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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 ot 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. Itis a

further object of the present invention to provide low cost or at least aiternative frequency
30 relays.

The prasent 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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2 WO 97/ 37415

PCT/ NZ97/ 00043 . . .
he 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 fink; for example,
to disconnect loads in the event of a system emergency. In this instance the distributed relays
operate according to their most racent 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 changs 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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di sconnecting/reconnecting all sub-station circuits. Alternatively they may
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bui I di ngs 7 pRghdiRhtdh e | oads associated with each
sub-station%gcaé\%beﬁc%ﬁﬁgé‘lt'@or di sconnected fromthe network 10 by

programmabl e 35 frequency relays 2 which operate according to their

gr ogr amred (ﬁywwv\lﬁ)ﬁgrnﬁé?:%%gﬁ@%?&kd embodiments of the present invention are described in

PCT/ Nz97/ 0068 with referepes ta;thg aeempanying.dramingse BrMieh ons on the network 10.
The progpammabl e conditions or

Figure 1 shows a schematic diagram of a first preterred embodimént 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 |
Reterring 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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paraneters are set by a systemstability manager 3, which designates
programmabl e conditions for each relay 2 depending on its location in
the network 10, and the | oadi ngs present at that part of the network
10. A connunhﬁﬁﬁh channel 9 is used to update the progrgafiRpRo0s?
conditions or paraneters of each relay 2. This can operate via broadcast or
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at of day.
The parti cuPar 2§PBRIP 8 anh e ke E?%@fa’[i*ﬂﬂﬂicé!&s "Q%é'%’%gt“e‘?ﬁ)
stabil ity manaweer ffediiency deviatiombwélisiebbyel y programmed into a relay 2 with
a cl ock/ datg fﬁci Iﬁ%(;/ for exanple. 30 The relays 2 can al so be
configured Bsi RYh l{ef‘%%ﬂ“v?)ng’rdé#MI e paraneters to di sconnect
di fferens geouppsepfredueacisrebetldetays (IRDYi f f erent condi tions on the network 10.
For exanpl e,th I . l.qured to include two | ower
frequency dg'vi E?éegF\r%%fl}elngﬁg?wafté{}grfi&e%ﬁ%)@%ﬁh t hat upon detection of
the first tBi geate of risedh frequencietriggerlewdissi®Thect s one group of | oads such as
donestic L$ES, e & ,faah -as\d heslien of a
second evengI o%ecrg{"? iﬁéﬁoﬁ:&%}i{i%!@@%n?ﬂ {etgﬂaﬁéevgllr t g&?eﬁsa;}g gge‘gl scotrgngpts
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20 11, fréquiehéf Adtive periods (UAP
PCT/ Nz97/ 00043up'}{‘¥‘D aThéﬁlpa'rvtttaip(‘:aﬁ?asr( Io?ad sheddi ng regime current on a rel ay
2 can be updat &BPasjreayancy vasekogiaws{WRD) t v manager 3 via the

conmmuni cati ons channel 9.

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 differant 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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Referring to the | ower frequency bl ock of paraneters (to which the upper
frequency block are 5 analogous), the | ower frequency deviation trigger
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. WO 97/ 37415
PCT/ Nz97/ 00ciepilises within 3 QP MEtHRO9E OF B2NP8 ar anet er s can be updated as

required by the system stability nmanager 3 using the conmuni cations
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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 foad is reconnected. Each

relay 2 then enters a lower frequency reset delay (LRD) which aliows the network conditions

to normalise further {(under normat recovery), until the network conditions are such that each

relay 2 will not trigger when re-enabled (uniess 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,



The relay 22 works in the sane way as the relay 2 of the first preferred
enbodi nent but on a 10 snaller scale, and is connected on the part of the
networ k 30 downstream of the sub-station 5 (not shown). The relay 22
can be used | junction with pre-determ ned househol d lf@xgﬁzs'lnuola 31
such as hot *\I’%t’g}rmé% I nders. Alternatively the relay 22 can be c’onflgured
tq control re t han one | oad or group of | oads, each bein
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As a further alternative, the relay 22 can be used in conjunction with, or
be incorporated, into a | oad shed manager 32 simlar to the | oad shed
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exanple. As previously described in the first preferred enbodi nent, the
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comuni cations lin s eferring to Figure t he progranmabl e

frequency rRérameters ongonditions (1.THEs) apd disrerneetion #RESESIFAP'S), for exa@ple.ocal secti on

of the ywetwork 30 and includes: an attenuator 41; a system frequency band
filt 42: ' I 43; d ' - troll d soft

22_88 3 5' erAs a furtﬁersallt%pn%tives, Ctllyearrelea; 22 can %Q usgd inmcgrrnjgnc%gt? wirtt(\), or %ura gl%grpo?a(t)ed, \Ilr\% ©

