Thiss invention relates to pol yphase el ectric machi nes, being notors=a
gererators. The invention is described with reference to nogos,

- 1"- POLYPHASE ELECTRI C MACH NE HAVI NG CONTROLLED MAGNETI C FLUX Q@SL\:I‘( Ak
particularly three phase notors, but as indicated the inve i's 5 not ‘so -

restricted. Present day induction tors such as the squir age type -7~
have nunerous limtations. For exég§1éj when heavily | oadeth—They .dr aw

excgssive currents as the rotor slows down, which currents can result in
mot or~ burn out 10 unless the notor is protected by auxiliary equi pnent.
Such nmotors nust have a hi GPUNREASR\BLECTRI(: MACHINTI ng torque ratio to
prevent notor danage in the event of notor overload, and as a result the
flux density nust be FRVNGE RONTROLIFD FHCGNRTEG KIARs DENSITY nor mal 15
operation. This relatively low flux density during normal operation is also
necessitated by potential nput voltage variations. Because the flux
density nust be kept S VanRF 4@ T SHtG PALPhARe et antial ly

| arger than would theoretically be 20 necessary i.n an ideal notor ,in order
to obtain the d&% SSut ﬁﬁ“’f‘ﬁv) Ffie G r?eé’c?é’iaﬁ"(ﬁ‘?,' t FeSH YRS epowner
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conventional i NQ4GldeP BHIN mbtord, NSt Wb Srdilddi®a the invention is
5 not so restricted.

Present day induction motors .such as the squirrel
cage type have numerous limitafions. For example, when
heavily loaded, they draw excessive currents as the rotor
slows down, which currents can result in motor burn out

10 unless the motor is protected by auxiliary equipment.
Such motors must have a high breakaway'torque to running
torque ratio to prevent motor damage in the event of
motor overload, and as a result the flux density must
be maintained at non-optimum levels during normal |

15 operation. This relatively low flu; density during
normal operation is also necessitated by potential
input voltage variations. Because the flux density must
be kept relatively low, the motor size must be
substantially larger than would theoretically be

20 necessary in an ideal motor in order to-obtain the
desired output horsepower. In addition, the output

horsepower available from such motors is significantly



* currents inherent in their operation. This also 5 causes the flux density *
“to be higher at |low |loads than is actually necessary for efftcient -
opexati on at such loads. Odinarily, in notors of any size, external .
gfept limting devices nust be used, or special and expensive’rotor ®

xfyns enpl oyed: These 10 prokl ens exist with regard to single and
ase notors. Another problemwhich is known to exist is that of
deSigning a notor to run through its normal |oad range efficiently;, to P
provi de RieganP@H FrAGHY 1iM vilBddeAN-and tL Uk & diOvi de high %
starting torque and hi gh breakdown torque when required for particul ar
appl i cat lgpe fHeGquRIRSAN! Andtddy Prdblan Efdovhtdease el ectric machine
conprising: a stator including a core of magnetic material; 10 a
rotor; acoaventdonailasadutcation woteingg isawheg gk slayeifmy each phase
wound on said core and enconpassing said magnetic material; a plurality of
i nput t ecurrentsainheyent drbdhedmapeseti®n.o Lhicuralsof pol yphase AC
voltage; a plurality of capacitors; neans_connecting the main w ndings of
each phaSausgs; they ifdax dengitwiitoh kendigheniat dawadioasts and said series
circuit i ng .connect wi th said input termnals: and 20 a pol yphase
contr ol AT G ﬁﬁ\%‘“ﬁg RERASTE o F Fa & ISP ARRF IR YA d core to

enconpasgtsghghn&%g'%tc %E%§g£¥ily, in motors of any size,

external current limiting devices must be used, or

special and expensive rotor designs employed. These

10 problems exist with regard to



the mai'n wi nding and the w ndings of the control wi nding are radiall)
adj~acent each other so that the effective 25 flux density generatec gﬁéﬁ s
mai n wi ndi ngs and the control. mﬁndih@s is lL.owon | ow | oad and incrda .
W th increasing | oad. The present invention overconmes or reduces\the/ .°/
above- nenti oned di sadvant ages of pol yphase electric machines by providing-a«
syst{em i n whi chsihglengndtpoclyphasedemstoysin the stator can be maintained

at optimumlevel 5 for requisite load conditions. In addition, the system
permits the current Anotherrpreblamsehichbisnknewai hedexistnigpthatinef

magni tude for requisite |load conditions relative to those permtted in
conventional el 8efigRingt 8rBOEPrt ke rHRAuERFORIRyHES RpFRalt head orapge

generated in a cgnductor_is 10 defined t he equati opn: F=Bll where F =
Porce where B —SPPLSLaBRLY sy ERnEFevAde Rl HoBRY: FaCtBRauerd, Sigultan-
where | = cWrrent .in the conductor.ii can_be seen_that_optipzi terns
B and | forga gFégﬁTY oBtP%?géée?ﬁég%o?cgraﬁagcoﬁgga%eﬁ?gyﬁgké ?g?éggoand
hor sepower of a.g a..dj t G [ | ichi
present. 20 tg?ég%o?@%ﬁgr?gﬁgggag?égeﬁ?LFggggg%o%?ﬁ?%§§£géﬁ§?Ly'igs
optimzed in a pol yphggeppsBhRe ;i R¥eRCIbAObLEGEaERE fl ux density in the

stator core.  In a preferfed machine according to the invention, a

‘A polyphase electric machine compr;sing:

a sﬁato: including a core of magnetic material:

10 a rotor:

a main polyphaSe stator winding having a winding for
each phase wound on said core and encompassing said magnetic
material; |

a plurality of input terminals arranéed to be connected

15 to a source of polyphase AC voltage:
| a plurality of capacitors:

me#ns connecting the main windings of each phase in
a series circuit with.one of said capacitors and said series
circuit being connected with said input terminals: and

20 . a polyphase control winding.having a winding for each
phase wound on said core to encompass said magnetic material
and connected to a pluraiity of input terminals such that the
windings of the main winding andlthe_windihgs of the control
winding aré radially adjacent each other so that the effective

25 flux density generated'by.the main windings and the control

windings is low on low load and increases with increasing load.



_mai n polyphase stator winding is wound on a magnetic core, 25 the w nding

S pegprising a plurality of wi ndings and each wi ndi ng represents a single °~
Capacitors are connected with each of the windings in a series ~

iit. A polyphase control w nq+ng i's wound on the core and is connected

put term nals together with the respective main w ndings and the

2s connect ed capacitances The control w ndi ngs and the nmain

di t I | fl d
M %%Oﬁ,'ﬁelpse\[; |ngs s%stantl \r/é!‘alldq'ﬁelqit"ltéﬁées i X Jonsiiy

frommai n and con y adj acent each ot her
s |ow aggolielhenRSlpRd A sadveRitddis W o ol é@@é&th@reases as the

flux genera- tion of the w ndings becone additive with each other. The

pol yphas gaedine® by REcVI ARG @ystrind ieoMildh aMmagetite fIgnetic
material is connected-to the input terminals and is positioned physically
on the stanheityo ikl thizatstatery ednn benmaisltaiineds Ftp opftimign Aevednts in the
mai n Wi ndi ngs and the currents of the control w ndings |ocated

subst gnt falrt yegudisditey lagidacanditieonmsmi n In rddigsiaraudhe reystegt ori al sum
of these respective currents to decrease as the |load increases towards ful

| oad. 15permitsThbe: gyadendy sthihe yoran@lariFa he ma3mtadinesyeatacross t he
capacitors will, in conmbination with the |nput vol t age, perlodlcally cause
the vol t%@&#&"@&bmt@@% FOTs ot e oz %@gé'édﬁ? WalprtiHe resul t

that the cor per.i dlcally change no -Ilne rly frama high. 20 to a | ow
[lux dendPt JPORRIREITH ShAd Bt ERIRTTLOR. MIACHRET PRt P the -

stator Cor%uc%1 hu%fg%'“éﬁfﬁce the force generated in a conductor is

10 defined by the eguation:
'F = BlI

where F = force

where B = flux density
where 1 = length of the conductor
15 where I = current in the conductor

it can be seen that.optimizing the terms B and I for a
given 1 optimizes the force and consequently the torque
and horsepower of a motor for a given amount of magnetic
material which is present. |
20 According to the present invention, flux density is
optimized in a polyphase machine by controlling the flux
density in the stator core.
In a_preferred machine according to the invention, a
main polyphase statorIWinding is wound on a magnetic core,
25 the winding comprising a plurality of windings and each
winding represents a siﬁgle phase. Capacitore are.connected
with each of the windings in a series circuit. A polyphase
control winding is wound on the core and is connected to

input terminals together with the respective main windings

and the series connected



duite high without the danger of high i nput voltages result- ing
extrenely high ihput currents. The capacitors |imt the anmount of w
that ~can be transferred to the rotor 25 even if the rotor has a very low, -
i*npedence so fotor current can also be optim zed. The rotor inpedence can -

be made | ower than in a conventional. motor and the current induced at
zero notor speed can be nmade nore optinumthan is conven- tional; yet this
current will still have proper- val ue at nornmal notor operating speeds and

norm&l | oads. Thus, a 5 notor accordi ng to the present invention can be
optim zed nuch better than conventional.notors for a |arge nunber of
applications or for any given applicatdon. In preferred forns, by using
capacitors in series with the main stator w nding and operating the notor
magnetic path 10 in soft saturation due to the Iimting effect of total
energy transfer of caapsitasaei t 3he, copprolenthdiagslapd| thegmaig: winding® can be

oper at ed at optim zed, %&mgﬁcahw%g@&e pkP3h £QNTLL RS Blad icagy Vol tage

wi thout resulting In extrene I npu carrents 1 I nput vol t ages.
I n ot her words, théensnputfrbﬁ reinr st cmn#oilundtimsssqb,stmﬁahky machi ne woul d

not be extremely nohciean;as.g JUACLHRD O (DS ki NG, volLggn o 1S

presently the case wt venti on I on an ors. These
preferred forns-fakeadishe mbtthelﬁm@tensm md:eamwas-thteamasgeferhhe not ‘or

wi nding can only ab orgF t%ew higheragy 20 Qg‘r,eewtitf Jegnetic material of
the notor stator satura nd dr Schar ges 1€ capamtors eh the notor

magnetic naterial satumrbé es;ypﬂaeemamlt eimliflg Selwad gm s&idugle tthe not or
winding and the poger Line gource and, Gt ge uP. S CaPas e Sl the
terminals and is positioned physically on the stator so
10 that the vectorial relationship of the currents in the
main windiqgs and the currents of the'control windings '
located substantially radially adjacent the mAin windings
cause the vedtcriai sum of these respective currents to
decrease as the load increases towarés full load.
15 The capacitors have a value such that the voltége
_— across the capacitors will, in combination with the input
~ voltage, periodically cause the volt-second capacity of
the stator core to be exceeded with the result tﬁat the
core will periodically change non-linearly from a high
20 to a low flux density condition and back again. The
- average flux density in the stator core is thus maint;ined
-quite high without the danger 6f.high_input voltages result-
ing in extremely high input éurreﬂts. The capacitors limit
the amount of'energy that can be trénsferred ﬁo tﬁé rotor
25 even if the rotor ha§ a very low impedence so réfor current

