WD 20041073365 PCT/ US2004/003825 1 1 2 3 TO ALL VHOM I T MAY CONCERN: 4 5
Be it known that we, Lincoln M Jore and 6 Matthew B. Sore, citizens of the
Uni t ed St atax2004/073@&nerica, and residing at Ronan, Mntanah@B6dyodisee 8
invented an inprovenent in a 9 10 CONDUCTOR OPTI M ZED AXI AL Fl ELD ROTARY
ENERGY DEVICE 11 12 of which the following is a 13 14 SPECI FI CATION 15
This application clains the benefit of prdvisional 16 application Serial
No. 60/445,884, filed February 7, 17 2003. 18 19 BACKGROUND OF THE
| NVENTI ON 2O The present invention relates to an optimzed axial 21 field
rotary enefgy device which can be either used as a 22 notor for converting
el ectri cal 3 enéPgylio WisE] T dAYa COYICEENer at or for converting rotary notion
to electrical 24 energy. This invention includes a stator formed by 25
stacking a*plurality of printed circuit boards wherein 26 the electrical
conponents_are arranged _for, maxi num power 27 and efficiency. 28 Axial air
gap brushless notors wi 8¢ &y éneynditért we, Lincoln M. Joré and

6 Matthew B. Jore, citizens of the United States of

7 America, and residing at Ronan, Montana 59864, have

8§ 1invented an improvement in a

10 CONDUCTOR OPTIMIZED AXTIAL FIELD ROTARY ENERGY DEVICE

12 of which the following is a

14 ‘ SPECIFICATTION

15 This application claims the benefit of provisional

16 application Serial No. 60/44%5,884, filed February 7,

17 2003.

18

10 BACKGROUND OF THE INVEMTION

20 The present invention relates to an optimizéd axial

21 field rotary energy device which can be either used as a
22 motor for converting electrical energy to motion or a

23 generator for converting rotary motion to electrical

24 energy. This invention includes a stator formed by

25 stacking a plurality of printed circuit boards wherein
26 the electrical componenté are arranged for maximum power
27 and efficiency.

28 Axial air gap brushless motors with layered disk

29 stators are known, such as U. S. Pat. No. 5,789,841 to



29 stators are known, such as U S. Pat. No. 5,789,841 to V.'O 2004/ 073365
PCT/ US200?4/ 003825 'r) 1 Wang. The stator winding in Wang utilizes wires 2
i nt er conng. W wave or |ap configuration. These 3 ) <Of
relativelgﬁ*ﬁﬁggﬂgﬁze and difficult to 4 manufacture. gﬁﬁﬁﬁ?ﬁ%ﬁﬁﬁﬁyim
field electric machines utilizing 6 printed circuit board stators are al so
known such as 7 shown in U S. Pat. No. 63411,002 to Smith et al. 8 The
present invention provides a rotary energy 9 device for operating with

mul ti-phase @861 cole ROVREor WOndheydayiwend sugeneradlysfbat and
relatively thin and 11 provides a notor which can be used wth many tools
and 12 appl ;38T dithdiSeed O0RYa Waled &S BASCiohfighitdt Son POWBResE3 saws,
weed eaters, electric bicycles, washers and dryers. 14 The devi ce accordi ng
to the presemfoddMentdan b5 geshanedly 15-de &ipbmize @l esishtal tesi stance
and to mnimze eddy 16 and | oop current. The el ectromagnetic inductance is
17 enhanced kysddfdddazdsg the gap between the rotor magnets 18 and the
stator circuits and further since the notor is 19 constructed of printed
circuit beards, t e aciutahgfi20d coséstate sabsinatiatl yimingm zed. 21
22 SUMVARY OF | NVENTI ON 23 The present invention provides an axial rotary 24
ener gy devi ceomhitedd i siactangbdaird ataubts-phasel ebekhown saShcursr ent
configuration. The device includes a rotor 26 having a plurality of

per manent 7magietwipalesU secuPed. 2Fot her €1d, @bzl tar Shethi atl atles a st at or

formed by stacking
8 The present invention provides a rotary energy
9 de@idé for operating with multi-phase electrical power.
10 The device is generally flat and relatively thin and
Il provides a motor which can be used with many tools and

12 appliances in use teday, such as electric drills, power

13 saws, weed

o

at

(D

rs, electric bicycles, washers and dryvers.
14 The device according to the present invention i1s designed
15 to minimize electrical resictance and to minimize eddy

16 and loop current. The electromagnsetic inductance is

17 enhanced by minimizing the gap bstwsen the rotor magnets

18  and the stator circuits and further since the motor is

19 constructed of printed circuit boards, the manufacturing

20 costs are substantially minimized.

21
22 SUMMARY OF TNVENTION
23 The present invention provides an axial rotary

24 energy device which is arranged in a multi-phase electric
25 current configuration. fhe device includes a rotor

26 having a plurality of permanent magnet poles secured

27 thereto and further includes a stator formed by stacking

28 a plurality of printed circuit board working conductor



28 a plurality of printed circuit board working conductor WO 2004/ 073365
PCT/ US2004/ 003825 3 1 layers together with a plurality of printed circuit
board 2 wengaehsie | ayers. The stator having at |east pagud00Qfkishd
conductor |ayer for each phase of the electric 4 current and at |east one
connecti ng conductor |ayer 5 associated wth one working conductor |ayer.
The working 6 conductor |ayer and the cagnnecting conductor |ayer each 7
havi ng radi al conductors extending froman inner diameter 8 through-hole to
an outer di ameyerst hogeahchohd tik 9 pahzaliichy odf pHiate@NdUGIRTiSt apea P ovi ded
for electrically 10 connecting selected ones of the radial connectors of
the 11 cwpnnechnegtdondlcierd.ayahd agtaelecthediogestoflldahe radial 12
connectors of the working conductor |ayers through the 13 through-holes. 14
15 DESCRI PTI GNrkEngHE oDEAMNGS 1H/dm fordeacdhhathalshke ofnigid icdreaeyide clearly
17 understood and readily carried into effect, a preferred 18 enbodi nent of
t he i nventi ocunrehthewdbetdésardtbeche lymnay:-tihg afonexanplre lantesy, W th
reference to the acconpanying 20 drawi ngs wherein: 21 Fig. 1 is a partially
expl oded ¥i ewssbcaastedt orLtI22n@ tWonkamios domoken canwdyyarsed Thd hwotieigpg esent
invention; 23 Fig. 2 is a viewof the stator shown in Fig. 1 wth 24
further péart sobdokdenradayer?2mrd ghed doswneatieyw cbridhe tstratlayeshosachn Fig. 2
with 26 further parts broken away; 27 Fig. 4 is an expl oded view of an

ener gy deVi ckaving radial conductors extending from an inner diameter

8 through-hole to an outer diameter through-hole. A

& plurality of via conductors are provided for electrically

10 connecting selected oness of the radial connectors of the

11  connecting conductor laver to selected ones of the radial
_12 connectors of the working conductor lavers through the

13 through-holes.

14
15 DESCRIPTION OF THE DRAWINGS
16 In order that the invention may be clearly

17  understood and readily carried into effect, a prefsrred
18 embodiment of the %nvention will now be described, by way
19 of example only, with reference to the accompanying

20 drawings wherein:

21 Fig. 1 is a partially exploded view of a stator,

22  with parts broken away, used with the present invention;
23 Fig. 2 is a view of the stator shown in Fig. 1 with
‘24  further parts broken away;

25 Fig. 3 is a view of the stator shown in Fig. 2 with
26 further parts broken away:

.27 Fig. 4 is an exploded view of an energy device

28 according to the present invention;



28 according to the present invention; WO 2004/ 073365 PCT+t4S2004/ 003825 4 1
Fig. 51s a cross-sectional view of an energy device 2 according to the
present invention; 3 Fig. 6 is a plan view of a first working conductor 4

| ayer used with the stator showmn in Fig. 1; 5 Fig. 6Ais a plan view of the
first wortd H§*&eSnduct or 1 ayer shown in Fig. 6 with dECAYSPOGHBHRS 7
conductor pattern renoved; 8 Fig. 7 is a plan view of a first connecting 9
conductor |ayer used with the stator sho in Fig. 1; 10 Fig. 8 is a plan
view of a second working conductor 11 |ayer used within the stator shown in

Fig. 1, 12 Fig. i | an view of a .second _connectin conductor .l ayer
usggad Wi t %i n tge g:tlzﬁs'ofs glhsoven T |‘gs.eclt;lo.nf} Fg fdst iasrgaerb?%qu. gvﬁlﬁﬁya
third WO%k'%%é%FE&W%Q&)tﬁ%a#ﬁ%%%&ﬂ?%%@gﬁgyé%;he stator shown in Fig. 1; 16

Fig. 11 i's a plan view of connecti1ng 17 conductor |ayer used with

the statqr shown g, Fig die il 012 4 2 lhan. .o ol o separate

conductor | ayer use ator accordin he presenF 20

i nventi on; (%Lnjaé{érxgc%géﬁvhsc?nd@(@ COS8S: Sj%gtﬂﬁ'?gng'all'\/i ew showing 2_ a

met hod of c 1on 1'n the stator 1ayers; 13B is a

T3 25 B g 130H S a Cr aen s B o i aw B shoa R S 26 138 wi th
plated throughiless MRA0AHRA336P AGT 2004 3825 s of the

7 ponductor pattern removed;

8 Fig. 7 is a plan view of a first connecting

9 conductor layer used with the stator shown in Fig. 1;

10 | Fig. 8 is a plan view of a second working conductor

11  layer used within the stator shown in Fig. 1;

12 CFig. 2 is a plan view of &

in

econd connecting

13 conductor laver used within the ator shown in Fig. 1;

mn
cr

14 Fig. 10 ig a plan view of a third working conductor
15 laver used within the stator shown in Fig. 1;
16 Fig. 11 is a plan view of a2 third connecting
17 conductor laver used with the stator shown in Fig. 1;
| 18 Fig. 13 is a plan view of a separate conductor layer
19 used within the stator according to the present
20 invention;
21 Fig. 134 ig an exploded cross-sectional view showing
22  a method of comstruction in the stator layers;
23 Fig. 13B is a cross-sectional view showing the
24 stacked stator layers shown in Fig. 13A3;

25 Fig. 13C is a cross~sectional view as shown in Fig.

26 13B with plated through-holes;



51Fig. 14 is a detail view of a radial conductor used 2 wth the
conductor |ayers according to a first enbodinent 3 of the present
invention; 4 Fig. 15 is a detail view showi ng radial conductors 5 of six
conduct or Wn30e+4/6738@Gnnect ed in parallel according 6 to PR/ H2eLEVEs2S
invention; 7 Fig. 16 is a plan view of the first working S conductor |ayer
showmn in Fig. 6; 9 Fig. 17 is a plan view of the first connecting 10
conductor |ayer shown in Fig. 7 with higﬁiighting; 11 Fig. 18 is a plan
view of a conductor, layer 12 according to a second_enbodi nent of the present
13 inventiton; 14 Eig- ¢ il £ 85I vBwbiota & ddial FrrRIEESFOHsBESAIS Wit h

t he conductor .| ers accordi.ng to a third enbodi nent 6 of the present
i nvention? 1W1ﬁ%.thﬁ) Cicglciil?ﬁs‘?%i}ra%%ad}rc% Hf o &né%?%rerﬁggﬁ?me% with
t he conduct or ers accor diﬁtho a fourth 19 enbodi nent of the present
i nvention® 20@TFiIHC PEILRL Ht1Mew of a radial conductor used 21 with

t he condu%tor Iay%Ls agggrdigg(%q_a.fiflh,e odi ment_ _22 of t%e gresent
i nvention® 23 Figf'%> i’® & YA &5 W o £ 1AHY tOTPUREHCTE4 Wit h
the conductor Jayers accordi ng]aatlo a si xth embodi ment ]Sﬁ ff the present
i nvention® 268 Fi%g" ZPHETE Yot a1V W Bt E FAd A PEThaLRT oFCUREG 7 with

t he conductor,_ | ayers accordin 0_a seventh 28 enbodi ment of the present
i nvent i on% WGooH S et Soa80s

7 Fig. 16 is a plan view of the first working

8 conductor layer shown in Fig. 6;

9 Fig. 17 is a plan view of the first connecting

10 conductor layver chown in Fig. 7 with highlighting;

11 Fig. 18 ig & plan view of a conductor laver

12 accﬁrding to a second embodiment of the present

13 invention;

14 Fig. 1% is a detail vew of a radial conductor used

15 with the conductor lavers according to a third embodiment
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, radial conductor us
1§  with the conductor layvers according to a fourth

19 embodiment of the present invention;

