2071441 VARI ABLE SPEED ELECTRI C MACHI NE SAVI NG CONTROLLED MAGNETI C FLUX
DEKSI TY Fhis i nvention relates to the pol yphase el ectric maéflHds, bei
gptors and generators. The invention is 5 described with reference t
motors, particularly.three phase notors, but. as indicated the inventionTs
not so restricted. A linitation of presently known i nduction notors is
t hat, since speed of rotation is govern%d by the 10 frequency of the AC

ly and this frequency is fixed, it is not easy to vary the notor speed
by such frequency vaHzﬂiumnggnq-g@ggnmhgg.gngcvaxngpmgts do exist for
varying the frequenc ) ed to 't e stator of the
i nduction nmotor, the paicakelt i pATE0urce and the
not or wi ndi ng. Cbnventlonally, such nDtors reqU|re that ‘the stator supply
be a relatively pure sinusoidal wave in order to achieve efficient
operation. -Grcuitry to achieve this, especially for high powered

machinery is al sormrml th?éluaa% POERYHS. toA‘H)éen%flfyﬁhS%te USPER O ic
el ectrical power .is achieved %P havi ng a motor which™is 'speed variable

accor di ng t 2684 7123ui BRI SPPFOESRAT s%ﬁnﬁ/Ftaﬁ%S-nDt%?e\AﬁFERfitsmn is
operative gtdasee! phedelwi £h Xk SPLeA Y eBCRSt Ot si,S :S’éf‘ei&hi ﬁ?ﬁtéﬁf‘é‘éy’

depending on 25 | oad requirements. Anot her dlsadvanta je wth tion

" motors is tHRABAHRMAEARTy PoFdels ﬁl@é%/lﬁﬁé\ﬁdsx’éé%lvév%%#@ﬁtésaéiqfhesc’
nmot or sl ows gewmp jwhge, currents can result in notor burn out unless the
notor i.s protected by aUX|I|ary 30 equi pnent . Such not ors nust have a
“hi gh breakaway t oRq @étﬁﬁ#@ﬁgoﬁ)raﬁémtéﬁ K P eRekRGBESL QRNBYL RS

the event .of; gDUOR aQVer 5Qafly 0255 Bee?FUble (H5: ebldion is governed by the
10 frequency o£ the AC sﬁpoly and this frequency is fixed,

it is not easy to vary the moto: speed by such frequency
variation. Complex and expensive circuits do exist for

varying the frequency of the AC supply being fed to the

stator of the induction motor, these circuits being

t51located between the source and the motor winding.
Conventionally, such motors require that the stator
supply be 2 ;elativély pure sinusoidal wave in order- to
achieve efficient operation. Circuitry to achieve this,
especially for high powered machinery is also complex
Ay and expensive. A more efficient usage of electrical
power is achieved by having a motor which is speed
variable according to load requirements in comparison
with a2 motor which is operative at a relatively fixed
speed or sneeds or is otherwlse stationary, dependzng on
2§ load requzremenus.

Another disadvantage with induction motors is &hat
when heavily loaded, they draw excessive currents as the
motor slows down, which currents can result in motor
burn out unless the motor is protactaed by auxiliary

3oeguipment, Such motors must have a high breakaway
torgue %9 running torque ratio to prevent motor damage
in the even:t of mo:or overload, as a result the Zlux



density nust be maintained at non-optinmum |l evels durjng nornmal operation.
A\ s“relatively low flux density during normal operation is also .
esSi tated by potential input voltage variations. Because the flux
. density nust 5 be kept relatively low, the notor size nust be substan-
tially larger than would theoretically be necessary in an ideal notor in
order to obtain the desired output horsepower. Another problem encountered .
in conventional induc- 10 tion notors is the high starting current \—4

inherent to their operation.- This also causes the flux density to be
hi gher at low |l oads than is actually necessSary for efficient operation at

~such | oads. J@f s anpthgy borlS@ %@ Wk ah o &d kKaeWA ol B¢ EhumS 189 e @&iu@ing
designing a notor to run through its normal |oad ragge efficiently,

provi de hi gmomelf &‘R%ﬁa%lhﬁ i nuITRASOUSE AT PRV dePWi g & a Fl”rﬁg-ty
toraue and fyghi Rg CREIRN O5EHE cabel 12w sed nﬁa@’eé@i ta eubabyaRid tedeial

tions. - fresent Tnvention provides: yg ase ectr|c
machi ne conpknBRAg:V @ §ﬁ8ce)rvﬁﬁélaué|°mgﬁa c%?ﬁaé‘\sefra"gﬁ'l%t tugadensity uust

rotor; agmi depﬁ'ewaﬁl%@ie& $ ndbRg, h@l‘{é”ﬁo%o"i' nghi g &Qgte%%h fpsean—

wound on“sai d” core and -enconpassi ng said gnetic material; plurality of
i nput term nMaialdnt ahgegan B&agvnvesded Fbe&%%ﬁli@eal#YDEev@leF@ﬁﬁa’m in

" e ser | en T GBS TROSAEOTR, SPEAEE [0, bR ATAN e E0agm peapuk plase
pacitors and said series circui
bei ng connedtcedsapolw&d:a.l d i nput term nals;
Another problem encountered in conventicnal induc-
10 tion moto:s is the high sta:ting current inherent to
their ope'a*'lon. This also causes the flux density to
be hzgher at low loads than is actually necessary for '
effzc:.ent_ operation at such loads. = o
Yet, ah_other problem which is known to exist is
15 that of designing a motor to run through its normal load
~range efficiently,'to'provide high power factor, and

-

simultaneo_usl'y to provide high starting torgque and high
breakdown torqQue when reguired for particular apoplica-
- tions. ' '



aggolyphase contrel wi.nding having a winding for 15 each phase wound on
said core to enconpass said magnetic mate- rial and connected to said
plurality of input termnals together with the wi ndings of the main

- pol yphase stator wi nding and the series connected capacitances, and having
wi ndi ngs of the main w nding and wi ndings of the control winding radially
adj acent 20 to each other; switches for each w nding of the polyphase

st a¥or wi ndi ng; and 4 a trigger sowcd feor the switches, the swtches
"being operative with the trigger source and the capacitor and w ndi ng of
each winding of the p hase wi.ndi_ng t er £ent flow across the

W ndi ngs, the triggerQb%ﬁFggsﬁgﬁh33#%ﬁﬁ;¢§ﬂé?éﬁ£§g§ﬁable frequenci es
thereby to vary the. machi ne speed. The present invention overcones or
reduces the fore- going disadvantages of electric machines by providing a
capacitor in series Wth R péByphawendleetrtial efdchihe dedhpt Dgiagseri es
circuit. Connected with the. main winding is switching neans which
operates in response to sagsehtotrdfcludirghaa core Jf iNaghetOUr R&terial;

together with the capacitor and main winding to pernit current flow across
the . w ndings. _ Taerstotehi ng 15 neans, capacitor- and w ndi ngs
are fed by a source of DC voltage and' this is converted by the series
circuit;—and swi t chi ng nemmsaint podyphigsee d At o ueained vy chaeings at wé ndding
wi ndi ng. Frequency variation of the AC square wave i s obtai ned by varying
t he frequforyeaich Iphasemedund oon28aid lnone igbrencompassihg sagdaimagnetic
preferably being discreet pulses. electric machines of the invention
provi de amaterial;
a plurality of input terminals amanged to be
connected to a source of DC voltage;
‘o o a plurality of capacitors;
means connecting the main windings of each phase
in a series circuit with one of said capacitors and said series
circuits beihg connected with said input terminals;
a polyphase control winding having a2 winding. for
/5 each phase wound on said core to encompass said magnetic mate-
rial and connected to said plurality_of input terminals together
with'the windings.oi the main polyphase stator winding and the
series connected capacitances, and having windings of the main
winding and'windings-of the control winding radially adjacent
20 to each other; |
| switches for each winding_of the polyphase

stator winding; and

ey
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‘conventi onal

ch the magnetic flux density in the stator is mai nt ai ned at
for requisite load conditions. |In addition, the system,

its the current in the rotor also to be maintained at an opt4 mum nmagni.-
5 tude 'or requisite load conditions relative to those permtted in

-

electricl notors of the induction type, and the torque and

hor sepower of a notor for a given anount of - magnetic material to be

optim zed. In a pol yphase notor,.qJn%lwixﬂyphase stator 10 winding is -;?

wound on a nagnetic core, the wi nding conpris- ing a plurality of w ndings
-and each wi nding represents a single phase. Capacitors are connected-to
I nput termnals together wwth the respective main wi ndings and the series

connected capacitances. 1@ triggdwi §6hing HB%“%H65§W¥HEﬁ§ d e SELL
~with the main winding and capacitor series circuit .of eac éﬁnéﬁ% §%iF§Pes

phase” and S

operates ibeingpoperatdve heith iguertsoggee wouekeland 49fe L4PRE 5P and
create current flow across the w ndings, the capacitor and maln w ndi ng
20 sequent¥andgnguofi eqahf fviimyro£nthé! polybaagly warind %@ bermi t
alternating voltage supply. In a three-phase notor, the external” signal
source tri@@érsnéaéﬁophaQ;QQSitheﬁwﬁméingsbethk:phaqqeﬂfgéﬁﬁﬁgmbépﬁéeby
to provide an alternating current machine with a suitable three-phase™ 25
suppl y. $ ORespble ot viariahle frxequeneilebythbeepiyngd hary anensyciwinthe
pul ses fromthe trigger source. The source of the supply to the may be a DC
_quLagewNSBﬁﬁénventional t hr ee- phase 30 voltage supply suitably rectified
or “a single phase supply suitably rectified. Preferably, each phase control
wi nding and the main windings are opposi tely wound such that on | ow | oad
"the total flux density frommain and control w ndings

The present invention overcomes or reduces the fore-
going disadvantages of electric machines by providing a

‘capacitor in series with.a stator winding thereby

10

defining a series circuit. Connected with the main
winding is switching means which operates in response to
signals from the - trigger source, together with

‘the capacitor and main winding to permit

15

20

current flow across the winding. ‘The switching
means, capacitor and windings are fed by a source of DC
voltage and’ this is converted by the series circuit, and
switching means into a clipped AC square wave across the
main winding. Frequency variation of the AC square wave
is obtained by varying the frequency of the signal from
the 4rigger source, the signal preferably being
discreet pulses. . ' :

Blectric machines of the iavention provide a

L
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-"35_;subst antially fadially ,adjacent each other is |ow and 6 With -
)

ifcreasing load the total flux density increases as the flux generation
Jthe w ndings becone additive with each other. Preferably, the pol yphase
-control w nding wound on said core 5 to enconpass the nagnetic material is
connected to the input terminals and:is-Positioned physically on the stator
sg that the vectorial re] ationsgi p of the.cursents.in_the

t e current §Y&ERe LdonifRerFi b

currents to decrease as the load jnecreases towards full _l.qad. .,Preferahl
t he capacit 6ORhhEd DT al uéns&ﬁfi%‘hh?nt'hg |IFEHE2 A PEETL ‘t%é‘%%p‘é‘gf:?%ln)s&'
will, In cogiy ngheodbéb Wesdsb co npet madd titne@eaicodint ¥ tintamsnagind -
vol t -second ca ac.i}y of the_st_a}_ or-cor‘f to b ..g;gceeded \4\/i=t h, t he resybt t hat
the coreSwi |t|.ucgenwrcan¢<;uér$asngs AGRS | FREFT § 1P hRgIR T Polbd 1 BROSS
density condid gns: 88 bagk @gaiven ti®naver age ¢ biqd dEnié Yoirs t bef stateor
core 20 is”thus maintained quite high wthout the dag%ear of high I?‘B%
vol tages red@duagiian ek¥bere|3ndi ERe FRATIRI #RGeBOFERAMTY Ph BxIPaRH v
high input Gygentsiydhe HRAATE oEOhaghdiic thgtarult & @@%?iiﬁh@e&an
be transferred to tthe rotor even if thé rotor that, can be transferred 25

to the rotor evenlff & hBorlyBh 388 RIEQL | o | AfdandO LEPhA R C%F'F'é:r?tr
can al spobe Ad{Rgeds wHtnd WA' al HRGIAICE: (89 BG M W IHEIng N20mOY Ls-
conventional motor; and the current 1nduced at zero notor_speed can be nmade

more opt.i mimghan plucadctyi ofalwipdings 208 eagh aHinddRg ELPLESRRES o

f

- 14 F—Y q - I rL' . ndL nd
Engeq DEaied At ARREAYy Pharit | peator
adj acent the glOp anEd 8aVii MEENGSE cCHISE ihemvers ol faum ofeqbésd tespectidve

proper: val ug ag ir}%E@"'lﬂﬁ%oéegpeféﬁiﬂ‘géi@@?§ ad N0k BRnd08dE tdhdmpdde

rrpt o 'Of terminals together with the respective main windinés and

the series connected capacitances. '

15 ' ISWitching means is connected in series with the

" main winding and capacitor series circuit of each phase
'and this operates in response to the trigger

source which prov_ides signals to create curren‘b_flow'

across the windings, the capacitor and main winding
za'séquentially turning off the current £flow thereby
creating an alternating voltage supply. In a three—phase
motor, the external signal source triggers each phase at
intervals 05'120°'phase difference thereby tp provide an
alternating current machine with a suitaple three-~phase
25 supply. The speed of the motor is varied by changing
the frequency of the pulses from the trigger
source. R ' '
. The source of the supply to the |
may be a DC voltage or a conventional three—phase
30 voltage supply suitably rectified, or a single phase
‘supply suitably rectified.

