27 March 2007 1 METHOD AND DEVI CE FOR CONTROLLI NG VOLTAGE THE PRESENT
I NVENTION rel ates to a voltage control device for electricab, LprgAt -
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If the electricity is supplied at a voltage higher than
the rated voltage of an item of electrical equipment, a number
of problems can occur. Firstly, excess electricity is consumed
resulting in increased costs. Secondly, additional heat and
losses are generated in the equipment, which can lead to
premature equipment failure. Thirdly, electrical eguipment
may be damaged by excess voltage surges.

It can therefore be appreciated that the direct use
of such a variable electricity supply has a number of
disadvantages.

The invention seeks to provide a solution to this
problem.

According to one aspect of the present invention
there is provided a voltage control device for connection to
an electrical supply having an alternating supply voltage, the
device comprising: B

an input for connection to the electrical
supply;

an output having an output voltage;

comparator means for comparing the output
voltage with a predetermined voltage and generating a
comparison signal; and

adjustment means to increase or decrease the
output wvoltage in response to the comparison signal, said

adjustment means being connected to the



conparison signal; and adjustnment neans to increase or decrease the 35

out put voltage in response to the conparison signal, said agbﬂﬁ&g@ g7Teans
bei ng connected to the 27 March 2007 2 input and output such that the
output voltage is maintained substantially at the predeterm ned voltage
unl ess the variable alternating supply #oltage falls bel ow the
predetermned 5 voltage. Preferably, the adjustnment neans conprise neans
to delay &RBUSN3BE BRTPHE PReh BPa%utput voltage within a half-cycle.

Conveniently, the adjUSt”%ﬂha”Eaaﬁt%ﬁﬂpfiSeoﬁﬂﬁﬂfeto i30 dahaynthd ronget of
the rise of output voltage within both ,half-cgc es. Advantg%eousl%, t he
del ay in t kebgisatigl lyhat rihe Perdeserpinefoy PAERIGI WHISFDAEhERTI2DLEe i s

control | ed 5 ikpdspendent kypeivt Rpdelqy Fp1tBe wasel ehd hpredseeshinsdput
Is voltage within thé other %alf-cyc e. Preferably, the adjustnent neans

conpri seSaveRyeidet-or nodul e. Conveniently, the thyristor nodul e conprises

an antiparf'illelPr@férQBlwyrﬂﬁéOééju%QnM@nﬁxégﬁ%U%d’m thgeadicstarens
means conprise neans to educe the anplitude of the output voltage within

a hal f - cycdelayr ther aphyett nf atihastiese edarRuEBHpr iwe Ao Hdace

t he anplit%ggqu the output voltage within both half-cycles. Conveniently,
the reduction oFthe'output voltage within 25 one half-cycle is controlled
i ndependent | y ofCarhermiehicty ontha aHd ustpilentudesaris t fembHE g6t MAARHGEC
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half-cycles.

Advantageously, the delay in the onset of the rise of
output voltage within one half-cycle 1is controlled
independently of the delay in the onset of the rise of output

15 voltage within the other half-cycle.

Preferably, the adjustment means comprise a thyristor
module.

Conveniently, the thyristor module comprises an
antiparallel pair of thyristors.

20 Advantageously, the adjustment means comprise means to
reduce the amplitude of the output voltage within a half-cycle.

Preferably, the adjustment means comprise means to reduce
the amplitude of the output voltage within both half-cycles.

Conveniently, the reduction of the cutput voltage within

25 one half-cycle is controlled independently of the reduction
in the amplitude of the output voltage within the other
half -cycle. -

Advantageously, the means to reduce the amplitude of the
output voltage comprise a variable AC transformer.

30 Preferably, the device further comprises a bypass switch
across the means to adjust the output voltage.

Conveniently, the device further comprises means to vary
the predetermined voltage.

