WO 2004/ 073365 PCT/ US2004/003825 1 1 2 3 TO ALL
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woroodorseand 6 Matthew B. Jore, citizens of tPeT/Ustonean3s2s
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States of 7 Anerica, and residing at Ronan, Montana
59864, have 8 invented an inprovenent in a9 10
CONDUCTOR OPTI M ZED AXI AL FI ELD ROTARY ENERGY DEVI CE
11 12 of which the following is a 13 14 SPECI FI CATI ON
15 This application clains the benefit of provisiona
16 application Serial No. 60/445, 884, filed February
7,TO Aldp8ioM 15T AR OF THE | NVENTI ON 20 The
present invention relates to an optim zed axial 21
field rotary energy device which can be either used as

c, 22,0 AOrE oL e L) el enei e op Tt

or a 23 gen verting T
I Ccal. 2 v Thie on. inel
D R e o o LS 8 G O R HEE e, o

C%&%M@O@ﬁg;@@i&ir% 26 tBEaf! eﬁBﬁE&ﬁ%f cgg@@@?ﬂhgge

are arrang maxi mum power 27 and effi ciency.

Axipferida GAP DS &RsnEoiRrs With layered di sk
CONDUCTOR OPTIMIZED AXTAL FIELD ROTARY ENERGY DEVICE
of which the following is a

SPECIFICATION
This application claims the benefit of provisional
application Serial No. 60/445,884, filed February 7,

2003.

BACKGROUND OF THE INVENTION

The present invention relates to an optimized axial
field rotary energy device which can be either used as a
motor for converting electrical energy to motion or a
generator for converting rotary motion to electrical
energy. This invention includes a stator formed by
stacking a plurality of printed circuit boards wherein
the electrical components are arranged for maximum power
and efficiency.

Axial air gap brushless motors with layered disk

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 WD 2004/ 073365 PCT/ US2004/ 003825 2 1 Wang. The

W@ t@ior3des nding in Wang utilizes wires 2 interPCHOSWD€E03825
in a wave or lap configuration. These 3 notors were
of relatively large size and difficult to 4
manuf acture. 5 Further, axial Rield electric machines
utilizing 6 printed circuit board stators are also

1 kritaio suchhasstateRowAnpang,. SN Wang NGildzesl wda2st o
Smith et al. 8 The present invention provides a rotary

2 entig§roOYROFERIf R BpYRNEi A wWAPhCRbfipugpiden. These
el ectrical power. 10 The_device is, generally flat _and

3 ¢ AMARPTRI Yo Ri AL aRBLREIBPOVI dBEYE FBE6r 2RFl FREfdgudé to
used with many tools and 12 appliances in use today,

4 sd%ﬁmgga%F%E?ric drills, power 13 saws, weed eaters,

I i.¢ hi I . : d . 4 Th I,
5 accor i EBSEneSiHEEoht SLAVENET bR PaAELBida 18- Fgno
ceor : | 578 6"
o art Pheea ChFf Ry Eheh B8, BLAPGRSCHER B1IOHEPER 256 13

7 eNdRAGESd; DYy N tﬁh%i. Ngot hE, gap, BSE""‘ES”&&E‘EN QoL

magnets ~ 18 and e stator circuits an urt her “Si'nce

g the mot@ieisred@nconstedei 6 plobibBked EbESMA ener
boards, the manufacturing 20 costs are substantially

9 M ddW @& Uf 02 lopd2a SUYYNRY t BFmb MNVENELON=231 Ehe rRkasepbower .

i nvention provides an axial rotary 24 energy device

10 Wited devaceapgedeharalliil Elaphase ekegtfively2%hin and
current configuration. The device includes a rotor 26

11 havtogidepl armbtdy whipkr oanebe upgdetvipal fansecubed and

27 thereto and further includes a stator formed by
12 stamilimpnces in use today, such as electric drills, power
13  saws, weed eaters, electric bicycles, washers and dryers.
14 The device according to the present invention is designed
15 to minimize electrical resistance and to minimize eddy
16 and loop current. The electromagnetic inductance is
17  enhanced by minimizing the gap between 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. The 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 worKking
conduct or WD 2004/ 073365 PCT/ US2004/ 003825 3 1 | ayers

wo ogehsss with a plurality of printed circuit POHRDS2002003825
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connecting | ayers. The stator having at |east one 3

wor ki ng conductor |ayer for each phase of the electric

4 current and at |east one conBecting conductor |ayer

5 associated with one working conductor |ayer. The
wokdY®igS Bogeraett Withageplunalibhy eénrsénteg circuit board
conductor | ayer each 7 having radjal ,conductors

Xt SHIPRELEY ohRYRT P nne 8| SRBEGE NBVERPoAEHIREISE ©&San

outer. dianmeter through-hole. A9 Iugalit% of .via .
PRI SCoRQUBFRi HBUCF of OF| 8eChi BaRFy Ofgthe electric
connecting gilect d oEes of the rEdiaI cognegtori of
{RE T 59 E ARLCE T o RBhdRBEoF TS P8 SERBBEEGTonay ST

th jal_ -12.con tors, of the rking-conduct .

| et 8 e gt FRE0SS PRestie. opdlbtoRi1g8e8 ! the working
DESCRY .Qr.d h
inventﬁ%&éﬁ%ég%%FE%égfﬁﬁgfébéﬁ é?%géogggngé%ggdﬁﬁyer each

c j [  of f f . dipee

e AL SohancgBEe BEeHa 8 SPBR G Thody MiGmeter

oo o BE CESNEE bQLEPeIRGREARANYHhPGuSA-ALAW, NOS
wherein: 21 Fig. 1 is a partially exploded view of a

stil@Fal 22y Wb £ hyPRr ésnBhekens ayey, pH§eddavt Rokh@lectrically
present invention; 23 Fig. 2 is a view of the stator

shaywmédt fi@. sdladtdd 2deéubEhehepastisalr ekffcawdys 3% the
Fig. 3is a viewof the stator shown in Fig. 2 with
26cdnnddieingardsdibe okenlavay ; t@7séigetddi snap efpkhdedadial
vi ew of an energy device

connectors of the working conductor lavers through the

through-holes.

DESCRIPTION QF THE DRAWINGS

In order that the invention may be clearly
understood and readily carried into effect, a preferred
embodiment of the invention will now be described, by way
of example only, with reference to the accompanying
drawings wherein:

Fig. 1 is a partially exploded view of a stator,
with parts broken away, used with the present invention;

Fig. 2 is a view of the stator shown in Fig. 1 with
further parts broken away;

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

Fig. 4 is an exploded view of an energy device

according to the present invention;



28 according to the present invention; WO 2004/ 073365
PCT/ US2004/ 003825 4 1 Fig. 5 is a cross-sectiona

wo e@word3emn energy device 2 according to the PCEESIU4/003825
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invention; 3 Fig. 6 is a plan view of a first working
conductor 4 |ayer used wth the stator shown in Fig.

1; 5 Fig. 6A is a plan vi ew of 4the first wor ki ng 6

conduct or er shown in Fig. 6 with details of the 7
conduct@#gp gté$nar%ﬁ%%%dsthFP@al7VF§Wa0§Iﬁﬂ erewRoyf device
a first _connecting 9 conducftor |ayer used with the

StBRHTS *EﬂWl?nthggprﬁse&E FRyengipgia plan view of a

second r ki conductor ,11 | used within t
stator:%ﬁ%mmg?hsF?gpfﬁn etk Fgratpwaﬁﬂe?gmpapdgctor

d d I d h h
i RS s A
h k
b e gothior 108 Lovsc o o e

tl&aﬁhﬁégp@01a§ar15h8qﬂdgﬁ gigla§g%lﬁﬁeae?%5mstgﬁ £

stator shown I Fi nVIGWO

S%&E@té}]@@g@{:@fn|%ﬁ6ve&9 used Wi thin the stator
according to the present 20 invention; 21 -Fig. 13Ais

an exploged vrp§8asgpémO@ﬂéwvbﬁwaSB@ﬂsagcoﬁﬁe@tﬂﬁbhod
of construction in the stator layers; 23 Fig. 13Bis a

Cramsdisecdt ohayeyi evedhwitngthBestddost saked shareg. 1;
| ayers shown in Fig. 13A; 25 Fig. 13Cis a
Cross- sengi ofals vaeplas shewmnof na Fsgeond6bwd3Bingt Bonductor
pl at ed t hrough-hol es; WO 2004/ 073365 PCT/ US2004/ 003825
layer used within the stator shown in Fig. 1;
Fig. 9 is a plan view of a second connecting
conductor laver used within the stator shoWn in Fig. 1;
Fig. 10 is a plan view of a third working conductor
layer used within the stator shown in Fig. 1;
Fig. 11 is a plan view of a third connecting
conductor layer used with the stator shown in Fig. 1;
Fig. 12 is a plan view of a separate conductor lavyer
used within the stator according to the present
invention;
Fig. 132 is an exploded cross-gectional view showing
a method of construction in the stator lavers;
Fig. 13B is a cross-sectional view showing the
stacked stator layers shown in Fig. 13A;

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

13B with plated through-holes;



51Fig. 14 is a detail view of a radial conductor
used 2 with the conductor |ayers according to a first

weriadiizent 3 of the present invention; 4 Fi gpCI/BS1084/603825
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detail view show ng radial conductors 5 of six

conductor |ayers connected in parallel according 6 to

the present invention; 7 Fig. 36 is a plan view of the
first moyking 8 conductor |ayer shown in Fig.* 6, 9

Fig. 17319 alpl &8 @i earaili etV pStacspdéeli pgndugtor used
conductor layer shown_in Fig. 7 wiith highlighting;, 11

Fitth sthe GORPUATOr ehPBPErs 26RALELBE 8yar Tiyst embodiment
acc r%%n to a second epbodi mrent of the present 13

iﬁ%@n '%%?r§§9?$g?nY§nF§°%7detaiI vew of a radi al

conduct.Qor _us . 15 mﬁt@ tTe conduct or | ayer.s ccorgin%

to a tHI% ehbolf nRnte sl oY Lo APRLRAL TRAYEMt CORIUETOTS
Fi 0 i Y 0 ial .conductor ;used .

