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In the highly automated ecosystem of modern commercial aviation, the Airbus A320 family stands as a pioneer of
fly-by-wire technology and cockpit commonality. Central to its operational efficiency is the Full Authority Digital
Engine Control (FADEC), a system designed to manage engine parameters with surgical precision. While the
'Auto-Start’ sequence is the standard for daily operations, there are specific technical and environmental conditions
where a Manual Engine Startbecomes a mandatory procedure. Understanding the nuances of this procedure is
not merely a checkbox for simulator checkrides; it is a fundamental requirement for maintaining engine longevity
and ensuring safety during non-normal operations.

A manual start sequence shifts the responsibility of fuel introduction and ignition timing from the FADEC's
automated logic to the flight crew's monitored intervention. This guide provides an exhaustive technical breakdown
of the A320 manual start process, covering the pneumatic requirements, the role of the Engine Control Unit (ECU)
, and the thermodynamic principles that govern a successful light-up.

The Architecture of A320 Engine Starting Systems

Before delving into the procedural execution, it is essential to understand the hardware and software architecture
that facilitates an engine start on an A320, whether powered by CFM56 or IAE V2500 powerplants. The start
system relies on an interplay between the aircraft's pneumatic manifold, the electrical system, and the digital
engine controllers.

1.The Full Authority Digital Engine Control (FADEC)

The FADEC is the 'brain’ of the engine. In a manual start, the FADEC remains active but acts primarily as a monitor
and a valve controller rather than a complete orchestrator. It ensures that the Start Valveopens when commanded
and monitors for limit exceedances. However, unlike the auto-start mode, the FADEC will not automatically abort a
manual start for a 'hung start' or 'hot start' in the same way, placing the onus on the pilot to cut fuel if parameters
deviate from the norm.

2.The Pneumatic Air Starter

The air starter is a small, high-speed turbine located on the accessory gearbox of the engine. It converts pneumatic
energy from the bleed air system into mechanical torque to rotate the N2 high-pressure compressor. High-
pressure air can be supplied by:

e The Auxiliary Power Unit (APU): The most common source for ground starts.
o External Pneumatic Power (Air Start Unit - ASU): Used when the APU bleed is unavailable.
e Crossbleed Air: Diverting air from an already running engine (Engine 1 starting Engine 2, or vice versa).

3.The Manual Start Panel
Located on the overhead panel, the ENG MAN START push-button (pb) is the primary interface for this procedure.

Pressing this button manually commands the Start Valve to open, allowing bleed air to reach the air starter,
provided the ENG MODE selector is set to IGN/START.



Manual Start vs. Auto Start: A Comparative Analysis

The decision to utilize a manual start is often driven by the Flight Crew Operating Manual (FCOM)limitations or
specific troubleshooting steps. The following table highlights the critical differences in system behavior and crew

responsibility.



Feature

Start Valve Control

Ignition Timing

Igniters Used

Abnormal Protection

Primary Advantage

Auto Start Sequence

Managed by FADEC based on Master
Lever position.

FADEC initiates at 16% N2 (approx).

Usually one (alternates A or B).

FADEC automatically aborts on hot/
hung start.

Reduced workload, consistent timing.

Manual Start Sequence

Controlled by ENG MAN START push-
button.

Initiated by crew via Master Lever.

Dual igniters (A and B) for better
combustion.

Crew must manually abort if limits are
exceeded.

Greater motoring time, lower EGT,

better in tailwinds.

Pre-Procedural Requirements and Pneumatic Logic

To execute a manual start, the aircraft must be configured to ensure maximum pneumatic efficiency. The Packs (air
conditioning units) must be switched OFF. Packs are the largest consumers of bleed air; leaving them on during a
start would deprive the air starter of the mass flow required to reach the minimum N2 speeds for combustion.

Minimum Duct Pressure

The crew must verify the Duct Pressure on the ECAM BLEED page. For a standard start, a minimum of 30 to 35
PSlis generally required. If using an external air source, pressure may fluctuate, requiring careful monitoring of the
N2 acceleration rate. If the N2 does not reach the required threshold (typically 20-22%), the start cannot proceed to
the fuel-flow stage.

Step-by-Step Technical Execution

The manual start procedure is a rhythmic coordination between the Pilot Flying (PF) and the Pilot Monitoring (PM),
though usually performed by the Captain on the ground. The following steps outline the sequence for a CFM56-
powered A320.

Step 1: Engine Mode Selection

The ENG MODE selector is moved to IGN/START. This action prepares the FADEC for start logic and displays the
Engine SD (System Display) page on the lower ECAM. It also pre-arms the igniters.

Step 2: Opening the Start Valve

The pilot presses the MAN START push-button for the respective engine. The PM calls out "START VALVE OPEN."
At this point, the N2 high-pressure shaft begins to rotate. The crew must monitor the N2 increase and the Oil
Pressure rise. If the N2 does not move, it indicates a failed start valve or insufficient pneumatic pressure.

Step 3: Motoring the Engine

One of the primary reasons for a manual start is to ‘'motor' the engine—essentially using the air starter to spin the
engine without fuel to blow out residual vapors or to cool the Exhaust Gas Temperature (EGT). For a manual
start, it is recommended to motor the engine until the EGT is below 100°C or stabilizes.

