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MULTI-STAGE SYNCHRONOUS GENERATOR

FIELD OF THE INVENTION

The invention relates to a synchronous generator system, and in particular to variable speed

generator systems used in aircraft.

BACKGROUND OF THE INVENTION

Typically, in gas turbine driven generators, rotational energy is provided to the generator
rotors as a function of the speed of the turbine(s) driving the generator. In the context of an
aircraft, for example, the rotational speed of the engine varies between ground idle (low
speed), take off (high speed) and cruise (medium speed). This means that the generator
operates over a range of input speeds. Many aircraft use constant frequency generators, with a
speed changer interposed between the engine and generator, in order to provide the required
electrical output within a range of acceptable frequencies, for the eclectrical equipment

powered by the generator to function properly.

It is beneficial in many applications, and particularly in aircraft, for generators to be as
lightweight as possible, and so variable speed generators can be advantageously used, since
they can remove the need for a mechanical speed changer between the turbine, or other prime
mover, and the generator. Omission of the mechanical speed generator can reduce weight,
cost and complexity, and potentially increases system reliability whilst decreasing the need

for routine servicing.

Although the electrical load driven by generators can be readily designed to cope with a
range of input frequencies inherent to the variable output of a generator, one problem posed
by such generators is that the output voltage of the generator can vary, depending particularly
on rotational speed and the electrical load on the generator. If the output voltage exceeds the
operating limits of the electrical equipment, faults can arise. If the generator's output voltage
is too low, the electrical components in the system making up the load may not function

correctly.
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A variable speed generator therefore needs to be designed so that it can deliver the designed
output voltage at minimum speed and maximum load. An example of this situation in the
context of aircraft would be when the aircraft is in the ground idle state, and all electrical

systems are engaged.

At low loads and high speed, in contrast, the generator can provide much more than the
designed output voltage. For example, in an example of a typical system, the generator can
provide its maximum output voltage when a field current of 2A is provided to the main

exciter. At full rotational speed, however, the pilot exciter can provide up to 12A.

Figure 1 shows a conventional three-stage generator as known for converting mechanical
rotation, such as from an output shaft of a turbine, into electrical power for use in electrical
systems. The generator 100 comprises a first stage 110, a second stage 120, and a third stage
130, which in the example shown are all coupled to a shaft 140, which may be driven by a

turbine (not shown).

The first stage 110 is a pilot exciter. A pilot exciter is a source of electrical power for the
subsequent stage exciter coil. It may be a small AC generator with a rotor 111 having
permanent magnets 112, mounted on rotor shaft 140, and having a three-phase winding on a
stator 113, 114. The output 115 of the pilot exciter 110 is a three phase electrical signal,
designated by lines 15A, 15B, 15C. The pilot exciter can be included on a generator shaft
140 in order that no external electric power is required to provide a voltage to the main
exciter. The pilot exciter may be a permanent magnet exciter as shown in Figure 1, or
alternatively other systems for providing power to the main exciter are equally possible.
Permanent magnet exciters of the kind illustrated will be known to the skilled reader and so

are not described in detail herein.

As can be seen in Figure 1, second stage 120 may be provided as a main exciter 120, and may
comprise a rotor 121 mounted on shaft 140. The main exciter field current Ic is applied to
field winding 122. Field winding 122 is situated on stator 124. Application of field current L.
to the main exciter is necessary to power the field windings 122, so that the operation of main
exciter 120 generates the required field current for the third stage 130. The rotation of rotor
121 within the field provided by the field current Ic applied to field winding 122 of stator 124
produces the output of the main exciter, which is provided to the third stage 130 of the

2
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generator 100. An increase in the field current Ic applied to the main exciter will evidently
increase the current which is present at the output of the main exciter. Located at the output
of the main exciter 120 is a three-phase bridge rectifier 125. The bridge rectifier 125 is
connected to the third stage 130 of the generator 100 in order to provide rectified exciting
current Ix. The main exciter 120 in Figure 1 is a brushless exciter, although other

configurations are possible, such as a slip-ring exciter, for example.

