10

15

20

25

30

WO 2008/ 020431 PCT/ 1 L2007/ 001000 MAGNETI CALLY DRI VEN

RECI PROCATI NG SYSTEM AND METHOD FI ELD AND BACKGROUND
wW@R00$bE04BNVENTI ON The present invention rel at eBCT/IL2807/001000

magnetically driven reciprocating system 5 and nethod

VRGN R LD R PRI TSRS A bt ton

power. Conventional rotary electric notor or actuator
systens typically convert electrical energy into
FIEL: ANDIBACKEROGPINDERBEMHEINMENITEON i ¢ notors are
those found in_household appliances such as: fans:
exHuupteseainkventipy gelates st imagnetigalhy defvisa secipsefating system
unp: ,and f.an-faorced ovens-to nane a very few. Mst. .
and R0, Wl pertivgets & SRRy b Medelfalinefiian Fiprocating
t deiod e : mg,t"@ Swagsed on ot her
5ys e(g?é%t r orrec(%anligg 1pehgn rrerE1)a, such as electrostatic
f Ceesentiondl potazoalleatici moedrf € tactuakbe shstedrmeyiiedlly convert
principle upon which el ectromagnetic notors are based
electfigalt pragrgy histe mechanivat leastgyal Exanples oof eleytric motors are those
urrent-carrying.wire 15 contained within a etic .
found; 1) ROUFEHOIA HRIIANGES HICHedS byaT eHIAUEh o IEETS: pvashing
[:S.c-NO 0 _ Ct o t netic
mactifey 36y SaRP S BUEHEL 6 o8 o1y TGt
CQUIbkOtSteE ElRchrRKodekéanbad By CdledthbibahdtRed, . (afthbligie Mere are
motor is essentially a multi-phase AC electric notor
motorh das¢thonhettier ekectrotretchaniCal phendraesy, atvichnasr gleptostané forces

R R AR N -
o 55 S04 QU IR O AL Bt i

contdih&E Hithin aRh2PRI RAAl The HRR, Absdriidd WhthelDEreMBIRREL faw, is
field, according to the aforenmentioned” Lorentz force

normahvo bdthnthe condectvr and ithe heghetierdighktR atanpomotars as kabwasin the
t hose nentioned 25 hereinabove, function with [imted
art argrqondigarrd stake advardage of Bas offe¢tous factors

S0 o SRt 51, i D A G R P haa i

v . y h 3 .
statof TP 8 Pt 6 e oty unlcy" 8o 4R RSPl of progucine o
torquerbtation ) iep@dused ﬁﬁneéﬁbeceaamaﬁ dtsflength. The@hadst eommon mode

magneti c reciprocating system which ) o
of operation is as a Lorenz-type actuator, in which the applied force is linearly

proportional to the current and the magnetic field, according to the aforementioned
Lorentz force law.

Many conventional electromagnetic motors, such as those mentioned
hereinabove, function with limited efficiencies as a result of various factors
including, but not limited to structure, operating speed and conditions, torque, and
material compositiori. Very few, if any, of the devices mentioned hereinabove are
typified by reciprocating motion.

There is therefore a need for a scalable magnetic reciprocating system which

can operate with high efficiency and/or can generate power.
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30 can operate with high efficiency and/ or can

generate power. 1 WD 2008/020431 PCT/1L2007/001000
WENRBEY3IOF THE | NVENTI ON The present inventi oPCT/H.2807/001000

magneti c reci procati ng system and nethod that provide

; ' to the teachings of the
%ﬁm is provided, a magnetically
drreepres&RiiRVARAIH R MAYRIticOebiPrbeit 8tdrA ahd $hdtHod Mat
5 | east one first el ectromagnet having "a direction of
provide eugaiti mwete Aiccortingto thei tadchings eftheqresdnhviveptian there is
first end and a _second, end, _and havi ng an el ongat ed
provigsdne agaedcalby duren rgintpeshing BOWEr Quipahsystemiipeluding: at

o B3RS A Y R S AR g
direcﬁgﬁ{ l?]ééll?g B firsPSaPhisda 50c VM 8nd hhbindtan £ ﬁteh?)ﬁgﬁed core