Preferably, sach phase contrcl wiading and the main
wi'ndings are oppositely wound such that on low loaad
ene totval flux density from main and control windings

T
4

other is low and

)
L)

ro
substantially radially adjacent each



t resent invention can be optim zed nuch better than convéntional notors
Lt | arge number of applications or for any given application. 35 . 4
I eferred forms, by using capacitorsén series with the main -stator

“wi nding and operating the notor magnetic path in soft saturation due to the
limting 1eilﬁeo.tnc|:)f etatsta'lg eheagy ctyeansiwal of luke dampattyoiscridasendas

result is g, that can dengist. st
condi tions ‘U‘? If é‘l*/o?feé’geer%ﬁfﬁ regh tl ﬁgé?ﬁ‘gexﬁée%%lﬁ?/ gaé ln‘}%}q'?{ "ﬁm
fC:Jrregts f@ad-h dtheri. nput voltages In other words, the input current and

ux ‘density i extrenel y non-| ar . upgtLion
of the line voI*%E@%o gn[ 58a§e°‘|‘hrg§an"éf8%iﬂ-b%cflpﬁpé § t%%r m)c[‘gfé
me prtesent dg&ﬁﬁdmﬁa@@ ﬂhgem%@ﬂem‘ldtﬂmafw islati$ heonnedeaiednces thelO

e notor w ndi an on sorb .so, nuch en fore the netic _.
mat eri al of-‘?ﬂé‘trgmtgmr"gt"é{% Ss 2 Bat ks Wﬂ%‘%rée?rmﬁ € t 8.t %nhen
t h;a ot or dmﬂﬁgctsﬁat&ra'tal tx|$ét tealsx xaheéeaﬁwdnﬁmﬁl echah@e dux peghst he
not or wi ndi e power, li.ne sourc nd charge up 15 capacitors in
t he oppo&t‘egpctflr}é N7 RAL AR Fﬂ(réoa%etﬁé‘ ﬁﬁ&rﬁg ?ﬁ %}%vgf’&%’faﬁd
the capaci twiadd® @encb@t§ﬂurs&.ﬁ:9f:aeﬂﬁ§11%dr aalz.ratmy alde] £oenantthe
flown&throughthe wi ndi n Thiis contj nues unti |l evoltaeof t

0

i nput  ROne Mavkmg¥ AT NG a’g?‘ﬁe thee WtQBIlPls@d%d% ofneRe | rﬁﬁﬁe\'?gﬂ’age

fromthe |idigr tlagit §des t@ekha 40kt axpconds 1oad ivyeehses apmdmis bgulle
_capacitors to the main w.ndings. . This continues until the total

vol t - second-%?ﬁbé'f&.g pe main wi nding exceeds the volt-second capaci ty of

the windings angdRfe SRPAIiECoRd aihde of ¥HeUDtucH atRat aMk tVelthbe
magnetic material of the notor again satur tes The bclfjlgamtors Ulehn the.

di schar ge t3€SRMSt Hed RotDRPAMEFOLS will, in combination wi
15 input voltage, per,:.od:.call-y cause the volt-second

capacity of the stator core to be exceeded with the
result that the core will periodically change non-
linearly from high to .low flux density conditions and
back again. The average flux density in’'the stator core
20 is thus maintained quite high without the'danger of high
- input voltages resulting in extremely high input voltages
resulting in extremely high input currents. The'capaci—
tors limit the amount of energy that can be transferred
to the-tqtor even if the rotor that can be transiferred
25 to the rotor even if the rotor has a very low impedance
so rotor current can also be optimized. - The rotor
impedance'can'be made lower than in a conventional
motor, and the current induced at zero motor speed can
be made more optimum than is convéntional; vet this
30 current will still have a proper value at normal motor
operating speeds and normal loads. Thus, the motor of
the present invention can be optimized much better than
conventional motors for a large number of applications

or for any given application.
35 In preferred forms, by using capacitors in series

r

with the main stator winding and opezating the motor

o
§o

magnetic path in soft saturation due to the limitin

n



Qﬁ;urates The . cépa0|tors then discharge through the notor windings simee, "
. {Rey have saturated and the line 30 power source charges up the Capcs
d n the opposite polarity again. The current then reverses once nore

“through the main wi ndi ngs and the capacit@rs again provide the source of
current through the main windings. This continues until the line voltage

agakn changes £¥=z ol ofi tyo taAs é:herlgly\e" rant=Herawid | tndecapaiditess f othe

et th | t d of the | I h h
oo nare. | ne P SRS abk A a6 ERE “EhARIEAR tin Bl c2hatl B SEIA RS,

wi ndi ngs andtaaﬁocaaszed zrmgnotrmerratwoisa& oromoXcteﬁdatt ofhd ineadvied tage

t t d ' f_th di
door cases coRbRRSRI 7 SA0k A LisokRy THEL BRET - B331 oraPlE GurkARbE 29t

thr?ﬁgh ts?e WigH nﬂnnuploomrtfazpéﬂs.l sdmpoohe& gaﬁdfnélal Eheyd.l:@wobmesuhts
In e notor nn at, naxli m u ensi an Xl num 1 orce ue
and horsepovxéf"'é ‘I#]ﬂgﬁ SR Eu%ehfxl ne W&\ﬁﬁ”f%ﬁ o511 n'p'PﬁJ)PelC?x%ﬁ%?5'3
and since thaows1ogeaacr 88s a2agineaniasht oIf IShuSllalhé bogltag & ad$ hbsgkhiet
need not be) than the |line vqltage, the flu ity in the stator_core is
rela- tivel yCARReptRIGEZ BRL he- %tivBPtéé rl?e‘Fa‘P?F?r\ﬁ'de REegent

anpl i t ude, LEWéz*ﬂQ'i@H@naRéCh €3Bag £ OthéS SAUEVENAE BXECITIAR: CAKEEB! BF
fron1pa35|ng through t he potor wi ndi ng en the magnetic nmaterial satyrates

since oty t kB RPEP S nw%ﬁélc'bﬁ)aelat‘brc’n Yeabﬁ"e‘i*?]sc’cﬁﬁcl?e QneREY PrERTe

t hr ough the k@ arhhe M 80 o £ ThIlS bEMchad nes Y sthabyl Yatwsageyeanad
by the capacitor 20 value (farads) and the voltage across the cagﬂfltor,

[err] preven@é%‘i@e‘s‘éi?é PenE2BISHhERESIH ndTBRMoURet RO TRF nBRIRERGS -
material saturates, the capacitors discharge through the

motor winding and the power line source and charge up.

15 the oapacitors in the opposite polarity. The current
through the winding thén reveréés and the capaoitors are
then the source of energy and maintain the current
flowing through the windings. This continues until the

_ voltage of the lnput line changes in polarlty. The
20 volt-seconds of the input voltage from the line then
- adds to the volt-seconds that have been appiied by the
capaoitors to the main windings. This continues until
the total volt-second'appiied to the main winding
exceeds the volt-second capacity of the windings and

| 25 magnetic mat :Lal of the motor stator, 'and then the
| magnetic material of the motor again saturates. The
capacltors then dlscharge through the motor agaxn
'saturates. The capacxto:s then dlscbarge through the
motor wzndings since they have saturated and the line

30 power source charges up the capcaitors in the opposite
oolarity égaih. ' The current then revarses once more
througn the main wiadings and_the'oapacito:s again
provide the source of current th:ough the main windings.
This continues until the line voltage againa changes

35 polarity. As the line voltage am;litude:cohtihues X
increase the vol:-éecond of the line voltage plus that

of the capacitors again are in phase and add until the
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T esult is an AC notor that will have speed variable characteristics,

i || operate over wide 25 ranges of input voltage and at a high e
effici‘ency with excellent operating characteristics. Since the eapaci-
tors I'imt the amount of energy transferred through the main w nding each,
hal f-cycl e, nDtor burn out is greatly rgduced and in sone configurations is
not nornally 3 possible. -In the case of nptor overload all that wll

occur is tH&t-Jtﬁﬁeﬁ[ﬂQﬁ FAR2GE WY | OAnG e S 3 FpuYipSias s RrdeaRsrsiafed bew
greatly regueafetithigaks L1t @ Adekadedbat, thﬂh%eufidfi%a%hgfn%wé' |

have a | ower “vol tage acrgss them than normal since the nmotor 71s n
operating BA%eliadnt3Dpiey PASNE 28RS AnRd [eRe] ladachrneeerfi sher @iy

reduced. | giadd{REerd&8 s PhGE8 1 AR ﬁqﬁfeﬁew Cahd%{#?neﬁe c g:anP-ed

on the stator coré are connected I n par a fh ea he thre
wi ndi ngd at@ rc%1p§§| 1k SCha®e eark pr ovide @tﬁns‘ﬁblédé@lgy nmoPRei st RroCesEs ok Sjue

for the Mk¥pellitadorLdh hiad £03 AL E HCRRA LY 10 Lgee 187 {HRedRRe 2

t han t he W ndi ng e curren e contro
wi ndi ngs i Sunthngvely mew muparfkiuxf drenshanyl epdvmttl'hls meaxdmumwifiedt eRys of

an |nductlggﬂa§) an5“55@§€ggﬁérthe control windings serve to limt the

i nput - curr ent ecause as 't Inplt vol tage increases, 10 or the notor
speed i ncreases Thbe@rwsﬂnmgsln@ganttmactahiomerfau or op ndimuays dleaxo

i1 i LUPEL e R EI PR LR g £ RS R R
course, isusauelpgsdibjbeay (bé thoughs ithaeadenod rbej nthags thaee Tiwe
pri mary sour e oL eOVERe' 1% WAL e hA LAl ¥eaUSE oM NENGR AL
tlvely xndependent of the line voltage over ralrly wide -
~ranges of amolztude. Furthermore, each capacitor
15 orevents excessive currents from oasslng through the

motor windzng when the magnetlc materlal saturates since

'only the energy in the capacitor, i.e. 1/2CV2, can be

transferred through the respective winding. This

limited energy transfer, as goverhed b& the capacitor

20 wvalue (farads) and the voltage across the capacitor

(i. a.,_’/ZCV ) prevents excessive currents from the
line through the maln wzndlng.

