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DYNAMIC CALCULATION AND CONTROL for a synchronous generator will vary as the generator 
OF SYNCHRONOUS MACHINES moves from a no load condition to a load condition . 

Power factor is defined as the cosine of the angle between 
BACKGROUND OF THE INVENTION current and voltage . Power factor is also the ratio of the real 

5 power delivered to a load to the apparent power delivered to 
The present invention relates to synchronous machines , the load . Apparent power is the product of RMS ( root mean 

and more particularly to a method of keeping a synchronous square ) current and RMS voltage . 
machine within a stable operating zone during large tran Load angle is important in maintaining the stability of a 

sient voltage excursions . generator . If the load angle exceeds ninety degrees ( 90° ) , the 
Synchronous machines are rotating electromechanical tromechanical 10 generator becomes unstable . This may happen when a gen 

machines that can be used as either motors or generators . sudden change in a large load occurs or when a fault on the 
Synchronous machines are commonly used as generators power grid is sustained for a long time . More recently , and 

in the future , an increase in the use of renewable energy that are rotated by steam or gas turbines , so as to be used in sources may affect the ability of large synchronous machines power systems that are part of the power supply grid . 15 connected to the power grid to stay synchronized during 
Synchronous machines have two mechanical parts , i . e . , a large voltage excursions . A synchronous generator operates 

rotor and a stator . They also have two electrical parts , i . e . , a in a lagging or unity power factor mode due to an inductive ir 
field source and an armature winding . The field source is load . With growing renewable energy sources , the require 
typically located on the rotor of the machine , while the ment to operate machines at leading power factors might 
armature winding is typically located on the stator of the 20 increase to maintain system voltage , near nominal values . 
machine . The armature winding may be a three phase The transient stability of a synchronous machine is largely 
winding . defined by the operating point of the machine on its load 

The field source produces a magnetic field with magnetic angle curve . Power system stability depends on the clearing 
flux that interacts with the armature winding , so as to induce time for a fault on the transmission system . Slower fault 
an AC ( alternating current ) voltage in the armature winding . 25 clearing allows the rotor to accelerate so far along the power 
The field source can be either permanent magnets or a field curve and could make a synchronous machine become 
winding with DC ( direct current ) flowing through it . Per - de - synchronized . The ability of the machine to stay syn 
manent magnets are commonly used in small machines , chronized during a large transient is defined by the 
while field windings are commonly used in large machines . machine ' s operating load angle , i . e . , the angle between the 
A field winding produces a magnetic field as a result of the 30 rotating magnetic field of the rotating rotor and the rotating 
DC current flowing through it . The field excitation in the magnetic field induced in the stator armature . The enhanced 
rotor field winding by the DC field current is constant in field excitation control feature of the present invention 
strength and rotates around the machine at the speed of provides a control on machine load angle , with a capability 
rotation of the rotor by a prime mover . The magnitude of this to ensure minimum transient and dynamic stability margins . 
field excitation and the magnetic field produced by it is 35 
directly proportional to the DC field current , as long as the BRIEF SUMMARY OF THE INVENTION 
magnetic circuit of the rotor and stator windings is not 
saturated . The present invention relates to a method for keeping a 
When a synchronous machine operates as a generator , the synchronous machine within a safe operating zone during 

machine ' s rotor is turned by external prime mover , such as 40 large transient voltage excursions on a power grid to which 
a mechanical shaft driven by a gas or steam turbine . When the machine is connected . 
the DC field current flows through the field winding rotating In a first exemplary embodiment of the invention , a 
with the machine ' s rotor , the rotating field winding produces method for keeping a synchronous machine within a stable 
a rotating magnetic field . This rotating magnetic field operating zone during large transient voltage or frequency 
induces AC voltage within the stator armature winding . 45 excursions , the machine including an exciter comprises 
When the AC voltage causes an AC current to begin to flow predefining a load angle range within which stable operation 
through the three phase armature winding , a magnetic field of the machine occurs , performing a load angle calculation 
is then created that rotates at the same speed as the magnetic for the machine , based on a generator terminal parameter , 
field created by current flowing through the rotating field determining whether the calculated load angle is within the 
winding on the rotor , which field is rotating at the synchro - 50 predefined stable operation load angle range for the 
nous speed of the machine . Thus , the rotating magnetic field machine , if the load angle is within the predefined stable 
created by the rotating field winding induces a three - phase operation load angle range , repeating the load angle calcu 
voltage within the three - phase stator winding . The stator lation for the machine and the determination of whether the 
windings are the windings where the main electromotive load angle is within the predefined stable operation load 
force ( EMF ) or voltage in a generator is induced . 55 angle range until the load angle is no longer within the 

