Power System Overview

Draft to accompany comment OSECS-1 to NIST SG issues paper

S. A. Klein

The electric power grid has long been designed to continue operating even in the face of problems.  Equipment breaks, thunderstorms happen, curious animals get into substations, and drivers crash cars into distribution poles.  The power grid is designed and operated so that any single situation does not interrupt the flow of power (the so-called “n-1 criterion”).

The most rapid function in an electric power grid is an automatic system of relays that detect faults and trip circuit breakers to protect equipment.  For many years these protective relays were electro-mechanical.  Over the last two decades, they have begun to be replaced by computer-based devices of increasing sophistication.  This protective relay system operates at very high speed.  The breakers are signaled to trip in a matter of milliseconds from detection of a fault.  

To avoid long disruptions after temporary faults, breakers are often designed to reclose after a brief wait and let the relays sense if the fault has cleared.  The number of reclosings is adjustable, and is often used to automatically minimize disruption of distribution lines after a fault on part of the line.  Not all the protection is sophisticated; fuses continue to protect some equipment, especially in the distribution system.

The next most rapid function is the instantaneous balancing of load against available power.  This rebalancing takes place every few seconds.  Certain generators are placed “on control” and are signaled to increase or decrease their output in response to customers turning lights on and off or starting and stopping electrical equipment.  

Another important function in the power grid is prevention of cascading failures.  When a fault occurs, the protective relays open breakers to prevent damage to equipment.  The electric power then redistributes itself in the remaining system according to the laws of physics.  This may cause overload of other parts of the grid.  In extreme cases, the automatic protection will operate.  However, in most cases the overload is thermal.  Most equipment and lines can handle a thermal overload for a period of time ranging from minutes to a few hours, depending on factors such as air temperature and wind speed.  If a line overload continues, the wire will expand and the line will sag and either break or possibly contact vegetation, causing another fault.

Power system operators generally try to draw power from the least expensive generation sources, either on a cost or price basis.  However, they periodically run contingency analyses that “what if” disconnect generators and lines and determine what other overloads would result from those disconnections.  These analyses are run at intervals ranging from one to ten minutes.  The operators then reconfigure their systems to operate less economically but where the contingency  outages would not cause a subsequent overload.  Data collection, contingency analysis, and reconfigurations are done on a time frame of minutes.  There are numerous other important functions that occur on much slower time frames. 

Most electric power in the grid is alternating current at a frequency of 60 Hertz (cycles per second).  Most of the measurements used in operating the grid are averages over a cycle.  Many calculations made in operating the grid infer the actual dynamic parameters of the power (known as “phasors”) from the averages and the electrical characteristics of equipment and lines.  With the availability of precise time information from satellites, it is now possible to measure and use the phasor data directly and to place all of it on a common time base, creating “synchrophasors.”

Synchrophasor technology promises to enable new capabilities in the operation of protective devices and to provide the power system operator with an improved overview of the dynamic stability of the grid.

