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SEQUENCE BASED NETWORK PROTECTOR RELAY WITH FORWARD
OVERCURRENT PROTECTION AND ANTI-PUMPING FEATURE

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to network protector relays used to control circuit
breakers connecting feeders to low-voltage secondary power distribution networks, and
more particularly, to a network protector relay which uses sequence vectors to open
the circuit breaker in response to reverse flow of current from the network to the
feeder, and to reclose the circuit breaker when the voltage conditions across the
breaker are favorable. It also relates to preventing the network protector relay from
repeatedly opening and closing the circuit breaker and to providing forward overcurrent
protection in the network protector relay.
Background Information

Low-voltage secondary power distribution networks consist of interlaced loops
or grids supplied by two or more sources of power so that the loss of any one source
will not result in an interruption of power. Such networks provide the highest level
of reliability possible with conventional power distribution and are normally used to
supply high-density load areas such as a section of a city, a large building or an
industrial site. Each source is a medium voltage feeder supplying the network and
consisting of a switch, -a transformer and a network protector. The network protector
consists of a circuit breaker and a control relay. The control relay senses the
transformer and network voltages and line currents, and executes algorithms to initiate
breaker tripping or closing action. Trip determination is based on detecting reverse

power flow, that is, power flow from the network to the primary feeder.
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BACKGROUND OF THE | NVENTI ON Field of the Invention

This invention relates to network protector relays used to control circuit
breakers connecting feeders to | owvoltage secondary power distribution

net wor ks, and nore particularly, to a network protector relay which
uses sequence vectors to open 5 the circuit breaker in response to
reverse flow of current fromthe network to the feeder, and to
reclose the circuit breaker when the voltage conditions across the

breaker are favorable. It also relates to preventing the network protector

relay from repeatedly opening and closing the circuit breaker and
to providing forward overcurrent protection in the network
protector relay. 10 Background I nformation Low vol t age

secondary power distribution networks consist of interlaced | oops
or grids supplied by two or nore sources of power so that the | oss of any

one source wll not result in an interruption of power. Such
net wor ks provi de the hi ghest |evel of reliability possible with
conventional power distribution and arggnormally used to 15 supply

hi gh-density | oad areas such as a section of a city, a Iarge building or an
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net wor k and conS|st|ng rans orner a ne mork
pr ot ect or . irippedithe giseuit preakez open upon detection of power flow in the reverse direction.

Such relays were provided with a recloser which closed the circuit breaker following

a trip when conditions were favorable for forward current flow upon reclosing of the

5 breaker. The electro-mechanical network protector relays are being replaced. One

type of electronic network protector relay mimics the action of the electro-mechanical

relay by calculating power flow. Another type of electronic network protector relay

uses sequence voltages and currents to determine direction of current flow for making

tripping decisions. Sequence analysis upon which such relays are based generates three

10 vector sets to represent a three-phase voltage or current: a positive sequence vector,

a negative sequence vector, and a zero sequence vector. U.S. Patent Number

3,947,728 discloses a sequence based network protector relay which uses the positive
~sequence current and positive sequence voltage vectors to make trip decisions.

More recently, a digital sequence based network protéctor relay has been

15 utilized. This relay samples the current and voltages eight times per cycle. Although

- ‘only a single analog to digital converter is used so that the currents and voltages are

not sensed simultaneously, the eight per cycle sampling rate conveniently provides

samples shifted in phase. Calculation of sequence components requires extraction of

the fundamental frequency from the currents and voltages. Typical network loads

20 predominantly produce odd harmonics and it is generally considered that harmonics up

to about the thirteenth are significant. However, due to the Nyquist effect, the

relatively slow sampling rate of eight samples per cycle results in inclusion of only the

third harmonic in digital signals from which the fundamental is extracted. Thus, the

higher harmonics remain to distort the fundamental signal.



consists of a circuit breaker and a control relay. The control relay senses

t he transfornmer and network voltages and line currents, and
executes algorithnms to initiate 20 breaker tripping or closing action.
Trip determ nation is based on detecting reverse power flow, that
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None of the network protector relays have provided forward overcurrent
protection. Either of the network conductors are allowed to burn pending a trip of the
substation circuit breaker or a separate conventional circuit breaker or fuses are
provided.

5 Also, while current network protector relays provide for reclosing of the relay
when the voltage across the circuit breaker is favorable for current flow into the
network upon closing, conditions can exist in which reverse current will flow when the
network protector circuit breaker is closed thereby setting up a condition in which the
recloser "pumps” or continually cycles the circuit breaker.

10 There is a need therefore for an improved network protector relay.

More particularly, there is a neéd for a digital network protector relay which
takes into account higher harmonics. ‘

There is a specific need for a digital sequence based network protector relay
which eliminates the effects of harmonics through at least the seventh harmonic and

15 preferably the thirteenth.

- There is a need for a network protector relay which eliminates the need for a
separate conventional circuit breaker providing forward overcurrent protection or
letting the network conductors burn in the case of a fault.

There is a further need for a network protector relay which eliminates pumping

20 by the recloser.
SUMMARY OF THE INVENTION

These needs and others are satisfied by the invention which is directed to a
network protector relay which digitally samples the polyphase current and network
voltage at least sixteen times per cycle and uses the digital polyphase current samples

25 and network voltage samples in a digital processor to generate positive sequence



- 2- Traditionally, network protector relays were

el ectronmechani cal devi ces which tripped the circuit breaker open
upon detection of power flowin the reverse direction. ' Such rel ays
were provided with a recloser which closed the circuit breaker follow ng
atrip when conditions were favorable for forward current flow upon

reclosing of the 5 breaker. The el ectronmechani cal network protector
rel ays are being replaced. One type of electronic network
protector relay mimcs the action of the el ectromechani cal rel ay
by cal cul ati ng power flow. Another type of electronic network protector
rel ay uses sequence voltages and currents to determ ne direction
of current flow for making trippi ng deci sions. Sequence anal ysis
upon whi ch such relays are based generates three 10 vector sets to

represent a three-phase voltage or current: a positive sequence vector,

a negative sequence vector, and a zero sequence vector. U S. Patent Nunber
3,947,728 di scl oses a sequence based network protector relay which uses the
positive sequence current and-pgositive sequence voltage vectors to
make trip deci sions. More recently, a digital sequence

based net wogtrent aiidodleige vedta. Erippifemeatss trips thel tirkuiz BdakeHdpén irtedponz@np! es
the current and vol tages ei ght tines per cycle. Al though only a
si ngl e anal ©g? seleeiedjrelationship\hetwesn the positivie sequence: curreat @nd voltage wentors

vol tages argdicating flow of current from the network to the feeder. In order to reduce hardware
requirements, a single analog to digital converter digitizes the polyphase current and
5 network voltage sequentially, in which case the digital processor includes means
adjusting phases angles of the digital polyphase current samples and network voltage
samples for such sequential sampling. Preferably, digital sensing means samples the
polyphase current and network voltage at least thirty-two times per cycle so that when
the fundamental components are extracted for calculating the sequence components, the
10 odd harmonics through the fifteenth are eliminated.

The network protector relay of the invention also performs metering. In order
to accommodate the requirement for a fixed sampling sequence for extracting the
fundamental components used in the sequence calculations and to provide averaging to
reduce the effects of the sequential sampling on metering, the digital sensing means

i35 digitally samples the polyphase current and network voltage alternately in a first order
. for a given number of cycles and then in a second order which is a reverse of the first
order for the same given number of cycles. Preferably, the given number of cycles in
which the digital sensing means samples alternately in the first order and then in the
second order is one so that the currents and voltages are sampled in the first order on
20 even numbered cycles and in the second order on odd numbered cycles.

In accordance with another aspect of the invention, the network protector relay
provides forward overcurrent protection by tripping the circuit breaker open in
response to current from the feeder bus to the network bus which exceeds a forward

overcurrent/time characteristic.
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Still another novel aspect of the network protector relay of the invention is an
anti-pumping feature. If a predetermined number of breaker operations, that is
openings and closings of the circuit breaker are detected within a predetermined time
interval, the circuit breaker is locked out in the open condition.

5 BRIEF DESCRIPTION OF THE DRAWINGS
A full understanding of ‘the invention can be gained from the following
description of the preferred embodiments when read in conjunction with the
accompanying drawings in which:

Figure 1 is a schematic diagram of a low voltage secondary power distribution

10 network sourced by feeders incorporating network protector relays in accordance with
the invention.

Figure 2 is a schematic block diagram of a network protector relay in
accordance with the invention.

Figure 3 is a functional diagram of a sequence based network protector relay

15 in accordance with the invention.
- Figure 4 is a sequence based watt trip curve which can be utilized by the
network protector relay of the invention. _

Figure 5 is a sequence based watt-var curve which can be alternatively utilized
by a network protector relay in accordance with the invention.

20 Figure 6 is a circular reclose characteristic which can be implemented by a
network protector relay in accordance with the invention.

Figures 7A - 7C illustrate a flow chart of an interrupt routine utilized by the
network protector relay in accordance with the invention.

Figure 8A - 8H illustrate a flow chart of the main loop routine used by the

25 network protector relay of the invention.
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- 3- . None of the network protector relays have provided
forward overcurrent protection. Either of the network conductors
are allowed to burn pending a trip of the substation circuit
breaker or a separate conventional circuit breaker or fuses are

provided. 5 Al so, while current network protector relays
provide for reclosing of the rel ay when the voltage across the
circuit breaker is favorable for current flowinto the net wor Kk
upon closing, conditions can exist in which reverse current will flow when
t he network protector circuit breaker is closed thereby setting up

a condition in which the recl oser "punps" or continually cycles
the circuit breaker. 10 There is a need therefore for an

i nproved network protector relay. More particularly, there
Is a need for a digital network protector relay which takes into
account hi gher harnonics.