Advantageously, the device further comprises a display for

35 displaying set-up parameters and operating information.



out put voltage conprise a variable AC transfornmer. 30 Preferably, the

devi ce further conprises a bypass switch across the neans tg.]wr 5067he
out put voltage. Conveniently, the device further conprises ngans to vary
the predetermned vol tage. Advantageousldy, the device further conprises a

display for ag, displgii NOcBet dévipar aleteieraadbgpehat imgut nfcroagei-on. 27
March 2007 3 Preferably, the device is powered b Iheti nput. vciltgggse
Conveni ent |y, €peverierblys they deBhAectT ATt PR Myt Ehhade "Fol Page:
Advant ageogg?ga %he device is for connection to a 5 multiple . phase
voltage. Pre &ra [y, the multiple phase supply voltage is .a t'hcree phase
vol t age. Accor Bingnite gawihey a§bécflea’flctené%r%%%n?ogﬁ\?gﬁﬁc’&h, “There is

provi dedsamggttgggleo{)hgggt‘;&lg i an alternating voltage io conprising the
steps of I providing a device having an input which_has an input v?lltage,
sai d i nput bei RgeEemidgt.etihe onat iol ecehascaPUBRBY MPLRATE NP 2ah™5F% EFASEI ng

supply vol tva €,4an output havi ng an out put voltage; 15 conparing the out put

voltage wt - a HFédeterm’ ned voltage to generate a conparisqn si ggal X
ef fecti ng adj uatrertiiof therowheat aspeehgE bYei P ¥t AGVeat 1®8cr B3SFfig t he

out put vol t.age in r%%QOQSS?EROEhﬁfC%’E}P&rxjosl%r?é ahal s1886hat hay thetageput

vol tage is iR T substantrally at the 20 predeterm ned vol tage unl ess
t he variableemwplrtieinsgt thg styymd yof vol tage falls bel ow the predeterm ned

vol t age. Preferabl Y, adi Uigj:}[mant 83; tgee xelvin .taéioiﬂxﬂgf QR he8San dekayi ng
the onset of the riséddt nﬁuf" VO Jtage within a "half-cycle. 25 ,
Conveni ent lys1chkige, agh i i apat efinghecrmaqued volamageectrical supply having
an alternating supply voltage;
an output having an output voltage;

15 comparing the output voltage with a predetermined

voltage to generate a comparison gignal;

effecting adjustment of the cutput voltage by increasing
or decreasing the output veltage in response to the comparison signal
guch that the output voltage is maintained substantially at the

20 predetermined veltage unless the variable alternating supply
voltage falls below the predetermined voltage.

Preferably, adjustment of the output voltage comprises
delaying/the onset of the rise of output voltage within a
haif-cycle.

25 Conveniently, the adjustment of the cutput veltage
comprises delaying the onset of the rise of output voltage
within both half-cycles.

Advantageously, the delaying of the onset of the rise of
output voltage within one half-cycle is controlled

30 independently of the delaying of the onset of the rise of output
voltage within the other half-cycle.

Preferably, the delay in onset of rise of cutput voltage
is caused by a thyristor module.
Conveniently, the thyristor module comprises a pair of

35 antiparallel thyristors.

advantageously, adjustment of the ocutput voltage comprises

reduction of the amplitude of the output voltage



conprises delaying the onset of the rise of output voltage wthin both

hal f -cycl es. Advant ageously, the del aying of the onset of thg éh%§h5607

out put voltage within one half-cycle is controlled 30 indep % e y of the
del aying of the onset of the rise of output voltage within the other

hal f-cycle. Preferably, the delay in onset of rise of output voltage 1is
caused by a thyristor nodul e. Conveniently, the thyristor nodul e conprises
‘a pair of 35 antipar el thyristors. Advantageously, adjustnment of the
out put vol t%ld'br%ral? - C¥eduction of the anplitude of the output voltage
27 Narch 2007 4pwétédiabByhakliieyehent Poef enabloytpad] usiltenje oformiei oeis put

vol tage conprises reduction of the a I tude of the output volta i thin
both hal f -k8AuGtsion %mia@amu%ﬂ SR P Y AaR m&t%‘?ﬁ%\% h
within ongpatfsgycd$. is controlled independently of the reduction in the
anplitude of the ‘output voltage within the other half- c

