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Chapter 1: Introduction
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The first aircraft were fairly simple machines, with pilots only needing a few basic pieces of information to fly them around the sky. But one of the fascinating aspects of aviation is that aircraft have constantly evolved, which has allowed bigger, faster and more capable aircraft to leap into the air. There has been a natural side effect to this progression, in that some aircraft have become very complex machines. To help pilots operate modern aircraft, the cockpit has been transformed over the last few decades, with a range of advanced flight instruments being developed to ensure pilots have access to all the information they need to operate an aircraft safely.

Our advanced flight instrument journey will begin by going back to basics and having a look at how some of the primary flight instruments have evolved. Pilots flying aircraft of all sizes need a few basic pieces of information during a flight, such as heading, speed and altitude. But some of the instruments that display this information are prone to errors, requiring pilots relying on them to be constantly on alert. To reduce a pilot’s workload and minimize the risk of errors affecting a flight, several advanced primary flight instruments have been developed, such as the remote indicating compass. As aircraft have pushed the limits of flight, new flight instruments have been designed, such as the Machmeter to indicate how close an aircraft is flying to the speed of sound. We will also explore the radio altimeter, which helps aircraft land in poor weather, and the angle of attack indicator, which shows the risk of falling out of the sky.
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Next, we will take a look at several flight instruments that have been developed to combat new threats that have emerged. Two in particular have had a considerable impact on aviation safety: the Traffic Collision Avoidance System and the Ground Proximity Warning System, both of which are now standard in many aircraft. We will also explore the weather radar, which helps pilots avoid dangerous weather conditions. However, like many of the systems and instruments that we will explore, advanced flight tools have weaknesses that can lure pilots into flying their aircraft into dangerous conditions.
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We will then explore how aircraft communication systems have evolved to ensure pilots can remain in contact with the outside world, even during flights that cross some of the world’s largest oceans. This is an area where satellite technology has been hugely beneficial, helping pilots send and receive clear messages no matter where they are flying. In the final chapter, we will explore the Electronic Flight Instrument System (EFIS), or more commonly known as the glass cockpit. Although advanced instruments have given pilots access to an abundance of information, it has also resulted in the cockpit becoming a very cluttered place. We will see that the glass cockpit is able to integrate a wide range of information into a couple of displays.
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The cockpit is fast evolving, with technology rapidly changing the way that pilots interact with their aircraft. For the most part, advanced flight instruments have made flying safer, but only if they are used correctly. No matter what aircraft you are flying or the type of flight being flown, it is essential to have a solid understanding of the advanced flight instruments in your aircraft.


Chapter 2: Remote Indicating Compass
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One of the most basic instruments found in almost all aircraft is the direct reading compass. With no requirement for power or any adjustment from the pilot, it couldn’t be simpler. However, as any pilot who has tried using it on a bumpy day will know, the compass is also an erratic instrument. To overcome many of the shortcomings of the compass, the heading indicator is usually favored to ensure the aircraft is pointing in the right direction. But the heading indicator has its own issues, which can lead a pilot astray. An advanced instrument has been developed that combines the best of these two instruments – the remote indicating compass (which may also be called a slaved gyro compass or gyromagnetic compass). The remote indicating compass is more of a system than an individual instrument, which is designed to provide pilots with accurate and reliable direction information. We will also see that a major advantage of this system is that its information can be used by multiple instruments, which has allowed the development of some advanced displays that combine several functions into one, greatly enhancing a pilot’s situational awareness.

Back to Basics


Before leaping into the remote indicating compass, a quick recap of the aircraft’s basic direct reading compass and heading indicator will be helpful, as some of their general operating principles are used in the more advanced system. The basic compass has been around well before aircraft took to the sky, which takes advantage of the fact that the Earth is like a really big magnet that is surrounded by a magnetic field. A very important characteristic of the Earth’s magnetic field is its invisible lines of flux, which leave the magnetic south pole and reenter at the magnetic north pole, as shown in Figure 2.1. The magnet inside a basic compass is designed to align itself with these lines of flux, allowing it to point towards magnetic north. The remote indicating compass also uses these lines of flux, but we will see it uses them to ‘sense’ the aircraft’s heading in relation to magnetic north.
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Figure 2.1: The Earth’s magnetic field is made up of magnetic lines of flux, which a basic magnet can align itself with.



We have already mentioned that the direct reading compass is far from perfect, but it’s not just its erratic behavior that is the problem. Each aircraft has a unique effect on the compass due to interference from a range of sources, such as the radio, engine and lights. The compass is also challenging to use during a turn, as it tends to race ahead or fall behind the aircraft’s actual heading. To overcome the issues with the direct reading compass, it is used in partnership with the heading indicator in most aircraft (also called the direction indicator – DI), as shown in Figure 2.2. The heading indicator is a more stable instrument, making it far easier to maintain a direction during a flight. At the heart of the heading indicator is a very fast spinning gyroscope, which has a compass card fixed to it. The heading indicator takes advantage of the gyroscopic property of rigidity in space, whereby the aircraft rotates around the gyroscope (and the attached compass card), allowing it to provide stable directional information to the pilot.
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Figure 2.2: Example of a conventional heading indicator.


