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I nt roducti on

The high inpedance fault detection technology devel oped at Texas A&M
University after nore than a decade of research, funded in large part by
the Electric Power Research Institute, has been incorporated into a
conprehensive nonitoring device f or overhead distribution feeders. This
digital feeder monitor (DFM uses a high waveform sanpling rate for the
ac current and voltage inputs in conjunction with a high-perfornmance
reduced instruction set (R SC) mcroprocessor to obtain the frequency
response required for arcing fault detection and power quality
measurenents. Expert system techniques are enployed to assure security
whi | e mai nt ai ni ng dependability. The DFMis intended to be applied at a
di stribution substation to nonitor one feeder. The DFMis packaged in a
non- drawout case which fits the panel cutout for a GE |IAC overcurrent
relay to facilitate retrofits at the mpjority of sites where
el ectronechani cal overcurrent rel ays al ready exist.

H gh i npedance Faults

To understand the perfornance of the DFM it is necessary to ,define the
hi gh i npedance faults targeted by this device. A high inpedance fault is
characterized by having an inpedance sufficiently high such that it is
not detected by conventional phase or ground overcurrent protection. A
downed conductor fault occurs when the conductor is no |onger intact on
pole top insulators, but instead is broken and in contact with earth or
a grounded object. An arcing fault is any high inpedance fault which
exhi bits arcing.

Conbi nati ons of these types are possible. An exanple is an arcing, high
i npedance, downed conductor fault. The intent of the DFM is to detect
hi gh inpedance faults which arc, and to differentiate those which are
downed conductors from those which are not. Electrical signatures are
used to identify the presence of arcing. If the arcing begins with a
loss of load or with an overcurrent disturbance (as mght occur when a
conductor falls across another phase or neutral wire and then falls to
ground) , the DFM assunes that a conductor is down. If neither of these
conditions initiates the arcing, the DFM assumes that the conductor is
still intact. In the interest of system security,



the DFM considers | oss of |oad or an overcurrent disturbance to indicate
a downed conductor if and only if one of these starts the arcing, and
not if one these occurs after the initiation of arcing. The reason for
this is that, following a recloser operation, power system |load |evels
will often change sufficiently such that the DFM cannot distinguish
between a recloser operation and a loss of load due to a broken
conduct or.

Al gorithns Associated with H gh |Inpedance Fault Detection

An algorithm is sinply a set of rules for solving a problem For a
m cr oprocessor - based device, an algorithmis inplemented by the software
code run by the mcroprocessor. In the DFM the detection of a downed
conductor or arcing condition is acconplished through the execution of
the follow ng al gorithns:

Energy Al gorithm

Randommess Al gorithm

Expert Arc Detector Al gorithm

Load Event Detector Al gorithm

Load Analysis Al gorithm

Load Extraction Al gorithm

Are Burst Pattern Analysis Al gorithm
Spectral Analysis Al gorithm

Arcing Suspected ldentifier Al gorithm

Energy Al gorithm

Arcing causes bursts of energy to register throughout the frequency
spectrum and they are readily detected at non-fundanmental and non-
harmoni ¢ frequenci es. This characteristic of arcing faults is
represented in Figure 1. The Energy Algorithmnonitors a specific set of
non- fundanmental frequency conponent energies of phase and neutral
current. After establishing an average value for a given conponent
energy, the algorithmindicates arcing if it detects a sudden, sustained
increase in the value of that conmponent. The DFM runs the Energy
Al gorithmon each of the follow ng paraneters for each phase current and
for the neutral: (1) even harmonics, (2) odd harnonics, and (3) non-
harmoni cs. on a 60-Hz system the non-harnonic conponent consists of a
sum of the 30, 90, 150, ... , 750-Hz conponents, while on a 50-Hz
system it consists of a sumof the 25, 75, 125,

625-Hz components. If the Energy Algorithm detects a sudden, sustained
increase in one of these conponent energies, it reports this to the
Expert Arc Detector Algorithm resets itself, and continues to nonitor
for another sudden increase.