‘can also be optimized. The rotor impedence can be made lower



opposite poI arlty The current through the wi nding then.25 reverses and the
capacitors are then the source of energy and maintain the current flown
A-dugh the windings. This continues until the voltage of the input Ili

s in polarity. The volt-seconds of the i nput_ vol tage fromthe line
dds to the volt-seconds that have been applied by the capacitors to

~ i n wndings. This continues 5 until the total volt-seconds applied
to the main winding exceeds the volt-second capacity of the w ndings ansh:
mag- netic material of the notor stiator, and then the magnetic material of
the notor again saturates. The capacitors t hen di scharge through the notor
w ndi ngs since they have 10 saturated and the |ine power source charges
up the capacit ofkenj ip Eheenyspbisinet IesPaANEythey SPTFenthHiddeeRd 8Rt t hen reverses
once nore through .t B& el i 44 Qgsnaagdno&beoﬁm%m 35 9&RvBnPr OVi de the
source of current through the main w ndings. This continues until the line
voltage 15  agsionathamgethigotuarenty wiljAstihe hpye@ropdn yatueappl i t ude
continues t0 i NGLGa%Gokhe ofBlleide CaRdaO anhtorhb9okal ! 2GRl 4 that of the
capacitors again are in phase an unt | t-'second capacity of the
mai n Wi ndi ngs$ amoasmoreimdtmwgaatnesemuewraﬁoarceneba:ep‘d:eldzed' he w ndi ng
magnetic material . al.n_ ttagrggn%sen%rég %mt ndgct ancie of t ngin wi ndi ng
decreases consi§&Fa VoAgal n caustng the c%pa0| ors |scﬁarge t hr ough

the wi nding. t&Sipétions or for any given application.

In preferred forms, by using capacitors in series with
the main stator winding and operating the motor magnetic path
10 in soft saturation due to the limiting effect of total energy
'ﬁransfer of the capacitors, the end result is a motor that can
be cperated at optihized flux density under most conditions
of line.voltage without resulting in extremeiy high input
" currents for high ihput voitages. In other words, the input
15 current and flux.density in the machine would not be extremely
non-linear as a functiqn of the line vqltége as is presently
the case with conventional AC induction and other motors.
These preferred forms make use of the fact that the induc-
tances of the motor winding'can only absorb so much energy
20 before the magnetic material of the motor -stator saturafes
and discharges the capacitors. When the motor magnetic material
saturateé, the capacitor; discharge through the motor winding
and the power iineigource and charge up the capacitors.in the
opposite polarity. The current_through-the winding then
25 reverses and the capacitors are thgn the source of energy and

maintain the current flowing through the windings. This



cess is repeated each hatf-cycle and results in the motor 5 running
maxi mum fl ux derffsity and thus nmaxi mum force, torque and horsepower.
present invention allows for optinmumflux den- sity and since the
across each capacitor is usually higher (although it need not be) t
line 10 voltage, the flux density in the stator core is rela- tively
i ndependent of the line voltage over fairly w de ranges of -anplitude.
Fu_,,rt‘h\erm)re, each capacitor pre- vents excessive currents from passing
t hiough the notor wi ndi ng when the nagretic material saturates since only
15 the energy in the capacitor, i.e., 1l/[err], can be trans- ferred
through the respective winding. This limted energy transfer, as governed
by the capacitor valmantéanads) +Adoh bgye ot ddeiut OSsetangadani tor (i e.,
1/[err]) prevents excessive currents fromthe line 20 through the main
Wi ndi ng. The resul Pearisn. AThenyPdP-achendanpf |thepinpat evdbege RFele thanges of
| nput vol tage and 9pel 3he, Aal i Bk L1 seClBICKAATRROBERS TpiskE! | Nt
operating characteristics. .Since the capacitors I'ITmt the anmobunt of energy
trans- 25 ferred thyoughciteiwmmsntavtheinegnediolingsl.f - This| eentimiesr burn out
is greatly reduged_a i Q configurations.is nof, normally..possible. In
t he case of m)tgr gvglf Eg?:lstg? tvﬁg s\%c?'f o ur"e;éstot }?ﬁ %?ﬁ;elwﬁ%?l%g wll stall
and the input powelxteedshthenpdl-setdnd Expagieabk thecdimidtdgs Bhdmagd i s due to
the fact that the serjes capacitors will have a nmuch | ower voltage across
hem than nor i sPREL PRECEIBE gt HRe Mgton, BB 4 fram B5E sifaesifeq phase,
and the 1/[err] enmagdrilad\vd thé rgt@nlabyid edtizades.| NnTive khpmatprvse notor the
contraql w ndings provided L .
. then discharge through the motor windings since they have
10 saturated and the line power scurce charges up the
capacitors in the opposite peolarity again. The current
‘then reverses once more through the main windings and the
capacitors again provide the source of current through
the main windings. This continues until the line voltage
15 - again changes polarity. A$ the line voltage amplitude
continues to increase the volt-second of the line voltage
- plus that of the capacitors again are in phase and add
until the volt-second capacity of the main windings and

associated magnetic material are exceeded. The winding



*35 on the stator core are connected in paraliel with each of the three main
[ ngs and capacitors, and can provide considerably nore starting torque :

D4 e motor. The control wi ndings are of greater inpedance than the“”
&i-0\W-ndi ngs and therefore the current through the control windings is
reNs#ively | ow conpared, for exanple, wi}h the main w ndings of an :

i nduction nmotor. 5 Furthernore, t control windings serve to limt
the input current, ,because as . the input voltage increases he Dt Qr-ms! -
Speec | ncr eRARRC IS BRERGLAT THOER (B AASCRE L 16, LA HGEAGSCRE 1o

the back e. mHe mxieesingihdedeppetseal tc@gmlcbaruhmbyleagaamacausingt thii ch
count eract S r i ng T of
cour se, rﬁ;%% §055|8ﬁf E%ydﬁ%ﬁf Q Q; OQ%& %éﬁwﬁ#ﬁgn ség%e Qh&.
primary sourczms%fl%)on\me@be(l heagbt blﬂlf?lq!e'crlajlaﬂd yr%@HJa%%n%nv\Fhel ng&osre
those whigch afr?ngaap'aeéi mﬂaﬁunpafiux bR ity P NAvEs WiPimbneraeR, 15

_cent control current |'eads the corresponding main w nding curf ent
at no-| oad eﬁﬂ)‘:qtbe siﬂﬁt%??ﬁl’?yer’-n phase, and with increasing | oad becones

out of phase and ¢ r.—@aﬁmgl ¥ nbeaftsi é AWandows r@a@r%pmﬂr@@nvsrhﬁraah-di S-
- pl acenent. nd| of the main wn ngs and the c
r espondi ngl ys’r'c')ga &h’f‘%\e lhﬂl Ng’sls\ﬁﬁﬁd 3GEPRE SARR SRPESIHMRE, lﬁn | ow

| oad the totwduaklyf Ihbgldensmtayl tisoholy drtd weéd incy etas) ngtx&madhehe:.hbux
densi 1Y SHCNGREERES i LRE LR | adit g% {fNeRE W5 E8E " 8B 14 NPetem
tively independent of the line voltage over fairly wide
ranges of amplitude. Fnrthe:more,aeach capacitor pre-
vents excessive currents from passing through the motor
winding when the magnetic material saturates since only
15 the energy in the Capacitor, i.e., 1/2CV2, can be trans-
ferred through the respective winding. This limited
energy transfer, as governed by the capacitor value
(farads) and the voltage across the capacitor (i.e.,
1/2CV2) prevents excessive currents from the line
20 through the main winding.

The result is an AC motor that will operate over
wide ranges of input voltage and operate at a high effi-
ciency and possess excellent operating characteristics,
Since the,éapacitors limit the amount of energy trans-

25 ferred through the main winding each half-cycle, motor -
burn out is greatly reduced and in some configurations
is not normally possible. In the case of motor overload
all that will occur is that the motor will stall and the
input power to the motor will be greatly reduéed. This

30 is due to the fact that the series capacitors will have
a much lower voltage across them than normal since the
motor is not operating in the controlled phase, and the
1/2CV2 energy level is greatly reduced.

In a three phase motor the control windings provided

35 on the stator core are connected in parallel with each of
the three main windings and capacitors, and can provide
considerably more starting torque for the motor. The



The main and the control Wi ndings each define at |east two nmagnetic poles

the centers of the poles of the main w ndings and the centers of the pg .
of =t'he control. wi ndings magnetically overlap the respective poles. 30 ) -
In another preferred formof the invention the centers of the poles of .
control wi ndings are physi- cally located s@stantially between the poles ' ¢

of the main w ndings thereby increasing the ktarting torqué and the
br eakdown torqueaxittd maimd ingkn spehodngeartda ztfmﬁédax&tectmimahhe main

e onirof i pHHALLE] Und (ERRIENLE, Shl NFuEPLR PO 20k aceDh BB
mag- netic _CWlPQSVIICESr gledtivwyhyelow dmpamd:,asﬁsr téscamptaniwé&h
sl ot configurati |ﬁ§“ﬂtéﬁﬁﬁﬁﬁ%9h¥f'ﬁﬁl1?3@c%9ﬁ§? nagnetlc | ocati on

to be achieved only partia er preferred form of
the inventiof the corﬁwro#hwmmg tbememrnoédwnd/lm sserv of Lo hbimdknthe

wi ndi ng, such t Rgpdthedadee beb¥eglisknNa s ™nhe Vﬁdiﬂi@gr@f@aé@eiﬁ@%%ses or

m ni m zes the | eakage reactance of the main w nd I'ng. 10 Sever a

pol yphase not or SR ROGARtSREEH aeesrzaaﬁée WhEse e GG S iReS IR | FOnaRthas

descri bed by, wa)geqfe@zewl Qvﬁiﬂi!n\qlé haief eoertr tadhe ﬁtﬁﬁ@w&éé‘glng the
drawi ngs, in whi,.ch: %rl%qgs' s a schematic diagramof a
u

motor. 15 bt ¢ SorEIEERECatRy A et TR o EERACES
a pol yphase 1ot somac of dig ¢ur téntpdeaent biyntdyet main windings. This, of

course, is made possible by the fact that the main wind-
ings are the primary source of power to the motor.
. The radially adjacent windings are those which are
coupled magnetically. In a three phase motor the adja-

15 cent control winding current leads the corresponding main

"~ winding current at no-load and is substantially in phase,
and with increasing load becomes out of phase and in-
creasinglylleads towards a maximum 180° vectorial dis-
placement. : '

20 With the windings of the main windings and the cor-
réspondingiy located contrdi windings wound in the oppo-
site sense, on low load the total net flux density is low
and with increasing load the flux density increases as
the vectorial direction of the current of the correspond-

25 1ing control winding changes.