Step 4: Fuel and Ignition Introduction



Once N2 reaches 20% to 22% (or the maximum motoring speed), the pilot moves the ENG MASTER lever to ON.
This action simultaneously:

e Commands the High-Pressure (HP) fuel valve to open.
e Energizes both Igniters (A and B).

Step 5: Monitoring the Light-Up
Within 15 to 20 seconds of the Master Lever being moved to ON, a rise in Fuel Flow (FF) followed by a rise in EGT

must be observed. This indicates 'light-up.' The crew then monitors N1rotation, which indicates that the low-
pressure turbine is being driven by the expanding combustion gases.

Step 6: Starter Cutout

As the engine accelerates under its own power, the air starter becomes a drag rather than a helper. At
approximately 43% to 50% N2 (depending on engine type), the FADEC automatically closes the start valve and de-
energizes the igniters. The pilot verifies that the MAN STARTpush-button 'ON' light goes out and the ECAM
'MEMO' reflects a successful start.

Thermodynamics and Mathematical Models of the Start Cycle

The physics of an engine start revolves around the Brayton Cycle. During the start phase, the engine is extremely
inefficient. The goal is to reach the Self-Sustaining Speed—the point where the energy produced by the turbine is
sufficient to drive the compressor and the accessories without the help of the air starter.

The EGT margin is the most critical metric. The formula for the heat balance during start can be simplified as:
9DTuB !0 ,gVVA fEdw / Air Mass Flow)

In a manual start, by motoring the engine longer, we increase the Air Mass Flow before fuel is introduced. This
results in a lower peak EGT, which is vital in hot-and-high environments or when the engine has 'soaked' in the

sun, leading to high internal temperatures. By using dual igniters, the probability of a 'rich' mixture causing a hot
start is reduced, as combustion is initiated more uniformly across the annular combustor.

The Crossbleed Start: A Specific Manual Sub-Type

In scenarios where the APU is inoperative, a Crossbleed Startis performed. This requires the 'donor' engine to be
advanced to a higher thrust setting to provide enough bleed air for the 'receiver' engine. This adds a layer of
complexity regarding ground safety (jet blast) and pneumatic management.

1. The donor engine thrust is increased until the bleed duct pressure reaches 30 PSI.

2. The Crossbleed Valve is manually set to OPEN.

3. The standard manual start sequence is followed for the receiving engine.

4. Once the start is complete, thrust is reduced to idle and the crossbleed valve is returned to AUTO.

Troubleshooting and Failure Modes

In a manual start, the pilot is the final arbiter of safety. If any of the following occur, the ENG MASTER lever must
be moved to OFF immediately:

1.The Hot Start

If the EGT rises rapidly and looks set to exceed the Start EGT Limit(typically around 700°C to 725°C for the
CFM56), the start must be aborted. Hot starts are often caused by low pneumatic pressure or high tailwinds that



oppose the rotation of the N1 fan, reducing the air available for cooling.

2.The Hung Start

A hung start occurs when the engine lights up (EGT rises) but the N2 fails to accelerate to the self-sustaining
speed. This is common in high-density altitude conditions. The engine 'hangs' at a low RPM, and EGT will
eventually rise because there is not enough airflow to cool the combustion chamber.

3. No Light-Up

If fuel is flowing but there is no EGT rise within the specified time (usually 15-20 seconds), the start is aborted. This
requires a Dry Crankafterward to clear the unburned fuel from the combustion chamber, preventing a massive
‘fireball’ or tailpipe fire on the next start attempt.

Comparison of Cranking Procedures



Procedure Purpose Fuel / Ignition Status

Dry Crank Clear unburned fuel or cool the Fuel OFF / Ignition OFF.
engine.
Wet Crank Check fuel spray patterns Fuel ON / Ignition OFF.

(Maintenance only).

Manual Start Igniting the engine for flight operations. Fuel ON / Ignition ON.

Operational Implications and Best Practices

Why would a Senior Captain choose a manual start over an auto-start in a non-emergency situation? The most
common reason is Engine Thermal Management. After a short turnaround, an engine may have 'thermal bowing'
on the shaft. Motoring the engine for 60 seconds before introducing fuel ensures that the shaft is straightened by
centrifugal forces and that temperatures are equalized, preventing contact between the compressor blades and the
casing (a 'blade rub).

Furthermore, in the presence of Tailwindsexceeding 10-15 knots, an auto-start might struggle to overcome the
backpressure in the turbine. A manual start allows the pilot to motor the engine for an extended period, ensuring
that N1 rotation is established in the correct direction and that enough momentum is built up to resist the tailwind's
pressure once fuel is introduced.

The transition from automated to manual control represents a return to the fundamentals of airmanship. It requires

a deep understanding of the ECAM (Electronic Centralized Aircraft Monitor)logic and the ability to interpret raw
engine data without the 'safety net' of automated aborts. For the modern A320 pilot, the manual start is a reminder
that while computers manage the aircraft, the pilot still commands the machine. By mastering the manual start,
flight crews ensure they are prepared for the edge cases of aviation, where the synergy of human judgment and
mechanical power is most vital.

Ultimately, the A320's engine start system—whether in auto or manual—is a testament to robust engineering. The
manual start panel remains a critical piece of the cockpit's design, providing the necessary redundancy to operate
in the world's most demanding environments, from the high-altitude airports of the Andes to the sweltering heat of
the Middle East.
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