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Chapter 1: Introduction
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When a pilot is preparing for a flight, there are a number of important preflight actions that need to be completed. Some actions come to mind easier than others, such as checking that the weather is suitable or ensuring enough fuel is in the aircraft. However, no matter what type of aircraft a pilot is flying, a critical area that needs to be assessed before every flight is the aircraft’s weight and balance. Ensuring an aircraft is not too heavy, and that the weight is properly distributed, will help ensure it is fit for flight.

We will begin our weight and balance journey by exploring several important concepts that provide the basic foundations of this topic. We will see these concepts help explain why even small changes to the aircraft’s load can have a powerful impact on the controllability of the aircraft. We will also explore the importance of accurate weight measurements in the aircraft, and the range of weight and fuel units used in aviation, which are a potential source of error.
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Next, we will take a look at the weight limitations of the aircraft. Despite being strong, all aircraft will have a maximum take-off weight, which is influenced by the strength of the aircraft structure and how much lift it can generate. Most aircraft will have other weight limits that pilots will need to check, such as maximum landing weight, which ensures the landing gear is not under too much stress during touchdown. We will see these weight limits also impact the amount of payload (passengers or cargo) that can be taken on a flight.
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We will see an aircraft is like a really big seesaw in the playground, made up of a wide range of components, such as fuel, baggage, passengers, pilots and engines. A key task for pilots is to carefully balance all this weight, which ensures the aircraft does not tip too far one way or the other. We will also explore the issues that can occur when an aircraft is operated beyond its weight and balance limits, such as control difficulties and degraded performance.  
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We will then explore the range of tools pilots have available to check that their aircraft is within weight and balance limits. The most basic tool requires some fairly simple but large calculations. Completing many large calculations increases the risk of errors, so a graph-style tool may also be available, which is much more user-friendly. We will also look at how to handle last-minute changes to the aircraft’s load, such as an extra passenger, or moving cargo from one area of the aircraft to another. These load changes may seem insignificant, especially if the aircraft is well below maximum weight, but they can greatly impact the balance of the aircraft.
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In the final few chapters, we will explore a few unusual weight and balance areas. We will see the aircraft’s floor may have a weight limit, which means pilots need to be careful when carrying heavy items, even if the aircraft’s total weight is not exceeded. Even the baggage area of small aircraft will have a weight limit that pilots need to comply with. We will also take a look at the pavement strength at airports. Pilots flying most aircraft do not normally need to worry about sinking into the runway, but pavement strength can be a major concern for pilots flying big and heavy aircraft.

Aircraft weight and balance 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 weight and balance considerations 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 your aircraft’s weight and balance.


Chapter 2: Weight and Balance Concepts
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Before throwing heavy items around the aircraft, we first need to explore several important concepts. These concepts provide the basic foundations of this topic and help explain why seemingly insignificant actions can have grave consequences. For example, placing a small but heavy box near the front of the aircraft can make it very difficult to get airborne. We will also explore weight measurements in the aircraft, which is very important to accurately calculate an aircraft’s weight and balance.

Weight and Mass

We will begin by defining one of the most important concepts of this topic – weight, which is closely linked to mass. Even though it is common that the terms weight and mass are used interchangeably, there are important differences between the two:


Mass is defined as how much ‘matter’ an object contains. Matter is basically what all objects are made up of, and an object with more matter will have a greater mass than an object with less. Importantly, the mass of an object does not change depending on its location. For example, an aircraft would have the same mass if it was on the Earth’s surface or the Moon’s, as shown in Figure 2.1.
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Figure 2.1: The mass of an object (e.g. aircraft) does not change based on its location (e.g. Earth or Moon), but weight will change due to differences in gravity.



Weight is the force produced when an object is acted upon by a gravitational attraction. In our case, objects are attracted towards the center of the Earth by gravity, which is the pulling or tugging force exerted on all objects by nearby objects. Gravity is measured by how quickly an object moves towards another object, with the average gravitational pull of the Earth being 32 feet per second (9.8 meters per second). Gravitational force depends on the mass of the object, which is why the gravitational force on the Moon is smaller than on the Earth. This means an object with the same mass will weigh less if it is on the Moon compared to the Earth, as shown in Figure 2.1. Gravitational force is also inversely proportional to the distance between objects (i.e. the further away the two objects are, the weaker the gravitational force). Interestingly, this means the higher an aircraft flies, the less it will weigh (assuming mass remains the same) as it is further away from the Earth. However, for all practical purposes, we can assume gravity is constant on or near the Earth’s surface.  


Weight is of great importance when flying an aircraft, as in its most basic form, flight is achieved by overcoming the aircraft’s weight, by generating sufficient lift.

Center of Gravity (CG)

When an aircraft leaps into the air, it will be made up of many items, such as fuel, baggage, passengers, pilots, and engines, as shown in Figure 2.2. Each item will have a different weight, and some weigh a considerable amount, like the huge quantity of fuel required to complete a flight safely. All these items will be placed throughout the aircraft, meaning an aircraft contains lots of individual items, each weighing a different amount and each acting downwards from a different part of the aircraft.
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Figure 2.2: The aircraft’s Center of Gravity (CG) can be considered the point at which all the aircraft’s weight is concentrated.



The aircraft’s Center of Gravity (CG) can be considered the point at which all the weight of the aircraft is concentrated, as shown in Figure 2.2. If the aircraft could balance on its CG, it would remain in any position. The aircraft’s CG is not in a fixed position and can move during a flight, for example, when fuel is used or passengers move through the cabin. We will see later in this book that the position of the CG is very important, as it can be very dangerous if it is too far forward or too far back.


Datum and Stations

Pilots need to know the exact position of the aircraft’s CG, which means a very clear datum or reference point is required. A datum (or datum reference line) is the point from which all weight measurements are taken, including the position of the CG. The actual location of the datum is not particularly important, provided it remains in a fixed position. The datum’s location is usually set by the aircraft manufacturer, with the nose of the aircraft, the leading edge of the wing, or the firewall common locations. The CG can be defined as the horizontal distance from the datum, which can be measured in a range of units (e.g. millimeters, meters, inches), as shown in Figure 2.3. We will see in Chapter 6, that the CG can also be described as a position in reference to the width of the wing.
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Figure 2.3: A datum is the point from which all weight measurements are taken, including the position of the aircraft’s CG.



With a datum set, it is also possible to accurately define the position of different items in the aircraft. The specific place where an item is placed is very important, as some positions can create a powerful turning force, even if the item does not weigh much. The horizontal distance an item is placed from the datum is known as an arm (also called a moment arm), which can be measured in a range of units (e.g. inches, centimeters). As shown in Figure 2.4, any item placed behind or to the right of the datum has a positive (+) arm, whereas any items placed in front or to the left of the datum will have a negative (-) arm. One of the main benefits of having a datum at the front of the aircraft is that all the arms are positive, reducing the risk of calculation errors.
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Figure 2.4: An arm is the horizontal distance an item is from the datum and can be either positive or negative.



A specific location in an aircraft may also be called a station (STA), identified by a number (e.g. STA 97). The station number represents the distance from the datum (with the datum defined as station zero), which means the station and the arm are the same. For example, as shown in Figure 2.5, the front seats are located at station 97, which means it is 97 inches from the datum. Any point before the datum will have a negative station (e.g. STA -100). Stations make it easier to determine how far from the datum an item has been placed in the aircraft, which we will see in Chapter 8 helps to complete weight and balance calculations.
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Figure 2.5: A station (STA) is a specific location in the aircraft, with the number representing the distance from the datum.
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