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Chapter 5

Driven Equipment

Small gas turbines are employed to driveaaous differing loacand to provide various
services that are normally part of an aircraft installation. Small gas turbines may also be
used to provide grourblased services, these are usually compressed air or electrical power.
Mechanical loads take different forms, alsothee case of an engine that supplies
compressed air directly from its turgisompressor, the compressselt is the load placed

upon the engine.

DC generators

A small gas turbine male used to drive a DC generator. DC generators of aircraft type
are normally highly specified produngj a high output power for thesize and weight. The
generator is driven by the engine via a reduction gearbox at a speed usually between 4,000
and 8,000 rpm. Up to 900A at 28V is possible from a DC generator driven by a small gas
turbine.
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Typical aircraft DC generator gas turbine driven

Most aircraft DC generators unlike automotive style generators (Actually alternators) do
not incorporate built in regulator control boxes. A DC generator is normally connected to
an external regulator control box that ensuhesunit excites on start ufhje output DC
voltage is kept constant over a relatively wide rpm rai2gk range)and electrical load
range.

Carbon pile regulators

In order that it can supply a constant output voltage over a range of rotational speeds and
loads a DC generator is required to have a regulation system in place. This is normally
achieved by varying the field egenenatermadit or
runs.

A common system em@yed inolder aircraft operatingas turbine driven generators was

to use a device known as a carbon pile regulator unit. The regulator unit consists of a series
of carbon discs arrange in a pile that is able to provide a varying resistance. A variable
mechanical presse is applied to the pile by @®f aspring biasedolenoid The current

in the coilcancontrol the resistance of the pile. A circuitaigangedn such a way as to

use the generator output voltage to feed the solenoid which in turn varied itla¢ic@xc
current fed back to the generator via the carbon pile. This systemdmimple feedback
regulating circuit that keeyithe generator output constant within practical limits.

Aircraft carbon pile regulators are precision buiechanicalunits that are adjusted to
match a particular model of DC generator.
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Carbon pile mechanicalregulator
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Section diagram of carbon pile regulator
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Simple DC generator control unit

The diagram shows a simple DC generatortrol/regulator circuit. The circuit is suitable
for use with aircraft type DC generators up to 500A capacity and may be used to replace
obsolete carbopile type field current regulators.

The circuit is a switchmode type regulator. The IC1 comparator senses the generator
output voltage and compares it to a fixed voltage reference set by the zener diode D1. When
the voltage is below the reference the transistor turisesupplyof excitation current to

the generator field coil. When the output voltage exceedetbrencehe field current is

switch off and the output voltage drops. The circuit oscillates about the reference point,
creating a square wave action. Due to the large indoetaf the generator field coil the
oscillation is smoothed out and the generator output remains almost constant. The circuit
time constant is set by the field coil inductance and is found to oscillate around 100 KHz
in frequency.
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D2 and D3 protect the switching transistor from bagk.f. transientsand prevent
excursions outside the power supply rails. The relay RL1 is used to ensure the generator
initially excites as the generator come up to speed. When not powered the relay connects
the field winding directly from the generator output. Residual magnetisrtesrassmall
voltage that quickly builds up, the relay thepens,and the regulator circuit come into
operation.

Simple DC generator control regulator unit

In critical applications it is recommended that the circuit be used with a over voltage
protection device in case of short circuit failure of the switching transistor.

A problem sometimes encountered with DC generators is caused by the brush gear. Due to
a high current output, the brush gear contained in the generator is heavily spring loaded
producing a machine that is stiff to rotate. During the starting phase adghargine, the

engine may experience difficulty in accelerating under the load placed upon it by the
generator friction. The gas turbine produces only low torque (but rising with rpm) until it
reaches almost full speed, during this phase it may ovefHeatled by the generator. If
centrifugal clutch is fitted between the engine and the generator, it will allow the engine to
start off load and idle before accelerating to running speed and accepting the load of the
generator.
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Typical starter generator cnnections(Lycoming T53)
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Air poftable 500A 28V DC generator ®t (Rover 1860
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Portable 500A28V DC generator set (Handstarted BMW/MAN 6012)
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AC generators

One advantage of a gas turbine running at constant speed is that it is suitable for driving an
AC generator or alternator, trasrangement will produce an electrical output at a constant
frequency. An AC generator is driven by the gas turbine through a reduction gearbox, the
speed at which the generator spins and the number of n@agalets contained in it, will
determindhe output frequency. Generators originating from aircraft will normally provide

a 110/208V output at 400 Hz, for this reason they are required to spin fast at 6,000 rpm,
8,000 or even 12,000 rpm depending on the number of poles. Generators providing a 50
Hz suppy for groundbased applications normally turn at a slower 3,000 rpm (60 Hz for
3600 rpm).

30 KVa 400Hz brushless lernator

Generators of up to 60 KW capacity are common, high output types may require an external
air supply for cooling. A blower that may be shared with the engine oil cooler can be used
to supply air to the generator.

AC generators do not employ heavy brush gear and so are very free to turn. Provided that
the machine is electrically isolated during the start up phase of the gas turbine, no load is
presented to it.
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Rotax AC generator

Pictured abovehe stator and rotor of an aircraft generator from the 1960s. This unit is a

6-pole slipring type three phase unit rated at 30KVaisTgenerator made by Rotax

Aircraft electrical equipment would have been fitted to a small gas turbine such as the
Rover 1S60 unit and knawas an fdai rborne auxipbleratoary power
(rotating field) can clearly be seen with the slip ring contacts at the end of the shaft. The

stator windings are would with distributed pole pieces similar tarrgdjicage induction

motorpractice
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Many types of AC generators consist of a "brushless" design. Here energy is initially
produced by a small permanent magnet generator mounted on the same shaft within the
generator housing. This produces electricity to "Excite" a stator field windinghtbat t
transfers energy to a rotor field winding which intern couples to an output winding. The
energy is transferred magnetically from the stator to the rotor and so brushes are not needed.
The rotor also incorporates a rectifier unit as a DC current isregfjto excite the rotor.

Experimental AC generator regulator circuit.
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