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SYSTEMS AND METHODS FOR HIGH stored thereon that , in response to execution by the proces 
RATE - OF - CHANGE - OF - FREQUENCY sor , cause the processor to perform operations including 

RIDE - THROUGH IN ELECTRIC POWER receiving status information associated with the electric 
SYSTEMS power system , determining , based upon the status informa 

5 tion , at least one characteristic of the electric power system , 
BACKGROUND and transmitting the at least one characteristic to an event 

estimator of the generating unit . 
The field of the invention relates generally to control of In yet another aspect , a method is provided . The method 

electric power generation , and more particularly , to systems includes receiving , by a processor configured to be commu 
and methods for high rate - of - change - of - frequency ( " Ro- 10 nicatively coupled to an event estimator of a generating unit 
CoF ” ) ride - through in electric power systems . within an electric power system , status information associ 
Many known electric power systems include several types ated with the electric power system . The method also 

of electric power generating units , such as , for example , one includes determining , by the processor and based upon the 
or more synchronous generating units and / or one or more status information , at least one characteristic of the electric 
non - synchronous generating units . Synchronous generating 15 power system , and transmitting , by the processor , the at least 
units are those in which the output voltage waveform one characteristic to the event estimator of the generating 
generated during operation is synchronized with the rotation unit . 
of an element ( often referred to as a “ prime mover ” ) within 
the generating unit . In other words , synchronous generating DRAWINGS 
units typically include a rotating mass that rotates within the 20 
generating unit to generate output power . Non - synchronous These and other features , aspects , and advantages of the 
generating units , on the other hand , are those in which the present disclosure will become better understood when the 
output voltage waveform generated during operation is not following detailed description is read with reference to the 
necessarily synchronized with the rotation of a mass within accompanying drawings in which like characters represent 
the generating unit , because , for example , the non - synchro- 25 like parts throughout the drawings , wherein : 
nous generating unit may not include such a rotating mass . FIG . 1 is a schematic view of an exemplary electric power 
Examples of non - synchronous generating units include , for system that includes a plurality of generating units ; 
example , solar and wind power generating units . FIG . 2 is a flow chart of an exemplary process for 

At least some conventional electric power systems have controlling at least one of the generating units of the electric 
adequately tolerated the loss of one or more generating units 30 power system shown in FIG . 1 ; and 
or loss of loads within the electric power system through the FIG . 3 shows an exemplary look - up table that correlates 
presence of a large number of synchronous generating units a plurality of RoCoF values with a plurality of electric power 
distributed within the system . More particularly , because system characteristics . 
each synchronous generating unit includes a rotating mass Unless otherwise indicated , the drawings provided herein 
( e.g. , the prime mover and generator ) , it has conventionally 35 are meant to illustrate features of embodiments of this 
been possible to compensate for the loss of a generating unit disclosure . These features are believed to be applicable in a 
or loss of loads within the electric power system by distrib- wide variety of systems comprising one or more embodi 
uting the deficit or surplus in electrical power within the ments of this disclosure . As such , the drawings are not meant 
system over the remaining number of generating units , to include all conventional features known by those of 
which rotate with inertia sufficient to absorb , or “ ride- 40 ordinary skill in the art to be required for the practice of the 
through ” the loss ( although the rotating mass within each embodiments disclosed herein . 
synchronous generating unit may turn more slowly ) . 
However , as renewable energy technologies are devel DETAILED DESCRIPTION 

oped and implemented on existing electric power systems , 
the number of rotating masses on such systems is decreased , 45 In the following specification and the claims , reference 
and , as a result , many modern electric power systems are will be made to a number of terms , which shall be defined 
substantially less tolerant of generating unit loss during to have the following meanings . 
operation . The singular forms “ a ” , “ an ” , and “ the ” include plural 

references unless the context clearly dictates otherwise . 
BRIEF DESCRIPTION “ Optional ” or “ optionally " means that the subsequently 

described event or circumstance may or may not occur , and 
In one aspect , an electric power system is provided . The that the description includes instances where the event 