cle. .
Advant agébus|y, GVeHRRTE 0N feslugidont adethe PHEPUE%V%EF%%? ybFedge is
caused by aoa/@rméi?l:ecfglér@QSEehﬁ%neBr ehakphdenthy RiEdaier Fédest voht age

is varied. Convenlen , the supply voltage is a single Ehase vol t age.
Advant ageouidt ythe ramsligpide Wl thge ouspHtnPLEpge PhiBEN §he gbhepghali-
Preferably,%§ mul tiple phase voltage is a three-phase voltage. Al so,
there is disclosed a voltage cappi ng device for connection between an AC
el ectrical supplAdtanvtageonslyr tbee resipcgigsehanthat ampaitudge 9k ehhof

electrinﬂ SEEBJEmﬁgltage is caused by a variable AC transformer.
Preferably, the predetermined voltage is varied.
Conveniently, the supply voltage is a single phase
voltage. '
Advantageously, the supply voltage is a multiple phase
LS voltage.
Preferably, the multiple phase voltage is a three-phase
voltage.
Also, there 1is disclosed a voltage capping device for
connection between an AC electrical supply having one or more
20 phases and at least one item of electrical equipment
comprising:

a) an electronic switch for each phase of AC
electricai supply, in use between the AC voltage supply and
the equipment, to vary the voltage delivered in each half-

25 cycle.of the AC mains supply,

b) output voltage measuring means to measure the
voltage between the switch output and the equipment,

c) comparator means to compare the voltage as
measured by the output measuring means with a predetermined

30 voltage value, and

d) control means to control the electronic switch,
as dependent on signals received from output measuring means
and comparator means, t£o ensure the voltage delivered to the
equipment is substantially equal to said predetermined voltage

35 value.



conprising: a) an electronic switch for each phase of AC electrica

supply, in use between the AC voltage supply and the equip y
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out put vol tage neasuring neans to neasure the voltage between the switch
“output and the equi pnent, c) conparator neans to conpare the voltage as
nmeasured by the output neasuring neans\Mqua.predeternined 30 vol tage
value, and ' d) control peans tao contragl the electronigﬁs
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the el ectrothe smsath ©8nspack giise ¢ Apri CebFadodie RSP VBRLESCYRE®| me

a voltage is deliManed iy grakkBg nbig1oNSeta Pa HAUF iR ishoral pageehior
each half-cycle. Preferably the thyristor nodule is a pair of thyristors
pl aced 55 Paekkteopa@Rk. Preferably a bypass switch is provided across each

el ectronic switc bl Eg% pi Vi i £d akremst h
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Figure 1 shewscaricatusupgiggram Figure 2 shows a thyristor nodul e forned

frOthOlO Preferably a display is provided to display set-up
parameters and operating information.
Preferably means are provided to vary the predetermined
voltage value.
An embodiment of the -invention will now be described with
15 reference to the accompanying drawings in which:
Figure 1 shows a circuit diagram;
Figure 2-shows a thyristor module formed from two -
back to back thyristors; '
Figure 3 shows a graph of one complete AC cycle as
20 altered by a device of the inﬁention; and
Figure 4 shows a graph of.input voltage and output
voltage for a device of the present invention.
Referring to Figure 1 there is shown a circuit diagram
of a voltage capping device 1. The device 1 is connected
25 between an AC electrical supply'having three phases P11, P2,
P3 and an item of three phase electrical equipment represented
by L1, L2, L3.
Device 1 has three electronic switches THY1l, THYZ2, THY3
between each phasé P1l, P2, P3 of the electrical supply and the
30 eguipment L1, L2, L3 respectively to vary the time a voltage
is delivered for each half-cycle of the AC mains supply.
Switches THY1l, THYZ2, THY3 are each a thyristor module foimed
by a pair of thyristors placed back to back as shown in Figure
2. This arrangement is also known as an antiparallel pair of

