PRACTICAL CLASS 3.2
Theme: Constructional arrangement and operation of auxiliary power unit

3.2.1. THE AUXILIARY POWER UNIT (APU)
3.2.1.1. General

As aircraft became more complex a need was created for a power source to operate the aircraft systems on the ground without the necessity for operating the aircraft's main engines. This became the task of the Auxiliary Power Unit (APU). The use of an APU on an aircraft also meant that the aircraft was not dependant on ground support equipment at an airfield. It can provide the necessary power for operation of the aircraft's Electrical, Hydraulic and Pneumatic systems. It should come as no surprise that the power unit selected to do this task is a Gas Turbine Engine.

The Gas Turbine produces very high power for a light weight, making it ideal for the task. The APU can use the same fuel system as the man engines so reducing the need for additional systems. The type of engine layout normally used is that of the Free Turbine, Turbo Shaft Engine. A turbo shaft engine is both small and light weight yet produce around 600 HP. The free turbine arrangement makes the engine very flexible, as the compressor is not effected by changes of load on the free turbine which drives the accessories via a gearbox. The free turbine is usually designed to run at constant speed, this ensures that a generator run by the APU maintains a constant frequency without the need for an additional constant speed drive unit.

Some aircraft use air bled from the compressor of the APU to power aircraft's pneumatic system, but it is more common for the free turbine to drive a separate Load Compressor to supply these services. A typical layout for an APU is shown in Figure 1.
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Figure 1: Free Turbine Turbo Shaft APU (Based on an original Rolls-Royce drawing)
3.2.1.2. APU operations in flight
The APU was further developed so that it could also be operated in the air, providing a back-up source of power to the systems in the event of an engine failure. This requirement has become more important with the introduction of twin engine aircraft now flying long haul routes under Extended Twin Operation's (ETOPS) regulations.

The design philosophy behind the APU is to keep it simple, rugged and reliable. It must however be able to be started in flight at high altitudes, and continue to operate under load at even higher altitudes. For example the airplane L1011 ( Tri-Star) can start its APU up to 25.000ft and it will deliver power up to 31.000ft.
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Figure 2: Lockheed L1011 ( Tri-Star)
3.2.1.3. APU control and operation
The pilot has very little in the way of indication when starting and running the APU compared to the aircraft's main engines (see Figure 3). Indications of Turbine Temperature, Compressor speed and system fault indicating lights may be displayed. Extensive use is made of Automatic Sensors which will Shut the APU Down in the event of an APU fire, system malfunctions or operating limits being exceeded. Like all engines using air as its working fluid, power output is reduced at higher altitudes where air density is reduced. The Automatic Shut Down acts as a governor device protecting the APU against over loading.
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Figure 3: Pilots APU Indications
The pilots manual controls for the APU are very few. They consist of :

a. A Power on start switch. ( PWR ON )

b. A normal stop switch.

c. An Manual Emergency Shut down and Fire Suppression control. 
An example of an APU control panel is shown in figure 4.

The APU is normally positioned in part of the airframe where its operation will not cause harm to personnel working around the aircraft whilst it is on the ground. This is normally the tail of the aircraft.

The APU's turbo shaft engine can easily be started by an electric starter motor powered from the aircraft's battery. When started the APU is usually allowed to stabilise in RPM and temperature before it is used to power the aircraft's systems. The APU may not be able to power all the aircraft's systems, but it will provide sufficient services that the aircraft can be operated safely.
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Figure 4: APU Control Panel

The APU is in operation normally on the ground during start and taxi of the aircraft and operated in the air as previously stated in the event of failure of a main engine. It is also normally selected prior to landing.
3.2.1.4. Ram air turbines
In addition to an APU some aircraft may be fitted with a Ram Air Turbine (RAT) to provide power to aircraft systems in Emergency situations.

The RAT consists of a turbine wheel which is driven by air flow due to the aircraft's forward speed (Ram Air). The turbine can be internally mounted in the aircraft, and the ram air directed onto it via a control valve. Alternatively, the turbine can be extended into the air flow. The design is normally fail safe. If power is lost on the aircraft, the RAT will automatically be selected to run.