electric power system includes a generating unit , which occurs and instances where it does not . 
includes a controller for controlling an operational mode of Approximating language , as used herein throughout the 
the generating unit . The electric power system also includes 55 specification and claims , may be applied to modify any 
an event estimator communicatively coupled to the control- quantitative representation that could permissibly vary with 
ler of the generating unit and a network estimator commu- out resulting in a change in the basic function to which it is 
nicatively coupled to the event estimator . The network related . Accordingly , a value modified by a term or terms , 
estimator includes a processor configured to receive status such as “ about ” , “ approximately ” , and “ substantially ” , are 
information associated with the electric power system . The 60 not to be limited to the precise value specified . In at least 
processor is also configured to determine , based upon the some instances , the approximating language may corre 
status information , at least one characteristic of the electric spond to the precision of an instrument for measuring the 
power system , as well as to transmit the at least one value . Here and throughout the specification and claims , 
characteristic to the event estimator . range limitations may be combined and / or interchanged , and 

In another aspect , a network estimator is provided . The 65 such ranges are identified and include all the sub - ranges 
network estimator includes a processor and a non - transitory , contained therein unless context or language indicates oth 
tangible , computer - readable memory having instructions erwise . 

50 
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As used herein , the terms " processor " and " computer " and loss of one or more generating units . Similarly , as used 
related terms , e.g. , “ processing device ” , “ computing herein , a “ load rejection event ” is an abrupt change in total 
device ” , and “ controller ” are not limited to just those inte- electrical power consumed by an electric power system , 
grated circuits referred to in the art as a computer , but such as , for example , as a result of a loss of one or more 
broadly refers to a microcontroller , a microcomputer , a 5 loads . 
programmable logic controller ( PLC ) , an application spe- These grid events may affect the power output by one or 
cific integrated circuit ( ASIC ) , and other programmable more generating units , such as , for example , one or more circuits , and these terms are used interchangeably herein . In rotating gas turbine generating units , coupled to the electric the embodiments described herein , memory may include , power system . For example , during a source rejection grid but is not limited to , a computer - readable medium , such as 10 event , one or more generating units still coupled to the a random access memory ( RAM ) , and a computer - readable 
non - volatile medium , such as flash memory . Alternatively , a electric power system may initially experience a reduction in 

rotational speed as each generating unit attempts to com floppy disk , a compact disc - read only memory ( CD - ROM ) , 
a magneto - optical disk ( MOD ) , and / or a digital versatile pensate for the loss of generation power within the electric 
disc ( DVD ) may also be used . Also , in the embodiments 15 power system . Similarly , during a load rejection event , the 
described herein , additional input channels may be , but are power output by the prime movers of the generating units 
not limited to , computer peripherals associated with an coupled to the electric power system may exceed the power 
operator interface such as a mouse and a keyboard . Alter required for the total electrical load on the electric power 
natively , other computer peripherals may also be used that system , which may result in an increase in the rotational 
may include , for example , but not be limited to , a scanner . 20 speed associated with one or more of the generating units . 
Furthermore , in the exemplary embodiment , additional out- As the rotational speed of the generating units within the 
put channels may include , but not be limited to , an operator electric power system increases and decreases , the fre 
interface monitor . quency of the alternating electrical current and / or the volt 

Further , as used herein , the terms “ software ” and “ firm- age developed by the generating units within the electric 
ware ” are interchangeable , and include any computer pro- 25 power system may fluctuate rapidly . For convenience , these 
gram storage in memory for execution by personal comput- frequency fluctuations may be referred to herein as rate - of 
ers , workstations , clients , and servers . change - of - frequency events ( or “ RoCoF ” ) events . RoCoF 
As used herein , the phrase " tangible , non - transitory , com- events therefore occur as a result of one or more grid events 