The heading indicator needs to be aligned with the compass reading before use. In the ideal world, this alignment would only need to be completed once at the start of the flight, but this task needs to be completed regularly due to precession. Precession is the turning or tilting of the internal gyroscope that can be caused by friction in the bearings, resulting in the heading indicator slowly drifting off its set position. Precession of the gyroscope will be worse (drift away quicker) if the bearings are worn and dirty. But even a heading indicator in perfect condition will naturally drift away from the correct heading due to the Earth’s rotation, resulting in an error of up to 15ᵒ per hour being experienced. Because the heading indicator will slowly drift away from the aircraft’s correct direction, pilots need to regularly realign it with the wobbly compass. Although this is a simple task, if it’s not done regularly, it can lead to the aircraft flying the wrong way.

Remote Indicating Compass

The remote indicating compass effectively combines the compass’s ability to accurately determine the aircraft’s magnetic heading, with the stability of the heading indicator. This superior direction instrument can even be found in some small aircraft, especially those that spend a lot of time in instrument flight conditions. We will also see information from the remote indicating compass is often combined with navigational aid information, such as the VOR, ILS and GPS, as shown in Figure 2.3.  
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Figure 2.3: The Horizontal Situation Indicator (HSI) combines several instruments into one.


The remote indicating compass goes by a few different names, such as gyromagnetic compass or slaved gyro compass. Each manufacturer has a slightly different way that their system functions, but effectively it is designed to automatically update the heading information presented to the pilot, with no need for constant realignment. We will start with a basic overview of the main components before going into greater detail.


Flux Valve (Magnetic Detector): A unit that detects or senses the heading of the aircraft relative to magnetic north, which is placed in the wing tip or tail to minimize interference.



Cockpit Instrument: The information from the flux valve is sent to the cockpit to be displayed as heading information to the pilot. The instrument looks similar to a conventional heading indicator, but importantly, it also has an automatic correction system. If the heading information from the flux valve matches the displayed heading, no further action is required. But if the information does not match, an error signal will be produced.



Correction: When an error signal is produced, it is first amplified and then passed through a control panel. We will see the control panel can be used to set a few basic modes for the whole system, and also indicates when the heading information is being corrected. The error signal then activates a system that slowly corrects the displayed heading information, usually with the help of a precession motor.
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Figure 2.4: Basic components of a remote indicating compass.


The components of a remote indicating compass are constantly in action, allowing the pilot to be confident that they have accurate direction information. The widespread adoption of digital displays has changed how some of these functions are performed, but the general principles still apply. Let’s look at these components in more detail, starting with the flux valve.

Flux Valve

The flux valve is one of the most important components of the remote indicating compass, which is found as far away from the cockpit as possible. It is designed to ‘sense’ the aircraft’s magnetic heading by using the Earth’s magnetic field to create an electrical current. This is because one of the key characteristics of lines of flux is that when a conductor cuts across them, an electrical current will flow (a conductor is a material through which electricity can easily flow, such as a wire). However, determining the heading of the aircraft is not as simple as passing a conductor through the Earth’s magnetic field, as there are a few problems that need to be overcome.


To help understand how a flux valve works and why it is constructed in a certain way, we need to start with a highly permeable magnetic bar (permeable means the material can be easily magnetized and demagnetized). When the bar is placed into the Earth’s magnetic field, it will become magnetized, with its strength depending on the bar’s alignment with the lines of flux, as shown in Figure 2.5. The ability for the bar to pick up the Earth’s lines of flux is a good starting point, but it’s not particularly easy to measure magnetic flux in the bar, which makes it difficult to use it by itself to determine the aircraft’s heading. Another issue is the flux strength in the bar will be the same for two different directions that are 180 degrees apart (e.g. the same flux strength will occur when the bar is positioned to the lines of flux at 090 and 270 degrees). But the aircraft’s heading can be determined using the bar by converting the magnetic flux into an electrical current, and we will see shortly that it is also relatively easy to solve the ambiguity in direction.
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Figure 2.5: The strength of the magnetic flux in a magnetic bar will vary depending on its orientation with the Earth’s magnetic field.



Converting the flux in the magnetic bar into a current is a relatively simple concept, but the main challenge is that a changing flux is required (following Faraday’s Law, which states that whenever there is a change in flux, an electrical current will be induced/created in a circuit). To make a changing flux, two bars of highly permeable material are placed parallel to each other, as shown in Figure 2.6. These bars are wrapped in a series of wires, known as secondary or pick up coils. An electrical current will be created (induced) in the secondary coil when there is a changing flux in the magnetic bars, which can then be used to determine the aircraft’s heading (we will see shortly that collectively the two parallel bars are often called arms or legs, as the flux valve has three arms in total).
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Figure 2.6: A two bar flux valve that has a wire (secondary coil) wrapped around it, which is also connected to an exciter coil that has alternating current (AC) flowing through it.



The two bars are also connected to an exciter coil (primary coil), which has an alternating current (AC) power source running through it (AC means the electrical current constantly changes strength and direction). When the alternating current runs through the exciter coil, it creates its own magnetic field, which is picked up by the two bars (creating a localized magnetic field when current runs through a wire is a normal behavior). Due to the position of the two bars, an opposite magnetic field is picked up in each, which will constantly switch direction due to the alternate current also constantly changing, as shown in Figure 2.7 (e.g. a positive magnetic field in one bar, and a negative field in the other, which then switches around). Because the magnetic fields in each bar are equal and opposite, they will cancel each other out when they are combined, resulting in a zero flux output. As there is no flux output, there will also be no current created in the secondary coil.
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