20 Fig. 21 is a detail view of a radial conductor used

21 with the conductor laverg according to a fifth embodiment
22 of the present invention;

23 Fig. 22 is a detail view of a radial conductor used

24 with the conductor layers according to a sixth embodiment
25 of the present invention;

26 Fig. 23 1is a detail view of a radial conductor used

27 with the conductor layers according to a seventh

28 embodiment of the present invention;



6 1 Fig. 24 is a detail view of a radial conductor used 2 with the
conductor |ayers according to an eighth 3 enbodi.nent of the present
invention; and 4 Fig. 25 is a partially exploded view of the stator 5 shown
in Fig. 1W®eli4eH8éseparate conductor |ayer shown 6 in FIRUS2004/008828
DESCRI PTI ON OF A PREFERRED EMBODI MENT 9 The present invention includes a
stator faorned by 10 stacking a plurality of printed circuit boards (PCBs)
11 containing a plurality of electrical cPrcuits formed of a 12 conductive
materi al and supported by a nonconductive 13 _diele tric material. Overall,
the invention is fi¥¥: 244 % cRatifbRly VAPH, CAnd F3S & cFPRUFGFC T §iFRE, or
ot her 1575hape sui tabl e éor the_function of the device. 16 ﬁs a
non-1imtisng BxEptas EPRIUGtehoneYETFhPEEOTEEi hBNdT oRaFRFfew of one
preferred _enbo iqgg% of tEe 18 invention congnised of six PCB | ayers
arranged i’n LEAPLTECRY PhatReePLEEPPEalN¥GRFEAR! cBRfi guration. The three
phases 20 are denoted herein_as A .B.and C .| ig. 1, the axial 21 scale
has been éXaggeraﬁéﬂgfo$§c+%r?t9a5ﬁaagﬁ¥ §§pa8335ngh%Wi9% HEeRi%ESor mal | y
present f echtricaI 23 igsungigﬂ and necganigal ggggogt has been
removed. Big.>RO% 17F| TSt r at 85 C8n&"6r SFRAY “p5sSPBHE angentnt’s*Wher eby a
25 phase % CL{ .ig alQhase B circuit, and phase Ccircuit 26 internesh and
bypass one another? ' In"Fig. 2, the phase C 27 circuit has been renpved to

so t hat SE?E of the details 28 are nore easily seen. Fig. 2 illustrates one
of many 2004/ 073365 PCT/ US2004/ 003825
8

DESCRIPTION OF A PREFERRED EMBODIMENT

9 The present invention includes a stator formed by

10 stacking a plurality of printed circuit boards (PCBs)

1 containing a plurality of electrical circuits formed of a
12 conductive material and supported by a nonconductive

13 dielectric material. Overall, the invention ie flat,

14 relatively thin, and has a circular, square, or other

,._.
th
L}

hape suitable for the function of the device.

16 | As a non-limiting example, Fig. 1 shows a three-

17 dimensional view of ons preferred embodiment of the

18  invention comprised of six FCB lavers arxanged/in a three
19 phase electrical current configuration. The thres phases
20 are denoted herein as A, B and C. In Fig. 1, the‘axial
21 scale has been exaggerated for clarity and the

22 nonconductive material normally present for electrical

23 insulation and mechanical support has been removed. Fig.
24 1 illustrates one of many possible arrangements whereby a
25 phase A circuit, a phése B circuit, and phase C circuit
26 intermesh and bypass one another. In Fig. 2, the phase C

27 circuit has been removed to so that some of the details

28 are more easily seen. Fig. 2 illustrates one of many



7 1 possible arrangenents whereby a phase A circuit 2 interneshes and
bypasses a phase B circuit. As best seen 3 in'Fig. 3 which has both phase B
and Ccircuits removed, 4 phase A circuit is conprised of |ayers of

conduct i VEO B048T38%Y al . Each layer of conductive materi dICHSRGHIPBISed 6 of
a plurality of radial conductors, typified by a radial 7 conductor 2, and a
variety of non-radial conductors, as 8 rﬁpresented by non-radial conductors
3, 4, and 5. The. 9 radial conductors and non-radi al conductors are

t 10 t h i ' th duct I d 11 al
Connect o | OB T BL W FARETOTEL br e O B or D490 EOnAUbT I Fayers by a

plurality, of.interl ayer ¢ or 13 .as_represented by.,inierlayer

conductofz6.lqﬁ%l?%§%?Fa?%&dggéa%%%%u%t%%%s eg %fE%u%ghne%F %8?¥é§§%ﬁﬁing
radi al 15, congdu rs,0 iff V, fot can i ialy 16 in
parallel% PhggeﬁégfcaiP?ggﬁtﬁéﬁﬂ%%#%uéﬁg%giglQg%delgy%%%¥?§g?a (%%%%uctors

connect edﬂggﬁ%gsmoeiwsi%a edc%@#fgé’& LE f&%?éio?{c&ﬂdﬁgﬁ% and in

parallel, a i Nt érconnéc ween |layers in series and in parallel,

20 or in §er1in§1s.erg£1!.n Racal i&;‘reri6‘%eégﬁéﬁ‘égjz@@dmgwﬁéﬁiglc% At phase

circuits contained within the sane [ayers of conductive matérial. Phase

cirouits ¢ 3¢ andiCratec,23¢i Hhystiatedshe 5gs lpdeasdbeing comprised of

six layers 24 of conductive nmaterial, but other I ments of the 25

i nventi om My haverdr! OVeENET advRLEbEY 89@%—%%&@1%%@1%&9%0 ctive
material. 27 ‘As seen in Figs. 1-3, and as described in detail 28 below, the

di mensi ong, $patbabnabHARgeRBAL $aaand M0L300440Z35654PCTLESR004/003825
| ¢ radial conductors and non-radial conductors are comnnected

10 togéther in series on the same conductor layer and are

11 also connected in series with conductors on other

2 conductor layers by a plurelity of interlaver conductors,

13 as represented by interlaver conductor 6. Ths interlay

D

¥

(

14 conductors mav alsgo connect corresponding vadial

—
th

conductors on different lavers of the conductive material
16 in pérallel. Fhase & circuit, with numerous radial and

17 non-radial conductors connected together on the same

18  laver in series, or in series and in parallel, and

12  interconnected between lavers in series and in parallel,
20 or in series, or in parallel, intermeshes and bypasses

21  any other phase circuits contained within the same layers
22  of conductive material. Phase circuits . A, B, and C are
23 illustrated in Figs. 1-3 as being comprised of six layers
24 of conductive material, but other embodiments of the

25 invention may have a lower or a higher number of layers

26 of conductive material.

27 As seen in Figs. 1-3, and as described in detail

28 below, the dimensions, spatial arrangements, and



8 1 interconnections of each conductor within the phase A B 2 and C
circuits are optim zed based upon the function and 3 desired performance of
a device which would incorporate 4 the invention. The di nensions, spatial

ar r angenmeMa20044@3655 | nt er connecti ons of one conductor &&TORB0G4RPEF2S0f 6
conductive material can be varied independent of any 7 other conductor in
the sane | ayer of conductive material. 8 The di nensions, spatial
arrangenents, and 9 interconnections of dhe conductor on one |aver of 10

conductive material can be variged independent of the 11 dinensions, spatial
ar r angenent s, ettt SR Torftiee 19 n%a(gT Cpgﬁguaﬁﬁp%t‘ﬂ’ﬂeﬁ'h%n%%t%?a%ﬁ &ny Eot her

I f d i 13 terial. . le, Fig. .3 di al
conductor = TP (it o GELE (L R SR 1 HRTT 1 HRe v GRE bP g 15

di al d . 3 h h th S t t h, 16 oth th
a1 aver of R 5e b el S ) Gor G Sttt v P HE T ST Re
dinensiona, g&?tigl 1 arrang&geq%§ anp i nterconnecti ons of eagh and every
19 conducfor W HIW $he Phase K B HHE O r KRSt HE T DF TRVIEE ' c AR be

timzed.for. f. fact 1 incl udi b limted to,
gloelctmrizgalD ?;lsﬁn%%e%ogeéé f%%%g%%%l#%éﬁén%g%?gé\%%?ia dr;n(étﬁd Igop current
23 [ _dissj ' ' 24P d
23 goner okl oot dhastRaLLon, 808 KR AL DG S0Ren e PUBLET T, |
oS al e, | NRe0nG Rt 20, LI ORW IINENILON: 27 Apaclelved,atbodirent of

the invention i's shown i n conduct or optim zed energy device 10

\FVO 2004%073ﬁ§§<£§H¥&§¥&9§}OQ§§@§a1 arrangements, and

¢ interconnections of one conductor on one laver of

10  conductive material can be varied independent of the

11 dimensions, spatial arrangements, and interconnections of
12  any other conductor on any other laver of conductive

13 material. Asg one sexample, Fig. 3 ghows radial conductor
14 2 having a width that is smaller than the width of non-
15 radial conductor 3 even though they are connected to each

16 other on the same layver of conductive material. By

(]

17 gelectively manipulating the dimensions, spatial

18  arrangements, and interconnections of each and every
ie .conductor within the phase 2, B and C circuits, the

20 device can be optimiéed for a number of factors,

21 including but not limited to, electrical resistance,

22 electromagnetic inductance, =ddy and loop current

23  generation, heat dissipation, and manufactﬁring cost.
24 Preferred embodiments of the invention will now be

25 described in detail to further illustrate the scope of
26 the new invention.

27 b preferred embodiment of the invention is shown in

28 Fig. 4. A conductof optimized energy device 10



9 1 configured to function as a notor or a generator is 2 conprised of two
housi ngs 11 and 12, a drive shaft 13, a 3 shaft key 13a, two rotors 14a and
14b, a cogishPhrsdesopti m zed stator 15, two bearings 163.-3pd,160, .4 w0 5

axi al I y-magneti zed pernmanent magnets 17a and 17b, a wavy washer 18, and
three hall sensors 19. Device 10 is also 7 conprised of a stator phase
connector 20, a stator sensor 8 connecta@r 21, an electronic control board
22, a control 9 phase connector 23, a control sensor connector 24, a 10
control heat $intk 23 e UG ot Qe 2Bt @Rt IO ekl HontL ol board 22
provi des an el ectronic sensing and 12 control neans for appropriately
delivering arogipedlddd ofl TN ddy aanduet ar opt igrized Siatori11p.

El ectronic 14 control board 22 is connected to a dc power source such 15
as a batterystmfa Geypases, supplno{ded 1shkowmad 14 Eleddaniccqzontrol board
22 is also known in the art as a 17 notor drive and. utilizes the

convent i onal dputes fd B o@mparentisya gl Ingpriesenindg udh ascwat egr at ed
circuit 19 chips, power transistors, regulators, diodes, resistors 20 and
capaci tors. 2kisflatoemagurase oohneetmna2(r inztogretac ds/ aMadrd domd,r ah w22y phase
connector 23 and stator sensor connector 21 23 interfaces with control
sensor coAnect@hezd 1ty conhedttr<d e ldctaemiarscdit.r olDebaared AP it® gbaduct or
optim zed stator 25 15. Also shown are bolts 27 and nuts 28 that fasten 26
housi ng 11, howgimigel? ofard conton| plemerc@tdadget #Hr,. aA st aonsenkor
mounting bolt 29 fastens electronic control board 28 22 and control heat
sink 25 t8 howinggtiol 240 2004 DF33EHMIRCHAIS2004/19888P%2, a control

9 phase connector 23, a control sensor comnector 24, a
10 control heat sink 25, and control covar 26. Electxonic
11 control board 22 provides an electronic gensing and

12 control means fo
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an electric
13  current to conductor optimized stator 15. Electronic
14 control board 22 is comnected to a dc power source such
15 as a battervy or a dc power supply {(not shown).

16 Electronic control board 22 is also known in the art as

")

17 motor drive and utilizes the conventional types of

13 componsnts normally present s

o

ch ag integrated circuit
.

19 chips, power transistors, regulators, diodes, resistor

0]

20 and capacitors.

21 Stator phase connector 20 interfaces with control

22 phase connector 23 and stator sensor connector 21

23 interfaces with control sensor connector 24 to comnect

24 electronic contreol board 22 to conductor optimized stator
25 15. Also shown are bolts 2%’and nuts 28 that fasten

26 housing 11, housing 12, and control cover 26 together. A
27  control mounting bolt 29 fastgns electronic control board

28 22 and control heat sink .25 to housing 11.