The result is an AC motor that will have speed

| varzable characterlstlcs, and w111 operate over wide

25 ranges_of inpu% voltage and at a high efficiency with

excellent ooe'atihg'characteristics. 'Since the capaci-

‘tors limit the amount of energy transferred through the

‘main windzng each hal ~cycle, motor burn out is greatly

_ reduced and in some configurations is not normally

30 possible. 1In the case of motort overload all that will

| occur *s'that the notor w111 stall and the input power

~ to the motor w111 be greatly reduced. This is due %o

':he fact that the s.rl es capac1 ors will have a lower

voltage aoross them than normal since the motor is not

35 o:eratxnc ?n"he' cont 'o leéd :hase, ané the l/ZCV2
' energy 1ev is greazlv reduced.
ER éT #Red <

In =1 hree phase motor the control windings pro-



éQ%;coupled nagheticalfy. ILn a three phase notor the adjacent control
whding current |eads the corresponding 20 main w nding current at no-|

and is substantially in phase, and with increasing.|oad becone out of

and increasingly | eads towards a maxi nug [err] vectorial displacenent. Wth
t he wi ndings of the nmain w ndings and the 25 adjacently |ocated control
mARgLngs wound in the opposite sense, on |low |oad the total net flux,
dehsi'ty i sVE@RANAMI ke i S&2B8ENS I DAdACRe FaNNECeRE| Lp iDdFHabel €5 tbhe
vectorial diqragct i N «Q th LT gat fei R espondi (0] ol W Aadj
changes. Bgacq{i ?’?efﬂ%pr? the ’rir%_ilﬁrpa%%qtaﬁg%;%ntrol Q\EAF%&'#QHSH;EC %elf.'lg%e at
| east two BEgNdde Ponsiderfablpmere starhHdnsl ergnet fomdihe viiolPAgs and
the center sy S ,Qf GO | QWinadH 4 ngt.i.cal t.he
respecti ve§‘1ge§sgstp3’5%f_w_'né gﬁg%o{%fe? Byg%g:lrirlggy P%?pggfegtﬁéeryi %e{\r%%‘lf"lggﬁ “the -
centersdof & pbhes mé inhwicwhing$ anddithgs efferehibe- coxidgnt othreugh
subst anti akhy. b e Ifgﬁ tshe . L i ngQi,N

i ncreasi ngE ee go\é\???r%ftgre%ue ‘aﬁ% _tlhae b?%ﬁj&ﬁ&ﬂr%}gg%f%n%‘ﬁgi%a/br.forl n
such an evemxtampbeol eti thcdiheenadn avindiagented i an dhduet tam reato rof

t he correspondi | mai n rol .. Hdi ngs maj s
substantially unc %jéggﬁgtrefhe{}b yg?ggfqg%néﬂ\r%{]g%%?lgcsgﬁgﬁege"ag?bwﬁgs the
greater symmguf. cunrents caecause ascHdne cdlnpd bt vodifagririxicvaagesyits

bar i oty o, €88, HEEGHUadBE A Cr AR R Tt oF PRUSSE s Reip Lo
control w aditngass gened atad arind bngsi daeoftd hehenback rdimyf . sex kerldat
the space T§¥B@héhﬁﬂghﬁ'voltage,'and generate_a current which
' counteracts some of the curzent drawn by the main
windings. This, of course, is made possible by the fact
15 that fhe main windings are the primary sogrce'of power

to the motor. . ' '

The radially adjécent windings are those which
are coupled magnetically. 1In a three phase motor the
adjacent control winding current leads the corresponding

20 main winding current at no-load and is substantially in

° phase, and with inc:easing load become out of phase and

increasingly'leads_towardsfa_maximum 180° vectorial
displaéement. _

With the windings of the main windings and the

25 adjacently located control windings wound in the opposite
'sense, on low load the total net flux density is iow and
with increasing load the flux density increases as the
vectorial direction of the current of the corresponding

‘Prefera T . .
30 lthe main and the control windings each define

co *r%% w%i§}ngich§nggs.
at least two magnetic poles, the centers of the poles of
the main windings andéd the centers of the 30les of the
control windings magnetically overlap the respective
poles. '

35 '~ In another praferred form of the invention cthe

centers ¢£ the pdles of the control windings are physi-
cally located substantially between the poles of the



\ng and the- rotor mnimzes the | eakage reactance of the mai N W ndi ng.
By Wway of exanple only, an illustrative enbodiment” of the invention

ow be described with reference to the acconpanying drawi ngs, in ’

. WhiCh: Figure 1 is a schematic dlagran1£& a preferred enbodi ment of a three

phase notor illustrating the 20 present*Fnvention. Figure 2 is an

illustration of the timng of swtching signals fronlthe trlggers circuit
to the thr&ékﬂm§é§4ﬁ1ﬁstm@ﬁi?ﬁﬁsénﬁﬁﬁ&51¢9guaé $5aF Wl yhySPegue and

represent akin) ©F eldk&d RnVVidHH NS 8{5 anmReePpPase thoWudd! £n ™BGARt the
according to the present.inveniion. Figure 4 is a linear representation_ of

the coils 8&aerdicRhngecHorhek meermatmwnopilw eCBL 58AGSIINg to
the presen%u@vew Pesi¥iadhg adidgunt 5né§]na 2681 Qidrit - gnawm@fu die

current and vol t age characterlstlcs of physically corresponding mnndl gs of
the mai nSWEreR ad eshd StuRs SaR kda 1  eovpssh amdng alhid | ahyswmaln@nd

Figure 11 hlaiphetl 8 idh SHPIRTCo bR (YY €8 ¢ AaBGmEE UPLO! CPANSERY 11

we configuration having tHe fé&atures o Eresent here 1s .
shown the £&%es thendiegbarpical éﬁP$4Qﬁn h50ﬁ@§&§1uaerw3ﬂﬁnghﬁsan

AC i nduct i g ier Ofaﬁge b Eaﬁ‘%g‘ﬁ’%:b%‘hl%a%‘%h%g aﬁ]ybgagc@: 1AL

of magnetit erla a qu|rre cag e Sstator nor the
rotor 5 aDBIthmmrbualéqhventlonalIy t he motor has four poles although

nore or ,l ess pole.p e d T at S

10, 12 d 14 arlgntggprovrg ‘fﬁ’é ?ogcrééfgeet?%‘g S Ll(Escr be%é EQQe‘MJlgdrrg

to Hgn”esthandcmamblhwmadéngrmﬁdwdunﬂeaaﬁxﬁlb&mnnt&;dﬁagﬂ the
main winding, such that the space betweec-the_main
_winding and the rotor minimizes the leakage reactance of

the main winding.

t5 'By way of example only, an illustrative embodiment
of the invention will now be described with reference to
the accompanying drawings, in which:

Figure 1 is a schematic diagram of a preferred
embodlmﬂnt of a three phase motor illustrating the
' 20 present invention. H
FPigure 2 is an illustration of the tzmlng of
switchlng s*gnals from the triggers clrcult to the
three phases of a three phase motor,.

Figure 3 is a physical repreéeptation of the
2rwindings'of a three phase four pole motor according to
| the present invention. . .
Figure 4 is a linear representation of the coils
of the windings of the three phase motor of Figure 3
according to the present invention, and -
0 Figure 5 ie a vectorial diagram of the current
"~ and voltage-characteristics of physically.cotresponding
windings of the iain winding and the physically corres-
oondlng auxiliary winding.

Figure 1 111Ls.-aces in schematic form a thre
35 motor connected in wye configuration having the fea

oOf the present invention. There is shown the three

(o

L]



0. Ca series capaC|tor 16. The capacitor 16 need have no particul a N e T
vl ue, but its capaci tance nust be large enough to naintain a capaC|tr%%9 B
Jpower factor in the series circuit conprising this. capaC|tor and the -

mnndlngs 10, 12 and 14 respectively duridg the notor's normal 15 operating
node. Control w ndings 18, 20 and 22 are connected in parallel wth

wi ndi ngs 10, 442 @andgls %espelcil ¥@ldy amdmmtma 146 staler Wik bgg bff a0,
and 22 are preferably o] hlgher i nduct and i npedance than he Wi n ,ng,
10, 12 and 1ACTARARRLLPE BR&RDFe O ?’rﬁavé%re*t% n€ &5 f||¥€9r w'Pe.

Connected w ybﬁéq.ha qry e acd rguid ¢ af~dral b & A8 eadilc CaRAg kot adr eamdpad
of silicon ¢ troIIe recti- fiers, 24 and 26 res ectlveu%;for phase A 28

and 30 respe@IVEEy brCREM el 8EHd 58NS 1t e pRase ERRo LS’ ch

SCR { herear %PQ”%‘HE@&' beadhaskyd pdge i 89d dife | RoRteends Eﬂoaad RLég
phase B; 82 and 6 hase C. IS connected in parallel tr1t%§
th

series Ci rcuﬁlQi‘louﬂnd'nﬁgfelcpianh°§§p§§l-t%r°Hﬁceénﬂagcﬁede% i hEsB8ESIE
the series ciggyi tna#ﬁnsQ@”\?@rBwﬁpc i hgke 66, 1R 3@ is4i Erﬁar‘%| elr svide

the series circuit mai n mnndlng 14 4nd capacitor 16 and SCR 28 is in
series with tthe foumspeilkesias ipndergeibed) widh fefaence |~9 iffgures

paral I el Wi { Iy Sghigesy Chp@ll inof oMol A1 dga 14 RARRACT bRESES ANd BEHE0

is in series W 1S SGI’IQS Cl In series WwWth eacho th
is an inddct &hca ZEx ies IGRPac itatudtfanceThes cRPacihyr 256 ngeds c?raveﬁzﬁm

12 30; 208f - (g%gﬁlgloé ' Cﬁ}@”@égz Hﬁaéigéﬁ%etﬁﬁéﬂmbétQ@*gg

acting to al rni-ng- of f the turni"ng of elng descri bed
nore full y beénwug'hertam &naisd:q)r.cmileaaaaf-'@&bvsalpgfﬂ@\él f3see in the

series circuit comprising this capacitoer and the windings
10, 12 and 14 respectively during the motor's normal
operating mode. Control windings 18, 20 and 22 are
connected in parallel with windings 10, 12 and 14
respectively and capacitor 16. The windings 18, 20, and
22 are ptéfe:ably of higher inductance and impedance
than the Qinding 10, 12 and 14. Théy may, for example,
20 have more turns of finer wire. |

.-l
(Vi)

Connected with each =eries circuit of main winding
and capacitor are a pair of silicon controlled recti-
fiers, 24 and 26 respectxvely for phase A; 28 and 30
respectively for phase B; and 50 and 52 for phase C.

