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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to engine-driven, electrical generators, and in particular, to a method for con-
trolling a variable speed, constant frequency, stand-by electrical generator.

BACKGROUND AND SUMMARY OF THE INVENTION

[0002] Electrical generators are used in a wide variety of applications. Typically, an individual electrical generator
operates in a stand-by mode wherein the electrical power provided by a utility is monitored such that if the commercial
electrical power from the utility fails, the engine of the electrical generator is automatically started causing the alternator
to generate electrical power. When the electrical power generated by the alternator reaches a predetermined voltage
and frequency desired by the customer, a transfer switch transfers the load imposed by the customer from the commercial
power lines to the electrical generator.
[0003] Typically, electrical generators utilize a single driving engine coupled to a generator or alternator through a
common shaft. Upon actuation of the engine, the crankshaft rotates the common shaft so as to drive the alternator that,
in turn, generates electrical power. As is known, most residential electric equipment in the United States is designed to
be used in connection with electrical power having a fixed frequency, namely, sixty (60) hertz (Hz). The frequency of
the output power of most prior electrical generators depends on a fixed, operating speed of the engine. Typically, the
predetermined operating speed of an engine for a two-pole, stand-by electrical generator is approximately 3600 revo-
lutions per minute to produce the rated frequency and power for which the unit is designed. However, in situations when
the applied load is the less than the rated kilowatt load for which the unit is designed, the fuel-efficiency of the engine
will be less than optimum. As such, it can be appreciated that it is highly desirable to vary the operating speed of the
engine of an electrical generator to maximize fuel efficiency, and thus reduce CO2 emissions, of the engine for a given
load. Further, operation of the engine-driven, electrical generator at its predetermined operating speed can produce
unwanted noise. It can be appreciated that reducing the operating speed of the engine of an electrical generator to
correspond to a given load will reduce the noise associated with operation of the engine-driven, electrical generator. An
autonomous power generation system with a Double Fed Induction Generator driven by a diesel engine is known from
document IWANSKI G ET AL: "Power management in an autonomous adjustable speed large power diesel gensets".
Therefore, it is a primary object and feature of the present invention to provide a method for controlling a variable speed,
constant frequency, stand-by electrical generator.
[0004] It is a further object and feature of the present invention to provide a method for controlling a variable speed,
constant frequency, stand-by electrical generator that maximize fuel efficiency of the engine for a given load.
[0005] It is a still further object and feature of the present invention to provide a method for controlling a variable speed,
constant frequency, stand-by electrical generator that is simple and that reduces the overall cost of operation of the
generator.
[0006] It is a still further object and feature of the present invention to provide a method for controlling a variable speed,
constant frequency, stand-by electrical generator that minimizes the noise associated with operation of the generator.
[0007] In accordance with the present invention, a method of controlling an engine-driven, electrical generator is
provided. The generator generates an output voltage at a frequency with the engine running at an operating speed. The
method includes the steps of connecting the generator to a load and varying the operating speed of the engine to optimize
fuel consumption in response to the load. Thereafter, the frequency of the output voltage is modified to a predetermined
level.
[0008] The step of modifying the frequency of the output voltage includes the additional steps of calculating the
difference between the frequency of the output voltage and the predetermined level and providing the difference as an
adjustment frequency. The frequency of the output voltage is modified by the adjustment frequency. The generator
includes a rotor having windings and stator having an output. The output of the stator is connectable to the load. In
addition, the output of the stator is operatively connected to an input of an inverter. The inverter receives the output
voltage at the frequency. The output of the inverter is operatively connected to the windings of the rotor. The inverter
supplies power to the rotor windings at the adjustment frequency. The stator has a main winding and a quadrature
winding, and the inverter includes a DC link. The sensing input of the inverter is operatively connected to the main