In a synchronous generator , “ load angle ” d is defined as predefined stable operation load angle range , and if the load 
the angle between the electromotive force ( EMF ) induced in angle is not within the predefined stable operation load angle 
the generator ( E ) and the generator ' s terminal voltage ( V ) . range , modifying the machine field excitation to bring the 
“ Load angle ” is also defined as the angle between the machine load angle back within the predefined stable opera 
rotating magnetic field created by the rotor field winding and 60 tion load angle range , whereby the synchronous machine is 
the rotating magnetic field induced by the stator armature . kept within a safe operating zone during large transient 
For a synchronous generator , the rotor magnetic field rotates excursions . 
at synchronous speed and the rotating magnetic field is In another exemplary embodiment of the invention , a 
created in the stator armature . method for keeping a synchronous machine within a safe 

The two fields are not fully aligned . Typically , the rotor 65 operating zone during large transient voltage or frequency 
magnetic field lags the rotating stator field . This lagging is excursions , the machine including an exciter comprises 
expressed in an angle that is the load angle . The load angle defining a load angle range within which a stable and 
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synchronized operation of the machine occurs , having the DETAILED DESCRIPTION OF THE 
exciter perform a load angle calculation for the machine , INVENTION 
providing a load angle control that determines whether the 
load angle is within the predefined range within which stable Synchronous machines are commonly used as generators 
and synchronized operation of the machine occurs , if the 5 that are rotated by turbines , such as steam turbines , gas 
load angle is within the predefined range of set point values , turbines , and by other types of engines such as internal 
having the exciter repeat performing the load angle calcu combustion engines . Synchronous machines generate elec 

lation for the machine and having the load angle control tricity delivered to customers over a country ' s power grid . 
The present invention relates to a method of determining determine whether the load angle is within the predefined 

range of values until the load angle is no longer within the 10 whether the load angle of a synchronous machine is within 
predefined limits so as to keep the machine with in a stable predefined range of set point values , and if the load angle is and therefore safe operating zone , even during large tran not within the predefined range of set point values , having sient voltage excursions on the power grid to which the 

the machine exciter modify values at an automatic exciter machine is connected . 
set point ( ASP _ EX ) that modulates an automatic voltage 15 The ability of a synchronous machine to stay synchro 
regulator set point ( AVR SP ) , in predefined limits , so as to nized during a large voltage or frequency transient is defined 
either increase or decrease machine field excitation , by the machine ' s operating load angle , i . e . , the angle 
whereby the synchronous machine is kept within a safe between the rotating magnetic field of the rotating rotor and 
operating zone during large transient voltage or frequency the rotating magnetic field induced in the stator armature . 
excursions . 20 The method of the present invention mathematically calcu 

