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Professional Certificate in Introduction to Avionics

Autopilot Systems

Autopilot Systems are crucial components of modern avionic systems, enabling aircraft to fly automatically
with minimal human input. This explanation will cover key terms and vocabulary related to Autopilot
Systems in the context of the Professional Certificate in Introduction to Avionics.

1. Autopilot System: An Autopilot System is a mechanical, electrical, or electronic system that assists the
pilot in controlling the flight path of an aircraft. It can maintain a constant altitude, heading, and airspeed,
as well as navigate along pre-programmed routes.
2. Flight Director: A Flight Director is a system that provides visual guidance to the pilot for controlling the
aircraft's attitude and altitude. It displays a command bar on the attitude director indicator (ADI) or
horizontal situation indicator (HSI), which the pilot follows to maintain a constant altitude, heading, and
airspeed.
3. Auto-throttle: An Auto-throttle system automatically adjusts the throttle setting to maintain a constant
airspeed or to follow a pre-programmed speed profile. It can also provide thrust reduction during descent
to save fuel and reduce noise.
4. Air Data Computer (ADC): An ADC is an electronic system that provides the Autopilot System with
accurate airspeed, altitude, and attitude information. It processes data from various sensors, such as pitot-
static probes, static ports, and attitude sensors.
5. Attitude and Heading Reference System (AHRS): An AHRS is an electronic system that provides the
Autopilot System with accurate attitude and heading information. It uses gyroscopes and accelerometers to
determine the aircraft's pitch, roll, and yaw angles.
6. Global Positioning System (GPS): GPS is a satellite-based navigation system that provides location and
time information to the Autopilot System. It can be used for navigation, guidance, and surveillance
purposes.
7. Flight Management System (FMS): An FMS is an electronic system that manages the aircraft's flight plan,
performance, and navigation data. It can be used to program the Autopilot System with pre-defined routes,
waypoints, and altitudes.
8. Primary Flight Display (PFD): A PFD is a display that provides the pilot with attitude, altitude, airspeed, and
heading information. It can also display other flight parameters, such as vertical speed, mach number, and
navigation data.
9. Navigation Display (ND): An ND is a display that provides the pilot with navigation information, such as
maps, charts, and airspace data. It can also display weather information, such as radar, lightning, and
turbulence.
10. Control Laws: Control Laws are mathematical algorithms that convert pilot inputs into control surface
deflections. They can be classified into three categories: direct, indirect, and hybrid. Direct control laws
directly control the control surfaces based on pilot inputs, while indirect control laws use feedback from the
aircraft's sensors to adjust the control surface deflections. Hybrid control laws combine both direct and
indirect control laws to provide optimal performance and stability.
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11. Autopilot Modes: Autopilot modes are pre-defined flight control modes that the Autopilot System can
use to control the aircraft's flight path. Examples of Autopilot modes include:
 * Heading mode: Maintains a constant heading
 * Altitude mode: Maintains a constant altitude
 * Vertical speed mode: Maintains a constant vertical speed
 * Speed mode: Maintains a constant airspeed
 * Navigation mode: Follows a pre-defined navigation route
 * Approach mode: Provides guidance for instrument approaches
12. Autopilot Engagement: Autopilot engagement is the process of activating the Autopilot System and
selecting the desired Autopilot mode. This can be done through various controls, such as switches, buttons,
or joysticks.
13. Autopilot Disengagement: Autopilot disengagement is the process of deactivating the Autopilot System
and returning control to the pilot. This can be done through various controls, such as switches, buttons, or
joysticks.
14. Autopilot Failure: Autopilot failure is the loss of Autopilot functionality due to a malfunction or failure of
the Autopilot System or its components. This can result in a loss of control or a deviation from the desired
flight path.
15. Autopilot Monitoring: Autopilot monitoring is the process of observing and evaluating the Autopilot
System's performance and behavior. This can be done through various indicators, such as warning lights,
alarms, or caution messages.

Example:

Suppose an aircraft is flying at an altitude of 30,000 feet with a constant airspeed of 300 knots. The pilot
wants to maintain this flight configuration and navigate to a waypoint 100 nautical miles away. The pilot can
engage the Autopilot System and select the following Autopilot modes:

* Altitude mode: Maintains the current altitude of 30,000 feet
* Speed mode: Maintains the current airspeed of 300 knots
* Navigation mode: Navigates to the waypoint 100 nautical miles away

Challenge:

Suppose you are a trainee pilot learning to use the Autopilot System. Your instructor asks you to fly a route
from point A to point B with a constant altitude of 20,000 feet and a constant airspeed of 250 knots. How
would you engage the Autopilot System and select the appropriate Autopilot modes?

To engage the Autopilot System and select the appropriate Autopilot modes, you would follow these steps:

1. Set the altitude selector to 20,000 feet and the airspeed selector to 250 knots.
2. Engage the Autopilot System by pressing the Autopilot engage button.
3. Select the Altitude mode by pressing the Altitude mode button.
4. Select the Speed mode by pressing the Speed mode button.
5. Select the Navigation mode by entering the waypoints and distances into the FMS.
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6. Monitor the Autopilot System's performance and behavior using the PFD and ND.