winding and power for the DC link is operatively connected to the quadrature winding. It is contemplated for the prede-
termined level of the unmodified frequency to be in the range of 40 to 75 hertz and for the engine to have a minimum
operating speed of approximately 2400 revolutions per minute.
[0009] In accordance with a further aspect of the present invention, a method of controlling an engine-driven, electrical
generator including a rotor and a stator having an output is provided. The generator generates an output voltage at a
frequency at the stator output with the engine running at an engine speed. The method includes the steps of connecting
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the output of the stator to a load and adjusting the engine speed in response to the load. The difference between the
frequency of the output voltage and a predetermined level is calculated and the difference is provided as an adjustment
frequency. The frequency of the output voltage is modified by the adjustment frequency.
[0010] The generator includes a rotor having windings and the method includes the additional step of operatively
connecting the output of the stator to an input of an inverter. The inverter receives the output voltage at the frequency.
An output of the inverter is operatively connected to the windings of the rotor. The inverter supplies power to the rotor
windings at the adjustment frequency.
[0011] The stator has a main winding and a quadrature winding, and the inverter includes a DC link. The input of the
inverter is operatively connected to the main winding and the DC link is operatively connected to the quadrature winding.
It is contemplated for the predetermined level of the frequency is in the range of 40 to 75 hertz and for the engine to
have a minimum operating speed of approximately 2400 revolutions per minute.
[0012] In accordance with a still further aspect of the present invention, a method of controlling an engine-driven,
electrical generator including a rotor having rotor windings and stator having an output is provided. The generator
generates an output voltage at a frequency at the stator output with the engine running at an engine speed. The method
includes the steps of connecting the output of the stator to a load and adjusting the engine speed in response to the
load. Slip power is supplied to the rotor windings to adjust the frequency of the output voltage to a predetermined level.
[0013] The step of supplying slip power to the rotor windings includes the additional steps of calculating the difference
between the frequency of the output voltage and the predetermined level and providing the difference as an adjustment
frequency. The slip power has a frequency generally equal to the adjustment frequency. The output of the stator is
operatively connected to an input of an inverter. The inverter receives the output voltage at the frequency. An output of
the inverter is operatively connected to the windings of the rotor. The inverter supplies the slip power to the rotor windings
at the adjustment frequency.
[0014] The stator has a main winding and a quadrature winding, and the inverter includes a DC link. The input of the
inverter is operatively connected to the main winding and the DC link is operatively connected to the quadrature winding.
It is contemplated for the predetermined level of the frequency is in the range of 40 to 75 hertz and for the engine to
have a minimum operating speed of approximately 2400 revolutions per minute. The engine speed is adjusted to optimize
fuel consumption in response to the load thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The drawings furnished herewith illustrate a preferred construction of the present invention in which the above
advantages and features are clearly disclosed as well as others which will be readily understood from the following
description of the illustrated embodiment.
[0016] In the drawings:
Fig. 1 is a schematic view of an engine-driven, electrical generator system for performing the method of the present
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0017] Referring to Fig. 1, an engine-driven, electrical generator system for performing the methodology of the present
invention is generally generated by the reference numeral 10. Generator system 10 includes generator 20 defined by
cylindrical rotor 30 rotatably received within stator 32. By way of example, rotor 30 includes three-phase windings 31a-
31c supplied by inverter 34, as hereinafter described. Stator 32 includes a plurality of electrical windings (e.g. main
winding 14) wound in coils over an iron core and an excitation or quadrature winding 46 shifted 90 degrees from main
winding 14. Rotation of rotor 30 generates a moving magnetic field around stator 32 which, in turn, induces a voltage
difference between the windings of stator 32. As a result, alternating current (AC) power is provided across outputs 33a-
33c of stator 32. Outputs 33a-33c of stator 32 are connectable to load 36 for supplying AC power thereto.