10 1 Still referring to Fig. 4, magnets 17a and 17b are 2 magnetized
axially and have poles N and S that alternate :3 around the ring. Mgnets

17a and 17b are shown and 4 descri bed
of 5 i nd™MA WlHI3¥%gnents. Magnets 17a
at |l east one rare earth netal such as
boron. When assenbled 8 within device
17b 9 are attached to rotors 14a and

as ring magnets but may al so be nade
and 17b are pref EFABIN0H8BApri sed of

an 7 alloy of neodymum iron, and

12 as showmn in Fig. 5 nmagnets 17a and

1 %. The rotors !,!'a and 10 14b are
ecur ed drive shaft 13 on,.o0 site 11 si of stator 15 with

t he magnits 17a E%&qﬁﬁf%rpr&ﬁqi %%&i‘gqﬁ’héﬁagﬁl%%%e% Wi&gﬁét 2§93 faces a

eroeen oo AR DRSS YA bl fuatiee SRR e A ve

optim ze t I n 7 16, ar nd described a

hgv: nng gu? a%rrlaogrlllé%li%gleg%q‘glg 'i?jlvga%\%v%r jld%;avi%ned I n;a;r}o%%}%%‘ﬁ? iagIslﬁe:j W t hS

magnets 13 I f he | ch as two, six, 19 eight,

maanets 13 GUmLaa oo Gt uIbers o BRLPS e ARAN0 2T, | 19 e o

21 | InAIOUSINOS o2 OISO Dleufly Mo oy 25 0BE SELANySUCK 2

a nol ded plastic, or a y conprise 23 of al um num or nagnesi u

support ear'ﬁg}gj- . 4 I shaft i
bear i ngs€16e€ 5 l;% i%% %tﬁg%%&lz%/egé a%féige pr ot rnllj%t;asl t 1?&0‘:89
in housi hg 12.1 ROt s8Nty 140- M t Mo tiached, magnat s, s&dmdvagand 17b are

attached to shaft 13. Rotors 14a and 14b 28 are nmade of a magnetically

permeabl g Matiamal SUpNAS) OV LAMER 336% RET/HISNAMDAS82P, and 17b

‘ 8 are attached to rotors l4a and 14b. The rotors l1l4a and

fixedly

ted by the two
an ‘opening 26

10  14b are fixedly secured to drive cshaft 13 on opposite

11  sides of the stator 15 with the magnets 17a and 17b

12 position=d so that a N pole on magnet 17a faces a 5 pols
13 on magn=t 17b. Magnets 17a and 17h produce a magnetic

14 flux between them that is perpendicular to the surface of

15  the conductor optimized stator 15. Magnets 17z and 17b

are cshown and dezcribed having four magnstic poles

17  how=ver device 10 may be configurad with magnets

13 compriged of other numbers of poles such as two, gix,

eight, sixteen, or any other even number that may be

20 feazible to manufacture.

21 In Fig. 5, housings 11 and 12, comprised of a rigid

material such asg a molded plastic, or an alloy comprised

23  of aluminum or magnesium, support bearings 1l6a and 16Db.

24 The drive shaft 13 is supported by the two bearings 16a
25 and 16b and drive sﬁaft 13 protrudes through an opening
26 in housing 12. Rotors l4a and 14b with attached magnets
27 17a and 17b are attached to shaft 13. Rotors l4a and 14b
28 are made of a magnetically permeable material such as



11 1 steel in order to provide a flux return for magnets 17a 2 and 17b.
Magnets 17a and 17b produce a concentrated 3 nmagnetic flux between them
Housi ngs vid2q@@73k¢s hol d 4 conductor optin zed stator 15diadeslddsR bet ween
rotors 5 14a and 14b and across air gaps 3la and 31b from nmagnets 6 1l7a
and 17b. The portion of conductor optim zed stator 7 15 that is within the
concentrated magnetic flux between 8 magnets 17a and 17b defines a working
section 30. The 9 rotation by an external means of nmagnets 17a and 17b wil|
10 induce arsed€rtihcardsnrtenbrovide m tiles ongtueth veod Inagh et kal 7ef  wor ki ng
section 30 that when properly 12 gathered and delivered allows device 10 to
behave ag a arld UBver atagnets alTeraxad dr7b Guuv@rse! y, cdheept opeedld
application of an electrical current to the conductive .15 material of the
wor ki ng SectmammSiai fluprodueechorlemtz HBudmgesl bedm@eh? thelfll ow ng
current and the magnetic 17 field. The resultant force is a torque that
rotates ¥8 napmdtstd?acpnimiZedtdtaatar elF | xedbys At 1 ac heetween otrotersl9 14a
and 14b that are fixedly attached to drive shaft 13. 20 Drive shaft 13 is
avai | abl & t ol 4 awlkléndasd devise dlr Hpzahlbedadedbs BromtoegDEtact uat or.
22 In accordance with a preferred enbodi nent of the 23 present invention,

t he novel6 f ehfarard ol 7ondlee aporiopt i seridvotar yophengyedevitesor0 wil
now be described. 25 Conductor optimzed stator 15 of device 10 is
conprised 28 ofhaft atkedl PTBR| Byercsontent cobhadcnagec bt efiak begpecred 27
by multiple layers of a nonconductive material. Figs. 6- 28 11 each
i1lustratle dneohebRtbraparnfelibf@elneayerveorkiiy 2964rH7B8388 - PCTHES
200- 4/ 0038 25 ,

9 rotation by an external means of magnets 17a and 17b will

!

10  induce an electrical current within the conductive
11 material of working section 30 that when properly

12  gathered and delivered allows device 10 to hehave as a

0]

13 generator or alternator. Convergely, the proper
14 application of an electrical current to the conductive

15 material of the working section 30 will produce Loxentz

16 forces between the flowing current and the magnetic

17 field. The resultant force is a torcue that rotatesz

18 magnets 17a a”% 17b that are fixedly attached to rotors

12 1l4a and 14b that are fixedly attached to drive shaft 13.
20 Drive shaft 13 is available to do work and so device 10

21  can behave as a motor or actuator.

22 In accordance with a preferred embodiment of the

23 present invention, the novel features of conductor

24 optimized rotary energy device 10 will now be described.
25 Conductor optimized stator 15 of device 10 is comprised

26 of stacked PCB layers of a conductive material supported

27 by multiple layers of a nonconductive material. Figs. 6-

28 11 each illustrate a conductor pattern for a layer of



12 1 conductive material wi thin conductor optim zed stator 15. 2 Fig. 6
shows a | ayer of the conductive material within 3 conductor optim zed stator
15 havi ngoaodi@sissng” PCB 4 pattern 32. Each layer of pegnduptyyssgaterial
is 5 supported by a layer of nonconductive material that 6 separates it from
ot her layers of conductive material. 7 Each |ayer of conductive material

Wi thin conductor 8 optim zed stator 15 pay have an identical or a different
9 PCB pattern. The patterns for each |layer represent 10 el ectrical

conduct ors eenputse&eOhaterélaaCtyiittdld Yonbhceordugidive 1 efdatorsush as
copper, electrically 12 insulated and nechanically supported by a
nonconduzti ¥ég.18 mhbersi al lasueh s dHdengldass i vEheag@dudt afi pather ns of

14 each | ayer may be produced by various nethods including, 15 but not
limted to, cendhcngr sparimingd Sraendmds ¢uktingga “WordigwclPoBng. A

preferred nmethod is to chemcally etch 17 conductor patterns, such as

conduct ot patttéern33?2.i ntHacts leadr ifdecnfduatilvgr alatteriefl tivw- si ded circuit

boards 39, 19 conprised of one sheet of fiberglass sandwi ched between 20

two sheefs ehppoppex bis aa lagred iah tiongoexamgilive Fagserid2l tI13A:13C

di agrammatically show how conductor optim zed 22 stator 15 may be

manuf act 6r egepiemakieg. 1134 xrdnhragghamo-ay23 ssicdedoniduciitvebomrttsr 881 are st acked

together with two 24 fiberglass sheets 40 between them In Fig. 13B, the 25

stacked &ir &aich Beareds o9 camdludthergInesesiitde vyl tAGrareondg:4cam nat ed

toget her using heat and pressure to forma 27 nmultiple board arrangenent for

conduct of opRtAAEESstdEdor JP 18y Avera én hHolentdrals amde doffehant 13 to

pass V MD 2004/ 073365 PCT/ US2004/ 003825
PCB pattern. The patterns for each layer represent

10 electrical conductors comprised of an electrically
it conductive material, such as copper, electrically
12 insulated and mechanically supported by a nonconductive

gsuch

©
=
Qs
r
®
=
| ol
s}
=
o
n

fiberglass. The conductor pattermns of
14 each laver may be produced by various methods including,
15 lbut not limited to, etching, stamping, spraving, cutting,
16 or machining. A preferred method is to chemically etch

17  conductor patterns, such as conductor pattern 32, into

18 =ach

N
i.l

ide of a plurality of two-sided circuit beoards 39,
! 19 cempriséd of one sheet of fiberglaszs sandwiched betwsen
20 two shests of copper. 2As @ non-limiting example, Figs.
21 13a-13C diaérammatically show how conductor optimized
22 stator 15 may bes manufactured. In Fig. 1324, three two-
23 sided circuit boards 39 are stacked together with two
24 fiberglass sheets 40 between them. In Fig. 13B, the
25 stacked circuit boards 39 and fiberglass sheets 40 are
26 laminated together using heat and pressure to form a

27 multiple board arrangement for conductor optimized stator -

28 15. A.center hole 41 is made for shaft 13 to pass



13 1 through. A plurality of holes 42 are drilled and, as 2 shown in Fig.
13C, holes 42 may be plated with a 3 conductive' material such as copper to
forma plypabidersfs 4 plated holes typified in Fig. 13g-Bysiloalgs,hol e 43.
51t is preferred to use circuit boards that have 6 copper sheets that are
thi cker than the copper sheets 7 used in nost conmmonly produced circuit
boards. Copper 8 sheet thicknesses rangimg from0.004 inches to 0.007 9
inches are preferred but other thickness of copper sheet 10 may be used. As
previously shawdugh.Fi g plurcoppsr sheellesliiot hirek@ess ligd t=hei preferred
range produce conductors that 12 are ribbon-shaped when viewed w thout the
supporting l3hbiwberigl assy. NsSEr Molgeagd maho Jd gplafedhatias are drilled 14
in precise locations through the multiple circuit boards 15 of conductor
opt i m zed3 st abadutd iared rieter itdle sunterasnvaldpperl G ooff drive ahalles-za1 £tpl af ed

wi th a conductive material such 17 copper. The plated hol es, also known as
vices, prévi géattsl hollag ayiptdficfd iint erilcay dr3Ccdnyd pdtadres) Hodm fAed by vias 19
201 and 301 that electrically connect the conductors on 20 different |ayers
of conducfor opti ftzés FirmfarrEs] 21 yea kbugvis dced dsoltds tatesdown and
described in the 22 current enbodi ment, is should be understood that other
23 i nter| ayecopmpeductme e div tararpogdsidiier; tihsgl ddiengdnmter Zhawts! it ed
to, holes filled with conductive material, 25 nmetal pins, crinp points,

spot wel d3, oeSad na ms e greviloustsodicatd indve tv idasds cofideeP@r s on t he
27 different | ayers of conductor optimzed stator 15, 28 connected together

i n series8anghiaetpdiuldiaiesnies Hengiyg WEm J04) 0 33eB e=CTyUSLODA7 003825

inches are preferred but other thickness of copper sheet

W

10 mayv be used. As previously shown in Fig. 1, copper sheet
11 thickness in the preferred range produce conductors that

12  are ribbon-shaped when viswed without thes supporting

13 fiberglass. Referring again to Fig. 6, holes are drilled

14 1in precise locations through the multiple circuit boards

ot
Lh

of conductor optimized stator 15 and then the inner walls

16 of the holes are plated with a conductive material such

-

[8Y
o]

17 .5 copper. Ths plated heolez, also known ag viag, provide

18 3 plurality of interlaver conductors, typified by vias
4
01 and 301 that electrically connect the conductors on

5
N

33
>
[N}

lifferent lavers of conductor optimized stator 15.