The main and the control windings each define at
least two magnetic poles, the centers of the poles of the
main windings and the centers of the poles of the control
windings magnetically overlap the respective poles.

30 _ In another preferred form of the invention the

_centers of the poles of the control windings are physi-

. cally located substantially between the poles of the main
windings thereby increasing the starting torque and the
breakdown torque of the motor. 1In such an event the

.35 electrical vectorial representation of the currents of

.. ' the corresponding adjacent main and control windings

' femains substantially unchanged. The physical and mag-



Figure 3 1is a schematic diagramof a second enbodi- ‘ment. of a pol yphase
npt or according to the present invention. Figure 4 is a schematic diagram . -
f A third enbodi nent 20 of a polyphase notor according to the present ~ .
ion. Figure 5 is a schematic diagramof a fourth enbodi nent of a
)ase notor according to the present invention.--R-gure 6 is a physical
esentati on of a pol yphase notor according to the present invention. 25,
Figure 7 is a linear representation of the coils of the wi ndings of a -/
pol yphase notor according to the present invention. Figure 8 is a
vectorial diagramof the current and voltage characteristics of physically
correspondi ng wi nd- ings of the mai W wi nding and the physically
correspondi ng control w nding. 5 Figure 9 is a schematic di agram of

a fifth emodi- MRl cfingd AAYRIASE L AnaRETO! dh dnb Gdallg PI ESENE

invention. Figure 1 r rates 101 schematic forma single phase notor

havi ng sone of the meckdnices sdbt poefiguretiquobsypliss eehyagdhysésalaccording to
the present invention. This is_ 1Q described to facilitate an

undePsta-ndi ng of "% 176 po 375?15'5 ne]trre?ghllc’nceag.mnA%" ?ﬁ%‘uegf'iko%&?’mt or of the
squirrel cage tppeiaslgenerally indicated at 10 and is diagrammatically
shown to haye a stator 12 q%gna netic material and a squirrel cage rotor

14. The stafor is sHBwFtad ﬂ’%gpff) TROITETE ST thY SPERiTR Bheg 20 and 22
al though nore oOkcht¥®s vARKEndii8CSndBYadiB115 B0tdibie ESikh@Gaidhe configuration

of the pole pieces_ is diagrannatic only. The main stator wnding 24 is
winding, such that the space between the main winding and

the rotor minimizes the leakage reactance of the main
winding. |
10 . Several polyphase moﬁors constructed in accordance
with the invention will now be described.by way of example
only with reference.to thé accompanying drawings, in which:
Figure 1 is a schematic diagram of a single phase
motor.
5 Figure 2 is a schematic diagram of a first émbodimeﬂt
of a polyphase motor according to the present,invgntion.
Figure 3 is a schematic diagram of a second embodi-
ment of a polyphase motor according to the present invention.
Figure 4 is a schematic diagram of a third embodiment
20 of a polyphase motor according to the present invention.
Figure 5 is a schematic diagram of a fourth embodiment
of a polyphase motor according to the present invention.
Figure 6 is a physical representation of a polyphase
motor according to the present invention. '
25 .Figure 7 is a linear representation of the coils of.

the windings of a polyphase motor according to the present



shown as wound on poles 16 and 20 and is connected to input terni nal s 26 by
means of a series capacitor 28. The capacitor 20 28 need have no
particul ar value, but its capacitance nust be |arge enough to mai nt af

capacitive power factor in the series circuit conprising this capa Ofi / &
the winding 24 during the notor's normal operating node. An auxili&y ¥ .
wi nding 30 is wound on pole pieces 18 and 22 and is connected 25 in
parallel with winding 24 and capacitor 28. The winding 30 is preferably of
hi §Her i nduct ance and i npedance than the winding 24. It may, for

exanpl e, have nore turns of finer wire. yy A starting capacitor 32 is :
connected across the capacitor 28 by a centri fugal swtch 34. The operation
of the nmotor shown in Figure 1 is as 5 .described above. Briefly, when an
AC vol tage is appliednpléndihg. termnals 26, the capacitor 28 begins to
charge and a current flows through the winding 24. A current also flows -

t hrough the w ndi ng 30 whigkrd § Bute victphisdedivaramidfethy icmq'nltyanﬁapaci tive
current in the w ndi 1 jeldis
created which causesq'tgilﬁa%re otQ’.(‘)arra éﬂs{%%g{;ﬁﬁ{ %%{aﬁ'% éﬂ%&%ﬁuﬂgl Win,%-a
substanti al anount ofinghefdthe/main Wondiagi andptloel pbesidayly leerxdspdrding30

i nasnmuch as the main n nd capa--citor 28 has not yet entered into
its normal operating %&q’l gd%qngAs the rotor speed and the back e.mf.

i ncrease, the effé&ctive imigucd ante aoécHehetin ddaqtgmz:&b betigneSendudir t hat this

ding 24, togeth h the t tQ.it t
"ot her wor ds. t he SFPEAIE § PoRT-oe CRERG JSHRERE, Fhent 1R R i Hing

its associ at ed Figure 1 illustrates in schematic form a single phase -

motor having some of the features of preferred polyphase
machines according to the present invention. This is
1o deécribed to facilitate an understanding of the polyphase
machines. An AC induction motor of the squirrel cage type
is generally indicated at 10 and is diagrammatically shown
to have a stator 12 of magnetic material and a squirrel
cage rotor 14. The stator is shown as having four pole
15 pieces, 16, 18, 20 and 22 although more or iess'pole pieces
may be used if desired. The configuration of the pole
pieces is d;agrammat1c only. Th; main stgtor winding 24 is
shown as wound on poles 16 and 20 and is connected to input
. terminals 26 by means of a series capacitor 28. The capacitor
20 28 ﬁeed have no particular value, but its capacitance must be
large enough to maintain a capacitive power factor in the
series circuit comprising_this capacitor and ﬁhe winding 24
during the motor's normal operating mode. An auxiiiary
winding 30 is wound on pole pieces 18 and 22 and is connected
25  in parallel with winding 24 and éapéCitor 28. The winding

30 is preferably ¢f higher inductance and impedance than the



20 maghetic material beconmes sufficiently large to pernit the operation
of the device in the manner described previously, i.e., the capacitor 28:
will periodically charge, discharge and recharge in the opposite directi orf .

ing the magnetic -material associated with the winding 24 to switch from
non-saturated to a saturated condition while nmaintaining the.average
density quite | arge. As the rotor approaches rated speed, the .

c ent in the auxiliary wi nding 30 becones |ess and | ess. Prefer- abl yjs/
this winding is designed to have m ninmumcurrent at rated speed and | oad
and nonminal input voltage. In the S%vent the | oad should increase or the
speed ot herwi se decrease, the winding 30 will draw nore current and again
contribute to the driving force of the notor. This is very desirable as it
provi des addit i“n@inat 8¢ quit Y. PO BEREPEE. HFE? MOER S G overload, if the

wi ndi ng 30 was AQt, 190! €38Mart I BhpfALSE 3oNEs CBRAULLO ac28saANd Wi nding 24
to be driven out of its. operating node and the notor to stall. The

capaci tor 32, Whelcapagitared®yar \senksifugnpisuitdtod4d ncreasing starting
toraue by ini tiall vl Lowa0flBE &aSURSERtalcln L OMLIONGN Lhe main winding

24. After the 15 notor Treaches a predeterm ned speed, the centrifugal.
switch 34 opensiesceitedi alpvehe Braghlyi tWien3sh Arovalthge deranplied In a three
phase or ot her tooL%??hase oL qJ, a cordlan tpggl"gee invention a capacitor is

provided for eath phaSE TErguites™F CRrGUGH 5 and B gur& gl lustrate in

schematic 20 f cint ¥ &uireers: endadingngs wie vindesg Prase wotwene according to
the present 1nvantl e eSS AL JThdtle®30 Fmill 1490 02 hase
| with the primafily.capacitive cﬁffent in the winding 24
10 with the'résult.that a fotating field is created which
causes the'rotor 14 to begin rotaﬁing._ At this time, a-
substantial amount of the driﬁing fbrce is produced by
the widdiﬁg 30 inasmuch as ﬁhe main windipg 24 and capa-
citor 28 has not vyet entered into its normal 6perating
15 mode; As the rotor speed éhd the_$ack e.m.f. increase,
the effeqtivé inductance of the winding 24 becqpes such
- ' that thiS'winding 24, together with the capacitor 28, goes
into its operating mode. In other words, the effective
volt~second capaéity of the winding 24 and its associated
20 magneticwmaferial becemes sufficiengly lar;e tao permit the
operation of thé'deviée in ﬁhé manner described previously,
i.e., the-capacitor 28 wi;l pe:iodically charge, discharge
and rechafge inﬁthe.oﬁpﬁsite direcgion causing the magnetic
material.associated with the winding 24 to switch from a
25 non-saturated to a saturated conditicon while maintaining

the éverage flux density-qgite large.



Figure 9, the'three coils making up the main stator w nding are desi d
24a, 24b and 24c while the three capacitors connected in series wt =
covk's are designated 28a, 28b 25 and 28c, respectively. In the case such™
pol yphase notors, no starting winding is necessary, but the use of an

auxiliary winding is still beneficial for the reasons previously stated.
Here, the auxiliary wnding acts as a control winding for the reasons set -
out; is thus ternmed herein, preferably, a control w nding. Figures 2, 3,
4, and 9 5 show such control w ndings, one w nding for each phase, these

wi ndi ngs bei ng designated as 30a, 30b and 30c. In each figure, the w ndings
are shown connected to appropriate inpudtermnals A B, and C which
correspond to the input termnals 26 in Figure 1 except, of course, that

they are 10 adapted to aBerxeOpbast SsbrblcrbsSfie@Csptled] Nh@EcyIRasE ivol t - age
rather than single phase voltage. In Fi gures 2, 4 and 9 termnal Dis the
center point of the e WFkiiaghreritng 3P RasemefaitAsisndiegs: Pref<S-not

bel i eved that any extgiglednfi $ene2h0s Qbsiped dRav ROGIER M- BbOuUres 2

through 5 and Figure 9 Is necessary as their characteristics. construction
and operation wl| b&attsyispers eed daad ool | 1aBdndin ipprt Heitagm. vilewhsf t he

foregoi ng descri ption.af. the ﬁgagéhfsupm%&eggboo@ D pla bPReiRLOr Of the
2 shows a th

present invention. Briefly, 20 Figure ree phase notor in
whi ch the main and cdetredisewithdi vigding 0bwiilh dwewnuedencurrege andnddagar at i on;
Figure 3 shows the n%ggtrstbﬁgortocgge: §r24a- 4h ar}d 24¢ conneﬁ}igdig n a delta

. . . i ) iving force of the motor.
configuration with the control coil ¢ _

very desirable as it provides additional torgue for periods
of overload, which overload, if the winding 30 was not

10 present, might cause the capacitor 28 and winding 24 to be
driven out of its operating mode and the motor to stall.