In a further exemplary embodiment of the invention , a lates the machine ' s load angle , i . e . , the position of the rotor 
method for a synchronous machine within a safe operating flux with respect to the position of the stator flux , and 
zone during large transient voltage or frequency excursions enables the maintenance of the machine ' s load angle within 
on a power grid to which the machine is connected com - a defined range of reference values for stable machine 
prises using a human - machine - interface for controlling 25 operation by adjusting the machine ' s field excitation . 
operation of the machine to define a load angle range within Field excitation is maintained to attain greater machine 
which a stable and synchronized operation of the machine operating stability , which enhances the reliable operation of 
occurs , having the exciter perform a load angle calculation gas and steam turbines connected to a synchronous genera 
for the machine , providing a load angle control that deter - tor on the power grid , even during large voltage or frequency 
mines whether the load angle is within a predefined range of 30 excursions . The method of the present invention allows 
set point values stored in a machine exciter automatic set close monitoring of a machine ' s load angle so as to maintain 
point block ( EXASP ) , if the load angle is within the pre stable machine operating conditions , irrespective whether 
defined range of set point values , having the exciter repeat the machine is in VAR or PF control . Importantly , this 
performing the load angle calculation for the machine and stability adds greater value to customer reliable operations , 
the load angle control repeat determining whether the load 35 to thereby generate additional revenue . 
angle is within the predefined range of values until the load Currently there are no direct methods of determining the 
angle is no longer within the predefined range of set point load angle of a synchronous machine . It can only be math 
values , and if the load angle is not within the predefined ematically calculated . The method of the present invention 
range of set point values , having the machine exciter modify defines safe load angle operating boundaries based on a 
values at an automatic exciter set point ( ASP _ EX ) that 40 calculation of load angle to keep the machine with in a safe , 
modulates an automatic voltage regulator set point ( AVR stable operating zone , even during large transient excur 
SP ) , in predefined limits , so as to either increase or decrease sions . 
machine field excitation , whereby the synchronous machine The ability of a synchronous machine to stay synchro 
is kept within a safe operating zone during large transient nized during large voltage or frequency transients is defined 
voltage or frequency excursions . 45 by the machine ' s operating load angle . The method of the 

present invention mathematically determines the position of 
BRIEF DESCRIPTION OF THE DRAWINGS machine rotor flux with respect to stator flux to keep the 

machine load angle within a determined range of reference 
FIG . 1 is a plan schematic diagram of a simple synchro - values that are determined by the ability of the machine to 

nous generator . 50 operate in a stabile manner . The method of the present 
FIG . 2 is a side - elevational schematic diagram of a invention keeps the machine load angle within the deter 

synchronous generator . mined range of reference values , by adjusting the machine 
FIG . 3 is a schematic diagram of a generator excitation field excitation , while ensuring that the machine is operating 

control , which includes an exciter circuit used to control in a stabile manner . As the field excitation / strength is main 
generator field current and a voltage regulator used to 55 tained to attain greater machine stability , this enhances the 
regulate the magnitude of generator terminal voltage . reliable operation of the gas or steam turbine driving the 

FIG . 4 is a phasor diagram for a synchronous generator machine on the power grid . With growing requirements to 
operating in a lagging power factor mode due to an inductive operate synchronous machines at leading power factors , the 
load . enhanced field excitation control feature of the present 

FIG . 5 is a block diagram of the circuitry comprising a 60 invention provide a control of machine load angle , with a 
generator excitation control . capability to ensure minimum transient and dynamic 

FIG . 6 is a more detailed block diagram of the Automatic machine stability margins . 
Voltage Regulator Setpoint Block ( EXASP ) of FIG . 5 . FIG . 1 is a plan schematic diagram of a simple synchro 

