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The Airbus A320 family—comprising the A318, A319, A320, and A321—stands as a cornerstone of modern civil
aviation. Central to its safe and efficient operation is the Flight Crew Operating Manual (FCOM). This document is
not merely a collection of instructions but a complex, multi-volume technical architecture that governs every
interaction between the flight crew and the aircraft's highly integrated systems. For senior technical writers,
engineers, and flight crew, understanding the depth of the FCOM is essential for mastering the fly-by-wire (FBW)
philosophy that defines the Airbus brand.

1.The Architecture of Airbus Operational Documentation

The FCOM is part of a broader ecosystem of technical documentation designed to ensure airworthiness and
operational safety. To understand the FCOM, one must first understand its place within the Airbus documentation
hierarchy. Unlike legacy aircraft manuals, Airbus documentation is structured to support the '‘Dark Cockpit' and
'Quiet Cockpit' philosophies.

¢ Flight Crew Operating Manual (FCOM): Provides the necessary technical data to operate the aircraft in
normal, abnormal, and emergency conditions.

¢ Flight Crew Training Manual (FCTM): Explains the 'how-to' and 'why' behind the procedures found in the
FCOM, focusing on pilot techniques.

¢ Quick Reference Handbook (QRH): A condensed version of the FCOM for immediate use during flight,
containing checklists for abnormal and emergency situations.

¢ Master Minimum Equipment List (MMEL): Defines which systems can be inoperative while still allowing the
aircraft to be dispatched safely.

Comparison of Documentation Roles



Document Type Primary Purpose Target Audience Frequency of Use

FCOM Detailed system Flight Crew / Engineers Pre-flight / Training
description and procedures

FCTM Operational philosophy and Pilots in training Training / Reference
technique

QRH Emergency and Abnormal Flight Crew In-flight (Critical)
Checklists

AMM Maintenance procedures Ground Crew / Engineers Maintenance intervals
and specs

2.The Airbus Design and Operational Philosophy

At the heart of the A320 family is the Fly-By-Wire (FBW) system. The FCOM details how pilot inputs via the
sidestick are processed by flight control computers—primarily the ELAC (Elevator Aileron Computer), SEC
(Spoiler Elevator Computer), and FAC (Flight Augmentation Computer). This digital interface introduces the
concept of "Control Laws."

Flight Control Laws: Normal, Alternate, and Direct

The FCOM meticulously defines the transitions between different levels of computer intervention. In Normal Law,
the aircraft provides flight envelope protection, preventing stalls, excessive G-loads, and overspeeding. The
mathematical model for Normal Law involves complex algorithms that translate sidestick deflection into a load
factor demand (longitudinal) and a roll rate demand (lateral).

¢ Normal Law: Full protections; maneuver demand; automatic pitch trim.

¢ Alternate Law: Protections are lost or degraded (e.g., following multiple sensor failures); the aircraft behaves
more like a conventional airplane but retains some stability.

« Direct Law: The direct relationship between sidestick movement and control surface deflection. No
protections. Manual pitch trim is required.

* Mechanical Backup: Used in the extreme event of a total electrical or computer failure; relies on cables to the
rudder and manual trim wheel for the stabilizer.

3.Technical Analysis of the Flight Management and Guidance System
(FMGS)

The FCOM Volume 4 is dedicated to the FMGS, arguably the most complex component of the A320 avionics suite.
The FMGS consists of two Flight Management and Guidance Computers (FMGCs) and two Multipurpose
Control and Display Units (MCDUSs). It provides four main functions: Flight Management, Flight Guidance, Flight
Augmentation, and Fault Display.

The Cost Index (Cl) Mathematical Logic

One of the most critical operational parameters defined in the FCOM is the Cost Index. The CI is a ratio used by
the FMGS to minimize the total operating cost by balancing fuel costs against time-related costs. The formula is
expressed as:

Cl = Cost of Time ($/hr) / Cost of Fuel (cents/Ib)



A CI of 0 results in maximum range (minimum fuel consumption), whereas a Cl of 999results in  minimum time
(maximum speed). The FCOM provides tables for calculating the optimum CI based on route distance, wind
components, and fuel price indices.

Vertical and Lateral Navigation (VNAV/LNAV)

The FMGS computes a Vertical Profile based on performance models stored in the database. This includes the
Top of Descent (T/D) point. The logic follows the Energy Management principle, where the computer calculates

the idle descent path while accounting for speed limits (e.g., 250 knots below 10,000 feet) and altitude constraints.

If the aircraft is above the profile, the FCOM instructs the crew to use Speed Brakesor increase speed to increase
drag, according to the formula for descent gradient: Gradient = (Thrust - Drag) / Weight + Sin(Angle).

4. Core Systems: Engineering Breakdowns

Electrical System Architecture

The A320 uses a highly redundant electrical system. The FCOM describes the distribution through various buses:
ACBUS 1 & 2, DCBUS 1 & 2, and the Essential Buses. A key safety feature is the Ram Air Turbine (RAT),
which deploys automatically upon the loss of both engine-driven generators and the APU generator, providing
emergency hydraulic pressure to drive the Emergency Generator (5 kVA).

Hydraulic System Logic

The aircraft utilizes three independent hydraulic systems, color-coded for clarity in the FCOM: Green, Blue, and
Yellow. Unlike Boeing systems which use numbers, Airbus uses colors to simplify ECAM (Electronic Centralized
Aircraft Monitor) status interpretation.