Randommess Al gorithm

The Randommess Algorithm identifies another characteristic of these
faults, that of having energy magnitudes which vary considerably from
one half-cycle to the next, as shown in Figure 2. The Randommess
Al gorithm nonitors the sane set of conmponent energies as the Energy
Al gorithm However,, rather than checking for a sudden, sustained
increase in the value of the nonitored conponent energy, it |ooks for a
sudden increase in a conmponent
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followed by highly erratic behavior. This type of highly random behavi or
is indicative of many arcing faults. Just as with the Energy Al gorithm
if the Randommess Al gorithm detects a suspicious event in one of its
moni tored conponents, it reports this to the Expert Arc Detector
Algorithm resets itself, and continues to monitor for another
suspi ci ous event.

Expert Arc Detector Al gorithm

The purpose of the Expert Arc Detector Algorithmis to assimlate the
out puts of the basic arc detection algorithns into one belief-in-arching
confidence | evel per phase. Note that there are actually 24 independent
basic arc detection algorithns, since both the Energy Al gorithm and the
Randommess Al gorithm are run for the even harnonics, odd harnonics, and
non- harnonics for each phase current and for the neutral. The
assimlation perforned by the Expert Arc Detector A gorithm then, is
acconpl i shed by counting the nunber of belief-in-arcing indications
determ ned by any one of the twenty-four algorithnms over a short period
of time. A so taken into account is the nunber of different basic
algorithnms that indicate a belief in arcing. Various weights are
assigned to each of the paraneters to reflect the significance of the
information in each paraneter. These weights were derived from the
anal ysis of hours of data fromover 300 staged faults and other events.

The Expert Arc Detector Algorithmis belief-in-arcing confidence |evel
for each phase increases as the nunber of basic algorithnms that indicate
a belief in arcing increases. It also increases with increasing nunbers
of indications from any one basic algorithm These confidence |Ievel
i ncreases occur because nultiple, consecutive indications and multiple,
i ndependent indications are nore characteristic of the presence of
arcing than a single algorithmgiving a single indication.

Load Event Detector Al gorithm

The Load Event Detector Al gorithm exam nes, on a per-phase basis, one
readi ng of RMS val ues per two-cycle interval for each phase current and
the neutral. It then sets flags for each phase current and for the
neutral based on the follow ng events: (1) an overcurrent condition, (2)
a precipitous loss of load, (3) a high rate-of-change, (4) a significant
t hree- phase event, and (5) a breaker open condition. These flags are
exam ned by the Load Analysis Algorithm Their states contribute to that
algorithms differentiation between arcing downed conductors and arcing
i ntact conductors, and inhibit the Expert Arc Detector Al gorithm from
indicating the need for an arcing alarmfor a limted tine follow ng an
overcurrent or breaker open condition

Load Analysis Al gorithm

The purpose of the Load Analysis Algorithmis to differentiate between
arci ng downed conductors and arcing intact conductors by |ooking for a
precipitous loss of load and/or an overcurrent disturbance at the
beginning of an arcing episode. A typical downed conductor pattern
recogni zed by the algorithmis shown in Figure 3. The presence of arcing
on the systemis determ ned
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based on the output of the Expert Arc Detector Algorithm If the DFM
finds persistent arcing on the power system the Load Analysis Al gorithm
then considers the type of incident that initiated the arcing and
classifies the arcing conductor as either downed or intact. Another
function of the algorithmis to provide coordination between the DFM and
the power systems conventional overcurrent protection by observing a
ti meout from the beginning of the arcing before giving an indication of
ar ci ng.

If the Load Analysis Algorithm determnes that a downed conductor or
arcing exists, it attenpts to determ ne the phase on which the high
i npedance fault condition exists. It does this in a hierarchical manner.
First, if a significant loss of load triggered the Load Analysis
Algorithm and if there was a significant |oss on only one phase, that
phase is identified. If there was not a single phase loss of |oad, and
if an overcurrent condition on only one phase triggered the algorithm
that phase is identified. If both of these tests fail to identify the
phase, the phase with a significantly higher confidence |evel (e.qg.
higher than the other two phases by at least 25% is identified.
Finally, if none of these tests provides phase identification, the
result of the Arc Burst Pattern Analysis Algorithmis checked. If that
test fails, the phase is not identified.