FIG . 7 is a flowchart of the steps of the method of the nous generator 10 showing its rotor 12 and stator 14 and 
present invention for keeping a synchronous machine within 65 their corresponding windings . The windings include a field 
a safe operating zone during large transient voltage excur winding 16 located on the rotor 12 and an armature winding 
sions . 18 located on the stator 14 . The field winding 16 produces 
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a magnetic field with magnetic flux 19 as a result of a DC lagging power factor exists when the current lags the volt 
current flowing through the field winding 16 . FIG . 2 is a age . In the context of the power generation it means that the 
side - elevational schematic diagram of the synchronous gen - generator injects reactive power into the power grid . A 
erator 10 also showing the rotor 12 and stator 14 and slip leading power factor : exists when the current leads the 
rings 20 and brushes 22 by which DC current flows to the 5 voltage . This means that the generator absorbs reactive 
rotor 12 . power from the power grid . 
When the magnetic flux 19 produced by the field winding Inductive loads , such as motors , have lagging power 16 interacts with the armature winding 18 , an AC voltage is factors , such that industrial facilities tend to have a “ lagging induced in the armature winding 18 . As the magnetic flux power factor ” , because of large numbers of electric induc developed by the DC field winding crosses an air gap 10 tion motors , the windings of which act as inductors as seen between the rotor and stator windings , a sinusoidal voltage by the power supply . is developed at the generator output terminals by means of The mathematical equation for calculating the load angle a process is called electromagnetic induction . of a synchronous machine operating in a lagging power The magnitude of the AC voltage generated is controlled factor mode whose phasor diagram is shown in FIG . 3 is as by the amount of DC current supplied to the field winding 15 follow 

16 . On large generators , exciters are used to produce the DC 
current that is used to control generator terminal voltage . 

FIG . 3 is a schematic diagram showing a generator 1 Xqlicosø – Ralisino excitation control , which includes an exciter 24 used to 0 ; = tan | E . + R , 1 , cosø + Xel sino ) control the generator field excitation and a voltage regulator 20 
26 used to control the magnitude of the generator terminal 
voltage . Current transformers ( CTS ) 28 monitor the stator where X , is the stator armature reactance , and R , is the stator 
current , while potential transformers ( PTs ) 30 monitor the armature resistance . As such , the product X I , defines the 
generator terminal voltage . With the Power Potential Trans drop in the internal induced voltage E , in the generator stator 
former ( PPT ) regulator 29 , the excitation control can desen - 25 winding due to the stator reactance , while the product RI 
sitize the effect of the exciter time constant by incorporating defines the drop in the internal induced voltage E , in the 
direct measurement of the generator field voltage and field generator stator winding due to the stator resistance . 
current to enhance speed of response to system transients . The load angle 8 , is the inverse of the tangent of such 

A “ phasor ” is a scaled line called a " vector ” whose length angle , which is equal to the side of the triangle shown in the 
represents an AC quantity that has both magnitude ( peak 30 phasor diagram of FIG . 4 opposite to the load angle di 
amplitude " ) and direction ( phase ” ) at some fixed point in divided by the side of the triangle shown in the phasor 
time . In a rotating synchronous generator , a phasor diagram diagram of FIG . 4 adjacent to load angle d? . In can be seen 
of rotating vectors are typically shown in the rotating from the phasor diagram of FIG . 4 that the side of the 
synchronous dq frame of the rotor of the generator . In the triangle opposite to the load angle d ; is defined as X ? , cos o 
rotating synchronous do frame , the axis of the field winding 35 minus RI , sin d . Likewise , in can also be seen from the 
in the direction of the DC field is called the rotor direct axis phasor diagram of FIG . 4 that the side of the triangle 
or the d - axis . Ninety ( 90 ) degrees later than the d - axis is the adjacent to the load angle d ; is defined as the terminal 
quadrature axis or the q - axis . As a phasor diagram can be voltage E , plus R I cos o plus XI , sin o . 
drawn to represent any instant of time and therefore any FIG . 5 is a block diagram of control system comprising an 
angle , the reference phasor or vector of an alternating 40 excitation control for generator 10 . The excitation control 
quantity is drawn along the horizontal axis of the phasor includes an Automatic Voltage Regulator ( AVR ) 40 , which 
diagram . All vectors are drawn rotating in an anticlockwise maintains the generator terminal voltage constant over 
direction . All vectors ahead of the reference vectors are said changes in load and operating conditions . AVR 40 produces 
to be “ leading ” while all the vectors behind the reference an FVR Track Value Setpoint input 41 to a Field Voltage 
vector are said to be “ lagging ” . 45 Regulator ( FVR ) 42 , which controls the generator field 