The capacitor 32, while not necessary, is helpful for
increasing starting torqﬁe by initially allowiné more
current to flow through the main winding 24. After the

15 motor reaches a predetermined speed, the centrifugal switch
34 opens, removing the capacitor 32 from the circuit.

In a three phase or other polyphase motor according to
the inQention a capacitor is provided for éach phase.
Figures 2 thr;hgh 5 and Figure 9 illuétrate in schematic

20 . form various embodiments of three phase motors according to
the present invention. - In each of Figures 2 through 5 and
_Figure 9, the three coils making up the main stator winding
are designated 24a, 24b and 24c while the three capacitors
connected in series with these coils are designated 28a, 28b

25 and 28c, respectively. In the casé cf such pélyphase motors,

no starting winding is necessary., but the use of an auxiliary



~, 30a, “30b and 30c connected in a wye configuration; Figure 25 4 shows the

-

?

main stator coils connected in a we configura- tion with the control o
fidings connected in a delta configuration: Figure 5 shows these w ndi ng\S"_.
Qm’ in a delta configuration and Figure.9 shows the main-w ndi ngs
Dg a conmon center point D and the control w ndings having a
separate conmmon center point D, this arrangenent permtting for snoother .
regul ation or control than the Figure 2 arrange- nment under conditions-"oe
havi ng rapidly changing load 5 conditions. Referring to Figure 6 there is
shown the rel ative physi cal dispoig%ion of twelve groups of coils which
constitute the three phases of a nbtor, each phase having four spaced coil
groupi ngs thereby creating a 10 4-pole notor. The coil groups and pol es
of the main w wdndipgaie stapl cicedfiqiadl bokhhe aepetnst poevigpsivineral s 1, 8A
and 3 (representipg, phases B a of. first. _magnetic, pole); 4, 2 and
6 (repgesenti ng"ttﬁ %s'es&%,e-'Bé?fnam(‘fﬁgfg{h‘gnég‘g'r?ﬁlé’nfénét_l?ttﬁ%lf e); 7, 5 and 9
(representing 18npdrgs €sr AheBrenstnd sele tdte abdliisdthmgnetmed petedn, and 7A, 8
and 9A (representing.phases A and.C of the fourth pmagnetjc pole).
Locat ed radi al IRj® TRt aof°?'f’fé’§n¥ﬂ"%iﬂ?hdfh§¥’3rg' e eantPO i ndi ngs.
whi ch defi ng. nageetsuthpedrtsolrngheinigaal bne Werdlinggtd1@asmighave Ndi ng pol es by
20 substanti al | The order of the poles_are_such that the rotating

90.
fields created %ﬁ’? HErAines RN Antionatrd Ra IBnt PR M mfcngs™otate in the

sane di reCtiC”LeacﬂTEigLEEI]the windings are shown connected to appropriate

input terminals a, b. and C which correspond to. the input
terminals 26 in Figure 1 except, of course, that they are
10 adapted to be connected to a socurce of three phase volt-
age rather than single phase voltage. In Figures 2, 4 and
9 terminal D is the center point of the;qu configuration
of the main windings. ' '
It is not believed that any extended discussion of
15 the embodimeﬁts of Figures 2 through § and Figure 9 is
necessary as their.chgracteristics. construction and
opération_will be obvicus to one skilled in the art in
view of the fcrego;ng description of the single phase
embodiment of the motor of the present invention. Briefly,
20 Figure 2 shows a three phase motor in which the main and
control windings are both wound in a wye configuration:
Figure 3 shows the main stator coils 24a, 24b and 24c¢
connected in a delta configuraticn with'the control coils
30a, 30b and 30c connected in a wye configuration:'Fiqure
25 4 shows the main stator coils connected in a wye ccnfigﬁra-

tion with the control wihdings connected in a delta

configuration: Figﬁre 5 shows these windings both wound

in a delta configuration: and Figure 9 shows the main

windings having a common



and the magnetic leading effect is 25 illustrated by reading the wi S+
i p& countercl.ockwi se sense as indicated by arrow 50. The coil gr and. ,
pol es "of the control w ndings viewed physically are in a clockw se sense. ’
depicted by-nunerals 8A", 3' and 4' (representing phases A, B and C of &
first magnetic 30 pole); 2', 6 and 7' (repgesenting a second nagnetic
polg)s- 5, 9' and 7A (reEresenti ng a third nagnetic, l%ol e%ﬁ;} and 8, 9A and
1' (representingcERhEeF oBP tRENEGABE| ERFoFONEI e WHIREINES RAVINR AnPRPARALe
control w ndi ngsc@omoef eret bekheolignfispf ,orahlie axddngunmmps sormitthgngod
part of each w ngj e i four Il _aroups. far. each windin f _each
phase. This is %%%gtkrlée d%%gggg%on ng(égytfgfle;%?&eoﬁ%e Ié?—tip]g‘{u"?%i % gﬁgagqe—
whi ch depi ct themehdc-undiegal coadnicticors baviimgf capidilly ghapging load
constituting 4 he.ypddi Pggs0Of each phase. In Figure 6 there is illustrated

t he. physical dispo- 5 _sition of the coil groupings.around the stator.
The interconnection oReERETIANG Qi Figritidse cohane ul Bnghovasetire ofelptive
mai n windi ng andpRYagc 41 FidpesEilodl o BN dagr BARE id# Ushialsed i PDEN-

The lines interconnectj hase C of the main wi nding and B aqgagé

n s B .and
of the control 1?)“%%‘&3&% hehe FREB&PRRISRT r AfeP f BP Y FHer sERERP
clarity, but it mewiddefolmardyaopiarcoiltgramyiregskithleatkeby &heatrindow

these W'““r¥§ WPybgf§*ﬁ%@g¥?edmﬁ2t%b{f”59WJB§ and poles of the main
winding are depicted in clockwise rotation by numerals

1, 8A and 3 (representing phases A, B and C of the first

magnetic pole); 4, 2 and 6§ (representing phases A, B and

'C of the second magnetic pole); 7, 5 and 9 (representing

15 phases A, B and C of the third magnetic pole); and 74, 8

and 9A (representing phases A, B and C of the fourth

nﬁgnetic‘leading‘is equi val ent to an approximately [err] physical 3&%@5&

magnetic pole). Located radially outside of the main
windings are the control windings which define magnetic
poles magnetically leading the main winding poles by
20 substantially 90°. The order of the poles are such that
the rotating fields created by the main windings and the
control windings rotate in the same direction. The 30°
magnetic leading is eguivalent to an apptoximatély 45°
physical offset and the maghetic leading effect is
25 1illustrated by reading the windings in a counterclockwise
sense as indicated by arrow 50. The ¢9il groups and
poles of the control windings viewed physically are in a
clockwise sense depicted by numerals 8A', 3' and 4!
(representing phases A, B and C of a first magnetic
30 pole); 2', 6' and 7' (representing a second magnetic
pole): S'} 9' and 7A' (representing a third magnetic
pole); and 8', 9A' and 1' (reptesenting the fourth
magnetic pole).
The numerals of the main and control windings
35 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. This is more readily seen



the connections for phases A and A' which will now be described. The coil
7/ groupings of phase A which constitute the main 15 - w nding between | eads_;
and 7A commence with coil grouping 100 which is connected by |i-ne 101 to
Rl [ “group 102, which in turn is connected by line 103 to coil group 104,
ali-Ch in turn i s.connected by line 105 to coil group 106, which has the
ee lead 7A'. Each of the coil groups in this exanple has three 20
coils, and it will be seen that adjacent coil groups 100, 102, 104 and” Ibd
are oppositely wound thereby to create opposi te poles adjacent each ot her.
Each of the three coils of each coil group is wound in the sanme sense.
Arrows 107, 108, 109 and 110 respectylpvel y indicate the direction of the
current of 25 each coil group. Line 101 connects the coil groups 100 and
102 at their trailing ends-1ll- and 112; -1ine 103 connects coil groups
102 and 104 at PYhesterensadra Jisvrns 3 139855 phighy depick FPPe1e65 connects coi l
gr oups 104 and 08 AbrddiBhfork' 84 e okt il 15:cRpY LAGesdgals 1 and 74 | eave
the coil groups 100 and 106 at the | eadi ng ends 117 and 118. 5 The
control windi nghefwwél-IPQSgP%lﬁthwae? phase A is simlarly connected
between |eads 8A gg wrp @HELL 000100004404 |erd AHRLLH hlgho-the |1 NE 120
connects coil group 15 I'i ne connects coil group 121 to coil group
123: line 124 cdhivacbf thei ¢oigr gmvpi@ﬂ! lagoundi Fheysbageri25theCpposi te- 10
currents are in j.ac f. ws 126, 127,
128 and 129, and %dcs??!r’r%%lggtc’rafa T fmnn ?egagg%sgggg%ﬁgg Q% %t he coil -
groupi ngs as desgflﬁhednabovmmq hnﬂemjmsel &'0 of heheneentral nd-nﬂg!g of phase A

exist with regard Lo the contiglowi,ndings, il ng 120, 50005 .8 trailing
end . ' ' '

B and C of the main wihding-and B' and C' of the control
10 winding have not been illustrated for the sake of élarity.
but it would be clearly'appafent to én?bhe skilled in the
-art how these wznd;ngs would be connected after followzng
the connections for phases A and Al wh;ch wzll now be descrzbed
The coil groupzngs of phase A whlch constitute the main
15 windiné.between léa&s 1 and 7a ccmmeﬁce with coil grouping
100 which is connected by line 101 to coil group 102, which in
turn is conﬁected b& liné 103 to coil group 104, which in turn
is connected by line 105 to coil group 106, which has the free
lead 7&'. 'Each of the coil groups in!this example has three
20 cqils. and it will be seen that adjacent c¢oil groups 100, 102..
104.and 10€ are oppoéitely wound éhereby to create opposite
poles adjacent each other. Each of the three coils of each
coil group is wound in the same Seﬁse; 'Affows'lo7..108, 109
and 110 respectively indicate the direction of the current of
25 each coil groﬁpi Line loi-conn;éts.the coil groups'loo and l02

at their trailing ends 11l and 112: line 103 connects coil



15 130 of coid group 119 with trailing end 131 of coil group 121; |ine 122
connects the | eading end 132 of coil group 121 with | eading end 133 of _c; .

