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PCT/NZ97/00043       TITLE: Distributed Frequency Relay        Field of
Invention    5  The present Invention relates to a method of increasing the
electricity supply network stability      without increasing its spinning
reserve. This is achieved using one or more systems of      distributed
frequency relays.        Background of Invention 10      Traditionally
electricity system stability has been provided by spinning reserve, which
is spare      generating capacity available to the system should unexpected
loads, such as a large fault,      threaten system stability. Spinning
reserve is expensive as it does not produce any revenue      for the
generating company but it is required for system stability. 15
Attempts have been made to supplement the stabilizing effect of spinning
reserve with fixed       frequency relays fitted to major loads or
sub-stations within a network. These relays disconnect       their loads if
the system frequency (nominally for example 50 hertz) drops too much
indicating       a system disturbance such as a major fault. The loads are
then reconnected when the system 20   has stabilised. The major
disadvantage of this arrangement is its inflexibility. The dynamic
nature of the loading on a network means that over time the network will
require different       stabilizing tactics which cannot be accommodated
satisfactorily by the fixed parameters of these       frequency relays.
25   Summary of the Invention         An object of the present invention is
the provision of an improved method of increasing an       electricity
supply network's stability, which minimises the above mentioned problems.
It is a       further object of the present invention to provide low cost
or at least alternative frequency 30  relays.         The present invention
provides a method of increasing the system stability of an electricity
supply network, said method including locating programmable frequency
sensitive relays at load       shedding points within said network, wherein
each said relay controls one or more loads 35   connected to said network
and contains programmable disconnect and reconnect conditions       
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PCT/NZ97/00043       such that one or more said loads are disconnected from
said network upon said relay detecting      said programmable disconnect
conditions on said network, and such that one or more said      loads are
reconnected to said network upon said relay detecting said programmable
reconnect      conditions or said network.  5       Preferably said method
includes providing a network stability manager with the ability to change
or update said programmable disconnect and reconnect conditions by a
communications link       to said relays.   10   Preferably said load
shedding points include any one of the following groups: sub-stations;
factories; office buildings; households; plant; appliances; and a
combination of these.        Preferably said programmable disconnect
conditions include: low frequency disconnect levels;      high frequency
disconnect levels; rate of increase or decrease of frequency disconnect
levels; 15  a combination of these. Said relays can include a delay period
or minimum duration of said       condition prior to said disconnection.
Preferably said programmable reconnect conditions include: low frequency
reconnect levels;       high frequency reconnect levels; rate of increase
or decrease of frequency reconnect levels; 20  expiration of a
disconnection period; a combination of these. Said relays can include a
delay       period or minimum duration of said condition prior to said
reconnection.         The ability to reprogram the programmable conditions
of each relay allows the stabilizing effect       which they produce to be
maximised despite changing conditions on the network. This 25  capability
is of considerable importance to the authority managing the network and a
considerable advantage over the fixed frequency relays currently available.
Another advantage       of the present invention is that it is not reliant
on a real time communication link; for example,       to disconnect loads
in the event of a system emergency. In this instance the distributed relays
operate according to their most recent programmable conditions update. A
further advantage 30  of this present invention is that it is not
restricted to monitoring frequency changes alone but       can monitor, for
example, rate of change of frequency and react accordingly. Parameters such
as rate of change of frequency can sometimes be as important as the change
in frequency       itself.   35  The relays can be used to control all the
load with which they are associated by, for example,
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disconnecting/reconnecting all sub-station circuits. Alternatively they may
incorporate, be      incorporated into, or be used In conjunction with a
load shed management facility. For example      in the case of households
as load shedding points, the load shed manager could be the device      for
the operation of appliances, utilities and services within a building of
New Zealand patent  5  application no. 280179 (PCT/NZ96/00110).        When
used with load shed management, the relay will control only a
pre-programmed part of      the available load in response to a network
condition. The controlled load may be      reprogrammed by the network
stability manager for example. As a further enhancement, the 10  load to be
controlled by the relay (and load shed manager) may be dependent on the
type of      condition detected on the network. Further, the relay may
control more than one load or group      of loads according to different
programmable conditions. For example, a minor fault may only      require
hot water cylinders (or an equivalent load) in a domestic premises to be
disconnected,      while a major fault may require all power to the
premises to be disconnected. 15       Description of the Drawings
By way of example only, two preferred embodiments of the present invention
are described in       detail with reference to the accompanying drawings,
in which 20       Figure 1 shows a schematic diagram of a first preferred
embodiment of the present invention;          Figure 2 shows a schematic
diagram of a second preferred embodiment of the present 25  invention; and
Figure 3 shows a block circuit diagram of a programmable frequency relay.
Detailed Description of Preferred Embodiments 30       Referring to Figure
1 the method of the present invention is there shown. The electricity
supply       network 10 supplies sub-stations 5 which transform (using
transformers 4) this supply to       400/230V, for use by houses 6, office
buildings 7 and factories 8. The loads associated with       each
sub-station 5 can be connected or disconnected from the network 10 by
programmable 35  frequency relays 2 which operate according to their
programmed disconnect and reconnect
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parameters are set by a system stability manager 3, which designates
programmable conditions       for each relay 2 depending on its location in
the network 10, and the loadings present at that       part of the network
10. A communications channel 9 is used to update the programmable  5
conditions or parameters of each relay 2. This can operate via broadcast or
sequential point       to point communication using telephone or power line
carrier links, for example:         The preferred relay 2 includes the
following parameter list:   10    1. lower frequency deviation trigger
levels (LDT)       2. rate of fall in frequency trigger levels (LDT)
3. a combination of absolute and rate of change of frequency as a trigger
levels (LDT)       4. lower frequency deviation dwells (LDD)       5. lower
frequency active periods (LAP) 15   6. lower frequency reset delays (LRD)
7. upper frequency deviation trigger levels (UDT)       8. rate of rise in
frequency trigger levels (UDT)       9. a combination of absolute and rate
of change of frequency as a trigger levels (UDT)       10. upper frequency
deviation dwells (UDD) 20   11. upper frequency active periods (UAP)
12. upper frequency reset delays (URD)          Depending on relay 2 and
network stability manager 3 configuration, the relay 2 may also
contain programmable parameters to independently control more than one load
or group of  25  loads so that for example one group of loads may be
disconnected in the event of a network        fault at one time of day,
whereas another group may be disconnected at another time of day.
The particular group to be disconnected being updated by the system
stability manager 3 or        alternatively programmed into a relay 2 with
a clock/date facility, for example.    30  The relays 2 can also be
configured using additional programmable parameters to disconnect
different groups of loads following different conditions on the network 10.
For example the relay        2 can be configured to include two lower
frequency deviation trigger levels (LDT) such that upon        detection of
the first trigger level the relay 2 disconnects one group of loads such as
domestic        premises but not commercial premises. Upon detection of a
second even lower frequency  35  trigger level the relay 2 disconnects
another group of loads such as all premises, for example.
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2 can be updated by the system stability      manager 3 via the
communications channel 9.   