The third stage 130 of generator 100 is an alternator comprising a rotor 131 mounted on shaft
140. Located on rotor 131 are exciting coil 132 and poles 133. Rotor assembly 131, 132,
133 rotates within stator 135. Air gap 134 is provided between the rotor and stator 135. The
output 136 of the alternator 130 can be seen to have three phase terminals and a neutral
terminal. The rectified field current Ix received from the second stage main exciter 120 is
provided to main ficld circuit 132, 133. The output voltage of the generator at output 136 of
armature 135 is dependent on the field current Ix supplied to the exciting coil 132 located on

rotor 131.

As stated above, it is desirable to ensure that the main output 136 of the generator 100 does
not deviate too far from the desired level during operation of the generator at different
rotational speeds. In order to control the output voltage, a generator control unit (GCU) is
provided as a control element between the output of the permanent magnet generator pilot
exciter and the main exciter field. The function of the GCU control element is to ensure that
the main exciter is provided with a field current Ic in such a way that the output of the

generator remains within the tolerance required for a connected load to operate.

Figure 2 shows a system comprising a GCU field current control element. As can be seen in
Fig.2 the output terminal of the first stage 115 is passed to the field winding of the main
exciter via a circuit including diode rectifier 116, and a GCU field current control element
150. Rectifier 116 is shown as a diode rectifier, although it will be appreciated that different
rectifiers could be used for the purpose of rectifying a signal output of the PMG pilot exciter
110. The rectified output of the pilot exciter 110 is then passed directly to GCU 150. It can
also be seen in Fig. 2 that a signal indicative of the output of the third stage of generator 100
is connected to an input 153 of the GCU 150. In this way, GCU 150 can regulate the field

current I¢ input to main exciter 120 in response to the measured output of the generator 100,
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to ensure that the required operational characteristics, such as output current and/or output

voltage, are maintained.

The exciter field current Ic can be reduced by the control element 150 when the main output
of the generator is above the desired voltage to reduce the main output voltage. The control
element 150 can increase the field current Ic when the main output is lower than required to
increase the main output voltage. If the control element 150 fails such that the output voltage
is too low, a GCU, or other power management system, can disconnect the generator from the
aircraft electrical system, and the loads that were fed by that generator are typically fed from
an alternative power source, such as a secondary generator. If the control element fails where
the output voltage is too high, there is a potential for the load fed by the generator to be

overloaded.

For example at a high engine speed in a low load condition, if the control element 150 fails in
such a way that the full rectified permanent magnet generator exciter current is applied to the
field winding, the output voltage of the generator 100 may rise very rapidly to undesirable
levels. Under these circumstances, the design of a protection circuit to detect the failure, and
prevent excessive voltage being applied to the load sufficiently quickly and reliably, becomes

technically challenging.

In the event of a failure of a GCU field current control element in known systems, safety
devices located at the output of the generator have to react very quickly to take mitigating
action such as disconnecting the generator from any loads at risk from damage by over-
voltage. In the event of the output voltage exceeding a predefined threshold or limit, the
main output of the generator can be shorted. Such a circuit must be designed to act very
rapidly in order that load equipment is not damaged, such a "crow bar circuit" may be
effective at safeguarding load equipment. A circuit at the output of the generator may have to
act within Ims or less to disconnect the generator from the load to avoid damage to the load
equipment, and therefore necessarily must include complex circuitry. In systems where
weight is critical, such an output based safety device, which may weigh several kilos, is not

necessarily ideal.
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SUMMARY OF THE INVENTION

Embodiments of the present disclosure aim to improve upon systems for a multi-stage
synchronous generator, in particular reducing the overall weight of the system while
maintaining a system which operates within tightly controlled performance limits. This is
particularly important in aircraft power generator systems. A voltage regulator is introduced
into the field current supply line which provides the field current to a main exciter of the
generator. By limiting the electrical power available to a generator control unit (GCU)
clement, via a limited voltage or current, the consequences of a failure of the GCU element

can be mitigated.

According to a first aspect of the invention, there is provided a multi-stage, synchronous
generator comprising a first stage, a second stage, a field current supply path, connecting an
output of the first stage to a field current input of the second stage, to provide a field current
to the second stage, wherein the supply path comprises a field current control element
arranged to control the current supplied to the second stage in response to an output of the
generator, and a regulator, located between the output of the first stage and the field current
control element, and arranged to limit a current and or voltage supplied to the field current

control element by the first stage.