By following these steps, you can safely and efficiently fly the route from point A to point B with a constant
altitude of 20,000 feet and a constant airspeed of 250 knots using the Autopilot System.

Autopilot Systems: Key Terms and Vocabulary

Autopilot systems are advanced systems that help aircraft fly autonomously with minimal human
intervention. These systems use a variety of sensors, controllers, and actuators to maintain stable flight and
navigate to desired locations. Here are some key terms and vocabulary related to autopilot systems:

1. Autopilot: An autopilot is a system that automatically controls the flight of an aircraft. It can maintain a
constant altitude, heading, and airspeed, as well as navigate to a specific location. Autopilots can be
engaged and disengaged by the pilot as needed.
2. Flight Director: A flight director is a system that provides visual guidance to the pilot to help maintain a
desired flight path. The flight director displays a command bar, which shows the pilot the desired pitch and
bank angles needed to maintain a stable flight path. The autopilot can then follow these commands to
control the aircraft.
3. Air Data Computer (ADC): An ADC is a device that provides the autopilot with information about the
aircraft's airspeed, altitude, and attitude. The ADC uses data from airspeed sensors, altitude sensors, and
attitude sensors to calculate this information.
4. Attitude Director Indicator (ADI): An ADI is a device that displays the aircraft's attitude, or its pitch and
bank angles. The ADI uses data from attitude sensors to provide this information to the pilot and the
autopilot.
5. Horizontal Situation Indicator (HSI): An HSI is a device that displays the aircraft's heading and navigation
information. The HSI uses data from the aircraft's navigation system to provide this information to the pilot
and the autopilot.
6. Auto-throttle: An auto-throttle is a system that automatically controls the throttle position to maintain a
desired airspeed. The auto-throttle works in conjunction with the autopilot to maintain stable flight.
7. Flight Management System (FMS): An FMS is a system that manages the aircraft's flight plan and
navigation. The FMS can provide the autopilot with information about the desired flight path, including
waypoints, altitudes, and speeds.
8. Autopilot Modes: Autopilots have several different modes that can be selected depending on the desired
flight path. Some common autopilot modes include:
* Heading mode: In heading mode, the autopilot maintains a constant heading.
* Altitude hold mode: In altitude hold mode, the autopilot maintains a constant altitude.
* Vertical speed mode: In vertical speed mode, the autopilot maintains a constant rate of climb or descent.
* Approach mode: In approach mode, the autopilot follows a pre-defined flight path for an instrument
approach.
* Autoland mode: In autoland mode, the autopilot lands the aircraft automatically.
1. Autopilot Failures: Autopilots can fail for a variety of reasons, including sensor failures, software bugs, and
mechanical issues. Here are some common autopilot failures:
* Altitude hold failure: If the altitude hold function fails, the aircraft may start to descend or climb
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uncontrollably.
* Heading hold failure: If the heading hold function fails, the aircraft may start to turn or yaw uncontrollably.
* Navigation failure: If the navigation system fails, the autopilot may not be able to navigate to the desired
location.
* Autothrottle failure: If the autothrottle fails, the aircraft may not maintain a stable airspeed.

Challenges:

1. Identify the different components of an autopilot system and their functions.
2. Explain the difference between a flight director and an autopilot.
3. Describe how an air data computer provides information to the autopilot.
4. Explain the function of an attitude director indicator.
5. Describe the different autopilot modes and their uses.
6. Explain the potential failures of an autopilot system and how they can be mitigated.

Example:

Suppose you are a pilot flying a commercial airliner from New York to London. As you approach cruising
altitude, you engage the autopilot to maintain a constant altitude, heading, and airspeed. The autopilot
uses data from the air data computer, attitude director indicator, and horizontal situation indicator to
maintain stable flight.

As you approach the coast of Ireland, the autopilot switches to navigation mode and follows the pre-
defined flight plan to the London airport. The flight management system provides the autopilot with
information about the desired flight path, including waypoints, altitudes, and speeds.

As you descend towards the airport, the autopilot switches to approach mode and follows a pre-defined
flight path for an instrument approach. Finally, as you approach the runway, the autopilot switches to
autoland mode and lands the aircraft automatically.

Conclusion:

Autopilot systems are complex and sophisticated systems that help aircraft fly autonomously with minimal
human intervention. These systems use a variety of sensors, controllers, and actuators to maintain stable
flight and navigate to desired locations. Key terms and vocabulary related to autopilot systems include
autopilot, flight director, air data computer, attitude director indicator, horizontal situation indicator, auto-
throttle, flight management system, autopilot modes, and autopilot failures. Understanding these terms and
concepts is essential for pilots and aviation professionals who work with autopilot systems.
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