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Q1: What is the definition of Disturbance Monitoring Equipment?

A1: Disturbance Monitoring Equipment is defined in the NERC Glossary of terms.

The following is reproduced from the November 1, 2006 NERC Glossary of Terms: 
For the purposes of this standard, Disturbance Monitoring Equipment, sequence of events recorders, fault recorders, and Dynamic Disturbance Recorders refer to a functional capability, not to discrete stand alone devices.

Sequence of events recording can be done by single function stand alone device, or the capability can be provided as part of another device.  These include, but are not limited to, devices such as a protective relay, part of a fault recording device such as a Digital Fault Recorder (DFR), or part of a Supervisory Control And Data Acquisition (SCADA) Remote Terminal Unit (RTU).  Any device capable of recording the status and change of state of a piece of equipment within the specified time frame and meets the functional requirements of the standard may be used.

Fault recording may be done by a single function stand alone device such as a DFR, as part of a protective relay, or as part of a device intended for Dynamic Disturbance Recording if is has a high enough sampling and recording rate.  Any device capable of recording the required waveforms and meets the functional requirements of the standard may be used.

Dynamic Disturbance Recording may be done by a single function stand alone device, or as part of another device such as a DFR if it has continuous recording capability.  Other devices may be used if they meet the functional requirements of the standard.

Q2:  Why are the attributes specified for the three basic types of records different for                              each recording function – FR, SOE, and DDR?  

A2: This standard refers to three basic types of recording functions used to analyze the performance of an electric utility protection and control system in response to a disturbance: Fault Recording (FR), Sequence of Event Recording (SOE) and Dynamic Disturbance Recording (DDR). The standard refers primarily to current state of the art equipment that is commonly being used by utilities today but does not exclude older devices which meet the basic application requirements. 

Generally speaking, system faults and the system response to them occur within a very short time period, approximately from 1 to 50 cycles. All of the basic system parameters, voltage and current, are sampled and recorded by FR which are time synchronized by a GPS clock. Since faults can be phase-to-ground, phase-to-phase or three-phase, all of the basic parameters must be recorded to ensure that all the characteristics of any fault are preserved. 

The response of the protective relays and control system to these changing voltage and current parameters is monitored and recorded by Sequence of Events Recording functions (SOE). The SOE is recording change of status of critical contacts of the control system along with a GPS Universal Time tag to show the exact time at which the various devices operated, and thus the exact sequence of operation of the various devices. 

 The third device specified, DDR, is used to make a continuous record of inter-area or inter-region load instabilities. Large interconnected systems can have inter-area responses to each other resulting in slow oscillating load swings. These disturbances are characterized by oscillating power swings that can have frequencies in the neighborhood of 0.10 – 4 Hz and their duration may be from many seconds to minutes or even hours.

The difference in the nature of the disturbances and the types of stand-alone recording equipment results in the differing attributes. The FR needs a minimum of 16 samples per cycle to get accurate waveforms and to get 1 ms resolution for any digital input which may be used for SOE. The SOE needs to sample at high data rates to get at least 16 samples per cycle to get a 1 ms resolution for any input. Both need to sample at similar rates. The DDR needs to sample at 16 samples/cycle to measure RMS quantities and record them 10 times a second to reliably measure oscillations up to 5 Hz.  Older DDR’s that do not record continuously must rely on triggers to initiate must have a minimum record length of 3 minutes to insure that the entire event is recorded.  Distributed devices being used for FR, SOE, and/or DDR must be time synchronized within 2 ms to comply with NERC PRC-018.

The three recording functions described above may be provided within specialized stand-alone devices, or may be integrated into devices which combine the functions, or even within other devices such as digital relays.   The performance specifications noted in the Standard for each function must be satisfied.

Q3: I have four substations that meet the requirements for installing a DDR, and they are all close to each other.  Can I install just one DDR?

A3: The standard states that if a substation requiring a DDR is one or two substations away from a substation that has a DDR at a common voltage level, then the DDR is optional.  Referring to the diagram below, if Substation A meets the criteria for installing a DDR, but Substation B or Substation C has a DDR, then the DDR at Substation A is optional.  If Substation E has a DDR, but there are no DDRs at Substation B or Substation C, then a DDR is required.

If Substation E meets the criteria for installing a DDR, but Substation G and Substation H both have DDRs, a DDR must be installed at Substation E because both Substation G and Substation H are at a different voltage level.  If there was a DDR at Substations B, C, D, or F, the DDR at Substation E would be optional.  


Q4: For straight-line bus arrangements, since the line voltage is equal to the bus voltage as long as the circuit breaker remains closed, and therefore as long as the circuit breaker can pass fault current, are bus PT's "sufficient to determine" the line voltage from the standpoint of R2.2.1, or are actual line PT's required for monitoring of the line?

A4: Bus PTs are sufficient.

Q5: R1.3 states "Output trip contacts of each independent protective relaying system that trip breakers per R1.2, shall be monitored by the equipment capable of SOE recording."


Monitoring a paralleled group of output trip contacts, in conjunction with other available information, can unambiguously establish a timed sequence of events.  Is this sufficient to satisfy R1.3?

A5: Yes, if the paralleled group of output trip contacts are from a single independent protective relaying system.  If the paralleled group of output trip contacts combine several otherwise-independent protective relaying systems, the paralleled contacts are not sufficient to satisfy the standard.
Q6: For the arrangement shown below, does oscillography require 6 DFR potential inputs (3 phase x 2 buses), or does it require 30 potential inputs (3 phase x [8 lines + 2 buses])?
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A6: Only 6 DFR potential inputs are required.

Q7: The NERC standard requires a reporting resolution of two milliseconds, but the RFC standard requires a reporting accuracy of one millisecond.  Relays such as the SEL-321, and many others, only sample at 960 Hz, and can not provide an SOE record with one millisecond.  Even some relays with higher sampling rates, because of processing times, can not report with one millisecond accuracy.

A7: R1.5 allows for an internal timing latency of four milliseconds. R1.6 now requires: “SOE recording equipment shall have millisecond (or better) time stamp capability (i.e. seconds shall be recorded to at least the third decimal ss.000).”  This relates to the precision not the accuracy.

Term: Disturbance Monitoring Equipment


Acronym: DME


Definition: Devices capable of monitoring and recording system data pertaining to a Disturbance. Such devices include the following categories of recorders1:


• Sequence of event recorders which record equipment response to the event


• Fault recorders, which record actual waveform data replicating the system primary voltages and currents. This may include protective relays.


• Dynamic Disturbance Recorders (DDRs), which record incidents that portray, power system behavior during dynamic events such as low frequency (0.1 Hz – 3 Hz) oscillations and abnormal frequency or voltage excursions.


 


1 Phasor Measurement Units and any other equipment that meets the functional requirements of DMEs may qualify as DMEs.
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