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The introduction of the Airbus A320 family in March 1988 marked a paradigm shift in civil aviation. By integrating
advanced digital fly-by-wire technology, computer-managed systems, and a unified flight deck philosophy, Airbus
revolutionized aircraft efficiency, safety, and pilot training. This guide provides an in-depth technical analysis of the
A319, A320, and A321lvariants, focusing on their core systems, autoflight architectures, and operational manuals
that define modern narrow-body operations.

1.Technical Framework: The Unified Flight Deck Philosophy

The Airbus A320 family is built upon the principle of operational commonality. This allows pilots to transition
between the A319, A320, and A321 with minimal additional training. The technical foundation of this commonality
lies in the Electronic Flight Instrument System (EFIS) and the Flight Management and Guidance System
(FMGS).

System Manuals and Documentation Hierarchy

To maintain these complex machines, engineers and pilots rely on a structured hierarchy of documentation. The

two most critical documents are the Aircraft Systems Manual (ASM) and the Flight Operations Manual (FOM).
While the ASM focuses on the mechanics and physics of how systems (such as hydraulics and electrics) function,
the FOM dictates the policies and procedural applications required for safe flight. For example, a procedure for a
Runway 01 Takeoffin an A320 family aircraft is standardized across variants, ensuring that the operational limits
for weight and balance are strictly adhered to regardless of the specific airframe length.

2. GNADIRS: The Core of Navigation and Air Data

The Global Navigation Air Data Inertial Reference System (GNADIRS)is the primary source for navigation and
air data. In modern configurations, the A320 and A319 incorporate GPS inputs to enhance positioning accuracy.

Inertial Reference (IR) Alignment Procedures

The NAV Selectoris the primary interface for system alignment. The alignment process is critical for the aircraft's
ability to determine its position on the globe. There are two primary types of alignment:

e Full Alignment: This process requires 7 to 10 minutes. During this time, the system calculates the local vertical
and determines true north by sensing the Earth's rotation.

e Fast Alignment: Used during short turnarounds, this takes approximately 30 seconds to 3 minutes and simply
zeros out ground speed errors without recalculating the position from scratch.

The integration of GPS allows the GNADIRS to maintain high-accuracy navigation even in areas with limited
ground-based radio aid coverage, reducing the Actual Navigation Performance (ANP) value and ensuring the
aircraft stays within its Required Navigation Performance (RNP) limits.

3.The Autoflight System: FMGS and Flight Guidance

The Autoflight System on the A319/320/321 is a 200+ page manual's worth of complexity. It consists of two main



components: the Flight Management (FM) part and the Flight Guidance (FG)part. The FM handles navigation,
performance optimization, and flight planning, while the FG handles autopilot, flight director, and autothrust
functions.

Operating Modes: Managed vs. Selected

The philosophy of the Airbus autoflight system revolves around the distinction between Managed and Selected
guidance:

« Managed Guidance: The aircraft follows a pre-programmed flight plan entered into the Multipurpose Control
and Display Unit (MCDU). This includes lateral navigation (NAV) and vertical navigation (CLB/DES).

» Selected Guidance: The pilot takes manual control of specific parameters (Heading, Altitude, Vertical Speed)
via the Flight Control Unit (FCU) on the glareshield. Selected guidance always takes precedence over managed
guidance.



Feature Managed Mode Selected Mode

Input Source MCDU / Flight Plan FCU (Flight Control Unit)
Visual Cue White Dot on FCU / Magenta on PFD Numeric Value on FCU / Blue on PFD
Primary Use Long-range efficiency and standard ATC Instructions and Tactical
routes Maneuvering
Vertical Profile Optimized for fuel and time Specific Vertical Speed or Open

Climb/Descent

4. Fuel System Architecture and Schematics

The fuel system of the A320 family is designed for simplicity and redundancy. Technical schematics reveal a system
composed of wing tanks and a center tank. In the A321, additional Additional Center Tanks (ACTs)can be
installed to extend range.

Engine Feed and Transfer Mechanics

Fuel is typically fed to the engines via booster pumps. To maintain structural integrity and optimize the center of
gravity, fuel is consumed from the center tank first, followed by the wing tanks. The system uses transfer valves to
move fuel between outer and inner wing cells. A critical aspect of fuel management is preventing fuel imbalance,
which occurs if one wing becomes significantly heavier than the other. Pilots monitor this via the ECAM (Electronic
Centralized Aircraft Monitor)fuel page, which provides real-time data on quantities, valve positions, and
temperature.

