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POWER GENERATION SYSTEM TEST APPARATUS AND METHOD

Background

[0001] This disclosure relates to the field of electric power generators. More specifically,
the disclosure relates to test devices for electric power generators and power generation

and distribution systems.

[0002] Electric power generators and generator systems include DC and/or AC
generators, either individually or a plurality thereof connected to a power distribution and
load system, wherein the load may comprise any device or combination of devices that
convert electric power from the generator(s) into useful work such as light, heat,
rotational or other kinetic energy and electrochemical energy, among other types of

useful work.

[0003] Such generators and systems may be subject to faults, for example, failures of
some of the field or stator windings in an AC generator, short circuits on the power
distribution system, and failure (partial or total) of components of voltage and current
regulation devices to maintain the system voltages as load changes during use of the
system, among other faults. It is therefore desirable to have a system which can test an

entire power generation and distribution system with minimal intrusiveness.

[0004] U.S. Patent No. 7,218,122 issued to Nastasi et al. discloses an apparatus that
selectively generates a disturbance in a three-phase supply voltage provided to a load.
The apparatus includes input connections for receiving a first phase voltage, a second
phase voltage and a third phase voltage of the three-phase supply voltage. The apparatus
includes a voltage disturbance generator for selectively adjusting the amplitudes of the
first, second and third phase voltages according to a first test method, a second test
method or a third test method. Output connections are provided for connecting to the load
to provide the load the first, second and third phase voltages as altered according to the
first, second or third test method. In the first test method, a phase-to-phase voltage
disturbance is introduced between the first and second phase voltages by altering the

amplitude of the first phase voltage against the second phase voltage. In the second test
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method, a phase-to-phase voltage disturbance is introduced between the first and second
phase voltages by altering the amplitudes of the first and second phase voltages in
reference to each other. In the third test method, a phase-to-phase voltage disturbance is
introduced between the first and second phase voltages by altering the amplitude of the
first and second phase voltages in reference to a neutral connection. The apparatus
provides for selecting the first, second or third test method without disconnecting any of
the first, second and third phase voltages from the input connections, without

disconnecting the load from any of the output connections, and without interrupting the
load.

[0005] The device disclosed in the Nastasi et al. patent is designed for three phase
generators, and does not necessarily test the response of the load system to induced
disturbances. There continues to be a need for test apparatus for other types of

generators, multiple generator systems and power distribution and load systems.

Summary

[0006] A method for testing a power generation system according to one aspect of the
present disclosure includes measuring current generated by a generator comprising a field
winding operable to control current generated by the generator by controlling current
applied to the field winding. Voltage output by the generator is measured. The measured
current and the measured voltage are conducted to a processor connected to the generator.
The processor to varies at least one of the measured current and the measured voltage. A
field output of the processor is coupled to the field winding of the generator. A response
of the power generation system to the varied measured current or measured voltage is

determined.

[0007] In some embodiments, the varied measured current or the varied measured
voltage enables testing the power generation system response to at least one of voltage
dip ride-through, over voltage, under voltage, over excitation of the field winding, under
excitation of the field winding, kilovolt-ampere reactive (kVAR) sharing failure, voltage

sensing failure and governor stability protection.
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[0008] In some embodiments the current measurement is made by an inductive or Hall

effect or shunt sensor.

[0009] In some embodiments the voltage measurement is made by a respective

transformer coupled to a power output of the at least one generator.

[0010] In some embodiments the processor is in signal communication with a
corresponding processor associated with each of a plurality of generators, the signal
communication causing each processor to perform either the same variation of the
measured current and measured voltage or a different variation of each of the plurality of

generators.

[0011] A power generation system test apparatus according to another aspect of the
present disclosure includes a test apparatus coupled to each one of a plurality of electric
generators in the power generation system. A current sensor is coupled to an output of
each generator. An output of each current sensor is coupled to a current signal input of
the test apparatus. The test apparatus comprises a voltage sensor coupled to an output of
each generator and a processor in signal communication with the current sensor and the
voltage sensor. The processor has a signal output conducted to inputs of an automatic
voltage regulator. The test apparatus also comprises a signal input to the processor
coupled to respective outputs of the automatic voltage regulator and a signal output
coupled to a field winding of the generator. The processor is programmed to cause
variations in the current applied to the field winding and to measure response of the

generator to the variations.

[0012] In some embodiments each of the plurality of test apparatus comprises a
communication module in signal communication with the respective processor, whereby

the variations in the applied current are the same for each of the plurality of generators.