-6-

Figure 9 is a flow chart of the pumping routine used by the network protector
relay in accordance with the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT
Figure 1 illustrates a secondary power distribution network system 1 which
5 include a low voltage grid 3 servicing various loads 5. The secondary network or gtid
3 is energized by multiple sources in the form of feeders 7A-D. Figures 7A and 7B
are supplied directly from a substation 9A and 9B. Each of the feeders 7A-D includes
a feeder bus 11A - 11D, a switch 13A - 13D, a feeder transformer 15A - 15D and a
network protector 17A - 17D. The secondary network system illustrated and its
10 components are 3 phase wye or delta connected but has been shown in single line in
' Figure 1 for clarity. The network protectors 17A - 17D include a network protector
circuit breaker 19A - 19D and a network protector control relay 21A - 21D.
A schematic diagram of the control relays 21 is shown in Figure 2. The heart
of the relay is a microcontroller 23. The microcontroller 23 monitors the network
15 phase to neutral voltages VAN-VCN, the transformer phase to neutral voltages VAT-
- VCT and the feeder currents IA - IC. A single 11 bit + analog to digital (A/D)
converter 25 digitizes the polyphase currents and voltages for input to the
microcontroller 23. Since a single A/D converter is used, the voltages and currents
are sequentially feed to the A/D converter 25 by analog multiplexers 27 and 29 under
20 the control of the microcontroller 23. The microcontroller 23 also monitors the
ambient temperature of the relay as sensed by the analog temperature sensor 31 the
output of which is input through the multiplexer 29. As the range of currents can vary
widely from reverse magnetization currents of a few ten thousandths per unit to
forward overcurrents of about fifteen per unit, 2 programmable gain amplifier 33
25 adjusts the gain applied to the analog inputs applied to the A/D converter.



There is a specifié need for a digital sequence based network protector

rel ay which elimnates the effects of harnonics through at | east

t he seventh harnonic and 15 preferably the thirteenth.

There is a need for a network protector relay which elimnates the need for
a separate conventional circuit breaker providing forward
overcurrent protection or |l etting the network conductors burn in
the case of a fault. There is a further need for a network
protector relay which elimnates punping 20 - by the recl oser.

SUMVARY OF THE | NVENTI ON These needs and ot hers are
satisfied by the invention which is directed to a net wor k

protector relay which digitally sanples the pol yphase current and network
voltage at |east sixteen times per cycle and uses the digital polyphase
current sanples 25 and network voltage sanples in a digital processor
to generate positive sequence
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The microcontroller 23 utilizes the sensed currents and voltages in algorithms
which generate a trip signal in response to detection of reverse current flowing out of
the network 3 into the feeder 7, and also in response to forward currents which exceed
a preset current/time characteristic. The trip signal is provided to a logic and driver

5 circuit 35 which energizes a trip relay 37 to trip the circuit breaker 19. The logic and
drivers circuit 35 also eneréizes light emitting diodes (LEDs) 41 to provide a local
status indication of the relay. These LEDs indicate that the network protector is

" closed, tripped, or in a float state and whether the central processing unit (CPU) has
failed.

10 The microcontrolier 23 has auxiliary inputs which include a status signal from
the circuit breaker 19 indicating whether the contacts of the breaker are opened or
closed. A programmable pendant 43 may be connected to the relay through a serial
port driver 45 for reading out status and parameters from the relay as well as for
setting the parameters in the relay. In addition, the relay includes a communications

15 module 47 for communications with a remote station (not shown) over a

- communications network 49 which, in the exemplary system, is an INCOM network
utilizing a protocol which is proprietary to Eaton Corporation. Any suitable
communications network can be used.

The network protector relay 21 has a power supply 51 which can be energized

20 either from the feeder bus or the network bus. A watchdog and under voltage
protection circuit 53 protects the microcontroller and controls the CPU fail LED
through the logic and driver circuit 35,

As mentioned previously, the relay 21 performs breaker trip and close
functions. A functional block diagram of the sequence-based relay is shown in Figure

25 3. The breaker trip decision is based on measuring reverse current flow, that is,
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current and vol tage vectors. Tripping neans trips the

circuit breaker open in response to a selected relationship
bet ween the positive sequence current and voltage vectors
indicating flow of current fromthe network to the feeder. In order to

reduce hardware
digitizes the pol yphase current and 5 . :
whi ch case the digital processor includes neans adj usting phases

angles of the digital polyphase current sanples and network voltage

sanpl es for such sequential sanpling. Preferably, digital sensing neans

sanpl es the
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current flow from the network 3 to the feeder 7. Thus, as seen in Figure 3, the
network positive sequence voltage Vnl is calculated at 55 from the network phase
voltages. The positive sequence current I1 is also calculated at 57 from the phase
currents. The reverse current calculation is then made at 59. This process can be
visualized by the observing the positions of the positive sequence current and voltage
vectors in the complex plane as illustrated in Figure 4. Real power flow (Watts) from
the feeder 7 to the network 3 occurs in quadrants in I and II. On the other hand, real
power flow is from the network to the feeder in quadrants in IIf and IV. A trip
command is issued if the positive sequence current vector Il lies in the trip region
illustrated in Figure 4 by the cross-hatched region. The trip characteristic line 61 is
sloped 5° to compensate for the phase shift in the current transformers which measure
the currents. If a time delay trip feature is provided, a trip will occur in the region 63
only if the condition persists for the selected time period. This avoids unnecessary
tripping in response to temporary reverse current conditions which could be caused for
instance by a regenerative load on the network 3. An instantaneous trip is also
generated in the small semi-circular region 65. This condition could occur where the
feeder was open and there was reverse current magnetizing the secondary of the feeder
transformer. _

Figure 5 illustrates a "watt-Var® trip characteristic for the network protector
relay. This trip function includes a Var trip characteristic 67 rotated by 60° in addition
to the watt trip characteristic 61’. A positive sequence vector I1 which lies in the
region defined by cross-hatching but outside the circular segment 69 results in an
instantaneous breaker trip command. If the positive sequence current satisfies the watt
or Var curve, but the magnitude is less than the over current limit set by the curved

line 69, a trip command is issued only after a user-adjustable time delay.

requirenments, a single analog to digital converter
networ k vol tage sequentially,

in



poI‘yphase current and network voltage at least thirty-two times per cycle

so that when t he fundanmental conponents are extracted for

cal cul ating the sequence conponents, the 10 odd harnoni cs through
fifteenth are el i m nat ed. The network protector relay
the invention also perfornms netering. In order t o accommodat

requirement for a fixed sanpling sequence for extracting the
fundament al conmponents used in the sequence cal cul ations and to provi

averaging to reduce the effects of the sequential sanpling o
metering, the digital sensing neans 15 digitally sanples the poly
current and network voltage alternately in a first order for

t he
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gi ven nunber of cycles and then in a second order which is a reverse of the

first order for the sanme given nunber of cycles. Preferably, the
gi ven nunber of cycles in whi ch the digital sensing neans sanpl es
alternately in the first order and then in the second order is one

so that the currents and voltages are sanpled in the first order on 20
even nunbered cycles and in the second grder on odd nunbered cycl es.

In accordance with another aspect of the invention,

relay

circuit breaker open
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as indicated by the AND function at 75. Both the master function and the phasing
function utilize the positive sequence calculations with the network voltages, and a
positive sequence calculation 77 from the phasing voltages Vp. The phasing voltages
are the differences between the transformer voltages Vt and the network voltages Vn
which is the voltage across the open circuit breaker.

The reclose characteristic is illustrated in Figure 6 where the master
characteristic is illustrated by the line 79 while the phasing characteristic is indicated
at 81. Vm is a user defined 0° master threshold value. A circular close line 83 allows
breaker closing at lighter network loads than if not provided. In order for a close
command to be generated, the positive sequence differential voltage Vpl must have a
magnitude greater than a user-defined threshold Vm and an angle which is between
user-adjustable blinder angles defined by the cross-hatched area in Figure 6.

In order to calculate the positive sequence voltages and current vectors the
fundamental components of each of the sample voltages and current signals must be
extracted. In the exemplary embodiment of the invention the Discrete Fourier
Transform is used to extract the fundamental components from the digital samples.
Sampling is performed preferably at least sixteen samples per cycle and most
preferably at thirty-two samples per cycle. It will be recalled from the discussion
above that the odd harmonics are the most predominant in power distribution networks.
Sampling at the sixteen sample per cycle rate removes up to the seventh harmonic
while sampling at the thirty-two sample per cycle rate eliminates all of the odd
harmonics through the fifteen.

t he network protector

response to current fromthe féeder bus to



- 5- Sti.ll anot her novel aspect of the network protector relay of
the invention is an anti-punping feature. If a predeterm ned nunber of
breaker operations, that is openings and closings of the circuit breaker
are detected within a predetermned tine interval, the <circuit breaker is
| ocked out in the open condition. BRI EF DESCRI PTI ON
OF THE DRAW NGS A full understanding of the invention can be

gained fromthe follow ng description
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The fundamental comiponents of the voltages and currents are then used to
determine the positive sequence and negative sequence components which are defined
as:

POS. SEQ = .333 [ A + B e*(+j120) + C e*(—j120) ] Eq.(1)

5 NEG. SEQ = .333 [ A + B e"(—j120) + C e*(+j120) ] Eq.(2)
Where A, B, C are vectors representing the voltages or currents.

Due to the sequential sampling process used in the network protector hardware,
the +120 and -120 phase angles must be modified to compensate for the phase shift
due to sampling.

10 The required phase shift can be applied by writing the generalized sequence
equation in complex form where the direct and quadrature components are as follows:

DIRECT = AdCl1d—AqClq + BdC2d—BqC2q + CdC3d—CqC3q Eq.(3)

QUAD. = AdClq+AqCld + BdC2q+BqC2d + CdC3q+CqC3d Eq.(4)
Where coefficients C1, C2, C3 are selected to provide the correct phase angles,

15 including compensation for sequential sampling. These coefficients can be stored in
a table for use by the microprocessor in making the sequence calculations.

