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I 1 MPROVED CO L DESI GN FOR THREE PHASE LI NEAR MOTORS
AND METHOD OF FORM NG CO L 5 FIELD OF THE | NVENTI ON
This invention relates to an inproved integrated coi

used in, for exanple, linear notors. In particular,
this invention relates to an integrated coil assenbly
for a 3 phase |linear notor and nethod for form ng the

integrated coil. 10 DESCRI PTI ON OF RELATED ART

Exi sting linear notors typically include wire coils

that formmagnetic circuits to conduct current and
IMAROGEY CONaDESIGNI EORMIREE PHASEr ddNEARa | i near force.

CGenerally, the linear 15 force produced is
MPTORS ARB METHODt BB RQRMBWE GRIEsi ng t hr ough coi |

wi ndi ngs of the wire <coils and magnetic flux density

of the magnetic circuits. As a result of the

electrical resistance of such wire coils, the current
H@&Héﬂ%?ﬁﬁ'*%?%ﬂ&W the coil w ndings also generate

heat. In sone instances, overheating may arise. This

20 is caused by production of a continuous | arge

TR MR ' DR 0 el 95 RERE pe
m!ot%rs ‘i#@érﬁ&% th&ﬁﬁ@e%ﬁé‘rﬁ Keilétgs B &VRI ra‘? d:eéoheaﬁéér%l% e a%JBrhase
I NSt an pro em asSsoOocCl exi

Iu@s” ﬁqbfoPQﬁéﬁnelhbH‘ﬁﬁrfoFmEQﬁﬁe 'nﬁeér%dld&?Ven 25 gener at' on
heat. Consequently, the heat generated is al so not

d|SS|pated evenly. 2 Reissued U.S. Pat. No. 34,647,
i ssued to Beakley et al on Jul. 26, 1994 and assi gned
DESCRIPTION OF RELATED ART

Existing linear motors typically include wire coils that form magnetic circuits to conduct
current and thereby enable such motors to produce a linear force. Generally, the linear
force produced is proporticnal to the current passing through coil windings of the wire

coils and magnetic flux density of the magnetic circuits.

As a result of the electrical resistance of such wire coils, the current conducted through
the coil windings also generate heat. In some instances, overheating may arise. This
is caused by production of a coniinuous large current oufput to obtain a
sufficiently large linear force to move a heavy load. Efficient heat dissipation is

therefore necessary to prevent overheating in such instances.

Another problem associated with existing multi-phase linear motors is the uneven

generation of heat. Consequently, the heat generated is also not dissipated evenly.
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Trilogy Systens, describe techniques to inprove heat

di ssi pation using inproved coil designs. This patent

descri bes that the individual coil |oop side thickness

is 5 approximately the said individual coil |oop total

w dth divided by two tinmesothe nunber of phases and
wherein at | east one individual coil loop formng a

pol e of a phase overlaps portions of said individual
coil loops form ng two pol es of each ot her phase. One
side of an individual coil loop is |located directly
Raigpiseddhb- BafeNai Hb1dt isguestinBeakley etralpy W8, 194 and|assigned to
of the sane phase. US 2002/0125773 Limet al describes
TIR9Y RYEYPat %Cf&@. {EChIGUSAP JMRRRe @ea,td#wrsmaa@bgsm% impraygdheoll

wound before the coi

%s‘e“éﬂ:shﬁ??ﬁ% PFteBhaFLee”@&Fl art Pl °°3$’eosm<ns=rs s
a%olrg(ﬁ%%raﬁgttki Lolrlptﬁi N gaﬁ Cj&'f I% {ag\wldﬂ]@\ci%\%lgbyolﬁvﬁg Y] e number
PPN ahé.n D058 oo RS UE Wog Mg BIBSE 1L hhase

arger 00 a prec

A U b i g

al describes an individual, single coil with an
approxi mately rectangul ar ring-like shape is forned by

Ohb didéf 6f amthddedial oot oplianesated tikedty latRbert d#@Ssidel B another
i ndi vidual coil units are then arranged and pil ed
indogietihesil lbap dfaiensamnecidse. assenbly. The separate coils
in the above prior art are still subject to uneven
heat dissipation in 25 certain circunstances. This is
because individual coils are forned separately and
UBHER2/011 2oéd L pligintesaribss e fistegratadenil astieabbrwhephendidecps for
to forma coil assenbly. Such 3 placenment is difficult
e BolHprase Qi @re Weerd befrrecthgrell dogws f enather eliicrhgse epibare
ower
wgund. The coil loops of different multi-phase coils are interweaved at two opposing
portions. At each of the two opposing portions, coil loops of a subsequent multi-phase
coil are larger than coil loops of a preceding multi-phase coil by the thickness of coil

windings of the preceding multi-phase coil.

US 2003/0184425 A1 Mori et al describes an individual, single coil with an
approximately rectangular ring-like shape is formed by fixture and bent into shapes with
tilted sides. The individual coil units are then arranged and piled together to form a coil

assembly,

The separate coils in the above prior art are still subject to uneven heat dissipation in
certain circumstances. This is because individual coils are formed separately and then