By limiting the electrical signal available to the field current control element, the exciter field
current which can be generated will not rise to unacceptable levels in the event of a failure of
the field current control element. This means that circuitry for compensating for an over-
voltage at the output of the generator may not be required in the system, or may be

simplified, thereby reducing the weight and the complexity of the system.

The regulator may be arranged to regulate or limit the voltage supplied to the field current
control element. Further, the regulator may be arranged to regulate the voltage supplied to
the field current control element in response to the rotational speed of the generator. In this
way, the voltage supplied to the field current control element can be adjusted to follow a

particular function related to the speed of the generator, which allows the field current control
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clement to function in an optimised manner. In effect, this means that the input to the field

current control element can be tuned, based on the rotational speed of the generator.

The regulator may be arranged to provide a constant voltage to the field current control
clement. This arrangement makes the voltage available to the field current control element
independent of the rotational speed of the generator, providing a lightweight and low cost

solution to the problems presented by the prior art.

The regulator may be arranged to limit a voltage provided to the field current control element
so as to limit a maximum field current which can be provided by the field current control

clement to the second stage at a given rotational speed.

The regulator may be further configured to limit a voltage provided to the field current
control clement. This can limit a maximum field current which can be provided by the field
current control element to the second stage at a given rotational speed, even when the field
current control element passes the field current substantially uninhibited to the second stage.
The rotational speed dictates the voltage which is provided to the field current control
clement, and the supplied voltage can be adjusted by the regulator for each rotational speed.
This can allow the field current control element to operate in a fully "on" mode, in which it
allows the signal from the regulator to pass to the main exciter in such a way that the field
current control element does not affect the signal, without significant drawbacks to the

system performance.

The regulator may be arranged to regulate the voltage supplied to the field current control
clement as a function of a temperature of the generator. The operational temperature of the
generator can affect the resistance, and therefore the current output of the exciter at a given
voltage, which in turn affects the maximum output voltage of the generator. Providing a
temperature-based signal to the regulator from the generator allows the maximum exciter
current to be controlled via a voltage input, in response to a temperature of the generator.
This can help to ensure that only a desired maximum output voltage of the generator is
delivered under varying temperature conditions, by limiting the voltage delivered to the
second stage exciter, taking into account the temperature of the generator, or of the exciter

coil itself,
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The regulator may be arranged to regulate the voltage supplied to the field current control

clement as a function of the temperature of the exciter coil.

The generator may further comprise a sensing means for sensing a first condition in the field
current supply path, between the regulator and the field current control element, to detect
whether the output of the regulator exceeds a predetermined threshold. By detecting when
the output of the regulator exceeds a particular threshold, a fault in the regulator does not go
undetected. The operator of the generator is therefore not under the impression that the
system is operating properly when in fact the full rectified pilot exciter voltage might be

applied to the main exciter in the event of a field current control element failure.

The sensing means may detect the voltage output of the regulator. The sensing means may be
arranged to detect a second condition, being indicative of the signal output of the regulator

being substantially equal to the signal input to the regulator.

The sensing means may be further arranged, upon detection of the first and/or second

condition, to alert a user of a fault condition.

The sending means may be further arranged, upon detection of the first and/or second

condition, to isolate the generator from a load.

The regulator may be arranged to regulate the current supplied to the field current control

element.

The regulator may be arranged to regulate the current supplied to the field current control

clement as a function of the rotational speed of the generator.

The first stage may be a pilot exciter, and the pilot exciter may be mounted on a drive shaft of

the generator.

The field current supply line may further comprise a rectifier at the output of the pilot exciter,

and the rectifier may be a diode rectifier.
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The pilot exciter may be a permanent magnet exciter. The output of the pilot exciter may be a

three phase electrical output.

The second stage may be a main exciter of the generator. The main exciter may be mounted

on a drive shaft of the generator, and the main exciter may be a brushless exciter.

The generator may further comprise a rectifier at the output of the second stage, and the

rectifier may be a three-phase bridge rectifier.

The generator may comprise a third stage, and third stage may be an alternator. The main

output of the generator may be the output of the alternator.

The generator may be an aircraft power generator.

The field current control element may be a switched-mode power supply.