puter - readable memory ” is intended to be representative of and may lead , as described herein , to the loss of one or more 
any tangible computer - based device implemented in any 30 other generating units on the electric power system , which 
method or technology for short - term and long - term storage may contribute , in turn , to overall electric power system 
of information , such as , computer - readable instructions , data instability . In addition , as described herein , RoCoF events 
structures , program modules and sub - modules , or other data are associated with RoCoF values , such as values ranging 
in any device . Therefore , the methods described herein may from zero to two Hertz / second . In some embodiments , a 
be encoded as executable instructions embodied in a tan- 35 RoCoF value may indicate a severity of an associated 
gible , non - transitory , computer readable medium , including , RoCoF event . 
without limitation , a storage device and a memory device . Accordingly , the systems and methods described herein 
Such instructions , when executed by a processor , cause the facilitate ride - through , by one or more generating units 
processor to perform at least a portion of the methods coupled to the electric power system , in response to the 
described herein . Moreover , as used herein , the term “ non- 40 occurrence of high RoCoF events within the electric power 
transitory computer - readable media ” includes all tangible , system . More particularly , the systems and methods 
computer - readable media , including , without limitation , described herein provide a substantially real - time generating 
non - transitory computer storage devices , including , without unit control scheme and enable prompt and effective cor 
limitation , volatile and nonvolatile media , and removable rective action for generating units to ride - through high 
and non - removable media such as a firmware , physical and 45 RoCoF events in electric power systems . 
virtual storage , CD - ROMs , DVDs , and any other digital FIG . 1 is a schematic view of an exemplary electric power 
source such as a network or the Internet , as well as yet to be system 100. In the exemplary embodiment , electric power 
developed digital means , with the sole exception being a system 100 includes a plurality of generating units and a 
transitory , propagating signal . plurality of electrical loads coupled , as described herein , to 

Furthermore , as used herein , the term “ real - time ” refers to 50 the plurality of generating units . Although three generating 
at least one of the time of occurrence of the associated units and three loads are shown with respect to FIG . 1 , any 
events , the time of measurement and collection of predeter- number of generating units , loads , and other common elec 
mined data , the time to process the data , and the time of a tric power system components are contemplated by and 
system response to the events and the environment . In the within the scope of the present disclosure . 
embodiments described herein , these activities and events 55 Accordingly , electric power system 100 includes one or 
occur substantially instantaneously . more electrical system components , such as a first electrical 

In addition , as used herein , the phrase “ grid event ” refers load 102a , a second electrical load 102b , and / or a third 
to an abrupt change in total electrical power consumed electrical load 102c . Electric power system 100 also 
within and / or generated by an electric power system . For includes one or more generating units , such as a first 
example , a grid event may be associated with a sudden 60 generating unit 104a , a second generating unit 104b , and / or 
reduction of total generation or load within an electric power a third generating unit 104c . In the exemplary embodiment , 
system due , for example , to loss ( or tripping ) of one or more generating units 104a - 104c are synchronously connected 
generating units , one or more non - synchronous power gas turbine generating units . However , in other embodi 
sources , and / or one or more loads . ments , generating units 104a - 104c may be any generating 

In addition , as used herein , a “ source rejection grid event " 65 unit that includes a rotating prime mover , such as steam 
is an abrupt change in total electrical power generated by an turbine generating units , reciprocating engine generating 
electric power system , such as , for example , as a result of a units , hydro - turbine generating units , and the like . 

a 
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In addition , in various embodiments , electric power sys- and distribution system component 106 , and / or non - syn 
tem 100 may include at least one electrical power transmis- chronous power source 112. Status information may also 
sion and distribution system component 106 , such as , for include information describing rotational inertia associated 
example , one or more transmission lines , one or more with each generating unit 104a - 104c , a total rotational 
distribution lines , one or more transformers , one or more 5 inertia associated with generating units 104a - 104c within 
voltage regulators , and the like . An interconnected electrical electric power system 100 , and / or a proportion of electrical 
power transmission and distribution system component 106 power being generated at any given time in electric power 
may thus facilitate the supply of electrical power from system 100 by non - synchronous power source 112. This 
generating units 104a - 104c to one or more electrical loads status information may be transmitted over a computer 
102a - 102c . 10 network via at least one grid signal 122 . 

