
GB2012080 B Control systems for power sources                  Power
sources 10-1 and 10-2 provide output power, the magnitude of each source
being propor- Description                                      tional to
the individual input control signal applied The invention relates to
control systems for power  to power-source control 12-1 and 12-2, respec- 5
sourcescoupled in parallel in orderto share between   70 tively.The power
source control 12 causesthe out- the sources the power provided to a load.
put power to vary directly with the magnitude of the The invention provides
a system for controlling  input control signal applied to it. the division
of a load between sources of power    The output from each power source 12
may be coupled in parallel and each responsive and      expressed as the
product-of two power compo- 10 proportional to an input control signal,
which system   75 nents. In plural sources coupled in parallel to form a
comprises means for sensing the magnitude of a   power system, one power
component is common first component of the power common to the       to all
sources and the. other power component var- sources, a reference-source of
the first component,  ies, depending upon the power requirement of the
means for comparingthe magnitude of the reference  load. Output power from
power sources 10-1 and 15 source with that of the first component to
provide an   80 10-2 is applied to common bus 14 which supplies error
signal such that during steady state conditions  powerto load 16. The
common power component the error signal is zero, means for sensing the  is
sensed by common power component sensor 18. magnitude of a second component
of the power of  The sensor 18 is selected to. provide a signal propor-
each source to provide a signal representative   tional to the power
component and the selection of 20 thereof, and means for summing the
signals'  85 a particular sensor depends upon the character of
representative thereof, aid means for summing the  the power component
(i.e. electrical, mechanical or signals represeritative of the second
components  hydraulic). The output of sensor 18 is applied to with the
error signal to provide the input control  summer 20 where it is compared
with a signal signal for each power source.                    representing
a selected reference value forthe 25  Systems according to the invention
are preferably   go common power component. During steady state for
controlling DC generators, hydraulic variable  conditions, when the
magnitude of the common displacement pumps or AC generators. The
power component is equal to the- reference compo- corresponding first power
components are voltage  nent, the output from summer 20 is zero. or
hydraulic pressure, and the second are current,  However, if the common
power com- 30 hydraulic flow rate or frequency. Thus it will be seen   95
ponent differs from the selected reference, that the system operates on
feedback technique, and  value, an error voltage from summer 20 having a
involves an individual feedback loop for each power  magnitude and sign-
representing-the difference source, which loop provides the control signal.
between the selected reference value and the mag- A system for controlling
a DC generator preter-    nitude of the common component affects the out-
35 ably includes means for amplifying the signals   100 put power for each
power source, as will be representative of the second components so that
explained in greater detail below. the control signals are equal. A system
for control-  The other of the two components of power is a ling an AC
generator preferably includes hydraulic  variable power component. This
component is variable displacement pumps for- providing con-  sensed for
power sources 10-1 and 10-2 by variable 40 stant speed drive to the
generators, and a sensor for  105 power component sensors 22-1 and 22-2
respec- the pressure of the hydraulic fluid to provide the  tively. The
signals representing the variable power signal representative ofthe second
power component  components for each of the power sources are DRA WINGS
-           applied through amplifiers 24-1 and 24-2 to sum- Figure 1 is a
block diagram of a-control system in  mers;26-1 and 26-2. The gains of
amplifiers 24-1 45 accordance with t he present invention;   -  110 and
24-2 may be individually selected and deter- Figure 2 is a block diagram of
a control system for   mine the amount of load division between the -
plural DC generators;                           power sources 10-1 and
20-2. As will become Figure 3 is a block diagram of a control system for
apparent, if the gain K of amplifier 24-1 equals the plural hydraulic
variable displacement pumps; and  gain K of amplifier 24-2, and power
sources 10-1 50  Figure 4 is a block diagram of a control system for  115
and 10-2 have-similar characteristics, the power to plural AC generators,
each driven by a constant  load 16 will be equally shared therebetween.
