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The Airbus A320 family represents a pinnacle of aviation engineering, introducing the world to the first fully digital

fly-by-wire (FBW) flight control system in a commercial airliner. Since its inception, the A320 has become the

backbone of short-to-medium haul operations globally. For pilots, technicians, and aviation enthusiasts, mastering

the complex interconnected systems of this aircraft is not merely a requirement for a type rating, but a necessity for

safe and efficient operation. This guide provides a deep-dive analysis into the core technical systems, operational

philosophies, and maintenance protocols that define the A320.

The Philosophy of Fly-By-Wire and Flight Control Laws

At the heart of the Airbus A320 is the Fly-By-Wire (FBW)system. Unlike traditional aircraft where cables and

pulleys provide a direct mechanical link between the cockpit and the control surfaces, the A320 utilizes electronic

signaling. Pilot inputs from the sidestick are processed by a suite of seven flight control computers (2 ELACs, 3

SECs, and 2 FACs), which then send commands to hydraulic actuators.

Flight Control Laws: From Normal to Direct

The aircraft operates under three primary levels of control logic, known as "Laws." These laws provide varying

levels of protection to keep the aircraft within its safe flight envelope.

•  Normal Law: This is the standard operating mode. It provides full flight envelope protection, including pitch 

attitude protection, bank angle protection, high-speed protection, and alpha-floor protection. In Normal Law, the 

pilot commands a load factor (g-load) rather than a specific surface deflection.

•  Alternate Law: If multiple system failures occur (such as the loss of several ADRs or IRUs), the system 

degrades to Alternate Law. Protections are generally lost or replaced by "stabilities," requiring more active 

monitoring by the crew.

•  Direct Law: This is the lowest level of FBW control. There is a direct proportional relationship between 

sidestick deflection and control surface movement. No protections are available, and the pilot must manually trim 

the aircraft.



Control Law Pitch Protection Bank Protection High Speed 
Protection

Alpha Floor 
Protection

Normal Law Yes (+30°/-15°) Yes (Max 67°) Yes (VMO/MMO 
+6kt)

Yes (A-Floor)

Alternate Law No (Stability only) No No (Stability only) No

Direct Law None None None None

Propulsion Systems: CFM56 vs. IAE V2500

The A320 CEO (Current Engine Option) is primarily powered by two distinct engine types: the CFM56-5B and the 

IAE V2500-A5. While both are high-bypass turbofans, they utilize different internal architectures and FADEC (Full

Authority Digital Engine Control) logic.

CFM56-5B Technical Overview

The CFM56-5B is a dual-shaft engine known for its reliability. It utilizes a single-stage fan and a 4-stage low-

pressure compressor (LPC) driven by a 4-stage low-pressure turbine (LPT). The high-pressure section consists of

a 9-stage high-pressure compressor (HPC) driven by a single-stage high-pressure turbine (HPT). Its modular

design allows for easier maintenance and higher on-wing time.

IAE V2500-A5 Technical Overview

The International Aero Engines (IAE) V2500 features a more complex architecture with a 1-stage fan, a 4-stage LP

compressor, and a 10-stage HP compressor. The turbine section includes a 2-stage HP turbine and a 5-stage LP

turbine. Historically, the V2500 offered slightly better fuel burn on longer stages, though it required more meticulous

maintenance compared to the CFM56.

The NEO Revolution

The A320neo (New Engine Option) utilizes either the CFM LEAP-1A or the Pratt &amp; Whitney PW1100G-JM

(Geared Turbofan). These engines provide up to 15-20% better fuel efficiency through significantly higher bypass

ratios and advanced materials like Ceramic Matrix Composites (CMCs).

The Hydraulic Architecture: Green, Blue, and Yellow

The A320 relies on three independent hydraulic systems, color-coded as Green, Blue, and Yellow . Unlike many 

Boeing aircraft that use different pressures, all three Airbus systems operate at a nominal pressure of 3,000 PSI.

•  Green System: Driven by Engine 1. It powers the landing gear, slats/flaps, and the left/right inboard spoilers.

•  Blue System: Driven by an electric pump or, in emergencies, the Ram Air Turbine (RAT). It primarily serves as 

a backup for flight controls.

•  Yellow System: Driven by Engine 2 or an electric pump. It also features a hand pump for cargo door operation. 