placed sequentially offset from adjacent phases to form acoil assembly. Such
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output of a nulti-phase linear notor using the coi
assenbly is thus subject to inconsistency and
therefore undesirable. 5 Therefore, a need clearly
exists for a coil assenbly for nulti-phase |inear
notors that enables a consigstent |inear force to be
provided for different phases and in which heat can be
nore effectively dissipated. 10 PROBLEM TO BE SOLVED
BY THE | NVENTI ON The coils of the prior art are based
on essentially two approaches of coil design and
pPleeammeds difficeditp sonttd ande whisresinaegyate atdsemerisoceurs, the power
i ndi vidual coil forming and then assenbling them
oytpiepthar mulisrhagre dipparpegtar nusiag. e 67l aseaariheys dhusapublery to
. US 2003/ 01 442? Al Mri et al). The individual coi
ingAsisiCE ARDINgESToge Undesireliet o pe nmade of the sane size
and shape, thereby enabling nass manufacturing to be
easy and fast (Re. 34,674 Beakley and 2003/0184425 Al
THRERS oofiep SO Bbt gt B DR B IR bl g TR MG e
ergalb?e%! ep(%r{sgﬂan't %e%?'fotr 3 & 5&%&@& ?orﬂgl%renpgﬁéégg.aﬁgm which heat
I SSi pation occurs because the individual coils are
cArPbdReresaRanalefiskipaled. then placed sequentially offset
from adj acent "'phases to forma coil assenbly.
Mor eover, the placenent of the individual coils is
difficult to control and, where inaccurate 25
PROBLEMETD BECSOILED BYSTHEOINVENTUORUt of a nulti - phase
l'inear notor using the coil assenbly is thus subject
to i nconsistency and therefore undesirable
(US200310125773) 4 The second approach is an
Theveallgr oft the odir| arhmpe bassld wheaseerdiatbh twoi lapbroashea vl caihdesign

and forming of coils,

The first approach uses individual coil forming and then assembling them together (as
described in Re.34,674 Beakley et al and US 2003/0184425 A1 Morietal). The

individual coil design enables all coils to be made of the same size and shape, thereby
enabling mass manufacturing to be easy and fast (Re. 34,674 Beakley and
2003/0184425 A1 Mori et al} However, this method has the disadvantage of the coils

being subject to uneven heat dissipation in certain circumstances.

Uneven heat dissipation occurs because the individual coils are formed separately and
then placed sequentially offset from adjacent phases to form a coil assembly. Moreover,
the placement of the individual coils is difficult to control and, where inaccurate
placement occurs, the power output of a multi-phase linear motor using the caoil

assembly is thus subject to inconsistency and therefore undesirable (U32003/0125773)
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precedi ng coil (as described in US 2003/0125773 Li m et
al ). The integrated coil design approach has the
advant ages of nore even heat dissipation and nore
accurate 5 placenent of the coils. However, the design
and assenbly causes the twy opposing portions to be
very large. The interwoven coils at these opposing
portions significantly increase the height of the
coil assenbly. The interwoven portions are al so not
used in generating force as they are not cutting the
Theagereni carprasxh iFLant insgradeckeoilt Arproanhevhasy each qoiis Waimeg! on a
i ncrease the coil volunme and coil mass, thereby
PiefRdIR EPh@stdescriosd c iy s 2003P126773 16mee @ itng hﬁeataertate@lncoﬂ
of the efficiency of notor performance. To overcone

degign ?ﬂ%‘?ﬂcﬁ n%aséE%aﬁéwaaiaaas i '?‘Piretel’f@” f‘??tﬂSSQﬁEP"S%E’dﬂ%Fe accurate

I nyentors pro osed
gau

BRI A éﬁ%ﬁ?ﬁ'%QP%V@édtﬂsﬁ%ﬁsaaffd SRR G2 gy b0 OPposing
o0 el e TR i Rlora s MR PR R BT Sy
mEr% EQﬂ\gq‘?ﬁnght %PL e co|| %s?&ﬁﬁ{]%e ultwtgﬁvoggﬁ L)gl‘t SH<E ?r%zé%%ot used in

IVI ut s cal same

gért@étm'gsforg@%é %ﬁ%r&f Wt c[nmﬁg fA4 rhégfn%% huﬁ?ﬁﬁ‘fg?lln%re ltRe ana'r\ﬁoven

way, a multi-phase coil assenbly Is produced which has

pbiensGRGE At 18E bcﬁﬁ\}oﬁﬁ’né)énd R FAds3 L tReBbAREEBIg BE fGH8d/Sss ratio,
good heat dissipating characteristics and yet w thout

célsihg Ireduglor B ahsvefeBn@RPasbiBgpefihaas t hat makes the

nmotor | arge and heavy. 20 SUVMARY OF THE | NVENTI ON An

obj ect of the invention is to provide an integrated

coil assenbly having a plurality of three-phase coi
Tasaverdolviecthe pwhismss asagciaBdswith the first and second approach to coil
design, the inventors proposed a more optimized and balanced approach. In this
third approach, all the 3 coils are wound on a same fixture but each coil's winding is
completed before moving to the next coil. In essence, the coils are wound individually
but systematically on a same fixture that is designed for the multi coil assembly. In this
way, a multi-phase coil assembly is produced which has the characteristics of

accurate placement of coils, good heat dissipating characteristics and yet without the

large interwoven cppesing portions that makes the motor large and heavy.