25 Across each SCR there are connected feedback diodes 54
and 56 in phase A;-SS-and 60 in phase B; 62 and 64 in
phase C. SCR 72 is connected in parallel with the
series circuit of,winding 10 and capacitor 16, and SCR
24 is in series with the series circuit. 1In phase 3,

30 likewise, SCR 30 is in parallel with the series circuit
of main winding 14 and capacitor 16 and SCR 28 is in
series with this series circuit. In phase C, likewise, .
SCR 532 is in safallﬂl with series circuit of main
winding 14 and capacitor 16 and SCR 50 is in series with

35 chis series cizcuit. ' |

' In series with each 0% the SCRs is an inductance
202 for SCR 24, inductance 204 for. SCR 26; 206 for SCR



c circuit 68. The trigger circuit 66 is connected to the series
Xg tcuit of main winding 10 and capacitor 16 at terninals 74 and -76. The
logic circuit 68 controls the operation of the trigger circuit 10 66 and.
simlar logic circuits and trigger circuits are supplied for phases B and C
respectively. In sone cases, a single Ig%ic circuit exists for all three -
trigger circuits 68. The logic circuit is driven by a DC supply as
determ ned byoserics ehicWdrobazenelolaod ofleaTsoanhd oFi 5186, Tdex B,

logi ¢ circuit_being. connected thére etmeen and the zener
to clanp thetBG\kﬂ4%§§°ﬁ§t#ﬁﬁ#%@|€°cﬁﬁéuﬂﬂ earpingwofft the SERsl The

vol tage on ceueHEhgr H£E0 bHthe ldése 21BEaVAbERIT AW &floy s Supplied to the
series circuit of the stator w ndings capacitors, the control w nding

as described and TR %S f‘éhlar?gs?reﬁﬁg‘” Qﬂeaﬁc%’ﬁbﬁlf\‘j‘ﬁls sigpl IRAFR&
from a coﬁvebtaumgalcdﬁ)s:upmryeds flonﬂlphasd tay B?nducﬁzoi§938 Ir and 886

ked ph d.t ful | ve_bridge rectifier
Wi oh 15 congPPed 88 YN G E3gE € e LR, fas IR WRLSRRF 0BTF6H Lihase
B and 92 and6641f30rccpnasst@d tkhethet petriesomiicniftildf wevin rethdiher 18s
deter m ned bylhe: dpadeecbs a1 gl ippede g;bguaagt 7 EORRG LAY Om A BLLLS

to this 30 output, 1 nproves output . eS|
bl eeder reS|§%5FWR$eﬁ@uﬁénmﬁﬁ1%WE#ﬁt%EenﬁtéPnlQﬂmmhﬁﬂﬂanﬂé: cirendsres

 that t heygapgsi bag 9§lﬂi\’h.h.|arbe.§9g¥cd'c5§f'@ﬁg%c§ éﬁdF'tQLig"ge?n #PF&&‘ kS age

illustrated the tipe _seguence whi ch ic circult ase

similar circBPPPYEbrdpERE PRAGE cBushén t?P@@?cémﬁﬂ&Ys oﬂqrﬁpme
respective phasess jOapus SAgIUEYY REl e iPcRi@i @@ sts for all three

trigger circuits 68. . The logic circuit 68 is driven by
~a DC supply as determined by series circuit of zener
15 diode 75 and resxsto: 77, the 1logic c1rcu1t being

ei.ng constituted for phase A by a trigger circuit 66 "connECt ed with a

connected therebetween, and the zener diode 75 acting to
clamp the DC voltage to the logic circuit 68 at a
constant level | _
The voltage on conductors 79 and 8l is a Dc voltage
20 whlch is supplied to the series circuit of the stator
' windings and capac1tors, the control wlndlng as described
and the sw1tch1ng means. The DC supply is itself
obtalned from a conventional AC supply as indicated by
conductors 78, 80 and 82 marked phases A, B and C which
25 are fed to a full wave bridge rectifier which is consti-
tuted by diodes 84 and 86 for phase A; 88 and 90 for
phase B and 92 and 94 for phase C. The output from the
full wave rectifier as determined by the diodes is a
clipped DC output. Capacitor 96 is a filter to this
30  output, and it improves the DC output. Resistor 98 is a
‘bleeder resistor to ensure that when the motor is
switched off, it ensures that the capacitor 96 will
‘become discharged. :
In Figure 2, there is illustrated the time sequence
35 by which logic circuit 68 for phase A and similar
circuits for phase B .and C cause the trigger circutis of
the respective phases to pulse sequentially to obtain a



."13;regul ar three .phasé supply, nanely,, with each phase [err] apart.
Aternatjve pulses fromthe trigger source for each phase are direct

"a\rternatively to each SCR of each phase. Thus in phase A, for exanple; the,

-pulses 5 are alternatively directed td3SCR 24 and SCR 26. The sequenci ng
as illustrated would. be, for phase A the first pulse to SCR 24 and the
second pulse to SCR 72., the pul ses being at [err] displacenent. For phase
B\at [err] displacenent, there would be a pulse for SCR 28 and 10 at [err]

- di spl acenent ragnill se 861 8. ph&se shapd yG, ridmee by wowid the eaghuiprea ser L8CR 52
at a [err] displacenenpt, a .S t he A be_ 3 _.pul 0
-di spl acenent jﬂ%{} Yri ggéﬁﬁgafgﬁ'r"c &R“Zg-ec%nélregws)%or?e agrgg%%%ﬁf‘géa??gn
oscillators eaathsphasenadst adliy edtied adttdsnasdvweby wicerranb SCRhef
oscillators i ur <Qn, i I r oge 7 itc :

© S mul taneousﬁéc%ﬁgggn'd ofpus, % ?ﬁtra%d A7 BF QxR Al puy ses
bel ow. Dfodesesalanerha ticvediyt Idinecs®d 70 S&R 724r ansbc$CReldf so That

_when the S \ . ald1€4 égg Rasy Rar e kgr f ack  dRe

~wavef or m of ﬁ%%ﬁ%oﬁégéag;. ]ffgﬁe d£§994 andﬂ%%\/\gﬂul selge En;'?%ggi {gl've -gul se
and negati vefpdisse Poipectt9eSFER R ¢ hand ehaCses @ agde Patk$8s tohSGBr 7 és

circuit of \ {,ndik B ach her el cqliane
vave o5 "B RULSET ¥ PRG, CHCTRRY, nPRIROHCIt E‘”ﬂﬂ%‘*’ﬁ?gggiz
it

circuit 66 ok28y thbspaiareme@tngtieranwosdshcPeor PBLISS ifOF JCGRuf

the lattes cage e CiiGplafapeAtes Pulled ISR 30 SCRFER iphddd gUpr eHekat 0
a conductive state by the trigger circuit 66 whi a current to

c ayses 30
flow in one HPAEtR®N2 AL 88 £OR oFCR A& AE Fh'eg]%gnaiﬁ]iﬁcﬁg‘es%'?wépgd.
- As capacitor £4¢ BRURNSOt * KPPl Y bl thepylbset ave 2d0/cadisplacehenitef t

mater | al absoct at &8 i 7 ISR R et 95U horke BARBLTER (ot PoREL R i s
tinme, the chaegax¥tion oscillators (not shown in detail) which act

15 so that when one of the oscillators is turned on, it
triggers the one SCR 70 to switech on. Simultanéously
the second SCR 72 is turned off as described mroe fully
below. Diodes S4 and 56 act with the SCRs 70 and 72
respectively so that when the SCRs switch off, the

20 current has a route for feedback. The waveform of the
AC voltage at the SCRs 24 and 26 would be a positive
pulse and negative pulse respectively so that the AC

- voltage across the series circuit of main windiﬁg 10 and
capacitor 16 respeétively would b a square wave.

25 - Switching off of the SCRs can be effected by
the trigger circuit 66 or by the main winding 10 and
capacitor 16 series circuit. In the latter case the
circuit operates as follows: SCR 70 is triggered into a

- conductive state by the trigger circuit 66 which causes
30 a current to flow in one direction. In_this state,
' assume the winding 10 is saturated. As capacitor 16
begins to charge up with the positive polarity'bn the
left hand plate, the current through winding 16 decreases
until the magnetic material associated with this winding

35 comes out of saturation. At this time, the charge on
capacitor 16 is large enough to cause the current
through the winding 10 to change direction since this



ge direction since this capacitor voltage is greater than the DC _

ce voltage. The current then changes direction and this reverse current -
fTows thrpugh diode 54 and causes SCR 70 to turn off. This continues until
trigger circuit 66 causes SCR5 72 to be triggered on. This results in
renovi ng the DC source voltage that mas.ﬁ£p05|ng the voltage on the -
-capacitor 16 which has the net result of™suddenly adding a voltage equal t\Q/

f th | t to th | t ousty seen b ndlng
001 1 SAMRES L 88 T L4 AU o St e
vol tage pre\/l'baslquseem by ttl'hianwcrmangem difkettiniml and ttlsﬁeom@ie?upﬁél ed
across the wiadiag l0:£904 %E-% é’&'§45§88“g9§§§%°§cfﬁ°{ thg g" pdi ng

10 and its associ at ed nagnet erla and t
causi ng a réﬂﬁ@tloﬁh#ﬁtﬁéntﬁ@wﬂﬁnuntxﬁ thbgﬂpndcmgcuﬁt'ﬂﬁaqaqsestSCRl6

then di S@armStbhwg@ﬂ?ge\Mé@' 84 .10. Tl'heé‘erE RREL! ghpl 3 ,ggegwé be

charge in the ogp05|te polarit right han

positi ve. BIGR ¥R E8: {ﬁaéfha‘!’@és QRPPRiNg thhe m&meopmosme

_polarlty,tfuapaé&&mxtimowﬂhchhﬁd@'Hhéwhé@ ﬂ@éﬁEGSQQ‘@ddaéHE?J£§Wiﬁ gt hat
It goes out of uratlon ang into ggﬁ edance state e current

t hr ough the%ha e S s%léaés tl??gﬁ?"’rFa‘Flﬁ BrAEade &fpaeheor
16 is p03|Uw&ite@aﬂpﬁavmoaﬁlyhsebm%bmaﬂHeMMﬂﬁalnimﬁnpurT@@ HPHRESES

oV ond o4 POASY BHLERNY BRI KT AhhedR Bo N Bhosnnce
voltage is W(ﬂ/l%l@l@led Rreev heusdly ageeon ltihethapadmd)thG M th rthe MHotabul t
~that the Ydefﬁﬁgggdﬁéﬁmhbﬁﬁﬁe&hEchgg'Ehéibfﬁgzhﬁslas§g% t&JBgpetic
material is-exceeded and it~ ", - _ e ]
the volt-second capacity of the winding 10 and its
associated magnetic material and the latter saturates,
15 causing a reduction in the inductance of the winding
10. The capacitor l&fthen disCharges through the
winding 10. The capacitor 16 now begins to charge in
the opposite polarity, i.e., the right hand plate
becomes'positive."When the capacitor 16 charges up in
20 this new and opposite polarity, the currént'thrcugh.the
windiné_lo decreases with the result that it goes out of
saturation and into a higher impedance state. The
~current through the winding 10 then reverses as the
right hand plate of capacitor 16 is positive relative to
25 the left hand plate. This current passes through the
diode 56 and causes SCR 72 to turn off, _
This condition continues until trigger circuit
66 again triggers SCR 70 on. The DC source voltage is
now added to the voltage on the capacitor 16 with the
30 result that the volt-second capacity of the winding 10
and its associated magnetic material is exceeded_and it
again goes into saturation and the current flows as .
originally described. The cycle then repeats itself,
The result is a self-commutating AC induction motor-
35 inverter runnihg from a source of DC power. As used
herein the term AC voltage is thus intended to include
both a normal line voltage and a voltage whose polarity

€f{a3|tor 16 is large enough to cause the current through t he wi ndi ng 10 to\)
3 A»z 7




i n goes into saturailon and the current flows as originally descrlb :
Tﬁg cycle then repeats itself. The result is a self-comutating AC ‘ Lo
induction notor- 35 inverter running frkim a source of DC power. As useéd

herein the term AC voltage is thus intended to include both a normal |ine

vol tage andsa ged {6@€cuase dterséd as Yy isnpeavedicedl|y reversed as by
an inverter. The s eed of the nmptor is changed By the tri ger circuits 66

anmd—ot her triggeR DB AR RS F pﬁ&s&c’ﬁoéndl% F ?d&? fvay thendnedessh

trigger ci eqLHéuUt@essr Qi bWhdd 2Bgiigiq¥s @Decaipet erid osmigEsf or agdch
of the trigger circuits. . Varying the résistance of the potlen- tioneter

vari es the eﬁ%saﬁﬁﬁbYePﬁb tr &Rt k4 8r e @GR uFELIHRCt Rl HehgEReFRe are

frequengy Qfxé)S%»‘ éﬁ@PQt‘HrEh%A&ar&S' 8b¥chtidRicSc £hanges dhenpW serhdd € -
to the two 10, SCRs 70 and 72 respectively an the SCRs for the tw phases 3

and C. A &rn’gﬂieéorﬁ?hélcmo‘isall 2EYhSCeI®- L AELEEANCE nh FRedPeS et
the frequendomante ¢hralds tfiket §agee I £9Noper H&df&z%dg»ihs@@x?ozﬁk&uu?e

change in freguency of the AC acrdss the stator permts ange I n not or

speed. Th@éiéhe‘:%us. ammén&%ﬁuz;h@ frpguenceyged %éﬁmlt]satépﬁa Qb L8R e
speed 1Dt Of, ﬁsrfgwfﬁ er&%é&ﬁe@‘ tRe T A%éesfi%'&' ansusiﬁswdoed

above. Brle ase A en a sfjuare waveé vol tage thr
swi t ch&8 7(5%135 700i silaépl'f 2dri®sSPRe Q@va/&mdang e t S@Rﬁapé@ft (ﬁHQGtMI ns

to char ge g geQurd cghd I0VS PLGY 1S IR aILI0ELQ At dse Lheauahdle

wi nding 18°F the rotor Spee i nCrease,
i nduct ance agtens viﬁdpﬂgi\ﬂz)dadccﬂQS tb@cth th&t fnequeney r@hi@get odetaiek

ol oo A TR e s e < 8004 OIS ARG SLhBUIILE e LRSS
frequency of the AC across the soato: permits changs in
15 motor speed. Thus the variable f*equency trzgger s;gnal
.i:permlts for a variable speed motor, as required.

