1 VARI ABLE VOLTAGE SUPPLY SYSTEM FlI ELD OF THE | NVENTI ON The
present invention is concerned with providing a variable voltage, for
exanpl e a variable voltage systemsuitable for starting a notor and
for running a 5 notor under reduced | oad. BACKGROUND OF THE | NVENTI ON
| nducti on notors supply a back EMF vol tage when they are running.
During start-up, with no back EMF, thelinput inpedance of the notors
is relatively low and the surge voltage is high. This causes

unnecessary currents to %}ﬂ ?Wﬁ%éﬂg%&ﬁeslﬁ%imsym#{' ne). Not only

does this require that the notor Signed to wthstand these
lines, the |line nust have thedELDOHFHIUNVIINBOAai | abl e.

number of sol uti Ofng. PRAVEG: %%9&1095%‘39&%%%%113[ ?sh&l?%/‘éss% ridty vE’l'Eag%e {ng a

| oner voltage during start I ncreasin tage as speed
of the notor ekaenleaseyabld Sdnee mstehoghitalge fdrestarigtgar mdek taai for running a

confi gur at oqndt&u\qﬂggrggaugeiaeoagbt or is fed froma three phase
transforner and the wndings of the notor are switched froma star

connection to the power | iBCKGROUMN) OF TdBHRECENDBI®MNs t he not or

speeds up. This pfn@ﬂétgﬁ%ottc}ﬁpsdpﬁl\{/%l b%cl@fil\/l‘ﬁq,oitgggew}fef? 'ihe?taper rliﬂnﬂ% mﬁng
motor. This nethod suffers fromthe foll ow ng di sadvant ages: 201,

There are onlSEtiRo™ibPe htsk HMR; desingty anrqdérrce Ogﬂ’é mogstreletivsty lveaé‘i:t s

whi ch cause spi kgs @Juag@lstlﬁgﬁ Itﬂwdaaes %m@g@aqy%ﬁnénfsotmﬂmawn from_the
conflguratlon to the other. There is a need for 6 wires between

t he power!Ocoritprdy (ligs) %{H@nﬂweﬁ@tsd?qu‘re that thp mojppbodesigngddo Fiithiadtthgse

i denti cal to1{&1&etheqmé@a§thmtﬁéa@aﬁgelaﬂlréﬁtslalvm%bleeven during start-up.
254. The cont act ors svvlt g between the 2 nodes carry all the not or
10

current. 5. The n€et™6k° Paby/eIPSFROPEE] STbHE 1§ GIT Gpvidme o
conti nuous cusweRbltdde Qi Ethitgp LAE inSMhdifthe voltage as the speed of the motor

increases.

15 One method is the “star-delta” configuration in which the motor is fed from a
three phase transformer and the windings of the motor are switched from a star
connection to the power line to a delta connection as the motor speeds up. This
provides two levels of voltage for starting the motor. This method suffers from the
following disadvantages:

20 1. There are only two voltage levels and there are commutation effects which cause
spikes of voltage during changeover from one configuration to the other.

2. There is a need for 6 wires between the power controller and the motor.
3. The motor line current is identical to the current on the supply line, even during
start-up.

25 4. The contactors switching between the 2 modes carry all the motor current.

5. The need for auxiliary large resistors to allow continuous current flow during the
switch.

A second method utilizes a tapped autotransformer to vary the voltage. In this
method, the voltage to the motor is supplied via a step-down autotransformer having

30 multiple taps. The motor is first connected to the lowest tap and, as the motor speeds
up, the input of the motor is transferred to successively higher voltages by changing
the tap supplying the voltage. This method suffers from a number of different

deficiencies. One is the requirement to switch the entire power being utilized, each



A second nethod utilizes a tapped autotransforner to vary the
voltage. In this nethod, the voltage to the notor is supplied via a
st ep-down autotransfornmer having 30 nultiple taps. The notor is first
connected to the |lowest tap and, as the notor speeds up, the input of
the motor is transferred to successively higher voltages by changi ng
the tap supplying the voltage. This method suffers froma nunber of
di fferent deficiencies. One is the requirenent to switch the entire
power being util al t age cha . A second
deficiency i lsg h‘f P @ed Fhan%eﬁldAcsS?oé’godfe}l’flﬁrécyq? gﬁ%f}ﬁrﬁ?ﬂ ﬂﬁglie %etﬁe
designed to mansrfgnntehﬁustbardbsngngd mwali-@nhe nimﬁ@ammt (ffl’the thhios Thiskesgket he
transf or ner ver¥a rge Ver lr e Si Vv /84 F S thar Q&ﬁ%t hot e of
the notor itsélf belng r’rﬁt%ﬁ AN élvd S Si‘zg?ﬁéli}“f‘rs af YREr 898t e
serious conmutaf ibeing csmmombléxeﬁmd ck:ﬁmere:ytlhethmutﬂmpﬂtare Serthius comnecitied
each time th% b?e%s ssmgehtﬁn%edut 1%0&; connecsced’ eac me tﬂe %a cﬂgndce)é q:%y tllnés hot
used extensi e‘? ontactors rrus’t )}’ &

current when r@ala@l thio Intethgdsdogyrie ngwhddohedsively. F ourthAthb kot tanet darusib@
phase contr ol V, is method thyristors are used
to control tﬁgﬁr\glo gy‘gﬁgﬁh %ﬁ&&gﬁag‘gﬁ%f%‘fl ring of the thyristors is
10 used to vary thethvd)lmfaﬂgel uksh mh@sr:e@mtr@ anvaytiputolahi b st mediodloes
not deli ver Hsol gk ¥ 0l A0 30tk ng
motors ar e vel Racanc o i BaidOf Pthet s B Hhadk 3 8RGL BEuE MyFkBl ol

del ay, esl¥eciusd i ‘Chmr ithngOétmr @dlmﬁgfe(htmarpomm A bis bhglepdt q’foaﬁslpfe#thget\/\hen
the thyrist Orsmfuédic%§ VoFéé'éte[}ﬁrl@Er@fﬁclehméss 1@%5?'&1&{ 19 %re %ﬁsf(rgknﬁ pp use
capacitors for inprovement of power factor w ase control

15Anot her | sPa@CHathess jsswsininsin Rbasstdebty: epeqidyueiring starowornd Rosvet hat
they are nostosdldel fah8s Ritenfittl thyrlsR@dres WiGHerkBR, It ROy RUPSS e & he
core | osses remain hi g(g and the efficiency drops. 1t is known that
reduci ng t he UoTaPeHers & IPRAYRRSEt PRBEdRLOIHBPhASEShd i s | ess t han

the rat ed15val ue r ggdthdr SsshdthdrRFifs evﬁtﬁ &tRNES iMRREGH th&Brs iHANRMS lare A

practi cal |rrpl menti ng change. i s known. 20l srael pa ent
133307 filed® Eﬁ%@@ isoad 16eh t%‘f ffédaﬁrgeqcs%d?eewa? logijqs eeppajnghigh and the

i ncor por at ed chei@chyropseitas ama thell e&IGEIh HBS v@lte@b’ oh efqudtoh ndi@ivhdighe
control |n V\ﬂ(@% trans orrrer ed across the input
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(bet ween 68 TR oo BRI i ol Sy et T
series bet we@ractl&aewhya&dm@llaﬁleﬁthgsﬂchrabangél'h&n&ﬁcondary is wound and

attached 10 oppos n u e % ied, .25 to
The 1 0ad. 20Tni e pr%ﬁggggenéqg§3cﬁ7 de g@ 'L 5 a?s%g!‘ﬁ giido “(ﬁ?gﬁw 158 ¥l
vol t age i s nesdedratddhierd b;amfémmemfesqruhpma sysgend s dightiveecdoadolf inovhi¢bhe
return and s i culted rcing the voltage on t. e,sec nd »10
zero. The segr(ogrrllsg%r%ftr R Phéh %éash%rois gillerlél & gOt il t| ?r a%‘é‘%or mer
stages can b@owgpins)e@hdt the ppmdadje lsaugsfeias é»ptwar itet loah a:udn tﬂeolafd: The

