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Chapter 1: Introduction
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If you gaze out across a busy aerodrome, you may notice aircraft of a range of shapes and sizes. The wonderful thing about aviation is aircraft of a considerable age remain actively flying, which means it is possible to see in action a wide range of aircraft structures, powerplants and systems. You can view currently flying aircraft that have a wooden frame, covered in cloth, through to aircraft with a full composite structure. Although the basic aircraft design principles have not changed much since the early days of flight, there have been important developments to improve safety and performance, allowing pilots to fly higher, faster and more efficiently.

This book will explore a wide range of aircraft components, starting with aircraft structures. Aircraft of all sizes have the same basic structures, namely a fuselage, wings and empennage (tail section). We will see these structures need to be strong to withstand the considerable loads placed on them throughout a flight but still remain relatively lightweight. We will also explore the undercarriage, wheels and brakes, which for most of the flight go unnoticed. However, when the aircraft touches down on the runway, these components suddenly become very important, supporting the weight of the aircraft on the ground and helping to bring the aircraft to a swift stop.
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We will then explore aircraft powerplants, which come in many shapes and sizes. Although our main focus will be on the piston engine, we will also explore the gas turbine engine, commonly called the jet engine, which is increasingly being used to power small aircraft. A powerful engine is essential to generate sufficient thrust to allow an aircraft to fly. But an engine cannot do this task alone, relying heavily on various systems to help deliver the correct fuel to the engine and take away the enormous amount of heat that is generated. One of the shortcomings of a standard piston engine is aircraft performance rapidly reduces at higher altitudes. But we will see some engines have clever devices that allow aircraft to climb like a rocket well into the upper atmosphere.
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We will explore a range of aircraft systems, which size and complexity can vary considerably between aircraft. We will see some aircraft have oxygen systems that allow pilots to safely fly in oxygen-deprived environments. We will also explore ice protection systems that allow aircraft to fly through cold clouds without turning into an ice block. Almost all aircraft have an electrical system that produces and distributes electricity throughout the aircraft. However, if the electrical system is not treated properly it can malfunction, which can be very dangerous.
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Aircraft structures, powerplants and systems knowledge is one of the fundamental topics a pilot must master to operate an aircraft safely. This topic is not just about understanding the different components of the aircraft, but also recognizing and managing any problems that arise. Considering the severe consequences that can occur when things go wrong in aviation, it is essential to have a comprehensive understanding of the aircraft you are flying. 



Chapter 2: Fuselage
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The fuselage is one of the fundamental aircraft structures and is the main body of the aircraft. The other key components of the aircraft are attached to the fuselage, including the tail section (empennage), wings and undercarriage. These will be explored in more detail in the next few chapters. In this chapter we will explore how the fuselage has evolved as aircraft have become faster and heavier. The fuselage needs to be as light as possible to help the aircraft leap into the air, but also remain very strong. During each flight, considerable bending and twisting loads are placed on the aircraft. If the fuselage is not strong enough, it will deform or break, leading to catastrophic consequences.

Aircraft Loading


Before exploring the construction of the fuselage, we will look at the loads an aircraft can encounter, which affects all the main aircraft structures. A load is an external force that is placed on a structure. For example, when an aircraft is turning or pulling up sharply, it will be exposed to a maneuvring load (also known as g-force or load factor), which can be the equivalent of several times the aircraft’s weight. When a load is placed on a structure, it will try to change its shape. Bending is a common impact of a load, with the bending of the wing being a classic example. On the ground, the wing will tend to bend downwards under its own weight, but once airborne, the wing will bend upwards, due to the upwards aerodynamic force of lift, as shown in Figure 2.1. Some loads will try to stretch or compress a structure (known as a tensile or compression load). Some structures may twist when exposed to a load (torsional load), for example, a long and skinny fuselage may be prone to twisting.
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Figure 2.1: Tensile (stretching) and compression loads on a bending wing in flight.  


In the ideal world, each structure would be built super strong to withstand all the loads that are constantly affecting the aircraft. But this would usually result in a very heavy structure, which is not ideal for flight. As a result, aircraft structures are carefully designed to absorb and distribute the loads throughout the aircraft. This approach helps to keep the aircraft’s weight relatively low, but still maintain sufficient strength.    