Further features and advantages of embodiments of the invention will be apparent from the

appended claims and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention will become apparent from the
following description of an embodiment thereof, presented by way of example only, and by
reference to the drawings, wherein like reference numerals refer to like parts, and wherein:
Figure 1 shows an overview of a prior art generator system;

Figure 2 shows a schematic of the prior art generator system;

Figure 3 shows an example of a generator according to the present invention;

Figure 4 shows an example of a generator employing a speed dependent regulator according

to the present invention;
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Figure 5 shows an example of a generator in which the regulator is dependent on temperature

and/or speed of the generator.

DETAILED DESCRIPTION OF EMBODIMENTS

Figure 3 shows an example of a multistage synchronous generator according to the present
invention. It comprises a first stage 110, a second stage 120 and a third stage 130. In the
embodiment shown in Fig. 3 the first stage 110, second stage 120 and third stage 130 are all
mounted on input shaft 140, although examples of the invention can be implemented using
any plurality of stages comprising a first stage, for providing an exciter current to a second
stage of the plurality. A field current supply line 117 links an output of first stage 110 and
the second stage 120. A rectifier 116 is preferably present in the field current supply line at
the output of the first stage 110. Rectifier 116 is preferably a diode rectifier but can take the
form of any component or system suitable for rectifying an alternating output of the first
stage 110. If, for example, the first stage provides a direct current, then rectifier 116 may not
be necessary. The field supply line also comprises a regulator 160 and generator control unit
(GCU) 150, which is a control element. The output of regulator 160 is connected to control
clement 150 at an input 151. Field current Ic is supplied from output 152 of control element
150 to an input of second stage 120. A signal representative of the output 136 of the
generator, preferably an output voltage, and more specifically an output voltage of an output
of third stage 130, is connected to a further input 153 of the control element 150. An output

of second stage 120 is connected to third stage 130 via a rectifier 125.

The first stage 110 of generator 100 is preferably a pilot exciter. The first stage pilot exciter
110 may take the form of the prior art example shown in Fig. 1, although it will be
appreciated that many configurations for a pilot exciter exist which could perform the
necessary function. For example, pilot exciter 110 need not be mounted on the shaft 140 and
could be provided with a separate source of power in certain applications. In the context of a
multistage synchronous generator in accordance with the present example, the output of the
pilot exciter relates to the rotational speed of shaft 140. The output voltage of pilot exciter

110 may therefore be higher at a faster rotational speed of shaft 140.

In prior art systems such as that shown in Fig. 2, the unregulated DC output of first stage pilot

exciter 110 is applied directly to control element 150. A failure of control element 150 can

9
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result in excessive output voltage from the generator due to an uncontrolled field current
being provided to the main exciter. Subsequently, the exciting current provided to the
alternator 130 may be higher than under normal operating conditions, and this can be
particularly problematic at maximum rotational speed, since the main output voltage of the
generator can increase rapidly. As mentioned above, excessive output voltage from the
generator can damage the system components drawing the load, which is generally

undesirable.

As can be seen in Fig. 3, a regulator 160 may be located between the output of first stage 110
and control element 150 and more preferably between the rectifier 116 and control element
150. The regulator 160 can act to limit or reduce the maximum output from the generator as
a whole, by making the available voltage for the field current Ic independent of generator
rotational speed. Limiting this current can also help to reduce the rate at which the main
output voltage of the generator increases with rotational speed of the generator. In certain
embodiments, the voltage that provides the excitation current Ic can be made constant with
regulator 160 being a voltage regulator. Constant voltage being applied to the control
clement can reduce the ability of the generator to be able to generate excessive voltages at
high speeds in the case of a GCU failure, but does not necessarily eliminate it. This is
because the main generator stage 130 will still be able to produce a greater output at higher
speeds with a given level of excitation, although as stated above, limiting the excitation
current as described can reduce the rate at which the generator output increases. In other
words, the system of the present invention reduces the risk of a generator producing
excessive voltages at high speeds, but does not of itself necessarily result in the output of the

generator is entirely independent of rotational speed.