gioup 123; line 124 connects the trailing end 134 of coil group 123 wi @
trailing end 135 of coil group 125. Leads 8A' and 2' |eave the coil groeps—
119 20 and 125 from | eading ends 136 and 137, respectively. Simlarly phase
B.is defined between |eads 2 and 8A to the respective coil groups wth '

| i nes_interconnecting the other two coil groups of phase B simlarly. Phase
B'™'n control winding is defined between | eads 9A' and 3' to the respective
25 coil groups with lines inter connectii.gg the other two coil groups of B
simlarly. Phase Cis defined between leads 3 and 9A to the respective
coil groups with lines interconnecting the other two coil groups of phase C
simlarly. Phase i.S fi between Leads 4' .and.7' to.the respective
coil groups with Fl’(':cr’\us? 15 grr’é(;gltr%ﬁeac }éﬁ_egut bﬁ%aaad‘f‘ﬁeﬁ”df’vﬁjmcﬁ‘?q todpe of C 5
similarly. Fr omlibe 108 sonhttisoepiafl grmpeerdsl asa 1be Otheig eruasikyf phases A
and A", it will be_obvipus.t nyone skilled in the art how the_coil groups
of phases B, B, & %né&%ang s.gonlrfégfejd.“?rVAFf"biYFeEhea"%i'?dg‘P"cﬂﬁel%gneti c
pol es are indi cat afa 106 athyhé headagheskd Lresndédas. 32b, 32c and 32d for the
mai N W ndi ngs d 34a, 34b, 34c and 34d for the control w ndings. Figure 7
illustrates |inerally PREPEFY MRS Plofoih e pingt of eigAetA'c ipol es, and

the coils constitgihN@rpehniites vethidrOvesn2 bAga10S tdpmdidifgtion of
view ng the poles. The center 20 of each pole of the main w ndi ng passes

t hr ough phase B, &RoP CRE GERMRINT ¥ hihec dine 3RO \gonrlatg ¢rdflesrowass  t hr ough
t he 121: line 122 connects coil group 121 to coil group 123:

line 124 connects coil group 123 to coil group 125, Opposite
10 currents are in radially adjacent windings as depicted by
arrows 126, 127, 128 and 129, and a similar trailing and
leading connection of the coil groupings as described above
Qith regard to the main windings of phase A exist with regard
to the control windingsf Line 120 connects the trailing end _
15 130 of coil group 119 with trailing gnd 131 of coil gfoup 121:
line 122 connects tﬁe leading end 132 of coil g?oup 121 with
leading end 133 of coil group 123; line 124 connects the
trailing end 134 of coil group 123 with trailing end 135 of
coil group 125. Leads 8A' and 2' leave the coil groups 119
20 and 125 from leading ends 136 and 137, respectively.
' Similarly phase B is defined between leads 2 and 8A to
the respective coil gfoups with lines interconnecting the other
two coil groups of phase B similarly. Phase B' in control
winding is defined between leads 9A' and 3' to the'respective
25 coil groups with lines interconnecting the other two coil groups

of B' similarly. Phase C is defined between leads 3 and SA to



¥

wi nding B'. Bet ween the phases C and A and C and A, respectively, are
the ends of .each of the poles. .The rotor for the notor is indicated by '
pral 14 and it will be seen that the main windings in the stator 5 are »
M- to the rotor 14 and the effect of this is to reduce the | eakage

agfiance of -the main wi nding and thereby mninze |osses. In the case
Xerg the control winding is located closest to the rotor there would be -
hi gher | eakage reactance and possible | ower effici-ency, 10 but the i

starting torque and breakdown torque would be higher. The coils of the
control w ndings are wound in an opposite sense to the w ndings of the main
wi ndi ng such that on no-load or | owi€oad the fluxes generated by the 15

wi ndi ng of the main and control w ndings |ocated physi- cally bel ow each

ot her are opposed and the total net flux thereby produced :is mnimzed. As
t he | oad i ncr etiwesesnesting Fehi gstunshelfohinesl inferarmechbinf 88 to |l ead the

mai n Wi ndi Ng CUhent,e%en %yggpt;egf WMdse BY sMish LR .0 prlalaE @0 g0unt er wound
effect, this causes flux of the respective main and control w ndings to
i ncrease as t hésfineddetvernappadsath and HdEP tiheergapsfiivencoilngrdwesnot or  of
S et oS Fohou A R OSSR Gt g e
ABC A3B Geimilgedy.C From BeCiCmytipulon\¥hHdpmepcting the Bo@l A B C A"
B CA B C Algroups ‘of phases A and A', it will be obvious to :anyone_
skilled in the. art how the coil groups of'phéées B..B', o]
and C' are connected. :
In;Pigurés 6 and 7 the magnetic poles are indicﬁteé
10 by the dashed lines 32a; 32b, 32c and 32d for the main
windings and 34a, 34b, 34c and 34d for the éonﬁr&l.ﬁiﬁdings.
Fiéﬁre 7'illustrﬁtes linerally the relationship of thé.vgricus
magnetic poles, and the coils coﬂstituﬁing such lee;; Arrow
52 indicates the direction of viewing the poles. fhe center
20 of each pole of the main winding passes through phase B, and
the center of the control winding poles pass through the

winding B'.



The vectorial representation of the voltage and current through the
w ndings on one radial line is 30 depicted in Figure 8. Thus in the mi=R
W Rdi ng the voltage and current of phase Ais illustrated and in the
cdntrol wi nding the voltage and current of phase B' is illustrated thg
physi cal |ocations of these w ndings being opposite each other. Vect o 36
i ndi cates the 35 voltage over the main wi ndf ng of phase A and vector 38 the
curfent in the phase A winding at no-load. ‘As the |oad increased the
current vecthor Cﬁe%ma!eadtt(hqoqsﬁ:hisers C &Rdwhi thr@or@mw% tps'd,t héesp@dsb thaelly,
position. The rate 0 Itron_i t n ctors and 4 ut is not
shown in the drgavﬁengé&eal%rpf%e‘g%oﬁ?i;%l ggn %?n&g srfhase B vector 42 depicts
t he vol tage across t e weadiory fi chhies mb spkadsd indijoatdd foyomuneral 14
vol t age of phas : At - C NS 5 i S '
the vector 38 agadfds Jl'ﬁdlwgg'tlega% é%%étgéggdtmhi ’r?%% ase%tdﬁ?g]i%eié‘r @f?u%%%lg
woul d mean né plFs ‘Eil@ﬁleé'ce#\%nghat.'-‘é!‘#ménéi‘*aénéuéﬁea affiant \Qfulthbpetat &0
10 efficiently atedhg®ee tReNQAdNidge! ? dditfr S88%E dECEheNmallinS WOREL R | &0
"i n-phase" nust Iﬁ% consi dered pof der neani Eg gﬁpendl ng .on the parti culg{

[

notor itself. | RERYr Bd it hEC ot HSREF hve & HASE FRET Qi e RPRtr
between 0 and [erimdifgelier Addgyatbhds cdngdshe deesshéhaw foar rghe vd ivduld ubel

be for 15 a sityatj,on o r r.at i LR.a_l fr Q | A ed
Toad. " Such s motds thG 3 AAFY Eor BRI B0k RBLs MBY 'L}

char act er i sili0cs barit gpedsttadtinadtorguet andstireakdpwnhed rgpeave wid)| ke

were greater thqﬁgﬁ,eerrr'] the no | oad ' .

The coils of the control windings are wound in an
- opposite sense to the windings of the main winding such
that on no-load or low-load the fluxes generated by the
15 winding of the main and control windings located physi-
cally below each other are opposed and the total net flux
thereby produced is minimized. As the load increases
the current of the control winding begins to lead the
main winding current even further and, by virtue of the
20 counterwound effect, this causes flux of the respective
main and control windings to increase as their vectors
approach an additive position. '
| In the motor of Figures 6 therefore the aligmment
of the main winding phases and the corresponding control
25 winding phases physically is:
Main Winding: ' ABC ABC ABC ABC
Control Winding: B'C'A' B'C'A’ B'C*A! B'C'a’
The vectorial representation of the voltage and
current through the windings on one radial line is
30 depicted in Figure 8.- Thus in.the main winding the
voltage and current of phase A is illustrated and in the
control winding the voltage and current of phase B' is
illustrated the physical locations of these windings
being opposite each other. Vector 36 indicates the
35 wvoltage over the main winding of phase A and wvector 38
the current in the phase A winding at no-locad. As the
'load increased the current vector 38 moves to position



_Char acteristics would deteriorate but efficiencies woul d inprove 20 at
overI oad conditions. In Figure 8, for exanple, the in-phase displacenent 1is
trated as [err] at no load. As can be seen fromthe tables appearin
which refer to the same notor as depicted in the current

onshi ps of Figure 8 the optinmumefficiency is showm at 25% overl oad.
imum 25 efficiency was required. for instance at 50% overload this-_
| ow | oad phase angl e defined above woul d be even greater than [err]. - g
the |l oad increases the angle of |ead between [err] and. [err] noves to
position 46 and the relative curé_snts becone out of phase. This angle
approaches, but does not reach:[€Fr] and hence the vectorial sumof the
current [err] 5 .and [err] is reduced. In this manner the power factor of
the nmotor is WAcvegbexkraesanite thet overilgad paditionp tTherxmted lJoedd. Simil ar
vectorial repr tio 0 r t her adj acent
phases, nanel fggetqtcgdi C‘Bﬁt@;g %Q %eFerﬁP, Q‘?g}geﬁrnég sfllgb’fd'g Thi s
optim zed f | uxheelrsivingsi.s T hhecodtiny phyisncadfl phdsecBiveggomdRacent |y t he.

wi ndi ngs -of p ase nner,. shown in
Figures 6 and %ﬁﬁt%errﬁfﬂagﬁgaﬁrﬁesgﬁ‘ri?ewn gm wf‘h%s%’vﬁlﬁ |ngs as depicted
and descri bed :uzn cirom etdiel oIl tagé hprlgasreeA.S t\o gpehesdatie tcherdrt ¢onsequent net

flux bythe_ad cen in A an nd A
respectively. J\‘ﬁ }iﬂlaen%rg?’aser Wigb °’f gsrs thé pgnrdt"f:%h ar 1 oad

conditions, ay sedtetlexted in the vectorral posrtrons of [err] and [err]

This in turn mninjzes the Irng (iurrent for t
"In phase® in ideal situations wou d mean no phase

displacement at all and as such a motor would operate
N 10 efficiently at close to no lcad. In the sense used ih this

application-“inQpheSe" must be cohsidered of wider ﬁeaning
depending on the partxcular motor xtself. In pfeferred forms
of the inventlon th;s angle w1ll be between o°® and 60°.
Preferably this would be less than 45°, which_would be for

15 e situation of a motor gperating in a range £rdm no load to
rated_load. Such a.moiqr would ha§e combined goo§ close to
no load characterietics end good full load characteristics.
If the in-phase angle were éreater than 60° the no load
characteristicg would detefiorate but efficiencies would improve

20 at overload conditions. In Figure 8, for example, the in-phase
displacement is illustrated as 67.8° at no load. As can be
seen from the tables appearing later which refer to the same
motor as dépiééed in the:current relationships of Figure 8 the
optimum efficiency is shewn at 25% overload. ) If optimum

25 efficiency was requxred for 1nstance at 50% overload thzs
low load phase angle deflned above would be even greater than

67.8°.