Load Extraction Al gorithm

The' Load Extraction Al gorithm attenpts to find a quiescent period
during an arcing fault so that it can determ ne the background | oad
| evel of the neutral current. If it is successful in doing so, it then
renoves the |oad conponent from the total measured neutral current,
resulting in a signal which consists only of the fault conmponent of the
neutral current. This information is then provided as input to the Arc
Burst Pattern Analysis Algorithm

Arc Burst Pattern Analysis Al gorithm

The Arc Burst Pattern Analysis Algorithm attenpts to provide faulted
phase identification information based on a correlation between the
fault component of the neasured neutral current and the phase voltages.
The fault conponent is received fromthe Load Extraction Al gorithm The
result of the analysis is checked by the Load Analysis Algorithmif its
ot her phase identification nethods prove unsuccessful.

Spectral Analysis Al gorithm

The Spectral Analysis Al gorithm anal yzes the non-harnoni c conponents of
the neutral current on the power system and correlates the shape of the
non- har noni ¢ conponents of the spectrumto an ideal 1/f arcing spectrum
A high correlation provides confirmation of the DFMs belief in arcing
on the power system

Arcing Suspected ldentifier Al gorithm

The purpose of the Arcing Event Trend ldentifier Algorithmis to detect
multiple, sporadic arcing events. If taken individually, such events are
not sufficient to warrant an arcing alarm Wen taken cumulatively,
however, these events do warrant



an alarm to system operators so that the cause of the arcing can be
i nvesti gated.

Figure 4 illustrates the interaction of these various algorithnms to
produce three separate outputs associated with high inpedance fault
detection. The "arcing" output occurs relatively fast when persistent
arcing is present or relatively slow (fraction of an hour to one or two
hours) when arcing is intermttent. The "downed conductor" output occurs
only when a precipitous loss of load or an overcurrent condition
indicating a fault occurs prior to the detection of arcing. "Phase
identification" (phase A phase B, or phase C) is deterni ned when either
the arcing or downed conductor output occurs.

Control Strategies for Hi gh I npedance Fault Detection

Users of the DFM expect its high inpedance fault detection to be secure
and dependable. Mst users will consider service continuity inportant,
and will use the DFM to inprove the ability to de-energize a feeder
where a downed conductor poses a threat to |life and property.

The DFM is designated a "nonitor" rather than a protective relay to
enphasi ze the fact that not all downed conductors can be detected by the
DFM For instance, a downed conductor on dry asphalt that does not
produce arcing will not be detected by the DFM It is difficult to
derive a definitive, statistical performance of nerit for DFM high
i npedance fault detection because of the w de variety of ground and
circuit conditions which my be encountered. However, based upon
docunented field experience and assunptions of circuit environnental
conditions, it can be expected that approximtely 80% of all arcing,
hi gh i npedance faults will be detected by the DFM assuming the default
sensitivities set at the factory.

once detection occurs, the user nust decide upon a course of action. A
DFM contact closure associated with the downed conductor output of
Figure 4 can be used to alarmor initiate a control action, the npst
apparent of which is tripping the feeder breaker. However, the user may
consider whether tripping the feeder breaker and the resultant
interruption of service is necessary where there is virtually no risk to
person or property.

Downed conductor accidents have been and wll be the subject of
litigation. Gven devices such as the DFM which can detect a high
percent age of downed conductors, utilities, acting alone and influenced
by regulating bodies, may feel conpelled to install such devices to
i nprove safety by selective clearing of suspected downed conductor
faults. This approach will reduce the overall risk to person or property
al t hough the risk will not be entirely elimnated because not all downed
conductors can be detected. On the other hand, a utility that chooses
not to install such a device or not to trip if one is installed may be
at a disadvantage in a court room situation. This is all very
specul ative, but it points out the advantage in using a new product
whi ch offers substantial inprovenments but is not perfect.
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There are other service continuity and safety considerations that wll
i nfl uence how the DFMis used. In partially arid regi ons where a downed
conductor can easily start a wild fire, the user may elect to always
trip the feeder breaker. In a dense suburban area, the safety risk of a
downed conductor may be substantially less than if one or nore traffic
lights at busy intersections are disabled as a result of the DFM
tripping the feeder breaker. In a sparsely populated rural area with few
feeders and l|laterals, where threat of wild fire froma downed conduct or
is low, service continuity may dictate that the DFM al armonly.