WO 97/ 3741% load shed manager 32 similar to the load shed manager 11 of the first preferred embodiment.
PCT/ Nz97/ 0

3. by connie PR 1 berfiSBeRLGH Bilpo,he LKP phase, A broisaseiing i3 Bad shed %
progr amed qaamunisatiorns liak G4 ag tn aleralbibad shad contradlert 350 The duadtshed mabayer B2 and

Al t ' ] - I A4 si t
connectttr qebisPasdiidbeiBlohnef bniidimp gael Suhd Spord of pflarfBE Wfies i °
al t er nat i veservides withinag baitlingeg! New Zestindmatentapplic&ion @80T 199IRCIINZS6/00d ) fol  a

progr amabl gap %}Je%saﬁé(/ﬂﬁsif gﬁg&ﬂ@& iR rlh%{ﬁéét Opﬁgféfrec; embodimERE thd tl@d?l%ﬁtgoﬁe 41

reduces the su vol t age managea "eve or nmonitori n[gﬁ]
system f re(ﬂ%’ﬁ@@e‘:&rﬁ?"&@sbq madedepepdent op dedtvparofdietwark gendition {k2h $epatpliency

harmoni cs anp'dbéity assignabib $614aREYDROI se. The signal squarer 43 is used to
hel p determ ne zero crossings In the system 10 frequency signal in spite

of the 4% mai ni ng noi se. This allows for a technique of signal tracking
whi ch neasuressysei $¥bility manager 3 sets the parameters associated with each relay 22 by a relay

communications fink 29, preferably by broadcast or sequential point to point communications.
The stability manager 3 may be configured to jiaise with the load shed managers overall
controlier 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.
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The mcro-controller 44 runs a software al gorithm which inplenents phase to
frequency cl ock generation, phase conparison and | ow pass filtering
functions, to produce a clean snoothly 15 tracki ng signal which can be
used in nonitQgAgrffe system frequency signal. This can bepcrNnzorosapar ed
agai nst the programmed paraneters mentioned above to determ ne whether and

what action qhg pi&d l(':bﬁt er 44 doRErOE aﬂiredemlrféﬁ %&8@1' ch?uﬁeéiihé gp&g&jﬁhé&iﬁg the
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programmabl ey ﬁ\ﬁﬁ%ﬁfs}ﬁ% mfc%&)htrgﬁr 43 s@%al%’ %Yoéd%ﬁé&ﬂﬁﬁag%%é 18@bnnect or distbrfgctcan

be installed I n d prem ses simlar) I on or nationw de.
The mi cro- camegrnmned loads %ﬁaﬁw&}méﬁenaﬁlﬁiéﬂ“}ﬂfﬁl&%ﬂ%m‘bﬁ Y\3Rieay hefAssignedtand a
di gi tal fourdoafigured to coﬁtfo?ﬂ%?d&éﬁnﬁ&ﬂ&ﬁbﬁubéﬂan%?c&#&:ﬁklﬁbn ¥Pbadge being
proportional to the network frequency. Mre 25 preferably, two digital
fourier transform (DFT) al gorithns are inplenented which operate at

slightly di ffhera@hugen®pi i'e@!GcésathSFsuﬁ;H Roltdgettc & ﬁ\éﬁﬁbéﬁﬁl@k»@l ﬁiﬁrnhdiiitdir&fgorTheS
formed by taking.the ra di |taI 2{\9“er t ransf or

osurts.” e gegency birpps stz ?Hﬂ?“fmm A ST

nunmber of S&I‘mb@cpﬁblb@dﬁxe didiﬁl stfdarepys i@%ed’fb'ﬂefb%tdﬁﬁln@ﬁerﬁrcﬂﬁ@l his a1t sykt@mt he
net wor k frequenc vol t age out eaf (iqed by

er
ol L kD v e o) e S geise L BlasdoraerBidyp o ey ree
al gorithns aghichuhédasord pakied e produces anpl i tude i ndependent frequency

det ecti on. Preferably the mcro-controller 44 is a | ow cost type
such as a 4 MHz 89C2051 with 128B RAM 35 and a 4 MHz crystal.
7 The mib@c@ﬁ'ﬁtﬂlﬁﬂ%runs a soflware algorithm which implements phase to frequency clock

PCT/ N297/ Oooiﬁeratior] ghase ?ﬁ SR Andt l pg%ﬂgeﬁﬁ‘%g{n%éng,% gﬁ%dsu@gmgﬁiéag %ogtgm

squarer 43 agr nent ed Pag) ng
st age privi drmgnmssnaltwh@man t@auseenn Feopitdring thasystén lfrequengy signalt ThBd@nhsi nt

2 ang O eoftBired SRARNo BiGtAGRLF YA B ProBsHAGS b ShleRnohnd S

steresis. arr ower ter 1s not used
as this wl Iwharﬁ??tﬁﬂlk%’@qﬂ"ﬂr'ﬁtﬁﬁmﬂéf lgpd genneetionras dispenngetion- m|1iseconds,
which wi |l drarratlcally affect the ability of the relay 22 or 2 to respond
quickly to nges on the network. Preferably the relay 22 or
2 shoul d obt‘a}erfeaﬁ?n ingchis appropehyisdisdow fests e ifanertagy Paficyiaslydn ‘hfcﬁew'!ﬁ’ 1
Hz. 2p 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 altematively 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 resuits.