Electric power system 100 also includes at least one Status information may also be detected by one or more 
non - synchronous power source 112 , such as a wind and / or sensors within electric power system 100 , such as , for 
a solar power generation system . Non - synchronous power example , sensors 116a - 116c , which may detect an opera 
source 112 may be coupled to electrical power transmission tional status of each generating unit 104a - 104c , such as a 
and distribution system component 106 through a power 15 rotational velocity , a temperature , an output voltage , an 
line , such as an non - synchronous source line 113 , and as output current , an output frequency , valve position , a system 
described above , may supply electrical energy to one or identifier ( e.g. , a serial number ) , and / or a fuel type of 
more electrical loads 102a - 102c via electrical power trans- generating units 104a - 104c . Similarly , a sensor ( not shown ) 
mission and distribution system component 106 . coupled to electrical power transmission and distribution 

In addition , in the exemplary embodiment , each generat- 20 system component 106 may detect one or more character 
ing unit 104a - 104c includes at least one controller and / or at istics thereof , such as , for example , at least one of a type , 
least one sensor . More particularly , generating unit 104a location , time of occurrence , and severity of a fault , a 
includes a controller 114a and a sensor 116a , generating unit voltage , a current , a frequency , and a system identifier . 
104b includes a controller 114b and a sensor 116b , and Likewise , one or more sensors ( not shown ) coupled to 
generating unit 104c includes a controller 114c and a sensor 25 electrical loads 102a - 102c may detect characteristics 
116c . Each controller 114a - 114c may include a processor thereof , such as , for example , an voltage , an current , an 
( not shown ) and a tangible , non - transitory , computer - read- frequency , a location , at least one of a type , location , time of 
able memory ( not shown ) communicatively coupled to the occurrence , and severity of a fault , and a system identifier . 
processor . The status information detected by one or more sensors 

In the exemplary embodiment , electric power system 100 30 with electric power system 100 , such as by sensors 116a 
also includes a plurality of event estimators 120a , 120b , and 116c , may also be used by controllers 114a - 114c to detect 
120c . In various embodiments , each event estimator 120a- the occurrence of a RoCoF event and / or a grid event within 
120c includes at least one processor and is installed within electric power system 100. For example , where a sensor 
a particular generating unit 104a - 104c . In some embodi- 116a - 116c detects a large increase or decrease in the fre 
ments , each event estimator 120a - 120c is not a separate 35 quency or speed of a corresponding generating unit 104a 
hardware component but is embodied as software that 104c , a respective controller 114a - 114c may determine that 
executes on a respective controller 114a - 114c of each gen- a RoCoF event has occurred . 
erating unit 104a - 104c . In addition , in some embodiments , Accordingly , in the exemplary embodiment , network esti 
each event estimator 120a - 120c may be implemented on a mator 118 receives status information via grid signal 122 
standalone computing device that is communicatively 40 and determines ( or obtains ) at least one network character 
coupled to a respective controller 114a - 114c of each gener- istic representative of an operational status of electric power 
ating unit 104a - 104c . system 100 , such as for , example , at least one frequency 

Electric power system 100 also includes at least one characteristic of electric power system 100. More particu 
network estimator 118. In various embodiments , network larly , network estimator 118 uses status information to 
estimator 118 includes at least one processor 152 coupled to 45 generate at least one model of electric power system 100 . 
at least one tangible , non - transitory , computer - readable For example , network estimator 118 may analyze the status 
memory 154. In some embodiments , network estimator 118 information to generate a model of electric power system 
may be implemented on a computing device , such as a 100 , such as a look - up table that correlates a plurality of 
workstation computer , a personal computer , a tablet com- RoCoF values with one or more electric power system 
puter , a smart phone , and the like . 50 characteristics , such as one or more frequency characteris 

In the exemplary embodiment , network estimator 118 is tics . The model may thus include and / or describe one or 
communicatively coupled ( e.g. , over a communications net- more characteristics of electric power system 100 and may 
work , such as the internet ) to one or more data sources 150 , represent one or more interrelationships between elements 
such as one or more databases and / or database servers . Data coupled to electric power system , such as between generat 
sources 150 may be online and / or offline data sources and 55 ing units 104a - 104c and electrical loads 102a - 102c . In 
may include or store a variety of information associated with addition , network estimator 118 may transmit all or a part of 
electric power system 100 , such as a variety of status the model , such as a model look - up table , of electric power 
information , as described below . Network estimator 118 system 100 to each event estimator 120a - 120c . 
may also be communicatively coupled to each event esti- More particularly , the model of electric power system 100 
mator 120a - 120c . 60 may identify one or more characteristics of electric power 