{Tmea.” 30SUMRID BT Refefedd Bba e ) bl EPRR R iRt
of the pr®sere tienvahtlhsrrroddes grreducaddoligize ht élgptpﬂdyi\’\ﬁ)gn ghevial yiolage is
voltage t0 a LoRM, mAEIEMhe & i RABod¥Red bk 8hE Mrur Qhd QLS cifthifted, 3
forcing the voltage on the secondary to zero. The secondary can then be short
circuited. Multiple transformer stages can be supplied to provide a greater variation in
load voltages. For three phase, this configuration is repeated three times.
30 SUMMARY OF THE INVENTION
An aspect of some embodiments of the present invention is concerned with

supplying a varying voltage to a load, whereby more than two different voltages are



provided to to the load, w thout the use of active elenents and

Wi t hout substantial commutation problens. As used herein, the
term"w thout the use of active elenents” or the |like, neans that
active devices such as transistors and thyristors are not used in the
power 5 path between the input and the | oad. In a broad aspect
of the invention, the power input is athree phase power input and
the power path includes a secondary of a three phase t ransf or ner
whose pri mar nfl u eqsuc t hat, t of Jihe vo

t he secondar émlvgieagloftf)etgee{n’ ’f\’?lgl %e up et Ve (ﬁ ho”ﬁl’éa@g%d by
a phase diff esrenttafongmb@®mand 180 degr ees 10 In an enbodl ment of the
i nvention the pri i are cha et we ast, ,IWO itions
at | east one of V\;Ii"lrla Sﬁg %erel(nlfhe\%rm wla}ogtn Qllenuse IV? ﬁ emen thQ cf%
connect ed bemwewrhat wive dprides plvhse gans{sR)s ad pldslstmscme nan uwidum: the tph‘@er
prinmary ig c st input phase and neutral; and (3)
a positi 02 |§ﬁ§g&&’§éﬂ 1%%%‘?%%%10?% connected between a second i nput
phase and neut r alln aproed espedsofthe jnverdiofi,olwr otwer ihpnt doathieg piraat paover )t t he
primary i s dhaeennact st andakhe secandary os ARETARA! kYrSARr Wtk Thi S
configuration can provide at | east erent o tpu ta

used her ei n, Py issopiigublsspell thaticarheseaif theepltaga obibe ﬁmpnd@ry ig lﬁfpnerutual
neutral, i. efmm%aqgltemwmh @e%n&awbwa%ﬂaéeqefé &t ed O%@E'%(P&Ere@snd of

t he phases is connected together. In an enb |nen e invention,
when starfing a nBtBrembpdimeyrdf e VIV‘Ff’élOlZ@edlmweé% @d siydehakle hetisen atane
phase as feedgthe pagERANAR st %ﬂg o@wﬁﬁﬁ QQ@) RNGRSfion }m@/hfeh'tﬂﬁ%rmya?}t Esage
for the particul ar _phase is the sum of i nput voltage f

phase and théoan?fé%meﬁfédmdﬂe%@h%a Ghaeeﬂww ¥gieh tpprigiaggs ﬁ%@%@t@an be

greater thanpéhieen NPpYL inp@! fha@en@hektRS Sinll AN {adaeloh npwhlcy @ By FOr
notor starting the \ﬁ/éndl ng confi guratl on whi ch reduces the val tage i's

used. Assumi A EEedaACERENpI Seondniput; PRess dpditneyilt Bigeradblys b5 Agthyol t s
(i nle to 15: neanf@mdudnhe) thé Mir?ﬁsff}iicbﬂi@cté@-&dzdghé %}célﬁayltlpo%qaﬁhu\(?ﬁ&ed t he
resulting Ii i ne out olta no | oa t
primary is s\[}]ﬁ’f PR E@V‘ééét&ﬁadg‘gﬁé@én&%tpﬁb tpggp. A St"?ﬁ‘ei ergie the

| i ne out put mht“a@ﬁah" SndafiC¢ithas @fadnn] 289 vMuéln&udr&alcb) pdinti o ne@tzeld t hat
since the secq r?;l ns cg g&lct ed het ween |% and out put, there
are no comut’ a Yag8ee® gen 8?%68635§/C(inﬂ%° < Optionally, a
snubber or other IB&smxﬂbedmedud the) irdieiidi] t;vhgh btartipd aeedoradfeqsmame
primarie e t ched. acr QsS..a hase
ra neut 251 . e hreeh I RREIREY of Rl EOSRACHAIR B R YR ne

| oad) . Then, otthé Vp}tagnﬁcvryther sarduum phase &t thel sunr ofmhe mptlhwltagqfut thamhaiehe
secondary is V. S 4 nput
socondary | . Al 5l gl 814 0905, 10 B SR AR il P
ot her voltag e@tagevreles thanthp énpaic iliegee dfor mntonelditing e, wibging benfigiragpnt he

di rection of i I

hi gher than ?ﬁgﬂ?ﬁgﬁs ggo‘giteaéeh&ésg?] Ah@ur fi eve%xhg?l@ thehtﬁhe 19%& JOERe is
descri bed) a*Qbydtagecds lleﬂ@nd lesranﬁmaueorauo 5GP do b wedthyi the/esehltinign
addition to ﬂ)Qtho\'{mGQuHﬁf V(MQ%& ﬁ%% @l I%Luﬁ o1l Mr§\{segﬂgﬂe<pﬁd}§ lthe
connecti ons. is noted that the transformer transforns only a
smal | per centsg R?ﬁsett%eeuﬁélv@r: lipg folling e¢{pyyoliage is ipgepsedith 489 Y e load).
transformer GainhdaR tBdiBhtehe @l HendifasieldBweent uuaadm csﬁ]t RicheOr

art power varying nmethods such as the star-delta an
aut ot r ansf onA&MO FRPRB@Eon voltages generated by the change. Optionally, a snu ber or other

30  spike reducing circuitry is placed across the primaries.

Next, the primary is switched across a second phase and neutral. The resulting

line to line output voltage is 356 V (no load). Then, the primary is disconnected from



In a second enbodi nent of the invention, fewer switching. are
perfornmed and fewer |evels of input voltage are achieved. In sone
enbodi nents of the invention, as indicated above, the primaries are
15 connected directly across the input lines and the secondary

wi ndi ngs are series connected on the |oad side of the parall el
connection of the primaries. In alternative enbodi nents of the

i nvention, the secondary wi ndings are series connected to the Iine

si de andthe araII conn tion.of t eS|so t he o
i de, “after (RAnELeBhHEAONH Ry Prigdted A BEPIRGIHES St et e o
enmbodi nent oinpnheltagementelymwo\/one si de 20 of each pr| mary |s connect ed

at the line side of ,the seconda n e. ot.her
i mmry i nding 1S LB PR S SR 4 SR asb e

wi ndi ngs. In addiiona $p edhbingdfg ﬁx@rrbreetrdnoeﬁ mantwomfof tthee primutgn tddigonils
concer ned WI Eagg%]bﬁsg}nérQEﬁxt 5‘1? 1%{3&1 ﬁlgage can m%&eveq(nownr Oa\éelsddaescq]gede a

ef ficient oper
i nduct i on notvdtage ah 6dpherlat elda460aVloc\AldrbeV@hltee@e irt hdgitiontte 408tedOthed t age

25 when t he q@\%g@s%cggo&o Eveﬁ%ﬁBhErc‘Jn&Xu& Qe motor is less than its

rated power. n oper at e s 1 ower vol tage, the power factor of
the notor is incrieaseded gguthetragsfprmel dwesforlposlysa pmalt hecanigoof drd

transforners G\M 1§Z%§ bg Itﬁrh'jgat Tlﬁ.g tl{eotraglg}gmfgp rbe?fﬁﬁe? qﬁm the transfl)xﬂﬁ an i s

embodi ment of the I nvention, power supplie
fed by tH8 p®weérinsapyl yrtul@wea@mredmemnés wesht ageéhd star-fedin midmpefdl

optional Iy ugitehntBEner 3nb&L hodol ogy described above, to a voltage
which will give an inpr oveg@power factor, while still supplying power

at a current bel diatshend snbefiment phhe inyentopcfeywetoitchipglare perfsed sy . 5