speed drive.                                       The outputs of summers
26-1 and 26-2 are the Figure 1 depicts a circuit for controlling load divi-
input control signals which control the output sion between plural sources
coupled in parallel by  power from power sources 10-1 and 10-2, respec- 55
feedback techniques. Although only two power.  120 tively.-Each individual
input control signal isthere- sources are shown, it will be apparent that
the con-  fore responsive to its own variable power compo- trol circuit is
capable of controlling load division  nent and to the difference between
the common 



among any number of plural sources. The plural   power component and the
selected reference value sources-to be controlled by the control system
as represented by the error signal from summer 20. 60 include, but need not
be limited to, electrical, hyd-    125   Referring to Figure 2, a control
system for DC raulic and mechanical power sources. A require-  generators
as power sources-is shown.-The similar ment of any power source to be
controlled by the  generators 28-1 and 28-2 are provided with rota- present
invention is that-the output powerfrom  tional inputs, as represented by
shafts 30-1 and each power source be responsive and proportional  30-2 from
turbines (not shown). The turbines pro- 65   to an inputcontrol signal.
130: vide energy to DC generators 28-1 and 28-2-at a    2      GB2012080 B
2 constant speed. The magnitude of the power from  For example, the input
control signals may control the outputs of generators 28-1 and 28-2 is
propor-  the energy imparted from shafts 48-1 and 48-2 to tional to
individual input control signals. For  the pumps 46-1 and 46-2, thereby
controlling the example, the input control signals may control the
hydraulic pump therefrom. The outputs from vari- 5 magnitude of the field
current of the generator,  70 able pumps 46 are coupled to a common
hydraulic thereby controlling the output power therefrom.  bus 50 which
provides power to the hydraulic load The outputs from DC generator 28 are
coupled to  52. The output power from variable pumps 46 may common bus 32
which provides power to load 34.   be expressed as the product of the fluid
flow rate The output power from DC generators 28 may be  and the fluid
pressure. The common power com- 10 expressed asthe product of the current
component    75 ponent is the fluid pressure and the variable power and the
voltage component. The common power      component is the fluid flow rate.
The parallel- component is the voltage and the variable power  coupled
displacement pumps 46 provide a variable component is the current. Thus,
the parallel-    fluid flow at a common pressure to load 52. The connected
generators 28-1 and 28-2 are each cap-  magnitude of the fluid flow
provided by each vari- 15 able of providing a variable current at a common
80 able pump varies in accordance with the power voltage to load 34. The
magnitude of the current  requirement established by load 52, as will be
dis- provided by each generator varies in accordance  cussed below. with
the current requirement established by the    The common pressure is sensed
by pressure sen- load.                                            sor 54.
The output of sensor 54 is applied to sum- 20  The voltage is sensed by
voltage sensor 36 at bus   85 mer 56 where it is compared to a signal
represent- 32. The output of sensor 36 is applied to summer 38  ing a
selected common reference pressure. During where it is compared with a
signal representing a  steady state conditions, when the common pres-
selected common reference voltage. During steady  sure, as sensed by
pressure sensor 54, equals the state conditions, when the common voltage,
as    selected reference pressure applied to summer 56, 25 sensed by
voltage sensor 36, equals the selected  90 the output therefrom is zero.
However, reference voltage applied to summer 38, the output  if as a result
of an increase or decrease in therefrom is zero. However, if an
a hydraulic load requirement, the pressure from increase or decrease in a
load requirement       sensor 54 differs from the reference pressure, an
causes the voltage to change, the signal from sen-  error voltage from
summer 56 is provided. The 30 sor 36 differs from that of the reference,
and an  95 error voltage represents the magnitude and sign of error voltage
from summer 38 is provided. The   the difference between the actual and the
required error voltage represents the magnitude and sign of  common
component of power. The error signal the difference between the actual and
the selected  from summer 56 affects each variable hydraulic reference
value of the common power component    pump in a substantially identical
manner. 35 of power. The error voltage from summer 38 affects  100   The
flow rate from variable pumps 46-1 and 46-2 each generator in the system in
an identical man-  is sensed by flow sensors 58-1 and 58-2, respec- ner.