% i SoRatfhak, 18 FhE ObefbBELE, 1OPREE TR BR oraing

Sg?gﬂ#ﬂgﬂérgé?ﬁgeiﬂggﬁﬁggnLnvention; 20 Fig. 21 is a

view of a radral cohductor used 21 with the

conductﬁggjay@rfsagﬁ§1ghng%%ﬁF§ffEﬂ%hf§999dhgﬁﬂ'n922

of the present 1nvention; Ig. 22 1s a detall Vview

Of chddéht G+ COPEHCERGWHSEA F2d Weth the conductor
| ayers according to a sixth enbodi nent 25 of the

presentridivent i p8;a261&hOvidd b8 ehdetarktveewnebtang
radi al conductor used 27 with the conductor |ayers
acasdlidigot Ol @&y sevehdhin 28nerbedi Teri thf hibRI1pyRSEAt;

i nvention; WO 2004/ 073365 PCT/ US2004/ 003825

Fig. 18 ig a plan view of a conductor layer
according to a second embodiment of the present
invention;

Fig. 19 is a detail vew of a radial conductor used
with the conductor layers according to a third embodiment
of the present invention;

Fig. 20 is a detail view of a radial conductor used
with the conductor lavers according to a fourth
embodiment of the present invention;

Fig. 21 is a detail view of a radial conductor used
with the conductor lavers according to a fifth embodiment
of the present invention;

Fig. 22 is a detail view of a radial conductor used
with the conductor layers according to a sixth embodiment
of the present invention;

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

with the conductor layers according to a seventh

embodiment of the present invention;



6 1 Fig. 24 is a detai
used 2 with the conduct

view of a radial conductor
or layers according to an

we@r@hors38s enbodi ment of the present invention;PERUS2004/003825
Fig. 25 is a partially exploded view of the stator 5
shown in Fig. 1 with the separate conductor |ayer
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shown 6 in Fig. 12. 7
EMBODI MENT 9 The present

8 DESCRI PTI ON OF A PREFERRED
i nvention includes a stator

for med By9. 194 stacki Agtaipl viari o of rpfiategortustior used
boards (PCBs) 11 cont?ining a pluralitgeof el ectrica

ci FEH? t she ormRduGFoR

3¥SEBnBGEPF dénfha

r PRI eaqlth

conductive. 13 dielectri

supported by a_no ) mat eri al .
PiteRt SFVERE: BROSENE! AEVERESOREl BRfvely thin

and has_a_cCi ul ar
suitabﬁ%lgbr£$

e r, .15,sh

nEE14 R BRIV pebUSUPdeTisE RE ghe stator

'“ghé&ﬂiiﬁnﬁi$xa fthFLﬂé %Sﬁggg%gﬁgé 588E?%Z%ayﬁg fgown

di mensi onal

VT ew of ~0ne pre

Imen

inﬁgngiqg %%nprised of six PCB |l ayers arranged in a

t hree

ase electrical current configuration. The

three phases 20 are denoted herein as A, B and C. In
Fig. 1, the axial 21 scale has been exaggerated for

clarity and phecRPphongonsust bREFRRREDI BlMBOBTKENITY

present for electrica

I nsul at1 on and nechani cal

suppor tTihaspbessn t edpvedtibhinc2dddsi &l yshtatesoened by

of many possi bl e arrangenents whereby a 25 phase A
Cigttakking pheber&lttycoft prandefihasectici bedirtls 28CBs)

i ntermesh and bypass one another. In Fig. 2, the phase

C crtziming ta hatubebhtyeabvelletbrioal hai renmesofotred of a
details 28 are nore easily seen. Fig. 2 illustrates
oreondugipiye \iE: E04Z D 7386 55 ROTP US20041 083828conductive

dielectric material.

Overall, the invention is flat,

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

shape suitable for the function of the device.

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

dimensional view of one preferred embodiment of the

invention comprised of gix PCB lavers arranged in a three

phase electrical current configuration. The three phases

are denoted herein as

A, Band C. In Fig. 1, the axial

scale has been exaggerated for clarity and the

nonconductive material normally present for electrical

insulation and mechanical support has been removed. Fig.

1 illustrates one of many possible arrangements whereby a

phase A circuit, a phase B circuit, and phase C circuit

intermesh and bypass one another. In Fig. 2, the phase C

circuit has been removed to so that some of the details

are more easily seen.

Fig. 2 illustrates one of many



7 1 possible arrangenents whereby a phase A circuit 2
i ntermeshes and bypasses a phase B circuit. As best

wae@n/07863n Fig. 3 which has both phase B and ECT/US2004/003825
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circuits renoved, 4 phase Acircuit is conprised of

| ayers of conductive 5 material. Each |ayer of

conductive material is conprisdd 6 of a plurality of

radi al conductors, typified by a radial 7 conductor

2 peﬁalbleaaréaygemenbﬁ wagrgbycenvheiser 8, cagcgit
represented by non-radial conductors 3, 4, and' 5. The

9 +RBPENeEbRAURREr BYRRESRENAr REPSE BoRdcldts als best seen
connected 10. toget her_in_ series on the sane cqnductor
Ia&%r 49d ér@hi§g #gﬁ behhePlage B 88F £sChircHits removed,

s on other 12 conduct.or

b | ural i,
St R R By Rt o7 BrERT S h0br, JhEesn b pduldile
| 14 t
"y EEeRYSL OB Shvle IRCCLRNRELANR patiriRiiE Sfprisea
d'éfe eﬁiu%ﬁi§5§ 8% ngl gngggﬁh%%oggterlahgﬁég %Wdalfadlal

paral ase’ A CIrCUI FuitEPous

9 ?ﬂégbébrCQ”dHﬁH°55v899E€ ts@ hsgekaaaaen FF%P%%%§§' as

ayer In serres, or rres and

19ré§£e§e9888059dn9ﬁtfeamahaxeﬁaubeoeerBef4angnen The

para In serires, or In para

| Nt &4 MBS hesnandtBypagagsndh-2a1 8 hebnBhaesrsi ke tdnnected
contained within the sane |layers 22 of conductive

et 8¢ Bher Phasgeeli EsUbAStAe Bamandokdat@or?3ayer and are
illustrated in Figs. 1-3 as being conprised of six

| ayss c@dneétednducteveepaivethakbonbiuttekrBebn other

enbodi nents of the 25 invention may have a | ower or a

hi gtredunuobelapérkapera pl26raiitgndiicinterimateri aond2ttors,

As seen in Figs. 1-3, and as described in detail 28

betdwephesdnhedsbpnsntepaeirakr aendngepents, The WOterlayer

2004/ 073365 PCT/ US2004/ 003825 .
conductors may also connect corresponding radial
conductors on different layers of the conductive material
in parallel. Phase A circuit, with numerous radial and
non-radial conductors connected together on the same
layer in series, or in series and in parallel, and
interconnected between layers in series and in parallel,
or in series, or in parallel, intermeshes and bypasses
any other phase circuits contained within the same lavyers
of conductive material. Phase circuits A, B, and C are
illustrated in Figs. 1-3 as being comprised of six layers
of conductive material, but other embodiments of the
invention may have a lower or a higher number of layers
of conductive material.

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

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

w0 b@4/0t336t i on and 3 desired perfornmance of a PEWUSH04/003825
whi ch woul d i ncorporate 4 the invention. The
di mensi ons, spatial arrangenents, and 5
i nt erconnecti ons of one conducBor on one | ayer of 6
conductive material can be varied independent of any 7

1 otHekekepaneebiont phecaghecpadertor wohbdot the phase A, B
material. 8 The dinmensions, spatial arrangenments, and

2 9 33 &f cORREBLFEnaTref OBREMEBAGUBREROHPERe Ehey Sinetivg and
conducti ye na%erial can_be vari ed indegendent of the

3 1F %ﬁ%%éi%ﬁ%,"%’ﬁ%{l?%l ofr#aflgBHERt YhigRgwould incorporate
i nt.erconnections of 12,any other conduyctor on any

4(&%&5 HAVER b?nconﬂﬁﬁté%@e%§lﬂﬂFerﬁQPF ad gheaBYsAsNES, and
Fi adi al _conductor . 14 2 havin wi_dt h

S eSS r L Oh ARt T e BhaucioR Rt 98¢, TaVar of
c : g . cqnpegted .o eac 16

o SUSMELCE: Jo SERGHIOUINANEY DL SBNOSALEd L) S16

7 S&IaLd Ve YaIBRLPUL AL LAY égﬁedigﬁg§'?EScoﬁaéggﬁbelﬁaterial.
arrangenments, and | nterconnectiohs of each and every

8 19ﬂﬁ9mmﬁéﬂ%i&ﬁéhi%?éBfaPhééﬁaﬁgeﬁéﬁEQ,Céggrcuits, t he

20 device can be optim zed for a nunber of factors, 21

o i nolghdgniadt 1ohs | bl bl ¢Onagtestr babnkeshsbanse,
22 el ectromagneti c inductance, eddy and | oop current

10 23 @gehsredvoma beaiall Sah peé i varieadi NABYEAGERET BE the
cost. 24 Preferred enbodi nents of the i nvention wi | |

11 nalinsn2bones cspdetal ndedmadgémént § urahér intbusbhatetions of
the scope of 26 the new invention. 27 A preferred

12 emtyndigtEner ofondieciowernt i @mmy | stiséovbhayar @8 Eopdudtide
conductor optim zed energy device 10 WD 2004/ 073365

13 paphgs2iool/ 0088281e example, Fig. 3 shows 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 layer of conductive material. By

17 selectively manipulating the dimensions, spatial

18 arrangementsg, and interconnections of each and every

19  conductor within the phase A, B and C circuits, the

20 device can be optimized for a number of factors,

21 including but not limited to, electrical resistance,

22 electromagnetic inductance, eddy and loop current

23 generation, heat dissipation, and manufacturing 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 A preferred embodiment of the invention is shown in

28 Fig. 4. A conductor optimized energy device 10



9 1 configured to function as a notor or a generator
is 2 conprised of two housings 11 and 12, a drive

wGeb@ftn7B8y a 3 shaft key 13a, two rotors l1l4a pemus2004/003825
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a conductor 4 optimzed stator 15, two bearings 16a

and 16b, two 5 axially-nmagnetized permanent magnets

17a and 17b, a wavy 6 washer 98, and three hal

sensors 19. Device 10 is also 7 conprised of a stator
phase ettty Panchler a2ora septer OB @omeer@tozus

an electronic control board 22, a_control 9 phas
cOMTREIFEPPE LW rkpeFingnshb apfnbet of 94ive ﬂ;aft 13, a
control heat_ sink 25, and con roI o¥er 26. Electronic

1P rRY poig d BWo ﬁ%@?@%sl £Bni 8 §@F’r§}lﬁ§°5nd
12 I f |
elca%fﬁ%z"quse%%?%ﬁ# apﬁ ﬁé‘%%‘%iﬁa °f ’é%nv%ra{i?éﬁ? oF 35
El 14
e rﬁam%g%%%ﬁzné befahEnt e%%n%%@ CEie Ratiar o' e wavy
S%papg 005 Shou . 10 FLeptLgnLs-£osr o pbodrd 43 18 a1so

also drive an

utd 4t nﬁsécﬁ‘eofoé‘@@é%c? aﬁ:héggeéoﬁ?ﬁ%&@ofOﬁﬁonﬁngﬁatogssensor

nor resent such as integrate circurt

PINdA @S| 51 0T ELILLALRLE) cHhOFES, b6§§&18§9r5a é8ntrol

and capacitors. 21 Stator phase connector

| e dRcesnbdto£0Mt | 04 3R PHRSER8BREEbRRhedBoNd4, 2
stat or sensor connector 21 23 interfaces with contro

senstrEoMmect oEid 29, candesindo®! €6&£0NR6 . COR EBEronic
board 22 to conductor optimzed stator 25 15. Also

shawtrole beditd 27 pnovidés 28 ¢hattfasiensefishagsang
11, housing 12, and control cover 26 together. A 27

c ararrioto Ironedna gf dwo | 4p28oPats eabky efleti veningcant edkctric
board 28 22 and control heat sink 25 to housing 11.
WOROGH 0 33 650mRi8TE USR 004t 08828 stator 15. Electromic

control board 22 is connected to a dc power source such
as a battery or a dc power supply (not shown).

Electronic control board 22 is also known in the art as a
motor drive and utilizes the conventional types of
components normally present such as integrated circuit
chips, power transistors, regulators, diodes, resistors
and capacitors.