[0018] Generator system 10 further includes engine 22. As is conventional, engine 22 receives fuel such as natural
gas or liquid propane vapor through an intake. The fuel provided to engine 22 is compressed and ignited within the
cylinders thereof so as to generate reciprocating motion of the pistons of engine 22. The reciprocating motion of the
pistons of engine 22 is converted to rotary motion by a crankshaft. The crankshaft is operatively coupled to rotor 30 of
generator 20 through a shaft such that as the crankshaft is rotated by operation of engine 22, the shaft drives rotor 30
of generator 20.
[0019] As is known, the frequency of the AC power at outputs 33a-33c of stator 32 is dependent upon the number of
poles and the rotational speed of rotor 30 which corresponds, in turn, to the speed of engine 22. The engine speed
corresponding to a particular frequency is called the synchronous speed (Ns) for that frequency. By way of example, the
synchronous speed for a two pole rotor producing AC power at 60 hertz at outputs 33a-33c of stator 32 is 3600 revolutions
per minute.
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[0020] It is noted that engine 22 of generator system 10 does not operate at a fixed, constant speed, but rather,
operates at a speed that varies in accordance with the load magnitude. In other words, at low loads, where relatively
little current is required by load 36 from generator 20, the engine speed is relatively low. At higher loads, where greater
current is drawn from generator 20, the engine speed is higher. While it can be appreciated that the speed of engine 22
can be readily adjusted to optimize the fuel consumption and reduce the noise level associated with operation of engine
22, these changes in the engine speed, in turn, cause the frequency and voltage at the output of generator 20 to change.
However, in all cases, the frequency and voltage of the AC power produced at outputs 33a-33c of stator 32 must remain
relatively constant and substantially within pre-established upper and lower limits (e.g., 56-60 Hz, and 108-127 Vrms).
As such, voltage and frequency regulation, as hereinafter described, is provided.
[0021] Generator system 10 further includes controller 16 operatively connected to a current transformer (not shown)
and to the throttle actuator of engine 22. The current transformer measures the magnitude of load 36 and supplies the
same to controller 16. It is intended for controller 16 to calculate the optimum fuel consumption for engine 22 for a given
load 36. It can be appreciated that minimum fuel consumption typically occurs at approximately 2/3 of the synchronous
speed (Ns) of engine 22. As such, for a two pole rotor producing AC power at 60 hertz at outputs 33a-33c of stator 32,
the minimum fuel consumption occurs at an engine speed of 2400 revolutions per minute. In response to instructions
received from controller 16, the throttle actuator coupled to engine 22 increases or decreases the speed of engine 22
to optimize the fuel consumption of engine. It is also contemplated for controller 16 to receive various additional inputs
indicative of the engine operating conditions and provides additional control commands (e.g., an engine shutdown
command in the event oil pressure is lost) to the engine 22.
[0022] Inputs 35a and 35b of inverter 34 are operatively connected to the stator windings through outputs 33a and
33c, respectively, of stator 32 via lines 37 and 39. In addition, DC link 44 of inverter 34 is operatively connected to
quadrature winding 46 of stator 32 via lines 48 and 50. In a signle phase application, the input input from quadrature
winding 46 to DC link 44 is rectified to provide DC link 44 with current. In addition, the AC power supplied to DC link 44
from stator 32 is converted by a three phase bridge to three phase AC power with a controllable frequency across lines
40a-40c. Lines 40a-40c are operatively connected to rotor windings 31a-31c, respectively, of rotor 30 via, e.g. slip rings,
to supply three phase currents thereto. As hereinafter described, it is intended for the three phase currents to produce
a traveling wave of magnetic flux relative to rotor 30 so the speed of rotor 30 relative to stator 32 is maintained at the
synchronous speed (Ns) of engine 22.
[0023] Given the rotor speed (Nr), the traveling wave of magnetic flux produced by the three phase currents supplied
by inverter 34 relative to rotor 30 is equal to the difference between the synchronous speed (Ns) and the rotor speed
(Nr). As such, stator 32 "sees" the magnetic flux wave travelling at the synchronous speed (Ns) independent of the rotor
speed (Nr) and will produce a constant frequency at outputs 33a-33c thereof. For a rotor 30 having two poles, the required
frequency for the AC power supplied by inverter 34 to rotor windings 31a-31c to produce a traveling wave of magnetic
flux that causes the outputs of stator 32 to have a constant frequency may be calculated according to the equation: 