tively. The signals from sensors 58 represent the The current from DC
generators 28-1 and 28-2 is  magnitude of the variable component of power
(i.e. sensed by current sensors 40-1 and 40-2, respec-  the flow rate)
being supplied by each variable 40 tively. The signals from sensors 40
represent the  105 pump. The outputs from flow sensors 58-1 and magnitude
of the variable component of power     58-2 are applied to hydraulic
amplifiers 60-1 and being supplied by each generator. The outputs from
60-2. The gains K of amplifiers 60-1 and 60-2 may the current sensors 40-1
and 40-2 are applied to  be individually selected to apportion the flow
rate amplifiers 42-1 and 42-2, respectively. The gains of  between the
variable pumps 46 in any selected 45 amplifiers 42-1 and 42-2 may be
individually  110 manner. If the gains K of amplifiers 60 are equal and
selected to apportion the load between generators  the variable pumps 46
are similar, the power pro- 



28-1 and 28-2 in any selected manner. If the gains K  vided by each pump
will be equal. The output from of amplifiers 42 are equal and the DC
generators are  amplifier 60-1 is combined with the error voltage similar,
the power provided by each generator will  from summer 5.6 at summer 62-1.
The output from 50 be equal. The output from amplifier 42-1 is com-  115
summer 62-1 is the input control signal which con- bined with the area
voltage from summer 38 at    trols the amount of forces imparted from shaft
48-1 summer 44-1. The output from summer 44-1 is the  to variable pump 46-.
Similarly, the output of input control signal which controls the field
current  amplifier 60-2 is combined with the error voltage of generator
28-1. Similarly, the output of amplifier  from summer 56 at summer 62-2.
The output from 55 42-2 is combined with the error voltage from sum-   120
summer 62-2 is the input control signal which con- mer 38 at summer 44-2.
The output from summer   trols the amount of energy from shaft 48-2 applied
44-2 is the input control signal which controls the  to thevariable pump
46-2. field current of generator 28-2.                   Referring to
Figure 4, a control system for AC Referring to Figure 3, a control system
for parallel  generators 64, each coupled to a constant speed 60 variable
displacement hydraulic pumps is shown.   125 drive 66, is shown. An
integrated constant speed The similar pumps 46-1 and 46-2 are provided with
drive generating system is particularly well suited rotational input as
represented by shafts 48-1 and  for use with the present invention and is
disclosed 48-2, respectively. The magnitude of the hydraulic  in detail in
Baits U.S. Patent 3,576,143. power from the inputs of pumps 46-1 and 46-2
is   Constant speed drives 66-1 and66-2 provide 65 proportional to the
individual input control signals.  130 rotational energy at a constant
speed and a variable    GB 2 012 080 B      3 torque to the AC generators
64-1 and 64-2 respec-  the working pressure developed bythe variable
tively. The output power from the constant sDeed  displacement hydraulic
unit 74. The working pres- drives 66 and, hence, the AC generators 64,
varies  sure is detected by pressure sensor 84. The signal directly with
the magnitude of the input control  from sensor 84 represents the magnitude
of the var- 5 signal as applied to the constant speed drive.  70 iable
component of power being supplied by each Briefly, constant speed drive 66
includes a geared  generator. The output from sensor 84 is applied to
differential speed summer 68 which receives rota-  summer 86 where it is
combined with an error vol- tional energy directly from shaft 70. The
rotational  tage from summer 82. The output from summer 86 energy from
shaft 70 is supplemented by rotational  is the input control signal which
increases or 10 energy from fixed displacement hydraulic unit 72  75
decreases the working pressure of the variable dis- which applies energy to
the geared differential  placement hydraulic unit in response to the input
speed summer 68 in an amount proportional to the  signal. hydraulic
pressure from variable displacement hyd-  Alternatively, a signal
proportional to the variable raulic unit 74. The pressure provided by
variable  component of power from each generator 64 may 15 displacement
hydraulic unit 74 is proportional to an   80 be acquired by sensing the
real power delivered by individual input control signal.
each generator, as by current transformers 88 AC generators 64 supply a
voltage at a selected  which sense the current which is proportional to the
magnitude (e.g. 110 volts) and frequency (e.g. 400  power. The output from
current transformers 88-1 Hz) to synch bus 76, which provides common load
and 88-2 is proportional to the variable power 20 78. When the load 78
increases, the frequency of the   85 component from AC generators 64-1 and
64-2, common voltage drops. However, the magnitude of  respectively, and
may provide an input signal to the common voltage for generators 64-1 and
64-2  summer 86 in lieu of the signal from pressure sen- is kept at the
selected level by voltage regulators  sor 84. 79-1 and 79-2, respectively.