In addition to tripping the circuit breaker on reverse current, the network
protector relay 19 of the invention also incorporates forward overcurrent protection,
that is, if the current flowing into the network exceeds defined limits. For this

20 purpose, conventional overcurrent/time characteristics can be utitized. This can include
both instantaneous and delayed trip functions, the latter of which can be used to
provide coordination with circuit breakers in the secondary network.

The network protector relay 19 of the invention also provides metered values
of a number of parameters. For instance, RMS and peak values of the currents and

25 voltages, watts, VARs, power factor and so forth are calculated and can be transmitted
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location. The phase shifts resulting from the sequential sampling of the currents and
voltages can lead to errors in these metered parameters. It is known to reverse the
sequence of sampling on alternate samples in order to average out these errors. However,
it is essential for utilizing the Fast Fourier Transform for extracting the fundamental
5 components of the currents and voltages for calculating the sequence components that the
sampling sequence remain constant for each calculation (i.e.throughout each cycle). In
order to accommodate both of these requirements, the relay of the present invention
sequentially samples the currents and voltages in a first order for a given number of cycles
and then samples them in a second reverse order for the same give number of samples.
10 Preferably, the given number cycles is one so that during even numbered cycles the
currents or voltages are sampled in one order such as the first order, and during the odd
numbered cycles they are sampled in the other or second order. With this arrangement,
both the demands of the Fast Fourier Transform for a constant sampling sequence during
each cycle, and the demands for reversing the sequence for averaging out errors due to

15 phase differences are also satisfied.

Another novel feature of the network protector relay of the invention prevents
pumping of the circuit breaker or repetitive opening and closing. In accordance with the
invention, the operations of the circuit breaker are counted and if the circuit breaker is
opened and closed more than a predetermined number of times within a selected time

20 interval, for instance five times within th%rty seconds, the circuit breaker is locked out
open. The relay must then be reset manually such as over the communications network
49 or by the pendant 43, or automatically after a predetermined time delay, such as for

example a half-hour, -



network protector relay of the invention. Figure 5is a sequen'ce
based watt-var curve which can be alternatively utilized by a network

protector relay in accordance with the invention. Figure 6 is a
circular reclose characteristic which can be inplenented by a network
protector relay in accordance with the invention. Figure 7A - 7CB
illustrate a flow chart of an interrupt routine utilized by the network
protector relay in accordance with the invention. Figure 8A - 8H
illustrate a flow chart of the main | oop routine used by the network

protector relay of the invention.
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Routines run by the microcontroller 23 in implementing the invention are illustrated
in Figures 7 - 9. Figures 7A and 7B illustrate the sample interrupt routine 85 which in
the exemplary embodiment of the invention is run 32 times per cycle. As indicated at 87,
on odd cycles, if the user has indicated that the phase sequence is ABC at 89 the samples
are taken in a first order of phasing voltages, network voltages and currents in accordance
with the ABC rotation as indicated at 91. The samples are saved in a calculation buffer.
If the user indicates that the phasé rotation is CBA at 89, then the samples are still taken
in the first order of phasing voltages, network voltages and currents, but in the phase
sequence CBA as indicated at 93.

On even cycles as indicated at 87, the sampling is done in a second reverse order
in which the currents are sampled before the network voltages, although the phasing
voltages are still sampled first. If the phase sequence is ABC as indicated at 95, then the
samples are taken in the second order and in the phase sequence ABC as indicated at 97.
With the opposite phase sequence, the samples on even cycles are still taken in the second
order, but in the phase sequence CBA as indicated at 99.

After sampling, the RMS and power sums are updated at 101. Next, the gain set
by the programmable gain amplifier 33 is adjusted at 103 to prevent saturation of the
current inputs. The sample values are then saved in a trip buffer if the buffer has been
released as indicated at 105. If a trip occurred, capture of samples for eight cycles
following the trip is indicated with a time stamp for future analysis at 107. Also, if a trip
occurred, the trip is logged at 109 and the sample values are saved in a waveform buffer,

if the buffer has been unlocked after recording a previous trip, all as indicated at 111.



-6 - Figure 9 is a flow chart of the punping routine used
by the network protector relay in accordance with the invention.
DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
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The next task in the sample interrupt routine 85 is to set the time for the next
sample interrupt at 113. If a full cycle of samples has been collected, the real time clock
is updated and, the timer for the pumping is indexed along with the trip delay time count
at 115. In addition, the auxiliary inputs are read at this point. Finally, the temperature

5 is sampled at 117 before the routine is exited at 118. -

~ Figures 8A - 8H illustrate the main loop routine 119. The samples gathered during
each cycle as indicated at 121 are used to calculate the fundamental components of the
network phase to neutral voltages which in turn are used to calculate the positive sequence
network voltage Vnl and its magnitude, and the negative sequence network voltage and
10 its magnitude at 123. Similarly, calculations are made at 125 for the phasing voltages,
which it will be recalled are the differences between the transformer voltages and the
network voltages. The fundamental components of the current are calculated at 127 and
used to calculate the positive sequence current and its magnitude. The current gain of the
input amplifier 33 is adjusted at 129 if necessary. Also, the gain for the voltage samples
15 is adjusted at 131 if necessary based on the magnitudes of the positive and negative
sequence phasing voltages. If a check of the magnitude of the negative sequence network

voltage indicates improper wiring at 133, a trip condition 134 is generated.

Turning to Figure 8B, the pumping routine which is illustrated in Figure 9 is called
at 135. Next, if a remote trip has been received over the communications network 49, as

20 determined at 137, a trip condition 134 is generated. Otherwise, a determination is made
at 139 as to whether the "watt-var® mode has been enabled. If not, the program transfers
to the sensitive trip routine at 173 in Figure 8E. When the "watt-var” mode is enabled,

the watt trip algorithm is called at 141 to determine if the positive sequence current is



Figure 1 illustrates a secondary power distribution network system 1 which
5 i nclude a low voltage grid 3 servicing various |oads 5. The secondary
network or grid 3 is energized by multiple sources in the form of
feeders 7A-D. Figures 7A and 7B are supplied directly froma
substation 9A and 9B. Each of the feeders 7A-D incl udes a feeder
bus 11A - 11D, a switch 13A - 13D, a feeder transfornmer 15A - 15D and a
network protector 17A - 17D. The secondary network systemillustrated and
its 10 conponents are 3 phase wye or delta connected but has been shown
in single line in Figure 1 for clarity. The network protectors 17A
- 17D include a network protector circuit breaker 19A - 19D and a
network protector control relay 21A - 21D. A schematic

di agram of the control relays 21 is shown in Figure 2. The heart

of the relay is a microcontroller 23. The microcontroller 23 nonitors the

network 15 phase to neutral voltages VAN-VCN, the transfornmer phase to
neutral voltages VAT- VCT and the feeder currents A - IC. A
single 11 bit + analog to digital (AD-14- converter 25 digitizes the
pol yphase currents and voltages for input to the m crocontrol | er
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23 al so nony .. ien e rature of the rel as, sensed by
t he anal og Fg%pgrdé?g?%y gg’ﬁslﬁ) ng%r?’hig ﬂt’e Sive sSﬂHeBﬁ? "?ﬁﬁ%ﬁilﬂ raﬁ«‘? E’SP'HEU?O“S
t hrough t hetripiteicnl theeh taP is génetdial itofage Whan Ghfini® e Galy \has Yeen selected at

w dely fromreverse magneti zation currents of a few ten thousandths per
unit o 149, then the defay time count is reset at 153. However, if the positive sequence current

is in the circular zone and the delay time has expired, a trip is generated at 153.
If there is no "watt" trip, the VAR trip equations are implemented at 155 in Figure
'8D. If the VAR trip is not satisfied at 157 and the watt trip is not satisfied as checked at
159, then the trip delay time count is reset at 161. On the other hand, if the Var trip is
10 satisfied at 157 and the trip delay was set at zero as determined at 163, a trip condition
134 is generated. Even if the trip delay time was not zero, but the overcurrent was
exceeded as determined at 165, a trip is generated. If the overcurrent was not exceeded
and the time delay was set to infinite as determined at 167, the delay time count is reset
at 169. As in the case of the watt trip, if the trip time has been exceeded at 171, a trip
15 condition 134 is created.

- If the watt-var mode was not enabled at 139 at Figure 6B, the sensitive trip routine
is called. This routine which is shown in Figures 8E, implements the characteristic shown
in Figure 4. Initially the sensitive trip algorithm is run at 173. If the sensitive trip is not
satisfied at 175, that is, the positive sequence current vector is not in the cross-hatched

20 regions of Figure 4, then the trip delay time count is reset at 177. On the other hand, if
the sensitive trip is satisfied at 175 and the trip delay time has been set to 0 at 179 and the
overcurrent set point is 0 as determined at 181, then a trip condition 134 is generated. If

the sensitive plus non-sensitive mode has been selected, which includes the small semi-



forward overcurrents of about fifteen per unit, a prograrrma_bl e gain _
anplifier 33 25 adj usts the gain applied to the anal og i nputs applied

to the A/ D converter.

-15-

circular instantaneous trip region 65 in Figure 4 as indicated by a "no" at block 181, a trip
condition 134 is generated if the positive sequence current is within this region as indicated
at 133. Trip condition 134 is also generated if the positive sequence current is more than
the overcurrent limit, i.e. beyond the region 65, as indicated at 183.