The ability or inability to conmunicate with a given distribution
substation will also affect how the DFMis used. If information that an
alarm contact has cl osed cannot be detected at a renote |ocation, where
appropriate action can be taken, then the remmining option is to allow
the DFM to trip when a downed conductor is detected. For those
di stribution substations which are part of a SCADA system a DFM al arm
contact may be wired directly to the RTU at the substation.

If a SCADA RTU is not present, then the DFMs RS232 serial ports
can provide renote comuni cations. A DB-25 connector (PL-1) located on
the rear of ' the case permts the user to communicate with the DFM from
a local or renote conputer or to connect the DFMto the host conputer of
a G NET substation information and control system A DB-9 connector
| ocated on the front panel of the DFM permits the user to conmmunicate
with the DFM from a local or rempte conputer, but it cannot be used to
connect the DFMto the host conputer of a G NET system

when communication via a serial port is desired, a local PC may be
connected via the proper null-nodem cable or a renote PC may be
connected via interposing nodens. Unique PC software, DFMLINK, is
required to conmmunicate with the DFM DFM LINK allows the user to call
in and inquire if an alarm condition exists. The G NET system which
would typically be used at a substation to gather and sort information
frommultiple intelligent electronic devices (IEDs), wll automatically
call a renote PCto indicate that an al arm exi sts.

O her nonitoring Functions
In addition to high inpedance fault detection, the follow ng functions
are avail able in the DFM

Breaker Health Mnitoring
Overcurrent Di sturbance Mnitoring
Power Quality Monitoring

Present Val ue Monitoring

Breaker Health Mnitoring
The DFM cal cul ates and stores the cunulative It or 12t value (depending
on a setting) of each of the three phase currents in



order to nonitor breaker health. These cunul ative values, along with a
count of breaker trips, are accessible either through the |ocal man-
machi ne interface (MM) or via a serial port.

If the DFM is connected to a breaker that has had prior use, the DFM
accepts initial cunulative values for each phase and an initial value
for the total nunber of trips. This initialization is acconplished
through a serial port. The breaker health values can also be reset
through a serial port upon conpletion of breaker maintenance. If the DFM
is configured to allow local MM resets, a breaker health reset can al so
be acconplished through the |local WM.

Overcurrent Di sturbance Mnitoring

The DFM nonitors for an overcurrent condition on the feeder by
est abl i shing overcurrent thresholds for the phases and for the neutral
and then checking for a single twd-cycle RVE current that exceeds those
threshol ds. oscillography and fault data are captured if it is
determ ned that an overcurrent condition exists. In addition, the DFMs
local MM responds with a blinking overcurrent message on the top
di splay line and appropriate LEDs being lit.

Power Quality Monitoring

The DFMs power quality nmonitoring function provides information for
assessing the duration and severity of periods of poor power quality.
The DFM checks the power quality by calculating the total harnonic
distortion (THD) on each of the three phase currents and voltages over
one-mnute intervals. The THD is then used to define the effect of
harnmoni cs on the power system currents and voltages. It represents the
rati o of the root-nean-square of the harnmonic content to the root-nean-
square value of the fundanental quantity, expressed as a percent of the
fundanmental . Cal cul ati on of THD val ues requires the accunul ati on of the
real and imaginary conponents of the 2nd through 13th harnonic
frequencies. This accumulation is perforned on the phase currents f or
each two-cycle sanple interval. The three wvoltage inputs are
sequentially anal yzed, al so using a two-cycle data w ndow.

The THD values stored in the DFM are updated once per mnute for each
phase current and voltage. These values can be viewed on the |ocal MV
or retrieved through a serial port. A command may also be used to
retrieve all the real and inmagi nary conponents of the thirteen multiples
of the fundanental frequency for the last two-cycle interval.

The power quality data maintained in the DFM includes nmini mum maximum
and average values for THD, and the mninum 2-second RV5 average for
each phase voltage. This data is reported for a tine interval
configurable to 15, 30, or 60 mnutes, with 2, 4, or 8 days of storage
provi ded, respectively, depending on the tinme interval selected. An
ext ended nenory option is avail abl e that

-10-



provides 35, 70, or 140 days of entries, respectively, again depending
on the tine interval. (The selected interval and storage capability
apply to all the demand data in the DFM)

Present Val ue Monitoring

The DFM provi des typical panel nmeter functions by nonitoring the present
val ues of the three-phase distribution feeder and di spl ays these on a 2-
line by 20-character al phanunmeric display |ocated on the front panel.
Present val ue data consists of the individual currents, voltages, watts,
VARs, and power factors, as well as the individual total harnonic
distortions (THDs) for each of the three phase currents and voltages in
nodel s that include power quality nonitoring. Three-phase values are
calculated for the watts, VARs, VA, and power factors. Each present
val ue i s updated once per second.