rst el ectronagnet and adapted to calise

exterelige froortdgn@ist end i@ tHeaseeond endethe @bye havihg hataxivgfsmmetry
field wwth a first polarity directed in substanti aI_Idy
substap@aldy cagxidl wethtthe axiahdirpezen; aemntral anitadapieddopyrovide a first

oA R RARE L P S o SEE S AB
have %otﬂflé%??ﬂg ﬁgfﬁltagﬂéﬁ@gl;pﬂ WA kst %ol‘%iw dir0&el 94 Substantially
region at the first end; at |east one reclprocating

the akil direednetdt dedso die sEbhay styshdiah@ atsedtd/ magatii@liedd with
with the core, and not 15 extending conpletely outside
a secofd phiariy déregted insubstential le He, axaalairestionanidacomfigured

R TN RN TR LN I M—
: | : : ig fields:: and
o 3PS Dbl PO TRONGH el ) g 20

exter{j(ﬁl‘fg Eél%‘f)l’étél?%lﬁ@i@ﬁ offifts E6tanit @tk R oRARWAS Addpted to have a

i spl acenenf of the reciprocating body to a power
secombutpgheti®fieidkimatesyonsette tho fvest n2dpretic fiald; the hotly Idegdaceable
. than the first power input. Mst preferably, the .
axially mrrsgpeRse tarfhe first andisepondhpiagnetic feldss pad pdmnsduest gypit

buf f er adapted .t o non-sinukttaneousl tqre.the wer
meetificsfly GRECHEH b RIOENRIEP SR End pliste TPy
sSSPl Sobyts URuaH Sl A, OB, Ao
outputds inpt sathaipthedilyt pdbet inpuniMast! preferiisly cthettraisdu@d unit
unit is further adapted to control a plurality of
further meludesya mgchanseal energy buffereadaptedgpaiinggimulangpudy store the

powdBURE 4 DR, bAsed on. data indi cati ve from the
Typically, the transducer unit is further adapted to sense the power output,
displacement, and velocity of the reciprocating body. Most typically, the control
unit is further adapted to control a plurality of time-varying electrical pulses to
provide the first power input based on data indicative from the transducer unit of the
sensed power output, displacement, and velocity of the reciprocating body. Most
preferably, the control unit is further adapted to control the first power input to
maximize the power output.

Most preferably, the stationary body is substantially permanently magnetic.

Typically, the stationary body is ferromagnetic and the second magnetic field is
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sensed power output, displacenent, and velocity of the
reci procating body. Mdst preferably, the control unit

W0 sooBM2i4ber adapted to control the first powerPCTLZDOT(01000
maxi m ze the power output. 30 Most preferably, the

- . C o . _
prescl H KABBA% RAY e MABRAR LR, Mo YIRS ihd sRENRY ody s
a nor-pewersl¢lectimaagidtc field is 2 WO 2008/ 020431

PCT/ 1 L2007/ 001000 present in response to the first

nayyetarabklys thel statioussy begpitappyereheesiromagneirofeditmyagnstic
and tg? g%)o? o ﬁggg%ilﬁetéﬂ{gggg&g%ga@ ggggtg%}%t?ggd field is varied in
0 [ fdehd i s maintained
coor 4 BIORLAfons 8P the A SEARRAC M PVl 20T s

MostGstefethblgt tHnfimt ElectraimaghéOnfl Bk rebiprddatint feBeMRALHEtIC body
fiel d. st preferably, the first el ectronmagnet and

are fixkd in ecioproomhbngng cardowhgredn itlee baubyng & displageablé axially in
conmon housi ng, and wherejn_the housing is

Iespogse 49 &eeeﬁtﬂt éngﬁmmdynagpeme@ﬁéﬁse to the first and

second netic ficel ds. Accordin Q et hi n f
Acet{ERI0 R AR irGa i PronefaR Ehith itad REnbBRERIF G0l
methBB TP eLitingRemahéte: &cfﬁfﬂ@@t‘iﬂ%géﬁ&hﬁ&‘ié’%&rﬁg _including the

generating systemincluding the steps of. taking at
steps| dfatdkinmet leastainedistelectragraghetizasiimg a didctien bf elonghtion

el ongation. defining an_axial direction, having a
defining an axiad diggetion, davrec By endimddrinsacagd gRd, andogangan

clonRGT S G RO S IS A s L cReesnd
haviig A bR S RS Blarklaly AR (R BFRdif¥Rtion; providing

a firse Fe%r aipag ne theitsh eRcooniagakt withta eordrol aniti and dadeing the
el ectr omaﬁnet to have a time-varyi nfg first magnetic
electfarpaghehite have 4 time-varying first maginedietfeadd withsa bisstpolardty| y