35 thyristors. Thyristors are also known as silicon-controlled



back to back thyristors; Figure 3 shows a graph of one conplete AC cycle as
2.0 altered by a device of the invention; and Figure 4 shows,apghapho@f

i nput voltage and output voltage for a device of the present |nvent|on
Referring to Figure 1 there is shown a circuit diagram of, a voltage
capping device 1. The device 1 is connect%d 25 between an AC el ectrical
supply having three phases P1, P2, P3 and™an item of three phase electrical

equi prent represented by L L2, L3. Device 1 has three electronic
swi t ches Tkhégcﬁﬁﬁéfr%$ﬁ%r %%ﬁﬂken each phase P1, 22, P3 of the electrical
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onset of each rise i'n voltage for each f-cycle as descr
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S3 control | edi rgiftheg, by nmeans of a master bypass switch SW or
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and. the ‘equi pment A conparator means IS pro
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vol tage sensor Wi th,a,predstepibRgd;¥oLbageakdl By 35 b ¥ Sflcuit

4 to compare the voltage as measured by the output voltage
sensor with a predetermined voltage value as varied and set
15 by voltage output set-points V1, v2, V3.

A thyristor control means 5 is provided to control the
switches THY1l, THY2, THY3, as dependent on signals received
from output voltage sensor 3 and comparator circuit 4, to
ensure the voltage delivered to the equipment L1, L2, L3 is

20 substantially equal to the predetermined voltégé value as
7 varied and set by voltage output set-points V1, V2, V3.

A display 6 is provided to display set-up parameters and
operating information.

‘ The contreol device 1 is powered from a power supply unit
25 7 fed from the AC electrical supply P1, P2, P3. ‘

Figure 3 is a graph showing voltage over time. Line 8
illustrates the waveform of a normal single phase of AC supply
{e.g. from Pl}. Each thyristor switch THY1l, THY2, THY3 is
controlled to vary the time a voltage is delivered by delaying

30 the onset of each rise in voltage for each half-cycle, as
shown by line 9 so as ‘to reduce the waveform amplitude
resulting in a lowering of the effective RMS voltage.
Increasing the delay causes the waveform amplitude {(and hence
RMS voltage) to decrease and reducing the delay causes the

35 waveform amplitude (and hence RMS voltage) to increase.



15 by vol tage output set-points V1, V2, V3. A thyristor control means 5 is
provided to control the swtches THYl, THY2, THY3, as dependeRi,:Q02&7anal s
received from output voltage sensor 3 and- conparator circuit 4, to ensure
the voltage delivered to the equipnment L1, L2, L3 is 20 substantially equal
to the predeterm ned voltage value as varied and set by vol tage out put
set-points V1, V2, V3. A display 6 is provided to display set-up paraneters

and operating infis nebherel THevEERt 10khdavingRsl iits Rﬁyﬁragfle fé&m@rpwﬁéé .
supply unit 25 7 fed fromthe AC electrical supply Pl1, PZ, P3. Figure S
a graph showsiFe sleagatenér velkage phetle syitmhasa(Tlal 1 h&HXAveTHY dv otind

nor mal si nglgh ihass PLadGrsURR! Y . aldhs . i r
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del ayi ng 30 e coamskictdione &dtr ougde tihynigitozge THIL , eREK2haTHY3y ciepending

shown by Ig 9 o] uc v aml it resul tj I n i
| oweri ng o%‘ rE?lhe @%ﬁ?%veﬁ 88?‘?38}2@ %%(r%glr@easq:%ng btléﬁ':owdelozé; céatg‘%é% tﬁ]ée
wavef or m amyljaedete (mimkhersd ueRVR s ovaade)l tandecsetadey avdlitadeci ogtphe

et ease. 27 MR Y Y B ol device 1 thus uses it vol tage
sensor 3 to senétéli;mé.a)lﬁqmﬁilhbolsteigﬁnj ammnmgrél}@@,fa'ﬂ\t%eﬂ-ﬂﬁutand
thr ough € nyrioiei® Ty F° N TR0 R St Yl e U S bR, il e "
val ue i s lielowpmt abdtageh® tpredange nfrms asidie, Thdsvaekaldtandnsetddyay
Vol L%k ot B app S BT e £uelE nDILE B EROE DU SEL Dl e SR
the 10 out pytcleokifagthed dutpaitange fagem¥erthe dulay esuldrid itha delay 10 in
the first h%&ﬁf@“ﬁé*é%ﬁ%?bffé&yi%&ekgnﬁgﬁtfﬁcgﬂg gg;fhot héve the same
value.