Addi tional Features
The followi ng features are included in the DFM The list of features is
foll owed by detail ed descriptions of each.

Br eaker Control

Confi gurabl e Contact Converters

Confi gurabl e Qutputs

Configurable Tinme Interval Demand Reporting
Dai | y Maxi num Demand Reporting

Peak Val ue Reporting

Event Reporting

Fault Reporting

Har moni ¢ Spectral Analysis

I nst ant aneous and RMS Osci | | ogr aphy

Local Man- Machine Interface (MJ)

Multiple Goups of Hi gh |Inpedance Settings
Password Protection

Power - On Sel f-Tests

Run-Time Sel f-Tests

Serial Communi cati ons

Ti me synchroni zati on

Br eaker Control

Two of the DFM s output contacts are designated as control contacts and
are configurable for tripping a breaker. If one or both of these are
configured as such, the breaker can be tripped by closing one or both of
those contacts. A 'close breaker' command will close a dedicated out put
contact. It is also possible to trip and close the breaker via external
contacts wired to the DFMs contact converters by configuring one to
'open breaker' and another to 'close breaker'.

Confi gurabl e Contact Converters

Al three of the DFM s contact converters are configurable. The user can
sel ect from eight possible assignnments, but each
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contact converter (CC) may be given one and only one assignment, and no
two CCs can be given the sane assignment.

Confi gurabl e Qut puts.

To provide greater flexibility in utilization of the output contacts,
four of the output contacts are designated as configurable. Two of these
are designated as control contacts; the other two, as alarm contacts.

Configurable Tinme Interval Demand Reporting

Demand profiles are maintained in the DFMfor the currents, watts, VARs,
3-phase VA, and power factors, as well as for the m nimum maxi mum and
average total harnonic distortions (THDs) and mni num 2-second average
RVS vol tages in nodels that include power quality nonitoring. The demand
profiles are averages that are calculate- based on an interval of tine
known as the demand period, which is configurable to either 15, 30, or
60 m nutes.

Dai | y Maxi num Demand Reporting

In addition to the demand profiles, a 35-day history of daily maxi nuns
(or mninmunms, depending on the data) is also maintained. Included in
this history are the maxi mum current per phase and neutral, the maxi num
t hree- phase watts, VARs, and VA, and the mininmm three-phase power
factor. For DFM nodels that provide power quality nonitoring, the
maxi mum THD per current and vol tage phase and the m ni mum 2-second RVB
vol tage per phase are also included. Each of the entries in the 35-day
log is based on a daily demand period average which represents the
maxi mum (or mininum if applicable) for each day. Each entry is tine
stanped independently to the nearest second. The 35-day log of daily
maxi muns can be accessed through a serial port.

Peak Val ue Reporting

Peak val ues are mmintained in the DFM whi ch represent maxi mum val ues (or
m ni mum depending on the data) since the data storage nenory was | ast
cleared. Peak entries include the nmaxi mum phase and neutral currents,
t he maxi mum t hree- phase watts, VARs, and VA, and the m ni mrumthree-phase
power factor. Peak THDs for each phase current and voltage, as well as
the m ni mum 2-second average RVS vol tages per phase are also included in
nodel s that provide power quality nonitoring.

Event Reporting

A log of events is maintained in the DFM that contains the last 150
events. Events are tinme stanped to the nearest half-mllisecond.
Exampl es of events | ogged include alarnms, contact operations, |ogins and
| ogouts, oscillography captures, renote operations, and resets. Event
data can be accessed through a serial port.
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Fault Reporting

when either a high inpedance fault or an overcurrent disturbance is
detected, pertinent information (unit ID, date and time, operating tine,
pre-fault currents, fault currents and voltages, fault type, operation
type, selected events) is stored in the DFM Conplete data for the nost
recent faults is maintained, up to a maxi mum nunber of faults. This
maxi mum is configurable to either 1, 2, 4, or 8 The fault data can be
accessed through a serial port, or an abbreviated sunmary containing
only the fault types, operation types, and dates and tinmes can be vi ewed
on the DFMs | ocal MM.