21  Although plated holes are shown and describsd in the
22 current embodiment, is should be understood that other
23  interlayer conductor means are possible, including but
24 not limited to, holes filled with conductive material,
25 metal pins, crimp points,ispot welds, of wire. As

26 previously stated, the various conductors on the

27 different layers of conductor optimized stator 15,

28 connected together in series and in parallel by the vias,



14 1 conprise the optim zed conductor circuits of the 2 invention. Present
day circuit board manufacturing 3 techniques are able to provide quantities
of conduc n1zed stators 15 with relatively snagj s for
condubtoraﬁéﬁeﬁ@?%ns spatial arrangenent, stator 6 thi égé@%b@ﬂﬁ§8§1ator
flatness, as well as a one hundred 7 percent assurance of continuity for
the conductor 8 circuits. 9 In the currently described preferred enbodi nent
10 shown in Figs. 4-11, there are three optlnlzed conductor 11 circuits,

one for each &lfciilgalDOUBL: ARS8 Obndutboee nj:gngésﬁfp s circuit, in

conductor optimzed stator preV|ous y descri o] shoms a

layer of 14 conguet{ye mabeeiahtVWah 'BlféugHCEQérQp&éﬂh%&@té&ﬁﬁ%r 15 15
conpri sed of a wor ki ng PCB pattern 32. Fig. 7 16 illustrates a l"aver of

conduct i ve ”aﬁ@éhﬁ%%%éhafelib%”{é C&BP&—v%&'@éﬁ@w%ié&o&léoﬁgﬁlérﬂo%ec’ of a
"connecting” 18 PCB pattern 33. PCB pattern 32 of Fig. 6 and PCB pattern

19 33 of H g. oﬂtﬁﬁhé@n@tagéﬁlsomCwﬂéﬂ%emétWemﬁcg,ﬁgliova@ggﬁ&%rs I3, 01 der
to electrically conplete a, portion of the phase A circuit. PCB patterns

32 and 33 s;arec@h@@ct3? €0RPhESEHsOf sponULTt oFsangsREhat edratbh phase B and C
23 circuits. Simlarly, a working PCB pattern 34 showmn in 24 Fig. 8 and a

connecti ng PChpakhess, 3anahewatbf Flgtn8ss?25adr @eldnpsi sednef heeiaheet or s
connected together in order 26 to electrically conplete a portion of the
phase B 27 cipettént PRBspabheensf34ocatindbrar €oal shecospaisedrof 28
conductors associated with the phase A and C circuits. WD 20041073365
PCT/ U52004 008825uits. '

9 In the currently described preferred embodiment

10 shown in Figs. 4-11, there are three optimized conductor
11 circuits, one for each electrical power phase of a three
12 phase power circuit, in conductor optimized stator 15.

i3

"’J

ne previouvgly dezscribed, Fig. 6 shows a laver of
14 conductive materizl within conductor optimized stator 15

15 comprised of a working PCB pattern 32. Fi 7

m

16 i1llustrates a laver of conductive material within

17  conductor optimized stator 15 comlesed of a “connecting”
18 PCBE pattern 33. PCB pattern 32 of Fig. 6 énd PCB pattery
19 33 of Fig. 7 are comprissed of conductors connected

20 together in order to electrically complete a pgrtion of

21  the phase A circuit. PCB patterns 32 and 33 are als

O

22 comprisad of conductors associated with phase B and C
23  circuits. Similarly, a working PCB pattern 34 shown in
24 Fig. 8 and a connectlng PCB pattern 35 shown in Fig. 9
25 are comprised of conductors connected together in order
26 to electrically complete a portion of the phase B

27 circuit. PCB patterns 34 and 35 are also comprised of

28 conductors associated with the phase A and C circuits.



15 1 Also, a working PCB pattern 36 shown in Fig. 10 and a 2 connecting PCB
pattern 37 shown in Fig. 11 are conprised 3 of ‘conductors connected
together in order to electrically 4 conplete the phase C circuit. PCB
patterns 3 WRHBF%are 5 al so conprised of conductors ASTEERUEYIRSth t he
phase A 6 and B circuits. 7 The pattern of radial conductors in PCB
patterns 32, 8 33, 34, 35, 36 and 37 are identical in all layers. 9 Fig. 12
shows a PCB | ayer of conductive nmaterial io having a PCB pattern 38 of

i her PCB 15 aar & TPERTE (7 T A et STROTLGs St FOITES B a3
Dl urali £y 2of Cts AR, o SR 'Y HndENS B AT A% 5 EERa ge
rmgnet o ol ot e el ol PR BB A0 0P hr Pho 0
pad 46, Sins RIS g DAt B U 20 o T T S AT A s
tenperat use Sensi NGIBANSq 2Jf SHUHAS fred NI St eq SENSOT &7 5108kS 445

provi de a 22 connection nmeans to an external electronic control neans 23

such as agmtog & ive-BGB; pattern 38 is also conprised 24 of conductors
associated with the phase A, B and C 25 circuits. Fig. 25 shows PCB pattern

38 on topof the 26 staoked P& pald N Aducdtdhr34n 3on a3 32,
previously 27 shown in Fig. 1. PCB pattern 38 is preferably a top or a 28

bottom | ager 37 orgder3d o f@ciddta extde; s ALl MOy NG Y¥120041073365
PCT) US2004) 003825

\ 9 Fig. 12 shows a PCB layer of conductive material
| 10 having a PCB pattern 38 of radial conductors identical to
11 the'patterns of radial conductors in the other PCB
12 lavers. PCB pattern 38 further includes z plurality of
13  conductors 44 that connect a plurality of sensor
14 terminals 45 to a plurality of sensor mounting pads 46.
Sensor mounting pads 46 provide for the surface mounting
16 of a means to detect the position of the magnetic polss N
17 and § of magnets 17a and 17b, such as an array of Hall
18§ sensors, OQe Hall sensor 12 is shown mounted to bne
19 sensor“mounéing pad 46. Sensor mounting pad 46A provides
20 for the suvrface mounting of a temperature sensing means
21 such as a thermistor. Sensor terminals 45 provide a
22  connection means to an external electronic control means
23  such as a motor drive. PCB pattern 38 is also comprised
24 of conductors associated with the phase A, B and C
25 circuits. Fig. 25 shows PCB pattern 38 on top of the
26 stacked PCB patterns 32, 33, 34, 35, 36 and 37 previously

27 shown in Fig. 1. PCB pattern 38 is preferably a top or a

28 bottom layer in order to facilitate the surface mounting



16 1 of sensors and connectors, such as Hall sensors 19 to 2 sensor
nounti ng pads 46, stator phase connector 20 to ' 3 phase term nals 53, and
stator s ctor 21 to 4 sensor termnals 45. Ra Qrs
pattern ggﬁpé&gggﬂglectrlcally connected with via condugFgﬁﬁﬁ@ﬂﬂﬁﬁg

circuits A B and C of PCB patterns 32, 33, 34, 35 36 7 and 37. 8 Referrlng
now to Fig. 6A, PCB pattern 32 is 9 coan&sed of a plurality of concentric
ri ng-shaped 10 sections differentiated by the function of the conductors 11
t hat theyl confasensbirg. afA icbhnstrtates thehvars elad 112 chsmatd deal i ng- shaped
sections of the PCB pattern 32 13 with sone of the detail of the PCB pattern
32 renoveld feenstd mbanicting Phest dlfl, owitag ode pbrisgt icomnefc ttdre Xncodi onal 15
ri ng- shaped sections of PCB pattern 32 shall apply to 16 each PCB pattern
on each |ayephebecordudnave Mat ernal statwirt lsiemseondweec topt i zed st at or

15. Also shown in Fig. 18 6k is magnet 17b with nmagnetic poles N and S.
Magnet 170 gsenserpositioadd Béhi nRechrductadunmons Zed(R giadrtd6nas820
drawn in Fig. 6A and nmagnet 17a, not shown, is in the 21 sane |ocation but
posi ti oned ab@eeeé@@derap@rllwptqomnmcte@z WA o1 al Bo1PoR et érn BRahas a
wor ki ng conductor section 23 30 that is defined by the nmagnetic poles N and
S of 24 nfignetirerats| A, oBhendner ¢f Rldfe padriamg cenddct.or3®5 Fect86n 30 is
the portion of conductor optimzed stator 26 15 that is intersected by the
magneti c Tl uRnBeBreen 27 magnets 17a and 17b. As shown in Fig. 6A, there is

a. 28 plurality of phase sectors of the working conductor WO 2004/ 073365
PCT/ US200%/ 003525Referring now to Fig. 6A, PCB Datterm 32 is

9  comprised of a plurality of concentric ring-shaped

16 sections differentiated by the function of the conductors
11  that they contain. Fig. 62 illustrates the various

12 functional ring-shaped sections of the PCB pattern 32

13 with some of the detail of ths PCE pattern 32 remowved

Hh
Q
]

14  clarity. The following description of the functionsal

st
N
=
]
3
Lo}
|
U)
(l‘

bed sections of PCB pattern 32 shall apply to

16 each PCB pattern on each ld)el of conductive material

17 within conductor optimized stator 15. 2lso shown in Fig.

he

18 62 is macnet 17b with macnetic poles N and S. Magnet 17b
19 is ﬁositioned behind conductor optimized stator 15 as

20 drawn in Fig. 62 and magnet 17a, not shown, ig in the

21 came location but positioned above conductor optimized

22  gstator 15. PCRB pattern 32 has a working conductor section
23 30 that is defined by the magnetic poles N and S of

24 magnet 17a. In other woxds, the working conductor

25 section 30 is the portion of conductor optimized staéor
26 15 that is intersected by the magnetic flux between

27 magnets 17a and 17b. As shown in Fig. 6A, thgre is a.

28 plurality of phase sectors of the working conductor



17 1 section 30 that are designated A, B, and C. The total 2 nunber of
phase sectors is equal to the nunmber of 3 magnetic poles nultiplied by the
nunber of we) BGiAi36@l 4 phases being utilized. In the cyanbbou/sessr i bed 5
enbodi ment, device 10 utilizes a three phase 6 configuration and four
magneti c poles and therefore 7 working conductor section 30 has a total of .
twel ve phase 8 sectors. Device 10 nay aljgo be configured for use with 9
other multi phase configurations that woul d. change the 10 nunber of phase

sectors. As gdt@ilddriId ndiexamy eledilgranaider, esbadigent ofhsevbeg110
utilizing a five phase 12 configuration and four magnetic poles wll have a
wor ki ng 13 camndiet off sRtdddsatcdaliyidetedudDd tovetiey phiaser segEtors. 14 As
illustrated in Fig. 6A the arrangenent of the phase 15 sectors A B, and C
i s sequenti amaareid: tgeel ewo ki gl i e riskucting  rsethaew o B0 bkt heatonbi ned
area of three phase 17 sectors is equal to the area of one nmagnetic pole.
13 Still Hef glvagsy theiFg. uttA ioéder BecthonsuofelROB, ldeRatileesd 32 will be
described. Radially inward of working 20 conductor section _0 is an inner
via secti6n £mbitinRadi aldgviosald wiiiives aithsectplonsés an i nner non- 22
radi al conductor section 48. Radially inward of inner 23 non-radial .
conduct or ésectandniagdtsi en shrad t Lot enai@ie 24 Raell &d | gndutherefafet he wor ki ng
conductor section 30 is 25 an outer via section 50. Radially outward of
outer via7 26'osdeii®drGoluct@in st teromoil rkal st torafucobrtwetve onhese 27
Radi al |y outward of outer non-radial conductor section 51 28 is a heat sink
section 52, H&RAL® K deetien R mantakie Vo QoozigresdsieCTrIsS2e04h003825

9 other multi phase configurations that would change the

10 number of phase sectors. As a nonlimiting example,

11  another embodiment of device 10 utilizing a five phase

12 configuration and four magnetic poles will have a working
13 conductor section 30 divided inte twenty phass sectors.

14  As illustrated in Fig. 6A, the arrangement of the phase
15 sectors 2, B, and C is sequential around the working
luctor section 30 and the combined area of thrse phase
17 sectors iz equal to the ar=za of ons magnetic pole.

13 Still referring to Fig. 6A, other section§ of PCB

12 pattern 32 will be described. Radizlly inward of working
20 conductor section 30 is an inner via section 47.

21  Radially inward of inmer via section is an inner non-

22 radial conductor section 48. Radially inward of inner

23 non-radial conductor section 48 is a shaft hole 49.

24 Radially outward of the working conductor section 30 is
25 an outer via section 56. Radially outward of outer via
26 section 50 is an outer non-radial conductor section 51.