SUMMARY OF THE INVENTION

An object of the invention is to provide an integrated coil assembly having a

plurality of three-phase coil assemblies, comprising
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a first coil assenbly has a large size coil |loop 1A a

medi um si ze coil loop 1 Band a small size coil loop 1
C, 5 a second coil assenbly has a small size coil |oop
1A', a nediumsize coil loop 1 B and a | arge size
coil loop 1 C, a third coisl assenbly has a |arge size
coil loop 2A, a nediumsize coil loop 2B and a snal
size coil loop 2C, 10 a fourth coil assenbly has a
smal |l size coil loop 2A", a nmediumsize coil |oop 2B
and a |l arge size coil loop 2C, the first coi

ass eyl colk @esamblc bbé  adasesrbiks coit viop dAcairhedigs esids! goil loop
and fourth 15 coil assenbly being placed in series

wi t hiBachacimrlk dfe efide 'R a manner such that the

| arge size coil |loop 1A, nediumsize coil loop 1 B
and small size coil loop 1 C of the first coi

1R Rl B SEESEHT fen 487 R P Sl o
I f.th nbl t ly,
00903‘ P %Qdo o%e ﬁ%%gccé TOR«D asse y respectively

the S Size C di um si ze coil 1oop

1B and | arge size coil loop IC of the second coi
assenbly are connected to the large size coil |oop 2A,
mE‘dl#Mrﬁﬂzéoupgbéenl.ﬁapma@a&l%e e BMbdp PaZ§ Fh@bl‘.lml 9@9 coil
2C of the third coil 25 asSenbly respectlve y and

the |bey @8 shdz@ &Pl $i20iIdésp 2edi um si ze coil | oop ZB
and small size coil loop 2C of the third coi

assenbly are connected to the small size coil |oop

2A", nmedi um
a fourth coil assembly has a small size coil loop 2A’, a medium size coil

icop 2B’ and a large size coil loop 2C',

the first coil assembly, second coil assembly, third coil assembly and fourth

coil assembly being placed in series with each other

arranged in a manner such that the large size coil loop 1A, medium size coil
loop 1B and small size coil loop 1C of the first coil assembly are connected to
the smail size coil loop 1A, medium size coil loop 1B’ and large size coil loop 1C

of the second coil assembly respectively,

the small size coil loop 1A', medium size coil loop 1B’ and large size coil ioop 1C
of the second coil assembly are connected to the large size coil loop 2A,
medium size coil loop 2B and the small size coil loop 2C of the third cail

assembly respectively and
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size coil loop 2B and large size coil loop 2C of the
fourth coil assenbly. 5 Advantageously, the coil |oops
of the integrated coil assenbly are neatly arranged
next to each other thereby utilizing the space
avai |l abl e conpl etely. Advagtageously, the coil |oops
of the integrated coil assenbly are neatly arranged
next to each other thereby inproving heat dissipation
thgulergecsizey evil IhegraA, T@edilirs size bagtli loop ViBt Bndsrhdile sizei doil loop 2C
| oops. Advant ageously, the coil |oops of the
ofi Heetjiratasll agssimblasue mxnpestee the el ymalhsizarmgidoapeddt’, medium
each other so that the integrated coil assenbly is
SiFg el 9o P’ anghiafag §iER ¥l loops 2@d ot Heatgediu sl assrinbly.
sensors can be inserted in the portion where the coi
ends instead of another separate space. A second

~nleaetle B B3 Fho %eé%’%%{e%‘fvﬁ%séegﬁ%"’neﬁg anangec
I I f. th il
n&grﬁgég'aéhngthgr ﬁﬂe e{b?xét{ij;r(lg § Iﬁé ség(% Evaalalﬁl‘ chhlgléeiﬁf tehe es,

nmet hod of nanufacturlng conpri si ng the fol |l owi ng
steps: making a first winding for a |arge size COi

AURRRge6@TP! Bl B8 RopLof PREFRLGHEH '&Sﬂjas'})@mg@ e‘talW B%anged

and ending in a first predeterm ned posit |on

nd@Ki B0 eachectRe WeRBY NtmpBling ABS Wbsphic Cflel tbOQPen heat
fromthe first predeterm ned position, conpleting a

diptripatinewithim etk Boinfeps.of turns and

Advantageously, the coil loops of the integrated coil assembly are neatly
arranged next to each other so that the integrated coil assembly is free from

emply pockets.

Advantageously, hall sensors can be inserted in the portion where the coil ends

instead of another separate space.

A second object of the invention is to provide a method of manufacturing an
integrated coil assembly comprising a plurality of three-phase coil assemblies, using a
winding fixture and a wire dispenser, the method of manufacturing comprising

the following steps:-

making a first winding for a large size coil loop, completing a
predetermined number of turns and ending in a first predetermined

position;
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ending in a second predeterm ned position; 5 nmaking a
third winding for a small size coil |oop, fromthe
second predeterm ned position, conpleting a
predet erm ned nunber of turns and ending in a third
predeterm ned position, thereby conpleting the first

coil assenbly; 10 arranging each coil assenbly in
series such that the |arge size coil |oop, nedium
size coil loop and small size coil loop of the first

coil assenbly is connected to the small size coi

| oopnakimgliausesirde vading | foopa anshetiamgezes tale |eapi, IfrohDOpe first
of the second coil assenbly respectively, 15 the

sl predateraninagii positop, comepthitingn si @edat@minedooymizendofll urge and
size coil loop of the second coil assenbly is
conﬁﬁ@ﬂ@dmtésﬁﬁﬁﬂlEﬁg@e§W2%1@99hm1oop medi um si ze

coil loop and the snmall size coil loop of the third
coil assenbly respectively and 20 the large size coi

| oop, nedium size coil |oop and small size coil | oop

of tREKIRG rdh"dco‘f”Fd'ﬁ%sg’erlay |5§‘aﬁoﬁﬁé§t"éd|"t°8 freva §'PPaIS?°°"d

size c rred mS|e[7§e coi

cor PSR ReSFOLr RSP Sses ?r&m Rdogmfee&gﬁf T, and
Int %r &E&hgd tﬁ)rd n'%]d‘é];ee}% u{d'? ]tiO{’l the ?r%an)%h the gl(ssltlcoﬂ

asse 5%conpri'sing a p
assefdal i gs, the coil loops of each 00|I 8 assenbly are
neatly arranged next to each other thereby utilizing

t he space

arranging each coil assembly in series such that the large size coil loop, medium
size coil loop and small size coil loop of the first coil assembly is connected to
the small size coil loop, medium size coil loop and large size coil loop of the

second coil assembly respectively,

the small size coil loop, medium size coil loop and large size coil loop of the
second coil assembly is connected to the large size coil loop, medium size coil

loop and the small size coil loop of the third coil assembly respectively and

the large size coil loop, medium size coil loop and small size coil loop of the third
coil assembly is connected to the small size coil loop, medium size coil icop and

large size coil loop of the fourth coil assembly.