Fuselage Construction


Over the years the fuselage has gone through several design changes that have largely come about due to aircraft becoming larger and faster, therefore being exposed to greater loads. The earliest fuselage design is known as a truss-type construction. Essentially this design is a wooden or metal box-like frame, with a skin covering (typically fabric covering). In this design, the frame supports the majority of the load, with the skin providing some support. The frame is made up of several longerons, struts and braces, as shown in Figure 2.2. Longerons are the long frame lengths that run from the nose to the tail, whereas struts and braces are attached to the longerons (both vertically and horizontally) to share the load placed on the frame. Stringers or formers are also sometimes used to provide shape to the fuselage (more on these items in the next section).
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Figure 2.2: Typical components in a truss-type fuselage.


The overall result is a box-like structure that works fine for old aircraft that traveled slowly, but as aircraft became faster, the fuselage needed to withstand greater loads. Today, truss-type designs are only used in the construction of some small aircraft. With advancements in aircraft construction, aircraft have been designed to allow the skin to support some or all of the flight loads placed on the fuselage, especially with the replacement of fabric skin with lightweight metals, such as aluminum. This has led to the monocoque and semi-monocoque designs, which are more likely to be used in modern aircraft. 


Monocoque means single shell. In this fuselage design, the external skin (or shell) supports all the load, with no internal framing (much like an egg or an aluminum beverage can). It is rare to find a pure monocoque structure in an aircraft (i.e. no framework at all), but rather aircraft with a monocoque design usually have some internal framing, such as formers or bulkheads, which are used to attach the skin and help provide its basic shape, as shown in Figure 2.3. A monocoque design can be very strong, but not in all directions. Other issues with the monocoque design include the skin usually needs to be thick, meaning more weight, and there are construction complications in cutting hatches or doors into the skin of the aircraft fuselage (which degrades the shell’s strength). As a result, most modern aircraft are a mix of the two designs discussed (truss and monocoque), known as a semi-monocoque design.
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Figure 2.3: Example of a monocoque structure.



A semi-monocoque fuselage structure is the most common design found in aircraft, large and small. Loads are shared by both the skin and the frame. The frame generally consists of stringers and formers, as shown in Figure 2.4. Stringers are much smaller and lighter than longerons (which are used in the truss-type design), with the formers providing shape, similar to the monocoque design. The skin – often a lightweight aluminum – is attached to the frame. Collectively, this design is better at withstanding the bending and twisting loads that an aircraft is exposed to during a flight. Furthermore, this design is more tolerant to skin damage, as the other parts of the structure can share the load.
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Figure 2.4: Typical semi-monocoque fuselage structure.



Composite materials are slowly making their way into the fuselage (and other parts of the aircraft). Composite is a broad term that covers a wide range of materials, including fiberglass and carbon fiber (and even within these, there are several subgroups). Compared to traditional materials such as metal, composite materials in airframe structures have many advantages, including being lightweight, strong and corrosion resistant. One of the main disadvantages of composite material is it can be very difficult to recognize damage to the structure. Damage to composite material is not always visible on the surface, especially following a low energy impact like a tool being dropped on the structure. Despite no visible surface damage, underneath the impact area there may be delamination, which is internal damage to the composite material. Composite material is still generally more expensive than traditional materials, which is one of the reasons modern aircraft still tend to use aluminum skin and frames.


The same basic fuselage design features are used in aircraft of all sizes, helping them to safely withstand the many twisting and bending loads they encounter during a flight. But the fuselage is not the only aircraft structure that needs to be carefully designed, with the wing and empennage (tail section) two critical components on all aircraft, which we will explore next. 



Chapter 3: Wing and Empennage
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The wing is one of the most important structures of an aircraft. Due to its special shape, it is able to generate lift to overcome the weight of the aircraft, allowing pilots to leap into the air. The empennage, or more commonly called the tail section, contains two of the three primary flight controls: the rudder and elevator. Along with the ailerons that are attached to the wing, the primary flight controls allow pilots to maneuver the aircraft in flight. In this chapter we will also explore one of the main secondary flight controls – flaps, which are very beneficial when an aircraft is taking-off or landing. Just like the fuselage, these different structures need to be built to withstand the considerable loads they will encounter during a flight.

Wing


Most aircraft have a single wing, known as a monoplane, as shown in Figure 3.1 (an aircraft with two sets of wings is known as a biplane). Wings can be attached to the top, middle or lower portion of the fuselage. To help share the load between the wing and the fuselage, some aircraft may have external braces (especially high wing aircraft), known as a braced or semi-cantilever wing type. If a wing has no external braces – which is common for a low wing aircraft – it is known as a full cantilever wing design. This means the external bracing is not required to carry loads between the wing and the fuselage. 
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Figure 3.1: Examples of different types of wing design.  