The Yellow system powers the parking brake and the right inboard spoilers.

The Power Transfer Unit (PTU)

The PTU is a bidirectional hydraulic 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 500 PSI is detected

between the systems, typically during single-engine taxi or an engine failure. The distinctive "barking dog" sound



heard during engine start is the PTU performing its self-test.

Electrical System: Redundancy and Distribution

The electrical system is designed for high availability. The primary sources of AC power are two 90kVA engine-

driven generators. A third generator, driven by the APU (Auxiliary Power Unit), can provide power both on the

ground and in flight.

Emergency Power Configuration

In the event of a total loss of AC power, the Ram Air Turbine (RAT)deploys automatically. The RAT drives an

emergency generator that provides 5kVA of AC power, which is then converted to DC via a Transformer Rectifier

(TR). This ensures that critical systems—such as the flight control computers (FACs) and the Captain’s primary

flight display (PFD)—remain operational.

Fire Protection and Detection Systems

The A320 features sophisticated fire detection and extinguishing systems for the engines, APU, and cargo holds. 

As noted in technical study guides, the FIRE TEST P/B  is a critical pre-flight check.

Engine Fire Test Logic

When the Engine Fire Test pushbutton is pressed, the system verifies the integrity of the sensing loops and the

warning circuitry. A successful test is indicated by:

1.  The FIRE P/B light illuminating red.

2.  The SQUIB and DISCH lights illuminating.

3.  The Master Warning lights flashing.

4.  The CRC (Continuous Repetitive Chime) sounding.

5.  The ENGINE FIRE warning appearing on the ECAM.

6.  The FIRE light on the engine pedestal illuminating.

For each engine, there are 7 specific lights to monitor during the test, while the APU test involves 5 lights. This

redundancy ensures that the crew is alerted to any thermal event before it compromises structural integrity.

Pneumatic and Environmental Control Systems (ECS)

The pneumatic system provides high-pressure air for air conditioning, wing anti-ice, engine starting, and water tank

pressurization. Air is bled from the 5th or 9th stages of the high-pressure compressor (HPC).

The Bleed Monitoring Computer (BMC)

Two BMCs monitor the pressure and temperature of the bleed air. If a leak is detected (via "sensing loops" along

the pylons and wings), the BMC automatically closes the affected bleed valve to prevent damage to surrounding

structures. This is a critical safety feature, particularly during anti-ice operations when air temperatures can exceed

200°C.

Operational Performance: Ceiling and Limitations

A common question in A320 study guides concerns the aircraft's altitude capabilities. The certified ceiling altitude 

for the Airbus A320 is 39,100 feet (FL391). However, the optimum cruise altitude is often lower, depending on

weight, temperature (ISA deviation), and cost index.



Flight Envelope Limits



Parameter Limit Value

Maximum Operating Speed (VMO) 350 knots

Maximum Operating Mach (MMO) 0.82M

Maximum Altitude 39,100 ft

Maximum Takeoff Weight (MTOW) Up to 78,000 kg (varies by model)

Practical Implementation: Cockpit Management and ECAM Philosophy

The A320 introduced the Electronic Centralized Aircraft Monitor (ECAM), which revolutionized how pilots handle 

malfunctions. The ECAM philosophy follows a specific hierarchy: T/O Memo, Landing Memo, Advisories,

Cautions (Amber), and Warnings (Red).

The Four Golden Rules of Airbus

To fly the A320 effectively, pilots must adhere to the four golden rules established by Airbus flight operations:

1.  Fly, Navigate, and Communicate: In that order. Do not let management of the FMS or ECAM distract from 

basic aviating.

2.  Use the Appropriate Level of Automation: Know when to use the autopilot (managed) and when to fly 

manually (selected).

3.  Understand the FMA (Flight Mode Annunciator): The FMA at the top of the PFD is the only way to know what 

the aircraft is actually doing and what it will do next.

4.  Take Action if Things Don't Go as Expected: If the automation is not behaving, the pilot must intervene 

immediately.

Case Study: Managing a Dual Hydraulic Failure

In a dual hydraulic failure scenario (e.g., Green and Blue systems lost), the A320 becomes a significantly more 

challenging aircraft to fly. While the Yellow system remains, several critical surfaces are lost. The landing gear must 

be gravity-extended, and the aircraft will likely be in Alternate Law. Troubleshootinginvolves strictly following the

ECAM procedures, which will guide the crew through a complex landing configuration. The approach speed will be

significantly higher (VREF + increment), and only the Yellow system brakes (alternate braking) will be available,

requiring careful management of runway length.