In Fig. 3 regulator 160 can output a constant voltage to CGU control element 150. In general
control clement 150 provides the excitation current Ic to second stage 120 in dependence on
the voltage output of generator 100 which is received at input 153. If the voltage output of
the generator 100 increases above a desired limit, the control element 150 can act to lower the
excitation current Ic applied to 120, which will therefore lower the output voltage due to the
diminished excitation current applied in turn to alternator 130 by second stage 120. When
control clement 150 is supplied with a constant voltage input which is limited to a
predetermined maximum by regulator 160, if control element 150 should fail, especially at a

high rotational speed, the danger of damaging connected loads or load circuitry is greatly

10
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reduced, since main generator output voltage increases will be less rapid when the constant
voltage is applied. These can therefore be detected more effectively by over-voltage
protection equipment downstream of the generator output, and appropriate action taken if

nccessary.

Figure 4 shows an embodiment in which regulator 160 is connected to an output of the third
stage 130. In the embodiment of Fig. 4, a signal indicative of a speed of rotation of at least
one stage of the generator is connected to regulator 160, and a signal indicative of the
clectrical output of regulator 160 is connected to the input 151 of control element 150. The
regulator 160 receives output from the first stage pilot exciter 110 as described in relation to

carlier examples.

The connection 161, which may be provided from the third stage 130 as illustrated, provides
the regulator 160 with a signal indicative of the rotational speed of the generator. The
regulator 160 is arranged to provide a variable voltage to control element 150, which varies
according to the present rotational speed of the generator. The fact that the regulator can
regulate the voltage supplied to the field current control element 150 in response to the
rotational speed of the generator means that the regulated PMG voltage can be arranged to
effectively track a required function based on rotational speed. The function may be linear or
non-linear and can be configured to reduce the delivered voltage with an increase in detected
rotational speed. This is because at higher rotational speeds, the third stage can generate the
necessary output voltage with a lower exciting current. Any voltage provided to the control
clement 150 beyond this required current is effectively redundant and can represent a risk in

the event of failure of the control element 150, as described above.

The required function can be defined such that at each rotational speed within the operational
range of the system, the generator can only deliver the maximum desired output current at the
designed output voltage, even with the control element 150 fully "on", ie. in the event of
such a failure condition in the control element 150. Due to the rotational inertia of the
generator rotor and engine parts which are mechanically coupled to it, over a short time
interval, for example 100 milliseconds, generator speed can be considered as constant. The
output of the voltage regulator can therefore be changed with a corresponding time constant

of, for example, 100ms or less, and therefore the regulator can be arranged such that a
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regulated voltage is provided to the control element, which is limited to the maximum

required by the second stage under normal operating conditions for a given rotational speed.

Otherwise stated, the regulator 160 provides a voltage to the control element 150 such that
the generator can deliver a maximum threshold output voltage at a given current rotational
speed, even with the control element 150 allowing the output of the regulator to pass
substantially unimpeded from the regulator 160 to the field current input at the second stage

main exciter 120.

The main generator output voltage depends on the main exciter current, whilst the maximum
generated current in the second or third stages is dependent on the available input voltage to
that stage and the relevant exciter coil resistance. Since the exciter coil resistance will vary
with the temperature of the coil, this means that the maximum current in the exciter coil is
also influenced by the temperature of the coil, and so can be considered temperature

dependent.

Figure 5 shows a further example of a multistage generator according to an aspect of the
present invention, comprising a multi-stage generator as provided in Figure 4, and further
comprising a temperature sensor 126 arranged to detect a temperature of the generator, and
which may be located in the second stage 120 as illustrated. The regulator 160 has a
connection 161 to an output signal from the generator, and also a connection to temperature
sensor 126 located within the second stage 120. The regulator 160 is therefore operable to
control its electrical output in response to signals received from these two connections. The
regulator 160 can be arranged such that the regulated PMG output voltage of the first stage

120 can be adjusted to compensate for the temperature sensed by temperature sensor 126.

In practice, the PMG voltage can vary in relation to the rotational speed of the generator by
amounts up to around 100 to 150%. The regulator can be configured to accommodate this by
adjusting the voltage supplied to the control element 150 in response to a sensed speed of
rotation of the generator, or of pilot exciter, which may relate to a speed of rotation of the

generator in configurations where each stage is on a common shatft.

The temperature variation of the exciter coil can affect the current output provided by the

second stage by a factor of around 20%, and the regulator can be arranged to compensate for

12



10

15

20

25

30

WO 2017/103233 PCT/EP2016/081616

this variation. The voltage supplied to the control element is therefore optimised for the

system running at different rotational speeds and also at different operating temperatures.