Stator phase connector 20 interfaces with control
phase connector 23 and stator sensor connector 21
interfaces with control sensor connector 24 to connect
electronic control board 22 to conductor optimized stator
15. Also shown are bolts 27 and nuts 28 that fasten
housing 11, housing 12, and control cover 26 together. A
control mounting bolt 29 fastens electronic control board

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

w@bkdogomssb® 3 around the ring. Magnets 17a andpQWDSzN€003825
shown and 4 described as ring magnets but may al so be
made of 5 individual segnents. Magnets 17a and 17b are
preferably 6 conprlsed of at 1lkast one rare earth
metal such as an 7 alloy of neodym um iron, and

1 boron. Vwbhl acebanrieostai Fhgn devinegnedsai’shand ilAb are
Fig. 5 magnets, 17a and_17b 9 are attached to rotors

2 1mpenetiapd gxbatbyopsdibavangoles M4andr & £hrédpygternate
secured_to drive shaft 13 on_opposite_ 11 sides of the

3 st PN stHRt hlide n%@%?gs1373aaﬁﬂadﬂz%b19rso§hpwanéald
so_t hat a | e, on t 17a faces 13 an

4 Hsetibed R riee qqaneha 2 ﬁﬁxd?§§° gﬁagﬁéﬁ.efl4
5 (it Jg‘?ﬁe ] hamare Eeng?a%g?%%s Rfaaﬁsf prejerably
6 SKLIDisdd 8F 50N U EndeREL EE- B8 RBLLITShRY agan

7 Sucgl ggftﬁe&@m@“éfg of aﬂ&hEBrBH”be\'fvﬁeﬁf aggggiled

s xteen, or any

8 mﬂ@b&évwétlmasbghov%ﬂ fRrapi gl estomaaﬁaégcwaean 17b
21 In Fig. 5 housings 11 and 12, conprised of a rigi

o 2Zy@tLEtdhedcho asoorBl ded phasiip, orhanrakbe¥ 14a and
conprised 23 of alum num or magnesi um support

10 berth ngse 1baxadty 168curdd tbeddiv¥esghatt 133ohSopposite
supported by the two bearings 16a 25 and 16b and

11 dreMmieshaf t ti8 pratondes whthugheanagpebsnli7a26ntinl7b
housi ng 12. Rotors 14a and 14b with attached nmagnets

12 27dset bomed 740 atlea it # a¥hedl &£ cos haégndB. 1 Rat fesetda S pole
and 14b 28 are namde of a magnetically perneabl e

13 nmemagnsuch/as \WRR0OUE0¥23630PCTTS20041:083828agnetic

14 flux between them that is perpendicular to the surface of

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

16 are shown and described as having four magnetic poles

17  however device 10 may be configured with magnets

18 comprised of other numbers of poles such as two, sgix,

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

20 feasible to manufacture.

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

22 material such as a molded plastic, or an alloy comprised

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

24 The drive shaft 13 is supported by the two bearings 1l6a

25 and 16b and drive shaft 13 protrudes through an opening

26 in housing 12. Rotors 1l4a 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
waeomgenizsht ed 3 magnetic flux between them HopST/N§M04/103825
and 12 hold 4 conductor optimzed stator 15 in
position between rotors 5 14a and 14b and across air
gaps 3la and 31b from magnets 116 17a and 17b. The
portion of conductor optimzed stator 7 15 that is
1 wisheel the evAeentpaprdvhagnet fEuK| yrtbenween mgonets 17a
magnets 17a and 17b defines a working section 30. The
2 9 30l gl TBn WagRebRt &/ RafnfehhB BFOAHEEReRs CORGERRTALRH

wi || 10,ingice an electrﬁcal current within

5 SRR e Ai R aberTarR oFhaBr ki HEVELESPOh 385ENIe WRLA

+ Difindeot SEDRLEEa0ER 6 L5! R Brbt e berbery, Fotors
S nARRRE 140 ARALLEALEM 0F S0oE SEATLER 3THT FEBh hanets
6 ii1a g P O BRL Zaod B 0f GBS BRRIRER, L B8 Lho¥eRdstator

7 198 éﬁ@rfstﬁfﬁhgﬂt @ﬂ@%&ﬁc@ﬁ@?%%é?irgégﬁggi%g@él.&g?i)etween

are fixedly attached to rotors

s amgadreed! y7atiaghedht Q- d1h¥e shabtkidy s80tPbhV80. The
shaft 13 is available to do work and so device 10 21

9 CafbhehByMe B9 &nNBkOEr0s]1 agbsas 0bf ﬁa%hatgcwadaﬁaeub will
with a preferred enbodi nrent of the 23 present

10 i nMehid¢Onant dke@dyetal eativr&st ofri ERNAUEhEr c84ductive
optim zed rotary energy device 10 wll now be
11 descredredll ofSwéokilngtoecopdnnd@ethatavhenlbrobedyi ce
10 is conprised 26 of stacked PCB | ayers of a
12 caulotie® amed edéebhl veupport bows 2debycaul 0i pbebkhyersas a
of a nonconductive material. Figs. 6- 28 11 each
13 i |deparalier cocontduernrtpat t eContorsaliayeheoprvper
2004/ 073365 PCT/ US2004/ 003825
14 application of an electrical current to the conductive
15 material of the working section 30 will produce Lorentsz
16 forces between the flowing current and the magnetic
17 field. The resultant force is a torgue that rotates
183 magnets 17a and 17b that are fixedly attached to rotors
19 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 w thin conductor optim zed
stator 15. 2 Fig. 6 shows a | ayer of the conductive

wOoradoa/7mbs wi t hi n 3 conductor optim zed stator BREI/OS00410P3825
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a "working" PCB 4 pattern 32. Each |ayer of
conductive material is 5 supported by a | ayer of
nonconductive material that 6 Beparates it from other

| ayers of conductive material. 7 Each |ayer of

c FRILG Vivemmaterl abi hERiBoRGREUEECR @Bttitml,?@d stator 15.

stator 15 may have an identical or a different PCB

pat¥®r b %%W%a@t%ﬂ@rf@iﬁ ERencPRJBFtL¥Er @§§ﬁifl§é within

elect i cal conductor rlsgg of an electrically 11
QGQ%rn%@E+maFe SEER B@Vlﬂ@|@ctwpegppg 1¥CB

d h I
hgﬁﬁﬁﬁ%ﬁatfge nﬁ%Cﬁa#§§ﬁsfo§uﬁgﬁéﬁgg%V§eng§§§alTﬁé
d
oy PSR RB bt nhalaPhe 88 RRRCoRBYEEi YRy P R Bl SR
et§¢#£§bté§afplg om385ﬁ¥£n%aggygt?EgcRnéﬁc%Fye mFtﬁrlal

nlng A erre em ca
1%L t hp,
AR, 98 eSh g TYE mRPer e “%&EﬁéﬁéééﬁéPsééft

Q%tﬁjﬁnf@ed 492 €8PP1 b SR8y 0ha PBCaNe8EN O b bBLILASS Frerent
sandwi ched between 20 two sheets of copper. As a

nopes i A ¢ ¢ &n eXanRbepatt8sns 23rl84ch3Cayer re resent
di agrammatically show how conductor optimn zed

stel et dbcamycbedirabotactunpdiséd EEganlaAectlﬁriealtL\yo-

23 sided circuit boards 39 are stacked together with

t veon@4cf ibermgdassisheesachOabetoppart hefreckriEadly

13B, the 25 stacked circuit boards 39 and fi bergl ass

shiestslatifedrand 26ethanhaadlyt sgepbetedsbpgaheaetcanductive

pressure to forma 27 nultiple board arrangenent for

comrferit it L optieh zed Sikeoplags. 15Tha cesdustonobetigrns of

Is made for shaft 13 to_pass WO 2004/ 073365

PEECIs2bvienoaReshe produced by various methods including,
but not limited to, etching, stamping, spraying, cutting,
or machining. A preferred method is to chemically etch
conductor patterns, such as conductor pattern 32, into
each gide of a plurality of two-sided circuit boards 39,
comprised of one sheet of fiberglass sandwiched between
two sheets of copper. As a non-limiting example, Figs.
13A-13C diagrammatically show how conductor optimized
stator 15 may be manufactured. In Fig. 132, three two-
sided circuit boards 39 are stacked together with two
fiberglass sheets 40 between them. In Fig. 13B, the
stacked circuit boards 39 and fiberglass sheets 40 are
laminated together using heat and pressure to form a

multiple board arrangement for conductor optimized stator

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 nay be plated with a

wQ@2mefthieii ve material such as copper to formBCT/US2004/003825
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28

plurality of 4 plated holes typified in Fig. 13C by

plated hole 43. 5 It is preferred to use circuit

boards that have 6 copper sheBts that are thlcker

than the copper sheets 7 used in nost conmon
priodceeghci rguptubedi by, o@obpées 82speet d!fhﬂél%des?@@s as

ranglng fromO0.004 inches to 0.007 9 inches are

pr%$@W@eanbﬁ%gotﬁ%? thPéRAed3 BRYCBBpELasREelitioamy

be us As preV|ousL shown in Fi eet

11??%5%?9%%% Pateheapr 8RR 88 FaﬁagrpFedﬁeg Bn@EEF€%§tY of

ST fat  PRRT ST aaeto g LAG ByaPheretrPgLes4s -
noles afe fLiLkes tdal BoPLEE) ae-kgeal ) BR0Rab A n0R

mul tiple cTT

Sté%é#eES%ﬁQQF%hgﬂaEh énEﬁﬁcﬂ@ lﬁha%GtﬂE Egﬁgggggieets

are ate a conductive nmaterial such

00@§§a id hﬁogk a&@%@ﬁiﬁsprahaeeﬁnewca?atVbeafcgsr?f OY:io‘fgl)‘i)er

18 a plurality of interlayer conductors, typi

V'@l@eé@ €R1cRAE:s 383 LhaGigbeetbhcal byaconpaek tt'aeo 007
conductors on 20 different |ayers of conductor

opihdhEeda bt apperdbredlbhtt beHeh phatreechgl 8F abPper sheet
shown and described in the 22 current enbodi ment, is

shm dodeussder shoogrétdbusliheshodnd LAt Bibayer copper sheet
conduct or neans are possible, including but 24 not

| irhiekh¢os iwl esefptéBdrrnetihrangduptrodacententdakor2b that
nmetal pins, crinp points, spot welds, or wire. As 26

prawé ousbyost shapedt Weenariewsdcwndbotior shenstibpor2ing
different |ayers of conductor optim zed stator 15, 28
cohileeretietdget Refernisggr aggiantoi Rigar &l | bbley sire drilled

vi as, WD 2004/ 073365 PCT/ US2004/ 003825
in precise locations through the multiple circuit boards

of conductor optimized stator 15 and then the inner walls
of the holeg are plated with a conductive material such
as copper. The plated holes, also known ag vias, provide
a plurality of interlaver conductors, typified by vias
201 and 301 that electrically connect the conductors on
different layers of conductor optimized stator 15.
Although plated holes are shown and described in the
current embodiment, is should be understood that other
interlayer conductor means are possible, including but
not limited to, holes filled with conductive material,
metal pins, crimp points, spot welds, of wire. As
previously stated, the various conductors on the
different layers of conductor optimized stator 15,