27 Radially outward of outer non-radial conductor section 51

28 is a heat sink section 52. Heat sink section 52 contacts



18 1 housings 11 and 12 to provide a neans to transfer heat 2 from conductor
optim zed stator 15 to the housings 11 and 3 12. One area of heat sink
section 52 is designated as a 4 termnal section 53 which provides a
connect i oVeB¥AH473365 5 an external electrical system sucBCHHES240#043825 dri ve,
a 6 rectifier, or a converter. 7 PCB pattern 32 of conductor optim zed
stator 15 is 8 shown having six concentric ring-shaped sections but 9 other
embodi ments of the invention with a |owerlor a 10 hi gher nunber of
concentric ring-shaped sections are 11 possible. 12 The ternm nal section 53
i ncl udes tler MiPEsng3ALL 53Rl 1%3t939¥038@ﬁ z3eeand SoFtrenefesr Masdl s for
each phase of 14 the electrical ,power circuit, Each of the stacked |ayers

15 have tHese %%?n?ﬂ%@scE%ﬁn%EFéHlFﬁaeFﬁ@Foﬁn%ﬁ fPathe BeHAéEES slastFown
in Fig. 1. Wrking_conduct or yer 17 32 is,conpected_to.termnals, 53A
538. Worki‘hg tHnductsrarey P§v§°a§459§kcﬁﬁﬁ5&98d5 olfePRPHEPELESh afhd 53D,
Wor ki ng %9 conductoi | aver 36 g ected, éo termnal s 53E and 53F. 20 As
seen in Fifys. CBIRARA{ hESEFIE0aA IW %ﬁ pBIGYLESF| RsFONBECLLRFUBRSS t R first.
section of_ PCB pattern g h gh hy g different than the .si.ze and shape
of a secomd cBRGELBFE23%LRCETLEEINGYS 8?|8Hc f9BcB PREPE AT3Y 2 A%0, the
size, 24 shape and_lLocation_of a conductor in a first section of a 25 first
pattern or® a fFF ffF§§er°5f cSRBU@FB?lOptlnlzed 26 stator 15 nay ei ther be

t he sane o dlffer§€% gg éé nducg L |9 a orres a Est section
of a second 28 pat tBrREbFER s8fond FayePebP 083 ult6r 05t| J‘stéior WO
2004/0733@? Pgﬁé%§29864883§§§ concentric ring-shaped sections but

9 other embodiments of the invention with a lower or a
10 higher number of concentric ring-shaped sections are

11 possible.

12 The terminal section 53 includes terminals 532, 53B,
13 53C, 53D, 538 and 53F, two terminalszs for each phass of

14 the electrical power circuit. Each of the stacked layers
15 have these terminals connected together with wvia

16 connectors as shown in Fig. 1. Working conductor layer

17 32 is connected to terminals 532, 53B. Working conductor
13 layer 34 iz connected to terminals 53C and 53D. Working

7

19  conductor laver 36 1s conmected to terminals L53E and 53F.

20 A seen in Figs

mn
UJ

6-11, the size and shape of_a first
21  conductor in a first section of PCB pattern 32 is usually
22 different than the size and shape of a second conductor
23 in a second section of PCB pattern 32. Also, the size,

24 shape and location of a conductor in a first section of a
25 first pattern en a first layer of conductor optimized

26 stator 15 may either be the same or different than a

27 conductor in a ¢orresponding first section of a second

28 pattern of a second layer of conductor optimized stator



19 1 15. This is in contrast to the conductors in 2 conventional notors and
generators that are wound with a 3 fixed dianeter wre which dictates that
the conductors 4 are of a constant size and shape througho the nmptor or 5
gener at or .¥YB24HE7EENf i guration of the conductive materi g‘fq SUEROBHE section
of the PCB pattern 32 depends upon what 8 functional role each section plays
for conductor 9 optim zed stator 15. As pgpviously shown and descri bed, 10
phase sectors A, B, and C are within the Tlux field 11 between nmagnets 17a

d 17b. f i Fig, 14 L 12 i f. P 32 i
?Plustratgﬁ 3?5%”8%3??%%% 6#909§ta83ki%8 Egégégﬁggcggggigﬁtggfninne:Svia
[ 47, i 4 - ' d [ 8,..sh . 49,
Via 15 sceti oanEsotieRaT paHoR, SPEEbAEARERE B e Roba B a0

exanpl e of, hogiagdggggggkgg mrgp%%aggi&ga 1 differgnt caﬁgﬁboebsfsof the

PCB pattern 3 conductor nd Sone associ ated non-radi a

conductors, 19.w e lbed:i aj N1 NELGHELEDN I 20
enbodi nment , r%ﬁ%gkkcgnggggg%hgoglkg %%%p%#%%% BP"guglgggrE#%gﬂggﬁgtc or 10la
that has a; W dbhep4cbhat is 22 constant within working conductor section 30
and width 54 23 1s symmetrical along a radius 55. Radial conductor 101 24

is also cogprised gfcapohRBghrRadoA0dR WhENEAnEDRRE v¥I BatdPi88CLION that
has a width 56 and an outer pad 101c 26 within outer via section 50 that has

a width 57; WdERioRd7084the begsphRanrar 3equabeh@sWidbh RBarWdth 54 is |ess
28 than width 57. Since wwdth 54 lies in a plane norrmal to WD 2004/ 073365
PCT/ US2004¢ 008828 tional role each section plays for conductor

9 optimized stator 15. As previously shown and described,

10 phase sectors A, B, and C are within the flux field

11 between magnets 17a and 17b. Referring now to Fig. 14, a

12 portion of PCB pattern 32 ig illustrated with portions of

13 working conductor section 30, inner via gection 47, inner

14 non-radial conductor gection 48, shaft hole 49, outer via

15 section 50, and outer non-radizl conductor section 51.

16 2s an example of how a conductor is optimized in
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conductor 101 and some associatsed non-radial conductors
7

19 will be described in detail. 1In the currently described

tD
[e

embodiment, radial conductor 101 is comprised of a

V5]
—

working conductor 10la that has a width 54 that is

22 congtant within working conductor section 30 and width 54
23 is symmetrical along a radius 55. Radial conductor 101
24 1is also comprised of an inner pad 101b within inner via
25 section 47 that has a width 56 and an outer pad 10l1c

26 within outer via section 50 that has a width 57. Width

27 54 is less than or egual to width 56. Width 54 is less

28 than width 57. Since width 54 lies in a plane normal to



20 1 the magnetic flux, increasing wdth 54 will result in an 2 increase in
eddy currents in working conductor 10la. 3 Eddy currents produce forces that
oppose the rotation of 4 magnets. 17a and 17b, robbing device 10 of power
when 5 devwoeol®m@7Bxsperform ng as either a generator or &CHAISY0.4/00823he
speed of the rotation of nmagnets 17a and 17b is one 7 factor used to
determne wdth 54. A faster speed of 8 rotation produces nore eddy currents
and so an enmbodinent 9 of device 10 confiQured to rotate at a hi gh speed
will 10 have a value of width 54 that is less than a value of 11 width 54 in
an enbodi mknt tBe Bagnesicofdka iacEeabigar wadthy 5o widtlatresatl ta wvwaspeed.
El ectrical resistance is 13 another factor. that is used to determ ne a

val ue of wtdthncigass ip| gy CHFTEBEFsLBNVOTKERY FORBERY 0 ldwer when

15 device 10 is perfornmng as either a generator or a motor. 16 Electrical
resi st ance3 pr BHi¥eSURESRLEs PELSUCE £QIFCESr FERT PPN KF@dh @heot
conductive material of optimzed stator 18 15 and el ectrical resistance

i ncreases s PREVEESPErat GRE 119 of OPRA o AGYEGE & IhdtfeMoe] it ases.

El ectrical _.20_resi stance increases as width. .54 is decreased. So in 21 order
fo reduce §heCPBiERs 10t of BETCATITE 86t FichRT2S AESaihite O ¥ i val e
of width

OF uhdth o4 cafsDsseheskedr 23 oueiere deRedl g pan  hey0ner oLl 9 speed
Losses dueyLocediy clrents, IISCSLOne, BURE o, W, 28, shof pwor ki
el ectrical ;regl3Lane8 LotRed Wik 2 QY O30 RGN P WY 093885 a Hent

5 of device 10 configured to rotate at a high speed will

10 have a value of width 54 that is less than a value of

i1 width 54 in an embodiment of device 10 that is configured

12 to rotate at a low =peed. Electrical resistance is

13 another factor that is used to determine a value of width

14 54, Elsctrical resistance robs device 10 of power when

15 device 10 ig performing as eith

(B
U]

¥ & generator or & motor.
16 Electrical resistance produces heat as electrical current
17 flows through the conductive material of optimized gtator
18 %5 and electrical registance increases ag the tsmperaturs
19 of the conductive material increases. Electrical

20 resistance increases as width 54 ig decreased. So in

21  order to reduce the losses attributed to electrical

22 resistance, a maximum value of width 54 can be selected.
23  However, depending upon the operating speed of device 10,
24  a maximum value of width 54 may result in substantial

25 losses due to eddy currents. Therefore, a value of width

26 54 of working conductor 10la is selected that balances

27 eddy current losses with electrical resistance losses.



1 Referring to Figs. 6 and 14, pad 10l1b is within 2 -inner via section 47.
Inner via 201 electrically 3 connects inner pad 101b of radial conductor 101
to 4 corresponding radial conductors on other |ayers of 5 conductive

mat er i al \M"@ﬁ?"ﬁ’%ﬁ%ﬂuct or optimzed stator 15. - 6 | nner HfadU3064043825
continuous with an inner non-radial 7 conductor 58 that has a wi dth 59.
Wdth 59 of inner non- 8 radial conductor]58 is preferably greater than or
equal 9 to width 56 of inner pad 101b of:%adial conductor 101. 10 CQuter pad
| Olc has auter via,301 that conpects pad_ 10 11.0 di.al _conductor 101 to
cor r espondi ng rad?%?gﬁﬁrE%%dﬁ%tg%§é0ngogﬂér%%ay%%g %Pﬂgoﬁﬁuyfg ¢t eri a

W thin IS, condelof gPLLTL 266 val06ulg: GULeopRdiIE LY cont nuous

wi th an out er 'hon-radi al  ¢on r 6 Wdth 61 is

r ef er abl r a I Ldt h,5 Lg. , L.nner pad 10Th
Ps shown %%gbggﬁﬁéc%%n??ﬁéﬁﬁggéﬁ%Higng?nﬁégiﬁ%n??g ?S b%o%ééc%%r 63 gnd 18
outer pad 101G | : CORt | i.t.h.an r on=r adi al
conduc?or‘%2.gﬁ%aggggﬁﬁfﬁgtﬁgdgﬁ?rgﬁ#?§é5§&%eg§r?gggge%%%§F%e§ , inner pad
101b of ragdia, n r ' : d ;8B LAN - nadi al
conduct or 53 CARCHE maPer Rt y3eBRb) cEANRSELEC bR AT TCE AR T 23

conductor 65 A BPLBpAt1618 33, c8heWAublsFvith/anThEndsd AUher.B3¢1101cC is
only connected to an outer non-radial 25 conductor 62 in PCB pattern 32,

shown in Fig.Gnakadbal 5826nsendyst ar wi@inoh 9PCByRathesns o84 inder n-and
37, shown 27 in Figs. 8, 9, 10, and 11 respectively, are not shown to 28

be connectgd +93aA1i BBBELAELTT 8di ak peBdUEhBN vOhrantakt ehaM) Or2QQA073365
PCT/ US2004/ 003825 2L

9 to width 56 of inner pad 101b of radial conductor 101.

10 Outer pad 101lc has outer via 301 that connects pad 10lc

11  of radial conductor 101 to corresponding radial

12 conductorz on other lavers of conductive material within

13 conductor optimi

N

=2d stator 15. OQuter pad 10lc is

14 continuous with an outer non-radial conductor 62 that has
15 a width 681. Width 61 is preferably greater than or equal
16 to width 57. 1In Fig. 14, inner pad 101b is shown to bhe
17 continuous with an inner non-radial conductor 63 and

18 outer pad 101lc i

n

shown to bs continuous wit@ an outer

12 non-radial conductor 62. However, in the cufreLtly

20 describad embodiment, inner pad 101b of radial conductor
21 101 i1s only connected to an inner non-radial conductor 63
22 in PCB pattern 32, shown in Fig. 6 and inner non-radial
23  conductor 65 in PCB pattern 33, shown in Fig. 7. The

24 outer pad 10lc is only connected to an outer non-radial
25 conductor 62 in PCB ﬁattern 32, shown in Fig. 6. Radial
26 conductor 101 of PCB patterns 34, 35, 36, and 37, shown
27 in.Eigs. 8, 9, 10, anﬂ 11 respectively, are not shown to

