LECTURE 2.4

THEME 2.4: AUXILIARY POWER UNIT (APU)
2.4.1. GENERAL DESCRIPTIONS. APU OPERATIONS IN FLIGHT.
Airline operators cannot always guarantee that external electrical, pneumatic and air conditioning supplies will be available at every airport that their aircraft will visit.

The Airborne Auxiliary Power Unit (APU) was the answer to make the aircraft in​dependent of all this ground support equipment.

In some airplanes the APU's will also be used as backup sources in flight for electrical or also pneumatic power.

The APU is mainly used on the ground when the aircraft engines are not running to supply pneumatic air and electrical power if no more economically and ecological ground sources are available.
An APU is a small, simple gas turbine mounted in a fire proved, unpressurized APU compartment located within the aircraft. There is no really a standard loca​tion, but most APU's are installed in the fuselage tail cone of the aircraft.
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Figure: Auxiliary Power Unit

Starting/Stopping and monitoring of the APU is performed from an APU Control Panel located in the cockpit. Emergency shutdown and fire extinguishing functions can also be performed from outside the aircraft on an APU External Control Panel.

To operate an APU it uses electrical power from the aircraft battery and fuel from the aircraft main fuel tank.

The APU compartment is equipped with a fire warning system and a manual- or automatic fire extinguishing system.

General Safety Pre-Caution:
· Before you start an APU, test the fire warning and extinguishing system.

· Do never operate an APU unattended, if no automatic fire extinguishing system is available.

· Do never set the Battery Switch to "OFF", if the APU is in use.
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Figure: APU Location and Control Panels (DC-9)
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Figure: APU Location and Control Panels (Boeing-737-300/-400/-500)
2.4.2. APU CONTROL AND OPERATION
The APU is a turbine engine that is similar to a jet engine, but it produces no thrust and drives the gearbox with constant speed. The compressor and turbine of the power section are mounted on a common shaft. Initially turned by an electrical starter motor.

The compressor draws air through the air inlet raising its pressure, then passes it into the combustor where fuel is injected. The burning which takes place within the combustor chamber raises the energy level of the air.

The hot gases then pass through the turbine, which extracts as much energy as possible from the gas flow. The turbine converts the gas energy to rotational energy to drive the compressor, the load compressor and the gear box.

One of the main functions which the APU performs is driving an electrical AC-generator mounted on the gear box. Because the APU generator is not equipped with a Constant Speed Drive (CSD) the gear box speed must be constant to provide a constant APU generator frequency-Most APU's have one generator which is normally the same type as the engine generators. You may also find two generators on very large APU's.

Whether we are bleeding air from the load compressor or taking electrical power from the generator, each will impose a load on the APU. As load is applied, the APU speed tends to slow down. The APU Electronic Control Box (ECB) senses the speed drop and provides more fuel to the combustor to increase the power to match the load in order to maintain a constant speed.

As the combined loads of the generator and the load compressor are imposed on the power section, the speed governing function of the ECB responds by increasing fuel flow, rising turbine temperature. At some point, the limit of the turbine is designed to endure will be reached, the ECB will move the IGV's toward a more closed position, reducing the load compressor airflow and the resulting EGT. That means electrical power supply has higher priority as bleed air supply.

Another functions which the APU performs is to supply compressed air for the aircraft pneumatic system. There are two different methods of APU bleed air supply:
· One uses the compressor of the power section

· the other one uses an individual load compressor.

APU's with load compressors are more fuel efficient. This is because the airflow across the load compressor can be adapted to the aircraft bleed air demands.

Inlet guide vanes between the compressor and the air inlet match compressor flow to the demand. Inlet guide vane position is changed by an inlet guide vane actuator, controlled by the ECB in response to aircraft bleed air demand signals.

As the IGV's open the power required to drive the load compressor increases, so the fuel flow and EGT also increases. When there is no demand, the ECB closes the IGV's to the minimum close position so that the load compressor imposes almost no load on the power section.

The load compressor is driven from an extension of the power section compressor turbine shaft. The load compressor takes air from the same inlet as the power section compressor. It compresses it and forces it through an bleed valve. The function of the bleed valve is to shut off the air flow from the load compressor when the APU bleed air switch is set to off. The bleed valve is an open or closed valve controlled from aircraft pneumatic system.

Naturally, the energy which is required to drive the load compressor must be obtained from the turbine by burning more fuel in the combustor.
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Figure: APU Functional Diagram
APU's are automatically protected by the ECB against:

· Fire (Auto shutdown when a fire in the APU compartment is detected) Overspeed. (>110% RPM auto shut-down)

· High oil temperature. (Auto shutdown on most APU's)

· Low oil pressure. (Auto shutdown on most APU's)

· High Exhaust Gas Temperature (EGT) (Auto shutdown on most APU's) Battery switch off on ground. ("DC POWER LOSS" auto shutdown)

· Slow start. (Starter relay opens to protect the starter motor) Low start EGT. ("NO FLAME" auto shutdown)

· Load compressor stall. ("REVERSE FLOW auto shutdown)

· Loss of Sensor Signals (Speed, EGT, Oil Pressure, Oil temperature)

It should be mentioned that not all protective shutdowns are incorporated into all APU's.
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