Referring to the lower frequency block of parameters (to which the upper
frequency block are  5  analogous), the lower frequency deviation trigger
level (LDT) is the mains frequency condition      or conditions at which
the relay 2 is triggered to disconnect loads controlled by it and includes
a particular absolute frequency (for example 48 or 52 hertz in a 50 hertz
system), a rate of      decrease (or increase) of the absolute frequency
(for example a drop or increase of 2 hertz in      1 second) or a
combination of these. Each relay 2 may contain more than one LDT to control
10  different combinations of load shedding, for example. The particular
load shed combination      corresponding to each LDT is recorded as a
programmable parameter within the relay 2 and      can be updated as
required by the network stability manager 3. Alternatively, the load
shedding      combination may be controlled by a separate load shed manager
11 used in conjunction with      the relay 2, the relay signalling a first
and a second level of load shedding for example. 15       Detection of a
trigger level LDT is followed by the lower frequency deviation dwell (LDD)
which       is the period before correcting action is taken. This may vary
depending, for example, on the       type of trigger detected and the
continuance of the detected condition. For example, a large       and
sudden drop in the mains frequency may result in a very short LDD. The LDD
is followed 2 0  by the lower frequency active period (LAP) during which a
programmed load or group of loads       is disconnected for a programmed
period. The programmed period (LAP) may be a preset       disconnection
period. Alternatively the disconnection period may last until the mains
frequency       stabilises within a preprogrammed range, for example.   25
This load disconnection in combination with other distributed load shedding
by other       programmable frequency relays (not shown) on the network 10,
stabilises the network 10       against the disturbance causing the drop in
system frequency.         When the network 10 has reached a programmed
recovery point, for example the expiration 30  of the LAP and/or a
preprogrammed mains frequency range, the load is reconnected. Each
relay 2 then enters a lower frequency reset delay (LRD) which allows the
network conditions       to normalise further (under normal recovery),
until the network conditions are such that each       relay 2 will not
trigger when re-enabled (unless of course a fault condition remains or
reoccurs).       After the LRD each relay 2 is re-enabled to detect any
further disconnect conditions within the 35  network 10.
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required by the system stability manager        3 using the communications
channel 9.          Figure 2 shows a second preferred embodiment of the
present invention. In this embodiment  5  the method of stabilising the
network 30is further distributed by including a programmable      frequency
relay 22 at each consumers premises 26. Further distribution is possible by
including relays 22 in individual domestic appliances for example. 



