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The Airbus A320 family represents a watershed moment in the history of civil aviation. Introduced in the late 1980s,
it was the first commercial aircraft to implement digital fly-by-wire (FBW) flight control systems and a fully integrated
glass cockpit. This transition from mechanical linkages to electronic interfaces fundamentally changed the role of
the pilot from a direct manipulator of flight controls to a systems manager. For pilots, engineers, and simulator
enthusiasts, understanding the A320 requires more than a surface-level familiarity with its buttons; it demands a
deep dive into the logic, redundancy, and architectural philosophy that define the 'Airbus Way.'

The Theoretical Framework of Airbus Fly-By-Wire (FBW)

The core of the A320’s design philosophy is the protection of the flight envelope. Unlike traditional aircraft where the
pilot has direct authority over control surface deflection, the A320 uses a Control Law system. When a pilot moves
the sidestick, they are not requesting a specific surface movement; they are requesting a load factor demand in
pitch and a roll rate demand in lateral control.

Flight Control Laws and Protection Logic

The A320 operates under different 'laws' depending on the health of the aircraft's computers and sensors. This
hierarchy ensures the highest level of safety while providing graceful degradation in the event of system failures.

e Normal Law: The standard operating mode. It provides pitch, roll, and yaw authority with comprehensive
protections (High-speed protection, High Alpha protection, Bank angle protection, and Load factor limitation).

e Alternate Law: Triggered by multiple failures (e.g., dual ADR failure). Most protections are lost or replaced by
‘stabilities.' The aircraft no longer prevents stalls but warns the pilot.

e Direct Law: Occurs when the landing gear is extended in Alternate Law or following significant system
degradation. There is a direct relationship between stick movement and surface deflection, requiring manual trim.

e Mechanical Backup: A final redundancy layer using the trim wheel and rudder pedals for temporary control
during a total loss of electrical power or flight control computers.

Table 1: Airbus A320 Flight Control Law Comparison



Feature Normal Law
Pitch Relationship Load Factor Demand
Roll Relationship Roll Rate Demand
Alpha Protection Yes (Floor/Max)
High Speed Protection Yes (Positive Static)

Auto-Trim Available

Alternate Law

Load Factor Demand

Direct Surface Deflection

No (Stability Only)

No (Stability Only)

Available

Direct Law

Direct Surface Deflection

Direct Surface Deflection

No

No

Not Available

Technical Analysis: Core Aircraft Systems

The A320 is characterized by its highly integrated and automated systems. These are monitored through the
Electronic Centralized Aircraft Monitor (ECAM), which follows a 'need-to-know' philosophy, presenting data only
when relevant or when a fault occurs.

The Hydraulic Architecture

The A320 utilizes three independent hydraulic systems, color-coded as Green, Blue, and Yellow. Unlike  many
aircraft of its era, it does not use a central hydraulic reservoir, but rather localized pressure generation.

e Green System: Powered by Engine 1 or the Power Transfer Unit (PTU). It controls landing gear, flaps/slats,
and major flight control surfaces.

e Blue System: Powered by an electric pump or the Ram Air Turbine (RAT) in emergencies. It serves as the
primary backup for flight controls.

* Yellow System: Powered by Engine 2, an electric pump, or a hand pump for cargo doors. It also powers the
PTU.

The Power Transfer Unit (PTU)is a critical engineering component. It is a bi-directional pump-motor that allows
the Green system to pressurize the Yellow system (and vice versa) without transferring fluid. This occurs
automatically when a pressure differential of 500 PSI is detected between the two systems.

Electrical Power Distribution

The A320’s electrical system is designed for high redundancy. The primary sources are two 90kVA Integrated Drive
Generators (IDGs). Secondary sources include the Auxiliary Power Unit (APU) generator, the Emergency
Generator (powered by the Blue hydraulic system/RAT), and batteries. The system logic prioritizes sources in the
following order: 1. Engine Generators, 2. External Power, 3. APU Generator, 4. Emergency Generator, 5. Batteries.

Operational Workflow: Preliminary Cockpit Preparation

Preparation for a flight in the A320 involves a rigorous sequence of checks known as the 'Flow." This ensures that
the aircraft's systems are configured correctly before the Flight Management and Guidance System (FMGS) is
programmed.

