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The Airbus A320 family represents a paradigm shift in commercial aviation, introducing fly-by-wire technology, side-

stick controllers, and a high level of cockpit automation that has become the industry standard. For pilots

undergoing a type rating, aircraft technicians maintaining the fleet, or students pursuing an aviation career,

mastering the A320's complex interconnected systems is a monumental task. This technical study guide provides

an in-depth analysis of the A320’s architecture, operational logic, and failure management protocols, serving as a

definitive resource for professional development and simulator preparation.

1. The Philosophy of Airbus Cockpit Design

The A320 was designed around the \"Dark Cockpit\" philosophy. This design principle ensures that under normal

operating conditions, all overhead panel lights are extinguished. An illuminated light indicates a system status that

requires attention or a departure from the normal configuration. This minimizes cognitive load on the flight crew,

allowing them to focus on the primary task of aviate, navigate, and communicate.

Flight Control Laws and Protections

Unlike traditional aircraft, the A320 utilizes a Fly-By-Wire (FBW) system where pilot inputs are processed by 

computers (ELAC, SEC, and FAC) before being transmitted to hydraulic actuators. This architecture allows for the 

implementation of Flight Control Laws, which provide varying levels of protection:

•  Normal Law: Provides full envelope protection, including Load Factor Limitation (+2.5g to -1.0g), Pitch Attitude 

Protection (30&deg; up/15&deg; down), High-Angle of Attack (Alpha) Protection, and High-Speed Protection.

•  Alternate Law: Occurs after multiple failures. Most protections are lost, but the aircraft remains stable and 

controllable. It usually degrades to Direct Law when the landing gear is extended to provide the pilot with direct feel 

for landing.

•  Abnormal Alternate Law: Triggered by extreme unusual attitudes, allowing the computers to assist in recovery 

before reverting to Alternate Law.

•  Direct Law: A direct relationship between side-stick deflection and surface movement. No protections are 

available.

•  Mechanical Backup: A rare emergency state where only the stabilizer trim and rudder are used for control via 

mechanical cables.

2. Integrated Powerplant Systems: CEO vs. NEO

The evolution of the A320 has been marked by its engine options. The Current Engine Option (CEO) primarily 

utilizes the CFM56-5B or IAE V2500, while the New Engine Option (NEO)features the CFM LEAP-1A or Pratt

&amp; Whitney PW1100G. The NEO variant offers a 15-20% improvement in fuel efficiency and a significant

reduction in noise footprint.



Feature A320ceo (CFM56-5B) A320neo (LEAP-1A)

Maximum Thrust 27,000 - 32,000 lbf 24,500 - 32,900 lbf

Bypass Ratio 5.5:1 11:1

Fan Diameter 68 inches 78 inches

Fuel Burn Reduction Baseline ~15% - 20%

FADEC System Dual Channel Advanced Dual Channel

Both engine types are managed by the Full Authority Digital Engine Control (FADEC), which handles everything

from fuel metering and ignition to thrust management and limit protection. The FADEC ensures that the engine

operates within safe parameters regardless of pilot throttle input, effectively preventing over-temperature or over-

speed conditions during normal operations.

3. Electrical System Architecture

The A320 electrical system is highly redundant, designed to provide continuous power even in the event of multiple 

component failures. It operates primarily on 115V AC (400Hz) and 28V DC power.

AC Power Generation

The primary sources of AC power are two Engine-Driven Generators (IDGs), each capable of supplying 90 kVA. 

The Auxiliary Power Unit (APU) generator serves as a backup in flight or a primary source on the ground. In 

extreme emergencies, a Ram Air Turbine (RAT)  deploys to power an Emergency Generator (5 kVA).

DC Power Generation

DC power is produced by three Transformer Rectifier Units (TRUs), which convert 115V AC into 28V DC. Two

main batteries (24V, 25Ah) provide backup power for engine starting and for essential systems during a total

electrical failure (Emergency Electrical Configuration).

4. Hydraulic System and the Power Transfer Unit (PTU)

The A320 features three independent hydraulic systems, color-coded as Green, Blue, and Yellow . These systems 

operate at a nominal pressure of 3,000 PSI.

•  Green System: Powered by Engine 1; operates landing gear, flaps, slats, and some flight controls.

•  Blue System: Powered by an electric pump (or the RAT); provides redundancy for flight controls and 

emergency power.

•  Yellow System: Powered by Engine 2 or an electric pump; operates the cargo doors and provides redundancy 

for brakes and flight controls.

A critical component is the Power Transfer Unit (PTU) . The PTU is a bidirectional pump that allows the Green

system to pressurize the Yellow system (and vice-versa) without transferring fluid. It activates automatically when a

pressure differential of more than 500 PSI is detected between the two systems, often heard as a \"barking\" sound

during engine start or single-engine taxi.

