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Chapter 1: Introduction
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When a pilot jumps into their aircraft, they must have a clear understanding of how it will perform throughout a flight. Is there sufficient runway for take-off? Will the aircraft outclimb the terrain? Can the aircraft stop on the wet runway? How well an aircraft will perform on a given day will be influenced by a wide range of factors, some of which can severely degrade an aircraft’s ability to remain airborne. Pilots have several tools available to help avoid operating an aircraft beyond its limits, including performance calculations, which provide the foundations for a successful flight. This topic is not just about avoiding undesirable situations, but also how to extract the maximum performance from an aircraft, which will allow pilots to climb higher, fly further, or carry a greater payload.

All flights will begin with a take-off, which is where we will start our aircraft performance journey. The take-off phase is sometimes the most performance-limiting stage of a flight. In the ideal world, all runways would be very long, which would mean an aircraft would not have an issue getting off the ground. In reality, many runways are relatively short, therefore pilots need to get the maximum performance from their aircraft to leap off the available runway. We will see the task of getting airborne safely can be impacted by a range of factors that can severely degrade an aircraft’s performance, such as weight, low air density, runway surface and slope.

[image: A diagram of a graph  Description automatically generated]

We will then explore how an aircraft performs once it becomes airborne. The first task is to safely outclimb any obstacles, such as terrain or trees, but a range of factors can hinder an aircraft’s ability to gain altitude. Once clear of any obstacles, pilots have several climb options available to reach their desired cruising altitude. We will also see during the first few moments of a flight an aircraft is most vulnerable, as it is traveling slow and low, which means there are limited options available if a problem occurs.
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After the climb, we will settle into the cruise phase of a flight. Pilots can spend a considerable amount of time in the cruise; therefore it is important to understand how the aircraft will perform. We will see it is often desirable to operate the aircraft very efficiently during this phase of the flight, which will allow the aircraft to travel the greatest distance with the amount of fuel onboard. We will also explore emergency cruise performance. Although an issue in flight is rare, it is important to be prepared for the unexpected. Understanding how the aircraft performs during an emergency will ensure pilots always have a Plan B (or Plan C).
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After completing the cruise phase of a flight, it is time to head down, which will lead us to explore approach and landing performance. Before touchdown, pilots need to determine how much runway is required to bring the aircraft to a stop. Just like the other phases of the flight, we will see a range of factors can influence how an aircraft performs in the final few moments of a flight. However, the ability to complete a safe landing starts well before the aircraft reaches the runway, as pilots need to ensure their aircraft is flown on approach at the correct speed and on the correct descent path. Any deviation on approach will make it much more difficult to come to a safe stop on the runway.

Aircraft performance is one of the fundamental topics a pilot must master to operate an aircraft safely. Although our focus will be on small to medium-sized aircraft, many of the performance considerations that we will explore apply to aircraft of all sizes. Considering the severe consequences that can occur when things go wrong in aviation, it is essential to have a comprehensive understanding of how your aircraft will perform throughout a flight.



Chapter 2: Take-off Performance
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Imagine you are departing on a long flight, with the aircraft close to its maximum take-off weight. You apply full power and slowly accelerate down the runway. The aircraft gradually picks up speed, reaching its lift-off speed just before the end of the runway, and begins to gradually climb away from the ground. Your heart is beating fast, but why did you eat up so much of the runway? There are a wide range of factors that can influence an aircraft’s performance on take-off. Some of these factors are highly changeable, such as wind and temperature, which means the same aircraft can perform completely different than a few hours before. Pilots should always have a clear understanding of how much runway they require during this early stage of the flight, which will ensure there are no nasty surprises at the end of the runway.  

The take-off phase is often the most performance-limiting stage of a flight, which means it can influence if a flight can be conducted at all, or at the very least, how much payload can be carried (i.e. passengers and cargo). In the ideal world, all runways would be incredibly long, making this early performance consideration easy. In reality, runways are often limited in length as they are expensive to create and maintain, and in some cases, there are space constraints that prevent them from being longer. This means pilots need to carefully check that they have sufficient runway available to get airborne. During take-off, pilots should also be thinking about the options available if something goes wrong, such as an engine failure. In small aircraft, the options may be very limited. But in large multi-engine aircraft, sometimes it may be safer to continue with the take-off than attempt to stop at high speed.

We will explore take-off performance across several chapters. In this chapter we will focus on the different sections of the take-off, along with the different components that determine how much runway is available at an airport. We will also take our first look at V-speeds, which provide critical information about how an aircraft should be operated. In subsequent chapters, we will explore the various factors that can help and hinder take-off performance, the types of take-off, and how take-off information is calculated.

Take-off Distances 

When preparing for a flight, pilots must ensure they have sufficient runway available for take-off, which means digging into the airport’s runway data, as shown in Figure 2.1. At first glance, some of these numbers may seem incorrect, such as the take-off distance available (TODA) being longer than the actual length of the runway. We will see this is due to different components being included (or excluded) in the runway performance data. Pilots may also need to consider the runway’s accelerate stop distance available (ASDA), which we will explore towards the end of this chapter.
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Figure 2.1: Runway performance data.



An aircraft’s take-off run starts from the point the aircraft begins to race down the runway, to the point the aircraft’s wheels leave the ground, which may also be referred to as the take-off roll, ground roll or ground run. The distance that an aircraft needs to complete this part of the flight is known as the take-off run required, as shown in Figure 2.2. The length of the runway that is suitable for an aircraft’s take-off run is known as the Take-off Run Available (TORA). This distance is normally the physical length of the runway that can bear the weight of the aircraft.
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Figure 2.2: Take-off distance available (TODA), take-off run available (TORA), and take-off distance required.