The status information received by network estimator 118 system 100 and / or generating units 104a - 104c , such as a 
via data sources 150 may include any status information settling frequency , a settling power , a frequency peak , and / or 
associated with electric power system 100 , such as , for a frequency nadir . These characteristics may be based upon 
example , location information , timing information , and / or an analysis of the status information associated with electric 
maintenance activity information , such as scheduled outage 65 power system 100. To this end , the model provided to each 
information for at least one of generating units 104a - 104c , event estimator 120a - 120c may include a look - up table that 
electrical loads 102a - 102c , electrical power transmission cross - references a plurality of RoCoF values with a plurality a 
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of characteristics , such as a plurality of settling frequencies , example , at least one frequency characteristic of each gen 
a plurality of settling powers , a plurality of frequency peaks , erating unit 104a - 104c ( step 204 ) . As described above , each 
and / or a plurality of frequency nadirs . In general , a settling characteristic may be determined based upon an analysis of 
frequency and a settling power are the speed or frequency the status information and may represent an estimated or 
and the output power , respectively , into which a generating 5 expected characteristic of each generating unit 104a - 104c in 
unit 104a - 104c " settles ” or stabilizes after the occurrence of response to a particular RoCoF event . Thus , network esti a grid event and / or after a primary response to a RoCoF mator 118 may generate a look - up table that includes a list 
event and / or grid event has been deployed within electric of estimated characteristics for electric power system 100 , power system 100. Similarly , a frequency nadir is the lowest such as for each generating unit 104a - 104c , where the list of output power frequency occurring as a result of a grid event , 10 estimated frequency characteristics are associated with , or and a frequency peak is the highest output power frequency identify , a particular RoCoF value . occurring as a result of a grid event . In the exemplary 
embodiment , the model may be transmitted via a network Thus , one or more characteristics may be determined by 
signal 124 to each event estimator 120a - 120c , and each network estimator 118 and organized in a model , such as , for 
event estimator 120a - 120c may store the model ( including 15 instance a look - up table . The look - up table may , in addition , 
associated characteristics ) in a memory , such as , for be transmitted to one or more event estimators 120a - 120c 
example , in a tangible , non - transitory , computer - readable and / or to one or more controllers 114a - 114c of each gener 
memory . ating unit 104a - 104c ( step 206 ) , and each event estimator 

In addition , network estimator 118 may receive and / or 120a - 120c and / or each controller 114a - 114c may access the 
collect status information , as described above , on a periodic 20 look - up table in response to a RoCoF event , such as a 
basis ( e.g. , once every fifteen minutes ) to update the model RoCoF event detected by a particular controller 114a - 114c 
of electric power system 100. The updated model may in response to sensor data received from one of sensors 
include updated characteristics associated with electric 116a - 116c , as described above . More particularly , where a 
power system 100 and may be transmitted to one or more controller 114a - 114c detects a RoCoF event , the controller 
event estimators 120a - 120c for storage , as described above . 25 114a - 114c and / or associated event estimator 120a - 120c may 
In various embodiments , network estimator 118 may receive access the look - up table provided by network estimator 118 
feedback from one or more event estimators 120a - 120c , to locate the detected RoCoF event ( based upon a RoCoF 
such as feedback about an estimated characteristic in com- value associated with the RoCoF event ) in the look - up table . 
parison to an actual or measured characteristic . For instance , As described above , the model ( e.g. , the look - up table ) may 
a particular event estimator 120a - 120c may use a look - up 30 include one or more characteristics ( e.g. , a settling fre 
table ( as described herein ) to estimate a particular frequency quency , a settling power , a frequency peak , frequency nadir , 
nadir based upon a measured or sensed RoCoF value . The a rotational speed peak , and / or a rotational speed nadir ) for 
particular eve estimator 120a - 120c may , in addition , the detected RoCoF event , which the controller 114a - 114c 
receive from a sensor 116a - 116c , an actual frequency nadir ( and / or event estimator 120a - 120c ) detecting the RoCoF 
occurring as a result of the RoCoF event , and an error or 35 event may use to select a control action or operational mode 
difference between the estimated frequency nadir and the for its respective generating unit 104a - 104c . The control 
actual frequency nadir may be returned as an error value to action or operational mode may , for example , be a control 
network estimator 118. Similarly , the actual frequency nadir action or operational mode that causes one of generating 
( rather than , or in addition to , the error value ) may be units 104a - 104c to increase and / or decrease a supply of fuel 
returned to network estimator 118 . 40 to its combustion chamber , which may , in turn , cause 
FIG . 2 is a flow chart of an exemplary process 200 for generating unit 104a - 104c to produce increased and / or 