Advantageously, in the method of manufacturing an integrated coil assembly

comprising a plurality of three-phase coil assemblies, the coil loops of each coll
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avai | abl e conpl etely. Advantageously, in the nmethod of

manuf acturing an integrated coil assenbly 5

conprising a plurality of three-phase coil assenblies,

the coil |oops of each coil assenbly are neatly

arranged next to each other, thereby inproving heat

di ssipation due to even heat distribution within the

coil | oops. Advantageously, in the method of
assanibfyacirdr hexgly afrrangb@ ot etb GRich @R&eetaby dflizing the space

conprising a plurality of three-phase coil assenblies,
atdilgble iompletadps are neatly arranged next to each ot her

so that the integrated coil assenbly is free from

enpty pockets. Lastly, it is the third object of the

invention to provide a coil winding nethod to 15
Adanitogeysiit eim B®i Fneﬁl%lerﬂﬁl ymanidagiging \ainntieatgted sailiassembly

and_a wire di spenser, coil wi ndi ng nmet hod

%Wﬁmgsﬁ' ﬁb"%l'weofftawele&n?%gC%'ba%ﬁ@ﬁ@ées muwg kpops raft each coil
g%& gvfpr | arge size coil |oop, tlng
3P B 1 P B0 et 18 Sl U mEPerabYa Improipg heat
t d di
BGFAIE TR BPerr Bl SRt 3, TR B uTFRer " 0

predet erm ned position, conpleting a predeterm ned
nunber of turns and ending in a second predetern ned

A@\%'tég'e%bly 2509 iR kh&Hod &M FrQnt&ghrﬂg 4% tegra?égi!:éll SdsERibly
coil "l oop, fromthe second predeterm ne osli t
cERoRRIngt & PlrAitP be tHedepHEsB il HaEDRkIcQf the!r BSI aBshs are neatly

arranged next to each other so that the integrated coil assembly is free from

empty pockets.

Lastly, it is the third object of the invention to provide a coil winding method to
manufacture a coil assembly, using a winding fixture and a wire dispenser, the

coil winding method comprising the following sequence:-

making a first winding for a large size coil loop, completing a
predetermined number of turns and ending in a first predetermined

position;

making a second winding for a medium size coil loop, from the first
predetermined position, completing a predetermined number of turns and

ending in a second predetermined position;
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ending in a third predeterm ned position; 5 thereby
conpleting the coil assenbly. BRI EF DESCRI PTI ON OF

THE DRAW NGS 10 For a better understanding of the

i nvention, its advantages, and the objects attained by
its use, reference should pow be made to the

acconpanyi ng drawi ngs. Thé acconpanyi ng draw ngs
illustrate one enbodi nent of the invention and

together with the description herein, serve to explain
the workings and principles of the invention. 15

Fi g.rhalisg an thitd ugihdiag | @n af healiceizk il Nopgfreaguteneecond
and nmet hod of the present invention. Fig.2 shows the
confpredatertriimexd  pbsitionc giompietiog nd | predesdronriedgndrhiger of turns and
i ndi vidual coil phases. 20 Fig.3 is a coil assenbly

i n tendiong. INDESORI PteGieOFNetHEOSARFFERRED EMBODI MENTS 25
An enbodi ment of the present invention will now be
described wth reference to the acconpanyi ng draw ngs.
10 To better describe the inproved coil assenbly,
theggby reompleting el @8%amiy-1, a winding sequence of a
coil assenbly of a 3 phase notor is given herein. For

a 3 phase notor, since there are 3 phases, the coil

sk SECERIFTIR'TSASE BraMihgseoPs: The nunber of coil

For a better understanding of the invention, its advantages, and the objects
attained by its use, reference should now be made to the accompanying drawings.
The accompanying drawings illustrate one embodiment of the invention and
together with the description herein, serve to explain the workings and principles of

the invention.

Fig.1is an illustration of the coil winding sequence and method of t{he present

invention.

Fig.2 shows the configuration of a coil assembly, showing the individual coil phases.

Fig.3 is acoil assembly in track.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present invention will now be described with reference to the

accompanying drawings.
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5 |l oops per coil is equivalent to the nunber of
phases. The winding of the coil loops is supported by
a wnding fixture and a wire dispenser (not shown in
Fig 1). The wnding fixture and wire di spenser are
used in the art and does nqf formany part of the
clainms of this invention. However, the w nding
sequence of formng the coil |oops are part of the
claimed invention. 10 The w ndi ng sequence begins, for
exanple, at position 10 in Fig 1A to wnd a first
Tovbeithrnigsérive to®inprowedpol Asserhigly, wefechinng isgmeds forFig 1, a winding
cl ockwi se direction as indicated by the arrow and
sesyAanteceiescal apsattay efrad phabermotbeis gbent hareis. Bef @8 @hase motor,
ending at position 11 as shown in Fig 1A 15 Upon
sifgf theteorrp Serntiaees. dfe eaditherpidppcamorises 8 oil loepsliTsigawgwer plscoil
posi tioned at position 11 where it _starts w nding _
logp PeTetoll iF SaEYPTHith e PHIMERE Of Bhasgsn dng yiding rof thgecoll loops is
second coil | ,00@11 B. The wi ndings for coil lOOP % B
SURPRMPH bY e W 'WYEKANS @ avieedenadpeni (Refi SHPWY M§'9 Phe The
arro It should he noted that coil |qop i s qf fset
wPUPG e (G PReBEH P Ve 1 ety ooy elolafg v
I b At i he ,
e R shltRF of s pPRar QB I Sipdit] sSBH, ¥ i
rege ' Wl . Upon full conpletion
”%f&§0%§5$%Eﬁg?qgﬁh§%geﬁf%%' F@g@hser i S now positioned

at position 12 where it starts w nding anot her
predet erm ned nunber of w ndings for the third coi