The voltage regulators 25 79 and their operation are well known. The output
go CLAIMS from the voltage regulator is applied to the exciter field of the
generators to keep the generator voltage  1. A system for controlling the
division of a load at the selected level. Similarly, if the load 78 is
between sources of power coupled in parallel and decreased, the frequency
of the common voltage   each responsive and proportional to an input
control 30 increases, but the magnitude of the common vol-  95 signal,
which system comprises means for sensing tage is kept at the selected
level.              the magnitude of a first component of the power The
output power from each generator 64 may be  common to the sources, a
reference source of the expressed as the product of two power compo-
first component, means for comparing the nents. The common power component
is the vol-    magnitude of the reference source with that of the 35 tage
at the specified frequency and the variable  100 first component to provide
an error signal such that 



power component is the current. The parallel-    during steady state
conditions the error signal is connected generators 64-1 and 64-2 are each
cap-  zero, means for sensing the magnitude of a second able of providing a
variable amount of current at a  component of the power of each source to
provide a common voltage to load 78.                       signal
representative thereof, and means for 40  The frequency of the common
voltage is sensed    105 summing the signals representative of the second
by frequency sensor 80. The output of sensor 80 is  components with the
error signal to provide the applied to summer 82 where it is compared to a
input control signal for each power source. signal representing a selected
common reference    2. Asystemaccordingtoclaim 1 forcontrolling frequency
from reference frequency source 81. Dur-  DC generators in which the first
power component is 45 ing steady state conditions when the frequency of
110 the voltage and the second is the current. the common voltage, as
sensed by frequency sen-    3. A system according to claim 1 for
controlling sor 80, equals the selected frequency applied to  hydraulic
variable displacement pumps in which the summer 82, the output therefrom is
zero.         first power component is hydraulic pressure and the However,
if, as a result of an                   second is flow rate. 50 increase or
decrease in the load requirement of load  115  4. A system according to
claim 2 which includes 78, the frequency of the voltage from frequency
means for amplifying the signals representative of sensor 80 differs from
the reference frequency, an  the second components so that the control
signals error voltage from summer 82 is provided. The    are equal. error
voltage represents the magnitude and sign of  5. A system according to
claim 1 for controlling 55 the difference between the actual and the
required    120 AC generators in which the first power component is common
power component. The error signal from    the frequency and the second is
the current. summer 82 affects the constant speed drive 66 of   6. A system
according to claim 1 for controlling each channel in an identical manner.
AC generators that are driven at constant speed by The working pressure of
hydraulic units 72 and 74  hydraulic variable displacement pumps, in which
the 60 is proportional to the output torque from geared  125 first power
component is the frequency and the differential speed summer 68. Since the
output   second is represented by the pressure of the speed from the geared
differential speed summer  hydraulic fluid in the hydraulic pump circuits.
70 is constant, the working pressure is proportional  7. A system as herein
described with reference to to the output power. The output power from each
Figure 1 of the drawings. 65 generator can therefore be controlled by
controlling   130  8. A system as herein described with reference to    3
GB2012080 B         3 torque to the AC generators 64-1 and 64-2 respec-
the working pressure developed by the variable tively. The output power
from the constant sDeed  displacement hydraulic unit 74. The working pres-
drives 66 and, hence, the AC generators 64, varies  sure is detected by
pressure sensor 84. The signal directly with the magnitude of the input
control  from sensor 84 represents the magnitude of the var- 5 signal as
applied to the constant speed drive.  70 iable component of power being
supplied by each Briefly, constant speed drive 66 includes a geared
generator. The output from sensor 84 is applied to differential speed
summer 68 which receives rota-  summer 86 where it is combined with an
error vol- tional energy directly from shaft 70. The rotational  tage from
summer 82. The output from summer 86 energy from shaft 70 is supplemented
by rotational  is the input control signal which increases or 10 energy
from fixed displacement hydraulic unit 72  75 decreases the working
pressure of the variable dis- which applies energy to the geared
differential  placement hydraulic unit in response to the input speed
summer 68 i n an amount proportional to the  signal. hydraulic pressure
from variable displacement hyd-  Alternatively, a signal proportional to
the variable raulic unit 74. The pressure provided by variable  component
