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Chapter 1: Introduction
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The first aircraft to leap into the sky were simple machines that often had very few electrical components (if any at all). But it soon became clear that electricity could be hugely beneficial in an aircraft, such as powering a motor to help start the engine, radios to allow clearer communication, and various instruments to assist the pilot during a flight. Aircraft have steadily evolved into complex machines, with electricity now at the heart of many critical systems that keep them in the air. Electricity also powers a range of advanced instruments that have made the skies a safer place, such as traffic and terrain awareness systems. Most of the time, an aircraft’s electrical system operates smoothly. But occasionally, an electrical issue may occur, which may be just an inconvenience, such as a minor component being unavailable. However, the problem could also be something more serious, such as an electrical fire, which is one of the most feared emergencies a pilot can face. Having a solid understanding of the electrical system in your aircraft allows you to quickly resolve any issues and keep the electricity flowing.

You will begin your journey into aircraft electrical systems by going back to basics and exploring the building blocks of electricity. We will zoom in to see that electricity is basically electrons jumping from one atom to the next, with some materials making this flow of electricity easier. Some of the basic concepts of electricity can be a little confusing, in part because it can be difficult to visualize electricity flowing around an aircraft. But we will see that some aspects of electricity can be thought of in a similar way to water flowing through a pipe, such as voltage being like water pressure. We will then explore a close relative of electricity – magnetism, which is used by the mini-power station in the aircraft to generate electricity. We will also take a close look at batteries, which create electricity through a chemical reaction. Batteries are an important component in an aircraft’s electrical system, as they allow electricity to be carried around the sky.
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Once the basics have been mastered, we will piece together the electrical systems found in different types of aircraft. We will start with a relatively simple system that may be found in small aircraft, which is so simple that the aircraft will usually continue to fly perfectly fine if electricity stops flowing. But as we move into larger aircraft, we will see that the electrical system usually becomes more complex. In fact, even some modern small aircraft have an extensive electrical system. We will also see that the electrical system in large aircraft often operates with various types of electricity and includes several redundancies to ensure that electricity is always available to critical systems.
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An aircraft’s electrical system will only operate smoothly if it’s been looked after properly. We will see that several tools are available to help pilots monitor the health of their aircraft’s electrical system, along with a number of procedures that can be used if there is an issue. These procedures are important, as an electrical problem can also indicate that dangerous levels of electricity are flowing where they shouldn’t. In the final chapter, we will take a look at electric aircraft, which require special electrical considerations as they need to carry a huge amount of electricity to complete a flight.
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Even small aircraft are now jam-packed with a wide range of electrical components, which means a reliable electrical supply is essential to complete a flight safely. Most of the time, the electrical system does a great job and requires minimal input from the pilot. But when an issue arises, prompt action is needed to prevent the problem from spiraling out of control. No matter what aircraft you are flying or the type of flight being flown, it is essential to have a solid understanding of the electrical system in your aircraft, which will help keep electricity flowing and allow you to confidently tackle any issues that may arise.



Chapter 2: Electric Basics
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With the simple flip of a switch, a wide range of electrical components in the aircraft can burst into life. Many aircraft are now heavily dependent on a reliable supply of electricity, and even a brief interruption can compromise the safety of a flight, especially when operating at night or in clouds. Yet the electrical system can sometimes feel like a mysterious part of the aircraft, with most of it hidden from sight. To properly understand how electricity flows around an aircraft, we first need to go back to basics. In this chapter, we will zoom in to see exactly what electricity is and explore the basic concepts and terminology that will be used extensively throughout this book.

Electrons


To understand how electricity flows around the aircraft, we will begin by taking a very, very close look at what everything is made of. Whether it’s a gas, liquid, or solid, it will be made up of tiny atoms. It can be hard to comprehend just how tiny atoms are, but to provide some perspective, a single grain of sand contains well over 10 quintillion atoms (that’s 10,000,000,000,000,000,000 atoms in just one grain of sand!). But we are not finished zooming in yet, as each atom consists of three very tiny parts that are key to the flow of electricity: electrons, protons and neutrons.



	
Electrons have a small negative charge (-). 

	
Protons have a small positive charge (+). 

	
Neutrons do not have a charge. 




Electrons are repelled by other electrons, but are attracted to protons (this is similar to a magnet being attracted to opposite magnetic poles and repelled by the same).
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Figure 2.1: An atom of hydrogen.



Each atom consists of one or more electrons orbiting the center of the atom, which is called the nucleus (the nucleus will consist of protons and/or neutrons). If we look closely at a hydrogen atom, which is one of the simplest atoms, we would find a single proton at the center and a single orbiting electron, as shown in Figure 2.1. The single electron remains in orbit because it is attracted to the proton in the center (nucleus).