TheQjind?fy ddgueridechbayindd ifdioskabple, G®ipbsiti@PP0 ICFRY €A agakiltd & Mirst
the same cl ockwi se direction indicated by the arrow.

widing foroad 1dopClA. SThalvaiading et inreedladkivise directitncasiihditaaapbyl the
B and is typically wound |1

arrow and completes a predetermined number of turns before ending at position 11 as

shown in Fig 1A.

Upon full completion of coil loop 1A, the wire dispenser is positioned at position 11
where it starts winding another predetermined number of windings for the second caoil
loop 1B. The windings for coil loop 1 B are in the same clockwise direction indicated by
the arrow. It should be noted that coil loop 1B is offset relative from coil loop 1A and is
typically wound smaller than coil loop 1A to maximize the space usage. The winding

ends at position 12 after completing the predetermined number of windings.

Upon full completion of coil loop 1B, the wire dispenser is now positioned at position 12
where it starts winding another predetermined number of windings for the third coil loop
1C. The windings for coil loop 1C are again in the same clockwise direction indicated by

the arrow. Coil loop 1C is also offset refative from coil loop 1B and is typically wound
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smaller than coil loop 1B to nmaxi m ze the space usage.
The wi ndi ng ends at position 13 after conpleting the
predet er mi ned nunber of w ndings. Wth w nding of coi
| oops 1A, 1B and 1C, coil assenbly is conpleted. 5
Fig 2 shows how the configytation of a coil assenbly.
The coil is made using a sg cial fixture designed for
this purpose. For the coil that is shown, it is nade
for a 3 phase notor and therefore conprises 3 coi
| oops. The nunber of coil |oops per coil is
sragller waheodi Icbp 18he mawinigy thekpaleasags. Th wikalHy «0ads bt pdition 13
made smal |l er than the preceding coil on the sane
affgrdinpigtifig te preeleteminedh nembavayy wirldongs. aVih windisg ofatildegps 3 A,
sizes of coils are forned on the assenbly. In order
18 pad 1€ heoil apsamibiy iawowplefedt he 3 phases are bal anced, a
corresponding coil assenbly is placed in series with
the first coil assenbly and connected such that coil A

has a large coil 15 connected with a small coil. Coil
Fig 22 58@vhibv e spaffquration of 8 sAhaserd: bhecqilds gede ysing a special

_Wh il .Bh 2 nedi y] coils. In thj

g OB 98T EHBEET 015" GFC £ 1ot P ADARR. i KemadssoE e ppse
oSl 415 By SO A Bl 2 BT 1 5 e o
eéﬁ%%%n&hhgnﬁg&%&gﬁﬁ%ﬁgpn, space at the coil ends is

as sho I'g 2. This is because each
subsequent coil is made slightly smaller or bigger
than the preceding coil. In this way, the wires at

EhdHcdiOh InRBASMRECHBR the' prosdtith AR thE samBWindMERAGRL Inythis
arranged next to one another, thereby utilizing the

waydcea ayhadeahbior, GaiHek ef edilg.ard forBed 66ltHeeSsdrhisly. 1RGRTEr fHaf the
| arge space at the coil ends which is comonly found
rdsistenbe of thd 3 pbéseprarebamnted, a corresponding coil assembly is placed in
series with the first coil assembly and connected such that coil A has a large coil
connected with a small coil. Coil C also has a small coil connected to a large coll
whereas coil B has 2 medium size coils. In this way and by proper selection of coil sizes,

the resistance of the coils can be made to be equal. The coil assemblies are therefore

always used in pairs.

Using this configuration, space at the coil ends is saved, as shown in Fig 2. This is
because each subsequent coil is made slightly smaller or bigger than the preceding coil.
In this way, the wires at the coil ends are not "meshed together” but are neatly arranged
next to one another, thereby utilizing the space available completely. This reduces the
need for large space at the coil ends which is commonly found in the coils of prior art.

The space saved has thus enabled the hail sensors {(which are used for commutating
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25 The space saved has thus enabled the hail sensors
(which are used for comutating 12 the notor) to be
inserted in the portion where the coil ends are
i nstead of anot her separate space. The coil assenbly
Is therefore nore conpact ? design. 5 By not having
i nterwoven coils at the coi'f ends, usage of excess
wires required to form the coil assenbly is reduced.
This reduces the mass of the overall coil assenbly
which in turn inproves the efficiency of the notor.
theheotoitb bde sisgredilisahd ppitiov edekewmt odil eadatl instedk biv@either
each phase such that the heat is 10 evenly
sefiagate simee e dhé rooinassemigh ds éhdrefoen otoheecomplbi 8 desigbecause
the coil ends of the different phases are already in
cl ose contact. They are further conpacted tightly with
a fixture while formng the coil assenbly. The
By ﬁ?)trf@\\/@a IHeeven %8s phihe 66 ety BA0e Of sPicRss wites reqwred to form
e§£F0|a nportant in the case where the notor is
H@E?ﬂ@gé'sc EFqUPtHh a'HBil ntr eCBFe? Hiecmassf the PY%E%'HCO" assemb'y
E @l“ on g g @ % ﬁ)vertlcal load). In this
VORI & HPHOPESTT BRc Fﬁm?%% E%"ﬁ Ases woul d be higher in
two of the phases conpared to the third phase. In this
situation, a conventional coil design will result in