5 Returning to block 179, if the time delay is other than zero and the overcurrent set
point is equal to zero, as indicated at 185, a trip condition 134 is generated. A trip
condition 134 is also generated if the overcurrent is exceeded at 187. If not, and the delay
is infinite as determined at 189, the trip delay is reset at 177. Otherwise a check is made
at 191 to see if a delayed trip has been generated. If the time has not expired at 199 a

10 float condition is indicated at 193,

Figure 8F begins tests to determine if an open circuit breaker can be closed. If the
negative sequence phasing voltage is high at 195 , this indicates improper wiring such as
crossed phases on the transformer or the network and therefore a trip condition is
generated at 134. If the network is de-energized as indicated by a low network positive

15 sequence voltage at 197 but the positive_seqhence phasing voltage is not more than .8 pu
. at 199 indicating low feeder voltage, a trip condition 134 also generated. If the feeder
voltage is adequate, a final check is made at 201 of the network negative sequence voltage,
If the negative sequence voltage is more than .06 pu, there is 5 wiring problem such as
crossed phases and a float condition 193 is generated. If the negative sequence network

20 voltage is sufficiently high at 201, a close condition 203 is generated.

If it is determined at 197 that the network is energized, and the straight line closing
characteristic is selected at 205, a check is made at 207 to see if the master algorithm is
satisfied. If not, a check is made of the positive sequence phasing voltage at 209 for



-7- The m crocontroller 23 utilizes the sensed currents
and voltages in algorithns whi ch generate a trip signal in
response to detection of reverse current flow ng out of t he
network 3 into the feeder 7, and also in response to forward currents which
exceed a preset current/time characteristic. The trip signal is
provided to a logic and driver 5 circuit 35 which energizes a trip
relay 37 to trip the circuit breaker 19. The | ogic and drivers
circuit 35 also energizes light emtting diodes (LEDs) 41 to provide a

| ocal status indication of the relay. These LEDs indicate that the
network protector is closed, tripped, or in a float state and

whet her the central processing unit (CPU) has failed. 10

The m crocontroller 23 has auxiliary inputs which include a status signal
from the circuit breaker 19 indicating whether the contacts of the
br eaker -are opened or cl osed. A progranmmabl e pendant 43 nay be
connected to the relay through a seri al port driver 45 for reading
out status and paraneters fromthe relayjgs well as for setting the
paraneters in the relay. In addition, the relay includes a communicati ons

15 modukiringerkers, CHWE'&@%H%e%fshﬁ%f) %B%ﬁoﬁtlgi'x haidafl. SHUADAe 3"‘”

comuni cati ons net wor k e exerrp ary system IS an
| NCOM net woll@at condition 193 1S|antaredg Betpmingotodiloaki 207} ifi the prastpr algorithyn iscaffsfledn

Cor porati OThnd tﬁ‘@%his‘l'r'xgt ﬁgonthm is sausﬁeg %n h‘iv%'né’ gﬁecﬂelg ‘&’%&5 atc 2alrili 19161:1‘53% 8G,
and if none is found, a close condition 203 is generated. Otherwise the float condition 193
5 is entered. If the circular close routine rather than the straight line close routine had been
selected at 205 in Figure 8F, then the phasing line is checked at 215 in Figure 8G. If the
phasing line is satisfied, the left quadrant phasing line is also satisfied at 217, and the
positive sequence phasing voltage magnitude is greater than the master line set point at
219, then a close condition 203 is indicated as long as the magnitude of the negative
10 sequence network voltage is satisfactory at 213. If any of the conditions at 215, 217 or
219 are not satisfied, the routine transfers to block 209 on Figure 8F to determine whether
the trip condition or float condition should be entered.
Turning to Figure 8H, if a trip condition 134 has been generated, the trip relay 37
is energized at 221 and toggle on and off until the circuit breaker opens. In addition the
15 red trip LED 41 is turned on and flashed as the relay toggles. If a close condition 203
- . was generated, the close relay 39 is energized and the green LED 41 is turned on for a
minimum of 4 seconds unless interrupted by a trip at 223, If on the other hand, a float
condition 193 was generated, the yellow float LED 41 is turned on and flashed at 225.
Next, the metering routine is called at 227. As mentioned, various parameters are
20 calculated and made available for transmission over the communications network 49 to a
remote station. Following this, the forward overcurrent protection routine is run and if
the forward current exceeds the trip value as indicated at 229, a trip condition 134 is -

generated. Finally, a harmonic routine is run at 331. This routine calculates harmonics



The network protector relay 21 has a power éupply 51 which can be energized

20 - either fromthe feeder bus or the network bus. A watchdog and under
vol t age protection circuit 53 protects the mcrocontroller and
controls the CPU fail LED t hrough the logic and driver circuit 35.

As mentioned previously, the relay 21 perforns breaker trip and cl ose
functions. A functional block diagram of the sequence-based relay is shown
in Figure 25 3. The breaker trip decision is based on neasuring
reverse current flow, that is,

-17 -

up to the fifteenth for the network and transformer voltages and line currents. The main
loop is then exited at 233.
Figure 9 illustrates the flow chart for the pumping routine 135 which was called
in Figure 8B. If the pumping routine has not been enabled as indicated at 135.1 then a
5 counter which maintaiins a count of breaker operations (openings and closings) and the
pumping timer are reset ai 135.2. If the pumping routine has been enabled, and the
pumping limit has previously been exceeded as detected at 135.3 and has not been reset
as determined at 135.4, a trip condition 134 is maintained to keep the circuit breaker
locked out. If there is no existing block, the timing interval for pumping has expired as

10 indicated at 135.5, and the number of breaker operations exceeds the pumping limit as
indicated at 135.6, then the block is set by establishing the trip condition 134. If the limit
of breaker operations has not been exceeded by the conclusion of the pumping time
interval, the number of breaker operations and pumping time count are reset at 135.7 and
the routine continues by returning to the calling routine at 135.8.

15 While specific embodiments of the invention have been described in detail, it will
be appreciated by those skilled in the art that various modifications and alternatives to
those details could be developed in light of the overall teachings of the disclosure.
Accordingly, the particular arrangements disclosed are meant to be illustrative only and
not limiting as to the scope of invention which is to be given the full breadth of the claims

20 appended and any and all equivalents thereof.



- 8- current flow fromthe network 3 to the feeder 7. Thus, as
seen in Figure 3, the network positive sequence voltage Vnl is
cal cul ated at 55 fromthe network phase vol tages. The positive
sequence current 11 is also calculated at 57 fromthe ph‘ase\
currents. The reverse current calculation is then made at w lm ’i

can be 5 vi sual i zed by the observing the positions

sequence current and vol t age vectors in the coanech

illustrated in Figure 4. Real power flow (Watts) from t he feeder 7
to the network 3 occurs in quadrants in |l and Il. On the other hand, real
power flowis fromthe network to the feeder in quadrants in Il and IV. A
trip command is issued if the positive sequence current vector |1
lies in the trip region 10 illustrated in Figure 4 by the cross-hatched
region. The trip characteristic line 61 is sl oped 5 to conpensate
for the phase shift in the current transformers which neasure t he
currents. If atime delay trip feature-i8 -provided, a trip will occur in

t he region 63 only if the condition persists for the selected tine
period. This avoi ds unnecessary

What is Claimed is:

1. A network protector relay (21) for controlling a circuit breaker (19)
connected between a polyphasé feeder bus (7) and a polyphase network bus (3), said
network protector relay comprising:

5 digital sensing means (85) digitally sampling polyphase current
flowing through said circuit breaker (19) and polyphase network voltage on said
network bus (3) at least sixteen times per cycle to generate digital polyphase current
samples and digital polyphase network voltage samples;

digital processor means (119) comprising means (123-127) for
10 generating positive sequence current and voltage vectors from said digital polyphase
current samples and digital polyphase network voltage samples, and means (123-193)
tripping said circuit breaker (19) open in response to a selected relationship between
said positive sequence current and voltage vectors indicating flow of current from said
polyphase network bus (3) to said polyphase feeder bus (7) above a predetermined

15 threshold.

2. The ﬁetwork protector relay (21) of Claim 1 wherein said digital sensing
means (85) digitally samples said polyphase current and said polyphase network voltage
sequentially and wherein said digital processor means (119) includes means (123-125)
adjusting phase angles of said digital polyphase current samples and digital polyphase

20 network voltage samples for such sequential sampling.

3. The network protector relay (21) of Claim 2 wherein said digital sensing
means (85) digitally samples said polyphase current and said polyphase network voltage
at least thirty-two times per cycle to generate said digital polyphase current samples

and said digital polyphase network voltage samples.
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tripping in response to tenporary reverse current conditions which could be
15 I nstance by a regenerative | oad on the—nepv.eLk—s—An—

caused for

region 65. This condition could occur where the

instantaneous trip is also generated in the snﬂmﬂﬁwﬂgﬂg@
’ . . y

and there was reverse current magneti zing the secondar

transf orner.
characteristic for the network protector 20

Figure 5 illustrates a "watt-Var" trip

includes a Var trip characteristic 67 rotated by 60 in addition _ _
the watt trip characteristic 61'. A positive sequence vector |1 which lies
regi on defined by cross-hatching but outside the circular

in the
segnent 69

results in an i nst ant aneous breaker trip command.

| f

the positive sequence current satisfies the watt or Var curve,
the magnitude is less than the over current limt set by the curved 25
line 69, a trip conmand is issued only after a user-adjustable tine del ay.

10

15

20

25
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4. The network prc;tector relay (21) of Claim 2 wherein said digital
processor means (119) includes means (227) deriving from said digital polyphase
current samples and said digital polyphase voltage samples metered parameters, and
wherein said digital sensing means (85) digitally samples said polyphase current and
said polyphase network voltage alternately in a first order for a given number of cycles
and then in a second order which is a reverse of the first order for said ngen number
of cycles.

5. The network protector relay (21) of Claim 4 wherein said given number
of cycles in which said digital sensing means (85) samples alternately and in said first
order and said second order is one so that said digital sensing means samples said
polyphase currents and polyphase network voltage in said first order on even numbered
cycles and in said second order on odd numbered cycles.

