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The Airbus A320 family, encompassing the A318, A319, A320, and A321, represents a watershed moment in
aviation history. Introduced in the late 1980s, it was the first commercial aircraft to implement digital Fly-By-Wire
(FBW)flight control systems and a side-stick interface in a narrow-body airframe. This architectural shift
transitioned the industry from mechanical linkages to electronic signals, processed by sophisticated flight control
computers. For pilots, engineers, and technical enthusiasts, understanding these systems requires a deep dive into
the integration of hydraulics, electronics, and software that define modern narrow-body operations.

The Unified Flight Deck: Ergonomics and Design Philosophy

The Airbus cockpit is designed around the "Dark Cockpit" philosophy. This ergonomic principle ensures that as
long as systems are operating normally, no lights are illuminated on the overhead panel. Lights only appear to
signal a fault (amber), an emergency (red), or a temporary operational state (white/blue). This reduces cognitive
load on the crew, allowing them to focus on the primary flight displays during critical phases of flight.

The Side-Stick and Human-Machine Interface (HMI)

Unlike traditional yokes, the A320 family utilizes passive side-sticks. There is no mechanical cross-coupling

between the captain's and the first officer's sticks. Instead, the signals are algebraically summed by the flight

control computers. If both pilots move their sticks simultaneously, the Side-Stick Prioritysystem handles the
conflict, often accompanied by an oral "Dual Input" warning. This design necessitates a fundamental shift in pilot
training, focusing on electronic monitoring rather than physical feedback.

Electronic Flight Instrument System (EFIS)

The EFIS in the A320 family consists of six identical cathode-ray tube (CRT) or Liquid Crystal Display (LCD) units.
The primary components include:

¢ Primary Flight Display (PFD): Provides attitude, airspeed, altitude, vertical speed, and flight director guidance.

* Navigation Display (ND): Displays heading, track, weather radar, and FMS-generated flight paths.

¢ Electronic Centralized Aircraft Monitor (ECAM): Comprising the Engine/Warning Display (E/WD) and the
System Display (SD), this system monitors all aircraft parameters and provides automated checklists during failures.

Flight Control Laws: The Theoretical Framework of Fly-By-Wire

The defining technical feature of the A320 family is its flight control logic, categorized into "Laws." These laws
dictate how the aircraft responds to pilot input and environmental factors, ensuring the airframe remains within its
structural and aerodynamic limits.

1. Normal Law

Under Normal Law, the computers provide Flight Envelope Protection. The pilot does not control the control
surfaces directly; instead, they command a load factor (G-load) or a roll rate. The computers ensure the aircraft
cannot stall, overspeed, or exceed bank angle limits.



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

e Pitch Attitude Protection: Limits pitch to +30&deg; nose up and -15&deg; nose down.

¢ High Angle of Attack (Alpha) Protection: Automatically transitions the aircraft to "Alpha Floor" (TOGA thrust) to
prevent a stall.

2. Alternate Law

If multiple sensor or computer failures occur (e.g., loss of two ADRS), the system degrades to Alternate Law. In this
state, most protections are lost or replaced by "stabilities." The aircraft no longer prevents stalls automatically, and
the pilot must exercise greater manual precision.

3. Direct Law

In Direct Law, the side-stick movements are transmitted directly to the control surfaces with a fixed sensitivity. There
are no protections and no automatic pitch trim. This state typically occurs when the landing gear is extended while
in Alternate Law, ensuring the pilot has direct control for the landing flare.

4. Mechanical Backup

In the highly unlikely event of a total electrical failure, the aircraft can be flown through mechanical linkages to the
stabilizer (pitch) and the rudder (yaw). This is a temporary survival mode meant to allow the crew to restore
electrical power.

Technical Comparison: A319, A320, and A321

While the flight decks are identical for cross-crew qualification (CCQ), the physical airframes and performance
metrics differ significantly to suit different market segments.



Feature

Typical Seating

Overall Length

Maximum Takeoff Weight
(MTOW)

Engine Options

Exit Configuration

Airbus A319-100

124 - 156

33.84m

75,500 kg

CFM56-5B / IAE V2500

1 pair of Overwing Exits

Airbus A320-200

150 - 180

37.57m

78,000 kg

CFM56-5B / IAE V2500

2 pairs of Overwing Exits

Airbus A321-200

185 - 236

4451 m

93,500 kg

CFM56-5B / IAE V2500

4 Full-size Door pairs

Core Mechanics: Hydraulics and Electrical Power

The A320 family features a triple-redundant hydraulic system, color-coded as Green, Blue, and Yellow. Unlike
older aircraft, there is no fluid transfer between these systems, preventing a single leak from depleting all hydraulic
pressure.

Hydraulic System Architecture

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

e Blue System: Powered by an electric pump or the Ram Air Turbine (RAT). It is primarily an emergency system
for flight controls and constant speed motor/generator (CSM/G).

* Yellow System: Powered by Engine 2, an electric pump, or a hand pump. It handles the parking brake and
cargo doors.

The Power Transfer Unit (PTU)is a bidirectional logic-gate pump that allows the Green system to pressurize the
Yellow system (and vice versa) without mixing fluid. This occurs automatically when a pressure differential of 500
PSl is detected between the two systems.