15 The device thus moderates and controls the variable
alternating supply voltage to give a smoothed and consistent
output voltage at a predetermined value. If the supply voltage
drops below the predetermined voltage value, then the ocutput
voltage will drop below the predetermined value accordingly.

20 A person skilled in the art will appreciate that a
similar voltage-controlling effect <could be achieved: by
advancing the return to about zero of the output voltage in
each half-cycle. In this embodiment, the device varies the
t;me a‘voltage is delivered by advancing the return to about

25 zero of the output voltage for each half-cycle. Increasing
the advance causes the waveform amplitude (and hence RMS
voltage) to decrease and reducing the advance causes the
waveform amplitude (and hence RMS voltage) to increase. The
output voltage in the half~cycle returns to zero ahead of the

30 input vo;tage by a certain amount of time.

Also, the output voltage could be adjusted by lowering
the amplitude of the output voltage within each half-cycle.
This would lead to a lowering of the output RMS‘voltagé.
Again, the output voltége in one half—cycle could be

35 controlled independently of the cther half-cycle, This could



cycle of the output voltage 9. The delay 10 and the delay 11 could be
controll ed i ndependently and may not have the sane val ue. 1§7I@§dgg%hce

t hus noderates and controls the variable alternating supply voltage to
gi ve a snoothed and consistent output voltage at a predeterm ned value. If
the supply voltage drops below the predeferm ned voltage val ue, then the
output voltage will drop bel ow the predeterm ned val ue accordingly. 20 A

person skilled_ in the t will appreci t hat i | ar
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out put RVE yoldafithg 0y iRn@4bBUkhYCh! 888ayd O hadd -4 dlife %%:\tg%tbe
35 controll ed i ndependently -of the other half-cycle. This could 27 rch
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shows the result of a tri Ing to the invention
whi ch del ayBower anagdysinghmtegt pipdel WT110. The top line 12 shows the

supply input voltage over a period of around 20 hours. The

15 bottom line 13 shows the corresponding output voltage produced
by a device of the invention. Although the input voltage
varies dramatically over this period over almost a 10 velt
range, the output voltage remains consistently within about
1 volt of the predetermihed voltage value of 235 volts.

20 It will thus be seen that the control device of the
invention can be used to maintain a voltage supply at a
constant level at or below a predetermined value.

In practibe, the predetermined value can be set at the
rated voltage of electrical equipment L1, 12, L3 so that

25 excess électricity is not consumed resulting in increased
costs, and so that additiconal heat and losses are not
generated which can lead to premature equipment failure. This
also helps to prevent damage to electrical equipment due to
excess voltage surges. ‘

30 The invention may take a form different to that
specifically described above. For example instead of one item
of three phase electrical equipment L1, L2, L3, the L1, L2,
L3 could represent more than one item of three phase equipment
or three separate single phase electrical circuits or a

35 combination. Also the control device may be used with



voltage in each half-cycle. The trial was run over a period 10 of about 20
hours from 14: 10 on one day to 10:29 on the foll ow ng day. TaghﬂSXﬁQ@UFsed
contai ned a Sem kron SKKT162 thyristor nodul e and the voltage Was ieasured
wi th a Yokogawa power analysing nter nodel WI110. The top |ine 12 shows
the supply input voltage over a period of around 20 hours. The 15 bottom
line 13 shows the correspondi ng output vgltage produced by a device of the
i nvention. Although the input voltage varies dramatically over this period
over al nostsiagl@-wildse rabgetridetput pHt Wwhalchage J£NEHh 8s st y,