6. The network protector relay (21) of Claim 5 wherein said digital sensing
means (85) samples said polyphase current and said polyphase network voltage at least
thirty-two times per cycle. |

7. The network protector relay (21) of Claim 4 wherein said digital
processor means (1 19) includes means (229) tripping said c1rcu1t breaker open in
response to polyphase current flowing from said polyphase feeder bus (7) to said
polyphase network bus (3) which exceeds a forward overcurrent/time characteristic.

8. The network protector relay (21) of Claim 7 wherein said digital sensing
means (85) further includes means digitally sampling a polyphase phasing voltage
across said circuit breaker to generate digital polyphase phasing voltage samples, and
wherem said digital processing means (119) includes reclose means (195-219)
responsive to said digital polyphase network voltage samples and said digital polyphase

phasing voltage samples for generating a positive sequence network voltage vector and
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-9 - Returning to Figure 3, the sequence-hased relay ——
generates a close signal if a mast er function calculatl

phasi ng function calculation 73 are both satisfi ed, l!ﬂ m i“ﬂWl lm
the AND function at 75. Both the master function and the p

function utilize the positive sequence calculations with the netmork

vol tages, and a 5 positive sequence calculation 77 fromthe phasing
vol tages Vp. The phasing vol t ages are the differences between the
transforner voltages Vt and the network voltages Vn which is the
vol tage across the open circuit breaker. The recl ose
characteristic is illustrated in Figure 6 where the naster

-20 -

a positive sequence phasing volfage vector and for closing said circuit breaker (119)
in response to a predetermined relationship between said positive sequence network
voltage vector and said positive sequence phasing voltage vector, and means (135)
responsive to a predetermined number of closings of said circuit breaker (19) within

5 a predetermined time period for blocking said reclose means (195-219) from reclosing
said circuit breaker (19).

9. The network protector relay (21) of Claim 1 wherein said digital sensing
means (85) includes means for adjusting said sampling of said polyphase current and
said polyphase network voltage to take into account phase rotation of said polyphase

10 current and polyphase network voltage.

10. A network protector relay (21) for controlling a circuit breaker (19)
connected bétween a polyphase feeder bus (7) and a polyphase network bus (3), said
network protector relay comprising;:

sensing means (85) sensing polyphase current flowing through
15 said circuit breaker (19) and polyphase network voltage on said network bus (3);
trip means (123-193) tripping said circuit breaker (19) open in
response to current .flowing from said network bus (3) to said feeder bus (7) above a
first predetermined threshold indicative of a reverse current, and in response to current
flowing from said feeder bus (7) to said network bus (3) above a second predetermined
20 threshold higher than said first predetermined threshold indicating a forward
overcurrent condition.

11.  The network protector relay (21) of Claim 10 wherein said trip means
(123-193) comprises means (123-127) generating sequence currents and voltages and
tripping said circuit breaker (19) when said sequence vectors indicate flow of current

25 from said network bus (3) to said feedﬂy_s_ﬂlgl;gmnmdetemined threshold.
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characteristic is illustrated by the Iine 79 while the phas
characteristic is indicated 10 at 81. Vmis a user defin mulmﬂmﬂu IIJ I"I
threshold value. A circular close Iine 83 allows bre
| i ghter network | oads than if not provided. In order for a close
command to be generated, the positive sequence differential voltage Vpl
must have a magni t ude greater than a user-defined threshold Vm and
an angle which is between user - adj ust abl e bl i nder Lned by
the cross-hatched area in Figure 6. 15 In order to calculate
the positive sequence voltages and current vectors the Ths&ku%gqgental
conponents of each of the sanple voltages and current signal 9/NEEw een Replaced
extracted. In the exenplary enbodi nent of the invention the D w,y ’
Fouri er Transformis used to extract the fundanental ;
fromthe digital sanples. Sampling is perforned preferably at Ieast
si xteen sanpl es per cycle and nost 20 preferably at thirty-two sanpl es
per cycle. It will be recalled fromthe discussion above that the
odd harnonics are the nost predom nant in power distribution networks.
Sanmpling at the sixteen sanple per cycle rate renoves up to the seventh
har noni ¢ while sanpling at the 42 sty-two sanple per cycle rate
elimnates all of the odd _harmoni cs through the fifteen.

12.  The network protector relay (21) of Claim 11 wherein said sensing

means (85) is digital sensing means which generates digital polyphase current samples
and digital polyphase network voltage and phasing voltage samples, and wherein said
trip means (123-193) comprises digital means for generating said trip signal,

5 13. A network protector relay (21) for controlling a circuit breaker (19)
connected between a polyphase feeder bus (7) and a polyphase network bus (3), said
network protector relay comprising:

sensing means (85) for sensing polyphase current flowing through
said circuit breaker (19), polyphase network voltage on said network bus (3) and

10 polyphase phasing voltage across said circuit breaker (19);

trip means (123-193) for tripping said circuit breaker(19) open
in response to current above a predetermined threshold flowing from said polyphase
network bus (3) to said polyphase feeder bus (7);

reclose means (195-219) reclosing said circuit breaker (19) in

- 15 response to a predetermined relationship between said polyphase network voltage and

said polyphase phasmg voltage; and

means (135) responsive to a predetermmed number of reclosings
of said circuit breaker (19) within a predetermined time period for blocking said
reclosing means (195-219) from reclosing said circuit breaker (19).

20 14.  The network protector relay (21) of Claim 13 wherein said trip means
(123-193) generates a positive sequence current vector from said polyphase current,
and a positive sequence network voltage vector from said polyphase network voltage
and trips said circuit breaker opex in response to a predetermined relationship between
said positive sequence current vector and said positive sequence network voltage

25 vector, and wherein said reclose means (195-219) utilizes said positive sequence

e
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The fundanental conponents of the voltages and

currents are then used to determ ne the p05|t|ve se
negati ve sequence conponents which are defined . ﬁlﬂjﬂﬂ]ln "II"H"I

POS. SEQ =

10

333 [A + B e~(+] 120) + C en(-j 120) ]

This Sheet Has Been R Repl

T
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network voltage vector and a po;itive sequence phasing voltage vector generated from
said polyphase phasing voltage to reclose said circuit breaker (19).

15.  The network protector relay (21) of Claim 14 wherein said sensing
means (85) is digital sensing means which samples said polyphase current, said
polyphase network voitage, and said polyphase phasing voltage digitally to generate
digital polyphase current samples, digital polyphase network voltage samples and
digital polyphase phasing voltage samples, and wherein said trip means (123-193) and
reclose means (195-219) use said polyphase current samples, polyphase network
voltage samples, and polyphase phasing voltage samples to generate said positive
sequence current vector, positive sequence network voltage vector and positive

sequence phasing voltage vector.

REPLACED
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5 NEG SEQ = .333 [A + B er(-j120) + C er(+120) | —————

Eq. (2) Were A, B, C are vectors representing the,vqltages or
currents. Due to the sequential sanpling prgeEsstiasBesd Riphced
t he network protector hardware, the +120 and -120 i fh ]|

must be nodified to conpensate for the phase shift Jf (1 ”/
sanpling. 10 The required phase shift can be applie y 't ng
t he generalized sequence equation in conplex formwhere the direct
and quadrature conponents are as foll ows: Dl RECT =

Add d- AgC g + BdC2d- BqC2q + CdC3d- CqC3q Eq. (3) QUAD. =

AdCl g+AgqCl d + BdC2q+BqC2d + CdC3g+CqC3d Eq. (4) Where coefficients

Cl, C2, C3 are selected to provide ti®e correct phase angles, 15
i ncl udi ng conpensation for sequential sanpling. These coefficients can be

stored in a table for use by the m croprocessor in nmaking the
sequence cal cul ati ons. In addition to tripping the circuit
breaker on reugp r net wor k protector relay 19 of the
i nvention al so F’ﬁgg’rﬁgo?gg@ #’gﬁ\%’a PRRFEGHFOR: RELAYO WITH FORWARD t hat
is, if the cupvRRcoRRERNFNY Rl network exceeds defined Iimts. For
this 20 pur pose, h@?&%ﬁ%ﬁ%ﬁﬁﬁ%ﬂ%#ﬂﬂ%&mmi stics can be
utilized. This can include bot h i nstantaneous and del ayed trip
functions, the latter of whi CABSTRAOT OFerHE DISCLOSURE' ovi de coor di nati on
with circuit breakers .ip the secondary network. The network

protector relay 19 &igitehgetwericpratestoraelay (Rhosamples the pelyphise ghrrent, network  of
gngunber of RRIEECARS Shasingvoltdgd 4GS anm%fé”}gﬁy %Q?Em\éﬂ)éjrecsycfg so thet up fo the ts
seventh and fifteenth harmonics, respectively, are eliminated from the sequence
5 calculation used to make trip and close decisions. The relay (21) also provides
metering, forward overcurrent protection, and an anti-pumping feature, the latter of
which locks the circuit breaker (19) out if a selected number of breaker operations is
exceeded during a given time interval. Sequential sampling of the polyphase current
and voltages by a single analog to digital converter (25) reduces the cost of the relay.
10 In order to accommodate metering and extraction of the fundamental components of
the current and voltages for the sequence calculations, the polyphase current and
network voltage are sampled sequentially in a first order for a given number of cycles

and then in a second reverse order for the same given number of cycles.
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power factor and so forth are cal cul ated and