Wi | e the iny&Rt i dfasubesngdessdhicbgd in the context of three phase
systens, sone elenents of the invention are also agopl icable (with

fewer voltage | eV |seye ebqdifgensyidhe @y@%léﬁ*rbas iraist s veothe BIRaEE 2hange

of power 1kn ea@e@éaa&eecay%h«agmheTh@ﬁ Bink$ abd 4R REGMGERindings AECRfdance
with an enbodi nent, of t@gg,'sf?i i on, arglaratu for. controlling the

vol tage suppfeEritdghy F Pap ection of, the, pripjarig, Lsglternative
t r ansf or mer blﬁklddlﬁﬂen& qIHerBretic the &cSﬁﬁWﬁﬂngsWrMhE@:oﬁl%te@ ache phase,
each secondar; cted in series between agn in l'ine and an
out put conne&‘ﬁ%&n‘i g&%t ﬂaéargéa?ne%ﬂ?a St PrImMaggFals o0 ﬁ’ﬁr qoéld?:oarﬁef Jifr abl e
by swi tches saccﬁﬁatyrmhdxhgnehpﬁammf altehﬁtivmdrﬁbagﬁqeﬁxfofllﬂatlh&nﬁ@c emtlﬁdey is
differ em20f r Op%atc}pgnmargfl is conne ed ap the ine 31decoqnlpees%ct:o%gary ¥v1nad1r8gs eu%{3 the tfhf erent
of the primary winding is connected at the load side of the secondary windings.
An aspect of some embodiments of the invention is concerned with adjusting
the voltage to a motor to provide more efficient operation as the load changes. It is
known that an induction motor can operate at a lower voltage than its rated voltage
25  when the mechanical power supplied by the motor is less than its rated power. When
operated at this lower voltage, the power factor of the motor is increased resulting in
lower losses in the motor and transformers and less disruption to the power system.
In an embodiment of the invention, the power supplied to the motor that is fed
by the power supply is measured. The voltage is then reduced, optionally using the
30  methodology described above, to a voltage which will give an improved power factor,
while still supplying power at a current below the rated current of the motor and

transformer.



fromO and 180 degrees. In an enbodi nent of the invention, the

swi tches conpri se: a plurality of switches, switchable to
swtch the input of each of the primaries such that they are

sel ectively connected in nore than one of a plurality of
15configurations including at | east one configuration in which the
various primaries are connected between : (a) the input phase
to which its secondary is connected and anot her input phase;

(b) the input phase.to which its seconda i s connected and a neutral
oF it ual ” 20neur FHe e MRedidy b SEESRARAY b rRRERTHEr B AP Rput
phase to whi edmd ¢lengescd icdanyenti@ comnegpicblegnilh fewer vollagh leeely aise
different fromthe input phase to.which its.secondary is connected
and & nout r abbis Sy o § I8P Tib et ol S B PRERT S he

i nvention, the plTheslis thes pfoveiad,tic hesrdascealigoancanp@idbingnoff the inventips,)
shorting the_prinari tionally, for (e t he r.espective secondary
is al so shorf }ppg%aqr;ﬁglﬁ‘%rt% gfﬁr.()%g i Vo{ta% r%u%)ﬁedet(ﬁﬁ)é%dh%)rw "Bf%t he inventi on,
the primari es anc sdgohtatesorarehagop bipguwagdng actrondaat winding &geacat t he
output is lo t [ f of . .30t hr (d).
In an enbodi ﬁgﬁ% eo@ﬁgte %Oggﬁr bgﬁ% ?Ogl%%&tqﬁré S%{eﬁfga ?etnyandép%@mg)et %:“Eég%lgt ot

swi t chabl e t eompdteddhthepeadiandut of each of the prinmaries such that

Eg)ey are sel ecti vl ifiaPRechRRlHIR! WRRRs' MG nhhEhadl ofthd vfihed & O

10  the secondary is different from the line to which it is connected by a phase different
from 0 and 180 degrees.

In an embodiment of the invention, the switches comprise:
a plurality of switches, switchable to switch the input of each of the primaries
such that they are selectively connected in more than one of a plurality of

15  configurations including at least one configuration in which the various primaries are
connected between :

(a) the input phase to which its secondary is connected and another input
phase;
(b) the input phase to which its secondary is connected and a neutral or virtual

20 neutral;

(c) two phases different from the input phase to which its secondary is
connected; and

(d) a phase different from the input phase to which its secondary is connected
and a neutral or virtual neutral.

25 In an embodiment of the invention, the plurality of switches is also capable of
(e) shorting the primaries. Optionally, for (e), the respective secondary is also short
circuited.

In an embodiment of the invention, the primaries and secondaries are
configured such that voltage at the output is lower than the line voltage for each of (a)

30  through (d).

In an embodiment of the invention, the plurality of switches is switchable to
switch the input of each of the primaries such that they are selectively connectable

between two, three or all of (a) to (d).



In an enbodi ment of the invention switching for (a) to (d) takes
place only with respect to the primaries of the transforners.

In an enbodi nent of the invention, for swtching between any of (a)
to (d) no switching is necessary in the |lines between the input and
the load. 5In an enbodi ment of the invention, the voltage at the
output is higher than the line voltagesfor at |east one configuration
of the sw tches. In an enbodi nrent of the invention, the

swi tches are capabl e nver t he pol. ar of at | east one of the
connecti ons. T i eﬁ% Svg¥e ‘Pﬁé’r (@varfe) ks laga only

mul ti - phase Wi’tﬁﬂﬁﬁe@ﬂ’tﬁ’ﬂfephﬁlaﬂestoh[}eeraﬂdﬁpﬁaﬁe transf or ner and t he i nput
is a three phase volt enbodi nent ft

vent on. Lhe. ol hFGRGIR HoB: iverton e P RUTERTLEr i ddpaeSne
line inputs azvicbhingesme@smdlamelnmmhtmst}an@usaﬂanadonnect ed to t he
lines, on.the | oad_si aral | el nect

alternati \S/e enbo naned&)dfm%nﬁ]deth%\%er] 1P%rt1he VOH seé‘%ﬁ‘&gtmh }healthﬁrégware
15connect ed lime \S)éageefsramehdnomdwnﬁngnnmbe swigheb. the pri mary wi ndi ngs
are connected in el gn.th

secondary wi ndin IQ ah %m‘ao 1rn n(t) OE‘BI[% mverrl"t%%xé Yv{uglresn %r ca a{ﬂg mf; extrm% {he

the i nventi opplardnefasiedﬁomofemnmmmry i S connect ed at the line side
of the secondary i, pdi d i d
connected at the Wga%h{sglgﬁren%%f()ﬁt %m&%ﬁ(}%ﬁd{a%%yrﬁd\?mﬁﬂ%%é %ﬁs}’%gr%&w
further pPoviigediransiarmes et tHampe i thee ahesendioed sveree. of t he i nventi on,
a method of varyijg,t fghoual B@QP tﬁeoméen'u%dth&?)%%}ysmgm s are conpected
connecting apparatus according t he 1 nvention between a nulti-phase
i nput and a fliggdy across the hnewgﬁah@ﬂlpmcomspmnd%ﬂ ragreies ppngecidddade one
step by Sequﬁ&fs'&'tﬁé’lom&%@lh@%a&ﬁ@c%'ﬁ@crdoﬁmr' es between different

confi gurati ons carres ondi n o different vol ta es across_
In an alternative embodlment of the invention, the secondary windings are

nem

15 connected in series with the line inputs and the primary windings are connected in
parallel to the lines on the load side of the secondary windings.

In yet another alternative embodiment of the invention, one side of each
primary is connected at the line side of the secondary windings and the other of the
primary winding is connected at the load side of the secondary windings.

20 There is further provided, in accordance with an embodiment of the invention,
a method of varying the voltage to a load comprising:

connecting apparatus according to the invention between a multi-phase input
and a load;

varying the output voltage in at least one step by sequentially switching the

25  primaries between different configurations corresponding to different voltages across
the secondary.

Optionally, the output voltage is varied in steps from a lower voltage to a
higher voltage.