The turbine drives a gearbox to which can be fitted a Generator or a Hydraulic Pump. These will power essential electrical supplies or flying controls in an emergency.
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Figure 5: Ram Air Turbine (RAT) of Boeing 767
3.2.2. APU “GARRETT GTCP 85-129” (BOEING – 737-300/-400/-500)
3.2.2.1. Features
There are many different APU's available for the 737. The most common is the Garrett GTCP 85-129. This was standard for the series 1/200 but when the -300 was introduced it was found that two to three times the energy was needed to start the larger CFM56 engines. Garrett produced the 85-129[E] which had a stretched compressor, ie the impellers were lengthened and the tip diameters increased. When the 737-400 was introduced, even more output was required and Garrett produced the 85-129[H]. This has an Electronic Temperature Control which limits hot section temperatures depending upon demand and ambient temperatures. By 1989 the 85-129[H] was the most standard APU in all 737 models, although there are actually 14 different models of the 85-129 in service with 737's
APU “Garrett GTCP 85-129” is Operable on the ground or in flight. The APU enhances the electrical power system by providing an alternate power source to one of the engine-driven generators. The generator is identical to those on the engines.
Provides airplane self-sufficiency:
• APU starting — The APU is started by the airplane battery.

• Engine starting — Provides pressurized air for engine starting.

• Air-conditioning — Supplies pressurized air to maintain an air-conditioned cabin during ground operations.

• Electrical power — Furnishes 60 kVA on-ground electrical power for lighting and other requirements. 50 kVA can be extracted in flight.
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Figure 6: APU “Garrett GTCP 85-129”
Permits air-conditioning or electrical power to be supplied during refueling.
Automatic protection shuts down the APU for overspeed, high oil temperature, low oil pressure or fire.
3.2.2.2. Constructional arrangement
Located in the aft end of the fuselage, behind the pressure bulkhead below the horizontal stabilizer, the APU is a single-shaft gas turbine utilizing a two stage centrifugal compressor, a single combustion chamber and one radial inflow turbine. The accessories group, driven by the gear box, is at the front of the unit. The APU generator, identical to the engine generators, is mounted on the accessory drive pad and is used to furnish 60 kVA of electrical power on the ground or it can be used as an alternate power source of 50 kVA in flight. 
Bleed air from the APU can be used to operate either of the two air-conditioning packs or for main engine starting. Using APU bleed air for air-conditioning during takeoff improves takeoff performance.
Airplane ground servicing, including refueling, may be accomplished with the APU running.

Exhaust noise heard by passengers and the ground crew is minimized through two factors:

1. Use of an acoustically treated air inlet and exhaust duct.

2. Its distance from the cabin and ground service points.

The APU is readily accessible for inspection, maintenance or removal through a large door in the fuselage directly below it. Removal is accomplished by lowering the assembly with a simple hoist and cable system.
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Figure 7 : Garrett 85-129 Gas Turbine Engine
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Figure 8: APU Location
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Figure 9: Auxiliary Power Unit Components
3.2.2.3. Controls and indicators
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Figure 10: Garrett 85-129 APU panel 
Controls for the APU are located on the forward overhead panel and consist of the following:

APU SWITCH

Three-position switch: "OFF," momentary "START," and spring loaded to "ON." There is also a four-position switch option for a 60-second cool-down timer.

• "START"—Start circuit armed. Momentarily holding in "START" and allowing to return to "ON," fuel valve opens, air inlet door opens, start sequence initiated.

• "ON"—-Operating position after start and during start sequence.

• "OFF"—Shuts down APU.
LOW OIL QUANTITY LIGHT

Illuminated blue when oil tank fluid level is low.

LOW OIL PRESSURE LIGHT

Illuminated amber when oil pressure is low. APU automatically shuts down.

HIGH OIL TEMPERATURE LIGHT

Illuminated amber when APU oil temperature exceeds maximum allowable. APU automatically shuts down.

