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In the domain of modern commercial aviation, the Airbus A320 family represents a milestone in technical
integration, primarily due to its pioneering implementation of Fly-By-Wire (FBW) technology. Central to the success
and safety of these aircraft is the Electrical Power System (ATA 24). Because the A320 relies on electrical signals
to actuate flight controls and maintain cockpit instrumentation, the design of the electrical system is characterized
by massive redundancy, automated fault management, and high-capacity power generation. This article provides
an exhaustive technical analysis of the A320's electrical architecture, covering generation, distribution, conversion,
and emergency operations.

1. Philosophical Overview of the A320 Electrical Architecture

The Airbus A320 electrical system is designed around the principle of isolated redundancy. Unlike some older
aircraft architectures that relied heavily on complex manual switching, the A320 utilizes Generator Control Units
(GCUs) and Bus Tie Contactors (BTCs)to manage power distribution automatically. The primary objective is to
ensure that no single failure can deprive the flight control computers of the power required to maintain the aircraft's
control laws.

The system is bifurcated into two main channels: System 1 and System 2. Under normal operating conditions,
these systems operate independently (split-bus operation), though they can be interconnected via a bus tie if a
source fails. The system provides two types of current: 115V AC at 400Hz (alternating current) and 28V DC(direct
current).

2. AC Generation Sources and Technical Specifications

The A320 utilizes five primary sources of AC power under various flight and ground conditions. Each source is
rated to handle the entire aircraft load if necessary, though load shedding may occur in specific emergency
configurations.

2.1 Main Engine Generators (IDG 1 & 2)

The primary sources of power during flight are the two Integrated Drive Generators (IDGs), one mounted on each
engine accessory gearbox. The IDG is a sophisticated component that combines a constant speed drive (CSD)

and an oil-cooled generator into a single unit. Because engine RPM varies during different phases of flight, the

CSD uses a hydro-mechanical governor to maintain a constant output frequency of 400Hz, regardless of the N2
speed.

¢ Rating: 90 kVA

e Qutput: 115/200V, 3-phase, 400Hz

¢ Cooling: Dedicated oil system with an air/oil heat exchanger.
2.2 Auxiliary Power Unit (APU) Generator

The APU generator serves as a backup in flight and the primary source of power on the ground when external



power is unavailable. It is identical in rating to the engine IDGs (90 kVA), providing full redundancy. Unlike the IDGs,
the APU runs at a constant speed, so it does not require a complex CSD mechanism.

2.3 External Power (EXT PWR)

Ground operations are supported by a 90 kVA external power receptacle located on the forward right side of the
fuselage. The aircraft's Ground Power Control Unit (GPCU)monitors the quality of this power (voltage, frequency,
and phase) before allowing the "EXT PWR" PB to indicate "AVAIL" and subsequently "ON."

2.4 Emergency Generation: The Ram Air Turbine (RAT)

In the event of a total loss of all main AC sources (dual engine failure or total electrical failure), a Ram Air Turbine
(RAT) deploys automatically from the belly of the aircraft. The RAT drives a hydraulic pump, which in turn powers
the Emergency Generator (CSM/G - Constant Speed Motor/Generator). This unit provides 5 kVA of AC power
to the essential buses, ensuring the flight crew maintains control of the aircraft and primary communications.

3. AC Distribution and Bus Tie Logic

The distribution of AC power is managed through a hierarchy of buses. The logic is programmed into the GCUs to
prevent paralleling of AC sources. This means that at any given time, an AC bus can only be powered by one
source.

3.1 AC Bus Priority Logic
The A320 uses a specific priority sequence for powering the main AC buses (AC BUS 1 and AC BUS 2). If the
current source fails, the system automatically searches for the next available source in this order:

1. On-side Engine Generator: (e.g., Engine 1 powers AC BUS 1).
2. External Power: (If selected ON).

3. APU Generator: (If available).

4. Opposite Engine Generator: (Cross-feed via Bus Tie).

3.2 Bus Configuration Table



Bus Name Normal Power Source Secondary/Backup Function
Source

ACBUS 1 IDG 1 APU / EXT PWR / IDG 2 Primary AC distribution for
Left-side systems

AC BUS 2 IDG 2 APU / EXT PWR /IDG 1 Primary AC distribution for
Right-side systems

AC ESS BUS ACBUS 1 AC BUS 2/ EMER GEN Powers critical flight
controls and displays

AC ESS SHED AC ESS BUS None (Sheds if power is Non-critical essential

limited)

equipment

4. DC Generation and Conversion (The Transformer Rectifier)

While the heavy mechanical systems and primary bus distribution use AC, the avionics, sensors, and control
computers require 28V DC. The A320 converts AC to DC using Transformer Rectifiers (TRs). These are solid-
state devices with no moving parts, converting 115V AC into 28V DC.

4.1 TR Components and Ratings

* TR 1&TR 2: These are the primary converters, each capable of outputting 200 Amps. TR 1 is powered by
AC BUS 1, and TR 2 is powered by AC BUS 2.

* ESS TR: The Essential TR is powered by the AC Essential Bus or the Emergency Generator. It ensures that
even in emergency configurations, DC power remains available for flight control computers.

4.2 DC Distribution Logic

The DC system follows a similar logic to the AC system. DC BUS 1 normally powers the DC Essential Bus.
However, if TR 1 fails, TR 2 can automatically take over the entire DC load. If both TR 1 and TR 2 fail, the aircraft
enters a Battery-only configuration (if in flight) or utilizes the Essential TR if the Emergency Generator is running.