. the axial i rection;, configuring. at. | east one )
direelqibiny Sibaiaptighaie S dehtiah: | coishing 1ty ot bhe sigtiopgpebody

subsaiyH0 Bl it e GRC regi B LR PR (RO RAiQRAL W

havingla Sedvnidanhgmdtl c/fidlaevitld adsedid polarity gitedtsd iRbublstafially the
one reciprocating ferromagnetic body substantially

axialg caxifigiting\at idast tre coiprpcatmy festomagretidi hoglysubptaatially
outside of the core at the secaond. end,. havin

| g a
coaxigdlyowth tag rese; and nel extendipg sopmetehnoytsiderqfithe core at the
second’ grrl]&tﬁa%irflgl g IsglCOnd magnetic field in response to the first magnetic field,

the body displaced axially in response to the first and second magnetic fields; and
connecting a transducer unit mechanically to the reciprocating body, the transducer
unit converting a displacement of the reciprocating body to a power output.

Most preferably, the transducer unit further includes a mechanical energy buffer unit
which non-simultaneously stores power output and to return a second power input.
Preferably, the transducer unit further senses the power output, displacement, and
velocity of the reciprocating body. Typically, a plurality of time-varying electrical
pulses is controlled by the control unit to provide the first power input based on data

indicative from the transducer unit of the sensed power output, displacement, and
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the body displaced axially in response to the first
and second magnetic fields; and connecting a
wo e@smeidser unit mechanically to the reci procap@mniL2007/001000
body, the transducer 25 unit converting a displ acenent
> > | . . .
velodhy ditfie ERIbRIAAAE B8y RAK: bHIEIRR U pb llipul RO imized
by theReh&bi Gt coMesUngtE Rt podr inphi. ch
non-si nmul t aneously stores power output and to return a
s drofedatdpyibe statpomary bpdy iesulistantiatlygermanentiyc sragnaiic. Most

fuyrther senses th oywer out put, i | acenent, and .
prefegahlpc wtaémn@ﬁé{w& fspﬁ%gr&éﬂ%’gtls&ea.tﬁWOQF mygnetic field is
rali f 1inge-Vv ' ctrical 30 | ses i

prese@kﬁl %Smglisgq&}h{eﬁﬂc%%#%ﬁ: ﬁéﬁllﬁt to provi dgutﬁesf: ?st

power input based on data indicative fromthe
transducer unit of the sensed power out put,

BRIEH PRHSCRIASION &1 TBIBADRAVENIZO431 PCT/ | L2007/ 001000
velocity of the reciprocating body, Mst typically,
t Nehepiayentien isphgreinsdepgxibasl ey wapof exampla onby, with reference to
controll.ingthefir ower input. Preferably, the

t
the acGOrpPATYARS, YL W@‘Eﬂ? ‘antial |y permanent|y magneti c.

GSs RnehRaaPB Yare! Sheplaicd Pﬂﬁé%n@ﬁﬂ%s' Sf he8HRGoAl) driven
and the second magnetic field is 5 present. In“response
recipterating fponar wagpuet isgsteiel idcludBig BF RESGRY,PTd Q¥réldall Hhaped
DRAW NGS The invention is herein described, by way of
electeopaagsict configuredi withinether housing,oand » demewegpetis bady positioned

...drawi ngs, wherein: 10 FlI 1A and, 1B are, schennti.c
w1th1pet§p é@gﬂtsé’taf’%rﬁ’ eé?ctgp%}%gt %%qq%dqj}cpv\gﬁh an emboditent of the

prese‘h? x}%ﬁlﬁgﬂ“ ng power output systemincluding a housi ng,
a torordal shaped electromagnet configured within the
h@UE&NRA afifll 2B erd ecgnatid eepresbntmisist bPRethaghetibdlly driven
t he open space of el ectromagnet, in accordance with an
recipeoratidgrpewer afutplfesystene sintlar tovibatsystam siovwn GSFIGR lahdnd 1B,
) 2B are schemat i epresentations .of a. magnetically
in acggrdpRee Wi anp@@ﬁgém?@t 5 PISSEHURVERIQTEm sinilar to

t stem_sho i I ' C .