controlling at least one generating unit 104a - 104c during a decreased output power in response to the detected RoCoF 
RoCoF event . Accordingly , in the exemplary embodiment , event . 
network estimator 118 may receive status information asso- FIG . 3 shows an exemplary look - up table 300 , which is an 
ciated with electric power system ( step 202 ) . As described 45 example of a model . Although look - up tale 300 provides a 
above , status information may be stored in association with specific example to facilitate understanding , in general 
one or more database structures and may be acquired by terms , a model , such as a look - up table , may correlate 
network estimator 118 via one or more queries to these electric power system 100 characteristics to RoCoF values 
database structures . In addition , status information may based upon a predefined function or computation , such as , 
include any status information associated with electric 50 for example , and in general terms , as follows : 
power system 100 , such as one or more frequency charac- Frequency Nadir = function1 ( RoCoF ) 
teristics associated with electric power system 100 , location Frequency Peak = function2 ( RoCoF ) 
information , timing information , and / or maintenance activ- Settling Power = function3 ( RoCoF ) 
ity information , such as scheduled outage information for at Settling Frequncy = function4 ( RoCoF ) 
least one of generating units 104a - 104c , electrical loads 55 Accordingly , look - up table 300 correlates a plurality of 
102a - 102c , electrical power transmission and distribution RoCoF values 302 with a plurality of electric power system 
system component 106 , and / or non - synchronous power characteristics , such as a plurality of frequency nadirs 304 , 
source 112. Status information may also include information a plurality of settling powers 306 , a plurality of settling 
describing rotational inertia associated with each generating frequencies 308 , a plurality of frequency peaks ( not shown ) , 
unit 104a - 104c , a total rotational inertia associated with 60 a plurality of rotational speed nadirs ( not shown ) , and / or a 
generating units 104a - 104c within electric power system plurality of rotational speed peaks ( not shown ) . These char 
100 , and / or a proportion of electrical power being generated acteristics 304-308 represent estimates of electric power 
at any given time in electric power system 100 by non- system 100 performance in response to various RoCoF 
synchronous power source 112 events . In addition , and as described herein , during opera 

In the exemplary embodiment , network estimator 118 65 tion , a particular event estimator 120a - 120c and / or control 
may determine , based upon the status information , at least ler 114a - 114c may determine , via look - up table 300 , a 
one characteristic of electric power system 100 , such as , for characteristic , such as a frequency nadir 304 , a settling 
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power 306 , a settling frequency 308 , and / or a frequency the methods described herein . The above examples are 
peak ( not shown ) , based upon an observed RoCoF value exemplary only , and thus are not intended to limit in any way 
302 . the definition and / or meaning of the term processor and 

The above - described systems and methods thus facilitate processing device . 
ride - through , by one or more generating units coupled to the 5 This written description uses examples to disclose the 
electric power system , in response to the occurrence of embodiments , including the best mode , and also to enable 
RoCoF events within the electric power system . More any person skilled in the art to practice the embodiments , 
particularly , the systems and methods described herein pro- including making and using any devices or systems and 
vide a substantially real - time generating unit control scheme performing any incorporated methods . The patentable scope 
and enable prompt and effective corrective action for gen- 10 of the disclosure is defined by the claims , and may include 
erating units to ride - through RoCoF events in electric power other examples that occur to those skilled in the art . Such 
systems . other examples are intended to be within the scope of the 

