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DISTRIBUTION FAULT ANTICIPATOR
Introduction:  Utilities are constantly looking for ways to reduce O&M costs and improve their system’s reliability.  Just-in-time maintenance or equipment-based maintenance are two concepts that utilities have pursued over the last 15 years.  However, for distribution equipment, interval-based maintenance still prevails in the industry today.  This paper presents the current status of the work of a research team specifically focused on detecting and classifying distribution equipment in the process of failure.  This team’s goal is to produce a product to help utilities repair or replace the equipment prior to failure.  The deployment of this product will fundamentally change operating and maintenance philosophies in place today.

Let us begin with the basic premise “Equipment often degrades slowly over time.  As it does, it produces measurable electrical changes.  Recognizing these signals provides the basis for "anticipating" faults, thereby avoiding full-blown failures, faults and outages.”   This premise is the basis for the Distribution Fault Anticipator (DFA).
Background: In 1997, a research team composed of three IOU’s, the Electric Power Research Institute (EPRI), and Texas A&M University (TAMU) began Phase I of the research.  Testing was conducted at TAMU’s facility to collect and analyze data from arcing distribution equipment.  The results of the tests led the team to expand the testing and data collection beyond the lab.  Each of the three IOU’s installed a pre-prototype unit in a substation, and data collection and analyses continued for approximately three years.
At the end of this first phase, the team established a proof-of-concept for the DFA.  The team concluded that (1) failing equipment often produces electrical changes; (2) these changes are often measurable; (3) the electrical changes can be subtle, requiring high-fidelity conditioning and signal processing; (4) normal system events can change some of the same parameters that incipient faults cause, requiring very detailed analysis of these changes; (5) the high volume of data that will be produced from such an endeavor will require a highly automated process to be usable.  After the results of Phase I were presented to EPRI members in 2001, members opted to continue the research.  The DFA research program received both “base” funding from EPRI’s Distribution program, and an unprecedented 11 utilities joined in a tailored collaboration project providing additional funding for DFA research.  

The first task in this second phase of the DFA project was to construct a system to collect and analyze data on a large scale.  A total of 66 feeders at 11 different utilities would be monitored.  The research team developed a substation based approach for data collection for several reasons.  The substation would provide a controlled environment which allowed the use of a less hardened group of equipment.  Current and voltage measurements would be readily available.  A high volume of data was expected and communication requirements could possibly be simplified.  The research project was designed to involve both researchers to analyze data and develop algorithms and utility personnel to support the algorithm development with diagnostics specific to their own utility events.
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Figure 1

The research team developed a “data collection device” that was installed in a 19” rack in the substation.  This data collection device is capable of measuring and capturing voltages and currents from as many as 8 feeders simultaneously through custom designed input boards.  In addition, the device contained a “master” CPU module (Windows based) which handled communications and storage.   The system utilized the existing substation bus PTs and feeder CTs for inputs.  In the case of TXU Electric Delivery, a cable modem service was used to communicate with the data collection device.  Figure 1 shows a high level diagram of the system.

Master stations shown in Figure 1, are Windows based workstations with added storage capabilities.  These workstations were loaded with a custom designed GUI.  Events on feeders were “captured” and stored in the substation data collection device.  The information was copied from the substation to both the Master station at the utility and the Master station at TAMU.  This allowed researchers and utility personnel to view and categorize the data captured.  In the early stages of the project, captured events were manually classified at both the utilities and at TAMU.  Algorithms were subsequently developed from these manual classifications.  Today, the majority of events are automatically classified by the algorithms.

Within the first year of data collection, more than a 1000 gigabytes of events were recorded for analysis from the 11 utilities.  Within a relatively short period of time, it became apparent that a large majority of the data captures were deemed “normal” events.  Within a year, statistics showed that on a relatively well behaved feeder, as much as 99% of the events that were documented were “normal events”.  This led the research team to set a priority to first develop algorithms to recognize normal events.  This is an important step giving utilities the ability to filter out information that is not of interest.

In the first year of data collection, the research team encountered failures of various pieces of distribution equipment.  Capacitor banks and their related equipment components initially accounted for many of the data captures.
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As failures occurred, the research team worked to identify the failure and look for pre-cursor information that could be used for algorithm development.  As algorithms were completed and further failures occurred, algorithms were refined.  Over the last three years, algorithms have greatly improved.  As of this date, data collection and algorithm development continues, but the focus of the team is now turning toward the third phase of this project, commercialization.
Commercialization:  In 2005, DOE approved funding to begin commercialization of the DFA concept.  Several utilities across the U.S. are participating in this Phase III effort.  The commercialization project, led by EPRI Solutions, will involve two main thrusts. A standard format for a library of events/disturbances will be developed and populated from existing sources.  This library will pave the way for future research.  A first cut commercial model of a substation based DFA will be developed, incorporating lessons learned from the research team.  TXU ED will purchase and install four substation based units across its system.  Southern Company will work toward developing a distributed version of DFA, with a goal of incorporating this version into its RTU’s currently in the field.  The commercialization project will move the DFA beyond its data collection/algorithm development to implementation of algorithms. The utilities involved in Phase III will develop reporting and notification systems/reports to act on the DFA data.  The work on this project should be completed in 2007. 
Future Work:  The DFA will need to continue to mature as a technology.  As it’s algorithms begin to be deployed in more utilities on more feeders, more information and more failures will be documented.  This will give way to better refined as well as entirely new algorithms.  The work ahead will require developing a final missing piece to fault anticipation.  That piece is fault location.  There has been some research to date on location, but a significant amount of resources will be required before a system that includes location is available to the market.  Incipient fault location, when added to the existing DFA product will give utilities a complete picture of not only what is failing, but where that failure is going to occur.
The DFA and its algorithms has been designed to pave the way for implementation on multiple hardware platforms from different vendors.  This approach will enable utilities to utilize the DFA in their own distribution systems as they choose without the disadvantages of having to retrofit their current investment in their infrastructure.  Whether a utility adopts a substation approach, a distributed deployment, a substation relay based system or a power quality based system, the DFA concept is adaptable to all these platforms.  




























































Voltage regulator failure


LTC controller failure


Lightning arrestor failure


Tree limb contacts


Repetitive overcurrent faults


Secondary faults








Many capacitor problems


Failed capacitors


Switch restrike


Controller failures


Blown fuses


Stuck switches


Switch burn-ups


Tolerance problems








Documented Incipient Failures
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