Troubleshooting Common Operational Errors

One of the most common errors for pilots transitioning to the A320 is "over-controlling" the sidestick. Because the

FBW system interprets sidestick movement as a demand for a change in load factor or roll rate, the stick should be

moved and then returned to neutral. Constant input, common in Boeing or Cessna aircraft, leads to "pilot-induced

oscillation" (PIO) on the A320.

FMS Data Entry Errors

Another area of focus in study guides is the MCDU (Multipurpose Control and Display Unit). Incorrect ZFW (Zero 

Fuel Weight) or THS (Trimmable Horizontal Stabilizer) settings can lead to "Alpha Floor" incidents during takeoff if 

the aircraft's performance is miscalculated. Modern A320s utilize the TOMS (Takeoff Monitoring System)to help



mitigate these risks, but manual cross-checking remains the gold standard.

Advanced Navigation: The FMGS

The Flight Management and Guidance System (FMGS) is the "brain" of the A320. It consists of two Flight 

Management and Guidance Computers (FGMCs). The system provides two main functions: Flight Management 

(navigation, fuel planning, and performance) and Flight Guidance (autopilot, flight director, and autothrust control).

The integration of the GPS (Global Positioning System) with the ADIRS (Air Data Inertial Reference System)

allows the A320 to maintain high navigation accuracy (RNP). Pilots must constantly monitor the "Accuracy" field on

the MCDU to ensure the aircraft remains within the required parameters for the specific airspace.

Synthesis of Technical Knowledge for Command

Achieving a type rating on the Airbus A320 requires more than memorizing limitations; it requires a deep

conceptual understanding of how the aircraft "thinks." The transition from a mechanical mindset to a digital/logic-

based mindset is the hallmark of a successful Airbus pilot. By utilizing comprehensive study guides, such as the

Avsoft QSG or the Airbus Advanced Systems Guide, candidates can bridge the gap between basic flight skills and

the sophisticated systems management required for modern airline operations.

As the A320 family continues to evolve with the A321XLR and future hybrid-electric concepts, the foundational

principles of its systems architecture remain relevant. The synergy between the pilot and the flight control

computers, governed by robust logic and redundant hardware, ensures that the A320 remains one of the safest

and most efficient tools in the history of transportation. Continuous study of these systems is not just for the

classroom; it is a lifelong commitment to professional excellence in the cockpit.

Baca Juga (Artikel Terkait)

•  A Comprehensive Technical Analysis of the Schweizer 300C: Engineering, Performance, and Operational 
Mastery

   URL: http://alghafgolden.com/schweizer-300c-technical-analysis-performance-guide.pdf

•  A Technical Deep Dive into the Airbus A320 Family Flight Crew Training and Operating Manuals
   URL: http://alghafgolden.com/airbus-a320-fcom-fctm-technical-guide.pdf

•  Comprehensive Operational and Training Guide for the Airbus A330: Instructor Support and Technical 
Framework

   URL: http://alghafgolden.com/airbus-a330-instructor-support-technical-guide.pdf

•  A Comprehensive Technical Analysis of Aviation Training Ecosystems: From Flight Operations to 
Material Management

   URL: http://alghafgolden.com/comprehensive-technical-analysis-aviation-training-ecosystems.pdf

Tags: #Airbus A320  #Flight Control Laws  #Aviation Systems  #Pilot Training  #Aircraft Maintenance

http://alghafgolden.com/schweizer-300c-technical-analysis-performance-guide.pdf
http://alghafgolden.com/schweizer-300c-technical-analysis-performance-guide.pdf
http://alghafgolden.com/airbus-a320-fcom-fctm-technical-guide.pdf
http://alghafgolden.com/airbus-a330-instructor-support-technical-guide.pdf
http://alghafgolden.com/airbus-a330-instructor-support-technical-guide.pdf
http://alghafgolden.com/comprehensive-technical-analysis-aviation-training-ecosystems.pdf
http://alghafgolden.com/comprehensive-technical-analysis-aviation-training-ecosystems.pdf


Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6