28 be connected to an inner non-radial conductor or an outer



1 non-radial conductor. It should be understood that 2 radial conductor 101
may be sel ectively connected to 3 inner non-radi-al conductor 63 or to an
outer non-radial 4 conductor 62 on any |ayer of conductive material wthin
5 conduct ovO@pe#0T5368d stator 15. 6 Referring again to Fi BCT/U&2004m0sns pad
101b and outer 7 pad 101c of radial conductor 101, inner non-radial S
conductor 63, and outer non-radial conductor 62 are not 9 subjected to the
concentrated nmagnetic field of nagnets 1% 17a and 17b. Therefore, eddy
currents are not a factor 11 and widths 56, 57, 59, and 61 are nade as
large as 12 possibhdinilt kiondukgior .r edpeshiuddsbet bodsrstoodndinetior 13
optim zed stator 15 in order to reduce the electrical’ 14 resistance of the
total cirduitradsaineohrencierhddlomayedgciSrgcrhe vedvaroanectedcaio 16

resi stance of a conductor circuit within conductor 17 optim zed stator 15
i s to conrfect 1BBPFeBpBNARAG 218 COBAHGEOST §3t RAL tar anoRUEREf 8pamrd&imt s of
conductive 19 material in parallel. As a nonlimting exanple, Fig. 15 20

i |l ustrateds sPRNPHGERE 6 oadPAY deleNcOsr ConduptivEemaitezipily weoHnst ed i n
parall el by vial 201 and 301., 22 The total electrical resistance of a
nunber of Spar SPREPCERS EBRdTEESEs St8&OK Wth an el ectrical resistance val ue,
is 24 equal to one divided by the sumof the reciprocals of 25 resistance
val ue of éach condﬁ@ﬁ@Frlﬂﬁeﬁgﬁﬁ§-E@ngﬁétoﬁé 35neacRoFavd lthenhieter

reS|stance val u S eagh of t X | | aye rs of . | a%@_ conduct or
101 shown i n BR§. § % ra C@Qﬁ 3& B8 gagdathe t ot al
reS|stanC%;MD Zogué%é§3%§ PCT%Q%%.OI4QEQ§§% 1a%3conductor 62 are not
2 subjected to the concentrated magnetic field of magnets
10 17a and 17b. Theresfore, eddy currents are not a factor
11 and widths 56, 57, 5%, and 61 are made as large as
12 pogsible within their raspective sections of conductor
13  optimized stator 15 in oxder to reduce the slectrical
14 resistance of the totazl circuit.
15 another method of reducing the total electrical
16 resistance of a conductor circuit within conductor
17  optimized stator 1% ig to connect corresponding
13 conductors that azre on differsent layers of conductive

19 material in parallel. 2s a nonlimiting example, Fig. 15

20 illustrates six lavers of radial conductor 101

[

21 electrically connected in parallel by vias 201 and 301.
22 The total electrical resistance of a number of parallel
23 conductors, each with an electrical resistance value, is
24  equal to one divided by the sum of the reciprocals of

25 resistance vélue of each conductor. When the conductors
26 each have the same resistance value, such as each of the

27  six layers of radial conductor 101 shown in Fig. 15, the

28 formula can be simplified to be the total resistance



1 equal to the resistance value of one conductor divided by 2 the nunber of
conductors in parallel. For exanple, if 3 radial conductor 101 of the first
| ayer has a resistance 4 value of 0.006 ohns, and the radial conductor 101
in each 5¥QROWAE3Gt her five | ayers has the sane resi st aPCBURAD-#€)38% t hen
the total electrical resistance value of all six 7 layers of radial
conductor 101 is equal to 0.006 ohns 8 diyided by six conductors or 0.001

ohnms. Fig. 15 shows 9 the parallel conn ion of one set of radial
conduct ors 0ss six |ayers i g sho the parallel connection 11
of the radlaI‘EB%%u%?o?gelhe éﬁﬁagﬁﬁtﬁ?f?%r %ﬁ%n%hﬁgﬁd%FtQQ gtvadiad &uf oss

Si X Iaver exa of how conduct or imzed stator 15, 14
functlons“tﬁgn%dFHRB raﬁ e?%% PFEOEﬁr?%nPaﬁilfg f1 ohRT 15%8RPOSgh idne

f. th 6 10 d
Wi be adseri BT FEPRIRRRgt noRE 4 Fhe F%rgﬁglém%kpaé S ORHSCESE LT on
30 of 1 32 di,al t 101 t
AR TR M é%[?ﬁ&é%a@"”ﬁé#é% éa FROBRRERE ThhcA™ 565 hase
sect or cogtaugé éﬁé 59ﬂé?l %diyﬁggés ﬂQ t Xmgnreg gﬁgggrl current

through a "phase sectorn dlrectlon iral ﬁﬁhctors

101 to 10§ arg, éhwtslpgfg&%%cghaﬁs §§E%ﬁf:ep\/aiﬁg' 3k geqdugors 107

24 to 112 are™w a positrve asé secC 57¢onduct ors

113 to 118 ar EQ A rg8§é&'¥8nﬁﬂé§8r3¢ § OF égu%i Eﬁcong pgopflygtors 119

to 124 are wit n a negatirve 2 ase sec uctors 125 to 130

3\23623“0226%36%—%@??%0& "gsegaeees B 99605‘195&5-‘”9@5‘-“ Po%shihel 0 10

the parallel conmnection of one set of radial conductors

10 across six layers. Fig. 3 shows the parallel connection

11 of the radial conductors in each ssctor for the phase A

12 circuit across six layers.

n

13 Zs an exampls of how conductor optimized stator 15

14 functions, the path of an electric current as it flows

15 through one circuit of the present ~mbod1mcnt when device
16 10 is driven as a motor will be described. Referring now
17 to Fig. 16, working conductor section 30 of working PCR

18 pattern 32 ig comprised of radial conductors 101 to 172.

i
18 In the currently illustrated preferred embodiment, each

20 phase sector contains six radial conductors that carry an

21  electric current through a phase sector in th

(D

Same

2
2
[

adial direction. Radial conductors 101 to 106 are

23  within a positive phase sector A, radial conductors 107

24 to 112 are within a positive phase secter B, and worklng
25 conductors 113 to 118 are within a positive phase sector
26 C. Radial conductors 119 to 124 are within a negative

27 phase sector A, radial conductors 125 to 130 are within a

28 mnegative phase sector B, and radial conductors 131 to 136



1l are w tw(p @4/9%953_“ ve phase sector C. Radial conductor g@gﬁ‘%@“ 2(13:42 are

wthin a p05|t|ve 5hase sector A radial 3 conductors 1 W thin
a positive phase sector 4 B, and radial conductors 149 to 154 are within a
positive 5 phase sector C Radial conducjprs 155 to 160 are within 6 a
negati ve .phase sector A, radial conductors 161 to 166 7 are within a

negati ve phasg-s&eeiafi B aaﬂgﬁjé@gbgl Pgaégngg LBkS 0167,[}% AP A RIWAYTY a.

negati ve phase sector u e un erstood at ot her -enbodi ment s

with a 10 |over @ Badi SRErwhUREr 20bokadhi gk SORAUCIUS b £ACh 1L anhase
sector may be produced dependi ng upon the desired 12 output requirenents of

device 103 1%Jh@udesial 1£9ndyct a8s 0k @aehiphasecaniOfe afigasd 4 seRngact ed
in series to provide a nunber of electrical 15 current passes through t he

wor ki ng sactimn 3 FhdialbcodBushows the poevisalsdne d@ﬁ@ml@eﬁ 't'lQrcPCB
pattern 32 17 wth the phase A circuit highlighted and Fig. shows

the connegti nghetecéabeat conduebior 1PEBrndalcer® 335 aics016d9aﬂat ﬂrltmIphase
A circuit highlighted. 20 In Fig. 16, an electric current is delivered to an

21 A+ termi nabh H3Eafio8 pheest eeltrans. rHiE omdiudeens 182 such as
el ectronic control board 22 previously described, 23 utilizes a sensing

means to det esindneithénpal aegagtiven pfas24ddtemegneind F48xapr oduced by
per mmnent magnets 17A and 25 17b passing through each phase sector of phase

circuits 86 donBuabdrf. 1Tnetsengingreeanttis @ efeyabl yeaphaseaysttdial |
sensors surface nmounted on conductor optimzed 28 stator 15. The control
‘means uses$ a @lurati tgopdde beVWOnZHHEEB Eh-RCIHIR004d608BASnt RS with a

10 loWer or avhigher number of‘radial conductors in each

11 _phase sector may be produced depending upon the desired

12  output requirements of device 10,

13 .- vTﬂe radial conductors of sach phase sector afe

14.*connected in series to provides a number of électrical

15 current passes through the working secfion,SO. Fig. 16

16 shows the previously describsd working PCB pattsrn 32

ircuit highlighted and Fig. 17 shows

g
€1

17 with the phase
18 the connecting slesctrical conductor PCB pattern 33, also
12 with the phase A circuit.highlighted.

20 : In Fig. 18, an electric current is deliv Qled to an
21 A+ terminal 53y from a control means. The control means_
22 such as electronic control board 22 praviously described,
23 utilizZes a sensing;means to determine thé polarization of
24 the magnetic flux_g;gduced by permanent magnets 1I7A and
25 17b passing throﬁgh.each phése sector of phase circuits
26 .A, B and C. The sensing means is preferably an array

27 Hall sensors surface mounted on conductor optimized

28 stator 15. The control means uses a plurality power



1 transistors or MOSFETS that swtch the electric current 2 to phase
circuits AwoBangh7Gsat the proper time and 3 duration to ps@usReaREHRI Nt ai n
the rotary nmotion of the 4. device based upon the input of the Hall sensor
array. 5 The control means is external to device 1-0 and the 6 el ectrical
connections between the control neans and2the - 7 .conductor optim zed stator
15 may be carried by a 8 separate conductor such as a bundle of wires or a
ri bbon 9 rabkteant@skoe® tdie VOBRBIINIdtEt 3R diheried estetereur cattrafmves 11
t hrough an outer non-radial conductor 62. The current is 12 led into and
t hrough a 7 adtal phamsductiorculitl and & hemd i Gitat  d8e anroperer thoe- adl al
‘conductor 63. The inner non-radial 14 conductor 63 leads the current .into
and through radiraltibm dcongustdurcs]l 20 d Fraomitdis pioe ntotdeycupténh |ehvigdse 16
wpr ki ng PCB pattern. 32. The current travels through an 17 outer via 324 to
" connect i ng4 PCBepattee a8 iupdEl hd 7inhdt vdmloeit®alVi selér thesgwr r ent
"travels through an outer - 19 non-radi al conductor 04 to reach radi al
conduct or 102The2@ohte cdumrasnts tiravetsetmebugh devikieagl@oaddctbe 102 to an
21 inner non-radial conductor 65, into radial conductor 123, : 22 then to
out er non- ¢ adiedlectounthic tapnies: Himh s Ntetwaeh ath@3cenhdott neab83aracthei ne
that the electrical current 24 travels through a radial conductor, the
current pa%sesozsiudiraugntinl 2wt kb rateontbicray bectcaonigd. brhe electrica
26 current continues the current passes through radial 27 conductors 122,
104, 121, 405sepmmtaoendnd-ansufhoas 28ovwadial ofcohdgst or 819 ileon

current re;urnskhhrough an outer WO 2004/ 073365 PCT/ US2004/ 003825 26
ca

10 . From the A¥ terminal. 538 the electric current moves
11  through an outer non-radial conductor 62. The curxent is
12 led into and thiéugh a radial conductor 101 and then into
13 an iﬁner non-radial conductor 63. The inner non-radial
14 conductor 63 lszads the current irnte and through radial

15  conductor 124. From this point the current leaves

16 working PCE pattern 32. The current travels thraugh an
17  outer wvia 3224 to connecting PCR pattérn 33 in Pig. 17.

18 From outsr via 324, the current travels th CQugoh an'outwf
19 non-radial conductor 64 to reach radial conductor 102.

20 The current travels through working cbnductor 102 to an

21 inner non-radial conductor 65, into radial conductor 123

3,
22 then to outer non-radial conductor 66 and into radial

3 conductor 103. Each time that the electrical current

24 travels through a radial conductor, the cuirent passes

25  through the workiﬁg conductor section 30. The electrical
26 current continues the current passes through radial

27 conductors 122, 104, 121, 105, 120, 106, and 119. From

28 radial conductor 119 the current returns through an outer



1 via 319 to working PCB pattern 32 shown in Fig. 16, From 2 outer via 319,
the currenyoldp@@hssst hrough an outer non- 3 radi al - conducpegBiyeanmdsd8t o
‘radi al conductor 137. From 4 radial conductor 137, the electrical current
travels 5 through an inner non-radial conductor 68 to radial. 6 conductor
160. The current nust travel through an ouwger 7 via 360 to connecting PCB
pattern 33, again referring to 8 Fig. 17, where the current is then able to
flow through @ian3aut elo RA-EAEE abcgopdueton 89 kachadisal monducgor #38, 10
The electric current flows fromradial conductor 138 into 1 i nner
non-r adi al 2 congteior 120 Fg, thes &howsnt nteatadisakhrbigorducd@et58onThe
current continues the current passes 13 through radial conductors 139, 158,
140, 157, 141rafhel chdiPends155mdFintnr adiaklcengidricod 357 t herewss ent
i.s 15 Ied t hrough an outer via 355 to the working PCB pattern 16 32 as
shown in Fig. r&@i=fr aqoraliieroyi B3 355thbheetactenilcall Eurraa] Sotdreough out er
non-radi al conductor 71 to an A 18 term nal 53A ~Fromthe A- term nal 53A
the currenft i s$hi®wgl iarerathdackotrertfitatonbnduaeans8 lgo stadisr fashi on
20 working pattern 34 is connected to terminals ;53C and 53D 21 and
el ectric cérreninddadws: th@ughThhecphasatBmostc wtavel?2 2 hirmigidedi oumerki ng
PCB pattern 34 and connecting PCB 23 pattern 35, as shown in Figs. 8 and 9.
Al so, workiing vi24 3fl ttes nc@BnecsingnREBt edttertre3d nalm BBE afelr538ganed 25
el ectric current flows through the phase C circuit, 26 included in working
PCB patterd 36iand IKbnnéceragtPEBcu2Tepht tier thdEn adsles oot low Filgsough and
11. As previously 28 shown and described in Fig. 15, outer via 301 and
i nner WO 2004/207 38852 PCTo1US2a0844008828uczpr 69 to radial conductor 138.