Har moni ¢ Spectral Analysis

Harmoni ¢ spectral analysis is perforned in DFM nodel s that provi de power
quality nonitoring. Harmonic data is maintained by accunmul ating the rea
and inmagi nary conponents of the 2nd through 13th harnonic frequencies
for phase currents and voltages. The last two-cycle interval of these
conponents can be retrieved through a serial port for analysis.

Local Man- Machine Interface (MJ)

A local MM, consisting of four pushbuttons, six LEDs, and a 2-line by
20-character al phanumeric display, provides the user easy access for
nmoni toring present values, peak demand data, contact converter and
out put contact assignnents, contact converter states, and disturbance
data, as well as DFM status and alarminformation. In addition, via the
local MM, the user may view the current date and tine, view the DFM
nodel and EPROM version nunbers, zero the peak demands and breaker
health wvalues, initiate a self-test of the MM, or initiate the
automatic scrolling of present values on the bottomline of the display.

Multiple Goups of Hi gh Inpedance Settings

Two separate groups of high inpedance settings may be stored

in the DFMs nonvolatile nenory, with only one group active at a
given tinme. The currently active group is determned by a

setting. This setting can dictate that the normal settings are
active, that the alternate settings are active, or that the active
group is determined by the state of a contact converter. If tied
to the state of a CC, the alternate settings are active if a CC
configured for "alternate settings' is closed; otherw se, the
normal settings are active.

I nst ant aneous and RVMS Osci | | ogr aphy

Two sets of oscillography data are stored in nmenory each tinme the DFM
detects either a high inpedance fault or an overcurrent fault, or when
an external contact triggers oscillography. The first set of data
consi sts of the instantaneous voltage and current values for up to 200
cycles of data. The nenory for this data can be configured for the nost
recent one 200-cycle, two

-13-



100-cycle, four 50-cycle, or eight 25-cycle events. The second set of
data consists of the two-cycle RVM5 values for the voltage and current
for 5400 sanples (3 minutes). The configuration of this data is tied
directly to the instantaneous Gscill ography configuration, with the one,
two, four, and eight mapped to 5400-sanple, 2700-sanple, 1350-sanple,
and 675-sanmpl e events, respectively.

Password Protection

Three different passwords provide security when uploading and view ng
stored data, when perform ng control actions, and when changi ng settings
via a serial port. Each password has a default which is stored in nmenory
as shipped fromthe factory. These defaults must be changed when the DFM
is placed in operation. The three passwords may be viewed in their

encrypted formon the local MM. They may be changed through a serial

port.

Power - On Sel f-Tests

The nost conprehensive testing of the DFMis performed during a power-
up. Since the DFM is not performing any nonitoring activities at that
time, tests that would be disruptive to run-tinme processing may be
performed. The power-on self-tests attenpt to verify the DFM s hardware
components (EPROM |ocal RAM interrupt controller, tiner chip, serial
ports, DMA channels, nonvolatile nenory, analog and digital 1/0
circuitry, MM hardware, etc.).

Run-Time Sel f-Tests

The DFM s run-tinme self-test diagnostics are executed on a regul ar basis
during online operation. These self-tests are intended to diagnose
possible real-tinme failures due to component aging, prenmature conponent
failure, etc. Tests that are run verify DFM nmenory cell integrity and
bus connections w thout disturbing ongoing algorithmc and comunication
processes.

Serial Communi cati ons
Two RS-232 serial ports are provided on the DFM one on the front pane
and one on the rear panel

Ti me Synchroni zati on

The DFM includes a clock that can run freely from the interna
oscillator or be synchronized from an external signal. Three different
external tinme synchronization signals are possible. If available, an
unnodul ated IRIG B signal connected to the IRIGB BNC connector on the
DFM s back panel is used to synchronize the clock. If the DFM is
connected to the host conputer of a G NET substation information and
control system then the DFM receives a tinme synchronization pulse via
pin 25 of PL-1 on the DFMs back panel. A time reference can also be
supplied to the DFM from a PC connected via a serial port.
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Strategies for Assessnment and Test

The DFMis one of many new digital devices for protection and nonitoring
made available to the utility industry over the last ten years. Wile
digital technol ogy has been accepted by many utilities, each new device
is generally evaluated on its own nerits. To facilitate the acceptance
of such new devices GE has initiated the concept of an Advisory
Committee of Experts (ACE). The DFM ACE Team consists of approximtely
thirty participating utility menbers and fifteen associate nenbers. The
ACE Team acts as an ongoing forum for both application issues and
col l ective perfornmance assessnent.