Exemplary technical effects of the systems and methods claims if they have structural elements that do not differ 
described herein include : ( a ) providing for generating unit from the literal language of the claims , or if they include 
ride - through after RoCoF events in an electric power sys- 15 equivalent structural elements with insubstantial differences 
tem ; ( b ) improving the capability of synchronous generating from the literal language of the claims . 
units to ride - through high RoCoF grid events , including in What is claimed is : 
electric power systems having non - synchronous generating 1. An electric power system comprising : 
units ; ( c ) increasing operational efficiency and availability of a generating unit comprising a controller for controlling 
electric power systems and decreasing outage times and 20 an operational mode of said generating unit ; 
maintenance costs of such systems ; ( d ) lessening the poten- an event estimator communicatively coupled to said con 
tial for brownouts , blackouts , and other costly outages in troller of said generating unit ; and 
electric power systems , and ( e ) providing a substantially a network estimator communicatively coupled to said 
real - time control scheme to controllers of a synchronous event estimator , said network estimator comprising a 
generating units within an electric power system to enable 25 processor configured to : 
prompt and effective corrective action to ride - through high receive status information associated with said electric 
RoCof events . power system ; 

Exemplary embodiments of systems and methods for high determine , based upon the status information , at least 
RoCoF ride - through in electric power systems are described one network characteristic representing an opera 
above in detail . The above - described systems and methods 30 tional status of said electric power system ; 
are not limited to the specific embodiments described herein , generate , based upon the at least one network charac 
but rather , components of systems or steps of the methods teristic and before a rate - of - change - of - frequency 
may be utilized independently and separately from other ( RoCoF ) event occurs , a model that identifies esti 
components or steps described herein . For example , the mated characteristics of said electric power system in 
methods may also be used in combination with a plurality of 35 response to particular RoCoF events , wherein each 
electrical grid systems spanning multiple regions through , estimated characteristic is associated with a particu 
for example , one or more grid interconnects , and are not lar RoCoF value and is compared with the respective 
limited to practice with only a single electrical grid system at least one network characteristic based on a feed 
as described herein . Rather , the exemplary embodiments back to update the model ; and 
may be implemented and utilized in connection with many 40 transmit the model to said event estimator to control 
other systems requiring system - wide regulation for said generating unit during the RoCoF event . 
improved operation as described herein . In some other 2. The electric power system of claim 1 , wherein said 
embodiments , the methods and systems described herein controller is configured to determine a control action for said 
may be used with other ancillary services and any other type generating unit based upon the model . 
of utility generation system . 3. The electric power system of claim 1 , wherein said 

Although specific features of various embodiments may controller is configured to determine , in response to an 
be shown in some drawings and not in others , this is for RoCoF event and based upon the model , an operational 
convenience only . In accordance with the principles of the mode of said generating unit . 
systems and methods described herein , any feature of a 4. The electric power system of claim 1 , wherein said 
drawing may be referenced or claimed in combination with 50 processor of said network estimator is further configured to 
any feature of any other drawing . generate , based upon the at least one network characteristic , 
Some embodiments involve the use of one or more the model that includes a plurality of lists of the estimated 

electronic or computing devices . Such devices typically characteristics , each list representing a different character 
include a processor , processing device , or controller , such as istic of said electric power system in response to particular 
a general purpose central processing unit ( CPU ) , a graphics 55 RoCoF events , wherein each estimated characteristic in each 
processing unit ( GPU ) , a microcontroller , a reduced instruc- list is associated with a particular RoCoF value . 
tion set computer ( RISC ) processor , an application specific 5. The electric power system of claim 1 , wherein the 
integrated circuit ( ASIC ) , a programmable logic circuit estimated characteristics each represent a characteristic of 
( PLC ) , a programmable logic unit ( PLU ) , a field program- said generating unit in response to a particular RoCoF event , 
mable gate array ( FPGA ) , a digital signal processing ( DSP ) 60 and wherein the characteristic is selected from the group 
device , and / or any other circuit or processing device capable consisting of a frequency nadir of said generating unit , a 
of executing the functions described herein . The methods rotational speed nadir of said generating unit , a rotational 
described herein may be encoded as executable instructions speed peak of said generating unit , a frequency peak of said 
embodied in a computer readable medium , including , with- generating unit , a settling power of said generating unit , and 
out limitation , a storage device and / or a memory device . 65 a settling frequency of said generating unit . 
Such instructions , when executed by a processing device , 6. The electric power system of claim 1 , wherein said 
cause the processing device to perform at least a portion of processor of said network estimator is further configured to 

45 
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periodically determine , based upon the status information , at ing periodically determining , based upon the status infor 
least one updated network characteristic of said electric mation , at least one updated network characteristic of the 
power system . electric power system . 