10 The electric current flows from radial conductor 138 into
11 inner non-radial conductor 70 and then flows into radial
12 conductor . .152. The current cogtinues the current passes

13 through radial conductors 139, 158, 140, 157, 141, 35

o)

14 142 and 155. From radial conductor 185, the curresnt is
15 led through an outer wvia 355 to the working PCB pattsim
16 32 as shown in Fig. 16. From outer wvia 355 the current

17

o

ravels through outer non-radial conductor 71 to an A-

>

18 terminal 53a.. From the 2- termina} 53A the current is

19 'delivered‘back.to the control means. In similar fashion,
20 ~working pattern 34 is commected to terminals’ :53C and 53D
21_ and electric current flows through the phase B circuit,
22 included in working PCB pattern 34 and conneacting PCB

23 pattern 35, as sﬁown in Figs. 8 and 9. Also, workiﬁg

24 pattern 36 1s connected to tarmwna7553 and 533'and

25 electric éﬁrrent.flows through the phase C circuit,

26 included in working PCB pattern 36 and connecting PCB

27 pattern 37f.aS.ShOwn in Figs. 10 and 11. AS previously

28 shown and described in Fig. 15, outer via 301 and inner



1 via 201 connect radial conductors 101 on each | ayer of 2 conductive
material included in‘the PCB patterns 32, 33, 3 34, 35, 36, and 37 in

paral l el . wh¥hd@FHsx%s radial 4 conductors 102 to 172 shorp%bﬂsﬁ%%@?%%g and 17

are 5 connected 1n parallel to the corresponding radia con on
each [ayer of conductor material within 7 conductor optim zed stator 15 by
outer vias 302 to 372 8 and.by inner viag; 202 to 272. 9 Another enbodi nment
of the invention is shown in Fig. 10 18.” The enbodi nent includes a PCB

pattern 91; usgdawohh ~dAnsStat PEalan ZgﬁdQEEE§§eﬂ@§So£r%gbhhﬁa§%§¥h9“3|y
| ude a t po e 13

descri bed 12 enbodi nent 1 nclude means to position magnetic

sensors, spchcasaBathveenseesi?, 1wt hisBawerking seet bARtelhs38.o Paifern 91
conpri ses sensor pockets 92. Sensor 15 pockets 92 are vacant areas that

extend thrpugh4al B5163kaygng of canguebinvelandshpncapdyct kbyginmterial .
Sensor 17 pockets 92 are sized and positioned to allow a magnetic 100 pole

sensor to be pbaegdtwibhin2t he ¢oncenbhat ed ragretine ahd filjuxsrdbet ween
magnets 17a and 17b. The radial conductors 20 near sensor pockets 92 are

patterned jo poavedecadefupbeal2ilckeararceoaidsphatagh re@iracti ons within .
the circuits of 22 conductor optim zed stator 15. 23 The invention provides

for other enbedhdestsrkhah edéhoptijahzert henconduvet aas «of agonductiof
optim zed stator 15 25 in addition to those nentioned above. As previously
26 shown, Fi gcohButkbustpatinszedesecanbirgababionuekrr edeal 322 eendurt or 101,
that being conprised, of a single, straight 28 working conductor 10la
symmetrica¢ abodt.ba fadeusvi&sWD020@4/ Q73365 PCT/ US2004/ 003825 2S

9 Another embodiment of the invention is shown in Fig.

10 18. The embodiment includes a PCB pattérn 91 used with

11  stator 15. The differences from the previously described

12 embodiment include a means to position magnetic pole

13  sengors, such as Hall sensors 25, within working section

14 30, Pattern 21 comprises sensor pockets 22. Sensor

15 pockets 922 are vacant areas that extend through all

16 lavers of conductive and nonconductive material. Ssansor

17  pockets 92 are gized and positioned to allow a magnatic

18 polf gsensor to be placed within the concentrated magnstic

19 flux between magnets 17a and 17b. The radial conductors

20 near sensor pockets 82 are patterned to provids adegquate

21 clearanc

M

and maintein connections within the circuits of
22 conductor optimized stator 15.

23 The invention provides for other embodiments that

24 optimize the conductors of conductor optimized stator 15
25  in addition to those mentioned above. As previously.

26 shown, Fig. 15 illustrates one configuration of radial

27 conductor 101, that being‘comprisedlof a sinqle, straight

28 working conductor 10la symmetrical about a radius-55



1 along with inner viia pad 101b, inner via 201, outer via 2 pad 10lc, and
outer via 301. As non-limting exanples, 3 Figs. 19-24 show ot her possible
means to optd HPY¥3#%e 4 conductors of the invention. Fi gPCIISShouUsn3sesr adi a
5 conductor 101 as descri bed above that conprises three 6 vias 201 in inner
pad 101b and three viias 301 in outer 7 pad lolc. Increasing the nunber vias
connecting radial 8 conductor 101 on eacﬁglayer of conductive material 9

i ncreases the\ﬁotal‘plated ar ea ;of "each connection which_ to reduces the

el ectricall r e818PEn¥e B8 1PRETCVEEUPES 1R1RIt RBGGH VHeee Wi aQ WS avidiat hr ee
vias 301 e sh it 12 is, underst t hat ot her ,nunhers of vias are
possibIe.a£13pﬂﬁgﬁﬂéF'eﬁB§dPH§ﬁF §H8m§%gn Fi .nfﬁ'éﬁﬂh§¥QQ%ﬁﬁ§%pf§%'
conduct or 401_t hat Eé_éanp i sed ?J t wo mogﬁin cond%%tors. 15 401a and 401b.
Vor ki ng cohduft8Ps 4614 *afd ok 5Fe PPESPRIS PERTSo SPadFid S S @r e of

| width 402. .Radi al 7 duct 401 is.sh ith t Ki
ggﬁgucrgrsb. ¥8™ b%ﬁ,oitﬁ Onﬁ%&ﬁ%&éogf QEF%nggcghﬁﬁ@tg?§" I g used.
.19 Th i dt h _of i Acli,Vvi | ki i Q.mnim.zed to h
35 The wn ategach ) hopv ool uo:SLag v 8,20 1 M0l
I'lel, . ki.ng - 1 d 4 , d h
et cal® o3 ias PPEnde indrnariy a0l et T2Rs, Ry R i Rl hnen 24

dt ' ' - péber v e bdd sl "
p0Si bl & chbol Goal of o 28 TR0l A CRnAGRrST WLER moERE et B

conductor wt e 1 nvention.

Branchi ng 27 i AT o] A 2 or. 28 conti nuous
wi t h inner@paggggli&%%rﬁag?}g‘l ﬂ?l %E‘% Y hoSosan %% B G 009825 26

: % dincreases the total plated area of each connection which
10 reduces the electrical resistance of the circuit.
11 Althbﬁgh“three vias 201 and three vias 301 are sghown, it
12 is understood that other numbers of vias are possibls.
liment shown in Fig. 20 shows a radial
14 conductor 401 that is comprised of two working conductors
15 401la and 401b. Working conductorg 401z and 401b ars
16 parallel to radius 55 and are of egual width 402. Radial
17 conductor 401 is shown with two working conductors.
18 However, other numbers of working conductors may be uszed.
1  The width of each individual working conductor is
20 minimized to help reduce eddy current losses. Having a
21  number of working conductors inm parallel, such as working
22 conductors 40la and 401b, reduces the electrical
23 resistance and improves the transfer of heat outward when
24 compared to a single working conductor.
25 ~Fig. 21 illustrates ancther possible embédiment of a
26 radial conductor within the invention. Branching

27 conductor 501 is shown as working conductor 50la

28 continuous with inner pad 501b. Radially outward,



1 wor ki ng conductor 501a branches into working conductors 2 501d and 50l e,
and further on branches again into working 3 conductors 501f, 501g, and
501h. .Brangbiogesmsductor 501 4 is another nethod to rqﬂygggﬂgngﬁygrent

| osses, reduce 5 resistance, and increase the transfer of heat to th

out er edges of conductor optim zed stator 15. 7 In Figs. 22 and 23, a
plurality of vies 602 in 8 working secti @ 30 cross of a pair of working
conductors 9 fromone side of radius 55 to the other. ‘In Fig. 22, 10 radi al
conduct or 1'00#otrkinonpohdedtot BOLKI bganondscints wdik6Rdacoh@hk.cHlc and
601d. Working conductors 60la and 12 601b are continuous as shown and
wor ki ng caondus®bdsafi@l160123 and 60tdhendoatbyvaathé€82aasishombo Avrediectrical
current 14 noving through working conductor 60la is on one side of 15
radi us 55 3andcthéncterer 683éd 661ltheantihkflki deBpinchilihgscodfubharm S ki ng
conductor 601b. Electric current traveling 17 in 601c is connected to

anot her I&yerisfanohhactmeehOQHEDerEdUbeedﬂa 602rahtchossespntieguced as
illustrated in 19 Fig. 23. The electric current noves fromvia 602 into 20
wor ki ng condueesiseerceandnthéncrsameyeicatronsfeadpshest 2¢ tdewor ki ng
conductor 601d. On the layer of conductive 22 material illustrated in Fig.
23, worki rfg condart 6Age6024 ceBdgAEOBOPhtentzat §£aseB0R5.An el ectric
current traveling 24 through working conductor 60la is connected to the

| ayer 25 7of conduéﬂlﬁégﬁatgaléndsﬁéwnalﬁlFrglle aheveast 608 28 connected
to working conductor 60la and then is noved 27 across radius 55 to working
conduct or %01¥orEiBgsERGEERE 388CREFRI A§ Bonddtt of sworkangt Rendmera@ry ust

descri bed |s a WD 20041073365 PCT/ US2004/ 003825 30
from one side of radius 55 to the other. In Fig. 22,

10 radial conductor 601 is comprised of working conductors
11 60la, 601b, 60lc and 601d. Working conductors 60la and
12 601lb are continuous as shown and working conductore 60lc
13 and 601d end at vias 602 as shown. 2n electrical current

14 moving through working conductor 601z is on one side of

{

15 radius 5% and then is crossed to the other sids

0o

f radius

16  B5 in working conductor 601h. Electric current traveling

17  in 601lc is connectad to anothsr lavar of conductive
18 material by wvia 602 which is confign d as illustrated in
12 Fig. 23. The electric curremt moves from via 602 into

20 working conductor &0lc and then is moved across radius 55
21 to working conductor 601d. On the layer of conductive

22 material illustrated in Fig. 23, working conductors 601la
23 and 601b end at vias 602. An electric current traveling
24 through working conductor 60la is connected to the layer
25 of conductivevﬁaterial shown in Fig. 22 where it is

26 connected to working conductor 60la and then is moved

27  across radius /5 to working conductor 601b. Crossing the

28 working conductors in the manner just described is a



1 nmethod of reducing loop currents that are induced wwthin 2 parallel
conductors_in an alternating magnetic field. 3 Fig. 24 illustrates another
enbodi nent WRIPHYA¥Fal 4 conductor 701 which is conpri sBETEIS2P40ISI nt 702
that 5 is a distance 703 fromradius 55 and a distance 704 from 6 the
center 705 of optim zed conductor stator 1@ 7 M dpoint 702 can have the
sane or different values for 8 distance 703 and 704 on different | ayers of
conductive; 9 r4 ale withi i.m zed .stator, 15, ndi pg. 10

( 1 W . .
radi al conduct %r% tf@éil%afwayeiﬂrd(}%gq?g#%Q%g%%ht%e&dﬁdatnr?erre ]ﬂé]l%egf ‘Héggﬂlbed is
a method of r Q%ilﬂ%lc%%'#ﬂ:t The 4 fer : i-aur at.i ons-.of y radi al
% IllTustrate |ncé%61' 7 éﬁ?ﬁé& 7 %%ﬁlqggi%lﬁ.

conductors 1 s. 14 an are 14

and 1 n F
presented as non-ligiting exanples @and di Ml rﬁgggr 1 many
ot her configurationrspgt hat \?’\nﬁ 16 furtaher oelpt ietr%n&z%ét e cﬁlld%g%%g%%e

possible. 17 Wilsgdhe Fyndamental; hovsgl If-g@fiyr f e 1s i ntq have
been shown and desgr!begﬁnit sﬁéufd be f@}hn.efg?égém¥ﬂ§?ﬁ®5{ﬂ¥§s£hge

substi t uti ens; smadifsicGat] QN7 0 ANEL-0rR Q- ABRIAT NS ATBY P fBde: byphhesgy .
skilled in the art, 21 without departing fromthe spirit or scope of the 22
i nvention. sAcedidiceaiter alds sychpogifiatd R o2 Mardations are included
in the scope of the invention as 24 defined by the followng clains: 25 26

27 . 28 WD 200443365 FCUAS2M 4 Q0382me Bk different values for

8§ distance 703 and 704 on different layers of conductive

-~

9 material within conductor optimized stator 15. Bending
10 radial conductor 701 away from radius 55 in the manner
11  just described is a method of reducing cogging.