WS BB HB nfnfife (oRinititns bl £rHakALRy , ariven
recipPOt@tiaB pone Bitp et SyRRNE SRATIA loahs s?éteﬁl SRERe i FRGBYIA and 1B,

driven recipr ocat | ng power out pu syst emsinmlar to

in actdrdasges tvithn anhembod imdrit G the\pmsentiByention;

FIGS. 4A and 4B are schematic representations of a magnetically driven
reciprocating power output system similar to the system shown in FIGS 2A and 2B,
in accordance with an embodiment of the present invention;

FIG. 5 is a graph showing force versus displacement for a series of
experiménts; and

FIGS 6 and 7 are output of an oscilloscope and a schematic diagram,

respectively, of an additional experimental setup.

DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention includes a magnetic reciprocating system and method

that provides output power.
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20 in accordance with an enbodi nent of the present
i nvention; FIGS. 4A and 4B are schematic

WO e@sesEst ati ons of a magnetically driven PCT/IL2007/001000
reci procating power output systemsimlar to the

S)r%éfgfgn%gow %Fh@ezﬁ) apeG3BIA 'zih(f"c'éf]%r qg Rich Whd hscﬁﬁmatlc

I ment of resent 1 nvention; IS a

repreS&utings folr Qemﬁglliaﬂ:&ll?l dfil ag a@eiprodaiinga psfiek &mtpﬁt s?.ﬁem 10
experi nments FIGS 6 and 7 are output of an

including hlhwsnmlémi tarqadzﬂesimpsd aliécirpmagnet rlds perfigured yyithin the
a dditional ex I e set u CRI PTI ON OF
hOUSmEF@éEDf p %hep?ﬁleg’é wiwnapogpen core 21 of

electi{q?%l 3 d &:Q)?{l rvgféf\}\@loe‘ﬁ?g%gﬁéf woﬁtggemht?&gwn The

term F’Q@cﬁb&&%ﬁé@%ﬁ@@ hel%ﬁ{lﬁﬂ@\ﬂqﬁ thé spedifid@itth At il H8 cldims which

d 1B, which are schenmatic representations of a
followag:rfat itoanlyyinductoe thatearegtes aahagnptivofaield and pitsegysit emagnetic
i ncludi ng a housing 15, a toroidal shaped
forcee Idéét‘iooﬁﬁgﬂ@PmPS CUB AR g@l.eg@omagm:ﬁq 18his tmseﬁébh @n zpeng core”

s RSB, ORI S R P Tt
may eﬁ%’%r@@ N SthdrMisPRS@Med RY liovP the TRGrorh&$Btic body to be

ectromagnet” noted hereinbelowin the specification

confipged ﬁlﬂisﬁﬁl’[ﬁﬂll@rl 1ﬁsopun| wite 2fldk labsw suifables QperaenreiXidtypioatly has
that creates netic field and subsequent magnet.i c
an agxigrelesyumetry ém)teq 1y i the rﬁg@m) defivipgr yhayisbtdiestipy of the

PR, TS G0 ot WSR2
may ?Daglgl% e%ﬁ?ﬁ? RYl?lﬂﬂtth% gp%%onk?:e TR lcgé/(hgﬁﬁ‘%ssgf electromagnet