The relay 22 works in the same way as the relay 2 of the first preferred
embodiment but on a 10  smaller scale, and is connected on the part of the
network 30 downstream of the sub-station       5 (not shown). The relay 22
can be used in conjunction with pre-determined household loads       31
such as hot water cylinders. Alternatively the relay 22 can be configured
to control more       than one load or group of loads, each being
associated with different programmed disconnect       parameters or
conditions (LDT's) and disconnection periods (LAP's), for example. 15
As a further alternative, the relay 22 can be used in conjunction with, or
be incorporated, into       a load shed manager 32 similar to the load shed
manager 11 of the first preferred embodiment.       The loads to be
disconnected during the LAP phase can be reassigned using a load shed
communications link 34 by an overall load shed controller 35. The load shed
manager 32 and 20   controller 35 could be implemented using the device for
the operation of appliances, utilities and       services within a building
of New Zealand patent application 280179 (PCT/NZ96/00110), for
example. As previously described in the first preferred embodiment, the
loads to be       disconnected can also be made dependent on the type of
network condition (LDT), separate       LAP's being assignable for each
LDT. 25       The system stability manager 3 sets the parameters associated
with each relay 22 by a relay       communications link 29, preferably by
broadcast or sequential point to point communications.       The stability
manager 3 may be configured to liaise with the load shed managers overall
controller 35 (if load shed managers 32 are used) via a load controller
communications link 36. 30         Referring to Figure 3, the programmable
frequency relay 22 monitors the system frequency of       the local section
of the network 30 and includes: an attenuator 41; a system frequency band
pass filter 42; a signal squarer 43; and a micro-controller and software
44. 35                                                     6
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31, by connecting or disconnecting the      same depending on its
programmed parameters and actual detected conditions on the network.
Alternatively the micro-controller 44 signals the load shed manager 32 to
connect or disconnect      programmed loads as appropriate. As a further
alternative, the relay 22 may be designed and  5  configured to control a
programmable number and/or combination of loads.        The attenuator 41
reduces the supply voltage to a manageable level for monitoring. The
system frequency band pass filter 42 is used to attenuate system frequency
harmonics and high      frequency noise. The signal squarer 43 is used to
help determine zero crossings in the system 10  frequency signal in spite
of the remaining noise. This allows for a technique of signal tracking
which measures period. 



The micro-controller 44 runs a software algorithm which implements phase to
frequency clock      generation, phase comparison and low pass filtering
functions, to produce a clean smoothly 15    tracking signal which can be
used in monitoring the system frequency signal. This can be      compared
against the programmed parameters mentioned above to determine whether and
what action is required in terms of load connection or disconnection.
The reason for using this approach is its low cost. It is important,
particularly in the second 20   preferred embodiment, that each
programmable frequency relay 22 is of very low cost so that       they can
be installed in household premises 26 (or similar) region or nationwide.
The micro-controller 44 can alternatively run software which implements a
digital fourier       transform algorithm, the output voltage being
proportional to the network frequency. More 25  preferably, two digital
fourier transform (DFT) algorithms are implemented which operate at
slightly different sampling rates such that a frequency discriminator is
formed by taking the ratio      of the two digital fourier transform
results.        A single DFT algorithm measures the average voltage over a
number of sample periods, the 30  output voltage being proportional to the
network frequency. However the voltage output will      also be affected by
amplitude variation in the mains voltage. Using the ratio of 2 DFT
algorithms as outlined above produces amplitude independent frequency
detection.        Preferably the micro-controller 44 is a low cost type
such as a 4 MHz 89C2051 with 128B RAM 35  and a 4 MHz crystal.
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squarer 43 are implemented using dual signal op-      amps with an input
stage providing a unity gain Sallen Key low pass filter with its 3dB point
at      70Hz and a second stage providing a squaring function with high
gain and small hysteresis.    5  A narrower band width filter is not used
as this will introduce a group delay of several hundred       milliseconds,
which will dramatically affect the ability of the relay 22 or 2 to respond
quickly to       changes on the network.         Preferably the relay 22 or
2 should obtain an accuracy of frequency measurement of at least 10   0.1
Hz.  