Optionally, characteristics of the load are measured and wherein the voltage

30  rise is stopped when the characteristics reach a given criteria.
Optionally, the load is an induction motor.
There is further provided, in accordance with an embodiment of the invention,

a method of varying the voltage to an induction motor comprising:



t he secondary. Optionally, the output voltage is varied in
steps froma | ower voltage to a higher voltage. Optionally,
characteristics of the |oad are neasured and wherein the voltage
30rise is stopped when the characteristics reach a given criteria.
Optionally, the load is an induction notor. There is further
provi ded, in accordance with an enbodi ment of the invention, a nethod
of varying the voltage to an induction notor conprising:. 7

connecting an apparatus for controlling. power to.a. oad between an
‘mput and an | nduGPT SIS BT HeLL VIR TERE  BHS P LRE SFRER BUTBY the
i nduct i on notaoknductgbemotrgi ven vol t age; determ ni ng whether to raise
or |ower the vol t age, hased. o LG CHAACHERL SLG0ad a0d, Valylno the
out put vol tage responsive 0 the determ nation. C‘i) oAl Ty, the
apparatus i s an aggamatngsvigteotodiisgprtiover e viohagerhied on ti@pharanalstigs; t he
input ling voljage is greater than 270 volts RVB. Optionally, the
load is a three phase notor. 10BRI EF DESCRI PTI ON OF THE DRAW NGS

The foll owi ng det wirYiegithe egpytivpitage reseshsivetottiz determaimatidnmi t i ng

enbodi nents of thg, i [ [ Vi Ldate the
invention and to épi&églﬁ?thf %gpat%ssltq g%oahgﬁﬁlﬁ%a\%ﬁ&g%é P’ﬁrée iﬁlﬁ%/ﬁg!r)lrgor for
carrying out the Pricapty, tiinput line voltagF fsegredeer diah ¢4 Wiis BMSpt i on shoul d

be read in conj unghdARMukoatiRE: e85k St ed 15bel ow. Were
applicable, the same reference nunbers are used in the various
figures 10 BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description of certain non-limiting embodiments of the
invention is provided to further elucidate the invention and to present the best mode
known to the inventor for carrying out the invention.
The detailed description should be read in conjunction with the drawings listed
15  below. Where applicable, the same reference numbers are used in the various figures
to refer to the same or similar elements.
Fig. 1 is a schematic circuit drawing of a drive system powering a motor, in
accordance with an exemplary embodiment of the invention;
Fig. 2 is a circuit drawing of a transformer and associated switches in the drive
20  system, in accordance with an embodiment of the invention;
Figs 3A and 3B are respectively the connections of the circuit of Fig. 2 and a
phasor diagram for a first configuration in which a lowest voltage is achieved;
Figs 4A and 4B are respectively the connections of the circuit of Fig. 2 and a
phasor diagram for a second configuration in which a first higher voltage is achieved;
25 Figs 5A and 5B are respectively the connections of the circuit of Fig. 2 and a
phasor diagram for a third configuration in which a second higher voltage is achieved;
Figs 6A and 6B are respectively the connections of the circuit of Fig. 2 and a
phasor diagram for a fourth configuration in which the line voltage is delivered to the
motor;
30 Fig. 7 is a circuit drawing of a transformer and associated switches in the drive
system, in accordance with an embodiment of the invention;
Fig. 8 is a circuit drawing of a transformer and associated switches in the drive

system, in accordance with yet another embodiment of the invention and



to refer to the same or simlar elenments. Fig. 1 is a schematic
circuit draw ng of a drive system powering a notor, accordance with
an exenpl ary enbodi nent of the invention; Fig. 2is a
circuit drawi ng of a transformer and associated switches in the drive
20 system in accordance with an enbodi nent of the invention;

Figs 3A and 3B are respectively the cognections of the circuit of
Fig. 2 and a phasor diagramfor a first configuration in which a

| owest vol t age |s achi. e(? Fi g and. 4B are ctiv, t he
connections of thas c?rlscﬁl v, phag %faf%glr? éggypﬂ%%lr‘m P%{ ‘%ﬁf% feany
second confi gulocetonamtdrito mrcicthe aolfage withdibgherthamobtbage i s achi eved

25Fi gs 5A and 5B are respectlﬁﬁlrxng]ﬂﬁ]%%mﬂidws of the circuit of
Ird-con

Fig. 2 and a phasor diagramfor a I'guration in which a
second hi gher vol Figgleisiascleohiiesiedit drawing of RipgserGAntanidr @Bvasystem) 100
respectively . €O | f it of Fi or
di agram f gr 35\9%?% %q%%%ﬁ ?(&Sjrlgt al(%%&lm%é v"\]ﬁlfl|1 %n emﬁﬂgﬁe%\l/bép%egteg?gﬁe
del i ver ed t o invhesionpfoshowBingr coatrbler 4 0¢ raceiugst thrde plvisppvek atphases L1,

transf or mer %Q%n@‘i%oacf 'a ?cdvoﬁxgeoa?xa %ﬁll\}e J&%r (Ei({ {ngl%r 3Y6° EthTllar gle output

accordance with an enbo |rren el nventl o
circuit drawveigpgeft phapasdhsY endriy. Télﬂdﬂ(&@‘sﬁbtypm bdd S04t h@éral N m%ebﬁdrl ve

system in a%x%df&h@lﬂ@@l?e IM@tI)lJF'ABEGﬁtro@QIOItO@%?ntﬁ)ﬁg)cﬂéj?#g%ﬂ{) n Hhd ;ib%ve% &)Ylﬁ@l}érson

and 8 is aflow chart of a net ogy of contro

the vol t d§e 6rd aﬁquoresppmow wonpis fiemngt epfiopHemepeireragpe mastulend8| aad on
the nmotor. DEIMikdBIIFSCRIPTION Fig. 1 is a schematic circuit draw ng
of a power controller drive systen) 100 5 powering a notor 102, in
accordance with afi%ex W%ﬁ?m%rﬂ%m 96 FRITCHY t HePaWey SARTRRT 108 Sh#n,

power cont r Olek&plabPCmbEKEREN @F tHeNih G aS Sts ROt ?erﬁﬂ@-ﬁ@@er LebntrdHer and
L3 at a first voltage and dellversemgomer to notor at a variable

out put vol t a§e RtseHhHEEPhese tpnsfprp Vrfrseﬁrﬁwwmm%gat%# $gdaPiew A
neutral Nsmays3hed ssd@abilyeandifstNeSTBIN3. The &0dHE9 Wilingt AR Lakkels the

operation of sérlrég bg\g)v\é\glrthé: ﬁ)rpetlglg)ultsl a%d the load. In addition, the power controller includes
a plurality of three phase switches K1, K2, K3 and K4, which are effective to connect
the primary windings across the line inputs in different ways.
Additionally, an optional three phase switch K6 is used to short circuit the
20  secondary windings under certain circumstances.
The main configurations of the switches are illustrated in the following
figures.
Figs. 3A and 3B are respectively the connections of the circuit of Fig. 2 and a
vector diagram for a first configuration in which a lowest voltage is delivered to the
25  load.
Fig. 3A shows the circuit of Fig. 2 when switches K1 and K3 are closed and
the other switches are open. In this configuration, P1 is connected between line phases
1 and 2, P2 is connected between line phases 2 and 3 and P3 is connected between
line phases 3 and 1.
30 Since the phase of the voltage applied to the primaries is 30° out of phase with
the line to which the secondary is connected, the phase diagram shown in Fig. 3B

results. By way of illustration, and without limiting the invention, a primary



10 and may be responsive to inputs froman optional neasurenent
nodul e 108, as expl ai ned bel ow. Fig. 2 shows sonme details of
circuitry of power controller 100, in an exenplary enbodi nent of the
invention. Inits sinplest formthe power controller conprises a

t hree phase transfornmer having first w ndings designated as P1, P2
and 15 P3 and secondary w ndings Si, S2 and S3. The secondary

w ndi ngs are connected in series betmeen the line inputs and the

load. In addl t| o cont roI ncl ude ura t hree
phase switchés® afy ’Rgo Oﬁg {08 1?(?“% ér § EPErY Zt el\géssf%‘e E)Oy?]e%qo t he
prinmary w ndveigs across the line i nputs | n d| fferent vvays

Addi tionally, an IpoE‘) g’!e%r?‘c!m% dx':e%t?on ase tﬁe res tmg r?%ase% out ut V&P s

circuit the 20secon Soinder cert &Fred

main confi guHaVIergeZﬁBVbhse SWi tches are illustrated in the foI I ovm ng
figures. s .rﬁgsggA al?f&}é‘ra&%réfﬁ C%L I!h%%s’&%#do}{?!)fyt?et é‘%uf{f%f‘ﬁgci Lans of
the circuit of Fig: and a ve agramfor a |gurat|on

in which a | owestdiagoint ge sercgnctj@hﬁm@d it whitlheng&shiglked voltage is deFyeged 3A
shows the cifgcHi{,,ff Fig. 2 when switches K1 and K3 are closed and

the other switches are open. In this configuration, Pl is connected
bet ween |ine phasig 41 dads the cpouif f g Rrigien editthes e end Kit e qdsed el 2

and 3 and P3 tHe%tlﬁPM%ﬁés%ge %%ﬁ.%%ﬁ#dnﬁ&r&f&ﬁs&éh & iANgh g P%q?gk&&gctédhe

phase of the voltage appli tot rimaries is 30 out o ase with

the |inelfo Wived ifshewnselashargr 3euird. @Btmlilé‘é‘}t dlep, watlwha@@é)edfpa’graa‘mls hown

in Fig. 3B reasiht s «BY WK Abuttal NSRRI BN thedlSndMib N BB Lnd 1M L g the
invention, a primary 9 secondary ratio of 400/100 is assuned and the

i nput vol t agisorAeE irAsEmE 80 400 vol ts. For the wi nding

di recti ons shown $ifQ theSstlelor B vBIRAS 8pplied RNRSHinAMEPYIn MAbd RaRge bhe V. W
are 253 volts. 5F|1 ﬁ% gnd 4V gﬁr%e Prlf;i:-lspectl vel% thenﬁci‘}%nnectl(:)nse of

the circuit ¥V eéeca‘i‘ijdryals ﬁ?f’é%cé‘?d e 25958 Hopgm sjowrdilg “Sdrfiitydbat i on
in whichia nexy ohilghkiod Ahd agBout Sin@telsl (INEMO&htbR af fihakP&dondary ratio of

400/100 is assumed and the input voltage is assumed to be 400 volts. Since the
voltage on each of the P windings is 253 volts, the secondary voltages are 63 volts,
out of phase with the input line voltages. The phase to phase voltages U, V, W are
then 289V.