VARs,

watts,

vol t ages,

25

can be transmtted
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| ocation. The phase shifts resulting fromthe sequential sampling of the
currents and vol tages can lead to errors in these netered
paranmeters. It is known to reverse the sequence of sanpling on
alternate sanples in order to average out these errors. However,

it is essential for utilizing the Fast Fourier Transform for extracting the

fundanental 5 conponents of the currents and voltages for cal culating
t he sequence conponents that the J% @ganpl i ng sequence remai n constant
for each calculation (i.e.throughout e cycle). In order to

accommodat e both of these requirenments, the relay of the present invention
sequential l'y sanpl es the currents and voltages in a first order for a given
nunber of cyctres and t hen sanplg them iy a second reverse order
for the sa sanplgg. 10 = Prefespbly, the given nunber

cycles is ) e Wnber§1 cycl eg=tihes rrents or
vol t ages a gﬁr 5ok ?\such a®lt he f|§\§1 oy der, _4fid d%ﬁg t he
=i A

odd 5 #he ihk.rg;@ cﬁ or der.
Wth this FR T
Transformfor a constan sanpllng"géq “‘éﬁq@i ETe and
the demands for reversing the sequendech i >-e,r_r§r§ &to 15
phase differences are also satisfi gd. 2 = A\ | Anpt her novel —f eat ure
of the network prqtectongrelhy of thq i : ts punpi ng
of the circuit br agr & Fepetitipe i o'q L In accordance
wth the o~ | ®entgdm, | t he operaki of theNs{rcuit breaker are
counted and if th :ﬁiﬂl&t.‘:‘;’o carker[is* opergd and cl osed nore than
a predeterm ned njyrger ﬁ% s wifhip.a sellected t¥ne o
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20"

“interval

circuit breaker is |ocked out
manual |y such as over the comuni cations network

pendant 43,

or automatically after a predeterm ned tine del ay,

exanpl e a hal f-hour.

open.

for instance five tinmes within thirty seconds,

t he

The relay nmust then be reset
49 or by the
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- 12 - Routines run by the mcrocontroller 23 in

i npl ementing the invention are illustrated in Figures 7 - 9.
Figures 7A and 7B illustrate the sanple interrupt routine 85 which in

t he exenpl ary enbodi nent of the invention is run 32 tinmes per cycle. As

i ndi cated at 87, on odd cycles, if the user has indicated that the
phase sequence is ABC at 89 the sanples 5 are taken in a first order
of phasing voltages, network voltages 4a urrents in accordance

with the ABC rotation as indicated at ~™he sanples are saved in a

cal cul ation buffer. If the user indicates that the phase rotation
is CBA at 89, then the sanples are still taken in the first order
of phasi ng voltages, netwo voltagesd ng aurrents, butTin the phase
sequence CBA as indicated at 93. 10 On even cycles as
indicated at 87, the sanpling is done ihaﬁVgﬁcond reverse order in
which the currents are sanpled before thg network voltages, although the
phasi ng vol tages are still sanﬂled first. If the phase sequence is
ABC as. indicated at 95, then the \ sanpl es are taken in the second
order and in the phase sequence ABC as iYdicated at6°7. ' Wth the
opposi te phase sequence, the sanpl es;on & cles®are 8till taken in the

second 15 order, but in the phas
After sanpling, the RVS
set _——

CBA. ifrdi_cat ed at 99.
06 ‘

Next, the gain

% 67




by'the programmabl e gain anplifier 33 is adjusted at 103 to prevent

saturation of the current inputs. The sanpl e val ues
inatrip buffer if the buffer has been rel eased as
105. If a trip occurred, capture of sanples for eight cycles
following the trip is indicated with a tinme stanp for future
107. Also, if atrip occurred, the trip is |ogged at
sanpl e val ues are saved in a wavefor femr if the

are then saved
i ndi cat ed at
20

anal ysi s at
109 and the
buf f er has

been unl ocked after recording a previous'trip, all as indicated at 111.

Vnt ,

>
=

VYm
—83 q

79”

FIG.6
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to set the tine for the next
cycl e of sanples has been coll ect ed,

updat ed and,
time count
this point.

Simlarly,
which it will

I nput anplifie
vol t age sanpl €

Finally,
routine is exited at 118.

main | oop routine 119. The sanpl@g
I ndicated at 121 are used to cal cul
networ k phase to neutral voltages whi
positive sequence

The next task in the sanple interrupt routine 85 is

at 115. In addition,
the tenperature 5
pgures 8A -

ath@/gd duri-ng

net wor k vol ™8
xted 8§ 127 and
urrent>id its magni tude:

sanple interrupt at 113.
the real time clock

the timer for the punping is indexed along with the trip del ay

the auxiliary inputs are read at

Is sanpled at 117 before the

8H illustrate the

#Sed to cal cul ate
he current gai

|S°’%H}\SQE gﬂmtﬁé at N29 if necessary. i so,

If a full
is

each cycl e as

SAMQEﬂWWMRWP” al conponents of the

are used to calculate the
network vol tage Vbl an8/its magnitude,
negati ve sequence network voltage and 10 |
cal cul ations are omﬁe at 12&"for the pka
be recal fed—a e—d
vol tages and the

the current are calc
positive sequence

Bgni tude at 123.
5|ng At ages,

1 Qr ner

B Shobfce

and t he

gg of

he

ABC? ABC?
LA
M~ /
SAMPLE SAMPLE
Y Vep,Ybp,Yap, Vap,Vbp,Vep,
fc,Ib,la, la,Ib,lc,
Ven,Von,Van Yan,Vbn,Ven
AND SAVE SAMPLES IN| | AND SAVE SAMPLES IN
91 93 CALCULATION BUFFER CALCULATION BUFFER
Y / N #
SAMPLE SAMPLE
Vap,Ybp,Vep, Vep,Vbp,Vap,
~ Yan,Ybn,Ven, Yen,Vbn,Van,
la,Iblc, Ic,ib,la,
AND SAVE SAMPLES IN| | AND SAVE SAMPLES IN
CALCULATION BUFFER CALCULATION BUFFER
Y }

3

el
¢

101
UPDATE RMS AND |~
POWER SUMS
Y 103

CHECK FOR OVERCURRENT
AND SET MINIMUM
CURRENT GAIN IF

NECESSARY

-

[

SAVES SAMPLE VALUES IN | —
TRIP BUFFER IF UNLOCKED

10 107

FIG.74



15 Is adjusted at 131 if necessary based on the magnitudes of the
positive and negative sequence phasing voltages. If a check of the
magni t ude of the negative sequence network vol tage i ndicates

i nproper wiring at 133, a trip condition 134 is generated.

Turning to Figure 8B, the punping routi,ne which is illustrated in Figure 9
is called at 135. Next, if‘é/(éﬁbte trip has been received over

t he conmuni cati ons network 49, as 20 d&gﬁ mned at 137, a trip
condition 134 is generated. O herw se, ER m nation i s nmade at
139 as to whether the "watt-var" node has [been enabled. If not, the program
transfers to the sensitive trip noutine at 173 in Figure 8E. Wen
the "watt-var" node is enabl ed, he watt trip aH%grithn1is call ed
at 141 to determne if the positive sequence current .i’/

IF TRIP OCCURRED START 8
CYCLE POST RECORDING,
SAVE TIME STAMP

109

UPDATE TRIP LOG IF TRIP )
OCCURRED 4

l

SAVE SAMPLED VALUES IN
WAVEFORM BUFFER IF UNLOCKED

l

DETERMINE TIME FOR NEXT /
SAMPLE INTERRUPT

'

IF END OF CYCLE (32 SAMPLES)
THEN UPDATE REAL-TIME CLOCK,

PUMPING TIME COUNT, TRIP DELAY
TIME COUNT, READ AUXILIARY F[G 7B
INPUTS

117

IF END OF 16 CYCLES THEN |~/
MEASURE TEMPERATURE

l 118

QND SAMPLE INTERRUPT




- 14 - ' bel ow the watt curve in Figure 5. If it is as indicated at

143, and turning to block 145 in Figure 8C, if the trip delay tine
is set to zero, then a trip condition 134 is generat ed. Even if
the delay tinme is not zero, if the positive sequence vector is in the

i nst ant aneous trip region then a trip is generated at 147. If an
infinite tinme delay has been selected at ,5 149, then the delay tine
count is reset at 1EB.—Homever-—it—~the B#diBi ve sequence current

dy time has expired, a trip is generated
at 153. there1s no "watt" trip, the VAR trip equations
are inplenented =4 L 8D. If the VAR trip is not
satisfied at 157 and the wg ip i stHot satisfied as checked at

159, then the tii § del ay-fTi NG reset at 161. On the other hand, if
the var tripis and the trip delay was set at zero
as determ ned at 163, 134 is generated. Even if

is in the circular zone &

CALCULATE Vna, Vnb,

AND Vnc FUNDAMENTAL | 123
COMPONENTS /J
Vi, IVnll,
Vn2, vn2i

Y

CALCULATE Vpa, Vpb, 125
AND Vpc FUNDAMENTAL (.J
COMPONENTS
Vp1, IVpll,
Vp2, Ivp2l

!

CALCULATE la, 1b, AND Ic L
FUNDAMENTAL COMPONENTS
i1, Wl

Y

’_ ADJUST CURRENT GAIN | 179
BASED ON i F |/
NECESSARY

+ "~ FIG.84
ADJUST VOLTAGE GAIN

BASED ON IVp1]
AND Vp2! IF REQUIRED

134

S N2l > 8 pu? TRIP CONDITION )




v

exceeded as determned at 165, a trip is generated. |If the overcurrent was

not exceeded and the tinme delay was set to infinite as determ ned
at 167, the delay time count is reset at 169. As in the case of
the watt trip, if the trip tinme has been exceeded at 171, a trip 15
condition 134 is created. If the watt-var node was not
enabl ed at 139 at Figure 6B, the sensitive trip routine is called.
This routine which is shown in Figureég i npl enents the characteristic
shown in Figure 4. Initially the sensitive trip algorithmis run
at- 173. If the sensitive trip is not satisfied at 175, that is,

the positive sequence current vector is not in the cross-hatched 20

regions of Figure 4, then the trip delay tinme count is reset at 177. On the
ot her hand, if FROM 13?he sensitive trip is satisfied at 175 and the trip
delay tine has been set To 0 at 179 and the overcurrent set point
is O as determ ned at] 181, then a trip condition 134 is generated. |If

the sensitive plus nqQp-sensitive node has been sel ected, which includes the
smal | sem -

PUMPING ROUTINE

137

134
[
TRIP connmonj

HAS A "REMOTE” TRIP
BEEN RECEIVED?