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
WO e@hn7ipees are able to provide quantities of POHUSZDO003825
4 optimzed stators 15 with relatively smal | vari ances
for 5 conductor dinensions, atial arrangenent,
stator 6 thickness, and stator‘flatness as well as a
one hundred 7 percent assurance of continuity for the
1 comeietbpestherentinized| gonfucEarr earriigesofi bbe
preferred enbodi nent 10 shown in Figs. 4-11, there are
2 t hFeeepi PRt zeBresanhceay CiICEFFchﬂ§d pAaULaFtEgdng
el ectri cal omer se of a three 12 phase pawer
3 cirehRians c%ﬁ@uggiﬁ BBt PRPYAHCS EHABE L E5 51 §EASonductor
revi pusl y_descyi bed
¢ DRI ToRaBERFPEE hot HEhBCBRURELEF LUpFRf deuatiapses Tor

ri,sed of a

Bratunisbne it o?pégﬁaﬁc?rgéﬁhswgg. i o shPiRm
6 » OISk SRL' DLEEA, OETLEhedE, DAIPLETE o' 2%0pe nundred
7 Hébré%ﬁ%'aé@%&QﬂEEeBE %%t%ﬁu@E ngr ZhQVSOBEHBE bged

of” conduct ors connect ed toge I'n orde

g electsically conplete a portion of 21 the phase A
circurt. PCB patterns 32 and 33 are also 22 conprised

o of condugtons 888PEhE1 P NLEDIBEESErBrandel eRBodiment
circuits. Simlarly, a working PCB pattern 34 shown in

10 24Hidwn Bnandgs. connect thgrECBrpatheea 3ptshowed Bonductor
Fig. 9 25 are conprised of conductors connected

11 tagetdeltsn ondefor26ath electricall yowenpbeheeaof a three
portion of the phase B 27 circuit. PCB patterns 34 and

12 3%kase gboeeroapresed, ofn 28nduntdort opsimssedi atedor 15.
with the phase A and C circuits. W 2004/073365

13 PA US2004900EB28cescribed, Fig. 6 shows a laver of

14 conductive material within conductor optimized stator 15

15 comprised of a working PCB pattern 32. Fig. 7

16 i1llustrates a layver of conductive material within

17 conductor optimized stator 15 comprised of a “connecting”

18 PCB pattern 33. PCB pattern 32 of Fig. 6 and PCB pattern

19 33 of Fig. 7 are comprised of conductors connected

20 together in orxder to electrically complete a portion of

21 the phase A circult. PCB patterns 32 and 33 are also

22 comprisgsed of conductors associated with phase B and C

23 circuits. Similarly, a working PCB pattern 34 shown in

24 Fig. 8 and a connecting 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
waeormpnisetl 3 of conductors connected toget herPETUS200€003825
to electrically 4 conplete the phase Ccircuit. PCB
patterns 36 and 37 are 5 also conprised of conductors
associated with the phase A 6l%nd B circuits. 7 The
pattern of radial conductors in PCB patterns 32, 8
1 33lsn, ’5woRkingdPER BABtpEBnBFcahowa iR Figyedd. agd a
Fig. 12 shows_a PCB | ayer of conductive material 10
eé%?@ﬁ%tP@B Bﬁ?tePﬁtggrBf37a§hawncéﬁdﬁéﬂbréllGéﬁtp@@Prlsed
11 ¢t atterns of di al conducgtors _.in the other
3 P(%f 1%@‘5%&“ P@BnﬁﬁFFE ntR8SFHPEheR PREPHIES glectrically
pl ur al condyctors 44 thgéBcon ct a

s Dl e Chne tiug SRt bR RniE & REErne.p6, gk 37 are

4 nt|n a
> e S Rl o TR TR RO Brece
d tgt f th t I N 17 an
6 o%hﬁggné?grgggt%hgnlgb sﬁcﬂaggeahcafgassof Hal | 18

7 SensorSTh%ﬁﬁ?E@%fnSSPSPédﬁgl'éoﬁ&ﬁ&@o?gughegi§ p38eelfs 32,

sensor ng pad 46. Sensor nounti ng

s prawjdes, 29, fos the surbpceigpHPiERY 9h alteqpeeakure
sensing neans 21 such as a therm stor. Sensor

9 term nagsg AS1PronNdwe @ 2CRCDANEEt bONcHBRENSLEQcBRaterial
external electronic control neans 23 such as a notor

10 driareind®GB peBtpeabt8Bni 38absoradhpli sedduddok identical to
conductors associated wwth the phase A, B and C 25

11 citlmipasttdgs @6 shdisl PEh@datters 38 bhet ophef Pbs
26 stacked PCB patterns 32, 33, 34, 35, 36 and 37

12 prieviots! y POF phowernnd&i furihePCBnpatdesna3flisality of
preferably a top or a 28 bottomlayer in order to

13 f geanduei@rs héd stird bceonpaat | ago Wor20041078368nsor

PCT/ US2004/ 003825
14  terminals 45 to a plurality of sensor mounting pads 46.

15 Sensor mounting pads 46 provide for the surface mounting
16 of a means to detect the position of the magnetic poles N
17 and S of magnets 17a and 17b, such as an array of Hall

18 sensors. One Hall sensor 12 is shown mounted to one

19 sensor mounting pad 46. Sensor mounting pad 462 provides
20 for the surface 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 Dbottom layer in order to facilitate the surface mounting



16 1 of sensors and connectors, such as Hall sensors
19 to 2 sensor nounting pads 46, stator phase

w@ommetizes 20 to 3 phase term nals 53, and stBECDUS2004/003825
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sensor connector 21 to 4 sensor termnals 45. Radi al
conductors | PCB pattern 38 5 are electrically
connected with via conductors %o phase 6 circuits A,

B and C of PCB patterns 32, 33, 34, 35, fG 7 and 31. 8
et IRPTORES EPRRCRROT orS ekt 8F ekl segsors 19 to

g%@%ﬁ@&%g?%;ﬁ%%%%%%&f%%%ww
A o aaa#%a%%the "??%éégh%%% #%%gﬁé%aéﬁito
(%%ﬁggf é&ﬁ%ﬁ&fsm%g S@%& ? rl?ﬁd&?%@f%o? P&BeSQGQern 38

ern 3 rrenoved | ow n

R R e

on. gack Lt @yer @faﬁ@r@UGE'#@B”ﬁé’éféﬁﬁslizw tBin34, 35, 36

conductor optinized stator A'so shown in Fig. 18
6Ad$ IAgnet 17b with nagnetlc poles N and S. Magnet
17b 19 is positioned behind conductor optim zed

st at or H&f&sr 2y diewned NFEG Q. 68A POB pagbeinl3a, igot

shown, is in the 21 sane |ocation but positioned
abhmangpcigskiicd Hra opl wnak ety 22£ stahoentbic PEBngathaped3?2

has a wor ki ng conductor section 23 30 that is defined
bys¢diel omag n@t £ Cepahesadedndy Sthé 2dnobgoet of7ahel gonductors
ot her words, the working conductor 25 section 30 is

t Hhgortthem epntatduct Brgepbhnikédstrates the verihus

Is intersected by the magnetic flux _between 27 magnets
17angdiarsl PENSHEREPeR FPrgtiens eheklkej BCR pagtern 32
plurality of phase sectors of the_working conductor WO

2 0H47 D 73538 he ez pb3gdsthe PCB patfern 32 removed for

clarity. The following description of the functional
ring-shaped sections of PCB pattern 32 shall apply to
each PCB pattern on each layer of conductive material
within conductor optimized stator 15. Also shown in Fig.
62 is magnet 17b with magnetic poles N and S. Magnet 17b
is positioned behind conductor optimized stator 15 as
drawn in Fig. 6A and magnet 17a, not shown, is in the
same location but positioned above conductor optimized
stator 15. PCB pattern 32 has a working conductor section
30 that is defined by the magnetic poles N and S of
magnet 17a. In other words, the working conductor
section 30 is the portion of conductor optimized stator
15 that is intersected by the magnetic flux between
magnets 17a and 17b. As shown in Fig. 6A, there is a

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

woeovber3zed 3 nagnetic poles multiplied by the Ptrs2000603825
el ectrical 4 phases being utilized. In the currently
descri bed 5 enbodi nent, device 10 utilizes a three
phase 6 configuration and fourl?mgnetic pol es and
therefore 7 working conductor section 30 has a total

1 ofsesielor phatkatsavecdestgndeeficad, 18, napdalso Bhe total
configured for use with 9 other nmulti phase

2 coninbker aof dpBas@ateqbord éRafgealheo tbenuumpberopt
phase sectors. As a_nonlim.tjng exanple, 11 another

3 esthieiehe BPlaeviestinliyed| byi Rgeanpimberppiselegtrical

i on and, four _magnetic poles wll have a

4 3&%% a%i%l%%nHEHbFe@ectF%ntég greFaRa LY ntiesEReRed
s P rERRRRTE o SehECR AL TR ETEER oy thrbeaPhang G i s

o aniitoliatt Ml ot faPtet frasates e PP eRe?
7 PGt ndiEBof) 0L ORIT hEsPE! Eocdl Shotlstyg, phase
S ooRlCTar sesty onoane L B pE POIRLHLI e 4E8 witn
o Raglidt m&nw%&éei eaﬁfigﬁﬁaé%ﬁgoeb{al@ @auhanghagaa- the

22 radial con tor section 48. Radially inward o

10 | Mgibe230NOPhsadi sbcESRFUCt B8 §e8bADAM48ihE axahplt,
hole 49. 24 Radially outward of the working conductor

11 senidtieBOemisod2hent Ofit @evite SectitobhizdngRadfal/kyphase
outward of outer via 26 section 50 is an outer

12 narenf&dinata coodughdr feectnaméiic Adl&adwallyhautwar dorking

of outer non-radial conductor section 51 28 is a heat
13 sigdndaritoons&@tidead 0 siikidedt inho5wenhyyaphss¥Osectors.

2004/ 073365 PCT/ US2004/ 003825
14 As illustrated in Fig. 62, the arrangement of the phase

15 sectors A, B, and C is sequential around the working

16 conductor section 30 and the combined area of three phase

17 sectors is equal to the area of one magnetic pole.

18 Still referring to Fig. 6A, other sections of PCB

129 pattern 32 will be described. Radially inward of working

20 conductor section 30 is an inner via section 47.

