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The Airbus A320 family represents a watershed moment in aviation history, marking the transition from traditional 

mechanical flight controls to highly sophisticated, computer-augmented Digital Fly-By-Wire (DFBW)technology.

For pilots, engineers, and aviation enthusiasts, mastering the A320 is not merely about learning how to fly an

airplane; it is about understanding a philosophy of system integration and automation. This guide provides an

exhaustive technical analysis of the A320’s core systems, flight control laws, and the operational logic that defines

one of the world’s most successful narrow-body aircraft.

The Philosophical Foundation: The Dark Cockpit and Fly-By-Wire

The design of the Airbus A320 is predicated on the "Dark Cockpit" philosophy. This principle ensures that under

normal operating conditions, all system overhead panels remain unlit. An illuminated light indicates either a system

is in an abnormal state, a manual override is active, or a specific configuration is required. This reduces pilot

cognitive load, allowing the crew to focus on high-level situational awareness rather than constant system

monitoring.

Central to this philosophy is the Fly-By-Wire (FBW)system. Unlike conventional aircraft where cables and pulleys

connect the pilot's controls to the flight surfaces, the A320 uses electrical signals processed by high-speed

computers. These computers interpret pilot input from the side stick and translate it into control surface movements

based on the current flight law. This architecture provides unparalleled protection against stalls, overspeed, and

structural overstress.

Detailed Analysis of Flight Control Laws

The A320 operates under different levels of computer augmentation known as Flight Control Laws. These laws

dictate how the aircraft responds to side stick inputs and what protections are available to the crew. Understanding

the transition between these laws is critical for safe operation during system failures.

1. Normal Law

Under Normal Law, the aircraft provides full flight envelope protection. The pilot’s side stick input does not

command a specific surface deflection but rather a load factor (G-load) in pitch and a roll rate in the lateral axis. If

the pilot releases the side stick, the aircraft maintains a 1G flight path, effectively providing automatic pitch trim.

•  Load Factor Protection: Limits the aircraft to +2.5g to -1.0g in clean configuration.

•  Pitch Attitude Protection: Limits pitch to 30&deg; up and 15&deg; down.

•  High-Angle of Attack (AOA) Protection: Prevents the aircraft from stalling by overriding pilot input if the AOA 

becomes critical (Alpha Protection).

•  Bank Angle Protection: Limits the bank angle to a maximum of 67&deg;.

2. Alternate Law

If multiple system failures occur (such as the loss of several ADRs or IRUs), the flight control computers drop into 

Alternate Law. In this state, many of the automated protections are lost or degraded. The aircraft no longer



provides automatic stall recovery, though it may still provide a low-speed stability function.

3. Direct Law

Direct Lawis the lowest level of computer-augmented flight. It is typically triggered when the landing gear is

extended while the aircraft is already in Alternate Law. In Direct Law, there is a direct proportional relationship

between side stick deflection and control surface movement. Manual pitch trim becomes mandatory, as the

automatic trimming function is disabled.

4. Mechanical Backup

In the highly unlikely event of a total electrical or computer failure, the A320 can be flown using Mechanical 

Backup. Control is limited to the use of the trim wheel for pitch (via the THS) and rudder pedals for lateral control.

This mode is designed solely to maintain the aircraft's flight path while attempting to restore computer systems.

Comparison of A320 Flight Control Laws



Feature Normal Law Alternate Law Direct Law

Pitch Control G-Load Demand G-Load Demand Direct Surface Deflection

Roll Control Roll Rate Demand Direct Surface Deflection Direct Surface Deflection

Auto-Trim Available Available Not Available (Manual)

Stall Protection Alpha Protection (Hard) Stall Warning (Soft) Stall Warning Only

Bank Protection Yes (67&deg; Max) No No

The Integrated Auto-Flight System: FMGS and Flight Guidance

The Flight Management and Guidance System (FMGS) is the brain of the A320. It consists of two Flight 

Management and Guidance Computers (FMGCs) that manage navigation, performance optimization, and auto-

flight control. The FMGS operates in two primary modes: Managed and Selected.

Managed Guidance vs. Selected Guidance

In Managed Guidance, the aircraft follows a pre-programmed flight plan entered into the Multipurpose Control 

and Display Unit (MCDU). The FMGS calculates the optimum vertical profile and lateral path. In Selected 

Guidance, the pilot manually sets targets for speed, heading, or altitude on the Flight Control Unit (FCU),

overriding the pre-programmed plan.

The Flight Augmentation Computer (FAC)

The FAC is a specialized sub-component of the auto-flight system. It handles four critical functions:Yaw functions 

(including turn coordination and rudder travel limiting), Flight envelope protection (calculating Vls, Valpha-prot, 

etc.), Around-the-clock windshear detection, and Control of the rudder trim.

Hydraulic and Electrical Power Redundancy

The A320 utilizes a triple-redundant hydraulic system, identified by colors: Green, Blue, and Yellow . Unlike many

aircraft of its era, the A320 does not use hydraulic fluid for everything; however, it remains vital for moving the

primary flight controls and landing gear.

•  Green System: Powered by Engine 1; handles landing gear, slats/flaps, and normal brakes.

•  Yellow System: Powered by Engine 2; handles the cargo door and parking brake. It includes an electric pump 

and a hand pump for ground operations.

•  Blue System: Powered by an electric pump and the Ram Air Turbine (RAT). This system serves as the 

ultimate emergency backup for flight controls.