W t hin abo%t é ﬁolt of .the predetgrnined vol t age vg?ﬁg S%Hgggivgﬂ%éfxio It
will thus BEUd8efrRalr e 0 ElGIC teamiice sy tiohe to Peattiodn onen dxe mesesd t 0
mai ntai n aitvehisagE SUPRILL @ma%e(gyyagyycgrﬂgaui e}t bel ow a predet erm ned
value. In practice, the predetern ned value can"be set at the rated

vol tage of el ecfPrEBrTefGAdFdsatipns will3beoapparen?s tex thoseelskdtllied t Y
IS not consumetha estld t iy PERbRE | C . d at -addi ti onal heat
and | osses are not generatgg aﬁPgﬁggg ?2%@1§¥%N€§%é%h%fegg?pﬁﬁﬁFent
failure. ThR¥enkied-hel ps to prevent danmge to el ectrical equipnent due to
excess voltage surges. 30 The invention may take a formdifferent to that
specifically descri bed above. For exanple instead of one item of three
phase el ectrical equipnent L1, L2, L3, the L1, L2, L3 could represent nore
than one item of three phase equipnment or three separate single phase

el ectrical circuits or a 35 conbination. Also the control device may be
used with 27 March 2007 9 singl e-phase electricity, in which case the
control device would have only one electronic switch to control one or
nore itens of single phase electrical equipnent. Further nodifications

wi |l be apparent to those skilled 5 in the art wthout departing fromthe
scope of the present



invention. 27 March 2007 10 CLAIMS 1. A voltage control device for
connection to an electrical supply having an alternating sug?h%anb&ﬁge,
the 5 device conprising: an input for connection to the el ectrical supply;
an out put having an output voltage; conpagator neans for conparing the

out put voltage with a predeterm ned voltage and generating a conparison
signal; 1.0 and adjustnent neans to increase or decrease the out put
voltage in response to the conparison signal, said adjustnment neans being
connected to the input and output, such that the output voltage is
mai nt ai ned subB®Bhiially at the 15 predeternined voltage unless the
variable alternating supply voltage falls below the predeterm ned voltage.
2. A device according to claim1 wherein the adjustnent means conprise
means to del ay thetonsé BPLEARS r FSRTEIL oGEPUES oKt agRIRGHion ate an

hal f-cycle. 2018ctAdaVise@pagCREELAY 40 é3l'tf8ﬁﬁa%i}ﬂ@e§@%:;ﬂl§; heo adigest et
nmeans conprgsg annsc}o deLai_the onset of the rise of output voltage
wi t hin bot h” haf 2Ty dEEF1419% devi ce according to claim 3 wherein the del ay
in the onset of tare impsé 66rottpuHchviont agethé tdligrtaneahabbpslyelie 25 is

controlled indepqugqhk¥ugfP%@gvgﬁ%9¥gkgxﬁhgopa§ t, of the rise of output

vol tage within the othe a device’ according to any preceding
cl ai m wherein t heofaFetasnheapansoeommriasdng ther petert moeliage Fith

devi ce accor di ngr&d@sted iied %@EQ’%@ dhe $dhe+atliag a?’@oﬁ?@iﬂi@o&%ﬂa&‘?s an
anti paral | $Q§r of thyristors. 7. A device according to claimI wherein
t he adj ust ment"® means conprise means to reduce the anplitude of the output

adjustment means to increase or decrease the output
voltage in response to the comparison signal, said adjustment
means being connected to the input and output, such that

the output voltage is maintained substantially at the

15 predetermined voltage unless the variable alternating supply
voltage falls below the predetermined voltage.

2. A device according to claim 1 wherein the adjustment
means comprise means to delay the onset of the rise of output
voltage within a half-cycle.

20 3. A device according to claim 2 wherein the adjustment
means comprise means tc delay the onset of the rise of output
voltage within both half-cycles.

4. A device according to claim 3 wherein the delay in
the onset of the rise of ocutput voltage within one half-cycle

25 is contreolled independently of the delay in the onset of the
rise of output voltage within the other half-cycle,

3. A device according to any preceding claim wherein
the adjustment means comprise a Lhyristor module.

6. A device according to ¢laim 5 wherein the thyristor

30 mcdule comprises an antiparallel pair of thyristors.

