LECTURE 2.3

THEME 2.3: STARTING SYSTEM AND THRUST REVERSER SYSTEM
2.3.1. STARTING & IGNITION SYSTEMS
2.3.1.1.Turbine Engine Starting Systems
Gas turbine engines are normally started by first rotating the compressor with a starter to move air through the engine and purge it of any fuel vapors that may have collected; then the ignition system is energized. When the engine has reached a specified RPM, fuel is sprayed into the combustors and the engine starts. As soon as it accelerates to a self-sustaining idle speed, the starter and ignition systems are deactivated. The start sequence is programmed so the pilot has only to initiate the action; the rest follows automatically.

In dual-spool axial-flow engines, the starter rotates the high-pressure(N2) compressor because it has less mass than the N1, compressor and requires less energy from the starter. There are several types of starters in use, but the two most commonly used are air starters for larger engines and electrical starters for smaller ones.
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Figure : Starting system
Air Turbine Starter

Air turbine starters are popular for jet transport aircraft because of their lightweight for the torque produced. They do. however, require a large volume of low-pressure compressed air, but for airline operations, this is no problem because most jet transport airplanes have auxiliary power units (APU) that provide all the necessary air for starting. Ground power units (GPU), normally available at the airline gates, can also furnish the needed air, as can a cross-flow of compressor bleed air from an already running engine.

sprag clutch. A free wheeling, non-reversabie clutch that allows torque to be applied to a driven unit in one direction only.
Electric Starter

Some turbine engines use series-wound electric starters. These starters are normally connected to the engine through a ratcheting starter jaw similar to that used in a reciprocating engine. When the automatic start sequence begins, the jaw moves out and engages a mating jaw on the engine starter drive. When the engine starts and accelerates to its self-sustaining speed, there is no longer a load on the jaws, and a spring moves the starter jaw away from the jaw in the engine. The automatic start sequence of events then removes the electrical power from the start​er.
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Figure: Air Starter
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Figure: Electric Starter
2.3.1.2.Ignition system
Turbine engine fuel requires a much hotter spark for ignition than does aviation gasoline. As a result, turbine engine ignition systems are entirely different from the magneto systems installed on reciprocating engines.

Combustion in a reciprocating engine is intermittent, and a timed high-voltage spark is required in each cylinder to ignite the fuel-air mixture to begin the power strokes. Turbine engines, on the other hand, use continuous combustion and require an electrical spark only during the start sequence to ignite the fuel-air mixture. Once the fire is started, the ignition system can be turned off.

Types of ignition system

Both low tension (voltage) and high tension (voltage) ignition system are in geran-ral use. and they are designed to use either direct or alernating current as input power. DC operated systems receive their power from the battery bus, and AC systems are powered from the aircraft AC bus.
High-Energy Ignition Systems

Turbine engine ignition systems are rated in joules, or watt-seconds, with four-joule systems used on some of the smaller engines and 20-joule systems commonly used on larger engines.

An extremely short time is required to ignite the fuel-air mixture, normally only a few microseconds (millionths of a second). But a high rate of current is needed to produce a spark intense enough to vaporize and ignite the fuel. Because the duration of the spark is so short, the ignition system can furnish this intense current without being excessively large or heavy. The resulting high-voltage AC produced the needed sparks in the combustion chamber by arcing across the electrodes in the igniters.
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Figure: Typical ignition system components for a gas turbine engine
joule. A measure of energy. In terms of electrical energy, one joule is equal to one-watt-second.

igniter. The component in a turbine-engine ignition system that provides a high-energy-spark for igniting the fuel-air mixture in the combustion chamber for starting.

flameout. A condition of turbine engine operation when the tire unintentionally goes out. Improper fuel-air mixture or interruption of the air flow through the engine can cause a flameout.

duty cycle. A schedule that allows a device to operate for a given period of time, followed by a cooling down period before the device can be operated again.
Ignition Exciters

The exciters, the heart of the ignition system, change the input power into pulsating DC that charges a capacitor to a specific high voltage. When this voltage is reached the capacitor discharges across the electrodes of the igniter. This system is powered by 115 volt, 400-hertz AC from the aircraft electrical system through pi filter.

pi filter. An electronic filter used to prevent radio frequency energy produced in the ignition exiciter form feeding back into the aircraft electrical system. The filter is made of an inductor with a capacitor on its input and output. The name is derived form the resemblance of the three components on a schematic diagram to the Greek letter pi.

peak voltage. The voltage of AC electricity that is measured from zero voltage to the peak of either alternation.
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Figure : Transformer exciter
Igniters

Turbine-engine igniters serve the same purpose as spark plugs in a reciprocating engine: they ignite the fuel-air mixture, but their operating conditions are entirely different. In a reciprocating engine, a relatively low-energy spark must jump across the electrodes of a spark plug every other revolution of the crankshaft. But in a turbine engine, high-energy sparks are required, but only when the engine is being started or during flight conditions when there's danger of the engine flaming out. Igniters are not prone to carbon fouling as are spark plugs, because the high-energy spark blasts off any deposits that form on the firing end.
[image: image8.png]cow»

High-voltage air-cooled recessed gap gniter
High-valtage air-cooled surface gap ianiter
Low-voltage shunted surface gap igniter _.

Low-voltage glow plug igniter [





Figure: Typical types of turbine-engine igniters
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Figure: Igniter plug
A potential difference of approximately 25,000 volt is required to ionize the gap before a spark will occur. This high voltage requires very good insulation throughout the circuit. The normal spark rate of a typical ignition system is between 60 and 100 sparks per minute. Periodic replacement of the igniter plug is necessary due to the progressive erosion of the igniter electrodes caused by each discharge.

The construction material of the ingniter plug shell is made of a very high quality, nickel-chromium alloy and the center electrode is tungsten or iridium, all heighly wear resistant materials.
Turbine Engine Ignition System Servicing

Turbine engine ignition systems must be handled with extreme care because the high voltage can be lethal. Before disconnecting the lead from an exciter or igniter, be sure to pull the ignition power circuit breaker. Disconnect the power lead to the exciter and observe the time specified in the engine maintenance manual before removing the igniter lead. This time, normally about five minutes, allows energy stored in the capacitors to bleed safely to ground through the bleeder and safety resistors. As soon as the lead is removed from the igniter, ground the center conductor to the engine to ensure that the capacitors are completely discharged.

[image: image10.png]



Figure: Igniter plug installation

Igniters should be removed from the engine with extreme care and examined according to the instructions in the engine service manual. Some igniters can be cleaned, and when servicing them, be sure to follow the igniter manufacturer's instructions in detail. Exciters are sealed units and cannot be opened for servicing, but should be carefully inspected for secure mounting on the engine and all electrical and ground connections should be clean and tight. The high-voltage leads between the exciter and igniters should be supported as shown in the engine maintenance manual, and there should be no broken shielding braid. Some exciters contain radioactive material, and when disposed of, it must be done in accordance with local environmental requirements.

shielding. A metal braid that encloses wires carrying high-frequency alternating current or high-voltage DC that has radio-frequency energy superimposed on it. The shielding intercepts any electromagnetic radiation and conducts it to the en​gine structure so it will not interfere with any installed electronic equipment.
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