and all loads on the horizontal stabilizer are transmitted through the center spar box and its attach fittings. The THS can be removed as a complete unit.
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Figure: Typical Horizontal Stabilizer
The elevators and rudders are hinged to brackets bolted to the rear spar of the stabilizers.
1.1.4.2. Flight Control Surfaces Construction
The Monocoque construction form is often used for the control surfaces.

Considering the primary flight controls, the elevator normally consists of a spar, ribs and skinning panels. While the rudder and aileron normally consist of a spar, honey comb core and skinning panels. Actuators and hinge brackets on all primary control are normally attached to the spar.

Static dischargers are installed near the tip of the trailing edge. They let static electricity discharge from the aircraft.
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Figure: All Metal Control Surface
Secondary control surfaces are normally constructed like rudders.
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Figure: Honey Comb Core Type Control Surface
All-metal, riveted or bonded, control surfaces were traditionally used in transport aircraft. While resin-fiber composite materials have become more popular in modern transport aircraft.
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Figur: Composite Control Surface
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