of power from each generator 64 may 15 displacement hydraulic unit 74 is
proportional to an   80 be acquired by sensing the real power delivered by
individual input control signal.                 each generator, as by
current transformers 88 AC generators 64 supply a voltage at a selected
which sense the current which is proportional to the magnitude (e.g. 110
volts) and frequency (e.g. 400  power. The output from current transformers
88-1 Hz) to synch bus76, which provides common load  -and 88-2 is
proportional to the variable power 20 78. When the load 78 increases, the
frequency of the   85 component from AC generators64-1 and 64-2, common
voltage drops. However, the magnitude of  respectively, and may provide an
input signal to the common voltage for generators 64-1 and 64-2  summer 86
in lieu of the signal from pressure sen- is kept at the selected level by
voltage regulators  sor 84. 79-1 and 79-2, respectively. The voltage
regulators 



25 79 and their operation are well known. The output    go CLAIMS from the
voltage regulator is applied to the exciter field of the generators to keep
the generator voltage  1. A system for controlling the division of a load
at the selected level. Similarly, if the load 78 is.  between sources of
power coupled in parallel and decreased, the frequency of the common
voltage   each responsive and proportional to an input control 30
increases, but the magnitude of the common vol-    .95 signal, which system
comprises meansfor sensing tage is kept at the selected level.
the magnitude of a first component of the power The output power from each
generator 64 may be  common to the sources, a reference source of the
expressed as the product of two power compo-      first component, means
for comparing the nents. The common power component is the vol-
magnitude of the reference source with that of the 35 tage at the specified
frequency and the variable  100 first component to provide an error signal
such that power component is the current. The parallel-    during steady
state conditions the error signal is connected generators 64-1 and 64-2 are
each cap-  zero, means for sensing the magnitude of a second able of
providing a variable amount of current at a  component of the power of each
source to provide a common voltage to load 78.                       signal
representative thereof, and means for 40  The frequency of the common
voltage is sensed    105 summing the signals representative of the second
by frequency sensor 80. The output of sensor 80 is  components with the
error signal to provide the applied to summer 82 where it is compared to a
input control signal for each power source. signal representing a selected
common reference   2. A system according to claim 1 for controlling
frequency from reference frequency source 81. Dur-  DC generators in which
the first power component is 45 ing steady state conditions when the
frequency of    110 the voltage and the second is the current. the common
voltage, as sensed by frequency sen-    3. A system according to claim 1
for controlling sor 80, equals the selected frequency applied to  hydraulic
variable displacement pumps in which the summer 82, the output therefrom is
zero.        first power component is hydraulic pressure and the However,
if, as a result of an                  second is flow rate. 50 increase or
decrease in the load requirement of load  115  4. A system according to
claim 2 which includes 78, the frequency of the voltage from frequency
means for amplifying the signals representative of sensor 80 differs from
the reference frequency, an  the second components so that the control
signals error voltage from summer 82 is provided. The    are equal. error
voltage represents the magnitude and sign of  5. A system according to
claim 1 for controlling 55 the difference between the actual and the
required   120 AC generators in which the first power component is common
power component. The error signal from    the frequency and the second is
the current. summer 82 affects the constant speed drive 66 of   6. A system
according to claim 1 for controlling each channel in an identical manner.
AC generators that are driven at constant speed by The working pressure of
hydraulic units 72 and 74  hydraulic variable displacement pumps, in which
the 60 is proportional to the output torque from geared  125 first power
component is the frequency and the differential speed summer 68. Since the
output   second is represented by the pressure of the speed from the geared
differential speed summer  hydraulic fluid in the hydraulic pump circuits.
70 is constant, the working pressure is proportional  7. A system as herein
described with reference to to the output power. The output power from each
Figure 1 of the drawings. 65 generator can therefore be controlled by
controlling  130  8. A system as herein described with reference to    4
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4 Figure 2 of the drawings. 9.  A system  as herein described with
reference to Figure 3 of the drawings. 10. A system as herein described
with reference 5 to Figure 4 of the drawings. Printed forHer Majesty's
Stationery Office, by Croydon Printing Company Limited, Croydon, Surrey,
1982. Published by The Patent Office, 25 Southampton Buildings, London.
WC2A 1AY, from which copies may be obtained.    