Electrical Distribution

The electrical system is primarily 115V AC (400Hz) and 28V DC. Two Integrated Drive Generators (IDGs) provide
the main power. In the event of a total engine-driven generator loss, the APU generator can power the entire
network. If all AC generation fails, the RAT deploys automatically to provide emergency AC power via the Blue
hydraulic system.

Autoflight and the FMGS (Flight Management Guidance System)

The Autoflight system is the "brain" of the aircraft. It consists of two Flight Management Guidance Computers
(FMGCs) and two Flight Augmentation Computers (FACs). The FMGCs handle two main functions:

1. Management: Computing the flight plan, vertical profile, and fuel predictions based on data entered into the
Multipurpose Control Display Unit (MCDU).

2. Guidance: Controlling the Autopilot (AP) and Flight Director (FD) to follow the managed path or selected
targets from the Flight Control Unit (FCU).

The FACs are responsible for lower-level flight augmentation, including rudder trim, travel limit, and yaw damping.
Crucially, the FACs also compute the characteristic speeds(Vls, F-speed, S-speed, Green Dot) displayed on the



PFD.

Airport Operations and Pavement Ratings (ACN/PCN)

For maintenance and airport planning, the A320 family uses the Aircraft Classification Number (ACN) and
Pavement Classification Number (PCN)system. This international standard ensures that the weight of the
aircraft does not exceed the structural bearing capacity of the runway.

As specified in the technical manuals (A319/A320/A321 AMM), the ACN varies based on the landing gear
configuration and the subgrade strength of the pavement. For an A320 at MTOW on a rigid pavement, the ACN can
range from 36 to 54, requiring a corresponding PCN from the airport operator to prevent pavement rutting or
structural failure.

Advanced Maintenance: Troubleshooting and ECAM Philosophy

The A320 is famous for its Centralized Fault Display System (CFDS), which allows maintenance crews to access
failure logs from the cockpit MCDU. When a system fails in flight, the ECAM follows a specific sequence:

1. Triage: The most critical failure is presented first (e.g., Engine Fire over Nav Defect).

2. Action: The pilots perform the blue-text actions on the E/WD.

3. Status: The crew reviews the "Status" page on the SD to understand remaining capabilities (e.g., Cat Ill Dual
Lost, Flaps Slow).

This systematic approach minimizes "finger trouble" and ensures that the crew manages the aircraft's degradation
state logically. A common example is a Dual ADR Failure. The ECAM would immediately guide the crew to turn off
the affected Air Data Reference units, effectively forcing the aircraft into Alternate Law to ensure stable handling
through the remaining sensors.

Practical Implementation: Cold and Dark to Engine Start

For technical training, understanding the workflow is essential. A typical power-up sequence involves:

Checking Battery Voltage (>25.5V).

Engaging External Power.

Conducting Fire Tests for Engines and APU.

Starting the APU to provide bleed air for the Air Conditioning and Engine Start.

Aligning the three Air Data Inertial Reference Units (ADIRUs), which takes approximately 7 to 10 minutes
depending on latitude.

During engine start, the FADEC (Full Authority Digital Engine Control) manages the entire sequence. The pilot
merely moves the Engine Master switch to ON; the FADEC then monitors the EGT, N1, and N2, automatically
handling "hung starts” or "hot starts" by aborting the fuel flow and motoring the engine to cool it down.

Environmental Systems: Anti-Icing and Pneumatics

The A320 family utilizes hot bleed air from the engines for wing anti-icing (specifically the three outboard slats) and
for the engine nacelles. However, the windshields and side windows are electrically heated. The window heat
system operates in two modes: anti-fogging and anti-icing. This system is fully automatic, engaging whenever an
engine is running, though it can be manually selected on the overhead panel during ground operations in high-
humidity environments.



Mathematical Modeling of Fuel Planning
Fuel consumption in the A320 is modeled by the FMGC using the following simplified formula for Trip Fuel:

Trip Fuel = (Climb Fuel) + (Cruise Fuel * Time) + (Descent/Approach Fuel)

The Cruise Fuel flow is highly dependent on the Cost Index (Cl), a ratio between the cost of time and the cost of
fuel. A CI of 0 results in maximum range (lowest fuel burn), while a high CI (e.g., 999) results in maximum speed to
minimize time-related costs.

The Strategic Importance of System Integration

The A320 family represents a philosophy where hardware is secondary to integrated logic. By utilizing a common
system architecture, Airbus allows airlines to operate three different aircraft sizes with a single pool of pilots and
mechanics. This "Commonality" reduces training costs and increases operational flexibility. The technical depth of
the A320 series—from its triple-redundant hydraulics to its sophisticated flight control laws—ensures that it remains
the backbone of global short-to-medium-haul aviation. As we look toward the future with the A320neo (New Engine
Option), the core systems remain largely unchanged, a testament to the robustness of the original 1980s design.
Pilots must continue to master the nuances of the AOM (Aircraft Operating Manual) and ASM (Aircraft Systems
Manual) to safely navigate the complexities of this highly automated environment, ensuring that the human remains
the final authority over the machine.
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