n@@(fil %gfgll\taﬁg i r@vésﬂ%a%&%sol | afif'aﬁ %?I]wegﬁ%%‘cg ;%hﬁlséfdcﬂgﬁé?;ﬁ?e%eat is
eRPROHIBkPGed hr%nh B phﬁeof?ougr%é?y ThiE8s BELREe 2h& bil Endbf the

the coil ends) as well as transferring the heat to its

diftiehDsHade g alré’é)jyhﬁ) Elﬁéé/&fntacﬁ heeg aiel fudlRs cefpatted tifitly with a
i nvention inproves the accuracy of coil placenent. In

fixaareavhilafdrmirigntle voidaabmdyl Mse migovadd@aBdishigRiias edaradiémstics is
their positions (by overl appi ng one another or placed

especialy iemertanttih theantaivheefths etotad issprathedly oefraimearhdiey of force
are formed into a coi

at a fixed position (eg. in the case of a vertical load). In this case, the current in the

phases would be higher in two of the phases compared to the third phase. In this

situation, a conventional coil design will result in heat built up in the two phases. With

this improved coil design, the third coil will share the load of absorbing the heat

produced by the other 2 coils (at the coil ends) as well as transferring the heat to its

surroundings.

Moreover, the coil design of the invention improves the accuracy of coil placement. In
prior art, individual coils are made and placed into their positions (by overlapping one
another or placed in layers with certain offset distance) before they are formed into a coil
assembly. In the winding method for the invention, the relatively positioning of the

coils (from one phase to another) is determined by the winding fixture which is more
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assenbly. In the wi nding nethod for the invention, the
relatively positioning of the 25 coils (from one phase
to another) is determ ned by the wi nding fixture which
is nmore 13 accurate. It nust be noted that accurate
positioning of the coils iﬁ i nportant for consistent
performance of the notors. %ig.S is a coil assenbly in
track. The approach used in the coil design and 5
adSifdTOl Ym@h Hehhéted NMANhEQRatE NREBEORE oflthOWsild Reir§itktahtE for
coil assenbly to be free fromenpty pockets at the
cansistedtperofiddsncefof tHeematoisl assenbly, as shown in Fig. 3.
In Re. 34,674, Fig 3, ( Beakley et al.), it is
observed that the coil assenbly has sone enpty spaces
equivalent to 2 tines the desired coil wdth. In US
FiRG0 3i602 &4l 2Bs@Nbly Fingre@k ( Miihe eppragch) uséd i ahe atailalebign and
seen that the coil assenbly has an enpty space/ pocket
a@&mb{)faﬂfeﬁ'ts Tyeptionoihereferiel aligvit the emliresoll gsyamblatogh freanfrom
the designs; there nust be enpty spaces for the_ coi

R PRBS %&th%aﬂf?%w: GEgre iGsperpidy.| asas'5§3‘ﬁ'ﬂ)l Inefsg- 3 hinRe-
S5BE 819 Scofrenru R, MheCSTreh Dol RECol RS Peus Fane emply
ki
sﬁt’\%%s {eagl a?er% gonze r%%é qe%sé’\% coblrv\@@hc sl}% %qbgsﬁﬂﬁdéz%u,&lrf-en% (Mon
et.r eﬁ‘flqp@aq aléorb &%R%Ht 5heduecn¢1'agge I h [Yt? Q{) c%ybocﬁé?%é&valent
roughou

i's''no enpty pockets/space e ent
tcCoHe! cASHARDT s |sﬁ‘§?e\}arlstn? H RbesigRd: [thedS FREDLY =B sﬁ@t\,’e% for the

space at the coil ends becausé each subsequent co

cdiSad¥BASly St IbatH &ndsS FBY st il kagBles! MRNsgabe .dora@fs:c,e@,igﬁg.cant
coil. The wres at the coil ends are not " neshed

whageshgdred idtHe @efaingfdempat This Aghs that Geefditivd by, coil
thus utilizing avail able space conpletely. This

patiorasn@eirahich dtdnemiis semr@ithcutbathd magnstior fiux (arslegrofiwies force) is
commutating the notor) to be inserted in the portion
reduced. In the coil design of this invention, there is no empty pockets/space

throughout the entire coil assembly.

An integrated coil assembly can save space at the coil ends because each
subsequent coil is made slightly smaller or bigger than the preceding coil. The
wires at the coil ends are not “ meshed fogether * but arranged neatly next to one
another, thus utilizing available space completely. This arrangement allows herein
hall sensors (used for commutating the motor) to be inserted in the portion

where the coil ends instead of another separate space.