20 particular loading. Thus flux density control results in mnimzed line
currents' necessary for particular |oading conditions. Conparatively, in A.
standard motor the flux density is relatively independent of |oad and t Rus”
thé line currént 25 is substantially independent of |oad, there being | eg
di fference between no-load and full load. In the present invention, R
however, the flux densities are nore | oad dependent and hence at |ower IQad
poihts there are reduced line currents, and this produces higher efficiency
oveé+' the notor operating range and not -solely about the rated |oad point. 5
Consequently, such a motor according to the present invention is one having
hi gher efficiency and hi gher power fact (3'1" over a far greater range than has
previ ously been possible. It has al so been found that the m)tor can oper at e
above 10 its rated Ioag b hidcg rncerffl Ci ency, hzi revi ousg been
possible. In such an oVer IiEg R 1?715"% cf’5 4t gﬁffé ef t he
current [err], is sarhyascies &baﬁu}atidromtm A0S irkl ivéd GeukPeddde posi tion
48. At this point %T 05|t| n.of the vectorlal di srpl acenent between [err]
and [err] is 15 ‘i°§' t94F P §§’af?1anTT‘€r PPate ERRFRETHSIOVRTE Pot4 8Pt and

ef ficient operatinge2AnIBd®i ams hpic 8hé .vebforia@stsumCoONAHE tRdraid B, @ WANI ass
not or A18D2 Model F-4427, three phase, one horsepower, 230 volt running at
1755 RPM at rat ed P¥hdeard ﬁﬁ!ﬁcﬁg a IBridAR FURAST cfgqu@war factor of the

motor is increased as the motor is loaded up to rated load.

Similar vectorial representations and changes can be shown
for the other adjacent phases, namely, B and C', and C and
A', respectively.
1o . Thzs optimized flux density is achzeved by physically
locatzng adjacently the windings of phases A and B', B and
C', C and A' in the manner shown in Figures 6 and 7, and
employing the currents_in'these windings as depicted and
described in connection with Figure 8 to generate the
15 consequent net flux by the adjacent windings A and B', B!
and C', and C and A', respectively.
The flux dengity'is optimized for the particular -load
conditions, as is reflected in the vectorial poéitions of
I, and Ig,. This in turn minimizes the line current for the
20 particular loading. Thus flux density control results in
~minimized line currents necessary for particular loading
conditions.
Comparatively, in a standard motor the flux density
is relatively independent of load and thus the line current
25 is substantially independent of load, there being less difference

between no-load and full load. 1In the present invention,

\ ) —— e emr me . . ———— ———— ————— T\ A
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148 inch | bs. the follow ng rel evant data was obtained..A 10 m crof arad
- capdei tor was connected in series with each main winding. At low |load, the
- fo&Rr -out put was . 057 horsepower, and the main w ndings drew some 510 5 ‘/_,

of power whi | e the control w ndings generated sone 390 watts back ~
_ the system This provided an overall efficiency of 35.4% At 0.341

-horsepovver the main wi ndi ngs consuned 504 watts while the control w ndings
generated 174 watts back into the system 10 thereby giving a 76.8% Tand
efficiency. At rated |oad the mai n windings consumed 479 watts and the

control w ndings changed their c&dHition fromthat of being a power
generator to that of being a power consuner, in fact consuning 368 watts,
and the overall efficiency was sone 15 87. 3% As the notor was run above
rated load to 1h®mrsa@em&uxtmsee#ﬂsr ate Wierelilngd deperdeasiangl y drew powver -
and the effici epgy dgpaReB4c0d0o NEl Bhird s WABulllf BERONEL AP OF
ef fectively operat ed I n the rande hor sepower t0 about 2 hor sepower
at an efficiencynd n:hZS) pzesimshmeszefr%mcamves the megprovenent over notors
in the prior art, | oad.of . th t re e current of the
control wi ndi ngSPEH% ﬁﬁ%cfa“?es NG TR quoE‘S| %om%’ agast%%dl"cagt%dl “earlier.

Overal |l the ﬁower f@hﬂéqueﬁtnyhesmtsrmms acaofdiagrmgne hreeyeen 0. 9 and
0.97. 25 me forns of the jnventjon. it ha een f ound desirabl e
to increase the’g‘fe&}tt‘?‘hg"t 8’?°q88v’é’i‘?dh’t%§rb? AR ?“%rgh% *5tPF& nmotor by
i nproving the syas®s: Yvér at i GP&HIeL | fanbé &lndf . hasThRevabysliyCBeerD| acenent of
the main and control wi ndings relative to each other as 30 depicted in

Figures 6 and 7 PasEPlRot provi de an exact

" It has also been found that the motor can operate above

10 its rated load at higher eff;c:ency_than has previously. .
been poéﬁible; In such an overload situation, the vectorial
change of the current iB' is such as to change from the
position 46 to the posxt;on 48, At this pbint the position
of the vectorial dzsplacement between In and IB' is -

15 slightly less than 180°. ngheg power factor and efficient
operating condltlons preva11 _ _

In tests conducted w;th a Wanlass motor A18D2 Model
' F-4427, three phase, one horsepower, 230 volt running at

1755 RPM at rdted load and having a bfeakdown_tcrque of



qhadrayure rel ati onshi p physically and magnetically in the three phas
four pole notor. * Such a physical quadrature relationship requires S

N
center of the control wndings to be between the poles of the main 3 P
wk ndi ngs, .and for this purpose it is necessary to nove the wi ndings
relative 19 each ot her by sone 30 electri- cal, nanely, sone 15 physical.
Each slot in"a conven- tional .stator dep-§ts a change of 20 electrica
([ rr+ physical) and hence in the tested nmotor the wi ndings were nmoved over
20 el ectrical. ahd8ndinahel psr.r|tled efoliloalimhi célemanphgataakhy obtained.

the control wi ndings M SF35aEeR, SubdPTRYr Sra b i Shed. ib RePTsR isp
mai n wi ndi ngs, tﬁéchlmﬂignwénﬁﬂﬂSng 6M3A%mnb°§§&ﬂtherm9£°r QMGPUt was .

symmetry of the mpgnethg :féé’daéiw&’fi.‘s aacﬁé’réhgg'@’aiﬁp&?‘ﬁ%n JNg reld %m&fsm
this adjustnent is 10 d%é cause nment of the pain mnndln s and control

wi ndi ngs pol e3 a€3f&s PRHPS Whidienfhe °°“t3°¥\EFQ9139% peratgdpseme
A B C Control Wpdiongiatts KackA Bnk€o ﬁ\hB Gy s!:/an C AL B pmvdla@/di an

representation shows er.at ed spac- |ng ndi ngs
and, C and A Yelrlﬁ‘lr}s gggﬁl"q%‘:%ngg ét an‘bﬁ ﬁgl%ﬁtréﬁ'g%?"?
pol es B and B' mesmm;m@wgmmdnsmédl IS Oz)et waetmshe:tenl:le ehe heopbteé..

The effect of thig ﬁ;ﬁ'gg Wenkd 'gp BO%e7 NG St Rl b 48k ﬂgtbor&‘x@ tem

br eakdown t or que" W ect on the remining | oad g
In a tested k®t ochereby giving a 76. 8% efficiency. At rated 1oa the

main windings consumed 479 watts and the control windings
changed their condition from that of being a power
generator to that of being a power consumer, in fact
consuming 368 watts, and the overall efficiency was some
15 87.3%. As the motor was run above rated load to 1.9
horsepower the control windings increasingly drew power
and the efficiency became 84.63%. Overall the one
horsepower motor effectively operated in the range of
0.5 horsepower to about 2 horsepower at an efficiency in
20 excess of 82.1% which is an improvement over motors in
the prior art. As the load of the motor increased, the
current of the control windings changed its vectorial
position as indicated earlier. Overall the power factor
of the motor was in the range between 0.9 and 0.97.
25 In some forms of the invention it has been found
desirable to increase the starting torgue and the
breakdown torgque of the motor by improving the symmetry
of the magnetic fields. The physical placement of the
méin and control windings relative to each other as
30 depicted in Pigures 6 and 7 does not pfovide an exact
quadrature relationship physically and magnetically in
the three phase, four pole motor. Such a physical
quadrature relationship requires the center of the
control windinés to be between the poles of the main
35 windings, ana for this purpose it'is'necessazy to move
the windings relative to each other by some 30° electri~
cal, namely, some 15° physical. Each slot in a conven-



the fol | ow ng paraneters were achieved: Line Voltage:

¥, - Capa
%146
.fch 1
s ch. 1b
857 Watts
0.94 The p
25% wer e:

W ndi ng
1203 RPM
Total Curr
45 inch.1b
1056 Watts

citor in Main Wnding 10 M crofarad 25 ‘Breakdown

inch.lb ' At 1203 RPM Starting Torque
b Locked Rotor Total Current _
at 1755 RPM 1.003 HP -30 I nput Power
87. 3% Power Fact or

Efficiency 5
araneters of the notor mhen dﬁerated in over- | oad condltlons
3Biohiale sohtage depicts a change of zd%wéieewexaamr(un°Ma

Y M S S DU O
enere moved ovEd R0hpetestOicaloaddomar5dhe 30° electrical

w@@ﬂpn§g4§£fi§ 'ﬂﬁwés %T% is improved the
élClenc 81.5&35%mé? F.

actor

v

- 19.3 Anperes Rated Load -

Q%*

¢ 458 e wiadinas: or

0.95 The5 chahgmertﬁ olfie that rodnkieri afs tf!we)rwelgsnewﬁ ‘thievegmtselio a
hg$849 %‘S‘g"ér‘éﬁ & gﬁa@x'mwtw th’—é dP % vd &R € E“t ed
I NCrea I n star A)an

domn orque

notoring p
an overal |
of sone 19

10

15

ue of
9PR&/Farll RALR tﬂié‘q%eﬁ%?m*rﬁbﬁl @aﬁalésmem wemg only some

10° electrical. The symmetry of the magnetic field was
accordingly improved. The effect of this adjustment is
to cause alignment of the main wlndings and control
windings poles as follows: ,
Main Winding: | ABC 'ABc' ABC ABGC
Control Winding: C'  A'B'C' A'B'C'  A'B'C' A'B'
The above representation shows an exaggerated spac-
ing between windings C and a, and"C'.and A', but it is
useful in understanding that the'oenter'of the poles B

and B', respectlvely, would now fall between the ends of

' the poles.