\ 10 173
—> _ SENSITIVE
TRIP ROUTINE

141
1

—>1 WATT TRIP ALGORITHM

IS "WATT-VAR" MODE
ENABLED

IS "WATT" TRIP
SATISFIED?

®  FesB T 14



- 15 - circular instantaneous trip region 65 in Figure 4 as
indicated by a "no" at block 181, a trip condition 134 is -
generated if the positive sequence current is within this region as

i ndi cat ed at 183. Trip condition 134 is also generated if the
positive sequence current is nore than the overcurrent limt,
i.e. beyond the region 65, as indicated at 183. 5 Ret ur ni ng
to block 179, if the time delay is otHd) A1 @n zero and the overcurrent set
point is equal to zero, as indicated at 185, a trip condition 134 is
generated. A trip condition 134 is also generated if the
overcurrent is exceeded at 187. If/Not, and the del ay isinfinite
as determined at -189, the trig deffy\is reset at 177. Qtherwi se a check is

made

FROM 143
IS TRIP TIME DELAY
0?

IS OVERCURRECT
EXCEEDED?

10 155

149

IS THE TIME DELAY
INFINITE?
Y
RESET TRIP DELAY TIME
COUNT

153

FIG.8C

S TRIP TIME > TRIP
DELAY TIME COUNT?




at 197 to see if a delayed trip has been generated. |f the tine has not

expired at 199 a 10 float condition is indicated at 193.

Figure 8F begins tests to determine if an open circuit breaker can be
closed. If the negati ve sequence phasing voltage is high at 195,
this indicates inproper wiring such as crossed phases on the

transfornmer or the network and therefore a trip condition is

generated at 134. |f fRine Fleggowork is dqugﬁqgszed as indicated by a | ow
network positive 15 sequence vol tage ‘at 197 but the positive sequence
phasi ng voltage is not re than .8 pu at 199 indicating | ow

f eeder voltage, T Tt 34 al so generated. If the feeder

vol tage i s adequpygR THPfE.Q'UﬂTIQNSh is made at 201 of the network negative
sequence vol t age} the negative sequence voltage is nore than
.06 pu, there is a wrirnfg problrem such as crossed phases and a
float condition 193 is generated. If the negative sequence network 20
voltage is sufficientlyghigh|58t 201, a cl ose conﬂ'iion 203 i s gener at ed.
If it is determ ned at A7 tHat the network jis_engrgized, and t strai ght
i ne cl osing charavtderistic i s sel€cted™gt 205, check i3 made at

207 to see if the”master algoNthNis idedy I f not, a check ils
made of the pos{{9 VAR JRIBSATISHIED? -, a vol Ba jﬁl}JZOQ | RESET TRIP DELAY TiE

SATISFIED? COUNT
Y
163 R
S TRIP TIME DELAY=">—
0?
N e
IS OVERCURRENT ! >
EXCEEDED?
N
67 f'ﬁg
. Y RESET TRIP DELAY TIME
| COUNT
N
171 < ;
IS TRIP TIME > TRIP Y R
DELAY TIME COUNT?
134
| Y
N y (TR conomon )

s FIG.8D
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condition 134 is indicated,

entered. Returning to bl ock 207,

and the phasing algorithmi
213 in Figure 8G
generated. Otherw se the fl

Wi ring errors.

If there are wiring errors, atrip

ot herwi se a float condition 193 is
if the master algorithmis satisfied

s satisfied at 211, a wiring check is nade at
and if none is found, a close condition 203 is
oat condition 193

FROM¢139 12/16

SENSITIVE TRIP ALGORITHM

173
-,

SENSITIVE PLUS
NON-SENSITIVE

1S OVERCURRENT_ Y MODE
= 0?
SETPOINT = 07 -
AT Y|
Y

IS OVERCURRENT

EXCEEDED?
y 17 N a0
> 1S 111l > OVERCURRENT ~>"{
g RESET TRIP s
DELAY TIME
COUNT
N
191
IS TRIP THE > RPN, _Y
DELAY TIME COUNT?
D “ 193 Y  FIG.8BF
o (RO coNDIToN )~




[ IS

5 is entered. If the circular close routine rather than the straight

| ine close routine had been selected at 205 in Figure 8F, then the
phasing line is checked at 215 in Figure 8G If the phasi ng line
is satisfied, the |left quadrant phasing line is also satisfied at 217, and
t he positive sequence phasing voltage magnitude is greater than
the master |ine set point at 219, then a close condition 203 is

i ndicated as | ong as the magnitude oflggglpﬁgative 10 sequence networ k
voltage is satisfactory at 213. |If any dof e conditions at 215, 217 or

219 are not satisfied, the rkROM H6.80r&rf46.86 s to bl ock 209 on Figure 8F to

det er m ne whet her the trip condition or float condition should be
ent er ed. Turning tA Figygg 8H, if a trip ﬁﬁndition 134 has
been generated, the trip relay i s energized @tM*221 and toggl e

on and off until the circuit _bfeaker opers. ¥n addition/the 15 red trip
LED 41 is turned on and fl aSliedVp2sl bhd pudxy—te{dRIPSCONDITIGN O! ose condi ti on
203 was generated, the _cl ose retffay 39 is—emerg+zee and the green
LED 41 is turned on for a Bl num of 4 seconds unl ess interrupted

by a trip at 223. If on the other qwd, 3 fl oat andi tion 193 was
generated, the yellow float LED 41} s t19/ned on and flashédvat 225. 134
Next, the metering routine is cg 227. As nmengromsd/ vari ous
parameters are 20 cal cykat ed and -:deyavai angm seTaiower
t he comuni cations network <<@Sthént < .1 pu? >— '

the forward overcurrent proted™jon routifie is r

~

condition 134 is generated. Finally, a harn?'lc routine is run at
331. This routine cal cul ates harnmdii cs 905 201 193

CIRCULAR CLOSE
ROUTINE Y /" FLOAT
T0 215 CONDITION
CHECK IVp1l

FROM FIG.8G

SATISFIED?

FIG.8F

T0 213
134 ' 103
p, Y

rJ
(IRP_CONDITION ) (FLOAT CONDITION)




T up to the fifteenth for the network and transforner

vol tages and line currents.

FROM 211

The nmin

14 /16

FROM 205

215
PHASING LINE

CHECK IVp!I

SATISFHIED?

LEFT QUADRANT
PHASING LINE
SATISFIED?

IVp1l > MASTER LINE
SETPOINT?

N 203

S 4
(cLose CONDITION )

> 10 209

193

FLOAT conmnon)

FIG.8G



| oop is then exited at 233. Figure 9 illustrates the flow
chart for the punping routine 135 which was call ed in Figure 8B

| f the punping routine has not been enabled as indicated at 135.1 then a 5
counter which maintains a count of breaker operations (openings and

cl osings) and the punping tinmer are reset at 135.2. If the punping
routine has been enabl ed, and the unping limt has previously
been exceeded as detected at 135.3 anfi ot been reset as

determ ned at 135. 4, 3 trip condition 1 4 is maintained to keep the circuit
br eaker | og é out. If there is 7oﬂ§x|st|ng bl ock, the t{9% ng
interval for indi cated at 135.5, And the

nunber of - br ekERIp DIIONO)s exceedéojoRe (RNpRIgRY | ¢t as (ELOAT. CONDITION)

- abl i shi ng
condition 134. If t e lin of bfeaker 3perat|ons has n t been
exceeded by the condl usip lof the punpi ng

t:éyr i nterval , 25
nunmber of brge oiera¥i ons and punpi ng Yi count are reset at .7 and

Wi e spedi | %&%Q% b ?TLQMMMM&@? been LE&ﬁt@ﬁéorﬁReéiyp ,

it will dted b ANDi TIMING [i n the art t HMING ar i ous

nodi fi cations an es to those—det ai |'s—eottd—be—dereleped
in light of the over Il teachings of t he Hi scl osure. Aciordingly,
the particular arra ant to be jllustrati¥e only and

not limting as to the scope of inventionfwhich is to be given the ful
breadth of the clainms 20 appended and| any and all equival ents thereof.

227
METERING ROUTINE
CALCULATE rms /J
TRANSFORMER AND
NETWORK VOLTAGES, rms
LINE CURRENTS, POWER,
AND POWER FACTOR

o 134

IS FORWARD CURRENT
> TRIP VALUE?

TRIP CONDITION )

7 231
HARMONIC ROUTINE /

CALCULATE. HARMONICS UP
T0 THE 15th OF THE

NETWORK AND FIG.8H

TRANSFORMER VOLTAGES
AND LINE CURRENTS

l : 233

((END MAIN LOOP )~




-8 What is clained is: 1. A network protector relay (21) for
canttolling a circuit breaker (19) connected bet ween a pol yphase feeder
bus (7) and a pol yphase network bus (3), said network protector rel ay
conpri si ng: digital sensing nmeans (85) digitally sanpling

pol yphase current flowi ng through said circuit breaker (19) and pol yphase
network voltage on said network bus (3) at |east sixteen tines per cycle
to generate digital polyphase current sanples and digital polyphase

net wor k vol t age sanpl es; diiit | _processor neans (119) conpri sing
means (123-127) for generating pos'ﬁZ&éequence current and vol t age
vectors fromsaid digital polyphase current

135.2
f.