FIG . 4 is a phasor diagram for a synchronous generator voltage . FVR 42 is a manual regulator which uses the 
operating in a lagging power factor mode due to an inductive generator field voltage 43 as a feedback input . An Automatic 
load . The terminal voltage ? is is drawn along the horizontal Voltage Regulator Setpoint Block ( EXASP ) 44 combines a 
axis of the phasor diagram , and thus , it is the reference number of functions to produce a reference input ( AVR 
vector in the phasor diagram of FIG . 3 . The terminal current 50 setpoint and tracking value ) 45 to the AVR 40 . The AVR 
I , is shown in FIG . 3 as lagging the terminal voltage E , by an setpoint is combined with other auxiliary stabilizing and 
angle o , which is the difference in phase , i . e . , the phase protective signals in the EXASP block 44 to form the 
angle , between the terminal voltage E , and the terminal reference 45 to the AVR 40 . An Auto Regulator Reference 
current I . ( AUTO REF ) block 46 , which receives external operator 

The internal voltage induced in the generator stator wind - 55 commands , such as raise and lower inputs , from direct 
ing ! , is produced by the rotor magnetic field interacting inputs or over a data link from a human machine interface 
with the stator winding . Typically , the internally induced ( HMI ) operator station , generates an auto control ( AC ) 
voltage in a synchronous generator ? , is not the voltage ; setpoint variable for the EXASP 44 . However , according to 
appearing at the generator ' s terminals because the internally the present invention , the setpoint input to the EXASP block 
induced generator voltage will equal the generator ' s termi - 60 from the AUTO REF 46 is routed through the Load Angle 
nal voltage only when there is no armature current in the Control 48 , which modifies ( or not ) the setpoint input 47 to 
machine . Thus , the load angle 8 ; is the angle between the the EXASP 44 based on a calculation of a load angle for the 
internal voltage ? , and the terminal voltage ? . . machine 10 using the load angle calculating mathematical 

“ Power factor ” is defined as the cosine of the phase angle equation set forth above and on a determination of whether 
0 ( cos ) between the terminal voltage E , and the terminal 65 the calculated load angle is within the defined synchronized 
current I . The phase angle o can range between - 90° and operation load angle range for the machine 10 . The modified 
+ 90° , so as to be denoted as being leading or lagging . A ( or not ) setpoint values 47 are input to a machine automatic 
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voltage regulator summing junction 49 through an addi control modifies the values at ASP _ EX has been performed , 
tional input 50 shown in FIG . 6 , whereby the machine field the step 65 of determining whether the load angle is within 
excitation is either increased or decreased . The components , a predefined range of values is repeated by the load angle 
such as 40 , 42 , 44 , 46 and 48 , of the excitation control may control 48 . Thereafter , the next step is End 67 . 
implemented using one or more processors executing 5 Thus , the method of the present invention mathematically 
instructions stored on a non - transitory memory device . calculates a machine ' s load angle , that is , the position of the 

FIG . 6 is a more detailed block diagram of the Automatic rotor flux with respect to the position of the stator flux and 
Voltage Regulator Setpoint Block ( EXASP ) 44 of FIG . 5 enables the maintenance of the load angle within a defined 
showing the summing junction 49 and the modified ( or not ) range of reference values for stable machine operation by 
setpoint values ASP _ EX input 50 to the summing junction 10 adjusting the machine ' s field excitation . 
49 . Field strength is maintained to attain greater machine 