However, when the aircraft’s wheels leave the ground, it is not the end of the take-off. Take-off distance also includes a small airborne section, usually to the point that the aircraft climbs to 50 feet above the surface (35 feet for some aircraft and/or types of operations), which is known as the screen height. The distance that an aircraft needs to reach the screen height is known as the Take-off Distance Required. The small airborne section is very important, as it ensures an aircraft can safely clear any immediate obstacles, and will usually have certain speed requirements to ensure an aircraft can safely climb.



A runway’s Take-off Distance Available (TODA) will be the physical length of the runway (same as the take-off run available) plus any available clearway, as shown at the bottom of Figure 2.2. A clearway may be found at the end of some runways, which is clear of obstacles, but the surface does not need to support an aircraft’s weight, as it is airborne over this section. This means if a runway has a clearway, the take-off distance available will be longer than the physical length of the runway.


Having a clear understanding of airport data will help determine if sufficient runway is available for take-off. But just as important is ensuring the aircraft is being flown correctly during this early stage of a flight, which leads us into V-speeds.

V-Speeds        


The speed at which a pilot can ease back on the control column, allowing the aircraft to leap into the sky, will have a considerable impact on how much runway is required for take-off. This speed is known as the aircraft’s rotation speed, or more commonly known by the V-speed name VR. An aircraft has many V-speeds, which are speeds for specific maneuvers and are in reference to the aircraft’s Indicated Airspeed (IAS). In this chapter we will focus on the V-speeds that apply during take-off, as shown in Figure 2.3, but we will come across other speeds throughout this book. Interestingly, the ‘V’ does not stand for ‘velocity’, but vitesse, which is the French word for speed.
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Figure 2.3: A summary of some of the V-speeds during take-off. Note some speeds only apply to larger aircraft, such as V1 and V2.


V-speeds are particularly important during take-off, as the calculated take-off distances are based on flying specific speeds. Attempting to take-off too fast or too slow will mean the calculated data is no longer valid, making it difficult to determine if sufficient runway is available. The V-speeds are also designed to ensure an aircraft can safely become airborne, which is highlighted in the following case study:

In the early hours of the 14th of October 2004, a Boeing 747 freighter began its take-off roll from Halifax Airport, Canada, heading to Spain. As the aircraft reached 129 knots, the pilots moved the control column back, but the aircraft failed to become airborne. With the end of the runway fast approaching, the pilots moved the control column further back, but still the aircraft would not take-off. The aircraft ran off the end of the runway at 155 knots and burst into flames. The pilots were conducting the second part of a two-legged flight. During the first leg to Halifax, the aircraft had a relatively light take-off weight (530,000 lb), which meant the aircraft had a relatively low rotation speed (129 knots). However, at Halifax the aircraft had been loaded with a large amount of cargo, resulting in a much heavier take-off weight (776,600 lb) for the second leg of the flight. This meant a faster rotation speed was required of 162 knots to get airborne. Unfortunately, the pilots failed to update the aircraft’s take-off speed information from the previous flight, which meant they attempted to take-off too slowly.


In small aircraft, VR (rotation speed) is the first V-speed that pilots are concerned with. An aircraft will actually become airborne a little faster than VR, as there is a slight delay from rotating the aircraft to leaping into the air (which has its own V-speed, known as the Lift-off Speed or VLOF). VR is carefully calculated to ensure the aircraft can safely become airborne, but there is a fine balance that needs to be performed:



	
If VR is unnecessarily fast, more runway would be required to reach the speed. 


	
If VR is too slow, the aircraft may struggle to become airborne, as we saw in the earlier case study. 






As a result, VR is the minimum safe speed for take-off and is closely linked to the aircraft’s stall speed. Stall speed is the slowest speed at which the aircraft is controllable in flight. VR is usually 1.2 times the aircraft’s stall speed (but can range from 1.05 to 1.25), which provides a sufficient safety margin above the stall during take-off. For example, if an aircraft stalls at 70 knots, then VR would be 84 knots (70 knots x 1.2 = 84 knots). We will see in the next chapter that any factor affecting the aircraft’s stall speed (e.g. weight) will also impact VR, which directly influences how much runway is required during take-off.



VR and lift-off speed (VLOF) are the main take-off V-speeds a pilot needs to consider when flying a small aircraft. But pilots flying large multi-engine aircraft may have another V-speed before VR, known as V1. Before exploring V1, we first need to take a look at accelerate stop distance. Imagine you’re racing down a runway during take-off, very close to the aircraft’s rotation speed. Suddenly there is a loud bang from the left engine. Should you abort the take-off by reducing power and slamming on the brakes? Or continue with the one remaining good engine. This decision may be influenced by the runway’s Accelerate Stop Distance Available (ASDA). This is the distance an aircraft can accelerate during take-off, abort at a specific speed, and then safely come to a complete stop, as shown in Figure 2.4. ASDA is sometimes longer than the physical length of the runway, as it can also include any available stopway. A stopway is an area beyond the end of the runway that can be used by an aircraft during an abandoned take-off. A stopway is not usually as strong as the runway, but strong enough to prevent structural damage to an aircraft as it decelerates.
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