The ope:atzon of the motor shown is as descrlbed
above. B:Lefly, for phase A when a square wave AC
voltage through switches 70 and 72 is applied to the

20 winding 10 the capacitor 18 begins to charge and a
- current flows through the winding 10 and also through
the winding 18. As the rotor speed and the back e.m.f.
increase, the-effeotive induotanoe of the winding'lﬂ
becomes such that this winding 10, together with the

25 capacitor 16, goes into the operating mode. In other
words, the effective volt-second capacity of the winding

10 and its associated magnetic material becomes suffi-
ciently large enough to permit the operation of the
device in the manner describéd'previously,*i;e., the

30 capacitor 16 will periodically change, discharge and
recharge in the ooposite-directiOn causing the magnetic
material associated with the winding 10 to switch from a
aon-saturated to a saturated condition while maintaining

the average flux Zensity quite large., The same effects

35 will take place in esach of the other thases 3 and C.

(1]

-
Refe:iing to figurs 3 there is shown the relativ
ve groups ol cecils which

phvsical disposizion of twels



rmt the operation of the device in the manner ‘descri bed previously,

]@d Its associ ated magnetlc mat eri al becones suffi- CI ently Iarge enough.
t
I 4

- the 30 capacitor 16 will periodically change, discharge and. recharge
in the opposite direction causing the magnetic materi-al associated with the
winding 10 to switch froma non-saturated to a saturated condition whi'l &
mai nt ai ni ng t he average flux density qui 1 | arge. - The sane effects 35
will take place in each of the other phases B and C Referring to Figure 3\
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pol es of the4n§|orlgv| Y b9 ar e flepi g;,qq_ | r%hg%kv%{sg P aééogfb)ﬁhrwrm%a%‘s 5

1, 8A and 3 (representing phases A B an

magiieti c porlé

2 and 6 (repf&Beitih@pRasdeP g trdarin ccdp okl secowtatiprtby poherald, 5
“and 9 (resreﬁensnncaﬂmasesc r/ép:Pesaneli&; naBSst h' re rﬁ-ﬂi‘%'&fpﬁ’ﬁé)fii‘% )7A

magneti c pol e

8 d 9A four t
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define magneti ofpdzll'@ sagoaal @ﬁidryetmdpdslye} he7yrisn addndj noe

&9t €SeR¥ing .

subst anti al | The _ord t.he po are s hth ther tatin '
fields creat%higﬁ t i ngl ARG %ﬂ‘gg t%dgfe 18388t R ofAredin
the sanme di raedi A Thepeeskmapmegt p«hdsaasllng i8S emal vz:alcemt the dour th

appr oxi ngy eI y&{fé%_oo??ﬁéal ofﬂgg%taégj Eggdﬁg&f I8§1§\|ﬂe (gl ng effect | $n

Illustrated Wi ndrngs in

i ndi cat ed bynawmga) argh&heicogtaps whddig povbs chf de”ﬁa.me)nugmetxc
wi ndi ”95 V' %ﬂe@%ﬁh@%é&’l@éﬁﬂi‘ PealdGgV 8 eSWSEn IGRNE Sy bpoﬁ%r%s

substantlally 90° The order of the poles are such that

8A", 3' .

15

20

25

.30

35

~ the rotating fields created by_the main windings and the

control windings rotate ih the same direction. The 90°

magnetic leading is. equlvalent to an approxlmately 45°

physical offset and the magnetlc leading effect is
illustrated by reading the windings in a counterclockwise
sense as indicated by arrow 50. The coil groups and
poles of the control windings viewed physically are in a
clockwise sense depicted by numerals 8a‘', 30 and 4'
(representing phases A) B and C of a first magnetic
pole); 2', 6' and 7! (representing.a second magnetic
pole); 5', 9' and 7A' (representing a third magnetic
pole); and 8', 9A' and 1l' (representing the fourth
magnetic pole). | ' -

‘The numerals'of the main and control windings
refer to the leads from the coil groups constituting a
part of each winding, there being four coil groups for
each winding of each phase. _

' The interconnection of the four coil groups consti-
tuting phase A of the main winding and phase A' of the
control winding has been illustrated only. The lines
lnterconnectlng phases B and C of the main winding and
B' and C' of the control wzndlng have not been illus-
trated for the sake of clarlty, but it would be clearly
apparent to anyone skilled in the art how these windings

v



(rgpresenti ng phases A, B and C of ‘a first magnetic pole); 2', 6 ang N
(representing a second magnetic pol e) 17 5', 9" and 7A" (representing d'
Jmagnetic 25 pole); and 8, 9A" and 1" (representing the fourth magne

pol e), The nunerals of the main and control windi ng_s refer to the le ds

fromthe ctduldr ipscommected nytsegarfo bl QRIS WA NEOPRRESEHS P Four  ~
coil grouns, £95<39 ag3F M W DglkRg Q,fﬂq.ac,{b‘phggede‘gqq:qﬁ@[connect ion of the

f ur coi l 'groups cons | - tuting phase of the nain winding and phase A of
the control wi n@he Basi besn: vuipsngs edforphaseand I‘i’%bshl G 8 STt ng

phases B 30deCail4ANG UMY Do¥! 1ok le¥] 23203 2dnd P4 EemdeRElveEnding

have not bé&en us- t e sake of clarity, but- it _wquld be
clearl s apq:)an.é.ntgtou@rme’ 8Ri whdeh ni $ heoarechesd t%s’elﬂﬁnéﬂégst° cqil

woul d bec e ter owi.ng cpan ¢f a
which wi || %3\/{3% q'c1aaésér l'Ieic?lé:hT\rq{Irpctc:)|L‘fb'%grgﬁ ?ﬁiiﬁgé daase? 1q§?€h§?gn§%?tute
the main vcodﬂ.nggt)euwee}m&ead&lchl;nciSZAt§§rﬂre‘h@éf\ﬂQ‘ﬁ°@ b&’oﬂ-lmgfrdtﬁﬁ n§® 100

which is ¢ ct | c . t
connoct od SY R (EEHp (188 Whidno tag Sl £Pee WLl TR {LI] Hach of
105 to coi thgr apilogr awpeh nhrasthnes fe:eanpé@d has  thegehcoilise 3041 it

a0 aca "ot BA R thhS SBofftede FRIL Grihodi 10005 R 198 and

cr e?t er gggblsla eagcé ee oqh aa.gm lggmmatnﬁr tnegsg%yoftq here@ate epncs bFeeach

‘rsce”spegtweP?i‘;,]\% gtj ?%ﬁ%dﬁra%%{ﬂ §ﬁ £ rrou%%ﬂcu%rfrégge 1;@9_—;}2%%%% roup.

Line 101 ceardrtsoddi IggoappsslG@umd 102 thie isame Seaski.ng AHRWI110dnd

11.2- 108, 109 and 110 respectively indicate the d:.r_ect:.on of

15 the current of sach coil group. Line 101 connects coil

. groups 100 and 102 at their trailing ends 11l and 112;

line 103 connects coil groups 102 and 104 at their

leading ends 113 and 114; and line 105 connects coil

groups 104 and 106 at their trailing ends 115 and 116.

20 Leads 1 and 7A leave the coil groups 100 and 106 at the
~1eadmg ends 117 and 118. | |

' The control w:.nd:.ng of COll groupxngs of phase A' is

similarly connected between leads 8A' and 21, Commencing

from coil grouping 119, the line 120 connects coil group

25 121; line 122 connects coil group 121 to co:.l group 123;

line 124 connects colil g;oup_lZ}:win%%.iésgroqp 125.

Opposite currents are in radially adjacent / as depicted by

arrows 126, 127, 128 and 129, and a similar trailing and

leading connection of the coil groupings as described

30 . above with regard to the main. windings of phase A exist

with regard to the control windings. Line 120 connects

the :trailing and 130 of coil group 119 with trailing end

131 of coil group 121; line 122 connects the leading end

of 132 of coil group 121 with leading end 133 of coil

315 group 123; line 124 connects the trailing end 134 of

' coil group 123 with trailing end 135 02 coil group 1l25.

Leads 8A' and 2' lesave the coil group 119 and 125 from
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e 103 connects coil groups 102 and 104 at their |eadi ng ehds 113 and .
-and |ine 105 connects coil groups 104 and 106 at their trailing ends
nd 116.. 20 Leads 1 and 7A |l eave the coil groups 100 and 106 at the

ing ends 117 and 118. The control w nding of coil groupings -of phase A

is simlarly connected between | eads 8A' and 2'. Conmencing from coil

grouping 119, the line 120 .connects coi 11 roup 25 121; line 122 connects _
coil group 121 to coil group 123; line 124 connects coil group 123 t 0 \o/

coil group 128adDpgoeinds Q& emﬂ BBe, lﬁefs@élcﬁﬂlvl)él%m acgnt/ as depl ct edt by
arrows 126, 127, 29, .an SLm ar..tr I ng an connec i on
S5 %I[ iﬁa fe

of the coil group r’l&'fg%riigsm%%ﬁ 0*Saf m@he 8
wi ndi ngs of pbasheA eebpeatiive regil dgt:ouplse wdahi rlQllndB nﬂmaasconhleaftl

ts the a|I a 13 tral i ng end_131 of _
gglnlne;rgup 1‘2&& Iierﬁgizggigon‘g%ggs%t%%?? é’@rﬁf iﬁrgg 5%’&565121
with | eadd ngB tndn13chef comtirgs . wg.rmijpngzis Id@Einag ctmtvaeea ﬂ.bedsr 8|A|d| ng
d 134 of .- ds
BA. and 2 1okt neocshe denpdqalve ol ok dheY VikA | DLGKR AReecBIC,
137, respectR9€I8ingi fihar Io)ﬁlp)ﬁaseth scodfli rpgommoeot |IBhdsiniahar8X.t o
the respectipgag@i |c gfguaafwﬁéa Iweseéat Qéseanscta'ﬂaﬁ énpet&t gﬁé bup %L' |

groups of phase B sim |l arl Phases B he contr I ng |s efl ned

bet ween | ead®! B& °z§’n’d139’-'961H$1eWF-$§beJc%P9é ddﬂeéFGtheQ\FFﬁg] itRe psbercon-

necting 1de ohbercs v @rbu@@uai oi:hlasél 0] |s’3‘£in)il£’f‘4§e C pradef igedjg
"bet ween Iead$ o thei ec- ive co rou s wth |ines

i nt er connect %glf’ﬁ Vefd’ éoﬁ gP‘BG‘ps Bhé’é’te ELFPRFRAYS. COiphase
C is ‘defi neskdegpsecef Céads.méllaaﬂcy 7' Fnomheheeale@:t:li\gtmbf connect-

ing the coxl groups of phases a and A', it will be
obvious to anyone skllled in the art how the coil groups
15 of phases B, B!, C and C' are connected.