7. A device according to claim 1 wherein the adjustment
means comprise means to reduce the amplitude of the output
voltage within a half-cycle,

8. A device according to claim 7 wherein the adjustment

35 means comprise means to reduce the amplitude of the output



voltage within a half-cycle. 8. A device according to claim?7 wherein the
adj ustnent 35 neans conprise neans to reduce the anplitude Zhhggh Qﬁ

27 March 2007 11 voltage within both half-cycles. 9. A devi ording to
claim8 wherein the reduction of the oufput voltage within one half-cycle
is controlled independently of the reduction in the anplitude of the
output 5 voltage within the other half-cycle. 10. A device according to
any of clainms 7 to 9 wherein the neans to reduce the anplitude of the

out put voltage _conprise a variable AC transforner. 11. A device according
to any preceditgadearathiint peth Edicewplesi ng a bypass switch across the

adj ustment neans. gl2. A §evi&e 28604000 d 2182 @rﬁféer@'lﬁgtﬁé aldBch bher
conprising nmeaps to varg t he predeterm ned volta A devi ce accordlng

to any preced?ng ¢ aPHFFt t RettagiptiEimene d Jgﬁ@fcrl& i§ Gandyradedet - up,
par anet ers anﬂldebénﬁﬁﬁthj‘llm thef oeaBdtih 1hdthé d@uieedacedreia@uttpuany

preceding ¢ alnlmhlch wer t voltage. 15. A device
accor di ng t% any5%$%gééﬁhﬁ g?%f%ﬂFﬁyhaggn ?on to a single phase voltage.
20 16. A devi ce addor dﬂngevmearqcc@frdd:hglm dny @fl4lhoms tommectihemetio a

mul tipl e phasg yohLage. b7 dulsVigh ﬂ%ﬁ‘ﬁ] thC‘cﬁ‘bmoJa?g‘ﬂ‘@er"@l?ﬁgg of

mul tiple phase supply voltage is at ase vol tage
control ling éﬁm§m9éﬁnétVﬁﬁl%Qﬂqdﬁétrﬁsséﬁﬁ%@WS|ng the steps of: providing a

devi ce having an inputa aawﬂce NPEdoRBINYY toCAnRe E@Qe&@n@%l@&?tfﬂt&ﬁ%rsUpp| y
an out pu

havi ng an er nat,i sup vol t.age and an Qutput, havin
Vol t age; @‘#rp‘-'a%% 3%8 Sibe T tidts APERS ThedeteratREY Tht e
A device according to any preceding claim further
comprising means to vary the predetermined voltage.
13. A device according to any preceding claim further
comprising a display for displaying set-up. parameters and
15 operating information.
14, A device according to any preceding claim which is
powered by the input voltage.
15. A device according to any preceding claim for
connection to a single phase voltage.
20 l6. A device according to any of c¢laims 1 to 14 for
connection to a multiple phase veltage.
17, .A device according tc claim 16 wherein the multiple
phase supply voltage is a threes phase voltage.
18. A method of controlling an alternating voltage
25 comprising the steps of:
providing a device héving an input, said input being
connected to an electrical supply having an alternating supply
voltage and an output having an cutput veltage;
comparing the output voltage with a predetermined voltage
30 to generate a comparison signal;
effecting adjustment of the ocutput voltage by increasing
or decreasing the output voltage in response Lo the comparison
signal such that the output voltage is maintained
substantialiy at the predetermined voltage unless the variable
35 alternating supply voltage falls below the predetermined



30 to generate a conparison signal; effecting adjustnent of the output

vol tage by increasing or decreasing the output voltage in rgg@gﬂéﬁzégythe
conparison signal such that the output voltage is nmintaine

substantially at the predeterm ned voltage unless the variable 35
alternating supply voltage falls below the predeterm ned 27 March 2007 12
vol tage. 19. A nethod according to claim 18 wherein adjustnent of the
out put voltage conprises delaying the onset of the rise of output voltage
within a half-cycle. 5 20. A nmethod according to claim18 wherein

adj ust ment  ofoih&%ut put vol t age conprises del aying the onset of the rise

of output voltage ¥t hianRohBahalésfytlEso 2haift T8 RRErELC UM NG rRcCl @i m
20 wherein the_del ayin he onset of the rise of output voltage within

of t X . :
one hal f- 10 e§die F’%’tg‘b‘ht‘i"&ltlagﬁ TSR 1Y inF the AWy PR LliF€ onset
of the rise obf omitiidt woltage witim o harotbperdal f-cycle. 22, A nethod