7. The electric power system of claim 6 , wherein said 14. The network estimator of claim 8 , wherein said 
controller is further configured to periodically determine , 5 processor is further configured to perform operations includ 
based upon the at least one updated network characteristic , ing periodically querying at least one data source to receive 
at least one updated control action for said generating unit . updated status information . 

8. A network estimator comprising : 15. A method comprising : 
receiving , by a processor configured to be communica a processor ; and 

a non - transitory , tangible , computer - readable memory tively coupled to an event estimator of a generating unit 
having instructions stored thereon that , in response to within an electric power system , status information 
execution by said processor , cause said processor to associated with the electric power system ; 
perform operations including : determining , by the processor and based upon the status 
receiving status information associated with an electric information , at least one network characteristic repre 
power system ; senting an operational status of the electric power 

determining , based upon the status information , at least system ; 
one network characteristic representing an opera generating , by the processor and based upon the at least 
tional status of said electric power system ; one network characteristic , and before a rate - of 

generating , based upon the at least one network char change - of - frequency ( RoCoF ) event occurs , a model 
acteristic and before a rate - of - change - of - frequency 20 that identifies estimated characteristics of the electric 
( RoCoF ) event occurs , a model that identifies esti power system in response to particular RoCoF events , 
mated characteristics of said electric power system in wherein each estimated characteristic is associated with 
response to particular RoCoF events , wherein each a particular RoCoF value and is compared with the 
estimated characteristic is associated with a particu respective at least one network characteristic based on 
lar rate of change of RoCoF value and is compared 25 a feedback to update the model ; and 
with the respective at least one network characteris transmitting , by the processor , the model to the event 
tic based on a feedback to update the model ; and estimator of the generating unit to control the generat 

transmitting the model to an event estimator of a ing unit during the RoCoF event . 
generating unit to control the generating unit during 16. The method of claim 15 , wherein a controller of the 
the RoCoF event . 30 generating unit is configured to determine a control action 

9. The network estimator of claim 8 , wherein said network for the generating unit based upon the model . 
17. The method of claim 15 , wherein a controller of the estimator comprises a standalone computing device . 

10. The network estimator of claim 8 , wherein said generating unit is configured to determine , in response to an 
network estimator is communicatively coupled to at least RoCoF event and based upon the model , an operational 
one data source , and wherein said processor is further 35 mode of the generating unit . 
configured to perform operations including receiving , from 18. The method of claim 15 , further comprising generat 
the at least one data source , the status information . ing , by the processor and based upon the at least one network 

11. The network estimator of claim 8 , wherein said characteristic , the model that includes a plurality of lists of 
processor is further configured to perform operations includ the estimated characteristics , each list representing a differ 
ing generating , based upon the at least one network char- 40 ent characteristic of the electric power system in response to 
acteristic , the model that includes a plurality of lists of the particular RoCoF events , wherein each estimated character 
estimated characteristics , each list representing a different istic in each list is associated with a particular RoCoF value . 
characteristic of the electric power system in response to 19. The method of claim 15 , wherein the estimated 
particular RoCoF events , wherein each estimated character characteristics each represent a characteristic of the gener 
istic in each list is associated with a particular RoCoF value . 45 ating unit in response to a particular RoCoF event , and 

wherein the characteristic is selected from the group con 12. The network estimator of claim 8 , wherein the esti 
mated characteristics each represent a characteristic of said sisting of a frequency nadir of the generating unit , a rota 
generating unit in response to a particular RoCoF event , and tional speed nadir of the generating unit , a rotational speed 
wherein the characteristic is selected from the group con peak of the generating unit , a frequency peak of the gener 
sisting of a frequency nadir of the generating unit , a rota- 50 ating unit , a settling power of the generating unit , and a a 
tional speed nadir of the generating unit , a rotational speed settling frequency of the generating unit . 
peak of the generating unit , a frequency peak of the gener 20. The method of claim 15 , further comprising periodi 
ating unit , a settling power of the generating unit , and a cally determining , by the processor and based upon the 
settling frequency of the generating unit . status information , at least one updated network character 

13. The network estimator of claim 8 , wherein said 55 istic of the electric power system . 
processor is further configured to perform operations includ 