The wing has several key structural components, as shown in Figure 3.2. The main load-bearing component of the wing is the spar, which runs the length of the wing. Wings will often have several spars, even on small aircraft. A common design is a main spar that runs along the length of the wing at the point of maximum thickness, and a smaller, lighter spar towards the rear of the wing to which the flaps and ailerons are attached.
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Figure 3.2: Typical structural components of a wing.



Attached to the spar will be several ribs, which run perpendicular to the spar and are very important as they provide the aerofoil shape of the wing. The aerofoil shape is one of the key features of the wing that helps generate lift, generally comprising of a curved upper surface and a flatter lower surface. The aerofoil shape of the wing varies depending on the specific purpose of the aircraft. For example, a thin aerofoil is generally better for high-speed flight, whereas a thicker aerofoil is better suited for small aircraft that travel slower. The skin will support some loading (known as a stressed skin type) and is usually a thin metal, like aluminum alloy. Running in the same direction as the spar are several stringers, to which the skin is also attached, helping to share the load. In most modern aircraft, the fuel tanks are also integrated into the wing structure (we will explore fuel tanks in more detail in chapter 14). 


Empennage


The main airframe structure found at the very back of the aircraft is known as the empennage (or tail section). This section includes the vertical stabilizer (fin) to which the rudder is connected and the horizontal stabilizer, which the elevator is connected, as shown in Figure 3.3. Some aircraft may have an all-moving horizontal stabilizer (i.e. no separate elevator), which will be explored shortly. The empennage normally has a similar construction to the wing, whereby a number of spars and ribs are used, along with stressed skin to help share and absorb the load.
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Figure 3.3: Typical components found in the aircraft empennage (tail section).


Flight Controls


The three motions of the aircraft (pitch, roll, yaw) are controlled by three types of control surfaces that are attached to the wing and empennage. Ailerons control the roll of the aircraft. They are attached to the outboard section of the aircraft’s wing and move in the opposite direction to each other. The rudder controls the yaw movement of the aircraft. The rudder is a moveable control surface fixed to the vertical stabilizer or fin and is controlled by the rudder pedals in the cockpit. 
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Figure 3.4: The position of an aircraft’s primary flight controls and flaps. 



The elevator controls the pitch, which means moving the nose of the aircraft up or down. The elevator is attached to the end of the horizontal tailplane (also known as a conventional tailplane). A second type of design to control pitch is known as an all-moving tailplane (also called a stabilator) whereby the whole horizontal tail surface moves around a central pivot point, as shown in Figure 3.5. In terms of pitching, they operate in a similar way (adjusting the lift on the horizontal tail surface). 
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Figure 3.5: An elevator is attached to the horizontal tailplane, whereas an all-moving tailplane (stabilator) moves around a pivot point.  




In small aircraft, the primary flight controls are connected to the cockpit by a series of cables and pullies (and sometimes pushrods). This is known as a mechanical or manual flight control system. The pilot does not need any extra assistance to move the control surfaces. The feel on the control column – known as stick force – will be determined by the deflection (movement) of the control surface and the speed of the aircraft. In larger or faster aircraft, extra assistance may be required to move the flight controls, similar to the power steering in a car. 


Secondary Flight Controls


Most aircraft have a range of secondary flight controls, which are designed to improve the aircraft’s performance. The most common secondary flight control is the flap, which offers the best of both worlds, extra lift at low speed, allowing the aircraft to leap off the runway quicker, but no drag penalty at high speed, once the flaps are retracted. Flaps are located on the inner trailing edge of the wing, as shown in Figure 3.4. They are operated from the cockpit, either with a lever or an electrical switch. Most flaps can be extended (lowered) in stages. Generally, a small flap setting is used during take-off (more lift for a small drag penalty), whereas a larger flap setting is used on landing (full flap extension), as the larger amount of drag helps fly a steeper approach and lowers the aircraft’s landing speed. 
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Figure 3.6: The four main types of flaps.  



There are four main types of flap: 



The plain flap is the simplest of the four flaps. As shown in Figure 3.6, the plain flap is hinged to the back of the wing and pivots down when extended. The plain flap increases lift but also greatly increases drag. 



The split flap is deflected from the lower surface of the wing and generates slightly more lift than the plain flap, but also creates more drag. When fully extended, both the plain and split flap produce a high amount of drag for very little extra lift. 



A common type of flap found on small aircraft is the slotted flap. The slotted flap significantly increases lift compared to a plain or split flap. The slotted flap is similar to the plain flap, however, it has a gap between the flap and the wing. Air from below the wing flows through the slot and then over the upper surface of the flap, improving the lifting capability of the wing. 
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