5. Comparative Technical Specifications

While the systems are common, the physical and performance limits vary between the A319, A320, and A321
variants. Understanding these differences is essential for weight and balance calculations and performance
planning.



Technical Metric Airbus A319 Airbus A320 Airbus A321

Max Takeoff Weight ~75,500 kg ~78,000 kg ~93,500 kg

(MTOW)

Standard Seating 124 - 156 150 - 186 185 - 236

Overall Length 33.84 meters 37.57 meters 44.51 meters

Fuel Capacity 24,210 Liters 24,210 Liters 24,050 - 30,030 Liters
Typical Engine Thrust 22,000 - 27,000 Ibf 25,000 - 27,000 Ibf 30,000 - 33,000 Ibf

6. Training and Pedagogy: CBT and Whiteboard Animations

Modern pilot training has moved beyond static textbooks into Computer-Based Training (CBT). Advanced CBT
modules for the A320 family often utilize whiteboard animations. This pedagogical approach allows students and
pilots to visualize the flow of electricity through buses or the movement of hydraulic fluid through actuators.

The Role of Interactive Learning

Interactive apps for Android and iOS now allow pilots to study system descriptions on the go. These tools often
include the ability to add unique notes under specific topics, effectively creating a personalized reference guide.
This is particularly useful for mastering the Alpha Protection and High-Angle of Attackprotections, which are
unigue to the Airbus fly-by-wire logic and prevent the aircraft from stalling or exceeding its structural limits.

7.Troubleshooting and Failure Modes

The A320 family uses a dark cockpit philosophy—if a light is off, the system is running normally. When a failure
occurs, the ECAM provides the flight crew with a step-by-step procedure to mitigate the issue.

Case Study: GNADIRS Fault

If an IR (Inertial Reference) fault occurs, the aircraft may lose certain navigation capabilities. If all three IRs fail, the
aircraft reverts from Normal Law to Alternate Law or even Direct Law. In Direct Law, the flight control surfaces
move in direct proportion to the sidestick movement, and most automatic protections (like bank angle protection)
are lost. Understanding the reversionary logic is a core requirement for passing the A320 Type Rating checkride.

Fuel Schematic Troubleshooting

A common failure involves the failure of a Fuel Cross-Feed Valve to open. Technical training manuals provide
schematics showing the mechanical link and electrical signals required for the valve to actuate. If the valve fails to
open during an imbalance situation, the pilot must follow the QRH (Quick Reference Handbook)to manage the
lateral imbalance and avoid exceeding structural wing loading limits.

8. Step-by-Step Implementation: Pre-Flight Systems Setup

A technical writer's perspective on the pre-flight flow ensures that no critical system is overlooked. The following
sequence is standard for initializing the A320 family systems:

1. Battery Check: Ensure Battery 1 and 2 voltages are above 25.5V to guarantee sufficient charge for APU start.



2. External Power: Connect and verify AVAIL light before pushing ON to power the AC buses.

3. GNADIRS Alignment: Turn IR 1, 2, and 3 to NAV and verify the ALIGN lights on the overhead panel.

4. FMGS Initialization: Enter the INIT A page on the MCDU, providing the system with the flight number, cost
index, and cruise altitude.

5. Fuel Quantity Verification: Cross-check the fuel on board (FOB) against the flight release and the ECAM fuel

page.
9. Operational Limits and Performance

The Aircraft Operating Manual (AOM) summarizes key performance limits. For the A320 family, these limits include:

¢ Maximum Operating Altitude: 39,100 feet (FL391).

¢ Maximum Wind for Autoland: Typically 30 knots headwind, 10 knots tailwind, and 20 knots crosswind.

¢ Engine Starter Limits: Specific cooling periods are required between start attempts to prevent thermal
damage to the CFM56 or IAE V2500 engines.

By strictly adhering to these specifications, operators ensure the longevity of the airframe and the safety of the
passengers. The computer-managed system acts as a safeguard, but the pilot's understanding of the underlying
mechanics—as detailed in the systems briefing—remains the final line of defense in complex operational
environments.

The Airbus A319, A320, and A321 represent a masterpiece of systems engineering. From the 207-page autoflight
manuals to the intricate fuel schematics and the digital precision of the GNADIRS, every component is designed to
work in harmony. For pilots and engineers, mastering these systems is not just about passing a checkride; it is
about understanding the symbiotic relationship between human decision-making and automated protection. As civil
aviation continues to evolve, the foundational technology of the A320 family remains the benchmark for narrow-
body aircraft performance and safety worldwide.
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