5. Pneumatic and Air Conditioning Systems



Bleed air is extracted from the engines or APU for wing anti-ice, engine starting, and environmental control. The 

Pneumatic System is managed by two Bleed Monitoring Computers (BMCs). If a leak is detected, the BMCs

automatically isolate the affected section to prevent structural damage from high-temperature air.

The Air Conditioning Pack Logic

Two Packs (Air Cycle Machines) regulate the temperature and flow of air into the cabin. The Zone Controller

manages three temperature zones (Cockpit, Forward Cabin, Aft Cabin). For maximum efficiency, the system can

operate in \"HI,\" \"NORM,\" or \"LO\" flow modes depending on the passenger load, which is a key technical

consideration for fuel-conscious flight planning.

6. Flight Management and Guidance System (FMGS)

The FMGS is the brain of the A320, consisting of two Flight Management and Guidance Computers (FGMCs) 

and two Multipurpose Control and Display Units (MCDUs). It provides four main functions:

1.  Flight Management: Navigation, flight planning, and performance optimization.

2.  Flight Guidance: Autopilot and Flight Director engagement.

3.  Flight Augmentation: Calculations for V-speeds (V1, VR, V2), stall speeds, and CG limits via the FACs.

4.  Display Management: Feeding data to the PFD and ND.

Performance Calculations and V-Speeds

Accurate performance calculation is vital for safe takeoff and landing. The A320 uses a Flexible Takeoff (FLEX)

temperature concept to reduce engine wear by taking off at lower-than-maximum thrust when runway length and

ambient conditions allow.



Speed Tag Definition Significance

V1 Takeoff Decision Speed The speed beyond which takeoff must 
continue even if an engine fails.

VR Rotation Speed The speed at which the pilot initiates 
the pitch-up maneuver.

V2 Takeoff Safety Speed The minimum speed to be maintained 
until acceleration altitude after an 
engine failure.

VLS Lowest Selectable Speed Represented by the top of the amber 
strip on the PFD; provides a 1.13 Vs 
margin.

7. ECAM Philosophy and Failure Management

The Electronic Centralized Aircraft Monitor (ECAM) is central to Airbus's failure management strategy. It follows 

a structured hierarchy: Level 3 (Red) for immediate danger, Level 2 (Amber) for system failures requiring 

attention, and Level 1 (Amber) for monitoring.

The ECAM Action Workflow

When a failure occurs, the crew follows a specific sequence of actions:

•  Primary Task: Fly, Navigate, Communicate.

•  Identification: The Pilot Monitoring (PM) reads the ECAM title.

•  Confirmation: The Pilot Flying (PF) confirms the failure.

•  Action: The PM performs the actions displayed on the ECAM, but only after PF confirmation for irreversible 

actions (e.g., shutting down an engine).

•  Review: Check status pages, clear ECAM, and refer to the Quick Reference Handbook (QRH) for additional 

procedures.

8. Case Study: Dual Engine Failure and the RAT Deployment

In the event of a dual engine failure (e.g., severe bird strike), the A320's systems are designed to maximize survival 

chances. Loss of both engine generators triggers the deployment of the RAT. The RAT provides 3,000 PSI to the 

Blue hydraulic system, which in turn drives the emergency generator. In this state, the aircraft is in Emergency 

Electrical Configuration, where only essential instruments (PFD1, ND1, MCDU1) and flight controls remain

powered. This scenario highlights the critical importance of understanding system intersections, as the flight law

degrades to Alternate Law, requiring the pilot to be proficient in manual handling without full envelope protections.

9. Maintenance and Troubleshooting for Technicians

For aircraft technicians, the A320 offers the Centralized Fault Display System (CFDS), accessible through the 

MCDU. The CFDS allows technicians to view Post Flight Reports (PFR), perform BITE tests (Built-In Test 

Equipment), and troubleshoot avionics faults without specialized external equipment. Effective troubleshooting 

requires a deep understanding of the Aircraft Schematic Manual (ASM) and the logic of the System Data 

Acquisition Concentrators (SDACs).



Common Troubleshooting Scenarios

•  PTU Faults: Often related to fluid contamination or internal seal leakage between Green and Yellow systems.

•  ADR/IR Discrepancies: Cleaning or replacing Pitot-Static probes after reported airspeed inconsistencies.

•  Pack Overheat: Frequently caused by fouled heat exchangers or malfunctioning bypass valves.

The mastery of the Airbus A320 involves more than memorizing buttons; it requires an intuitive grasp of how the

digital logic interacts with the physical hydraulics and pneumatics. By utilizing structured study guides, such as

those provided by AviationHunt or Avsoft, and engaging in rigorous simulator practice, aviation professionals can

ensure they are fully prepared for the challenges of modern flight operations. Whether managing a complex ECAM

procedure or optimizing a fuel-efficient descent, the foundation remains the same: a profound technical knowledge

of the aircraft's core systems.
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