20 It is noted that when switching (break before make, is desirable) between the
configurations of Fig. 3A and Fig. 4A the current to the motor is not interrupted,
although the secondary windings momentarily provide a high impedance, since the
primary is open circuited. Optionally, a snubber or other spike reducing circuitry is
placed across the primaries.

25 Figs. 5A and 5B are respectively the connections of the circuit of Fig. 2 and a
phasor diagram for a third configuration in which a next higher voltage is delivered to
the load.

Fig. 5A shows the circuit of Fig. 2 when switches K2 and K3 are closed and
the other switches are open. In this configuration, each of P1, P2 and P3 is connected

30  between another phase and neutral.

Since the phase of the voltage applied to the respective primaries is 60° out of
phase with the line to which the secondary is connected, the phase diagram shown in

Fig. 5B results. By way of illustration, and without limiting the invention, a primary



Fig. 4A shows the circuit of Fig. 2 when switches K1 and K4 are

cl osed and the other switches are open. In this configuration, each
of P1, P2 and P3 is connected 10 between its own phase and neutral.
Optionally, the connection can be to an actual neutral or to a
virtual neutral N forned by the connection of one end of the
transforners to a sanme point. Simce the phase of the voltage
applied to the primaries is in phase with the |ine to whi ch the
CoConaary ! o RARMRE S PRSI kA AL B Rt B
primary secorndés $inrathe volege A0RLH GO ]Swa)smgmdﬁmlts,tth:esecmdw widlgtsage
is assuned t 0o . ce the h of the P

Wi ndings is %56%%\7%’5%'g?{eé%%toghase?lta%s\%ﬁg)aag%thgr% 3 volts, out of
phase wi th the inpeat 6hiané6R etetragesivelTite cphrest@nt of qhha;sc@lt\pﬁﬁgagasiau V,
Ware then 280\ 2 r

make, is sﬁ)r %B]i ?é%%t%\?égﬁh tﬁl%ggfgg%%]afu}gggﬁg??ﬂoﬁg mSP tglifl(e%ﬁ%g Q%Eéadg 4A
t he current tiothe fped.not or i's not interrupted, although t he secondary
windings moment ar iys Pyt de c%crugﬁ%rm@ﬁeamchemcagdw PUbAREN | S
open circuited. Qo ionally, a snu or other spike reducing
circuitry is thldeeavigbesossonchesxpirt har Keis opp@rilygosed An dneiconBeumntion,
respectively g re0nnest poRs dgtongxg:@edcﬂc{ngﬁ'ethnpgnd h&ted%n@ﬁlg s@ao@&ﬂg'so r
di agramfor a third configuration i n which a next higher voltage is
del i ver ed % o afeneptipeydly shorted as wellgiThus, s\ seiyigninl tvhléage ioppases thefinpmj jne 2

when swi t chesoltZe athi{Ioldi:E nﬁllngzﬂﬁ) @entgls agﬁle@tdt}@d’tly%WhE i3S are open.
In this configur atl on, each is connected 30 between

anot her phase andi fe@ibs widerstood that %P‘iﬁ‘é%thﬁ ﬁ%’om?érgsels 8Pt pFIIH PECsHEY-

applied to thRweesPa&! irY @raiirAdRREH RS toSavBfd @ ardfor RARBE oM 1bRest R8hd | NE
to which the se&ondary is connected, the phase di agram shown in Fig.

5B results. “f illustration, and without limting the
i nventions a pri NEfver {l&tagﬂﬁ@@d@ﬁ’éﬁufré& then af nﬂ@@érl;@@)viicﬁesa)ﬁmﬂia@ﬂd

t he i nput vo e i s assuned to Its e fhe voltage on
each of the ﬁrdﬁmgrrd%err Cydg % AR) ffsé ot e PFarsag
volts. The phkasehilekepligsie2 Mﬂ]KG’i@eﬁ will reddlt 1N\&ﬁl’cﬁnﬂghﬁﬁor3&@\é 3A and will

Fi gs. 6A and GB i vel It
Fi o 2 and a BphlbBeg R 5 MR FBRER <) G B R R BRI

the input |i ke wrdjlresageher csnﬁgiraitivperoéﬁlgtmraincewilb@adiver the inputHing volGfe shows
the circuipt of.(Flq9- 2 when switches K2 and K4 are closed and the

ot her swltches are open, except that K6 is optionally closed. In this
configuration, eatis roésePlipvefngdnsl thes faa beendiesribethiechedhnfexoofiprdvidilg ne

and shorted ar

and short oo, 30LLIISPEONRY S of bR ARLIDHL B IOHLL AT B |-
vol t age, namslaifing @Q indugtios mo@ranvgda dimilecednfigiraiontven tht!S@d fo provide | t
is to be und%ﬁé&ﬂﬁ&e h@ﬂér tﬁa{ﬂq{nte'vgﬂaggm t§eeﬁgd1qpt¥lé %Cﬂn VOI éxe%lgf?s%r!ﬁgre l'y

necessary. However, ey are preferab orted core and/ or
conducti dd | @gghﬁspr}rxpﬁry ﬁlésegq-ngﬁgfc@tmq@q«ons) are reversed, for example by inverting the

connections of the primary. Such configurations might be useful where a higher than

running voltage is required for starting or where more voltage steps are considered
desirable. Providing intermediate steps may require more switches.

Similarly, further intermediate voltages can be achieved by switching the

30 primaries in different ways, for example, by connecting the primaries between a

different phase from the secondary. It is noted however, that in the preferred

embodiments shown, all switching is in the low current side and there are no switches

in the main current path.



151 f fewer voltage steps are required, then the nunber of switches on
the primary side can be reduced. For exanple, if K3 and K4 are
replaced by short circuits, closing KlI, while keeping K2 and K6 open
will result in the configuration of Fig. 3A and will supply a voltage
of 253 volts to the |oad. Opening K1 and shorting K2 and optionally
K6 will result the configuration of Fiig. 6A and will deliver the

i nput line voltage to 20t he | oad. The present invention has thus
far been described in the con vi.di n voI tages bel

equal to that of eIflh\ej Iei“tli’gdl%lt gé@ ?%% ga}b%e Qn S T Eﬁﬁpf‘)g %feor
starting an prducskeromptied dirddbyveves theanpsi htek arrd tb@nﬁargmy&nmdﬁmgsean be
used to provide ane nor.e n_li 1o the.lo if
t he wi ndi ngsseonr(?S e ?daﬁ% {'5r fr??%‘? §¥?€ patrﬁ{%?ﬁ?nlnﬁcﬁlrog o%rt 58%18?{55 f%
connect i ons) almn@tme\ﬁmbsedtenﬁs oof eicaimpérgiolny thenseemtdmryg vmﬂalmgsoamenenesons
of the pr 5 TaE Y c%'&ct ﬁ:eol{]rfels earafcs él%ngraﬁélgot e(t:)txeonltl) ?he 1m\(a@g"sr1gog thlyl %er

t han runn| ng vofta eis TErn re voltage
steps are coslé%défrrel@b Sde&damb’krehngpr ovi di ng |nt er rredl ate steps may
require nore swt§ r r r t s can
be achi eved by sw ? ??lslh(l’)l‘% gﬂhhg g%iwrog’rr%?? %&%}ﬁgﬁgﬁgj ezr%g’n m\/\}é{/h%g&fdc
exanpl e, by &@rm@r,emeﬁ&w He wniiney ﬂleisthb@twteleqa ia et fafrerasnin FiaaseTler om
the Secondar Xpere{titon IO§pCR&%I‘ %tr&ﬁé@@? {s’anéléb%tls ﬂortlhat[ giq)OR’rele(tOﬁ (glﬁgléd g;lgq’lenent S
shown, all swtching is In ow current side ere are no

swi t ches 1Pn tdwe Swplnng:tﬁwtémthwm voltapgs as describqdribeveelnspine einbasirnen{s1 00)
described abgy§e A0G SR 200 ISepleleContdir ROIRE! €S are connect ed
directly across the i nput lines and the secondary w ndi ngs are series
connect ed on t he P&yt Inkedinshts ofie EHPI&PPF}PC @ﬁﬁ?ﬂ’éﬁ‘dﬁ fogpat@fthe yritage on

primaries. Ign ﬁh&o%x'ﬂﬁb!oi/@r SR RAE TR Be Bhd & REIuEQVER b ARuctibRBoREGANdary
wi ndings are series connected to the line side and the parallel

connecti on of ﬁ’éferbmeﬁlﬁflicelsb?% Bh spisd Afoatatien ged ther eusient diawa ediysidar v