20

25

: 30

The effect of this’ change was to merove the start-

ing torque and breakdown torque w1thout detrrmental'

effect on ‘the remaining load range. In a tested motor
the following parameters were achieved:

Line Voltage | | 2307
Capacitor in Main'Winding ' 10 Microfarad
Breakdown Torque 146 1nch 1b At 1203 RPM
Starting Torgue - _ 119 inoh.lb

| Locked Rotor Tot tal Current - 19.3 Amperes
Rated Load | S ‘= 36 inch.lb at 1755

- o o . RPM = 1.003 EP

Input Power . . =857 Watts
Efficiency o 87.3% -

. Power Factor | T 0.94

The parameters of the motor when operated in over-

. load conditions of 25% were:

- 35, "

Line Voltage _ - .230?1_ .
Capacitor in Main W1nd1ng . 10 Microfarad

i Breakdown Torque 146 inch.lb At 1203 RPM

2



unshifted notor described earlier. In other exanples of the notor or

machi ne having a-15 different nunber of magnetic poles, for instance, t
poles or siX poT&s the angul ar arrangenents and vectorial representatiq
woul d ‘be different. Further the nunber of slots by which the wi ndings of "
t he notor -woul d be noved to obtain optinumvectorial disposition would be-
20 different. Likew se the nunber of pha of the machine would call for

ar

di fferent paraneters. No attenpt has been nede to illustrate the manner in
whith the three $Statsing Thegpel yphase main stator wikxk® imchwbbl d be -
physi cal I'y wound, oty dgieg Eé‘E%oEgiecﬁ%r%ﬁ? 25 CO”W”HQ’.“?'A&@&PQ%QUG such
as lap winding or concentric w nding wou be satisfactory as wll be

readi |y apparentO¥eF¥PRASRFIB8Y in the art. Sinilarly® ¢helzemstiPuati dA40f
the rotor has not been illustrated as any suitable rotogpmi=€y,2835gpi rrel
cage or wound rotor could be 30 used. In another exanple t he inventi on,
motors coul d,? f OFPRHStERY¥RE be wired according to duar%plﬂjf FpCERch- ni ques
of doubl e wi ndi rE&Eidien¢yvention al so has applicati ®@7.8guations 35 where
exi sting nntors#%'egcbéga% wound and constructed in manner herein
described. In such,” a .% tion the standard notor fT* provi des a stator
whi ch has t hat- qudtheé tghangeayect o theecioatrrdc oddsudindsrfoperat gener-

under existing si@RAdarghesi g9sa 138‘9}96?‘16{;’ pHASR 'R & THE &S00t Gx iRE BEL S
t he present _invention "and_desl gne -

10 24 inch.lb. This represented an overall increase in
starting torque of some 23% and in breakdown torgue of
some 19% compared with the nonsymmetrical, physically
unshifted motor described earlier.

In other examples of the motor or machine having a

15 different number of magnetic poles, for instance, two
poles or six poles the angular arrangements and vectorial
representations would be different. Further the number
of slots by which the windings of the motor would be
moved to obtaih optimum vectorial disposition would be

20 different. Likewisé the number of phases of the machine
would call for different parameters. ,

No attempt has been made to illustrate the manner in
which the three coils of the polyphase main stator wind-
ing would be physically wound on the stator core as any

25 conventional technique such as lap winding or concentric
winding would be satisfactory as will be readily apparent
to one skilled in the art. Similarly, the construction
of the rotor has not been illustrated as any suitable
rotor, i.e., a squirrel cage or wound rotor could be

30 used.

In another example of the invention, motors could,
for inétance, be wired according to dual voltage tech-
nigues of double windings. )

. The invention also has application situations

35 where exiéting motors are to be rewound and constructed
in the manner herein described. 1In such a situation the
stan&ard-motor frame provides a stator which has that



- 1

to operate at its rated output it will not be necessary 5 to enpl oy aII t he
ee{i c material which is available. In such exanples the motor will be --
o that the voltage across the capacitor added to the input voltage™ .,
cause the volt-second capacity of the core to be exceeded and not
e core operate periodically 10 ﬁgtmeen saturated and non-saturated
conditions. |If ,the magnetic materi-al ? such an instance were used to |ts5

i COPAAX e PSR AR ML Dl VCe d U B0 ¥ 0 HpREGNDD e

capacity of € core was exceeded perio overa rating of
- the notor V\U%n@iel5emesﬁigger5t@l®.ﬁa(§ldl gﬂeﬁmysand Hovwevady Woemotf PRS-

able for pardicibRediPpli ¢8ihiiso het Byl OfntehRdoRULRY! desigeud red

having only better power factor and efficiency characteristics than the

st andard not%® ﬁHG‘ﬁo‘ielﬁEréé's% RaF&8dp AP W bt WilAnnokdPEnf8FESH@%he 20
present Imve@éleﬁﬁuw aflaley tdﬂa@n@eﬁlrﬁwt@pialswﬁwnbgsr a¢aidlabided in

and non- sat ubh. SAGH CHRRRLSAs LRl PR FhhhePMHIRES FRora0h SR

t hat S]E gg?g;wbnﬂage fa{lcarms];s?:ﬂmlee zoxa/pprwhumhiﬂé@é?; SQ_Stnat mgpua.nddigiatgs -
gﬁ\gﬁlrd be u‘g’efgt Bgotg ﬁ%?g th'ée ﬁgifor%;% ?H§ 50%%?#8# éf %gtgh%%%perzﬁlon
of the notorbesebelel@,eﬁi aodbest t dbavre beh eheopty sépek apke pewdod imadslgnt i n

| ts 30 opgr n%?@ee f%ﬁ?tatr%ané k" ﬂ%ﬂ%u{%té&”&&nhﬁ@zﬁﬁ%pe ¥ Wi

“present T nvention oper € mofor - or machi né may sone
day be betté:agmpmlqwéuatﬂéaderhn" SNPhadn"” ingtaren ¥RERauSed aﬁ?o\,lé-ﬁmth

* regardt(héffmﬁﬁ“éﬁééblmyﬂiﬁoa&dﬁrdgﬁcﬁuw¥¥ﬁsth%tﬂﬁbention and
the volt-second capaclty of the core was exceeded
periodically, then the overall :atlng of the motor would
15 be higher than originally and this may be not as desir-
"~ able for particular applications where a motor of rated
' output'is required having only better power factor and
éfficiency characteristics.than the standard motor and

not increase horsepower output. 2aAn advantage of the
20 'present ihvention thus is also that existing motors may
be reconstructed in accordance with the invention to
~operate periodically between saturation and non-satura-
tion condition; and in the manner of the invention such
that standard motor £rame could now produce higher
25 output and better power factors and higher efficiencies -
: than has previously been possible.

It should be understood that while the foregoing
description of the 6pe:ation of the motor is believed to
best describe the physical phenomena present in its

30 operation, it is not meant in any way to limit the scope
of the present invention, and that the operation of the
motor or machiné may some day be better explained.

The term "in phase" has been explained above with
regard to the vectorial;positiohs of the currents in the

35 main winding.and adjacent control windings. The term
. ° "out-of-phase" means a'change'f:om the normal "in phase"
 status between the vectorial positions of these currents,



35. mai n wi ndi ng and adj acent control wi ndings. The term "out - of - phase" __~

means a change fromthe normal "in phase" status between the vectori al
posiiti ons of these currents. Thus no limtation or val ue of angl e ¢&p
inparted to define that vectorial position which will define "out-of-
phase.” It should al so be understood that the invention is 5 not limted to
the >_parti cul ar physical constructions of t,gﬁt not or and machine illustrated
hus nmeant to be illustrative

c}’d—escrl bed. The foregoi ng description i
exenpl ary Oty #NHoNqlid L84 ELGH e valag Cleaiaieiel- cano‘ﬂlé)lm’@ed to

eI ectric nmachi ne co rising; a stator i1ncluding a.core
material; a rotdeE ?m’i%%o?%ﬁ%&éa%ta?ﬁitﬁﬁdﬁﬁdcﬁa\ﬁ% aiq%m nP%E-%For

“each phase vvouncbms.a! d core and enconpassi ng said magnetic material; a

pLuralily of |t ST gRbR [ SIGEILE0 R EPRTBRPLI AP ikAutlioq e
connecting tise meitn himditegs ©é éheh gawmsiciuhaa phyisdsali rcmnstmqtmm of
said capacitors gyl 38b8SUAPSnachAHd PPLAG LGUWEE! GAdVddss it dd PUlTne

termnals: and
foregoing description is thus meant to be illustrative
and exemplary only and not restrictive,



a o/,,-, yphase control w nding having a wi nding for each phqse wound on said
o enconpass said magnetic 15 mat eri al | urality--

fgut term nals such that the windings of the main winding and: the [
W ndhgs of the control winding are radially adj so t hat

the effective-flux density generat‘e.@’ by the mai nﬁnmulmmlluﬂﬂm control
windings is lowon |low |l oad and i ncreases 20 with 9ndredsi Aig toad. 2. A__
machi ne as clainmed in claim31 wherein the net flux generated by radi al | y s
aligned w adisRgg:i s | ow on: |l ow | oad and increases with increasing |oad. 3.
A-machine 35 crai med in éither claiml or claim25 2 wherein the
respective control windi mg@oqupei&@é Mmﬁ@nﬁmr@lddnﬂq%ﬁd@ned on the
stator so that the vectori al rel ationship, in use, of the currents in
the wi ndings of the mainanst@iteds iaaludifiet W Hes d nideme it inkgSexifalishe
control w ndings substantially radially aligned with the main w ndings
cause the vectorial sum af rmodtercurrents- of 5 the substantially radially
aligned windings to decrease as the Joad increases. 4. A machine as clai ned
in any one of claims 1 t@& Baimepolyphasqsdator winding having merandings
the vectorial position of the current, of the corresponding 10 control

wi ndi ngs cﬁ&ﬁg@aFﬂ?eP@Wecmnﬁig"H Peighirars i FP IS nGisrihgs and
control w ndings.to becone substantially additive with each other. 5. A
machi ne asT@ORERE MR %ﬁﬁ e of clains 2 to 4 wherein the main w ndings
and the control w ndings o

plurality of input terminals arranged to be,

connected to a source of polyphase AC voltage:
a plurality of capacitgrs:

10 means connecting the main windings_of each phase
in a series circuit with one of said capacitors and said series
circuit being connected with said input terminals: and

a polyphase control winding having a winding
for each phase wound on said core to encompass said magnetic

15 material and connected to a plurality of input terminals such
that the windings of the main winding and the windings of
the control winding are rédially adjacent each other so that
the effective flux density generated by the main windings
and the control windings is low on low load and increases

20 with increasing load.