Most atoms consist of a large number of electrons orbiting the nucleus. For example, a copper atom has 29 electrons orbiting the nucleus (which consists of a large number of protons and neutrons), as shown in Figure 2.2. Electrons often flow around the nucleus in several shells or levels. In some atoms, the electrons in the outermost shell are able to dislodge and move to another atom, which are known as free electrons. The ability for some electrons to move from one atom to the next is the foundation of electricity. Materials made from atoms with many free electrons allow electricity to flow easily through them, which are known as good conductors, such as copper and aluminum. Materials with very few free electrons are known as good insulators, as electricity struggles to flow through them, such as plastics and rubber.
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Figure 2.2: A copper atom, which has 29 electrons arranged around the nucleus in several shells (the nucleus is made up of a large number of protons and neutrons).



To demonstrate the basic flow of electricity, consider a copper wire connected to the two ends of a battery, as shown on the left side of Figure 2.3. We will take a closer look at batteries in Chapter 5, but essentially, a chemical reaction inside them creates a surplus of electrons on one side, which is connected to the negative terminal. The other side has a deficit of electrons, which is connected to the positive terminal. When the copper wire is connected to each side of the battery, the surplus electrons are naturally attracted to the side with the deficit. Electrons will now move from one atom to another along the copper wire, which is the basic principle behind the flow of electricity (the wire also needs to be part of an electrical circuit, which we will cover in the next chapter).
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Figure 2.3: Electron flow versus conventional current flow.



It can be seen that electricity flows along a conductor (e.g. copper wire) from the negative terminal of the battery to the positive terminal, which is simply due to the basic concept of the surplus of electrons moving towards the area with a deficit. However, in practice, electricity is said to flow from positive to negative (i.e. opposite to the actual flow of electrons), as shown on the right side of Figure 2.3. This conventional flow direction was established long ago, when it was thought that electricity flows in a way similar to fluids (i.e. from high to low pressure). Various rules and theories have been developed with this positive-to-negative flow direction, which is why it is still widely used today (and will be the direction used in the remainder of this book).


Electrical Terms

Now that we have electrons flowing through a conductor, the next task is to cover the terms used to describe the characteristics of electricity. The three basic terms we will cover are:


Amperes (amps) measure the rate at which electrons flow (current flow).



Volts (V) represent the pressure (force) that moves the electrons.



Ohms measure the resistance to the flow of electrons.
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Figure 2.4: The three main electrical terms using water as an analogy.


Amperes (Current)


The flow of electricity is measured in amperes (or amps), which is effectively the measure of how many electrons are moving along a conductor. When the flow of electrons is relatively high, the amperage can be said to be high, whereas when the flow is relatively low, the amperage is low. The flow of electrons is also known as current (e.g. high current, or electrical current). It is sometimes easier to visualize electrical terms using water, as shown in Figure 2.4. The flow of electricity (amps) can be likened to how quickly water flows through a pipe. If a tap is wide open, the flow of water through the pipe is high (high-amperage), whereas if the tap is almost closed, the flow of water is low (low-amperage).


An important aspect of any electrical system is the ability for the wires (conductors) to carry electricity safely throughout the aircraft. Each wire (or electrical component) has a maximum amperage rating. If more current tries to flow through a wire than it is rated for, it can be very dangerous. This is like too much water trying to flow through a small pipe, which could burst open. We will see that electrical systems have various circuit protection components to prevent excess current from flowing through wires or electrical components.  

Voltage


To make current flow through a conductor, there must be a force that sets the electrons in motion. This electrical force comes back to one of the basic principles of electricity, whereby a surplus of electrons moves towards the area with a deficit. If there is a greater difference in the concentration of electrons at either end of a conductor, there will be a larger force that pushes them, which means the electrical current has the potential to flow faster. This force is also known as electrical pressure, commonly measured in volts (or voltage). If we return to our water scenario, volts are equivalent to water pressure (e.g. high water pressure means the water has the potential to flow faster when the tap is open).


Voltage is one of the key terms used to describe an electrical system. For example, we will see that small aircraft usually operate with an electrical system that is about 14 or 28 volts. Larger aircraft, or those with electric engines, often have very high voltage electrical systems (or circuits within the main system), which is required to help deliver large amounts of current to some components (e.g. the electric motor).

Resistance


When current flows through a material, there is always some resistance to the flow of electrons, which effectively slows the flow of electricity. Even good conductors have some resistance, which is measured in ohms. If we return to our water scenario, resistance would be like sand placed inside the pipe, slowing the flow of water. It’s not just the type of material that affects the resistance within a conductor. Resistance also varies with:
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