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-controlier 44 is a low cost type such as a 4 MHz 89C2051 with 128B RAM
35 and a4 MHz crystal.



Preferably the relay 22 or 2 should obtain a response tinme of less than 1
second. Preferably the relay 22 or 2 should act independently of
noi se spi kes and harnonics on the 15 supply signal.

8 I 1. A nmet hod of increasing th ﬁ@hét ability
of an el ect M%%“‘gsppl y network, said met how@u I'ng

| ocati ng progranmabl e frequenc&éensi tive relays at | oad sheddiagg

poi nt's wi t IFrelerably hepand pass filgrds and signalsauater 43 prg implemented ysing dyal Signal og;

nor e | oads amps with an input sta@proditing atunins gdis! s_atﬁhwey lovi pabsdinartvaithies 3uBaRintanabl 3
I tions. s nor e sai

oads. ar o APLE 8B SPEAToIsHgmREg & SHETRS f3GHon Wit o gam ana S8 Al

detecting said programmabl e di sconnect conditions on said network, and

SUCh NS O arivoPBir vith fndr 655 3LFad R ANRRde b il e St el HEBRecP 1
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 shouid 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.



detecting said progranmabl e reconnect conditions on said network. 10

2. A nethod as clainmed in claiml, wherein said programmabl e conditions
for each rel ay are determned by a centralised network
stability mangg®s74s 3. A method as clai med in cl airoriNzowboesa®xi n
said relays are reprogrammed by said 15 manager using a broadcast
or. sequenti LAMASNt to poi nt comruni cations |ink. 4, A net hod as
claimed in any one of the preceding clains, wherein each said relay

contai ns said progranmmable conditions for nore than one | oad or group of

| oads co

clainmed in any one ofR emoh?)g@eegaﬁrgﬂﬁtfe gt%m\?ﬁﬁtlygfﬁn S'g‘“ﬁ”% ﬁ%ar‘g foSaid
di sconnect conditi onsmethed wmebcmmmrommmmadqu@cylamsmveeep!nyﬁc%t 403“

di sconnegf [evel; shedding omts%tﬁeve[ﬁfbw&mke?r?gém%?hhicﬁ?@éys dofilrdls Be

decrease 1n frequency nect rease in
frequency di sconnect 9faRse loadsepnaeciedio isaidnEwerkemdcaalos pregiegmabladiscganest;

di sconnect conditi onsang reconnecthondmorﬁ SRR oRé o?lrrﬁ‘:\'é@éld 'ld&dE'a?é Gisdonn¥digy ei n
each said rel ay |nplenents a delay after detecting said

di sconnect conditi onsiT¥P saidnnatwork Hpan rsald wiay Hetecting) said ipgrammablp lisgpanect

di sconnecting sai d | oggitiosd on said ?-natwork é‘nd@&cﬁpﬂwa@%n@' & FRb isAidaRld Afke Of
the preceeding clains, wherein said reconnec

conditiotfs are sel ect@&°’?’\e6‘ﬁ$’ttﬂe’"afdol‘?w n@ml%ﬁ}&‘ fei, detRetngr b RPgEMMaRR | ;

hi gh frequency reconngesnnieevddhdititraich said swéRase i n frequency reconnect
| evel ; rate of increase in frequency reconnect |evel; the

expiration of a disconnection period; a 35 conbi nati on of any one
of the precezdi ng recametidd ae@Rdhdd i0 Blaim 1, wherdh said programmable&onditions foreagthod

as claimed in claim7,, wher eac aid relay [nplenents a delay after
det ecting said reconn'éela(yaé% ?PPW‘B?TQ’VO? C%{“'ﬁ{eﬁﬁaﬁﬁwmﬂhga‘?*ﬂ%ﬁ‘aa? eé'al d
conditi axs before reconnecting said |oads.

met hod as clgined in ﬂr?r}'et %%?%ﬁ*‘?@'gﬁﬁﬂh@‘f’%%%'ﬁ 651 fgoéfegfogﬂh%ﬂéu Wsaxd

points are 1"ons
factories; office bui manmsusmmawadcmm sequential point to pointciommimichtions fink.
appliances; pl ant; a conbi nati on of any one of the preceeding | oad sheddi ng

poi nt s.
4, A method as claimed in any preceding claim, wherein each said relay contains

20 said programmable conditions for more than one load or group of loads
controlled by said relay.