RESET BREAKER
OPERATIONS AND
PUMPING TIME COUNT

| A
BREAKER OPERATIONS
FOR A PUMPING _ )
CONDITION? > PUMPING LIMIT
i 135.7
CONFERENCE

, RESET NUMBER OF
TRAVEL . ) BREAKER OPERATIONS AND
PUMPING TIME COUNT

'

135.8

FIG.9



sanpl es.and digital pol yphase network voltage sanples, and neans (123-193)
tripping said circuit breaker (19) open in response to a sel ected

rel ati onshi p between said positive sequence current and vol}t gg,jﬁtfﬁﬁsw%mm.
indicating flow of current fromsaid polyphase network bus (3]’ ¥o @ﬂd 8

pol yphase feeder bus (7) above a predeterm ned threshold; B et
said digital sensing neans (85) digitally sanples said pon h seﬂ%u;gen&

processor means (119) includes neans (123-125) adjusting phase angles—~of—I
said digital polyphase current sanples and digital polyphal etwprk

vol tage sanples for such sequential sanpling; and wher ei n sard——-
di gital processor means (119) incluziks neans (227) deriving fromsaid

di gital pol yphase current sanples and said digital polyphase voltage
sanpl es netered paraneters, and wherein said digital sensing neans (85)
digitally sanples said pol yphase current and said pol yphase network vol t age

alternately S e ven nunber of cycles and then in a
second or der$%ﬁ%ﬁéés£‘3§§n§v@§£§6§¥ ?%%TIF??@? Rt WIgH FORWARDven number of
cycl es 2 t 21) of Claim1l wherein said

gi ven nunbero‘(;%RégegRgg&:Aﬁkb ?cﬂisé gﬁalgngﬂgm%d’WM (85) sanpl es
alternately and in said first order and

ABSTRACT OF THE DISCLOSURE
A digital network protector relay (21) samples the polyphase current, network

voltage and phasing voltage at 16, and preferably 32, times per cycle so that up to the

seventh and fifteenth harmonics, respectively, are eliminated from the sequence

5 calculation used to make trip and close decisions. The relay (21) also provides
metering, forward overcurrent protection, and an anti-pumping feature, the latter of

which locks the circuit breaker (19) out if a selected number of breaker operations is
exceeded during a given time interval. Sequential sampling of the polyphase current

and voltages by a single analog to digital converter (25) reduces the cost of the relay.

10 In order to accommodate metering and extraction of the fundamental components of
the current and voltages for the sequence calculations, the polyphase current and
network voltage are sampled sequentially in a first order for a given number of cycles

and then in a second reverse order for the same given number of cycles.

(Fig. 1)



sai d second érder is one so that said digital sensing nmean F"gam@sm _ _
pol yphase currents and ‘pol yphase network voltage in said f {ri%?w“’ié‘ﬁﬂﬁ?&;?é‘(ﬁreﬁgﬁT
even nunbered cycles and in said second order on odd nunbefe@ cyches: ..
-19- 3. The network protector relay (21) of Caimp arei p»{,s%ﬁ -{
di gital sensing nmeans (85) sanpl es saidgol yphase currenf gand 'sali d =

pol yphase network voltage at least thirty- two times per{cyc 'é‘.““"*——\—,

Still another novel aspect of the network protector relay of~t.fh1‘e fﬁvention is an
anti-pumping feature. if a predetermined number of breaker operations, that is openings
and closings of the circuit breaker are detected within a predetermined time interval, the
circuit breaker is locked out in the open condition.

BRIEF DESCRIPTION ED

A full understanding of the invention can be gained from the following description
of the preferred embodiments when read in conjunction with the accompanying
drawings in which:

Figure 1 is a schematic diagram of a low voltage secondary power distribution
network sourced by feeders incorporating network protector relays in accordance with
the invention.

Figure 2 is a schematic block diagram of a network protector relay in accordance
with the invention.

Figure 3 is a functional diagram of a sequence based network protector relay in
accordance with the invention.

Figure 4 is a sequence based watt trip curve which can be utilized by the
network protector relay of the invention.

Figure 5 is a sequence based watt-var curve which can be altematively utilized
by a network protector relay in accordance with the invention.

Figure 6 is a circular reclose characteristic which can be implemented by a
network protector relay in accordance with the invention.

Figure 7A — 7CB illustrate a flow chart of an interrupt routine utilized by the
network protector relay in accordance with the invention.

Figure 8A — 8H illustrate a flow chart of the main loop routine used by the

network protector relay of the invention.
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4.l ‘Thé network protector relay (21) of Claims 1, 2 or 3 wherein said

i gi r S des neans (229) tripdl Bg,SAld, Gl GOLE
glrgiaiglr opgaofﬁssoremﬂwmﬁummmgse current flow ng froﬁg's‘a{ *‘*ﬁ_oﬂ'yp‘ﬁ de
feeder bus (7) to sal ¢ pol yphase metwork bus (3) which dgxdeeds q fworq\:\glarztL
overcurrent/tinme characteristic. 5. .4g.The network prdtegctpf ridkaiasy i)
of Claim4 wherein said digital sensing neans (85) furtHRer{ includes neans

di gi tal | y sanghatigclaint iyhase phasing vol tage across said circuit breaker

s : . i d
enerate digital polyphase phasing voltage sanples, and wherein sajid
g?g?tal procesging ngans (119) includes reclose nmeans (195-219) responsive

to said digltal HorsHaotentarvielak (24 forgentmiing |z sircan hredkce (1)) WohAdcted

| yphase phasd Vol I [ _generating a positive sequence
ot wor k vor | vt S pbRffese REIY @?ﬁa@%am@%ﬁ%twgﬂw@; @hsaitostorang
[ | ' isi 19) in response to a p _
L e o T ey conrigager (19) uence Ir[:etvvork vol t age vector and said

' hi p bet al d. positive_ s € t ol
o1 v sehunc BRAE ARGy oS0y SSmmsmpanioesir oo
predet er i nedaiolokbat biebkerl(8) aheipoRbnad iidrk idlabe %ﬁ%@#&%ﬂ%@@%é B
predeterm ned. tinme period for blocking said recFose neans - A
recl osi ng saiSHes HNeS ASF <yRlerto generate digital polyphase cumrent samples ar_ld digital

polyphase network voltage samples;

digital processor means (119) comprising means (123-127) for generating
positive sequence current and voltage vectors from said digital polyphase current
samples and digital polyphase network voltage samples, and means (123-193) tripping
said circuit breaker (19) open in response to a selected relationship between said
positive sequence current and voltage vectors indicating flow of current from said
polyphase network bus (3) to said polyphase feeder bus (7) above a predetermined
threshold;

wherein said digital sensing means (85) digitally samples said polyphase current
and said polyphase network voltage sequentially and wherein said digital processor
means (119) includes means (123-125) adjusting phase angles of said digital polyphase
current samples and digital polyphase network voltage samples for such sequential
sampling; and

wherein said digital processor means (119) includes means (227) deriving from
said digital polyphase current samples and said digital polyphase voltage samples
metered parameters, and wherein said digital sensing means (85) digitally samples said
polyphase current and said polyphase network voitage alternately in a first order for a

given number of cycles and then in a second order which is a reverse of the first order
for said given number of cycles.

2. The network protector relay (21) of Claim 1 wherein said given number of cycles
in which said digital sensing means (85) samples alternately and in said first order and
said second order is one so that said digital sensing means samples said polyphase
currents and polyphase network voltage in said first order on even numbered cycles and
in said second order on odd numbered cycles.
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as claim 1 and substantially ps—described

a s L TTT— a o a
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3. The network protector relay (21) of Claim 2 wherein said digital sensing means
(85) samples said polyphase current and said polyphase network voltage at least thirty-
two times per cycle.

4. The network protector relay (21) of Claims 1, 2 or 3 wherein said digital
processor means (119) includes means (229) tripping séid circuit breaker open in
response fo polyphase current flowing from said polyphase feeder bus (7) to said
polyphase network bus (3) which exceeds a forward overcurrent/time characteristic.

5. The network protector relay (21) of Claim 4 wherein said digital sensing means
(85) further includes means digitally sampling a polyhase phasing voltage across said
circuit breaker to generate digital polyphase phasing voltage samples, and wherein said
digital processing means (119) includes reclose means (195-219) responsive to said
digital polyphase network voltage samples and said digital polyphase phasing voltage
samples for generating a positive sequence network voltage vector and a positive
sequence phasing voltage vector and for closing said circuit breaker (19) in response to
a predstermined relationship between said positive sequence network voitage vector
and said positive sequence phasing voltage vector, and means (135) responsive to a
predetermined number of closings of said circuit breaker (19) within a predetermined
time period for blocking said reclose means (195-219) from reclosing said circuit
breaker.

6. Network protector relays as claimed in claim 1 and substantially as described
herein with particular reference to the accompanying drawings.
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3. The network protector relay (21) of Claim 2 wherein said digital sensing means
(85) samples said polyphase current and said polyphase network voltage at least thirty-
two times per cycle.

4. The network protector relay (21) of Claims 1, 2 or 3 wherein said digital
processor means (119) includes means (229) tripping said circuit breaker open in
response to polyphase current flowing from said polyphase feeder bus (7) to said
polyphase network bus (3) which exceeds a forward overcurrent/time characteristic.

5. The network protector relay (21) of Claim 4 wherein said digital sensing means
(85) further includes means digitally sampling a polyhase phasin‘g voltage across said
circuit breaker to generate digital polyphase phasing voltage samples, and wherein said
digital processing means (119) includes reclose means (195-219) responsive to said
digital polyphase network voltage samples and said digital polyphase phasing voitage
samples for generating a positive sequence network voltage vector and a positive
Sequence phasing voltage vector and for closing said circuit breaker (19) in response to
a predetermined refationship between said positive sequence network voltage vector
and said bositive Seéquence phasing voltage vector, and means (135) responsive to a
predetermined number of closings of said circuit breaker (19) within a predetermined
time period for blocking said reclose means (195-219) from reclosing said circuit

breaker.

6.~ -Network-protector refays-as datmedmcla!g? “1-and substantially as-described
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