FIG . 7 is a flowchart 60 for a rotor angle control algorithm operating stability , which enhances the reliable operation of 
which depicts the steps of a method for keeping a synchro - gas and steam turbines connected to a synchronous genera 
nous machine within a safe operating zone during large tor on the power grid , even during large voltage or frequency 
transient voltage excursions . For the machine to stay syn - 15 excursions . The method of the present invention allows 
chronized during a large voltage or frequency transient , the close monitoring of a machine ' s load angle so as to maintain 
machine ' s operating load angle , i . e . , the angle between the stable machine operating conditions , irrespective whether 
rotating magnetic field of the rotating rotor and the rotating the machine is in VAR or PF control . Importantly , this 
magnetic field induced in the stator armature , is calculated stability adds greater value to customer reliable operations , 
After the machine ' s load angle is calculated , a determination 20 to thereby generate additional revenue . 
is made as to whether the load angle is within a defined range While the invention has been described in connection 
of load angle values for stable machine operation . If it is not , with what is presently considered to be the most practical 
the load angle is modified by adjusting the field excitation to and preferred embodiment , it is to be understood that the 
ensure that the machine ' s operation is within its capability to invention is not to be limited to the disclosed embodiment , 
operate in a stable manner . The defined range of load angle 25 but on the contrary , is intended to cover various modifica 
values for stable machine operation may be in a range of tions and equivalent arrangements included within the spirit 
zero to ninety degrees ( 0° and 90° ) . and scope of the appended claims . 

Turning to the flowchart of FIG . 7 , from the start step 60 , What is claimed is : 
the next step 61 is enabling the Load Angle Control and then 1 . A method of operating a synchronous machine within 
predefining the load angle range for stable operation of the 30 a stable operating zone during large transient voltage or 
generator 10 . These steps are performed through an HMI frequency excursions , the machine including an exciter , the 
that is used by the operator of the generator to control its method comprising : 
operation . At step 62 , if machine faults or PT failures are not predefining a stable operation load angle range within 
detected and the exciter 24 is in an automatic ( AUTO ) mode which a stable operation of the machine occurs ; 
of operation , an Acknowledgement that “ LOAD ANGLE 35 performing a load angle calculation for the machine ; 
CONTORL ACTIVE ” is sent to the HMI at step 63 . Also , if determining whether the calculated load angle is within 
at step 62 no machine faults or PT failures are detected and the predefined stable operation load angle range for the 
the exciter is in the AUTO mode , at step 64 , a load angle machine ; 
calculation is made in the Exciter 24 from the stator param if the load angle is within the predefined stable operation 
eters defined with respect to the mathematical equation set 40 load angle range , repeating the load angle calculation 
forth above for calculating the load angle of a synchronous for the machine and the determination of whether the 
machine operating in a lagging power factor mode . The load load angle is within the predefined stable operation load 
angle calculation may be performed in the load angle control angle range until the load angle is no longer within the 
48 . The load angle control may also include the control of predefined stable operation load angle range ; 
the exciter . 45 if the load angle is not within the predefined stable 

If at step 62 , a machine fault or PT failure is detected or operation load angle range , modifying the machine 
if the exciter is not in AUTO mode , the rotor control field excitation to bring the machine load angle back 
algorithm is terminated at step 67 . within the predefined stable operation load angle range ; 
At step 65 , a determination is made in the load angle and 

control 48 as to whether the machine load angle d ; is within 50 after the machine field excitation is modified , operating 
the predefined range of values . If it is , then the step 64 of the synchronous machine while the load angle is within 
calculating the load angle is repeated , and the loop contain a safe operating zone during large transient voltage 
ing this step is repeated unless and until the load angle is no excursions . 
longer within the predefined range of load angle values . If at 2 . The method of claim 1 , wherein the step of performing 
step 65 a determination is made that the load angle is not 55 the load angle calculation for the machine is performed in 
within the predefined range of load angle values , then at step the exciter . 
66 the load angle control 48 modifies the values at ASP EX 3 . The method of claim 1 , wherein the predefined stable 
50 that modulate the AVR setpoint , such that load angle is operation load angle range is defined via a human machine 
maintained in predefined limits , for which , control system interface for controlling operation of the machine . 
would either increases or decreases the machine field exci - 60 4 . The method of claim 1 , wherein the step of changing 
tation . The modification of the values at ASP _ EX is an the machine field excitation is performed by modifying the 
additional input to the AVR summing junction 49 . In addi - predefined stable operation load angle range , and inputting 
tion , when the modulation of the AVR setpoint occurs , the the modified predefined stable operation load angle range 
External RAISE / LOWER commands that would be used into a machine exciter automatic voltage regulator to change 
might be inhibited in an application SW , if the operating 65 the machine field excitation . 
point hits the boundaries of the predefined range of load 5 . The method of claim 1 , wherein the step of determining 
angle values . In any event , after step 66 of the load angle whether the machine load angle is within the predefined 
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stable operation load angle range is performed by providing 14 . The method of claim 10 , wherein the predefined load 
a load angle control that determines whether the load angle angle range for stable machine operation is between zero 
is within the predefined stable operation load angle range . and ninety degrees . 