2. A machine as claimed in claim 1 wherein the net
flux generated by radially aligned windings is low on low
load and increases with increasing load. | |

3. A machine as claimed in either claim 1l or claim

25 2 wherein the respective control Windings of each phase are

physically positioned on the stator so that the vectorial



15 said radial |y aligned w ndi ngs are in an opposi t. ense such that, i =5

”

use, the flux density increases as the fl ux generation by the radi ¢if
al\i_gned- wi ndi ngs becones substantially addltlv ther

Machine as claimed in claimb5 wherein the 20 Wﬂg ed by
the main w ndings and the substanti glqy radially alig mnndlngs

beinng wound in an opposite sense. 7. machi ne as clained in any one of
Cl%ﬁ 1 to 6 wherein the vectorial current relationship, in use, of 25 the
Wi

ndings weRelBAsKUE, ek 9§e§UB%t%ﬂb' 85¥eﬁ@giihlﬁhglbgﬂa§n89n550|

wi ndi ngs on no-lToad i s substanti al

i ncreasi ngly ouheohaaaaa@naangac&ﬁashna bgéﬁbnqs &n tﬂenashaﬁﬁggso%'%hged
in any one of clains 1 to 7 wherein the main and the control wndi ngs each

define 5 sevebakrsagwehiddngel eabsthatsant or %aafiah.m? Bokghedf wibR RN
wi ndi ngs magnetically overlap the magnetic poles of the control w ndings

and the centermadh whedpobsscaliseheheortrebriandsugsosubhbastuirgehys of
magnetically overlap the magnetic poles of the main w ndings. 10

9. A machi Re &becBubstantiaddy smdiefllyl aldgnedt wisdwhgesetn dherease and
the control wi ndings _each define several nagnetic poles, the centers of
the poles of tR& & ﬁtFSPdwﬂﬁﬁFﬁ§§e§e|ng magnetical ly Iocated substantlally

bet ween the pol es of the naln W n |n 15 hi,ne as
clained in aﬁy one of cl % mac g as claimed in any one of cialms g

to 3 wherein, in use, the flux density increases as the
vectorial position of the current of the corresponding
10 -control windings change thereby causing flux generation
.of the main windings and control windings to become
éubstantially additive with each other.
5. A machine as claimed in any one of claims 2
to 4 wherein the main windings and the control windings of
15 said radially aligned windings are in an opposité sense
_such that, in use, the flux density increases as the flux
generation by the radially aligned windings becomes
substantially additive with each other,
6. A machine as claimed in claim 5 wherein the
20 oppdsite sense is achieved by the main wiﬁdings and the
subétantiaiiy radiélly aligned contrbl windings being wound
in an 6pposite sense.
7. A méchiﬁe as claimed in any one of Claims 1
to 6 wherein the vectorial currént relationship, in use, of
25 the main windings Qith'the curfent of substantially radially

aligned control windings on no-locad is substantially in



erein the magnetic poles of the contret—wndi-ngs-nmagnetjcally |ead

gnetic poles of the main windings. 11. A machine as clainmed in any .

X clains 1 to 10 wherein the control w ndi i ially (g
Side 20 of the main w ndings_such that thunmmmummﬂﬁ”!me mai n .
wi ndi ngs and the rotor substantiabPOy m nim zes t*hetl eakage sr eaCt ance of the
mai n W ndings. 12. A machine as clainmed in any one of clains 1 to 10 = __

wner el n ! TRLEEd) W RGeS UML) SO LS on Ond RSB 1O vy

wi ndi ngs thereby increasing starting an torque. ine a
clained inigaaigRe of claine 1 . to 12 wherein there are three phases, the
phases of the w ndings being designated by letters A, B and C and the -

phases of the controlgw dimghine R cUfinkd B and dde kI dRE£iD t he
substantial radial physical alignnment of 5 the phases of .the main and
control wi redi gsheereidB theBGlaiandrdA the espextdly etindilngys Aeavic hiefins
claimed in.any one of clains 1 to 13 wherein each of said capacitors is :
capabl & of ssvierglc magpatic relas + &de Rgnteremt therekkedf ochaid 10 AC
vol tage, to develop .a volt-second value across _the magnetic nmaterial of

sai d st at ofadgy ¥igiddnes maenetically verdamddhaRadnstiet RS Rfnetic

oo R P SE1 S5 12
of the phases ol 153/:d, AUPIARE AR AP agkbe AAIPEN NalBag @ALEd 10 any

‘magnetic péles of thé.main windings. o |

10 : 9. A machine as claimed_in aﬁy éné 6f.claims_l
to 8 wherein the main ahd tﬁé control_&indings each define-.
several magnetic poles.lthé.cénters of the.poleé of fhe
control windingé.being.magneéidally loéatéd sﬁbstantially
between the poles of the ﬁain windings.

15 10.' A ﬁachine as claimed in én? one.bf claim 1
to 9 wherein the magnétic'poles of the cdnﬁroi.windings.
magneticall} lead the ﬁagnétic.poles.of the main wiﬁdings.

11. A machine as claimed in any one of claims 1

to 10 wherein the control windings are wound ra&iéily outside

20  of the main'windings such that the spade between the main
.windings and the rotor substantially minimizes the.leékage
reactance of the main.windings. |

12. A machine as claimed iﬁ any oné'éf.claims 1l

to 10 Qheréin the.main QindingsTare'wbund'radially éuﬁside

25  of the controi wihdings tﬁereby iﬁcfeasing starting and

| breakdown.torque. | R

13. A machine as claimed in any one of claims 1



to 14 wherein sai d capaci‘'tors are capabl e of “bei ng chargeWTﬁa

stator core will; in use, periodically change r )
nen-saturated to a saturated condition. [!!" ﬁﬁm "‘LH fef p
one of claims 1 to 15 wherein the rrachlnelsa ne_4s
claimed in claim 16 wherein there are Biree phases and in which the main

wi ndi ngs and the capacitors are connected in a wye configuration, and the
25>tentrol w ndings are connected in a wye configuration. 18. A machine as

clatred in claim16 wherein there 32 are three phases and in which the

mai N wi ndi ngs ard he/heaede tihleTearadeC AhTRe ?ﬂldéés@ dHdlel Pha@Ris gafr%hleon
and the control w ndings are connected in a | ta configuration. 19.

machi ne as cl awiadingsc keiingl Gesignaited fyr d ek tars wlreeanham%nand:}ﬂen

whi ch the main w ndings and the capacitors are connected in a we '

confi gurati on, PAddesheLc bier sonkingdi miaddngsc dyndetteerisn ad ,d@'t and C*,
configuration. 20. A machine as clainmed in claim16 wherein there are three
phases and in ﬂﬁﬂcMhﬁﬁ@lﬁaﬁﬁam%¥$555§t&ﬁé redipd physdcedr aligamestnest ed
in a delta cgonfiqur tlon t he c;ontr wi ndi ngs ,ar.e connect ed Jn_awe
configurati % f‘%% ﬁ%n Bee madfy FE‘ EFPI thels whacdRgsapre A8 'heBS'n
described with f @hanc s |IIustrated by, Figure 2 of the
acconpanyi ng dr%%ings %gs%ec%q . 22. A pol yphase el ectric nachi ne

substantially as herein ggscri bﬁﬁc‘ﬂ'lh'% nef enelGed In %gj(, s LleushLaked by,

Figure 3 of the acconpanying draw n
1l to 13 wherein each of said capacitors is capable of

being charged to a voltage sufficient, when added to said
10 AC voltage, to develop a volt-second value across the
magnetic material of said stator cere greater than the volt-
seaond capacity of seid magnetic material so that, in use,
the said magnetic material will periodically be driven into
saturation in opposite directions upon-chanées in polarity
15 of the phases of said polyphase AC voltage. |
| '15. A machine as claimed in any one of claims 1
to 14 wherein said capacitors are capable of being cherged
so that the stator core will, in use, periodically change
nonlinearly from non-saturated to a saturated condition.
20 16. A machine of any one of claims 1 to 15
wherein the machine is a motor.

17. A machine as claimed in claim 16 wherein there
are three phases and in which the main windings and the
capacitors are connected in a wye configuration, and the

25 control windings afe'connected in a wye configuration.

18. A machine as claimed in claim 16 wherein there



23. A pohyphase el ectric machi ne substantially:as herein described with 2

re nce to, and as illustrated g, 20 Figure 4 I NQ o
dr@gs. 24. A pol yphase el ectric machine substimuumﬂ!mwmﬂm,n ~’
des bed with reference to, and as illustrated by, Eighre"5 %f *the g
acconpanyait¢ @hddFhasds #hdolyPhRsehetBel hben"RehdA S hHiaHal |y as 25
herein described with reference to, and as illustrated by, Figure 9 of thgg
acconpany cagadriavizsgjare corhemicdd nknas dedtaedonfiguyadiics aidfmd 21 to 25y
substantially as herein described with reference to, and as illustrated by,
- Figures 6thé smohtdad wirdiaursnmreycogndctednga: aTHelttaxicorfidiration. |
“specification has been reproduced by photocopying the applicants original.
typescript. It my Jdéh aik madhinanassdokaimedhinhciedmdiliE whedzein thesce.

The ori ginal typescript containing these anmendenents may be inspected on

the préni 3¢ &hrae oases aid e which the main windings and the

capacitors are connected in a wye configuration, and the

control.wiﬁdings_are connected in a delta ccnfigurat;cn.
20. A machine as claimed in claim 16 wherein
.there are three phases and in which the main windings and
10 the capacitors are connected in a delta configuration, and
the control windings are conneéted'in-a wye configuration.
" 21. A polyphase electric machine substantialiy
as herein described with reference to, and as illustrated
by, Figure 2 of the accompanying drawings. o
15 - 22, A polyphase electric machine substaﬁtially
as herein described'with7reference to, and ;s illustrated
by, Figure 3 of the accompanying drawings. | |
| 23. A polyphase electric machine'substantially as
herein deséribed'wiﬁhlreference to, and'as illustrated by,
.20 Figure 4 of the accompanying drawings.
| 24. A polyphase electric'maéh;ne substéntiaily
as herein described with reference to, and as illustrated by,
Figuré 5 of the accompanying drawings.
25. A'poiyphaSg electric machine substantially as
25 herein déscribed-With reféfencé'to; and as illustrated by,

Pigure 9 of the adgcmpanying'drawihgs.

.

26. A machine as claimed in any of claims 21
to 25 substantially as herein described with reference to,

and as illustrated by, Figures 6, 7 and 8 of the accompanying.

drawings. e —
The text of the specification has been reproduced by pho"c;eop;-,'in.g the eppli ginal v

t . ! pplicants ori .-
typescript. It may contain s fovw amendments which are difficalt to resd. The original
typascnp‘; containing these azendmants mey be imapected on the premises of the Patent Office