Wi ndi Ngs.15  themsdhied autémBNAMP toSIdEidrA DB RREKahRA loddOAs ehePOMNBE reduced,
controller 2 0, IH whi ch each of the referencg g{tﬁ t he w ndi n%ls and
the switches TeSPIeRESESspEanY 1§ dosey g synshrofys spise ARt o AT Bt

control | er 208wvdrFactdrah®gMidRndyofatlingtas kIl ﬂﬁvhﬁrenibedlinélﬁblf@{e 13;%&&1’1@16[ he
10 sanme switc %ng res(ﬁlt?s ig”}% sane vol ta% %®1d gcrlbed above. In
sone enbodi nENt?8C PP EHE APIERP BhEe BGIFE PRI EMeT o te ﬁtréc%@“ powet
controller 1ﬂ®tlianm‘p‘1itg'oltage I n sone enbodl nents of the invention,
t he objective is votaeon an nductlon not t her
| oad wher’t e | od ¥el By cllim R AR RRuER: EIEHIST oFF 5B g ven
mechani cal | padarytihens@eddt 6f linotit bbtheafwndak’gewmdmgemtd thie e cdldljeust
15 t hensel ve C n Qrm chanl cal load. As the
|l oad is reduged%'mgd géoéx?%egeaggso Igﬁld?gft esiecsonc?regerlrdlltgo synchr onous
speed and the curligrit shfnat bush awpirctionefopewewerfcagttadler M dinefHi¢hcsaenety
falling as wgll refetegceﬁnfmem%o@ E‘BQ} otk *L%lécl?e\é%ttﬁeo&met eQe Vﬁ’lgﬁ 39fhe
applied is adjusted so that not or operates near rated
current &Ad pesRsion pHpovieh eantriphgy Gpo v@hatl@gg»es to2ipit pf yoeter epmtwltwerlOO and the
alternative ?d?ﬁ%%%t@iﬁﬁg regfltshnﬁeé \é%ftd dg&ﬁbéll gveofn s%%ggmﬁ&fl sy i's
connected at the line sid e secon w ndi ngs and e ot her of
the primry @f Helinmeptios ce@wﬁe‘ctoeaepé@peqqqerqlbvawoswe bf the secondary

wi ndi ngs. While the operation of the embodiments of Figs. 7 and 8 is generally similar to

that of Fig. 2, the voltages (and preferred transformer ratio) may be somewhat
30  different, depending on the utilization of the invention. For example, for the
embodiment of Fig. 7, with a primary rated at 230 V and a secondary at 110V, the
output voltages are 220V, 250V, 300V and 400V for shorting of K1, K3; K1, K4; K2,
K3; and K2, K4 and K6, respectively. For example, for the embodiment of Fig. 8,



Fig. 8 shows such a connection, for a power controller 300, in which

each of the references for the wndings and the switches is the sane

as in Fig. 2. The 25 operation of power controller 300 is anal ogous

to that of power controller 100 and the same switching results in the
sane voltages as described above. In sone enbodi nents of the

i nvention, controller 300 replaces controller 100 in Fig. 1.

Wil e the operation of the enbodi nents of Figs. 7 and 8 is generally

simlar to that of. Fi n referred . transf

ratio) may bé’ %’or?é’\ﬁ%égrateéﬁ %I ffaggéﬁ‘fc nd??@‘ r‘.g‘?‘ﬁé“ ShAhElges afezzgéﬁn of
t he i nventi 0R60FER0€xad 0¥, fof shorting ef Enﬁ@di{@rem I, KBt ghd K2, KviiahdK a4,
A T L e s R T T S
K3; and K2, Kdmary@Gedi6dary mepeat axaghbje andaan bxatipled to fioe a vdrretyecfty@ldcsrrent
of Fig. 8, ry.Jated at 280 V and a secondary at 120V,
t he out put5 vo?}fag%é%atgnreg%(g‘g\g}gp 260V, 320V and 400V for shorting of Kl
: Kﬁ K1, ELE % ?Theﬁlﬁuzgﬁm;t af g:;g@ﬂacawdl b¢ rade _elgpxaaitcal%eiwresﬁotlsel te a
enphasi ze

pri mary/ seconda arugern}eat |fos a(%gheavalrldbrr%%g&gﬁﬁ%% (ta}glj!lusfreé to give a
vari ety of val uesR&8whing gl Fiagle mgesutehnentvageduisids éﬂtl@pﬂhto measure Onflpg more

adj ust ment ofmdséa&sr wtﬁégﬁm%%@f RBoraeL sabi %R%aof‘s%wde B bEIRIUS R © 2

measur enent of or current rawn or se (0]
current. 10 motqaetbwfrﬁswg“ thq:cumegt (with respegstateanoiagehotihé em@&mustomlseed to

nmeasure one (ﬁ{otdim'&ﬁ fo&quaterosf @t hhe headihg: %&9&@& 102 elé%th
i ndi cators |ncI ude ower into the 10 notor, ?Zlase of

current (with %r@éf-*ﬁéf&s Of efnﬁ@fWbﬁ&%jé?“eéfupﬁt“ﬁ@nﬁﬁ%t’o‘f’%ﬁﬁﬁtmﬂ@‘ the

notor, the rotatippn Baﬁleseqﬁdléahﬁs SRR lus@ANEl a&bdsvfther AL kR AtdpUeling t he
el ectrl cal characteristics of the notor can be neasured upstream of

the power coft? 8lopgyvoltage for the meghagical lnadser Whedficr e groliage Alslivseed fe i t
access what hefotdr eodMiEOfor instRERYAE dpa@iticH. a proper voltage for t he
mechani cal | oad oy whether the voltage d liver eqﬁm t he 15%

too high for nost&PHFUeRpengREPoIer BR to th e motqr 3 yndpres éﬂr t he
power input toy ke infi 0slis dhalieMsangtivien tHahthe Sbielge cfrtie saRly rgduden

i nput vol tage,..then the assu rrptlon is that the voltage.c safely
et (it L RVEb AEBHT TR, BCBThoCTPHE iS H LARBIGT HE L e

nechani cal | phde of fhetchleenp has eheé of the voltze Bnimoka@sn plase valle, thee the

be reachel. Skt S Bl Rh SmllE \hifon S BTG RETRLRE ©°"
value to the vslyﬂwhh@mdsor@peadecbﬁ thhmommdrcatbmiatcrm @stot Bamhddr hedeibt or

i s under Ioaql(gqhelg L&Sgé(ggﬁ%% vgl tage to the notor. In each of

t hese cases, contr erm nes whet her the notor can deliver
the requir ed poweln @ath théhenexisenantradlot é06/ dettrages awitthst itiel mbier wirt hi n

a current 2ﬁel \Jemhte réqP dﬂwo%vep Q@tﬁ@ﬁéx‘? Qza?lgﬂl v& agé %%1 ﬁﬂﬂtb% 1thrf AN,

then the voltage su ower contro I's a uste to the
next | owed vamitahas lsaﬁzbaliai:taltlﬂtlé Of e miditegr Myt Ca@,dhantm V@tangm@rby power

determ ne, basedugnog g%ﬁgtem%e £RALAGHSTdgs fab&ﬁblé;@g 1Ar§,gcolaxouer 106

measur enent nodul e 108, he notor is near st power that
it can achi ey& ¢erpine W@ﬂdt%g@e@@nﬁ]g?hé@ﬁmSilésdsupll’lr?dtbﬁ|H§a®a@§@nt module

control l'er 1Q68 @R Hehandgs LAL 1 W dhed pBRrtiRk RSah RehROWET the voltage being
supplied. In this case, controller 106 can change the switch patterns in power
30 controller 100, 200 or 300 to supply a higher voltage to the motor.
Fig. 9 is a flow chart of a methodology 700 of control of the voltage of an
induction motor to match the voltage to the load on the motor. At 702 the motor

characteristics are determined. At 704, the motor characteristics are compared to