wherein: finverter is the frequency of the AC power supplied by inverter 34 to rotor windings 31a-31c; Ns is the synchronous
speed; and Nr is the rotor speed.
[0024] In order to deliver constant voltage and current at outputs 33a-33c of stator 32, the AC power supplied by
inverter 34 may be calculated according to the equation: 

wherein: Pinverter is the AC power supplied by inverter 34 or slip power; Pstator is the AC power at outputs 33a-33c and
quadrature winding 46 of stator 32; Ns is the synchronous speed; and Nr is the rotor speed.
[0025] In view of the foregoing, it can be appreciated that by controlling the magnitude and the frequency of the AC
power supplied to rotor windings 31a-31c by inverter 34, the frequency and voltage of the AC power produced by
generator 10 at outputs 33a-33c of stator 32 remains relatively constant and substantially within pre-established upper
and lower limits. In operation, engine 22 is started such that generator 20 generates electrical power at outputs 33a-33c
of stator 32, as heretofore described. Controller 16 monitors the magnitude of load 36 and calculates the optimum fuel
consumption for engine 22. In response to instructions received from controller 16, the throttle actuator coupled to engine
22 increases or decreases the engine speed (up to a maximum of 3600 revolutions for a two pole) to optimize the fuel
consumption of engine. Independent of load 36, controller 16 maintains the speed of engine 22 at minimum 2400
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revolutions per minute since the minimum fuel consumption of engine 22 occurs at an engine speed of 2400 revolutions
per minute.
[0026] In order to maintain the frequency and voltage of the AC power produced by generator 10 at outputs 33a-33c
of stator 32, controller 16 determines the frequency and magnitude of the slip power to be supplied to rotor windings
31a-31c by inverter 34. Thereafter, under the control of controller 16, inverter 34 converts the AC power supplied at the
inputs thereof to the slip power having the desired magnitude and desired frequency.
[0027] When rotor 30 is rotating at synchronous speed (NS), inverter 34 must provide a stationary wave relative to
rotor 30 in order to produce the same magnetomotive force as produced by a normal constant speed alternator. In this
manner, inverter 34 behaves as a automatic voltage regulator behaves in a conventional alternator which has to provide
a magnetizing magnetomotive force, as well as, a component to oppose the armature reaction. Further, it can be
appreciated that in single phase applications, utilizing quadrature winding 46 of stator 32 to power DC link 44 of inverter
34, the main windings of stator 32 is kept free of harmonics which occur as a natural result of DC link 44. This, in turn,
eliminates the need for additional filtering or for power factor correction upstream of DC link 44.
[0028] Various modes of carrying out the invention are contemplated as being within the scope of the following claims
particularly pointing out and distinctly claiming the subject matter that is regarded as the invention.

Claims

1. A method of controlling an engine-driven, electrical generator (20), the generator including a rotor (30) having three-
phase windings (31a - 31c) and a stator (32) having a main winding, connected to a stator output (33a - 33c) and
generating at the stator output an output voltage at a frequency with the engine running at an operating speed, the
method comprising the steps of:

connecting the output of the stator of the generator (20) to a load (36);
varying the operating speed of the engine in response to the load; and
modifying the frequency of the output voltage to a predetermined level.
wherein the step of modifying the frequency of the output voltage comprises the additional steps of:

calculating the difference between the frequency of the output voltage and the predetermined level and
providing the difference as an adjustment frequency;
modifying the frequency of the output voltage by the adjustment frequency.
the method comprising the steps of :

operatively connecting the output of the stator (33a-33c) to an input of an inverter (34), the inverter
receiving the output voltage at the frequency; and operatively connecting an output of the inverter to
the windings of the rotor, the inverter supplying power to the rotor windings at the adjustment frequency,
characterized in that :
the stator (32) has a quadrature winding (46) shifted 90 degrees from main winding and the method
comprises the step of operatively connecting the DC link (44) of the inverter (34) to the quadrature
winding (46) of the stator (32) to provide the DC link (44) with current.

2. The method of claim 1 wherein the predetermined level of the frequency is in the range of 40 to 75 hertz.

3. The method of any of claims 1 or 2 wherein the engine has a minimum operating speed of approximately 2400
revolutions per minute.