Many of the DFMs algorithns analyze higher order harnonic and non-
harmoni ¢ frequenci es which are beyond the capabilities of mnpbst anal og
simulators typically used for testing protective relay perfornmance.
However, the newer digitally-generated sinulators, which use the output
from EMIP studies or actual DFR recordings as inputs to |inear
anplifiers the outputs of which are applied to the device under test,
are quite capable of the required frequency response. Figure 5 shows a
sinmplified block diagram of the digital nodel power system (DWPS)
| ocated in GE's Malvern Technol ogy Center.

An extensive digital data base of actual power system high inpedance
faults, as well as non-fault operating transients has already been
accunul ated. Much of this data was recorded at Texas A&M University's
Downed Conductor Test Facility. This data base is currently being
expanded by recordi ng staged events on actual utility feeders |ocated on
t he power systens of various ACE Team nenbers.

At the present time, pre-production DFMunits are being tested on the GE
DMPS and are being installed on actual feeders by ACE Team menbers to
gain actual in-service experience. A primary goal of the ACE Team
concept is that this shared experience accunulated over a relatively
short period of tine be accepted by the industry in place of the nore
traditional two to three years of in-service experience (on sone other
power system required before a new device is accepted. The sharing of
field experience in various environnents can provide a nuch higher
confidence level than would be possible wth individual wutility
experi ence.

Both the DWPS testing and field installation exposure are intended to
show that the high inpedance fault detection is secure and dependabl e.
The other goals are to prove out the nmonitoring functions and to show
that, as designed, the DFM can survive in the harsh environnents
encountered at distribution substations.

An ongoing task f or GE and the ACE Team nenbers is to determne the
best way to field test the continuing viability of the high inpedance
fault detection after the DFM has been placed in service. The need for
periodic testing of digital protective relays has been discussed
extensively over the last ten years. Wile digital devices generally
provi de extensive sel f-test
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capability, self-testing cannot generally detect a failure in all
conmponents. For instance, nost digital devices including the DFM use
small  magnetic CTs and VIs packaged inside the device's case to
condition the current and voltage inputs for use by the anal og-to-
digital converter circuitry. These nmagnetic CIs and VIs may fail and not
be detected by the device's self-test feature. Routine periodic testing
i s advisable. The question with a digital device is how extensive should
this periodic testing be

Many utilities continue to perform periodic tests on digital protective
relays in a manner identical to that used for electronechanical and
static analog relays. This neans that the functioning of the various
measurenent functions are checked by applying 60 Hz values of test
current and voltage required to operate that function at its pickup
setting. If a simlar tact is taken with the DFM s hi gh i npedance fault
detection function, then the application of 60 Hz quantities is not
adequate. More sophisticated field test equipnent will have to be used
to obtain the required higher harnmonic and non-harnonic frequencies.
VWhet her periodic field testing of the DFM using only injected 60 Hz
currents and voltages will be acceptable has not yet been determ ned.

Concl usi ons

The lingering problem of not being able to reliably detect high
i npedance faults and downed conductors has yielded to nore than a decade
of research and the availability of high performance m croprocessors.
The accunul ated observations of Texas A&M researchers have been
distilled into nultiple algorithms to permt the detection of a large
percentage of high inpedance faults with excellent security. Even wth
these substantial inprovenents, a few unsafe conditions wll never
provi de measurable parameters, and they will evade detection. The DFM
whi ch enbodies this technol ogy has been designed to fit the panel cutout
of 1AC relays to facilitate retrofits where one of the two or three
exi sting phase overcurrent relays is to be replaced with the DFM d ose
cooperation between the users and manufacturer in the assessnent and
application of the DFMis intended to benefit all parties including the
general public.
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