An alternative to sensing speed and/or voltage is to provide a regulator 160 which is
configured to provide a limited current to control element 150. However, if both the control
clement 150 and the regulator 160 are configured to control current, then it is difficult to
determine whether one or the other has failed, since the on¢ of the two which remains
functional will provide the required current limitation and detection of failure of one or the

other becomes difficult.

Therefore, although compensating for temperature on a voltage regulator in the manner
described above increases the complexity of the regulation function, and therefore also the
circuitry required, using a voltage regulator at regulator 160 rather than a current regulator at
regulator 160 provides the advantage that the output of the regulator can be frequently
checked during operation in order to detect whether a fault has arisen in the regulator. Should
the regulator 160 short circuit or develop a fault condition it will not regulate the voltage
output from the first stage 110 in the correct way, to provide the appropriate regulated voltage
to the control element 150. The output voltage of the regulator 160 can be measured,
knowing the expected output voltage of the regulator, be it constant, or dependent on the
temperature and/or speed of the system, and the measured voltage can be compared to the
expected output voltage. In this way, although the system could function without the
regulator, a fault in the regulator does not go unchecked, and can be quickly addressed and/or
communicated to a further control system, or to a user, to allow remedial action or isolation
of the generator if it is considered a risk. The testing of the regulator output voltage can be
carried out by a simple voltage measurement, and compared with the expected output

voltage, as may be defined for a given set of rotational speed and temperature conditions.

An alternative embodiment of the invention provides a generator system as shown in Fig. 4,
wherein the regulator 160 is configured to adjust the current provided to control element 150,
rather than adjusting the field current control voltage, according to rotational speed. The
need for compensating for generator exciter coil temperature is thus not required, because
with the supplied current being controlled, the current in the exciter coil will be constant
regardless of its resistance, which may vary with temperature. In such a system, however, as

described above, it is more difficult to ensure that the regulator is functioning correctly with

13
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periodic testing throughout operation, since a fault in the regulator would not show as a

higher than expected voltage at the output of the regulator.

With the improved schemes described, the control element 150 only has to be adjusted to
allow for variations in load current (which may vary according to the load that the generator
has to supply and may change rapidly whilst the aircraft is in operation) in order to maintain

the desired generator output voltage.

However, in the event of a fault which results in the control element 150 allowing more
current than is needed to maintain the desired generator output voltage, the exciter current as
regulated by the regulator 160 is constrained to a significantly lower level than would be the
case if the control element 150 were fed directly from the first stage, especially at higher
rotational speeds of the generator. This lower level of maximum exciter current will limit the
maximum rate at which the generator output voltage can increase in the event of a control
clement fault. A slower rate of increase makes it technically easier to ensure that an over
voltage sensing circuit can detect an excessive voltage at the output of the generator and react

in time to prevent an unacceptable voltage from reaching loads connected to the generator.

14
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CLAIMS

1. A multi-stage synchronous generator, comprising:

a first stage;

a second stage;

a field current supply path, connecting an output of the first stage to a field
current input of the second stage, to provide a field current to the second stage;
wherein the supply path comprises:

a field current control element arranged to control the current supplied
to the second stage in response to an output of the generator, and

a regulator, located between the output of the first stage and the field
current control element, and arranged to limit a current and/or voltage supplied to the
field current control element by the first stage;

wherein the regulator is arranged to regulate the voltage supplied to the

field current control element in response to a rotational speed of the generator.

2. The generator of claim 1, wherein the regulator is arranged to provide a constant

voltage to the field current control element.

3. The generator of claim 1 wherein the regulator is configured to limit a voltage
provided to the field current control element so as to limit a maximum field
current which can be provided by the field current control element to the second

stage at a given rotational speed.

4. The generator of claim 1 wherein the regulator is configured to limit a voltage
provided to the field current control element so as to limit a maximum field
current which can be provided by the field current control element to the second
stage at a given rotational speed, even when the field current control element

passes the field current to the second stage substantially uninhibited.

5. The generator of any of claims 1 to 4, wherein the regulator is arranged to
regulate the voltage supplied to the field current control element as a function of a

temperature of the generator.

15
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10.

11.

12.

13.

14.

The generator of claim 5, wherein the regulator is arranged to regulate the voltage
supplied to the field current control element as a function of a temperature of the

exciter coil.