according tp any clgins 18 to 21 erein .the lay in, onset of rise of
output Vol tage | s X usBdTByRaY R TLlH Soduean 18 94eFAURAI SIELS: di ng
to any of cladint22 whepet rvciliieget dymprsises dedutimgconprerses afpeiie wise

anti parall el (gpycgdtﬁucy gbltgé? a&%%%tﬁcﬁgigl 1 claim18 wherein

adj ust nent of the output vo ori'ses reduction of the anplitude of
the out put vol t age?iwi t Bi Rebhodlaccopdieg 0o clpgnm AC mehavednatberd vy ing clai m

24 W_her ei n adj st Rendnseaf otthh@UE:@HE y@lémﬁtcmrt@eswieﬁmtdw mfi fthe
anpl i t ude % tcg]ie Qlutgut_ vo!lt 9g¢ c\{\llthl n ggt ho ha}cl f-cgcl es. %6. A et hgcd _
accor di ng T H M5 W BT hRATRATENF oY © D PenEE LI R OV oF PR SRt hi n
one hal f - cycl @f ithecaritseobFedut @bt ivdepeededt hin ofhd ke heedusl fexmydle.t he
anpl i tude of |t he %.puk mg%éoa%%c\é\jr&ﬂilgn ttohgngtg?rclgﬂn;'fél%loeﬂ wherein
the delay in onset of rise of output voltage is caused by a
thyristor module.

i5 23. A method according to any of claim 22 wherein the
thyristor medule comprises a pair of antiparallel thyristors.

24. A method according to claim 18 wherein adjustment
of the cutput voltage comprises reduction of the amplitude of
the output voltage wilthin a half-cycle.

20 25. A method according to c¢laim 24 wherein adjustment
of the output voltage comprises reduction of the amplitude of
the output voltage within both half-cycles.

26. A method according to claim 25 wherein the reduction
of the output voltage within one half-cycle is controlled

25 independently of the reduction in the amplitude of the output
voltage within the other half-cycle.

27. A method according to any of clailms 24 to 26 wherein
the reduction of the amplitude of the output voltage is caused
by a variable AC transformer.

30 28. A method according to any of claims 18 to 27 wherein
the predetermined voltage is varied. ' _

29, A method according to any of claims 18 to 28 wherein
the supply voltage is a single phase voltage.

30. A method according tc any of claims 18 to 28 wherein

35 the supply voltage is a multiple phase voltage.



27. A nethod according to any of clains 24 to 26 wherein the reduction of
the anplitude of the output voltage is caused by a variable

transforner. 30 28. A method according to any of clains 18 t%eéémﬁ%%?%ﬁn
the predeterm ned voltage is varied. 29. 1A nethod according to any of
clainms 18 to 28 wherein the supply voltage is a single phase voltage. 30.
A nethod according to any of clains 18 to 28 wherein 35 the supply voltage
is a nultiple phase voltage. 27 March 2007 13 31, A nethod according to
claim 30 wherein the nultiple phase voltage is a three-phase voltage 32. A
vol t age control de¥i-ceAsmbshaditacaldrgdiag tdherleiinb@l orremdac thbemiMiiphe

ref erence to Iy 0 n i C ng draw ngs. 33. A net hod
of controlllngH€% tag§ ?ngga%chf% t}'%la'%%h{e}‘lfq}gng‘t}%%ore described with
reference to and/ ot<-as fshovpliage hecoa’éé‘@hpaﬁ?i‘fﬁagedr aAMbrgentdaliyng as

el ectrical deNéESi MUY S IREc2iNOH L ROE CRKSRhce 100 8N £8r %HDSsth%%' ghly as
herelnbeforg described with reference to and/or, as shown in the

acconpanyin VQQﬁﬁypany1ng drawings.
33. A method of controlling voltage substantially as

herinbefore described with reference to and/or as shown in the
accompanying drawings.

34. An electrical device comprising a voltage control

10 device substantially as hereinbefore described with reference

to and/or as shown in the accompanying drawings.