In Figures 3 and 4 the magnetic poles are 1nd1cated
by the dashed lines 32a, 32b, 32c and 324 for the main
windings and 34a, 34b, 34c and 344 for the control wind-
ings. Figure 4 illustrates linerally the relationship of

20 the various magnetic poles, and the coils constituting
such poles. Arrow 52 indicates the direction of viewing
the poles. The center of each pole of the main winding
passes through phase B, and the center of the control
winding poles pass through the winding B'. Between the

.

25 phases C and A and C' and A', respectlvely, are the ends
~ of each of the poles, ' '
The rotor for the motor is indicated by numeral 200
and it will be seen that the main windings in the stator
are closer to the rotor 200 and the effect of this is to
30 reduce the leakage reactance of the maih windiﬁg and
thereby minimize losses. 1In the case where the control
winding is located closest to the rotor there would be
hlgher leakage reactance and possible lower efficiency,
but the starting torque and breakdown torgue would be

35 higher. : S
The coils of the control wlndlngs are wound in
an opposite sense to the windings of the main winding



gr_gups of C simJlarly. Fromthe description of connect- ing the coil

“oups of phases A and A, it wll be obvious to anyone skilled in thea~/
- how the coil groups 15 of phases B, B9, C and C are connected. In Figlres -
3 and. 4 the nmagnetic poles"are i ndi cated by the dashed |ines 32a, 32b, 32c

and 32d foig Ce8Rd s34k SO r
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efficiency, .bui_the starti e _and r ewould be 35

hi gher. é:l}%}rxf sVoF Pﬁé &%#%‘Fg% r?éélaegg%\%ﬁgiﬁ the opposite sense to
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produced |sq1md1j,ﬁgzedasel§ ;h}hpsli,aad, 1y iggreases t he current of the control
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Control Winding: B'C'A' B'C'A' B'C'a' B'C'A’

15 The vectorial reoresen.atlon of the voltage and
.currenu through the windings on one radial line is
depicted 1n Figure 3. Thus, in the main w*nd*ng the
voltage and current of phase A is illustrated and in the
control winding the voltage and current of phase B! is
'20f.illustrated the physical locations of these windings
being opposite each other. Vector 36 indicates the
voltage over the main winding of phase A and vector 38
the current in the phase A winding at no-load. As the
load increases the current vector 38 moves %to position
- 25 40 which represents the overload pos;tion. The ratad
load position is betweenh vectors 38 and 40 but is not
shown in the drawings; In the control winding of phase
3 vector 42 depicts the voltage across this winding
which is dlsplaced 120° from the volt age of phase A. At
30 no-load the current is substantially in phase dlth the

. vyector 38 as is indicated by vector 44.

"In-phase" in ideal situations would mean no phase
_dié?lacemen: at all and as such a motor would operate
efficiently at close to no load. In the sense used in

35 this applicatzion "in-phase" must be considered of wider
~meaniag dépeﬁﬁﬂng on the particuia: motor itself, In
prefe::éd f£orms cf the inben:ion tﬁis angle will be



' e of the counterwound effect, this causes flux of -t:,he respective main .
@ntrol W ndings to increase as their vectors approach an additive <
p

_ on. 10 In the nmotor of Figures 3 therefore the alignnent of the
mai n wi ndi ng phases and the correspondi ng control wi nding phases physi cally
i s: Main Wnding: ' ABC ABC ABC ABCControl Wnding:
BCA BCA BCA BCA 15 20 The vectorial representation of. -
‘the voltage and current th_rough the wi ndings on one radial, liine is t
depicted in oT R th £ a Br.en
of Iophase A |§blglwlre;esxt5rgte nd Pn thgptgggtgrr\g;ﬂ% n;g,lg]e;{ géo??aigggngh al

current of phase Bhig 20‘°‘43+4u‘3€r§?édat ﬁétﬁwﬁs}i%loﬂ ot MO BALS epetrmg@g

s e ety S it s 1408 e aut | i
terralnvmnln e A and vector r
wi ndi ng at nB°F w‘ggiﬁhé’Q‘b%dCP 2esIPR ttQ/e‘E‘? o$°99 FBRERrO

position 25 td@ i\dtmsrepldespoloe tfhﬁDvalaﬁactmastE:lmisIhezsﬁt edfl end

d, 40 t
Pre control binBRdsd PERATS b ALGA0abYE LBAR0EN P g0, Sad! BHalHR-
wi ndi ng whi chelrsl- sﬂ:émmm Jldr ddtemitdeara thge:hoé fﬁﬁasseﬂczgeéﬁ wduld
t \V as
Pﬁd: gg?eéhgy%%%e4 P%téaﬂiloasé ycar}ld‘i)g%%'es%%dat gﬁs E\?\bél S Fedr n%oﬁhase
di spl acenentesamplie anﬁlh&s m@heserdbffe@anaeopsr dtld uftt atedt b5 &7.8Pose
to no loggl. atNpbhe sg@se UPd-hR 32 48ba 3 Cehle O”t ofegh%eﬁ?ihg

consi dered of w der npani ng dependi ng on the: parti.cular
preferred fot®dEesi WhkChnF&fiebntrhithangame,notes as Arpictednipethe.

Pr ef er abl y tdw 6 r @@ drbEa'tQ%stqu{s of Figure 5 the optimum efficiency
is shown at 25% overload. If optimum efficiency was
required, for instance at 50% overload. this low load

15 phase angle defined above would be even greater than
67.8°, '
As the load increases the angle of lead between
IA and'IB, moves to position 46 and the relative
currents become out of phase. This angle approaches,
20 but does not reach 180° and hence the vectorial sum of
the current I and IB' is reduced. 1In this manner
the power factor of the motor is increased as the motor
is loaded up to rated load. Similar vectorial represen-
tations and changes can be shown for the other adjacent
25 phases, namely, B and C', and C and A', respectively.
This optimized flux density is achieved by physi-
- cally locating adjacently the windings of phases A and
B', B and C', C and A'_in the manner shown in Figures 3
and 4, and employing the currents in these windings as
- 30 depicted and described in connection with Figure 5 to
generate the consequent net flux by the adjacent windings
A and B', B' and C', and C and A', respectively.
The flux densxty is optimized for the ‘particular
~load conditions, as is reflected in the vectorial
35 .poSLtions of IA and IB.. This in turn minimizes the
line current for the particular loading. Thus, flux
denszty control results in minimized line currents
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[err], which would be for a situation of a notor operating in a ran
close to.no load to rated |l oad. Such a notor woul d have conbi ned gopd?

- fo no | oad

i n-phase angle were greater than 60 the no |oad charac- teristics would

charac- 5 teristics and go®H full |oad characteristics.
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25

30

It has also been found that the motor can operate
above its rated load at higher efficiency than has
previously been possible. 1In such an overload situation,
the vectorial change of the current IB' is such as to
change from the position 46 to the position 48. At this
point the position of the vectorial displacement between
IA and IB'
factor and efficient operating conditions prevail.

In tests conducted with a Wanlass motor Al8D2 Model
F-4427, three phase, one horsepower, 230 volt running at
1755 RPM at rated load and having a breakdown torque of
148 inch 1bs. the following relevant data was obtained.

is slightly less that 180°. BHigher power

A 10 mzcrofarad capacitor was connected in series with
each main winding. At low load, the motor ou_put was
.0:7 horsepowear, and the main windings drew some 510

- watts of power whlle the cont‘ol w11dlnas generated some

'390 watts bacx into the system. This provided an

overall efficiency of 35.4%. At 0,341 horsepower the
hain'windings consumed 504 watts wb,_e the control
windings generated 174 watts back into the svstem
thereby civing a 76.8% efficiency. At-fa:ed lcagd the

main windings consumed 479 wa:zts ané the control winédings

ion 46 and the relative currents

up

in

p agter q_’i"'and
T _
grmlglég%fée Vebkgel Ea%wxhggnl%néﬁmm "Beg HBEBrsstﬁﬂe,

ns



recessary for particular |oading conditions. Conparatively, in a
*frd motor ‘the flux density is relatively independent of |oad and thus
e current is substantially independent of |oad, there 5 being |ess
- nce between no-load and full load. |In the present arrangenent- --
however, the flux densities are nore |ogg dependent and hence at | ower
poi nt s there are reduced line currents, and this produces higher effi- o
ciency over the notor operating range and not solely 10 about the rated \*/
| oad poi nt. CoaBgREntDe L rhe qpddrt be nt HEr pReseha tar? Snjertd i 3 BRWeRVI ng

higher effidengy aacE‘th'tQJ‘eEhQ‘&Wff@EEﬁF; Oé/eﬁo%ef:arczﬂﬁ%h@r rapge dd@p has
previously Been:possib ~and additional 'y has a_speed vari ab

e
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F- 4427, thr@e aoriaeese@ceﬂémrsepamlut m@mapowmmag an emaamcm imt ed

| oad and hawageésbgﬁagé@w%tgm ridembie belel-0HdNL£! £y ant
data was obtal ned m crof ara ca s connected Tn series wth
each mailf witd# nBr 1oAt abh. | 0d$ the | QﬁJt’ﬁ!ﬁ BREoB0 incgRaSast schRer

and the ”ai%dMiﬁmeg%ﬂ“€M65@@h€F91WW¥ﬁHPE?BWEHaHQéBeﬂi@ GeRitddial
wnndlngs generated sonme 390 watts back .into The system Thi s provi ded an

position as indicated earlier. 0verall the power factor

" of the motor was in the range between 0.9 ‘and 0.97.

 In some forms of the invention it has been found

15 desirable to: increase the starting torque and the

breakdown torque of the motor by improving the symmetry

of the magnetic fields. The physical placement of the

main and control windings relative to each other as

depicted in Figures 3 and 4 does not provide an exact

20 gquadrature relationship physically and magnetically in

the three phese, four pole motor. Such a physical

qpadrature'rela;ionship requires the center of the

control windings'to_be between the poles of the main

windings, and for this purpose it is necessary to move

25 the winding$ relative to eaé¢h other_by some 30° electri-

cal, namely, some 15° physical. Eéch slot in a conven-

tional stator depicts a change of 20° electrical (10°

phy51cal) ‘and hence in the tested motor the windings

were moved over 20° electrlcal and not the 30° electrical

30 which was phys1cally impossible. This lmproved the

"~ alignment 0f the center of the poles of the control

windings to a point close to the position between the

poles of main windings, the mlsallgnment belng only some

10° electrical. The symmetry of the magnetlc field was

35 accordingly improved. The effect of this adjustment is

to cause alignment of the main windings and control
windings poles as follows: |
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overal |l efficiency of 35.4% At 0.341 horsepower the main w ndings o
tdnsumed 504 watts while the control 35 windings generated 174 wa )bgck
.into the systemthereby civing a 76.8% efficiency. At rated |oa Arai
_mnndlngs consuned 479 watts and the control w ndings 22 changed
condi ti-on fromthat of being a power gggerator to that of being a power
consuner, in fact consum ng 368 watts nd the overall efficiency was sone.
8X_3% As the nDtor was run above rated load to 1.9 5 horSepomer t he
control w ndi

asingly drew,p ef fi | y beca 4.6%
Overall the o %o é%%b&%r not or ef%gyﬁgv 3A'€ atedg he r§h§§ of 0.5
horsepower t Cavorel 2ZWhnd $sgover atC'an elf'fB'cﬂbncyA!Bl @kcesa'sf'C82. 1%'\B'f| ch
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notor increased curren he co w ndi ngs ts ve orlal
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been found 15 desirable to increase fhe starting, torque and the breakdown
‘torque of thea®dtBr rbyF ??@?Sﬁlﬁf“’c}ﬁe"@%tw ofathebabyneni thei ends ofrhe