30control Il er 100, 200 or 300 to supply a higher voltage to the notor.
Fig. 9is a flowchart of a methodol ogy 700 of control of the voltage
of an induction notor to match the voltage to the | oad on the notor.
At 702 the notor characteristics are determ ned. At 704, the notor
characteristics are conpared to 13 criteria for determ ning whet her
t he voltage can be increased or decreased, as described above. If the
voltage is the "correct" voltage for the Ioad nodul e 108 and
controller 106 con i.tor,whe han e i.n v

oot rabl o 1 T Rrorplrhel Wbl wf BB Bterti SRS 13 1 o
reduced 706. described abWedEEttlﬁr‘m]tm@ds theatortect” vbltsaded the loed, imudnled8& and hen

![ to :j: t Iep(r:nr ﬁg‘SIeCéro 1?_{81 06I A 1en%(e: Qo (r:n%%l?dr 6&/‘1’1681619 Q %‘lqa%(g:etcgn{ \Iro§t fléﬁcrig v s1rér‘glﬁ t fr}lot}}rﬁorered
106 |ncorporaw5$ewn&@nmm@hoheﬁégdwdnmg,mhemhp@ﬁ@ﬁuﬁgunh&namﬁHmMSt|cs
of the notor e r. | Std her to
ovi ton the mirat B REchRRag, S{RRGIAL SR A8 P AT MGG iy D
under st ood thamﬁmhbmd@@@mnqﬁQMWNngBmumm‘neasurenents of nDtor
operating charact i ed

t he hi ghest avarIG%Fﬁ&lo%?gg%mrg%§%§b(§&§ﬁ&ﬁ%%§£§Q%%&%ggﬁ%(HQ%UHF

mot or . Under chamwsteaisteds rof (lirsmatat el usshéhessy chamicierigiics tch detesminecliethgr to
operations t gwrtérqhérh&b% tﬁéqllemgg%ér r&v&p&ragyal ly not performed.
15Whil e the use of ower conttoller to réduce or control the

vol tage sfipplied Eaxw eﬂw@%ﬁmﬁb%@dﬂﬁhSmﬁm5ﬁwd@éwamﬁﬁwﬁm@ﬁsOfmomr
characteri st 'oﬁe?atf?x%sch%@r@nsﬁx,@ hﬁ% NEHcM ot ZNBoRPWELs SR NEP il eEhighd

200 or 300 descri bed above power controllers known in ? he art
can be used PElRR| ©lEgH oswPPlyt thé heets afede! B thsdarrodlderhdiesanhi | e
it is desirabl@ns@nd®NideQr hdd€ ofMHeQwitciale 6HR4RES & S thighsr tdhaglgley m ne
when to switch the voltages in some enbodi nents of the invention,

t he smntchrn@mﬁ§mﬁ@¥¥5?ﬁﬁﬁahutonatrcaIIy during start-up of the
nmotor, wish the swhilciik 0@ of akévg chltd0& tare@ide@R cdtBBth@bdiEe dubfied to
previous smntchrn%‘or after the jnput current drops, bel ow. sonme val ue

or bel ow a pdFEEHTEFEI SR MOtE OPSER P APSTSFIETRES B Peph I At fppower
controller CadihtrbﬁerCm)DSZOde»F 8@ dedcribadsbost, difer fordr FBitrollérs &hdWi @ thdldr ent
measur enent 25 u will be apprecrated that the above

descri bed netﬂb %ﬁi %EP¢QP$ed in many ways, including, changing the
order of steps, ademki@arﬁ&mmhn@oaﬂptumaéuhydaﬁmﬂ&epmommm¢MHmaniIy.

't shoul dyal 30, DEARRTEE: LG Rk LG RBOYEAC LR EnSEREN! P on Of
invention, the switching is performed automatically during start-up of the motor, with
the switching taking place a given time after the previous switching or after the input
current drops below some value or below a percentage of its initial value. In this case,
the controller can be considered to consist of a timer or simple current measurement

25  apparatus.

It will be appreciated that the above described methods may be varied in many
ways, including, changing the order of steps, and/or performing a plurality of steps
concurrently. It should also be appreciated that the above described description of
methods and apparatus are to be interpreted as including apparatus for carrying out the

30  methods, and methods of using the apparatus. The present invention has been
described using non-limiting detailed descriptions of embodiments thereof that are
provided by way of example and are not intended to limit the scope of the invention.

It should be understood that features and/or steps described with respect to one



nmet hods and apparatus are to be interpreted as including apparatus
for carrying out the 30 nethods, and nethods of using the apparatus.
The present invention has been described using non-limting detailed
descriptions of enbodi nents thereof that are provided by way of
exanpl e and are not intended to limt the scope of the invention. It
shoul d be understood that features andi4or steps described with
respect to one 14 enbodiment may be used with other embodi rrents and
that not all e nvent i.on have a f eat

andl or st ops “SROTHET Fobpee G b Frgtipe oGl cubifrts ddisco:
to one of thé&vembodiarentisof Marfeatreoasd/@f sigubhviremtaspdesrr ifyect vl | |
occur to per eScrsme%f the a Furt the t

"incl ude ave éh ?_lsgrc t oorrlljeuotg}g{he em%b(ll% li‘ts ar%owgggmésdg‘h?%s t he

clainms, "inc Idcsdnhwg wﬂﬁt oot tneesssacti thy dri rfutthaimbe, ‘the terms "¢omprise,'not ed
that someof . descri bed e pts.may. descrl be .t he hest
node conterrpl&lggcf bylat%% grlmﬁ\5][<1-:-ehrt ors s ngt(r%d S{Tﬁl re?ao’r he us?dntl: thc? Shains
structure, adinsluding denainessafilydinritedtait es and acts that may not be
essential to the n i r I
Structure and actllél;g es%irt?%eg&gQ%Gna@%\%ea%?%gf(ggrgg@flg&% ﬁé'q(ﬁ%%g’leé%t s

whi ch per f or trest hiedss eomtermiplated thiy Gire, mw@rfs 4nfl thehedors tay atclnde stoyctuae kes ar e
different, Tt&ﬁ%%tn'}x]cﬂlrés%d %tg that rfbft% stenttlglqo %qu?en% éng%/h%dﬂ ?g‘lt ion
|sI|mted on e elenents an mtations as used

claims. 185 @tspmws ®. pppaleat Ssudise adrackoldsirigd etk e mbseebbow age

suppl ied to @qdl@d@éﬂts %Qigiprpbsf&rﬂg the same fugC’[llgyl E\,en Hh%?eestMcﬂﬁ)eS%p B8 lare
havi ng a prl mary and a second ar%/hvvl nd |n f'or each phase each

secondary beiltifedbaneradn (s ag eé%orbéhwém o4 heiipiysntion) if Hesitgdenluby

out put  connee@feRtndetis LikBirhi@@dns R0Ed in the claitRE Primary i s configurable
by switches to place the prinmary between different ones of the
phases, such that the phase of the voltage of the secondary is
different fromthe line to which it is connected by a phase different
fromO and 180 degrees



wherein said switching between configurations is break before nmake.