21 Radially inward of inner 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 50. 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 optimzed stator 15 to the

whowgionigss 11 and 3 12. One area of heat sink BED/UBIHN4/003825
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52 is designated as a 4 termnal section 53 which
provi des a connection neans to 5 an externa
el ectrical systemsuch as a not®r drive, a 6
rectifier, or a converter. 7 PCB pattern 32 of
comelRIRes opt | Anded2stat Brovidesa BegRswhoh&viang feirx heat
concentric_ring-shaped, sections but 9 other .
enboeh iePRdueEOF hePFAPeAEAOATLAFPR A5| 6Refher heusipgs 11 and
hi gher nunber of copcentri c ring-shap sections are
111 possYBF 2792 ?ﬁeﬂ?éFm‘gh’&F §88FF8H Eg fRcAggdgnated as a
term nal s. 53A , 53B, ..13. 53C, 53D, .53E_and 53F, .two
t er T PHRL fBPCEACH pRa¥BIGE RACVHECE| BcFPRRRCEIGRefeans to
circuit. Each of the.stacked, |layers. 15 have,thesge.
C e etRe S et STt Rer calt RSPt Tt bReRE: Bives &
shR&@tipig%g.?g.ayggﬁbgggﬁgpductor | ayer 17 32 is

o S :

connect'ed erm na 53B. Wbrki ng conductor 13
| ayer i t j . AR 3 .
ooy o CLPSCRRERI S b2, LERRUBRLE SOEARdGBReacor 15 1

t e£ AR | 182 v By 888x 58bncedfrie §§ﬁ§agﬂaﬁéasse@ti%nst@%t

size and shape of a first 21 conductor in a first

sesthen Shb&EBnatsesn BRei snusHaliby w22hdif flewest or a
than the size and shape of a second conductor 23 in a

saghdlte s eglimiosr 0bf PEBnpahteli s 32ngAkRapetingesicienslére
shape and | ocation of a conductor in a first section
ofp@ss2bléirst pattern on a first |ayer of conductor

optim zed 26 stator 15 may either be the sane or

di f f er €the ttharminal7sechdont b8 inciudesr Espondedg 53A, 53B,
first section of a second 28 pattern of a second

| 8y&¢, dF3RonedEt ardopbFni twe Seamspale £004r£e7B3pbhase of

PCT/ US2004/ 003825 i )
the electrical power circuit. Each of the stacked layers

have these terminals connected together with wvia
connectors as shown in Fig. 1. Working conductor layer
32 is connected to terminals 532, 53B. Working conductor
layer 34 is connected to terminals 53C and 53D. Working
conductor laver 36 is connected to terminals 53E and 53F.
As seen in Figs. 6-11, the size and shape of a first
conductor in a first section of PCB pattern 32 is usually
different than the size and shape of a second conductor
in a second section of PCB pattern 32. Also, the size,
shape and location of a conductor in a first section of a
first pattern on a first layer of conductor optimized
stator 15 may either be the same or different than a
conductor in a corresponding first section of a second

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

w@2003/0f33k2d di aneter wire which dictates that PEEUS2004/003825

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

conductors 4 are of a constant size and shape
t hroughout the notor or 5 generator. 6 The
configuration of the conductlvﬁ9nater|al in each 7
section of the PCB pattern 32 depends upon what 8
f ubet | oRalsr bf elRacBntEaEEoROpLRgsCPBAUEBRBECEDr 9
optim zed, stator 15. As previously shown and
dé@%@?%@ﬁlonqb %ﬁE@éss@@@oggnﬂraBoranahetaa§ewwpﬁﬁd with a
th x.field 11 between nets 17a and 17b
R Je’F‘?' NGIABRFED WS ‘I]aclcgagigt%??u bhabf tbéBCB&fiﬁléﬁrtﬁrS
32 is i Iustrated Wit h %ortdon # % E
c AP bre sEREF b8 OS L FRnd VF QECF pRugBouL fBe mpgor or
é?ﬁéﬁgé% conductor section 48, shaft hole 49, outer
[ s8ttion 50, and outer non-radial conductor

Spti m oEe oot (5P ESA Bk Ccfle. BONGREEPE R EE R in each
1ﬁ%eékféﬁ'@f t% Cﬁ@gQﬁéegeggl ”gegeﬂasféé ﬁl(%getall

non-r adi al uct or escr

. nfaxt@twﬁafnf&ye deseni bedridh TROHI #BAL cohdfbebr
conductor 101 is conprised of a 21 working conduct or

10 ihbtedast@c ot di . S4ashptel $0d21 GOBELRAL atit BeBeribed,
wor ki ng conductor section 30 and width 54 23 is

Syt e | cattatrong, aBf aghdsCSareRatltAinconductiaox ¥0&1d

24 is also conprised of an inner pad 101b within inner
viketwEes andgnatd 71 Thadnfiat7h. w Béfebfinagdnanw oot fdg. 14, a
pad 101c 26 within outer via section 50 that has a
wirkitEm of dPEB pFtBdrns3Pess ihansbratgdawith wodthons of
56. Wdth 54 is less 28 than width 57. Since wdth 54

| iveerFH1a phrdiec Ho¥ naectbomB 2004n0g836ha section 47, inner

PCT/ US2004/ 003825 _
non-radial conductor section 48, shaft hole 49, outer via

section 50, and outer non-radial conductor section 51.
Ags an example of how a conductor is optimized in
different sections of the PCB pattern 32, a radial
conductor 101 and some associated non-radial conductors
will be described in detail. In the currently described
embodiment, radial conductor 101 is comprised of a
working conductor 10la that has a width 54 that is
constant within working conductor section 30 and width 54
is symmetrical along a radius 55. Radial conductor 101
is also comprised of an inner pad 101b within inner via
section 47 that has a width 56 and an outer pad 10lc
within outer via section 50 that has a width 57. width
54 is less than or equal to width 56. Width 54 is less

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



20 1 the magnetic flux, increasing wwdth 54 w ||
result in an 2 increase in eddy currents in working

w@ordzizes 10la. 3 Eddy currents produce for ceBCT/N§1004/003825
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oppose the rotation of 4 magnets 17a and 17b, robbing
device 10 of power when 5 device 10 is perform ng as
either a generator or a notor.20 6 The speed of the
rotation of magnets 17a and 17b is_one_ 7 factor used,

t Fhrtagrekl i fiwxpsingreasiey whdbh of wildt gEPBAt in an
produces nore ed%g currents and so an enbodi nent _9 of

deV LA cHAf BULY eBUFBeRbT atR WPTRIRP gROBHBEHONR LP 120

h a value of width 54_that is |ess than val u f

1 B FEER HE S SRGR| FeRtosf CABYi EEP96C: hiF Fotation of

53@%%%%217%2?%8a%2$?‘efo§%ﬁ%i8%“142{%8?3%5%35%%%&%%
. . 14. .
Eﬁéﬁ{ﬂéelﬁ ¥§é8§r9£rM&§% %? éléﬁer&%gﬁéﬁ%gggor.or Tomotor.

resistance ro evice power evi ce

| Sperd oL i NGt ?‘éhéilr@@ét?odﬂe&frxﬁéegﬁe% 8790LAk- 1|7ﬂ>6is one

El ectri'cal resistance produces t as electrica

CW S dded| Q¥SaLbELHIRG thEaERNEUCT | xerABERE 8he@l of
optimzed stator 18 15 and el ectrical resistance

| ESQRSESn aSrddEcé SRSt 888y d9rPEntBeaf@NdHCEhYmbodiment
material increases. Electrical 20 resistance increases

aoMadidd 16 desregsedd S0 +otald gtderhighr egued will
the | osses attributed to electrical 22 resistance, a
mdEvaIn wad ige ob £ wivtifibh 534 cellabeisel essethan23 value of
However, dependi ng upon the operating speed of device
10yidt2d B naxi amnenbbdeneht Wit debillceany0r ehatkt ikEnconfigured
substantial 25 | osses due to eddy currents. Therefore,

a walugtafe wdtd 108 Sgeed. woEkéagrioatiucesistotaeci §s

sel ected that bal ances 27 eddy current |osses with
elEdnfienl faekest bee 19seesd VO Qebarn¥sses value of width

PCT/ US2004/ 003825 21, .
54. Electrical resistance robs device 10 of power when

device 10 is performing as either a generator or a motor.
Electrical resistance produces heat as electrical current
flows through the conductive material of optimized stator
15 and electrical resgistance increases as the temperature
of the conductive material ipcreases. Electrical
resistance increases as width 54 is decreased. So in
order to reduce the losses attributed to electrical
resistance, a maximum value of width 54 can be selected.
However, depending upon the operating speed of device 10,
a maximum value of width 54 may result in substantial
losses due to eddy currents. Therefore, a value of width
54 of working conductor 10la is selected that balances

eddy current losses with electrical resistance losses.



1 Referring to Figs. 6 and 14, pad 101b is within 2
inner via section 47. Inner via 201 electrically 3

W@ owamTisss i nner pad 101b of radial conductor 1BAT/U82004/003825
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correspondi ng radi al conductors on other |ayers of 5
conductive material w thin conductor optim zed stator
15. 6 Inner pad 101b is contidluous with an inner
non-radi al 7 conductor 58 that has a width 59. Wdth
59 of iMPEPTRHAC BOrBaFEr EoABOctdr BB d0ppefsr aBibin
greater than or_equal 9 to width,56_of ingner pad_101b
of 1PORE aY 1R oREGELEE 431. I1EBeELVER Baa eHECLRASddver

RS s Pl Bhcpl
AT TG T, g o
i - i ak t ' 1
Ao pearag ol ooRsuEhaGeREe Dok basca' 5 dor 15,
OrdQe S Pd1b! PsFblnt 1AnohBNGE tRAgn 194 lS n3R0WA Q7

> i i
n
be 17 continuous wt an 1 nner non-radial conductor

63 d€oPrusercRAd AQ4Cai HighRAWH9t O REFEANELNYRUS nrer non-
with an outer 19 non-radi al conductor 62. However, In

t hea @1 T eddhdudoresgr i BegdrenbpdbiPngrebbBer tpad $01Rqual
of radial conductor 21 101 is only connected to an

I nnerwidth reli of Londucped 661b23fi PaBLBlpabhauetdZ, 101.
shown in Fig. 6 and inner non-radial 23 conductor 65

i IOWRCE: peed et Ml 83hashowhernvEag30Y. thhae 24naetes pad 101c
101c is only connected to an outer non-radial 25
condlunadiab2comdiroBopatl 0 ér ho3gprsaspondingi gadéal

Radi al 26 conductor 101 of PCB patterns 34, 35, 36,
arPIBuCkepRheon 27t her Flggers, 0§, candughdvélmaterial within
respectively, are not shown to 28 be connected to an

i ifERAUHEHRY aepaintepduttaiosrlan odukerrVierdobaLg73865

PCT/ US2004/ 003825 22 )
continuous with an outer non-radial conductor 62 that has

a width 61. WwWidth 61 is preferably greater than or egual
to width 57. In Fig. 14, inner pad 101b is shown to be
continuous with an inner non-radial conductor 63 and
outer pad 10lc is shown to be continuous with an outer
non-radial conductor 62. However, in the currently
described embodiment, inner pad 101lb of radial conductor
101 is only connected to an inner non-radial conductor 63
in PCB pattern 32, shown in Fig. 6 and inner non-radial
conductor 65 in PCB pattern 33, shown in Fig. 7. The
outer pad 10lc is only connected to an outer non-radial
conductor 62 in PCB pattern 32, shown in Fig. 6. Radial
conductor 101 of PCB patterns 34, 35, 36, and 37, shown
in Eigs. 8, 9, 10, and 11 respectively, are not shown to

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

w@200an0836hon-radi al conductor 63 or to an out ePCT/US2004/003825
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non-radi al 4 conductor 62 on any |ayer of conductive
material within 5 conductor optimzed stator 15. 6
Referring again to Fig. 14, imi?r pad 101b and outer