5. Energy Storage: The Battery System

The A320 is equipped with two main Nickel-Cadmium (Ni-Cd) batteries, typically rated at 23 Ah each. These
batteries serve three primary purposes:

1. APU Starting: Providing the high-amperage surge required to start the APU.

2. Ground Operations: Powering the refueling panel and essential lighting when no other source is available.

3. Emergency Power: Acting as the final source of power for the DC ESS BUS and (via a Static Inverter) the AC
ESS BUS during the initial stages of a total electrical failure (before the RAT deploys).

5.1 The Battery Charge Limiter (BCL)

Battery charging is managed by the BCL. To prevent thermal runaway (a risk with Ni-Cd batteries), the BCL
monitors battery voltage and temperature. It only connects the batteries to the DC BAT BUS when charging is
required. If the batteries are fully charged, they are disconnected to preserve their lifespan.

6. Technical Breakdown: The Static Inverter

A critical component often overlooked is the Static Inverter. In a "Battery Only" scenario (e.g., loss of all



generators and before the RAT is producing power), the aircraft must still provide 115V AC to the Essential AC Bus
to keep the Captain's PFD (Primary Flight Display) and the flight control computers alive. The Static Inverter
converts 28V DC from Battery 1 into 115V AC 400Hz. This output is limited (typically around 1 kVA) and is strictly
for the most critical instruments.

7. Comparison Matrix: Normal vs. Emergency Power States

The following table illustrates how the electrical load is handled during various failure states.



System Component

ACBUS1&?2

AC ESS BUS

DCBUS1&2

DC ESS BUS

Flight Displays

Normal Operation

Powered by
respective IDGs

Powered by AC BUS
1

Powered by TR 1 & 2

Powered by DC BUS
1

All displays active

Single IDG Failure

Both powered by
remaining IDG

Powered by AC BUS
2

Powered by
remaining TR

Powered by DC BUS
2

All displays active

Dual IDG Failure
(RAT Extended)

Dead (Unpowered)

Powered by EMER

GEN (RAT)

Dead (Unpowered)

Powered by ESS TR

Capt PFD & ND + E/

Battery Only (Initial
Loss)

Dead (Unpowered)

Powered by Static

Inverter

Dead (Unpowered)

Powered by Batteries

Capt PFD & E/WD

WD only

8. Troubleshooting and Operational Challenges (Case Studies)

8.1 Case Study: IDG Low Oil Pressure

A common fault in the A320 electrical system is the "ELEC IDG 1(2) OIL LO PR" ECAM warning. This indicates

that the internal cooling and lubrication of the IDG is compromised. The procedure requires the pilot to disconnect
the IDG. Technical Warning: The IDG disconnect switch must only be pressed for a maximum of 3 seconds to
avoid damaging the solenoid. Furthermore, once disconnected, the IDG cannot be reconnected in flight; it requires
a manual reset by maintenance on the ground. Once disconnected, the Bus Tie logic automatically switches the
affected AC BUS to the APU or the opposite IDG.

8.2 Troubleshooting: Batteries Not Charging

If the "ELEC BAT 1(2) OFF" warning appears while the switches are in the AUTO position, it typically indicates a
failure of the Battery Charge Limiter (BCL) or a contactor failure. On the ground, this may prevent an APU start. In
flight, it reduces the emergency endurance of the aircraft. Pilots must monitor the DC BAT BUS voltage; if it drops
below 25V, the battery is effectively depleted.

9. Maintenance and Ground Characteristics

The A320 maintenance manual (AMM) provides specific tolerances for the electrical system. Engineers use the
MCDU (Multipurpose Control and Display Unit) to access the CFDS (Centralized Fault Display System),

which logs transient electrical faults that may not trigger a cockpit warning. For example, a minor frequency
fluctuation in IDG 2 might be logged as a "Class 2" fault, allowing maintenance to replace the IDG before a full
failure occurs during a revenue flight.

9.1 Transformer Rectifier (TR) Voltage/Amperage Specs

When testing TRs, technicians look for a stable output of 28V (+/- 0.5V). If the amperage on a TR exceeds 200A for
an extended period, thermal protection will trip the contactor. During the engine start sequence, it is normal to see
a significant jump in DC load as the FADECs (Full Authority Digital Engine Controls) and fuel pumps engage.

10. Synthesis of the System's Operational Integrity



The Airbus A320 electrical system is a masterpiece of aeronautical engineering that balances high power
requirements with extreme fail-safe mechanisms. By utilizing a hierarchy of power sources—from the high-output
IDGs to the emergency Static Inverter—the aircraft ensures that its digital "brain" (the ELAC, SEC, and FAC
computers) never loses the power necessary to keep the aircraft within its safe flight envelope.

Understanding the interplay between the AC generation, TR conversion, and DC distribution is vital for both pilots
and maintenance engineers. The system’s ability to reconfigure itself in milliseconds via the Bus Tie Contactors
ensures that even in complex failure scenarios, the crew's workload is minimized, and the aircraft's safety is
maximized. As aviation moves toward "More Electric Aircraft" (MEA) designs, the A320's ATA 24 architecture
remains the gold standard for narrow-body reliability and technical sophistication.
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