. physi cal plaqgﬂgqp;pésrhe mai n and control w ndings relatlve to each other
.as depicted in Fi oes .not provi de an_exact q rature
rel ati onship phys?ﬂ% ﬁ%gﬁﬂ: a% ES & 549?F¥F?hF%e”%ﬁﬁgge Egﬁ SR
not or . Suchimg plty:sr qale candr & tiea k@&bahi shgper e;q.uzh@att de tmementm‘l t he
control . windi. b t he Les Of 5t d n d fqr hIS
pur pose dﬂ'l sgﬁgﬁégs ?ﬁ/ %x’\errg% Egﬁes]\/ﬁ Eg? e'I at 5 gagggﬁ Q; :t
some [erﬂ el Wt rfollewingapatamesems ﬂéqﬁnanhxéveihch slot in a conven-
tlonal stato&iyg)ﬁgftggghange of [err] electrlffbv(loo

Capacitor in Main Winding 10 Mlcrofarad
Breakdown To:que 146 inch.lb At 1203 RPM

15 Starting Torgque . 119 inch.1b
Locked Rotor Total Current 19.3 Amperes
Rated Load = 36 inch.1lb at 1755

. | RPM = 1.033 HP

_Input'Powef_ : . . = 857 wWatts

‘20 Efficiency '87.3%
Power Factor 0.94

The parameters of the motor when 6perated in over-
load conditions of 25% were:

- Line Voltage 230" _
25 Capacitor in Main Winding 10 Microfarad
Breakdown Torque 146 inch.lb At 1203 RPM
Starting Torque - 119 inch.lb
Locked Rotor Total Current ~ 19.3 Amperes
Overload of 25% | = 45 inch.1b at 1740
30 - o . RPM = 1.243 HP
Input Power - = 1056 Watts
- Efficiency ' : , '87.8%
Power Factor - R 0.95

The changeover of the control windings from a -
35 generative phase to a motoring phase occurred at approxi-
mately 24 inch.lb. This represented an overall increase

in starting torque of some 23% and in breakdown torgue -



physi ~and hence in the tested motor the windi ngs were noved over 200

el ect [ and not the 300 electrical 30 which was physically inpossible.
Thi s  iN®rpved the alignnent of the center_,of the poles of the control
windings"to a point close to the p03|t|or?"‘between t he poles of main

wi ndi ngs, the m salignnent being only sone [err] electrical. The synmet ry
of the magnit sonfe el @ IwasoSbaradcoridimgtiyei npnesetne tTheadf,f edtysicably

adj ust nment use .al i ggnent he wi ndi ngs and control w ndi ngs;\_j
ifongred Baihy REGRr ot el Ll

polesasf TABC ABC ABC A
B C.Control annng:ther dkxampA 85Cof ¥hB @otoh B ﬂacﬁdﬁxeThe\abnge
L,ng _bet ween, dings Cand A  and

r epr esent atlg ﬁ] S _an exa er at (gd ac- Pjh ",

C and A t5%%Fsn Jé‘é’F‘ §no ?5ﬁaFné’°[ =t th%rcé' §e fhé"BoI es
Bf?nd Bf u$?escﬁmvdnmmmbﬁesowﬁaﬂén¢mﬂaceaﬂﬁzng§mbne§ hmaruifsoiib&

ef fect of t |scanev\asto start ng Lor rea

torque w thoHF SRS H ﬁetrﬁ%f‘sldmngige ﬁl FE T3t ni ﬁ‘ér rlg}?g B
testedrnﬂ@fté&ohﬂlbwrwhbehmwmer&wwuﬁmqgnefe¢h¢|meﬁﬁ&tagald ba

230 CapaC|tor i Main Wndin crof.arad Breakdown Torgye 146 '
Cnch. b BOveR S90SB%A B DRE i gvRGRELal 41 sPosLEion woyfd b

inch | b LQ:K«:CE&Q@Q{tTotatzmwse, the ri@m%é\fme:resﬂﬁaeéé_oact the
= 36 i,nch. 1b at 1755 i O% HP, Jggut Powe =
857 WK s BACRERE & call difPerent' °a‘§"7’e§$’o‘-'|50wer Fact or

0.94 The par arreugr sa ot elnfiet MRy _Mé@h apgaat ash i H1AMestrate the manner
in which the thxée coils of the polyphase main stator
winding would be physically wound on the stator core as
ady conventional technigque such as lap winding or

15 concentric winding would be satisfactory as will be
readily apparent to one skilled in the art. -Similarly,
the construction of the rotor has not beenillustrated as
any suitable rotor, i.e., a squlrrel cage or wound rotor
could be used.

20 ~ In another example of the inventlon, motors could,
for instance, be wired according to dual voltage tech-
nigques of double w*ndxngs. ,
| The invention also has acnllcatlon/51;uablons where
existing motors are to be rewound and construc ed in the

25 manner herein described. 1In such a situation the
standard.motbr frame provides a stator which has that

_Iquantity of_mégnetic material hecessa:y for operation
under existiﬁg standard design. However,'wheh recon-
structed in terms of the present invention and designed

30 to operate at its rated cutput it will not be necessary
to employ-all the magnetic material which is available.
In such nxanslos the motor will be wound so that the

oltage across the capacitor added to the input volta e
will not cause the volt-second capacity of the core o

35 be exceeded and not have the core operate periodically

between saturated and non-saturatad conditions. If the

-
- -

. magne+tic material in such a2n instance were used &

(4]



«Load condi tions of 25%5mer§: Li ne Vol t age [err] 25:

Capacitosr in Main Wnding 10 Kicrofarad Breakdomn Torque 146 ...
Jnch.lb At 1203 RPM Starting Torque ' 119 b
Locked Rot or Total Current ' 19. 3 Amperes CNerIoad of 25%

45 inch.l b at 1740 30 RPM = 1. 243
HP | nput Power =2%056 Watts Efficiency
8X_8% Power Fact or 0. 95 The changeover of the control

W ndings 11 OTfy A5un0SNELALINS, HIPSSoLE ALLRLE' /1A PNERE QALK Yol ana

approxi - nate I'nc s Tepresen overall ~inCreasé in
starting torquehef veohb-ZBcand i papaakdewe forthe core wha soew cldes ed

conpar ed with %&elaa&%y Py} EAbn RRXSIGAI A 1nedt @ doEDLAL HBREY! BRG14.

earlier. In other exarrp “the notor .or nmachine having a differen |
nunber of magrR8 ikighedss, WBP Pﬁs&%h%élliwf@ 'Hbl—%sm%ﬁ %ﬁxnﬁél as fiﬁélf'

angul ar ar rsanggyeat ao&noba/eetewlair rsgﬁqs.@a@idmwwyé dabRodbtf 8EeRHated
Furt her the nunber slots e wWn he notor woul d be

Toven Lo oot AT SREEbE EeaBEEAd (apasa | ORLHOBSE BAT (POYRFoRACtRE e,
t he nunber of gffibesealicyt rmh&eamhisel\wlﬂhaal kHorstand&t@niotor and

7 d X whi h
Phr o6 ool 15 ot The TFH § AARE FRFHCRRLT by O SRy wal FLLAPRFG AT Fy HBSnd
on the stator pre®eas dmyvenhiem i tnas uescrxiJs:pJetksamhe:asstang\modomg may15
Coneentr! aon U Pl d it eLiSHEC Sdo PR MAL BE ereAiLY AR eI ! RONC

skilled inthe ar cons fuc ot Or has nho
illustrated agperate perlodlcally between saturation and non—satura-

tion conditions and in the manner of the invention such

that standard motor frame could now produce higher

output and better power factors and higher efficiencies
15 than has previously been possible.

It should be understood that while the foregoing
descripticn of the operation of the motor is believed to
best describe the physical phenomena present in its
operation, it is not meant in any way to limit the scope

20 of the present invention, and that the operation of the
motor or machine may some day be better explained.

The term "in-phase"™ has been explained above with
regard to the vectorial positions of the currents in the
main winding and adjacent control windings. The term

25 "out-of-phase" means a.change from the normal "in-phase"
status between the vectorial positions of these currents.
Thus no limitation or value of angle can be imparted to
define that vectorial position which will define "out-of-
phase" |

30 In the example described the control winding
and series circuit constituted'by the main winding and
cépacitor have been connected in parallel with each
other under configuration. The invention would also
operate for delta connections of the series circuit and

35 parallel connected control winding, and also for dif-
ferent combinations of wye serieé circuit and delta
control circuit, and vice versa.



[}

40 gm@her exanple of the invention, notors could, for instance, be wired &
accoxding to dual voltage tech- niques of double w ndings. The invention

al so has application in/situations wher@existing notors are to be rewound ?
and constructed in the 25 manner herein described. In such a situation

the standard notor frame provides a stator which has that quantity of
magnetic material necessary for operation under existing standard design. \/
However, when recon- structed in ternms of the present invention and

designed 30 to,operatg at its rated output ([t wiLl not be necessary to

enpl gy all the hagnet il HRANEE u P i BRI Y AALALF R P uéﬁlé%bpés meResS

motor will. be ngundhé&@nt F@.lﬁb%:\é(ﬂédag@naeb%anté@i_&@pasi;horch@dafhagngbe of
i nput voltage will not cause the volt-second capacity of the core to 3 be

exceeded and nBRehAREPHe core pePafe HeP FOATaF Pyt et shbthdng srYyld
non- sat ur at ed 5?@& E-'é‘:gg'sw id tR@e "PORAlifg 80 L¥ | Ghel mMAEERn@ AR A Ereby

were used to it maxi mum capacity in accordance with the invention
and the vol #- sGA%ER cAp&RG t FUPPLietoorkenahangad ke Besddiakle yACt ABRPLY .
the overall ragikng @fa POk Ve # iq!',\@%__. originally and this
may be not as gsiqr? g\gﬁng%OPrpartxﬁlé%%? appl _‘%:at'l ns where a motor of
rated output is reqdite@BRULS 8AHIOLOR BNEOLS CP6k cthakd Wi dnsrgtion
characteristicsglhagd he i pRAY deBDl O ANGPa DAl d BEREASEn BBEIGIONRs W Pihe
An advant age of "t he present’ invention thus Is also that existing notors may
10 be reconst rBet%@ri ,rAdcorASAbAE t hlthies fRaheidonand opersgeibed. The
peri odi call )y PELWRRDo 3G 8L ek £RE iR 28! Witas! ¥ ALY 1 PIdskRalYe
manner of the i1nvenlion“uch _

' and exemplary only. ' o :

anyt able rotor, i.e., a squirrel cage or wound rotor ':coul=d be used. 20



that standard notor frame coul d now produce higher output and better power
t%étors and higher efficiencies 15 than has previously been possible. | '
Shoul d 'be undetstood that while the foregoing description of the oper

of the notor is believed to best describe the physical phenonmena pres n
its operation, it is not neant in any way to limt the scope 20 of th
present invention, and that the operation of the nmotor or machine may sone
day _be better explained. The term"in-@yase" has been expl ai ned above with
regard to the vectorial positions of the currents in the main w nding and
adj acent control wi ndings. The term 25 "out-of-phase” nmeans a change from

.the normal "in-phase" status between the vectorial positions of" t hese
current@laimas no linitation or value of angle can be inparted to define
that vectorial position which will define "out-of- phase”. 30 In the -

exanpl e describedlthe PoRalyPhasei ajeatzicemashine aonprbstngt uted by the
mai n wi ndi ng and capacitor have been connected in parallel with each other
under configuration. Phétakantinalvding a serspeofamadgnetijenaterial;
connections of the series circuit and 35 parallel connected control

wi nding, and al so for & fEO%¥Fent conbi nations of wye series circuit and
“delta control circuit, and vice versa. 26 Al t hough, one particular form
of s# tching neans has HEAER |PRLYPRAEE B&atemi iRg Wavingea whodhgg of
the notor, | early other forpgs of switching could operate with the

wi ndi ng€°’6f earh R&éﬁiené}/ tPRr2BYd5CRERs AN BOCOMRASS kNG eatdanesaetdca
suitabl e AC supply at a requisite or variable frequency. It should also be
under st eFﬁﬁE'the i nvention ' - : '

| a plurality of input terminals awanged to be
connected to a source of DC voltage;

10 a plurality of capacitors;

means connecting the main windings of each phase
in a series circuit with one of said capacitors and said series
circuits being connected with said input terminalé;

15 'a polyphase control winding haQing a winding for
each phase wound on said core to encompass said magnetic mate-
rial and connected to said plurality of input terminals together
with the'&indings of the main polyphase stator winding and the
series connected capacitances, and having windings of the main

.zvvwipding and windings of the control winding radially adjacent
to each other;

switches for each winding of the polyphase

stator winding; and

* C. L L] $ *



is not limted to the particular enbodiments of the notor and nachine

| trated and descri bed. The 10 foregoi ng description is thus neant fo be
strative and exenplary only. 27 Cains: 1. A pol yphase el ectric

I he conprising: a stator including a core.of rmagnetic material; a

a mai n pol yphase stator w nding having a wi nding for each phase
wound on said core and enconpassi ng saig magnetic material; a plurality of .
‘input termnals arranged to be connect@d to a source of DC voltage; 10

a plurality of capacitors; neans connecting the main w ndings of each phase
in a series circuit with one of said capacitors and said series circuits
bei ng connected with said input termnals; 15 . a pol yphase
control wi nding having a & vgiggetosceadde Hmscthv@uswibohasi,dther ewidches
enconpass said magnetic mate- rial and connected to said plurality of input
t er m nal sbedpet lyerat ivé withndhegtrdiggdre smurnceoindhehe stpheitormdnd)
and the series connected capacitances, and having w ndings of the main 20
wi ndi ng amdndiimj S edch heinddhgolb fnitids mp Yyphadé ywand@angnt ot peeadlt

. other; switches for each w nding of the pol yphase stator w nding; and
1111111 1thrtrent] fillow 1ddtdssithe wiz@ings, dijpe soiggerf spurke bwinghes,
the sw tches _ '

5 operable at variable frequencies thereby to vary the machine

speéd.