Preferably the relay 22 or 2 should obtain a response time of less than 1
second.         Preferably the relay 22 or 2 should act independently of
noise spikes and harmonics on the 15  supply signal.
8             CLAIMS      1.    A method of increasing the system stability
of an electricity supply network, said              method including
locating programmable frequency sensitive relays at load shedding
points within said network, wherein each of said relays controls one or
more loads  5           connected to said network and contains programmable
disconnect and reconnect              conditions such that one or more said
loads are disconnected from said network upon              said relay
detecting said programmable disconnect conditions on said network, and
such that one or more said loads are reconnected to said network upon said
relay 



detecting said programmable reconnect conditions on said network. 10
2.    A method as claimed in claim 1, wherein said programmable conditions
for each relay              are determined by a centralised network
stability manager.        3.    A method as claimed in claim 2, wherein
said relays are reprogrammed by said 15           manager using a broadcast
or sequential point to point communications link.        4.    A method as
claimed in any one of the preceding claims, wherein each said relay
contains said programmable conditions for more than one load or group of
loads              controlled by said relay. 20      5.    A method as
claimed in any one of the preceding claims, wherein said programmable
disconnect conditions are selected from the following: low frequency
disconnect level;              high frequency disconnect level; rate of
decrease in frequency disconnect level; rate              of increase in
frequency disconnect level; and a combination of two of more of these 25
disconnect conditions.        6.    A method as claimed in claim 5, wherein
each said relay implements a delay after              detecting said
disconnect conditions or a minimum duration of said conditions before
disconnecting said loads. 30      7.     A method as claimed in any one of
the preceeding claims, wherein said programmable              reconnect
conditions are selected from the following: low frequency reconnect level;
high frequency reconnect level; rate of decrease in frequency reconnect
level; rate              of increase in frequency reconnect level; the
expiration of a disconnection period; a 35           combination of any one
of the preceeding reconnect conditions.      9             8.     A method
as claimed in claim 7, wherein each said relay implements a delay after
detecting said reconnect conditions or a minimum duration of said
conditions before              reconnecting said loads.    5  9.       A
method as claimed in any proceeding claim, wherein said load shedding
points are              selected from the following: substations;
factories; office buildings; households;              individual
appliances; plant; a combination of any one of the preceeding load shedding
points.  



10   10.    A programmable frequency sensitive relay for location in an
electricity supply network,              said relay including: means for
detecting said network frequency; micro-processor              means
including memory means and software; means for disconnecting and
reconnecting one or more loads to said network; wherein said
micro-processor means              stores and compares programmable
disconnect and reconnect conditions with said 15           detected network
frequency such that one or more said loads are disconnected from
said network upon said micro-processor means detecting said programmable
disconnect conditions on said network frequency, and such that one or more
said loads              are reconnected to said network upon said
micro-processor means detecting said              programmable reconnect
conditions on said network frequency. 20      11.    A programmable
frequency sensitive relay as claimed in claim 10, wherein said relay
is reprogrammed by a centralised network stability manager.        12.    A
programmable frequency sensitive relay as claimed in claim 10 or 11,
wherein said 25           frequency detection means includes a signal
squarer.        13.    A programmable frequency sensitive relay as claimed
in claims 10 to 12 wherein said              frequency detection means
includes a software algorithm run by said micro-processor
means which implements phase to frequency clock generation, phase
comparison and 30           low pass filtering functions.        14.    A
programmable frequency sensitive relay as claimed in claims 10 to 12,
wherein              said frequency detection means includes a software
algorithm run by said micro-   10              WO 97/37415
PCT/NZ97/00043                   processor means which implements a first
digital fourier transform algorithm with                  an output
proportional to said network frequency.        15.         A programmable
frequency sensitive relay as claimed in claim 14, wherein said  5
software algorithm further implements a second digital fourier transform
algorithm                  operating at a different sampling rate from said
first digital fourier transform                  algorithm, the ratio of
the first and second digital fourier transform outputs being
proportional to said network frequency.   10   16.         A programmable
frequency sensitive relay as claimed in claims 10 to 15 wherein
the frequency detection means further includes a network frequency band
pass 



filter.                                       11    