_ ow t r'rormagnet |
18 afdBf ifebbdgsethsbady Dalaky alin@pexiall9l & Hows i@klsofigures and as
Tpe i

sui t abl e. n core 21 typically has an axis of

re Sytheetdegcribed heheinbelow. t Gptionally ©f @ltcﬂrnaﬁwajy,anleammagnet 18

direction of the stem Electr net 18 .is fi
may \fepFRsnt morﬁoﬁ@pnan% SHEMRRHSh iﬂ@wglgoadwzkﬁr ﬁ%&yfguratlon as
s GRS At b Dby RREC68 Ry R FERASH e o)
to alWYer?(Qné’grﬁ:tfél BAEREZD Bxdrandlite wishinR¥WOpER cbhs. f i gures

are further described hereinbel ow. Optionally

or Aalstaelbnantyl belly ,22eiseconfigragdetoagially with the open core, in close
proximity to electromagnetic 18, but outside of the housing and outside of core 21.
In embodiments of the present invention, stationary body is alternatively or
optionally: ferromagnetic with ideally no remanence, meaning that it retains no
magnetization when the driving magnetic field of electromagnet 18 ceases;
permanently magnetized (with high remanence); or -electromagnetic—either
activated or not activated when electromagnet 18 is activated. The magnetic polarity
of stationary body 22 is aligned axially and is non-varying when stationary body is
not an activated electromagnet (no electric current is flowing in the electromagnet)
as shown by the non-varying "+" and "-" notations in the figures.

In the case where stationary body 22 is an electromagnet, the overall function

and configuration of stationary body 22 is similar to that of electromagnet 18, and
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may represent nore than one el ectromagnets having a

simlar configuration as described herei nabove and
wa@eooangEsl substantially coaxially (not shown iPCT/2007/001000

figure), to allow ferromagnetic body 20 to translate

onty it Ppl5: PESRBTRRCPHE" 2208 PR BhisT Mo ke " WiEn stationary
bodyPZ0¥ Hhtactivated slebirommgnal iis iBUan@Uhsy %@ GetVigying i
° yhousi ng and out si der: ofgigorel: Zéléarl% enbodji, ment s o‘:&%]lﬁleg e
manner efnilar tonthah tlesomibedtfat elctoynadgnet 18 headinkelowt iAltdmpatovely or
.optionally: ferromagnetic with ideally no. remanence, ]
optiopaldy, siationary badyr 42 anas baan ehegiemagaet WRiGhsnethestivated, in

ol PR B FARSES a y Po of
the G} SRLERIRAIRY £ diti1BEd hailddved or _not activat ed
en ectro

gnet 18 is activated. The magnetic
PA @ontryl uaft 24 adbntoslartie podyer Anpust taklegtrethaguetal 8. yarmh dauses
I'S non-varying when stationary body is not an
the magnelist pelatifete chaagmaith fione| Beg ferensc ipovsenr inpyt" and “power

ot B 508 BB, B3¢ UGB Ot et
o et AR, Al BB ol g sippgiment

of th@kufrtat irvRativn bbd\coattol anficvntdls powthpilses to the electromagnet
el ectromagnet 18, and 5 WD 2008/ 020431

by cpaFollirepoli¢ qousn drequengy t (nanghsre obfpawen ipulsgs ypdrodgcard, for
[ represented in the figure. Wien stajignar b 2
example)a A, e R e R ETH gD, MLSe ity (160 APy opdower
i fre-var . . .tQa. )
pusc, PP NEH R oL bl ebuiscs, a
knovaPld et sudt ad,i R aior 13aAYd 23, Pilye Wavd MbERAATGHTRBHIRSdS) to
which is not activated, in 5 which case the core of

alterndtelysthangethe dirbctibn 6fimagnetis peksinof dhd glesirainagnéty as shown

that of the ferromagnetijc body as, describ .
by theralierpdieyet” Andont r Sptalions 1214%:(1@% rlé} Saqdhj%poﬁgpmatwely or

| | : , ic.
ol 55 S TORR A BTG5 OO o e o
(suct?é b;lff’%\b? Nimifd & Pulseoivade hﬂbﬁhﬁﬁ%hQ‘rf]Ye{ng)ldlﬁﬁﬁ) alt?matei}é power

specitication and in the clains whic ow refer
and devemdrgierthe @llectronmaeies the@by povating arypeemsingya exqpnetis @olarity
. inwatts. In an enbodi nent ~of the current jnvention,
in ondy,@ng shixection (apt shasyn inthe Bawkes).pbis setediprevieusly and as further

note(f hg%qugf? gtmgéﬁgﬁ(gtgé% A g%rgﬁlalggllfl%?c {)(r)‘%g Y6edcts to that of
the electromagnet.