The Power Transfer Unit (PTU) is a mechanical link between the Green and Yellow systems. It allows one system

to pressurize the other without transferring fluid, ensuring that even if an engine fails, both Green and Yellow

hydraulic pressures can be maintained.

The Electronic Centralized Aircraft Monitor (ECAM)

The ECAMis the primary interface for system monitoring and troubleshooting. It consists of two screens: the

Engine/Warning Display (E/WD) and the System Display (SD). The system is designed to provide the crew with



exactly the information they need when they need it.

ECAM Logic and Prioritization

When a failure occurs, the ECAM follows a strict hierarchy:

1.  Level 3 (Red): Immediate danger (e.g., Engine Fire). Accompanied by a Continuous Repetitive Chime (CRC) 

and a Master Warning light.

2.  Level 2 (Amber): Abnormal condition (e.g., Hydraulic Low Pressure). Accompanied by a Single Chime (SC) 

and a Master Caution light.

3.  Level 1 (Amber): Cautionary information requiring monitoring but no immediate action.

The ECAM Actionsequence is a fundamental skill for A320 pilots. It involves identifying the failure, performing the

prescribed actions on the E/WD, and then reviewing the Status page to understand the degraded state of the

aircraft.

Safety Innovations: TCAS and TCAP

The Traffic Collision Avoidance System (TCAS) is standard on modern jets, but Airbus introduced the TCAS 

Alert Prevention (TCAP)to further refine safety. During a high-rate climb or descent toward an assigned altitude,

TCAP modifies the autopilot/flight director guidance to reduce the vertical rate as the aircraft nears the target

altitude. This prevents "nuisance" TCAS Resolution Advisories (RAs) that occur when two aircraft are flying toward

each other with high vertical speeds but will ultimately level off with safe separation.

A320 Study and Transition Strategies

Transitioning to the A320 requires a shift in mindset from traditional piloting to systems management. Effective

study involves a tiered approach:

1. The Quick Study Guide (QSG)

For pilots in the initial phases of a Type Rating, a Quick Study Guideprovides photo-realistic cockpit panel

illustrations and high-level summaries. These guides are essential for memory item drills and becoming familiar

with the physical layout of the flight deck.

2. Advanced Systems Guides

Advanced guides, such as the Airbus A320: An Advanced Systems Guide, go beyond the "what" and explain the

"why." These resources use interactive schematics to show how electrical busses are powered or how hydraulic

pressure flows through various valves. This level of depth is critical for passing the technical oral exam and for

handling complex, non-standard emergencies in the simulator.

3. The "Bite-Sized" Learning Methodology

The A320 technical manual is massive. Professional study guides often break the content into 14-15 chapters (e.g.,

Hydraulics, Electrics, Pneumatics, Ice/Rain Protection). Focusing on one system at a time, followed by practice

questions, is the most effective way to build long-term retention of technical data.

Technical Analysis of Flight Phases and FMGS Integration

The FMGS manages the aircraft through specific flight phases, each with unique logic for speed and thrust

management.

Takeoff and Climb



During takeoff, the pilot uses either FLX (Flexible) or TOGA (Takeoff/Go-Around) thrust. The FMGS transitions to 

the Climb phase when the thrust levers are moved to the CL (Climb) detent. In this phase, the Managed Speed is 

typically governed by the Cost Index (CI), a ratio of time cost to fuel cost that determines the most economical

cruise speed.

Cruise and Step Climbs

In the Cruise phase, the FMGS monitors fuel flow and wind data to provide the pilot with the Optimum (OPT) and 

Maximum (MAX)altitudes. Pilots must balance the desire for fuel efficiency (higher altitude) with the structural and

aerodynamic limits of the aircraft at high Mach numbers.

Descent and Approach

The Top of Descent (T/D) is calculated by the FMGS to ensure a continuous descent profile at idle thrust. During 

the approach, the aircraft uses Managed Speedto automatically decelerate toward the Vapp (Approach Speed),

accounting for wind corrections (Ground Speed Mini function). The GS Mini function is a unique Airbus feature that

varies the target airspeed based on headwind gust components, ensuring a constant ground speed and protecting

the aircraft's energy state.

Operational Challenges and Solutions

While the A320 is highly automated, it is not immune to operational complexities. One common challenge is the 

"Automation Surprise,"where the aircraft behaves in a way the crew does not expect because of a

misunderstanding of the current FMGS mode.

•  Solution: Strict adherence to FMA (Flight Mode Annunciator) monitoring. The FMA, located at the top of the 

Primary Flight Display (PFD), is the only true indicator of what the auto-flight system is doing. Pilots are trained to 

"read the FMA" every time a change is made or an automated transition occurs.

•  Failure Mode: Loss of dual ADRs resulting in Alternate Law. Solution: The crew must recognize the loss of 

protections and revert to manual flight techniques, including the use of pitch and power settings from the QRH 

(Quick Reference Handbook).

The A320 remains a masterpiece of aviation engineering. Its success lies in the synergy between the pilot and the

machine. By providing a platform that is both highly protected and deeply integrated, Airbus has created an aircraft

that maximizes safety while maintaining high operational efficiency. Mastery of the A320 requires a dedication to

understanding the underlying logic of its digital architecture, ensuring that the pilot remains the ultimate authority in

the cockpit, supported by the most advanced systems in the sky. Whether using a Quick Study Guide for panel

familiarity or an Advanced Systems Guide for deep technical dives, continuous learning is the hallmark of a

professional A320 aviator.
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