5. A method as claimed in any preceding claim, wherein said programmable

disconnect conditions are selected from the group: low frequency disconnect

25 level; high frequency disconnect level; rate of decrease in frequency disconnect
level; rate of increase in frequency disconnect level; a combination of these.

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

30 conditions bafore disconnecting said loads.
7. A method as claimed in any proceeding claim, wherein said programmable

reconnect conditions are selected from the group: low frequency reconnect leve;
high frequency reconnect level; rate of decrease in frequency reconnect level;
35 rate of increase in frequency reconnect level; the expiration of a disconnection
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electricity supply network,

10.

A progranmabl e frequency sensitive relay for location in an
said relay including: nmeans for

detecting said network frequency; m cro-processor nmeans
i ncl udi ng I ns and software; means for disconnectin n
”EVVB% ) 3 ap(gm%ygmom

reconnecting 0O
m.cr o- processor neans

nore |l oads to said network; wherein s
st ores and conpares programmabl e

di sconnect and reco§8ed: aombination.ef thesen said 15 det ect ed net work

frequency such that one or nore said | oads are di sconnected from

i d net k id m - pr. ) det ect | i.d bl
di sconnect Econdi i orksMHO% F SIHIBEH, B GAI o NRETRIT S8k RAEIoH MBI & 9 o o

sai d

| oads

after dateetinge said necéndectt corpiitions e t aVarikimumo durativrd of said

m Cro- ppocessor nea ting said . . pr ogr ammabl e reconnect
condi ti éns on said %épé!ﬁépg%ﬁo&%[fg%rvptmﬁmd loads, ;. A progranmabl e
frequency sensitive relay as clainmed in claim10, wherein said rel ay

IS reprogr
pr ogr anmab

BT Y B B DS AT R g

wherein said 25 are selectede fromndhe delowing: substetions; ifantdriede offie sbugjings;
squarer.

inclains 10 to 12

13. hous IBE;?%&@MQL&@F&%?&S&% ecéﬁ@ﬁ%t}ohvﬁh%%.?y as ¢l ai med

erern y dae on neans

i ncludé® a software algorithmrun by said nicro-processor

means whi chgi npl enery ﬁroaﬂﬂ\?@ﬂbge\?\’r%gugg%%%%%@ ﬂe% YQFB@{I% 'SlrQ ln ew&ﬁi%fylﬂlpply A

conparison and 30

I ng funct

progr anmabl e f r equerf@ivasie saif felaningluding; meansdoedatasting saidnetwerks fraquepey; micro-
wherein
al gorithmrun by said mcro- ) 9 L

PCT/ NZ97/ 00043 disconnecting and reconpecting gne orEnase loaps tosaid REWSRE whereig spid o ¢

di gi ta!(],_sf Oulri er trangitpiocabaR hddnestdrédland compares programmabi) disgttnbdt and
proportiona

nc 15. A progra
frequency sensitive "PEINGERt 8%"“@!"3?W’é'bls%#eéq%‘fqﬂemrkaWrW%ﬁhgt °"g or more

précabsbr f MREANE AYUAR embmB) WRARS ARC! difRared meddsWadre
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to said network freque mrabl e

st t V\@.I’ﬁ al gori t hm fsaididuais aregidconmdt e‘dfr@n&@?@?dvdﬂ& @dwahidhﬁuwl . -b&fcaésb&]flsén@r m .

al gorithm . operating.at.a different sanpling rate from sai

first digital fouri PP programmabié didbofihect °°“%%\'P'§So?’1r?%an{‘§?%’gt”r98 NG of

the first and secondndisgihttbit oheor inere saiddeossis ararecarinpcted tolsaidmgtwork upon said

propor hiponal to sai g r . 1 bl e
bh i tap‘MUeger redl§ Qgt?éﬁ““& s;%% n%m%rgm{ngblfge%\gr@bet %ﬂ&ﬁtﬁ\m

frequency sensitive re

y as clalne

t he frequency det ectsaigimeteatiagequenther i ncl udes a network frequency band

pass

11,

25

12.

13.

30

14.

35

A programmable frequency sensitive relay as claimed in claim 10, wherein said
relay is reprogrammed by a centralised network stability manager.

A programmable frequency sensitive relay as claimed in claim 10 or 11, wherein
said trequency detection means includes a signal squarer.

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 low pass filtering functions.

A programmable frequency sensitive relay as claimed in claims 10 to 12, wherein
said frequency datection means includes a software algorithm run by said micro-

10
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filter. 11
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processor means which implements a first digital fourier transform algorithm with
an output proportional to said network frequency.

15. A programmabte 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.
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