12 The different configurations of radial conductor

in

13 illustrated in Figs. 14 and 15 and in Figs. 19-24 are

Al

14 presented as non-limiting examples and it will bhe

15 understood that many other configurationzs that will

16 further optimize the conductors are possible.

17 While the fundam;ntal novel features of the

18 invention have been shown and described, it should be

19 understood that wvariouse substitutions, modifications, and
20 variations may be made by those skilled in the art,

21  without departing from the spirit or scope of the

22 invention. Accordingly, all such modifications or

23  varilations are included in the scope of the invention as

24 defined by the following claims:



11 daim 2 1. An axial field rotary energy device having positive 3 and
negative podasuiyssesrul ti-phase electric current 4 term natSyuSRAIRHABINY: 5 a
rotor having a plurality of permanent magnet 6 poles; and 7 a stator

having: S a plurality of circuit board working 9 conductor |ayers having at

| east one working 10 conductor |ayer fordleach phase of the electric 11
current, each of said working conductor layers 1”_ including a pattern of a
plurality lof Tadiadm: 13 conductors runni ng between an inner through- 14 hole
and an outer through-hole, said inner 15 through-holes being |ocated at an
inner 16 @i anket er Xf maial wordldgrcomducterdayédevand hivisai dosdtdre

t hr ough- hol es being | ocated at an 1S outer dianeter of said working
conduct or 3 ayand namebch etk hgy | ayettiwphdee dbechyia darren20 of outer
conductors for electrically connecting 21 the positive and negative.
term nal s %of PR has@mRFlskeIel ectric current to selected outer 23

t hrough-holes and a plurality of inner 24 conductors for electrically
connectind sel ect e TPHF MRV1RGrdUughl !l BY t9fcpReranggtanpimesl i ty of
circuit board connecting 27 conductor |ayers, at |east one of which.is 28
associ at ed WRPL2AcHERSr ki ng conductor |ayer, WO 2004/ 073365

PCT/ US2004/ 003825 32 )
7 a stator having:

8 . a plurality of circuit board working
9 conductor lavers having at least one working

J 10 conductor layer for each phase of the electric
i1 current, each of said working conductor lavers
12 including a pattern of a plurality of radial
13 conductors running bhetwsen an inner through-
14 hole and an outer through-hole, =aid inner
15 through-holes being located at an inner
16 diameter of said working conductor layer and
17 sald outer through-holzs heing locatsd at an
I outer diameter of said working conductor layer;

;

19 sach working layer further having a pair
20 of outsr conductors for electrically connecting
21 the positive and negative terminals of one
22 phase of the elsctric current to sslected outer
23 through-holes and a plurality of inner
24 conductors for electrically connecting selected
25 inner through-holes together; -
26 a plurality of circuit board connecting
27 conductor layers, at least one of which.;s

28 associated with each working conductor layer,



1 and each one including a pattern of a plurality 2 of radial conductors
runni ng between an inner 3 through-hole and an outer through-hole, said 4

i nner t hr oWgOM78365bei ng, | ocated at, an inner 5 di anet ercafussadgoosgsnect i ng
conductor |ayer and 6 said outer through-holes being |ocated at an 7 outer
di aneter of said connecting conductor S |layer; 9 each connecting |ayer
further having a 10 plurality of outer coRductors for electrically 11
connecting sel ected outer through-holes 12 together and a plurality of inner
connectors! 13 for el ec@fita#aGh cHmeddimfisy ectrattemerof 12 phooeghfol es
together; and 15 a plurality of via conductors, positioned 16 wthin

sel ected iAner and out ePf Fdstight HAREICtEr S UIHEL Wb rie Hise e neuc Lonekaver
and connecting 18 layers, for electrically connecting selected 19 ones of
the radial 3connectors oft o iRy D QR &ROUEy ot sepédt ed ones
of the radial 21 connectors of the wqrking conductor |ayer. 22 23 2. The
rotary enefgy device acé&%%dji%o%q}g%ﬂlfsz@%@ efqf T r&ui £0B6Ar d

wor ki ng copductor |ayer has 25 planar configuration and each circuit
board connécting 26 condﬂﬁ“bﬁ'at?%y%’f ﬁ?afg{a?@ﬁ} lrt%rﬁqrtjﬁ%‘atf?%n{]%}iért fad
stator 27 _is fornmed by st.acki t wor ki conductor ] ayers_and WO

2004/ 073368_ PCT/ US2004] ﬁ%‘gf?‘ﬂgs%f *1‘&(%1 ] 5 (rjfbe%dlltﬁ%/%‘iecﬁ &3&r 8one upon
the other W‘th$%?~~" outer diameter of said connecting conductor

g;#fir ‘ layer;

9-"_.1 each connecting laver further having a

10 o _ plurality of outer conductors for electrically

11 . connecting selected outer through-holes

12 . together and a plurality of inner connectors

13 for electrically connecting sslected inner

14 through-holes together; and

13 a plurality of via conductors, positioned

16 within selected innsr and outer through-holes

17 of the wgrking conductor layver and connecting
. 12 layers, for electrically connecting selacted

19 ones of the radial connectors of the connecting

20 conductor laver to selected ones of the radial

21 connectors of the working conductor layer.

22

23 2. The rotary energy device according to claim 1

24 wherein each circult board working conductor layer has a
25 planar configuration and each circuit board connecting
26 conductor layer has a planar configuration and the stator

27 is formed by stacking the working conductor layers and



2 substrate |layer in between each layer. 3 4 3. The rotary energy device
accor di ngwm2oken3ss2 5 wherein the stator has a central poang2bdgsossdzr ough in
a 6 direction perpendicular to the planar configuration of 7 the |layers and
further including a rotatable drive shaft 8 extending through the central
bore and further including 9 a first rot3dr fixedly secured to the drive
shaft on one 10 side of the stator and a second rotor fixedly secured to

11 the drilve Smaf¢ommethinopposfitetel deayérs henstapon. the oiBes. wilth ot ary
energy device according to claim3 14 further_including a sensing neans
mount ed t @& t uksttare lavenrideberweeingacheldvesnti onal position of the
permanent 16 nagnet poles. | 18. 5. .The rotary energy device according to
claim 3 19 wherein the permanent magnet poles of the first rotor are 1.0
positioned with respect to the permanent nmagnet poles of 21 the second
rotor so that3 fl uxth¢ ne’taE sCRAFBVigReY hee 22CSR A HRI | RO acHR B CcR i on
perpendi cul ar to the planar 23 configuration of the working conductor

| ayers. 24 J2%ereihethdt arytehelss aeQ?EEr%gé%?H?nbh?ﬁeEbéPﬁgé-2@-@herein
each rotor_has, at | east four permnent net. 27 poles, 28 WD 20041073365
PCT/ US20047 0 E300 1PSTPERE FBLF y BN GyP HRNFEeCIREDPUF G PH Sfai m 1

7 the layers and further including a rotatable drive shaft

8 extending through the central bore and further including

8 a first rotor fixedly secured to the drive shaft om one
) 10  side of the stator and a second rotor fixedly secured to

11 the drive shaft on the opposite side of the stator.

13 4, The rotary energy device according toe claim

(U]

14 further including a sensing means mounted to the stator
15 for determining the rotational position of the permanent

16 magnet poles.

13, 5, Tha rotary energy device acco:@ing to claim 3

12 wherein the permanent magnet poles éf the first rotor are
20 positioned with respect to the permanent magnet poles of
21  the second reotor so that flux lines pass through the

22  stator in a direction perpendicular to the planar

23  configuration of the working conductor layers.

25 6. The roEary energy device according to claim 3
26 wherein each rotor has at least four permanent magnet

27 poles.



2 configured for at least a three-phase electric circuit. The rotary

34
ener gy de grding to claim1l 5 wherein the radi al 'Vﬁ rs of the
wor ki ng cg%ﬁa%ﬁ@§°6% | ayer and the connecting conduct or ? {pR3825 7

presel ected width and the outer and inner conductors of the morklng

conductor |ayer and the outer and inner Qyﬁonductors of the connecting
conductor |ayer have a width 10 w der th t he preselected wdth, 11 12 9.

conduct i gt L ayer andcheh L anROELERgL T4 CRoRAGELBr Eayer Hedh vi ded. i nt o
t h 5 ted I t
of cach b phoes r Che ol oBrr e e S0CHLER SRR LiIR 0 MEALLYE ol o111y

runni ng thyough, each sector. 18 19 10. The rotary energy device accordlng
to claim9 20 wherein the inner conductors of each working conductor 21

|ayer togefheg. wi tinheotRagr cABdQuIseli EANdUEhons -8 £o22183Gh connect | ng

F?'UE%
conduct or | aver connect the’radia connectors 1 n"each sector associ at ed

with a phase %esfa@n %ﬂeelrsetlénc oHeRbrioget hek W ke Scotrfw the via
25 conduct ors. 27 11. The rotary energy device accor ing to claim 10 28

wherei n the deagee bBaceRbl gubeddansalcoh@ash Jhn agephass MR 2004/ 073365
PCT/ UB2004/ 003825 35 1 electric current and wherein the rotor includes at
| east 7 preselected width and the outer and inner conductors of

8 the working conductor layer and the outer and inner

9 conductors of the connecting conductor layer have a width
10 wider than the preselected width.

11

1z 2. The rotary snergy device according to claim 1

13  wherein each working conducting laver and each connecting
14 conductor laver is divided into sectors with each sector
15 associatsd with a positive or negative polarity of each

16 phase of the electric currant and with radial conductors

17  running through =ach s=ctor.

| 13 10. The rotary energy device according to claim ©
20 wherein the inner conductors of.each working conductor
21 layer together with the inner and outer conductors of
22 each connecting conductor laver connect the radial
23 connectors in each sector associated with a phase of the
24 elecurlc current together in series through the via

25 conductors

27 11. . The rotary energy device according to claim 10

28 wherein the device is configured for at least three-phase



2 four permanent magnet poles and wherein each working 3 conductor

| ayer and

each conna@bz&gwgq%er is divided into 4 at |east twelve ﬁ] nd further
BB g b

wher ei n t he wor
6 connecting a sector associated with the negative polarity 7 of a

for

ing 5 conductor |ayer includes at |east

phase to a sector associated with a positjye 8 polarity of this phase.

12. The rotary energy device according to claim 10 11 wherein the radial

®¥onduct or

P 10

conduct or s, of e@@ebrmer Ewgeﬁengﬂet Rherd2n! BYEr raRALAGR 1GORNEC] NY  conduct or

| aver are arranged In an identical pattern and wherein correspondl ng

radi ﬂ |14 QOHEHﬁk%érian%%‘Ehmbé\ﬂ@E gb@ﬁ' sﬁar ipalkyncenpect e ding 15
paralle

27 .

28

with the via conductors.

3

4

5

conductor layer and each connectlng layer is divided into
at least twelve sectors and further wherein the working
conductor layer includes at least one outer comnductor for
connecting a sector associated with the negative polarity
cf a phase to a sector assoclated with a positive

polarity of this phase.

12. The rotary snergy device according to claim 10
wherein the radial conductors of each working conductor

layer and each connecting conductor layer are arrangsd in

[81]

an identical pattern and wherein correzponding radial

conductors in sach laver are electrically connected in

Y

parallel with the via conductors.

19 20 21 22 23 24 25 26