Step-by-Step Procedure

1. Safety Exterior Inspection: Verifying the integrity of the airframe, probes (Pitot/Static), and checking for fluid
leaks.
2. Electrical Power-Up: Engaging batteries and checking voltage (>25.5V). Connecting External Power if



available.

3. ADIRS Alignment: Moving the three Air Data Inertial Reference System (ADIRS) knobs to NAV. This is a
critical step that requires the aircraft to remain stationary for 7 to 10 minutes to calculate its position via GPS and
inertial sensors.

4. ECAM Recall and Checks: Checking the status page for any maintenance messages or fluid levels
(Hydraulic, Oil, Oxygen).

5. FMGS Data Entry (The 'DIFSRIP' Flow): Entering Data, Init A (Flight Plan/FL), Flight Plan, Sec F-Plan, Rad
Nav, Init B (Weight/Fuel), and Performance.

Maintenance Planning and Aircraft Characteristics (AC)

According to the A320 Aircraft Characteristics - Airport and Maintenance Planningmanual, the A320-200 series
requires specific ground support infrastructure. This manual is essential for airport authorities to determine
pavement strength (ACN/PCN) and gate clearances.

Dimensions and Ground Handling Metrics



Parameter A320-200 Specification

Length 37.57 Meters (123 ft 3 in)

Wingspan 34.10 Meters (111 ft 10 in) with Sharklets
Max Takeoff Weight (MTOW) 78,000 kg (172,000 Ibs)

Turning Radius 22.9 Meters (Inner Wing Tip)

Typical Cruise Speed Mach 0.78 (450 KTAS)

Maintenance planning involves tracking 'A-Checks' and 'C-Checks.' The A320 design allows for extended intervals
between major inspections due to the Centralized Fault Display System (CFDS), which allows technicians to
troubleshoot systems directly from the cockpit MCDU (Multipurpose Control Display Unit).

The Pilot's Handbook: Simulator and Checkride Preparation

Training for the A320 type rating is notoriously rigorous. Pilots must master 'The Box' (the Full Flight Simulator). The
focus is on Standard Operating Procedures (SOPs) and Task Sharing. In the Airbus cockpit, the roles are strictly
defined as Pilot Flying (PF) and Pilot Monitoring (PM).

High-Fidelity Training Modules

Simulator training typically covers several critical failure modes:

e Engine Failure at V1: Handling the yaw moment with rudder and transitioning to a pitch-limited climb (SRS
mode).

¢ Emergency Descent: Managing rapid depressurization by deploying oxygen masks and executing a 45-
degree turn out of the airway.

« ECAM Actions: The 'Read and Do' philosophy. The PM reads the ECAM instructions, while the PF confirms
'Clear?' before any irreversible action (like shutting down an engine) is taken.

Case Study: Dual Engine Failure and the RAT

In the event of a total loss of thrust from both engines, the A320 enters a 'complex emergency' state. The Ram Air
Turbine (RAT) automatically deploys, providing hydraulic pressure to the Blue system, which in turn drives the
Emergency Generator. This provides the pilots with essential flight instruments (PFD 1) and flight controls in
Alternate Law. This specific scenario highlights the engineering logic of 'Cascading Redundancy' where one
system (Pneumatic/Engine) failure triggers a backup in another (Hydraulic), which supports a third (Electrical).

Technical Synthesis and Future Implications

The Airbus A320 is more than an aircraft; it is a complex ecosystem of hardware and software designed to mitigate
human error. The 'Guide du Pilote' and technical manuals emphasize that while the aircraft is automated, the pilot's
role in monitoring and intervention is paramount. The shift toward Sharklets(large wingtip devices) in newer
A320ceo and A320neo models further demonstrates the platform's adaptability, improving fuel efficiency by up to
4% on long sectors.

Ultimately, the success of the A320 lies in its interface. By standardizing the cockpit across the A318, A319, A320,
and A321, Airbus created a 'Commonality’ concept that allows airlines to reduce training costs and increase



operational flexibility. As we look toward the future of aviation, the principles established by the A320—redundancy,
fly-by-wire protection, and systems integration—continue to serve as the benchmark for every new aircraft design
in the 21st century.
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