OVERSPEED LIGHT

Illuminated amber when APU turbine speed exceeds allowable rpm. APU automatically shuts down.
AC AMMETER

Displays APU generator load current.

EXHAUST GAS TEMPERATURE INDICATOR

Displays APU exhaust gas temperature in °C.
3.2.2.4. Operation
To operate the APU, the APU switch is moved momentarily to "START" and then released to "ON." At this point an automatic sequence occurs; the fuel valve opens to supply fuel from tank no. 1; the air inlet door opens on the right aft fuselage to supply air for APU combustion and cooling; the starter is energized from the battery or external dc source and the APU comes up to operating speed. The fuel control unit then maintains the APU at a constant rpm.
3.2.2.5. APU's available for the Boeing 737
Other APU's available are the “Garrett GTCP 36-280(B)” and the “Sundstrand APS 2000” on the -300/-400/-500; and the “Allied Signal GTCP 131-9B” for the Boeing-737NG. The main difference between them is that the Garrett is hydro-mechanical whereas Sundstrand and Allied Signal are FADEC controlled. I am told by engineers that whilst the Garrett is more robust, the Sundstrand & Allied Signal's are easier to work on. On the -300/-400/-500's, we pilots prefer the Sundstrand because it has no EGT limits and faster restart wait times. The easiest way to tell which is fitted is to look at the EGT gauge limits; the GTCP 85-129 has an 850C limit and also runs at 415Hz, the GTCP 36-280 has an 1100C limit if no EGT limits are marked you have a Sundstrand. Later aircraft have MAINT instead of LOW OIL QUANTITY and FAULT instead of HIGH OIL TEMP warning lights.

The AlliedSignal APU has a 41,000ft start capability and incorporates a starter/generator, thus eliminating a DC starter and clutch. In practice this means that it can be started either by battery or AC transfer bus 1 (the classics are battery start only). It has an educter oil cooling system (see bottom of page) and therefore has no need for a cooling fan. It is rated at 90KVA up to 31,000ft and 66KVA up to 41,000ft. The Garrett and Sundstrand APUs are only rated to 55KVA.
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Figure 11: Garrett 36-280 / Sundstrand / AlliedSignal APU panel
[image: image15.png]APU FUEL LINE DILFILLER

cenERiTOR / LeFuELFLTER

GLFITER BLEED AR HANFOLD /

OILTANK EXHAUST MUFFLER




Figure 12: Sundstrand APS 2000
3.2.3. SELF ASSESSMENT QUESTIONS
1. Which of the following statements would be more correct with regard to an APU?

a) APU's provide emergency hydraulics power for the brakes only.

b) APU's provide electrical, pneumatic and hydraulic power for ground use only.

c) APU's provide electrical, pneumatic and hydraulic power for air use only and can provide an amount of thrust.

d) APU's provide electrical, pneumatic and hydraulic power for ground and air use and can provide an amount of thrust.

2. In the event of a fire in an APU:

a) will need to be shut down immediately.

b) will shut down immediately.

c) will shut down immediately and if the fire persists the fire bottles will automatically be fired.

d) will need to be shut down immediately and the fire bottles will be required to be fired immediately.

3. Which of the following would result in a automatic shut down of an APU?

1. overspeed of compressor

2. over-temp of lubrication system

3. turbine over-temp

4. combustion chamber over-temp

5. Compressor outlet pressure exceeded

6. low pressure of lubrication system

a) 1 2 3 6

b) 1 2 4 6

c) 2 3 5 6

d) 2 3 4 6

4. A Ram Air Turbine is used to provide:

a) Emergency hydraulic power for the flaps and slats only.

b) Emergency hydraulic power for the undercarriage.

c) Emergency hydraulic power for the elevator, rudder and ailerons along with possible emergency electrical power.

d) Emergency hydraulic power for the brakes along with possible emergency electrical power.
5.  The power to start an APU comes from:

a) Ground power unit.

b) Aircraft main DC battery.

c) Aircraft main engine generator.

d) Aircraft main AC battery.
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