7 pad 101c of radial conductor 101, inner non-radial 8
comfuctadi®B, camduoorer nbh- shditddl bendudessteedathat

not 9 subjected to the concentrated magnetic field of
magetasl aondygtendldyomayheeesot ect évayy ctPRBRESedr EO
not a factor 11 and widths 56, 57, 59, and 61 are
m%ﬂ@%& m%?g@aétaﬁzc%%ég?BPé QﬁtﬂFnt?h%?r°PE§EeEPPv€adla1
sections_of nductor _ 13 optim zed stator 15 in

t & &O% h e‘P%c?Wc]a?YeJMOFe%P’% ‘éﬂEéVGfm?’ﬁ@r%Gganthm

circu edu0|ng t he total

eﬂ%%?#?%ﬁﬁr ?%F?@%?%&EﬁQ%QS COnductor circuit
\(I:Motr r 'e2|of<*§én)<§'ﬁIC 196 agi @Rt ThEGT PAC! Phnd? b3l P0FBNARE outer
n _Te C@f‘di‘géiré(f é@n&ﬁ%ﬁ&ka%oi” panal! gbn-85a2a1

I hg exanpl e [lustrates six

|Q¥ﬁﬂ§u@ﬁofa@3alaﬁ@nQHEéPrnélegélgieEBﬁ&ﬁék5¥ 62 are not

connected in parallel by vias 201 and 301.

t b &b esd rE§atné eébﬁééﬂeﬁaeédamagﬁbﬁicohe&aabkehagnets
23 conductors each with an electrical resistance

value,and 124. equigéréfopss da¥idedrb¥ntheasdmet th€actor
reci procals of 25 resistance val ue of each conductor.
Wi tdipd €londsist 053, 29, eanf baverthmadanesr dairgkanee

val ue, such as each of the 27 six layers of radia

c pukieilole @it showhebr Frgspabdtitvhese@B8ibnsnufaceadubéor
sinplified to be the total resistance WO 2004/ 073365

PO tLIS2DOAd 093826r B in order to reduce the electrical

resistance of the total circuit.

Another method of reducing the total electrical
resistance of a conductor circuit within conductor
optimized stator 15 is to connect corresponding
conductors that are on different layers of conductive
material in parallel. As a nonlimiting example, Fig. 15
illustrates six lavers of radial conductor 101
electrically connected in parallel by wvias 201 and 301.
The total electrical resistance of a number of parallel
conductors, each with an electrical resistance value, is
equal to one divided by the sum of the reciprocals of
resistance value of each conductor. When the conductors
each have the same resistance value, such as each of the
six layers of radial conductor 101 shown in Fig. 15, the

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.

wao-or4pxBepl e, if 3 radial conductor 101 of t heP€T/S1004/003825
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| ayer has a resistance 4 value of 0.006 ohnms, and the

radi al conductor 101 in each 5 of the other five

| ayers has the sane resi stance3val ue, 6 then the total

electrlcal resi stance value of all six 7 layers of

rzﬁﬂ‘%ﬁ dendiiee oreabitarcegialue oob. one eARgugtarvidggdded by
si x caonductors or 0.001 phns. Fi 15 shows 9 the

pd:rl'%ﬁ B et t FORTBE TR %%tp%’FaiLg@iLal FeRdgxeppse, if

Al ronduc BT St rofl uie obRbeE LrxB?  Rasch zesisrance
f h , .
s <F’€a@f°@%m9]%r5%hﬂ%¥ tt%%{fﬂ?i%%xg?ﬁéﬁf«‘g%l??lisln each
f .

thons.cihe paLh ol an electihc currept gs Lh Ll gua, .,

ht ough-orie & presen
i L Lbed. .
Re err”ﬂégﬁégyé§7 é8€£l@§ﬁarg§£§ﬁaﬁﬁécg% Eg?éfrb?f six

of : a%%a?@f of 5 Y% Ki @&&’&&01181@@1@@?%31' £0COTBOESEHMSs

conductors 101 to 172 the currently

'|dﬂﬁ%&éﬁE%&F%Eieééﬁéuéﬂ@ﬁg'8?”@;0@@08hm§0 ppgge 15 shows
sector contains six radial conductors that carry an

210l efd#d Tl SUI e Sithed P ONOBE aoRBaser SEEL Padi ALt BendabRors
22 radial direction. Radial conductors 101 to 106 are

22 oMddE ek posyéiye phbse 3eshows Atheagaabhltehduchnestion
107 24 to 112 are within a positive phase sector B

arfE ki regdi@b conductors il3edchld48chor @brhtheaphase A
positive phase sector 26 C. Radial conductors 119 to

1 rel wiadipsa wibgalayver2y phase sector A, radi al
conductors 125 to 130 are within a 28 negative phase
sector B ahdeFeaphe ebreeiterrdugior corBemiped stator 15

2004/ 073365 PCT/ US2004/ 003825 24
functions, the path of an electric current as it flows

through one cirxcuit of the present embodiment when device
10 is driven as a motor will be described. Referring now
to Fig. 16, working conductor section 30 of working PCB
pattern 32 is comprised of radial conductors 101 to 172.
In the currently illustrated preferred embodiment, each
phase sector contains six radial conductors that carry an
electric current through a phase sector in the same
radial direction. Radial conductors 101 to 106 are
within a positive phase sector A, radial conductors 107
to 112 are within a positive phase sector B, and working
conductors 113 to 118 are within a positive phase sector
C. Radial conductors 119 to 124 are within a negative
phase sector A, radial conductors 125 to 130 are within a

negapive phase sector B, and radial conductors 131 to 136



1 are within a negative phase sector C. Radial
conductors 2 137 to 142 are within a positive phase

WG e@ior33ss radi al 3 conductors 143 to 148 ar eP@i/URi004/603825
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positive phase sector 4 B, and radial conductors 149

to 154 are within a positive 5 phase sector C. Radial
conductors 155 to 160 are with4 6 a negative phase
sector A, radial conductors 161 to 166 7 are within a
néﬁ%?l%%t%ﬁ%s% Begabive, rhager 68FEPTr8CeonBadiads copuctors

to are within egative phase sector 9 C It
rﬂoiji? dt %el%d%lf%t%beh%ﬁa@ BPfieE1ERDBRRABNEECHPEhAa ragiial

d h
1 PHale St B85 v DR pmBautdhdapéntrnps g fhec cector
f 10, .13 Th
5 o R PGS TR e 8T AR 40018 DBosieave
CHUHIBEL Sl d fo P es%aalgﬁogggsue B ot 22ckPon8gyekf  yithin

current passes throu |ng 3

ly d e P
patf%%% 32 f% wf€L§¥EQH§hésefiﬁéé?cg?ﬁﬁ E?s ggldto 166

arwk&weltﬂfns@oaé\?%aé&é hﬁhggangs&wg 8l egha' 9§hla1

conduct or ern 33, also wi th the phase

(Nddﬂ&ﬁcﬁbﬁﬁﬂlﬁﬁt@@ 1729 éBeFWchiﬁ aaﬂeéééﬁ%é'ﬁhase sector
current is delivered to an 21 A+ termnal 53A froma

cant r att nEensld The @oaér otosBatbat 28tBdehe@bodiments with a
el ectronic control board 22 previously described, 23
utlidweresoml = dnsgngr nieamiset cofetefbhhecdbh@upobaki 1at kagh

of 24 the magnetic flux produced by pernanent magnets
1Pheagel s@5di7 magasise nor vduoedhdepehd phasepsacthe dbsired
phase circuits 26 A B and C. The sensing neans is
praxftandb| seani zemeyt 2 70 Haflévieasbl s surface nounted on
conductor optim zed 28 stator 15. The control neans

uses a Tar@dial priugipryoaf (F8Is5ohase sector are

PCT/ US2004/ 003825 . 25
connected in series to provide a number of electrical

current passes through the working section 30. Fig. 16
shows the previously described working PCB pattern 32
with the phase 2 circuit highlighted and Fig. 17 shows
the connecting electrical conductor PCB pattern 33, also
with the phase A circuit highlighted.

In Fig. 16, an electric current is delivered to an
A+ terminal 53A from a control means. The control means
such as electronic control board 22 previously described,
uti}izes a sensingrmeans to determine the polarization of
the magnetic flux‘pxgduced by permanent magnets 17A and
17b passing through each phase sector of phase circuits
A, B and C. The sensing means is preferably an array
Hall sensors surface mounted on conductor optimized

stator 15. The control means uses a plurality power



1 transistors or MOSFETS that switch the electric
current 2 to phase circuits A, B and C at the proper

WO 2008/023365 3 duration to produce and mai ntai n tPET/D81084/§03825
nmotion of the 4 device based upon the input of the
Hal | sensor array. 5 The control neans is external to
devi ce 10 and the 6 el ectrical25connections between the
control nmeans and the 7 conductor optimzed stator 15

L ndyrass bk o e dohWRSEEES pelhat esebhdlictbe sleAtiscacurrent
bundl e of wires or a ribbon_ 9 cable. 10 From the A+

2 t riRhASSIA ¥ Pl P Rt 1B caRdr ¢ eRE %ee@romrtﬁmegﬁnén
out er non-radi al conductor 62. The current is

R h?%u%ﬁo%u?%dfi‘% I&%h@%%’artli%lr%E"éith’@ﬂthﬁPOOf the

n-r adi

13 an i nner conduct or. 6

s radvied Tas a8 b the DR ekt At  BBE5er: arxAY -
t 15 conductor m.this 0|n

; ﬁ‘*r o S Enddn st ShERedA D b0 rvige SR oal, HBg,

4

6 bt VEﬁr@%‘f“&Em?@caﬂ%gn%&%%%né%u?ﬁr é?raﬁ%%ﬁieﬁ%%ﬂg af the
C Y ut er 0

7 c%{ uct ottf&gl gé%ll{rl%%% gérlg 019 §égn a%?%? ?%éégégobBFh

8 C%&ﬁﬁf%aﬁéaﬂ&ﬁ&ué@éP“@@cH”ég'ngﬁﬁﬂﬁécé9rw%93st8raﬁ ribbon
21 i'nner non-radi al conductor 65, Into radi al

o cquglycd or 123, 22 then to outer non-radial conductor
66 and into radial 23 conductor 103. Each tine that

10 the el extdmh Citthe CAH resitmin4l t 53wetBet I O0EHi@ tadiaht moves
conductor, the current passes 25 through the working

11 carltmigh secdiioar IonThedbdectondatto?662ur r®he current is

continues the current, passes through radial 27

12 cdeflctore a2@, tidadygii2d, rddbal 186ndd08orahdl148d Ehem into

28 radi al conductor 119 the current returns through an
13 owtreringe 004 0733651 POT@S2004/ 693828he 2gnner non-radial

14 conductor 63 leads the current into and through radial
15 conductor 124. From this point the current leaves

16 working PCB pattern 32. The current travels through an
17 outer wvia 324 to connecting PCB pattern 33 in Fig. 17.
18 From outer via 324, the current travels through an outer
19 non-radial conductor 64 to reach radial conductor 102.