The generator of any of the preceding claims, further comprising a sensing means
for sensing a first condition in the field current supply path to detect whether the

output of the regulator exceeds a predetermined threshold.

The generator of claim 7, wherein the sensing means detects the voltage output of

the regulator.

The generator of claim 7 or claim 8, wherein the sensing means is arranged to
detect a second condition being indicative of the signal output of the regulator

being substantially equal to the signal input to the regulator.

The generator of any of claims 7 to 9, wherein the sensing means is further
arranged, upon detection of the first and/or second condition, to alert a user of a

fault condition.
The generator of any of claims 7 to 10, wherein the sensing means is further
arranged, upon detection of the first and/or second condition, to isolate the

generator from a load.

The generator of claim 1, wherein the regulator is further arranged to regulate the

current supplied to the field current control element.
The generator of claim 12, wherein the regulator is arranged to regulate the
current supplied to the field current control element as a function of the rotational

speed of the generator.

The generator of any preceding claim, wherein first stage is a pilot exciter.

16
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15.  The generator of claim 14, wherein the pilot exciter is mounted on a drive shaft of

the generator.

16.  The generator of any preceding claim, wherein the generator is an aircraft power

generator.

17



PCT/EP2016/081616

WO 2017/103233

1/5

(WyJoud) | 'Ol

0cl 0cl oLl
A A A
4 N e N 7 A
L A el
a1 [ ee "
S /vﬁ
S
. _ a4 HRDRRREE /N:
— HWWWWWWWWWWWHN_
e/ || S A on
VAN Jowd




PCT/EP2016/081616

WO 2017/103233

¢ 9ld

omfr ON/F orfr
=0 o¥l
4
Gcl
€gl
/w r_\\
-Gl
e ~
0§61 _ 001

Ll



PCT/EP2016/081616

WO 2017/103233

¢ 9ld

om/_ omfr o_/_
| | obl
’
ord)
/| 251 i
€Sl
\ _L\\
-1 st
051/ M
\ / 001
09} nm



PCT/EP2016/081616

WO 2017/103233

v Old

o€l 02l 0Ll
1 ol
7
Gel
Y o/ 251 il
€Sl
191 ¢ _k\
Is -
< 1G]
_J\
om_\ ' «ﬂ:
> N
oor\ Ll



G 9ld
0cl 0cl oLl

PCT/EP2016/081616

— _ﬂ ol

WO 2017/103233

7 ™
gel ok
\[TF
< - s |
051/ N

\w / 00l
091 yan»




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/081616

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO2P9/00 HO2P9/10
ADD.

HO2P9/48

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOZ2P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 2 808 996 Al (HS AEROSPACE DIJON [FR]) 1,3.,4,
3 December 2014 (2014-12-03) 7-16
Y paragraph [[0032]] - paragraph [[0035]]; 5,6
figures 1,2
X US 20037085691 Al (YAO YUAN [US] ET AL) 1-4,
8 May 2003 (2003-05-08) 7-11,
14-16
Y paragraph [[0009]]; figure 1 5,6
paragraph [[0014]] - paragraph [[0015]];
figure 3
paragraph [[0023]] - paragraph [[0026]];
figure 2
paragraphs [[0030]], [[0035]]; figure 3
Y EP 1 063 764 A2 (NIEHOFF & CO C E [US]) 5,6
27 December 2000 (2000-12-27)
paragraph [[0018]]; claims 1,2; figures

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 March 2017

Date of mailing of the international search report

23/03/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Landi, Matteo

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/081616
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2808996 Al 03-12-2014  EP 2808996 Al 03-12-2014
US 2014347019 Al 27-11-2014
US 2003085691 Al 08-05-2003  EP 1442515 Al 04-08-2004
JP 2005509398 A 07-04-2005
US 2003085691 Al 08-05-2003
WO 03041266 Al 15-05-2003
EP 1063764 A2 27-12-2000 AT 390391 T 15-07-2008
AT 465546 T 15-05-2010
AU 776426 B2 09-09-2004
CA 2312018 Al 22-12-2000
EP 1063764 A2 27-12-2000
EP 1742346 Al 10-01-2007
ES 2307484 T3 01-12-2008
ES 2343895 T3 12-08-2010
TR 200001945 A2 21-03-2001
us 6184661 Bl 06-02-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