6 . The method of claim 1 , wherein the predefined stable 15 . The method of claim 10 , wherein the synchronous 
operation load angle range is stored in a machine exciter 5 machine is operating as a generator . 
automatic set point block that is part of a machine excitation 16 . A method of operating a synchronous machine within control . a safe operating zone during large transient voltage or 7 . The method of claim 1 , wherein the step of modifying frequency excursions on a power grid to which the machine the machine field excitation is performed by modifying a is connected , the machine including an exciter , the method machine field current . 

8 . The method of claim 1 , wherein the predefined stable using a human - machine - interface for controlling opera operation load range for stable machine operation is between 
zero and 90 degrees . tion of the machine to define a load angle range within 

9 . The method of claim 1 , wherein the synchronous which a stable and synchronized operation of the 
machine occurs ; machine is operating as a generator , or a synchronous 15 

condenser or motor . having the exciter perform a load angle calculation for the 
10 . A method of operating a synchronous machine within machine ; 

a safe operating zone during large transient voltage or providing a load angle control that determines whether the 
frequency excursions , the machine including an exciter , the load angle is within a predefined range of set point 
method comprising : 20 values stored in a machine exciter automatic set point 

predefining a load angle range within which a stable and block ; 
synchronized operation of the machine occurs ; if the load angle is within the predefined range of set point 

having the exciter perform a load angle calculation for the values , having the exciter repeat performing the load 
machine ; angle calculation for the machine and the load angle 

providing a load angle control that determines whether the 25 control repeat determining whether the load angle is 
load angle is within the predefined load angle range within the predefined range of set point values until the 
within which the stable and synchronized operation of load angle is no longer within the predefined range of 
the machine occurs ; set point values ; 

if the load angle is within the predefined load angle range , if the load angle is not within the predefined range of set having the exciter repeat performing the load angle 30 point values , having the machine exciter modify values calculation for the machine and having the load angle at an automatic exciter set point that modulates an control determine whether the load angle is within the automatic voltage regulator set point , in predefined 
predefined load angle range until the load angle is no limits , so as to either increase or decrease machine field longer within the predefined load angle range ; excitation ; and if the load angle is not within the predefined load angle 35 
range , having the machine exciter modify values at an after the machine field excitation is modified , operating 
automatic exciter set point block that modulates an the synchronous machine while the load angle is within 
automatic voltage regulator set point , in predefined a safe operating zone during large transient voltage or 
limits , so as to either increase or decrease machine field frequency excursions . 
excitation ; and 40 17 . The method of claim 16 , wherein the machine exciter 

after the machine field excitation is modified , operating automatic set point block is part of a machine excitation 
the synchronous machine while the load angle is within control . 
a safe operating zone during large transient voltage or 18 . The method of claim 16 , wherein the step of modi 
frequency excursions . fying the machine field excitation is performed by modify 

11 . The method of claim 10 , wherein the predefined load 45 ing a machine field current or voltage . 
angle range is defined via a human machine interface for 19 . The method of claim 16 , wherein the defined load controlling operation of the machine . angle range for the stable and synchronized machine opera 12 . The method of claim 10 , wherein the automatic exciter tion tion is between 0° and 90° . set point block is part of a machine excitation control . 

13 . The method of claim 10 , wherein the step of modi - 50 20 . The method of claim 16 , wherein the synchronous 
fying the machine field excitation is performed by modify machine is operating as a generator or motor . 
ing a machine field current or voltage . * * * * * 