20 The current travels through working conductor 102 to an

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

22 then to outer non-radial conductor 66 and into radial
23 conductor 103. Each time that the electrical current

24 travels through a :adial‘conductor, the current passes

25 through the working 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 current travels through an
wo@i0e/07336h1- 3 radi al conductor 67 and into radP@l/US2004/003825
conductor 137. From 4 radial conductor 137, the
electrical current travels 5 through an inner
non-radi al conductor 68 to raddal 6 conductor 160. The
current nust travel through an outer 7 via 360 to
I contrecilhgtPoRophingr ACB3panyarn Baf ehownginoFig.Filg.. From
17, where the current is then able to flow through 9
2 arPWifervimnd +di BRecengtersr tEaVessr shraroboadueuser non-
138 %g The_electric current flows fromradi al
oritfkd-broan@uEkes 611anAndRtAokaradilarorEHGGOEOR370 From

59. Th
SR SEAE el
d 139, 15 1
5 r gl 908y T3 138101 CondBlat b, FB0raptal]

¢ D S i ttﬁu%g T .
7 thﬁl Wé @t &Znﬁéégﬂ@ 819815,0 gygsgsn DgLadi @Le£errlng to

conductor 71 to an n1th

g tafygnajy 5%&9@ EHET ERbrbst 1§sd€héﬂeas%beskf&ewt B8rough
control neans. In simlar fashion, 20 working pattern

9 34 oweRnessRdr401 48T BbAGhEr53BsaNEo5854i21 8Bdductor 138.
electric current flows through the phase B circuit,

10 2l lsletria @erkéng P%@aff@mnréélamdc@ﬁaﬁ@ebh:nma.8 into
PCB 23 pattern 35, as shown in Figs. 8 and 9. Al so,

11 wankiery ndd-padi&l nc8fdustopnnecard theheflowal $n53Cradial
and 53D and 25 electric current flows through the

12 phese@odr clb?, 2Bhénchudedti combiking PEB patikenh Bésses
and connecting PCB 27 pattern 37, as shown in Figs.

13 1Chaeibdl, r#@ipk evdndetyor2813howh58ndldescibhedlitn, 156,
Fig. 15, outer via 301 and i nner WD 2004/ 073365

14 pdPspob4lpp3goBrom7radial conductor 155, the current is

15 led through an outer wvia 355 to the working PCB pattern
16 32 as shown in Fig. 16. From outer wvia 355 the current
17 travels through outer non-radial conductor 71 to an A-
18 terminal 53B. From the A- terminal 53B the current is
19 delivered back to the control means. In similar fashion,
20 working pattern 34 is connected to terminals 53B and 53C
21 and electric current flows through the phase B circuit,
22 included in working PCB pattern 34 and connecting PCB

23 pattern 35, as shown in Figs. 8 and 9. Also, working

24 pattern 36 is connected to terminals 53C and 53D and

25 electric current flows through the phase C circuit,

26 included in working PCB pattern 36 and connecting PCB

27 pattern 37, 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

W@2004833365 3 34, 35, 36, and 37 in parallel. SipeT/a81004/003825
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radial 4 conductors 102 to 172 shown in Figs. 16 and

17 are 5 connected in parallel to the correspondi ng
radi al 6 conductors on each |a¥er of conductor

material within 7 conductor optimzed stator 15 by

oz 2Phsconrech Badiald gpadpgtpnAelOVi as serht daypx. of
9 Anot her enbodi ment _of the _invention is shown in Fi%.
1rasdughive nibeberbAl LReluded anptRepRfBepatterused2. 33,

W t 11 stator 15, The differences fromthe )
priti otisl y3 flestPiibdd 122PafBddrhent Sifiladdya Fesdslt o

(o legE L @%Fﬁ%?&ilﬁagizﬁi%iﬁiésfihé%?ig%l 13, 47e1
' 92,..S 15 2
voeam e el e PRE{ Bha e B FBRgRORF PoRB gy eophal ©
_ _ FPoYe Fayersograt
CONUYGLLYE: 8N, NQOCANIUGLLVE MRLEK 8o, SOSQL 1 217 i chin

pockets are size positIrone
' 8 . b it hing .t
ConentFerb P RRReers ShatPr T Rl ReeR mghe %750 372

anghd Ay hgeragial seadugtons 20 near sensor pockets

92 are patterned to provide adequate 21 clearance and

mai Nt ai An SONEL CLhION&1MELRI BEt BReCiAitHhESoAl is23hown in Fig.
conductor optimzed stator 15. 23 The invention

progi deshé ompbhehertbodemeaks bhats g4teprhnozeukde with
conductors of conductor optim zed stator 15 25 in

adsitdton 1%. t hose defifesardeabdvem AReppeeitvakily2@escribed
shown, Fig. 15 illustrates one configuration of radia
27erdoodiircemt 10dludbad beang tonpoesedonf magserdglkepole
straight 28 working conductor 10la synmmetrical about

a Ferikess b5SWER 28041973366nPCTEUS2004L DD38250rk8ng section

30. Pattern 21 comprises sensor pockets 22. Sensor
pockets 22 are vacant areas that extend through all
layers of conductive and nonconductive material. Sensor
pockets 922 are gized and positioned to allow a magnetic
pole sensor to be placed within the concentrated magnetic
flux between magnets 17a and 17b. The radial conductors
near sensor pockets 22 are patterned to provide adequate
clearance and maintain connections within the circuits of
conductor optimized stator 15.

The invention provides for other embodiments that
optimize the conductors of conductor optimized stator 15
in addition to those mentioned above. As previously
shown, Fig. 15 illustrates one configuration of radial
conductor 101, that being comprised of a single, straight

working conductor 10la symmetrical about a radius 55



1 along with inner via pad 101b, inner via 201, outer
via 2 pad 101c, and outer via 301. As non-limting

wezx@aprssy 3 Figs. 19-24 show ot her possi bl e PERDS2004003825
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optim ze the 4 conductors of the invention. Fig. 19

shows a radial 5 conductor 101 as described above

that conprises three 6 vias 281 in inner pad 10lb and

three vias 301 in outer' 7 pad 10lc. Increasing the

nattvery widsh ciomrexc tvimg padi H01b 8 tomelacrbr 401, opukgrhvia

| ayer of conductive material 9 increases the total

prackd Grea astd eutteedrreci@bn whs cron1bipbliresexaeples,

el ectrical resistance of the circuit. 11 Although

t AidesEs vild- 2 15hew Qe ROSSiRR Beans h%QmOPHmlEQ Fhe

under st ood that qther nunbers of Vi as ossi bl e
ASSTHBIC D &R esﬂRNﬁP?+P¢ﬁg ?@ s%%mghg ?aﬂlﬁ?dlﬁi
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uce ed y current losses. Having a 21 nunber of

VI ih SON e OF Std 1 O@@é@é& ChresUSH @scMOtkhA8ct28n which
conductors 401a and 401b, reduces the electrical 23

r esd RIS ec e e 1 S OVES] thes i seasterof theatipytvel d
when 24 conpared to a single working conductor. 25
Fizdl tiudh | st g@teta @m0 hesan@osist & eveabosl) beatreoghawn, it
26 radi al conductor within the invention. Branching 27

c arducider Sfdod stisdovet lasr wonklbags cofidutaerabdlposg8ble.
continuous with inner pad 501b. Radially outward, WO
2004/ 0 7388 RCTEISADOME D0 3825w 28n Fig. 20 shows a radial

conductor 401 that is comprised of two working conductors

401la and 401b. Working conductors 40la and 401b are

parallel to radius 55 and are of equal width 402. Radial

conductor 401 is shown with two working conductors.

However, other numbers of working conductors may be used.

The width of each individual working conductor is

minimized to help reduce eddy current losses. Having a

number of working conductors in parallel, such as working

conductors 40l1la and 401b, reduces the electrical

resistance and improves the transfer of heat outward when

compared to a single working conductor.

~Fig. 21 illustrates another possible embodiment of a

radial conductor within the invention. Branching
conductor 501 is shown as working conductor 50la

continuous with inner pad 501b. Radially outward,



1 wor ki ng conductor 501a branches into working
conductors 2 501d and 501e, and further on branches

w@gai73i3nt o wor king 3 conductors 501f, 501g, PeMUSDHH003825
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Branchi ng conductor 501 4 is another nethod to reduce

eddy current |osses, reduce 5 resistance, and increase

the transfer of heat to the @&%uter edges of

conductor optim zed stator 15. 7 in Figs. 22 and 23, a
plugzting odndiasos020ia Brawekenaginbet wonk3dngcresdugtors
aég?ir of working conductors 9 from one side of .
rfiid F5t20tae aRAefurtheri gn bpanghepagpain into working
conductor 601 is congrised of working conductors 11
602eRdwBaers 694LE andl 691 d2ntor Rifg cgﬁaae%ﬂg gordughgr 501
12, 601b are contj nyous as_shown_and wor ki ng.conduct or

601t AN hRH BHIACANHO AT SIRES BESYaSUCHEM, LARSeS, Teduce

el ectrical current, r ou

COTLA T 31t inCEeaRY! Pl PLOHERIORK Rlae o the
_ _ Post58%akE
LS gaoasele! Sabdi-PhICtoPi il Bh LEAER 480 o5 1],
i 601C-.i ; i .18
DL e o 00 e ave o cconya e

material” _ Igured as ustrated
| Roorh&i i GselBiod NGO CLAGLE ! 6£CHI HERAL BRVRSKEAR &bﬁaiuctors

7%° 5
602 1 nto 20 worki ng conductor 601c and then 1s nove

acHAse $Rdl ¥8385-£ 228 PudOEKi By gRBAYELAY . 601d. 5.t he,
| ayer of conductive 22 material illustrated in Fig.

2% adMH Ki Adn8eREyet 0038 6913om@gBi38d 681RoeREngt conductors
vias.602. An electric current traveling 24 through

wg kiang €0nducE0lc684a8 6818onnEctkingocbhéubayes 623a and

of conductive material shown in Fig. 22 where it is 26

c dilige taede t combikuogs condsbdwn S0dawankitpenonsdumbeed 601c

27 across radius 55 to working conductor 601b.

Craosdi Yyl d hend 28t woi k& ngl2 oagdughows . i nAnheleghnéraflusurrent

described is a WO 2004/ 073365 PCT/ US2004/ 003825 30
moving through working conductor 60la is on one side of
radius 55 and then is crossed to the other side of radius
55 in working conductor 601lb. Electric current traveling
in 601lc is connected to another layer of conductive
material by via 602 which is configured as illustrated in
Fig. 23. The electric current moves from via 602 into
working conductor 60l1c and then is moved across radius 55
to working conductor 601d. On the layer of conductive
material illustrated in Fig. 23, working conductors 60la
and 601b end at vias 602. An electric current traveling
through working conductor 60la is connected to the layer
of conductive material shown in Fig. 22 where it is
connected to working conductor 60la and then is moved

across radius 55 to working conductor 601lb. Crossing the

working conductors in the manner just described is a



1 method of reducing loop currents that are induced
wthin 2 parallel conductors in an alternating

woragaetizesfield. 3 Fig. 24 illustrates anot her PCT/US2004/003825
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enbodi mrent with radial 4 conductor 701 which is

conprised of a mdpoint 702 that 5 is a distance 703
fromradius 55 and a distance 304 from 6 the center

705 of optim zed conductor stator 15. 7 Mdpoint 702
caCHAR@ Phersdueing dPPPefBRreRhFuEbatopres igdcafcwithin
703 and. 704 on different |ayers of conductive 9
neR2F3-htShi CANAUEEREECLBr 2BpRiL APz BAtiNG: BRIPStigeAdieddl -

10 di al uct or awa mra 55 in th
manner Fag- Jggt LBeeFPaEae T en g hEr BabOR PG MGD Tadial
ur,ati_ons_ of. radi al
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Q¥ Ehp
descrl It s be 19 under st oo at vari ous

supsdtdnkdongs QBQ'ﬁD@abh08§fféﬂént29a¥ékbabfo@%n@ﬁ%tlve
be nmade by those skilled in the art

depafdit gl fwothiRecspliibtod opEORNEZBH EREL02215. Bending
i nvention. Accordingly, all such nodifications or 23
varadd a Dnsondectoe! ndedawayt heoscopaiak EBeihnvaet mehner
as 24 defined by the followng clains: 25 26 27 28

WG 20040 858865 @CTE UsS2068h0683825redticing cogging.