While an embodiment of the invention have been described, it should be apparent,
nowever, that various modifications, rearrangements, substitutions alterations and

adaptations to those embodiments may occur to persons skilled in the art with the
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where the coil ends instead of another separate space.
Wi | e an enbodi nent of the invention have been
described, it should be apparent, 25 however, that
various nodifications, rearrangenents, substitutions
alterations and adaptatioqa to those enbodi nents may
occur to persons skilled in'the art with the 14

attai nment of sone or all of the advantages of the
present invention. Accordingly, it should be clearly
understood that the present invention is not intended
attanrbent| df rdotmedoriyll oft the gaasartagasl afrthé @adsamteisvention. Accordingly, it
structures herei nbefore described and depicted in the
stpuitclo oipantyyindgrsthodvbaidbe piesentsnvehtiongf aptinientdehidded lingited by
cover all such nodifications, alterations and
thed egrtiatigrofestuigs Roditstrdelpesst herginbefom dersrikasbped aiedicted in the
spirit of the present invention as defined by the
achopwARd crawings. aivAReraieroiendedEteTver afttpuchnpeifieatians,
10 The coil design under this invention saves space at
alfqrationsand adgriatReR; withotheereping fragbine seaRmaRd sPitis the present
.excess wires is also redyced thereby reducing costs
HOoR P Rl Y P B er a1 | ool | - assensly. - and

in turn inproving the efficiency of the notor. 15 The

i nproved coil design also i nproves heat dissipation
ABRVANTABR JUSLEPFESTSBESTHRY RIVERARONJi ST i buti on.  The

coil design results in nore accurate coil placenent
which is inportant for 20 consistent performance of
not or s.

The coil design under this invention saves space at the coil ends making the coil
more compact. Use of excess wires is also reduced thereby reducing costs and
reducing mass of the overall coil assembly, and in turn improving the efficiency of

the motor.

The improved coil design also improves heat dissipation and also promotes more

even heat distribution.

The coil design results in more accurate coil placement which is important for

consistent performance of motors.
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25 15 CLAIM5 1. An integrated coil assenbly having a
plurality of three-phase coil assenblies, conprising 5

a first coil assenbly has a large size coil loop 1A a
medi um si ze coil loop 1 Band a small size coil loop 1
C, a second coil assenbly q%s a small size coil Ioop
1A', a nediumsize coil 10 FToop 1 B and a |l arge size
coil loop 1 C, athird coil assenbly has a | arge size
ccaims | oop 2A, a nmedium size coil loop 2B and a snal |
size coil loop 2C, 15 a fourth coil assenbly has a
small size coil loop 2A", a nediumsize coil |oop 2B
and a large size coil loop 2C, the first coi

1asAmrritieyrated ewd redbseobly raswmgnta plurdityl sfdtheeidhases seiaksemblies,
and fourth coil assenbly being placed in series with
cemprtsingt her 20 characterized in that the |arge size

coil loop 1A, nediumsize coil loop 1B and snall size
coil loop 1C of the first coil assenbly are connected
to the small size coil |oop 1A, nedium size coi

| oop? HrE8 colh ey dagi Adargesiee ceibfpopGA. afmedigm sz 6ail loop
col |, asSPIbLYal CSRSSh g Yo, 2°

a second coil assembly has asmall size coil loop 1A', a medium size coil

loop 1B' and a large size coil loop 1C',

a third coil assembly has a large size coil loop 2A, a medium size coll

foop 2B and a small size coil loop 2C,

a fourth coil assembly has a small size coil loop 2A’, a medium size coil

loop 2B' and a large size cail loop 2C,

the first coil assembly, second coil assembly, third coil assembly and fourth

coil assembly being placed in series with each other

characterized in that the large size coil loop 1A, medium size coil loop 1B and
small size coil loop 1C of the first coil assembly are connected to the small
size coil loop 1A', medium size coil loop 1B’ and large size coil loop 1C' of the

second coil assembly respectively,
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16 the small size coil loop 1 A", nmedium size coi

loop 1 B and large size coil loop 1 C of the second
coil assenbly are connected to the |arge size coi

| oop 2A, nedium size coil loop 2B and the small size
coil loop 2C of the third il 5 assenbly
respectively and the large size coil |oop 2A, nedi um
size coil loop 2B and snall size coil Ioop 2C of the
third coil assenbly are connected to the small size
coil loop 2A", nmedium size coil loop 2B and | arge

trel grealt eizé dobdmpp AL, roéditmesifcoudit op Ol aad &rgblsize cbid Icdp 1C
An integrated coil assenbly as clained in Claiml

ofaties edegondhe caibidssérobipsamr eonnveted| Yo athearagyeel sizxtcoil doop 2A,
each other thereby utilizing the space avail abl e

megdipl e'tfeIGy).il laop ZB andi theegmatl esize odil leppsenBlof dke third coil
claimed in Gdaim1l wherein the coil |loops are neatly
agReMRig EgPerEiXely t 8%ach ot her thereby inproving heat

di ssipation due to even heat distribution within the
coil loops. 4. An integrated coil assenbly as cl ai ned

d . th
thé?tﬂé@i%%%en Fal B8 2}*2% ‘6'1(%%1&9 o "Pra s peft P'H?'E@Fﬁt g loop 2C
of: eI thitd 5§ syemb§ ar € nn %{nd np‘tl*}/e gmal %t 2 coq | O%A med|um
rate coi | Sé ? & & '?

s.Qé‘E+ul 13601 28" §n&%}89§:¥£en§(ﬁlrl zb” oF B& ROFh! QR é@g%ﬁ%ﬁ he

Ccol ends i nstea anot I separate space.

2. An integrated coil assembly as claimed in Claim 1 wherein the coil loops are
neatly arranged next to each other thereby utilizing the space available

completely.

3. An infegrated coil assembly as claimed in Claim 1 wherein the coil loops are
neatly arranged next to each other thereby improving heat dissipation due to

even heai distribution within the coil loops.

4. An integrated coil assembly as claimed in Claim 1 wherein the coil loops are
neatly arranged next to each other so that the integrated coil assembly is free

from empty pockets.