System Primary Power Source Backup Power Source Key Components
Powered

Green Engine 1 Pump Power Transfer Unit (PTU) Landing Gear, Flaps/Slats
(Primary), Brakes

Blue Electric Pump Ram Air Turbine (RAT) Emergency Flight Controls

Yellow Engine 2 Pump Electric Pump / PTU / Nose Wheel Steering,

Hand Pump

Cargo Doors

5. Procedural Execution: From Pre-Flight to Shutdown

The FCOM provides a standardized sequence of actions. These are categorized into 'Scan Flows' and
'Checklists'. A scan flow is a memorized sequence of checks performed by the pilot, while a checklist is a verbal
cross-check of the most critical items.

The Cockpit Preparation Scan

1. Overhead Panel: Set from top to bottom, left to right. Ensure ADR/IR (Air Data Reference/Inertial Reference)
selectors are set to NAV to begin alignment.

2. MCDU Initialization: The 'DIFRIP* acronym is often used (Data, Init A, Flight Plan, Rad Nav, Init B, Perf).

3. Glareshield: Set the Flight Guidance Panel (FCU) for departure. Barometric Pressure (QNH) must be cross-
checked.

4. Pedestal: Set the trim, check engine masters, and initialize the flight data recorder.

6. Performance Calculations and Limitations

A significant portion of the FCOM (and the specialized PERF section) is dedicated to takeoff and landing
performance. Pilots must calculate V-speeds (V1, Vr, V2) based on the aircraft's take-off weight (TOW), runway
length, and Flex Temperature.

Flex Temperature Explained

To preserve engine life, Airbus allows for "Flex" takeoffs. By inputting a 'Flex Temperature' (an assumed

temperature higher than the actual OAT), the FADEC (Full Authority Digital Engine Control)reduces the takeoff
thrust. This reduces thermal stress on the turbine blades. However, the FCOM strictly prohibits Flex takeoffs on
contaminated runways (standing water, slush, or snow) or when specialized performance is required for obstacle
clearance.

7. Case Studies and Failure Mode Analysis

The FCOM is designed to handle failures through the ECAM (Electronic Centralized Aircraft Monitor). The
ECAM provides a prioritized list of actions based on the severity of the failure.

Case Study: Dual Engine Failure

In the event of a total loss of thrust, the FCOM/QRH provides a specific "All Engine Operative" recovery procedure.
The primary goals are:

e Maintain Airspeed: Optimum relight speed (approx. 280 knots) or green dot speed for maximum glide.
¢ Deploy RAT: To ensure flight control authority.



¢ Ildentify Landing Site: Using the FMGS 'Nearest' function.

The technical challenge in this scenario is the Residual Fuelmanagement and the restart envelope of the CFM56
or IAE V2500 engines, which is altitude-dependent. The FCOM specifies that below 20,000 feet, the APU should
be started to provide an additional electrical source and bleed air for assisted engine starts.

8. High-Fidelity Simulation and Digital Twins

Modern software like the Fenix A320 and FS2Crew has brought the complexity of the FCOM to the desktop
environment. These simulations utilize the same logic found in the real-world FCOM, including ARINC 424data  for
navigation and specific hydraulic pressure decay curves. For developers, the FCOM serves as the primary
requirements document (PRD) to ensure that every switch, relay, and digital bit behaves exactly as the real aircraft
would. This "Digital Twin" approach allows pilots to practice abnormal procedures in a risk-free environment,
reinforcing the muscle memory required for real-world operations.

9. Maintenance and Troubleshooting Integration

The FCOM is closely linked to the Trouble Shooting Manual (TSM) and Aircraft Maintenance Manual (AMM).
When a fault is displayed on the ECAM, it generates a specific maintenance code. For instance, an AIR L PACK HI
TEMP warning involves the pneumatic system. The flight crew follows the FCOM procedure to isolate the pack,
while the ground crew uses the TSM to identify the failed component (e.g., a bypass valve or a heat exchanger
blockage).

Component Integration Matrix



System Component FCOM Reference Fault Indication Likely Failure Mode

PTU (Power Transfer Unit) Hydraulic System HYD PTU FAULT Pressure differential &gt;
500 PSI

FADEC Power Plant ENG 1(2) FAIL Flameout or mechanical
damage

FAC (Flight Augm. Flight Controls FAC 1(2) FAULT Loss of rudder travel

Computer) limiting

MCDU FMGS MCDU MENU PAGE Internal computer reset or

database error

10. The Evolution of the FCOM in the NEO Era

With the introduction of the A320neo (New Engine Option), the FCOM has undergone significant revisions. The
transition from the CFM56 to the LEAP-1A or PW1100G-JM engines introduced new operational nuances, such as
longer engine start times (to allow for thermal stabilization) and modified fuel cooling procedures. The core FCOM
structure remains consistent, showcasing the Commonalityphilosophy that allows pilots to maintain a single type
rating across multiple aircraft variants.

Understanding the Airbus A320 Family FCOM is an exercise in appreciating the synergy between human pilots and
advanced automation. As aircraft systems become increasingly integrated, the FCOM evolves from a simple
rulebook into a dynamic framework for decision-making. By adhering to the structured procedures, technical
specifications, and operational philosophies outlined in these manuals, flight crews ensure that the A320 remains
one of the safest and most efficient platforms in the history of aviation. The document reflects a mastery of
engineering where mathematical precision meets operational practicality, ensuring that regardless of the
environmental conditions, the flight crew has a clear, data-driven path to safety.
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