The different configurations of radial conductors
illustrated in Figs. 14 and 15 and in Figs. 19-24 are
presented as non-limiting examples and it will be
understood that many other configurations that will
further optimize the conductors are possible.

While the fundamental novel features of the
invention have been shown and described, it should be
understood that various substitutions, modifications, and
variations may be made by those skilled in the art,
without departing from the spirit or scope of the
invention. Accordingly, all such modifications or
variations are included in the scope of the invention as

defined by the following claims:



11 daim 2 1. An axial field rotary energy device
havi ng positive 3 and negative polarity, nmulti-phase

we@bk@anrizes current 4 termnals conprising: 5 a POL/DK2004/003825
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having a plurality of permanent magnet 6 poles; and 7

a stator having: 8 a plurality of circuit board

wor ki ng 9 conductor |ayers havlng at | east. one worki ng

10 conductor |ayer for each phase of the electric 11

cuf rgheimeach of said working conductor |ayers 12
including a pattern of a plurality of radial 13 L.
conductist ¥imhi Fte bt TeErranchaReY daysegnbayingopesitive
and an outer through-hole, sajid jnner iS t hr ough- hol es
by Dol B RO bR i Fier M4 bt HTRRRTRr SOPCELLE &BFE?H{:}
conductor_ layer and, 17 said outer through-holes being

| SRRt S JFPHRE bEHRY* di aneter of said worki ng
conductor_layer;; 19 each, worKki yer_further_having
Spair S TP HE hrErte R b 10 o R Berbrbghf, naBhel
conq%¥jrghd21 the positive and negative term nals of
orre ‘bhase of the electric current to selected outer

23 thrqugf%%gfa g@gng,plurality'of i nner 24
or electric

conductors cally connecting selected 25

i nner thrOUgh'ho'§$piﬁ£§if§%;o@abﬁr@ﬁﬂfaﬁbé¥do%orking

circuit board connecting conductor |ayers, at
| east one ofcyhiebrds 28yassochaigd Ukt NegachonBr KbRGing

conductor |ayer, WO 2004/ 073365 PCT/ US2004/ 003825 32
conductor layer for each phase of the electric
current, each of said working conductor layers
including a pattern of a plurality of radial
conductors running between an inner through-
hole and an outer through-hole, said inner
through-holes being located at an inner
diameter of said working conductor layer and
said outer through-holes being located at an
outer diameter of said working conductor layer;

each working layer further having a pair
of outer conductors for electrically connecting
the positive and negative terminals of one
phase of the electric current to selected outer
through-holes and a plurality of inner
conductors for electrically connecting selected
inner through-holes together;

a plurality of circuit board connecting
conductor layers, at least one of which is

associated with each working conductor layer,



1 and each one including a pattern of a plurality 2
of radial conductors running between an inner 3

wo booaiogizehol e and an outer through-hole, said PdI/URINE$/003825
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t hr ough- hol es being | ocated at an inner 5 dianeter of

sai d connecting conductor |ayer and 6 said outer

t hr ough- hol es bei ng | ocated at3Zn 7 outer dianeter of

sai d connecting conductor - 8 layer; 9 each connecting

| ayer furt he@ngaeaﬂb QHQOlpCEl‘rlerl’lgyaoPaﬁ’Gleén of a plurality
conductors for electrically 11 connecting selected |

out er throug%fh@@@éa12CPBQBFH@FSaﬁﬂnalﬁgu%QFW??noﬁn inner

i nner connectors 13 fgr el ectrically connecting
sel ected i nngRrodghrhe ﬁgﬁnﬁoPESOP56€tEBFougﬁdhféea said

plurality of,via co duct or tione thin
sel ect ed |nn%?n%ﬁd E?ng ﬁ?%gﬁh ﬁbpgsgof?tsglﬁﬁean inner
wor ki ng cond ctor and .connect

et ool INEARLEeBYaE 80 RARSEt Iy SBneREELR, dhder ana
connect ors of 14 ?gegyeg@g{agggﬂoiggdﬂg&ﬁf | YL 0ae an

sel ected ones © 17 connec

wor ki ng condyct or thﬁétegzogigaﬁd Egﬁn58E§5§.%§§ﬁ%%tor

devi ce according to c erelrn eac
board wor ki ngaggpductor |ayer has a 25 planar
configuration and each circuit board connecting 26

conductor |ayer hascR 8banattcRyf1aveat FaptARE hBeing a
stator 27 is fornmed by stacking the working conductor

|l ayers and VL 200% 0¥ 33650oREE+US3R8EE08382%0r381kctthGcally

connecti ng conductor |ayers one upon the other with a
connecting selected outer through-holes
together and a plurality of inner connectors
for electrically connecting selected inner
through-holes together; and

a plurality of via conductors, positioned

within selected inner and outer through-holes
of the working conductor laver and connecting
lavers, for electrically connecting selected
ones of the radial connectors of the connecting

conductor laver to selected ones of the radial

connectors of the working conductor layer.

2. The rotary energy device according to claim 1
wherein each circuit‘bpard working conductor layer has a
planar éonfiguratipn‘and each circuit board connecting
conductor layer has a planar configuration and the stator

is formed by stacking the working conductor layers and



2 substrate layer in between each layer. 3 4 3. The
rotary energy device according to claim2 5 wherein

w0 b@4s7865Dr has a central bore therethrough i NnPEr/US2004/003825
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direction perpendicular to the planar configuration of
7 the layers and further including a rotatable drive
shaft 8 extending through the3xentral bore and

further including 9 a first rotor fixedly secured to
t hehar Forneabing oROBABCLOD dPYETrsf ORReUBPHL theamdher with a

second rotor_fixedly secured to 11 the drive shaft on
t nieubppbareclavae 6R PrEWeER: 6ACh122VeY.4. The rotary
energy device according to claim3 14 further
including a sensing neans nounted to the stator 15

O et A L0t M L B3 bO0SL o POSLL AT #si‘%#gim 2
| . i7 i |
CgNlevige aesorsingcto eLALMLY S3-ANGretlbitugn in o

gg&i%&?ﬁgn%égph%ﬁaﬁsﬁakotgheheepﬁfaﬂggt cgﬁ%ggr%%'i%a of

e sec rotor so that frux Tines pa

t QAT F 8B 22n§t BLPENED §n€h{1§9%1%08 es&a%a%h%u 310 shaft

the planar 23 configuration o e wor ki ng conduct or

| syt snd 24y 28rSuglheneotanyranehgy«dguihic euaethdiing1uding
to claim3 26 wherein each rotor has at |east four

ped nBest FRESEL £iREAPP| 88cuZ83dVHL2004/ BF3385shaft on one
PCT/ US2004/ 003825 34 1 7. The rotary energy device
acspddi of tioecseabod and a second rotor fixedly secured to

the drive shaft on the opposite side of the stator.

4. The rotary energy device according to claim 3
further including a sensing means mounted to the stator
for determining the rotational position of the permanent

magnet poles.

5. The rotary energy device according to claim 3
wherein the permanent magnet poles of the first rotor are
positioned with respect to the permanent magnet poles of
the second rotor so that flux lines pass through the
stator in a direction perpendicular to the planar

configuration of the working conductor layers.

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

poles.



2 configured for at |east a three-phase electric
circuit. 3 4 8 The rotary energy device according to

w@b@inriBed wherein the radial conductors of theCTOSI00HEN3825
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conductor 6 |ayer and the connecting conductor |ayer
have a 7 preselected width and the outer and inner
conductors of 8 the working c¥hductor |ayer and the
outer and inner 9 conductors of the connecting

cohduct Bre| sgbarviageenoyi deniceoancaedinganot kdaim 1
preselected width. 11 12 9. The rotary energy device
aceorbiggred Epni ati1lesskhar Ehreeaphaser Rilegtric circuit.
conducting |l ayer and each connecting 14 conductor

| ayer is divided into sectors with each sector 15
associated with a positive or ne ativgigolarit Q

eath 1B9PHEREAEY PRETEYeLEViESCHFFRR ﬁdtWiFﬁaF%dﬁa
TS EeEp y et craf T abuPendhBESRa R HhSchariiag gonductor
ot 1258, 488 ERCFoRRPRETHE PaflanBERY SHver Beiauctore.
¢ G SR G T Ak Bt EHE LSy A 158RET EhrlfBogs of

phase Pbrkhsy 24nghecby 9a9a£r5{:1§ 6£g e%gegnfi 0nFeL ey

t hrough the via 25 conductors. he rotary

enes g eyt § Co ACERE dbBAnkLL Shal BbABuEBoPNERGER HRGe a width
device is configured for at |east three-phaSe WO

20p4d & 38ken PEHE US28041 8088d5widenl el ectric current

and wherein the rotor includes at |east
9. The rotary energy device according to claim 1
wherein each working conducting layer and each connecting
conductor layer is divided into sectors with each sector
associated with a positive or negative polarity of each
phase of the electric current and with radial conductors

running through each sector.

10. The rotary energy device according to claim 9
wherein the inner conductors of each working conductor
layer together with the inner and outer conductors of
each connecting conductor layer connect the radial
connectors in each sector associated with a phase of the
electric current together in series through the via

conductors.

11. The rotary energy device according to claim 10

wpgreig the deviceris configured for at least three-phase



2 four permanent magnet pol es and wherein each working
3 conductor |ayer and each connecting |ayer is divided
WO ni0a/07386mt | east twel ve sectors and further wWhET/E52004/003825
the working 5 conductor |ayer includes at |east one
outer conductor for 6 connecting a sector associ ated
with the negative polarity 7 3 a phase to a sector
associated with a positive 8 polarity of this phase.
1 9 gbeqbriqheursent yavdevhpraeni tbeatebpdi agclydesaiai least
10 11 wherein the radial conductors of each working,
2 coFRiEtBPrManenhyBRORAN BALAScBRAWRPREIR0RAGE: Working
| ayer _are arranged i 13. an identical _pattern and, )
3 %‘?‘h%%?r%%}é%ﬁd%g PARNAFOMRCEbARACLEY ST fSeagiided into
| ayer_are el ectrically connegted | 15, paral | with. |
+ ¢ S & Sontitebor ceqbor 37 ano iy bhesoRnbiels, Ehetioing
5 Zixﬁﬁhcggr fgyer includes at least one outer conductor for
6 connecting a sector associated with the negative polarity
7 of a phase to a sector associated with a positive

8 polarity of this phase.

10 12. The rotary energy device according to claim 10

11  wherein the radial conductors of each working conductor
12 laver and each connecting conductor layer are arranged in
13 an identical pattern and wherein corresponding radial

14 conductors in each laver are electrically connected in

15 parallel with the via conductors.
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