2. Apparatus for controlling a three phase voltage supplied to a | oad,
conpri si ng: a nulti-phase transformer having an untapped
primary and an unt apped secondary wi nding for each phase, each
secondary bei ng connected in series bettween an input |ine and an

out put connected to the |oad; and the primary is configurable
by sw tcheg%wﬁary the line voltage delivered to the | oad by

provi di ng age to the primary such that the phase of the voltage
of the secondary is different fromthe Iine to which it is connected
by a phase different from O and 180 de r arat us according to
claim1 orlcl al‘?ﬁpﬁraédﬁg?ré?%m {iing aéwetp&lﬁsgs Rpé‘é@g ad, comprigg: - Al ity
of switches, swi rtmlha)hhf txfamsfcsmmext lmhmg Ia@nmamﬁnd@fse@adﬂﬂy @fndm@e“orperacmﬂfa:;ees
such t hat th ar e ? eﬁ tedin.m)rtﬁthg it
plurality 8%‘3 %Cﬁ’f’ Gl %‘1‘%% OH%“ ¢t &1‘*?1 FRAET B4 o™ oaﬁf"uuﬁ’tﬁ %&“ e%e f
whi ch the tharloadmdprl mar i es are connect ed between : (a) t he
Ipﬂggte, p?g‘)s € t LO t %}%)ncrlar%ﬁ con Ql%%r Xxwtc%FSP tgg) eage(:(; %egrrlr)llalgrlyé)atg S%nn(g %f Ten 8%}1%3
neutral or thmphasaalsuqhahettrtm phaéecc)f thenolpgrasigbe ehichrfderyemtliffereonfrorh ¢hel lmpmz
phase to (d) a phase

di fferent %g%ttl%%n?%%gwghy%é& f&%vul}%ﬁh@g{dsﬁgge condar y i s connected
and a neutral ovhevqlrrsaubdwmleuglveaween4on&1gptamnsunsbr@@d§d>gfochm@tet oclaim3
wherein the plurality of switches is also capable of (e) shorting the
primaries. 5. Apparatus according to claim4 wherein for (e) the
respect i veZsecohrbarps g centding hdiree rbpsecaltage duppligdio agoad Aoparisingls
according to aerQlfu-&lL@ PR Bmrr %L\Qﬁ%@n m&rp@& Brifn agﬁ IR F[§edas@g)ndary
secondari es are configured such vol tage at the outpu [ ower

t han t he | Midingdpy %gép agf; e@aéwogqlar}( lgemg qq)p@ﬁg@ﬁ i gj:}les between an input line and

an output connected to the load; and

the primary is configurable by switches to vary the line voltage delivered to the load
by providing a voltage to the primary such that the phase of the voltage of the secondary is
different from the line to which it is connected by a phase different from 0 and 180 degrees.

3. Apparatus according to claim 1 or claim 2 wherein the switches comprises:

a plurality of switches, switchable to switch the input of each of the primaries such
that they are selectively connected in more than one of a plurality of configurations including
at least one configuration in which the various primaries are connected between :

(a) the input phase to which its secondary is connected and another input phase;

(b) the input phase to which its secondary is connected and a neutral or virtual neutral;

(c) two phases different from the input phase to which its secondary is connected; and

(d) a phase different from the input phase to which its secondary is connected and a

neutral or virtual neutral.

4. Apparatus according to claim 3 wherein the plurality of switches is also capable of (e)

shorting the primaries.

5. Apparatus according to claim 4 wherein for (e) the respective secondary is also short

circuited.



7. Apparatus according to any of clainms 3-6 wherein the plurality of
switches is swtchable to switch the input of each of the primaries
such that they are selectively connectable between two or nore of (a)
to (d). 8. Apparatus according to any of clains 3-7 wherein the
plurality of switches is switchable tolsswitch the input of each of
the primari es such that that they are sel ectively connect abl e bet ween

35 whor el & cwi PENTHG TE70R) oL 5 B LRk DFAGE SRS Wl W PBEBECr o

t he pri mar Is@Sndaﬁest e cdnfiginsd archefas Voltaéé)at tAppapatuswaced de fige adiygofor
the clains 3h9 @2@!’& ndg)or swi tching between any of (a) to (d) no

swi t ching F&EMREELLINEL W n the Iines between the input and the | oad.
11. Apparatus according to any of the pr ecedi ng cl ai ns wherein the
vol t age at the IS er th n.the line voltage for at | east.
one confi gur at |Igpr¥D Bl Cordwg Q% HES . & cfagms épavﬁﬁrellﬁls 53’?‘3?@?’ nog &twétc%ﬁﬁs of
the preced mwgcheblaﬁmwﬂhe thei Mpxtth&“ awn to€ higs pameries apeb et dfey i any e¢léatingy
the polarit t eas one_ of nnections. 13. Apparatus
accordi ng t%nng{%ab?el?e the WOroréneOr ?gl ms wherein the nulti-phase
transfonner is a three phase transfor mer and wherein the input is a
three phasg vol f paur: ko

precedi ng gl ai s \Aﬁer ea%o(%?ﬁ% t&%h Adr?yc \}mlg%lél%ng@g%{ne h(e: rlfhrghct?re% gqtflleeé 1
acr oss t hesvitaheblg frperigh ahnjmpttteofsedoofdtm privanydi sngs thalr batstbeyi @ selectwely
connected tg.thedd 128 408 d 92 (sigle of the parallel connection.
15. Appar at usl accoreg?eﬁyétt%oanyr o??agt N 1-13, wherein the secondary
wi ndi ngs are connected in series vvlth the line inputs and the primary
wi ndi ngs ape COAB}J@&F&QC&O{%@B %!é}l &l c1dinfs § l@%/hle}eﬂles%w@mné e ) @) ék&%&f:

t he secondary wi ndi ngs paratus according to any o I s
1- 13, wher @PﬁWthéesg@b@ﬁwwsrﬂﬁﬁﬁg’sﬁnﬁ?@e@onnect ed in series wnth the
line inputs and one side of each primary is connected at the |ine
side of the secondary wi ndi ngs and the other of the primry w ndi n();

i s connect é@ at H%@Wé%f%ﬁ%?élyaft}me%%&f@aﬁewﬂmﬁ*dtc sbetww ang of (
met hod of  vaE@yhdGilchiBy ¥abdeagh ik GedinkQRekeeOMPIpSi MPihe load. ~ CONNECti ng
a controlling apparatus according to any of clains 1-16 between a

mul ti phase i nput and a | oad; varyi ng the output voltage in at

| east one step @paﬁx&ﬂu&ﬁfdi@ tb Yinys Wi th€freddging BRingY WiERdin B8 vhek¥ethe output
different cqnfi orresponding to diffe nt vol tages across
t he secondaqyghelg@@l%% l??evtoﬁacﬁif%f E%?SGPWQCOP&“EﬂtQPﬁf’% g ein the out put
voltage is varied in steps froma | ower voltage to a higher voltage
19. A neth acgordin har creri sti 0

Foad are. midsur Seann e § Phd bR e FOE AEEE bf sulorn e

characteri sf mwtxﬂgewblaxtgoﬁaehaat pid € thearonnections.

13.  Apparatus according to any of the preceding claims wherein the multi-phase

transformer is a three phase transformer and wherein the input is a three phase voltage source.

14.  Apparatus according to any of the preceding claims wherein the primary windings are
connected directly across the line inputs and the secondary windings are series connected to

the lines, on the load side of the parallel connection.

15.  Apparatus according to any of claims 1-13, wherein the secondary windings are
connected in series with the line inputs and the primary windings are connected in parallel to

the lines on the load side of the secondary windings.



20. A nethod according to any of clains 17-19, wherein the load is an
i nduction nmotor. 21. A method of varying the voltage to an induction
not or conpri si ng: connecting an apparatus for controlling power
according to any of clains 1-15 to a | oad between an i nput and an

i nduction notor; neasuring the charactieéristics of the induction notor
under a given vol tage; determ ning whether to raise or |ower the

vol tage based on the characteristics; and varying the output voltage
responsive to the determnation. 22. A nethod according to any of
claims 17- 26L \Mt}@m@iuﬁl atdoeding PUinyl dM@airtO| 1t BY &vheRingthe at@hddr{ Mindld are
volts RMVS. met hod c?ording HP any o; clains 17-22 erein the
load is a for]ilp%céedd?l Sgtigs %lﬂ gﬁﬁ ine mputs and one side of each primary 1s connected at the line

side of the secondary windings and the other of the primary winding is connected at the load

side of the secondary windings.

17. A method of varying the voltage to a load comprising: -

connecting a controlling apparatus according to any of claims 1-16 between a multi-
phase input and a load;

varying the output voltage in at least one step by sequentially switching the primaries

between different configurations corresponding to different voltages across the secondary.

18. A method according to claim 17 wherein the output voltage is varied in steps from a

lower voltage to a higher voltage.

19. A method according to claim 18 wherein characteristics of the load are measured and

wherein the voltage rise is stopped when the characteristics reach a given criteria.
20. A method according to any of claims 17-19, wherein the load is an induction motor.

21. A method of varying the voltage to an induction motor comprising:
connecting an apparatus for controlling power according to any of claims 1-15 to a
load between an input and an induction motor;
measuring the characteristics of the induction motor under a given voltage;
determining whether to raise or lower the voltage based on the characteristics; and

varying the output voltage responsive to the determination.

22. A method according to any of claims 17-21, wherein the input line voltage is greater

than 270 volts RMS.

23. A method according to any of claims 17-22 wherein the load is a three phase motor.