5. An integrated coil assembly as claimed in Claim 1 wherein hall sensors can be

inserted in the portion where the coil ends instead of another separate space.
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6. A nethod of manufacturing an integrated coi
assenbly conprising a plurality of three-phase coi
assenblies, as clainmed in Caim1l, using a w nding
fixture and a wire dispenser, the nethod of
manuf act uri ng conpri sing aH | east the followwng 5
steps: making a first MAndlﬁg for a large size coi
| oop, conpleting a predeterm ned nunber of turns and
ending in a first predetermned position; 10 nmaking a
second wi nding for a nmedium size coil |loop, fromthe
6f IAr stethoar efd ahaiuiacn@thg oS irtdgpdited EEINGFs@hbIRGomprising a plurality of
predet erm ned nunber of turns and ending in a second
thoeeepheise coil amsdmplies| tas ocleimeB ineRleing 1a ubihg rad wiidndi foguieosand a
a small size coil |oop, fromthe second predetermn ned
wpesdisdeoser, cihapinethiodg oh meredeteingi eretbrisingbatr least ther fglowing
and ending in a third predeterm ned position, thereby
stéb¥pl eting the first coil assembly; 20 arrangi ng each
coil assenbly in series such that the |arge size coi
| oop, medium size coil |oop and small size coil Ioop
of the first 0|I assenbg |s connect ed b t he smal
si ze™¥8M9  Pooist metidih s'PZe Bcoi PrIFodTE ARlL 19Pg&oRpisting a
CQi ssenbly. res

I
c! b8t MEBo R, oo REARL Y 2R Sl
and &ﬁﬁgﬁ;5|ze coil loop of the

making a second winding for a medium size coil loop, from the first
predetermined position, completing a predetermined number of turns and

ending in a second predetermined position;

making a third winding for a small size coil loop, from the second
predetermined position, completing a predetermined number of turns and
ending in a third predetermined position, thereby completing the first coil

assembly;

arranging each coil assembly in series such that the large size coil loop, medium
size coil loop and small size coil loop of the first coil assembly is connected to
the small size coil loop, medium size coil loop and large size coil loop of the

second coil assembly respectively,
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second coil assenbly is connected to the |arge size

coil loop, nediumsize coil |oop and the snall size
coil loop of the third coil assenbly respectively and
5 the large size coil |oop, nmediumsize coil |oop and
smal | size coil |oop of thjgthird coil assenbly is
connected to the small size“coil |oop, nmediumsize
coil loop and large size coil loop of the fourth coi

assenbly. 10 7. A nethod of manufacturing an

integrated coil assenbly conprising a plurality of
thehe@et RS €oiCRbp, ARSIRAD|iRS coifSody ahdRflgd ikl 3biMo6p of the
wherein the coil |oops are neatly arranged next to
seaoth odihesseitb®yr &byonreciedzionghd hegs pieecdlvadp, abédum size coil
conpletely. 15 8. A nethod of manufacturing an

looptangr the ennadlosite edlsiomp| wf chaphird icnijassepblyr @b peclively and

t hree- phase coil assenblies, as claimed in Claimé6
wherein the coil loops are neatly arranged next to

each ot her thereby inproving heat dissipation due t
theylarpertizgt collilea | BatiLBHizR €91l loop Hredeaall Sizsopdl log 09 theA”““d
nmet hod of manufacturing an jntegrated coil assenb

C%‘"i‘fﬁ?rPEVn@ SO’B‘FEFFQItPt yweofsmav H28ecniegr regsiym size coil P‘/’Op and
Iasnb ﬁ iﬁz%ﬁ% E(]amG\maanthecml
FEopee &PLICORSAL NG QTR SGLASHEWY t 0 each other so that
the integrated coil assenbly is free fromenpty
pockets. 25 19 10. A coil w nding nethod used in the

7manufagiune Ahn cmmg as n%a%txd eéna LRb mpH31 a'pmrahy of

usmgavvlndln I Xture a a wre ISp nser, e COl
three-phase coil assemblies, as claimed in Claim 6 wherein the 00|I loops are

neatly arranged next {o each other thereby utilizing the space available

completely.

8. A method of manufacturing an integrated coil assembly comprising a plurality of
three-phase coil assemblies, as claimed in Claim 6 wherein the coil loops are
neatly arranged next to each other thereby improving heat dissipation due to

even heat distribution within the coil loops.

9. A method of manufacturing an integrated coil assembly comprising a plurality of
three-phase coil assemblies, as claimed in Claim 6 wherein the coil ioops are
neatly arranged next to each other so that the integrated coil assembly is free

from empty pockets.



wi ndi ng net hod conprising the follow ng sequence: 5
meking a first wwnding for a |large size coil | oop,
conpleting a predeterm ned nunber of turns and ending
ina first predeterm ned position; 10 maki ng a second
wi nding for a nediumsize coil |oop, fromthe first
predeterm ned position, completing a predeterm ned
nunber of turns and ending in a second predetern ned
position; making a third winding for a small size coi

| oop, fromthe second 15 predeterm ned position,

16.0mplceil | WBdiAg Phefel elsadngd e MRBRufRiuleULNS adddil a&REHY as
in a third predeterm ned position; thereby conpleting
clairedcoi ICIg@ssenblging 20 wikding fixture and a wire dispenser, the coil

winding method comprising the following sequence:-

making a first winding for a large size coil Iloop, completing a
predetermined number of turns and ending in a first predetermined

position;

making a second winding for a medium size coil loop, from the first
predetermined position, completing a predetermined number of turns and

ending in a second predetermined position;
making a third winding for a small size coil loop, from the second
predetermined position, completing a predetermined number of turns and

ending in a third predetermined position;

thereby completing the coil assembly.