[0013] In some embodiments the current sensor comprises an inductive, Hall effect or

shunt sensor.

[0014] In some embodiments the voltage sensor comprises a voltage transformer.
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[0015] In some embodiments the variations are configured to measure power generation
system response to at least one of voltage dip ride-through, over voltage, under voltage,
over excitation of the field winding, under excitation of the field winding, kilovolt-
ampere reactive (kVAR) sharing failure, voltage sensing failure and governor stability

protection.

Brief Description of the Drawings

[0016] FIG. 1 shows an example generator test device according to the present disclosure

connected to a generator for testing.

Detailed Description

[0017] A generator test device according to the present disclosure may simulate the
effects of voltage disturbances on a power generation and distribution system, and to
detect and record the power generation and distribution system responses to those

disturbances.

[0018] The generator test device may induce voltage disturbances into the power
generation and distributions system by imparting controlled currents into the field
windings of the generators of the power generation portion of the power generation and
distribution system. The generators may be, for example, commutated field DC
generators or continuous-connection field alternators (AC generators). Imparting current
into the generator field windings may be obtained by disconnecting automatic voltage
regulator (AVR) field outputs from the generator field winding connections and then
connecting the AVR field outputs to the AVR field input of the generator test device.

The generator field windings are then connected to the field output of the test device.

[0019] The generator test device may have voltage and current sensing capabilities to be
used for both closed loop control of the generation system and data capture for system
response verification. It should be noted that not all generator systems have current
feedback control, therefore the test device may have both a current feedback

implementation and a no current feedback implementation.
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[0020]

[0021]

[0022]

[0023]

As some electric power generation systems comprise multiple generators, control
of a single AVR and generator using the test device may not be sufficient for complete
power generating and distribution system testing requirements. Also it is desirable to
record/recover the data that is generated by the generator test device, and so for this
reason the generator test device may be equipped with a communications module. The
communications module may comprise a high speed data communications link that will
include both synchronizing/clock signals as well as data communication capability for

generator test device control and feedback.

A partial but not comprehensive list of tests that may be possible by use of the

generator test device include:
Voltage Dip Ride-through
Over Voltage
Under Voltage
Over excitation
Under excitation
kVAR (kilovolt-ampere reactive) sharing failure
Voltage sensing failure
Governor stability protection (PQ limits etc.)

Various modules in the generator test device are described below with reference
to the functions performed by each module in the example embodiment of a generator

test device shown at 10 in FIG. 1.

The generator 14 being tested may be connected at its output terminals 14C to the
same load 29 (which may comprise any combination of power distribution and power-
using devices) as it would be in ordinary use of the generator 14. The generator test
device 10 may comprise a current sensor 11. In the present embodiment, the current
sensor 11 may be an inductive or Hall effect sensor 11A disposed about or proximate one

of the power output terminals 14C of a generator 14. Other embodiments may use a



WO 2018/093592 PCT/US2017/060093

shunt/voltage sensor to measure current. The current sensor 11 may be in signal
communication with a test device processor 19. The test device processor 19 may be a
programmable microcomputer, application specific integrated circuit, field programmable
gate array, programmable logic controller (PLC) or any other similar processor. A
voltage transformer 25 may be coupled to the generator output 14B, 14C to provide a
selected voltage as input to a voltage sensor 13 in the generator test device 10. The
voltage sensor 13 may also be in signal communication with the test device processor 19.
The voltage sensor 19 may be electrically connected to the voltage sensing input 12A of
an automatic voltage regulator (AVR) 12 associated with the generator 14. A current
sensing input 12C for AVRs with current feedback capability may be in signal
communication with a current feedback element 17 in the generator test device 10. The
current feedback element 17 may also be in signal communication with the test device

processor 19.

[0024] A field output 12B from the AVR 12 may be electrically connected to a field
control input 15 in the test device 10. The field control input 15 may be in signal

communication with the test device processor 19.

[0025] The system processor 19 generates specifically configured output control signals
for operating the generator 14 in various test modes, described further below. The output
control signals may be conducted to a power amplifier or current control device, shown

as field output 23 connected to the field windings 14A of the generator 14 in FIG. 1.

[0026] The field input 15 may both measure the current being injected by the field input
15 and sink (consume) this current to ensure the AVR 12 does not operate any internal

protection mechanisms resident on the AVR 12.

[0027] The generator field output 23 will output the nominal current that would
otherwise be generated by the AVR 14 when not testing, and the calculated test current
during a test. The output of the generator field output 23 may be controlled by the test

device processor 19 as explained above.
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[0028] The voltage sensor 13 will measure the voltage that the generator 14 is currently

producing and conduct the measured voltage values back into the test device processor

19.