Patentansprüche

1. Verfahren zum Steuern eines motorbetriebenen, elektrischen Generators (20), wobei der Generator einen Rotor
(30) enthält, der Dreiphasenwicklungen (31a - 31c) hat, und einen Stator (32), der eine Hauptwicklung hat, die mit
einem Statorausgang (33a - 33c) verbunden ist und am Statorausgang eine Ausgangsspannung bei einer Frequenz
erzeugt, wobei der Motor bei einer Betriebsdrehzahl arbeitet, wobei das Verfahren die folgenden Schritte umfasst:

Verbinden des Ausgangs des Stators des Generators (20) mit einer Last (36); Variieren der Betriebsdrehzahl
des Motors als Reaktion auf die Last; und Ändern der Frequenz der Ausgangsspannung auf einen vorgegebenen
Wert;
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wobei der Schritt des Änderns der Frequenz der Ausgangsspannung die zusätzlichen folgenden Schritte um-
fasst:

Berechnen der Differenz zwischen der Frequenz der Ausgangsspannung und dem vorgegebenen Wert
und Bereitstellen der Differenz als Einstellfrequenz;
Ändern der Frequenz der Ausgangsspannung durch die Einstellfrequenz;
wobei das Verfahren die folgenden Schritte umfasst:

operatives Verbinden des Ausgangs des Stators (33a - 33c) mit einem Eingang eines Inverters (34),
wobei der Inverter die Ausgangsspannung bei der Frequenz aufnimmt; und operatives Verbinden eines
Ausgangs des Inverters mit den Wicklungen des Rotors, wobei der Inverter Energie an die Rotorwick-
lungen bei der Einstellfrequenz liefert,
dadurch gekennzeichnet, dass:
der Stator (32) eine Quadrantenwicklung (46) hat, die um 90° gegenüber der Hauptwicklung verschoben
ist, und das Verfahren den Schritt des operativen Verbindens der DC-Verbindung (44) des Inverters
(34) mit der Quadrantenwicklung (46) des Stators (32) umfasst, um die DC-Verbindung (44) mit Strom
zu versorgen.

2. Verfahren nach Anspruch 1, wobei der vorgegebene Wert der Frequenz im Bereich von 40-75 Hz liegt.

3. Verfahren nach einem der Ansprüche 1 oder 2, wobei der Motor eine Mindestbetriebsdrehzahl von annähernd 2400
Umdrehungen/min hat.

Revendications

1. Procédé permettant de contrôler un générateur électrique entraîné par moteur (20), le générateur comprenant un
rotor (30) présentant des enroulements à trois phases (31a - 31c) et un stator (32) présentant un enroulement
principal, reliés à une sortie de stator (33a - 33c) et générant à la sortie de stator une tension de sortie à une
fréquence avec le moteur fonctionnant à une vitesse de fonctionnement, le procédé comprenant les étapes consistant
à :

connecter la sortie du stator du générateur (20) à une charge (36) ;
varier la vitesse de fonctionnement du moteur en réponse à la charge ; et
modifier la fréquence de la tension de sortie à un niveau prédéterminé.
dans lequel l’étape consistant à modifier la fréquence de la tension de sortie comprend les étapes supplémen-
taires consistant à :

calculer la différence entre la fréquence de la tension de sortie et le niveau prédéterminé et fournir la
différence en tant que fréquence d’ajustement ;
modifier la fréquence de la tension de sortie au moyen de la fréquence d’ajustement,
le procédé comprenant les étapes consistant à :

relier de manière fonctionnelle la sortie du stator (33a - 33c) à une entrée d’un onduleur (34), l’onduleur
recevant la tension de sortie à la fréquence ; et relier de manière fonctionnelle une sortie de l’onduleur
aux enroulements du rotor, l’onduleur fournissant de l’énergie aux enroulements du rotor à la fréquence
d’ajustement,
caractérisé en ce que :
le stator (32) possède un enroulement en quadrature (46) décalé de 90 degrés par rapport à l’enrou-
lement principal et le procédé comprend les étapes consistant à relier de manière fonctionnelle le lien
DC (44) de l’onduleur (33) à l’enroulement en quadrature (46) du stator (32) pour fournir le lien DC
(44) avec un courant.

2. Procédé selon la revendication 1, dans lequel le niveau prédéterminé de la fréquence est compris dans la plage
allant de 40 à 75 Hz.

3. Procédé selon l’une quelconque des revendications 1 ou 2, dans lequel le moteur présente une vitesse de fonc-
tionnement minimum d’environ 2400 révolutions par minute.
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