2. A polyphase machine as claimed in claim 1,
wherein on low load the total net flux density from the main
and control windings substantially'radially adjacent.each other

/0 is low and with ihcreasing-load the total flﬁx density increases

| as the flux generation'qf the windings become additive with

~each other. |

3. A polyphase electric machine_is;claimed in either
claim iﬂor claim 2 wherein the windings of the main winding and

15 the windings of radially adjacent-QOntrol winding have a
current flow in opposite directions.

| 4. A polyphase electric machine as claimed in either
claim 1 or claim 2, wherein the radially adjacent windings
are wound in an opposite sense.

20 5. A polyphase machine as claimed in any one of
claims 1 to 4, wherein the trigger source includeé é-trigger
for each phase, and means for determining the firing of each
triggér source sequentially to generaté the requisite phase

relationship between the phases.

iy



RH!ng operative with the trigger source and the capacitor and w nding of
ch winding of the pol yphase winding to permt current flow across

i ndi ngs, the trlgger source being 5 operabl e at variable frequencfy
thereby to vary the machine speed. 2. A polyphase machine as clai
claim1, wherein on low load the total net flux density fromthe R
control w ndings substantially radi al B9 adj acent each other 10 is
wi\Lh increasing |oad the total flux density increases as the flux
generation of the w ndings becone additive with each other. 3. A pol yphase
el ectric machine is- clained in either claiml or claim2 wherein the
_windings of the mg,n wWxdg n?l@ﬂsé5m"aﬂﬁ1\ﬁen@sng§1ﬁmé@diﬁl Aa{%aéhécs t

control - 'wi ndi ng have a curre flow in opposite directions pol yphase

el ectriglanmbi Ne tas 5, ailerein ehéherigharmsbuted i &s msrftathaﬁcy
radi al 'y adjacent wi ndings are wound in an opposite sense. 5.

A pol ypbfseheneliiggers signabéd t6 en¥ 8we tehed an® thd %ﬁer%fﬁ&l n the
trigger source includes a-trigger for each phase, and neans for detern1n|ng
the firfpgqgaenedchd Higpaiasioinge sequentially to generate the requisite
phase rel ationship between the phases. 29 6. A pol yphase ‘machi ne as
claingd in any ong.,of @ adbydhaseSmavhin® ag hldindliein SOVALR 8aries the
frequency of the trigger signals to the switches and the operating
frequemehereinhehmdriggey. soudcpoliypiade sar Mdlaest tomi 68€iiDatbai,m 6
wherein the trigger source includes a relaxation oscillator, the oscillator
gener atthg ssquddtatalr mwemesat 8ng sAqpengifzAsepulmds ne as clained in either
claim6 or claim7, wherein the switches and the capacitor and the

8. A polyphase machine as claimed in either claim 6

: ard

or claim 7, wherein the switches and the'capacitor and the
i0 winding of each phase of the_main polyphase stator winding
develops an AC voltage source.for'the machine, said AC voltage
being substantially a square wave.
9. A polyphase machine as claimed in claim 8,
wherein the switches of each polyphase winding include two
J5 series connected SCRs with diodes connected obpositely across
each SCR, one SCR being series connected with the main winding
and capacitor, and the other SCR being connected in parallel
with the main winding.
10. A polyphase machine as claimed in any 6ne of
20 claims 1 to 9, including rectifier means for obtaining from an
AC polyphase voltage supply saia DC wvoltage source.
11, A polyphasé machine as claimed in any one of

claims 1 to 10, wherein the main and the control windings each

I ————
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10w ndi ng of each phase of the main pol yphase stator w nding devel ops an
0l tage source for the nmachine, said AC voltage being substantially a
A & wave. 9. A pol yphase nmachine as clained in.claim8, whérein the
es of each pol yphase wi nding include two 15 series connected SCRs -
di odes connected oppositely across each SCR, one SCR being series
connected with the main w nding and cap&G tor, and the other SCR being _
connected in parallel with the main w nding. 10. A pol yphase machi ne as \./
claimed in any one of 20 clains 1 to 9, including rectifier nmeans for
obt ai ning from an AC pol yphase vol tage supply said DC voltage source. 11.

Tl SRESTRS CEATPERT, ARARRRL c Rt <8 SBRgcrrRs Sz, ot R RITR 561 B0 he
7 p U B ST U SR L
1%. Algcn%*fgﬁ 'agénﬂéﬁﬁislﬁe ﬂ?olcﬁl?ﬁ n‘é%lgE.ﬁrﬁ?_?%oﬁg‘eoPo&lezﬁ r‘ﬁ?‘i I{}_be 1%?‘n€f|£?ei n
cent or & o rad ppAaBes Y e PR A WASERAE BollPNRE Greidle

substaq}'g&l¥ éolbetmeen_the pol es. of the main wi ndings. 13. A polyphase
machi-he® 2& t'&F tred i n any one of clains 1 to 12, wherein the control

wi ndings are woung,radial | é%%%e?ﬁakhg pecTMs 8 \_@ltr%rﬁl%c%%hgﬁetgg

space between the Mdin win e rotor subs I mzes the

ol HIAESLE"D Sl I, Enk BHRSno) e contily Rinaes e Latos
- radial lye pyhai devakaihhatiUe 4 PoIELNIEhe! RAUMRES ©f HEF5E184 6L Bile
control windings being magnetically located substantially
/0 between the poles of the main windings.
| 13. 4 polyphase machine as claimed in any one of
claims 1 to 12, wherein the control windings are wound radially
outside of the main windings such that the space between the
main windings and the rotor substantiélly minimizes the leakage
15 reactance of the main windings.

14. &4 polyphése'machine'as claimed in ahy ne of
claims 1 to 12, whérein-the maih windings are wound radially
outside of the control windings,.thereby to increase starting
and breakdown torque.

20 ' 15. A - polyphase machine as claimed iﬁ any one of
claims 1 to 14, wherein there are three phases, the phases of
" the main wiﬁdings being designated by letters A, B and C.and

the phases of the control windings by letters A', B' and C',

I
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the main w ndi hgs being designated by letters A B and C and the phase!
“the control windings by letters A, B and C, 31 and wherein the
substanti al radial physical alignment of the phases of the main and control
wi.ndings are AB, BC and CA', respectifﬁkyp 16. A polyphase machi ne as
chaimed in any one of S clains 1 to 15, erein the vectorial current
relationship of the main windings with the current of the radially adjacent
control w ndings of no-load are substantially in phase, and becones

i ncr easangl yhereisf fhessubstantiedsiradiladahyisicala abigypaaseofnthene as
"clained-in any one of 10 clains 1 to 16, in which the mmin w ndings _and the
capaci t phasgse oforhhe tRain nandvwgensseli gindings agrl ABer cBR! r 8ndwCAdirngs
are connected in a we configuration. 18. ‘A pol yphase machi ne as cl ai ned
in any 5BEPECtAVAL#r 1 to 16, in which the main windings and the capacitors
15 are connected in a delta cigé' uration,, and the cpntagl w ndi ngs ar.e

connected in a del%® coffi gBP sej gachine a3 \clalledyini ABYAONE Sfed

i of ¢lai to, 16, .i ich the ymgj i ndi .th Gt
oo 0% ALEHEE o el t ATRBFRLBUEhE: G CiRe The WA R b 2oL ABARAS AR B O
ted i ) fi jon, 20. A h ' | ai.med i
oy one be At i Ened " ERb Rnel Garrans o6 oo neadiai ratsabsie ors |
connoot SaatEal qundiied Bh, A Toad ard Sk £RRL APy U RpREB S Gna

becomes increasingly out of phase on increasing load.

.and breakdown torgue. 20 15. A pol yphase machi ne as cl ai nedsn
_éﬂﬁ/. one of clains 1 to 14, wherein there are'three phases, the phases , .

-17. A polyphase machine as claimed in any'one of
/0 claims 1 to 16, in which the main windings and the capacitors
are connected in a wye configuration, and the control windings
are connected in a wye configuration.

18. A polyphase machine as claimed ip'any one of
claims 1 to 16, in which the main windings and the capacitors
1Sare connected in a delta configuration, and the control windings

are connected in a delta configuration.

19, A pélyphése machine_as claimed in any one of
claims 1 to:16, in which the main windings and the capacitoré
are connected in a delta configuration, and the control windings

%0 are connected in a wye configuration.

| 20, A polyphase machine as claimed in any one of
claims lto 16, in which the main windings and the capacitors
are connected in a de configuration, and the control windings

are connected in a delta configuration.
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: A pol yphase nachine as claimed in any one of clains' 1 to 20, o
ferei n the machine is a notor. 22. A polyphase machine as clainmed i.n any ™
[ clainms 1 to 21, wherein each of said capacitors is capabl'e of being
ged to a voltage sufficient, when added to said AC voltage, to devel-op

a volt-second value across the magnetic material of said stator core

B greater than the volt-second capacity3sf said nagnetic material so that -

said magnetic mate- rial will periodically be driven into saturation in \_/
opposite directions upon changes in pol-arity of the phases of said

pol yphase AC voltage. 23. A polyphase electric machine substantially as
herein described 3l ¢ h ef epodyphase aratlaine | asisciaimedbin tahy aneomfanyi ng
drawi ngs. The text of the specification has been reproduced by

phot ocep@ims thetapdl i ceheredn dgheamaghineripta motoremy contain a few
manuscri pt anmendnents which are difficult to read. The original
typescript contai#®ng thesBodyphase machinengdtclaipedeinngpacoae @f t he

preni ses of the Patent: Ofice

claims 1 to 21, wherein each 6f-said capacitors is capable of
being charged to a vqltage suffiéient, when added to said AC
voltage, to dévelop'a volt-second value across the magnetic
‘material of said stator core greater than the volt-second
- capacity of:said magnetic material so that said magnetic mate-
rial will periodically be driven into saturation in opposite
direétidns upon changeé'in polarity of the phases of said
polyphase AC voltage._ | |

23. A polyphase electric macp%ﬁé.substanxially as
herein described with reference to, and aslillustrated by, the
accompanying drawings.
The text of the specification has been reproduced by photocopying the applicants original

typescript. It may contain a few manuscript amendments which arve difficult to read. The

original typescript containing these manuscript amendments msy be inspected on the premises
of the Patent Office . . :
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