[0029] When testing a system that has current feedback capability the current sensor 11
will measure the current that the generator 14 is currently producing and conduct the

measured current values back into the processor 19.

[0030] When testing a system that has current feedback capability the current feedback
element 17 will generate a current to feed back into the current sensing input 12C of the
AVR 12. The current feedback value will be equal to the current that is being produced
by the generator 14 when not running a test and a calculated value during a test. This

output will be controlled by the test device processor 19.

[0031] A communications module 21 may communicate with one or more additional
generator test devices (e.g., at 10A) configured similarly to the generator test device 10
shown in FIG. 1 that are currently in use and a main control program will operate on a
computer 16 that is being used to control the tests. The communications protocol used by
the communication module 21 may operate at sub-cycle speeds to allow accurate

synchronization and high speed data recording.
[0032] The test device processor 19 may be programmed to perform the following tasks:
Coordinate all internal device communications
Set the output limits of the voltage and current outputs
Record and format the voltage and current inputs
Control communications with the communications module
Coordinate all timing and synchronisation with computer control software

[0033] Test device control software programmed or stored on the computer 16 may
provide that the same test protocol will be performed on all generator test devices (e.g., at
10 and 10A) in signal communication with the computer 16. The software program will

perform all calculations and distribute all control values required by the generator test
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devices being concurrently used. The software stored on or accessed by the computer 16
may also cause the computer 16 to record and produce both graphs and numeric data

records for analysis.

[0034] Although only a few examples have been described in detail above, those skilled
in the art will readily appreciate that many modifications are possible in the examples.
Accordingly, all such modifications are intended to be included within the scope of this

disclosure as defined in the following claims.



Claims

What isclamedis:

1. A method for testing a power generation system, comprising:

measuring current generated by at least one generator comprising a field winding
operableto control voltage generated by the at |east one generator by controlling
voltage applied to the field winding, an output of the at least one generator
connected to aload;

measuring voltage output by the at |east one generator;

conducting the measured current and the measured voltage to a processor connected to
the at least one generator;

causing the processor to vary at least one of output current and the output voltage; and

conducting a field output of the processor to the field winding of the at least one
generator; and

determining a response of the power generation system to the varied current and /or
voltage outputted to the field windings of the at |east one generator, wherein the
varied output current or the varied output voltage enables testing of the power

generation system'’ s response to afault condition.

2. The method of claim 1 wherein the fault condition comprises one of voltage dip ride-
through, over voltage, under voltage, over excitation of the field winding, under
excitation of the field winding, kilovolt-ampere reactive (kVAR) sharing failure,

voltage sensing failure and governor stability protection.

3. The method of claim 1 wherein the current measurement is made by an inductive or
Hall effect or shunt sensor.

4, The method of clam 1 wherein the voltage measurement is made by a respective

transformer coupled to a power output of the at least one generator.

5. The method of clam 1 wherein the processor is in signal communication with a
corresponding processor associated with each of a plurality of generators, the signa

communication causing each processor to perform either the same variation of the
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measured current and measured voltage or a different variation of each of the plurality

of generators.

A power generation system test apparatus, comprising:

a generator test apparatus coupled to an electric generator in the power generation
system, a current sensor coupled to an output of the electric generator, an output
of the current sensor coupled to a current signal input of the generator test
apparatus, the generator test apparatus comprising a voltage sensor coupled to
an output of the electric generator, the generator test apparatus comprising a
processor in signal communication with the current sensor and the voltage
sensor, the processor having a signa output conducted to an input of an
automatic voltage regulator;

wherein the generator test apparatus comprises a signal input to the processor coupled
to an output of the automatic voltage regulator and a signal output coupled to a
field winding of the electric generator; and

wherein the processor is programmed to cause variations in the current applied to the
field winding and to measure a response of the electric generator to the

variations.

The system test apparatus of claim 6 wherein the generator test apparatus comprises a

communication module in signal communication with the processor.

The system test apparatus of claim 6 wherein the current sensor comprises an inductive,

Hall effect or shunt sensor.

The system test apparatus of clam 6 wherein the voltage sensor comprises a voltage

transformer.

The system test apparatus of claim 6 wherein the variations are configured to measure
power generation system response to at least one of voltage dip ride-through, over
voltage, under voltage, over excitation of the field winding, under excitation of thefield
winding, kilovolt-ampere reactive (kVAR) sharing failure, voltage sensing failure and

governor stability protection.
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