In the case where stationary body 22 is an activated electromagnet, as noted
hereinabove, control unit 24 may additionally control the power input to the
stationary body to enhance reciprocation of ferromagnetic body 20, as described
hereinbelow.

In FIG 1A, it can be seen that when the magnetic polarities of the
ferromagnetic body and the stationary body are of opposing signs, ferromagnetic
body 20 is attracted to the stationary body and moves a displacement "s" towards

stationary body 22. In FIG 1B, it can be seen that when the magnetic polarities of
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exanpl e) and pul se duration (neasured in mlliseconds,

for exanple) of power pulses. In one enbodi nent,
wa@oemsnzi43uni t 24 supplies time-variabl e power PCi/HE8(07/001000

as 15 known in the art (such as, but not limted to,

' [ I .
e RGN AR UTRRRDBSY o oS RARRE Sk AR gncic
body€}® e fépeReacind mdved @Vm(sjpllﬁ&feﬁlbﬁt ad"t S o Reationary body 22.
notations in FIGS 1A and 1B. Alternatively or

Contopler omil 24 conwolsrasid varigs the power inpst to wkectramagpee 18 (and of
staticiaRy bedy 23 wheS SPRUSACINARASEETIOF hetHeady e that (Stomagnetic

rn I - - enehqi h .
body gt Kotk PR £ Ji oo ms” Shbfediid, avay figmetptionary
bodyPd. 8l 4dditibi t@Vhatfei il p&Hiti & of RAENSHOTIBIdsWithi® the system,

figures). As noted previously and as further noted '
reciphmra¢inghraboementhef thegfeetomagaitier body ofayflee enhagedtdand/or aided
body 20 reacts to that of _the electromagnet. In the
by meagscoimeshani¢al energys ¢s #esrribed heseighelony.i vat ed

R, FH2P s PR SRER o B T Smpiitic body
Fdl? 'fer%magnetic b%dy ‘20 as

Con .
20, agg%‘bvﬁ Kol %ﬂdssuggﬁﬁggggré{ecgﬁﬁ d herel nberow. |

erronagneti c

it redipriGcatds withiaathe peh avife.t dsatiesoiibed tHeecinbegloet. ila one embodiment
polarities of the ferromagneti c body and the
of the currephimvgntiorlyiransduesr wppa8italgessing ferm fod rar gapky sennected to a

G 395U i AR 8 &L PR SE Y, su o

ot o o . SRR, B DS ARBAC e e

servesefd alfegiaedly Cstordin@neétire nfdchhnionb eertpgdiroai @ndf back to the
mat chi ng signs, ferromagnetic body 20 1s repelled and

ferrommgestia bdilg pivitherxeass tneChamiagl énargy sramsiecea tp Hodlyicity. in the

Controller unit_ 24 controls an aries the power i nput
generor | 10§ 1§ freManemeit jof, the shafti g, trsaafﬁm@zg may be

| i e e i b ej Q T
sens @00 38 5h B8 AE 15025 B8 FARNGIE i Wprtion indicative
of nf¥veRleat teie TETorhOYRIRS baly AW bhantst Blel BdmEdler unit (as

body 22. In addition to variations in polarities of
indicateginky itlee dottedidinei inhFIGS HeA sydt BR). In éhispwaygatomtrpller unit 24

novenent of the ferromagneti ¢ body nay be enhanced
contrgififipic eartai@ns 9f pesvgInput tethsalecEomagnst 49 ophisnize movement

of th%e e%rroln?aeg%e 1 rbeoldr)]'baerllcﬁcv)\f optimize output power of the system. In other

embodiments of the current invention, transducer unit 26 may include other
componehts, such as, but not limited to mechanical, electrical, thermal, chemical,
and hydraulic components, which may all similarly store and/or transduce energy,
while providing feedback to controller unit 24.

In embodiments of the current invention, electromagnet 18 ideally exhibits
no hysteresis, meaning that the magnetic field of the electromagnet instantaneously
develops and ceases when power is applied and stopped, respectively. Similarly,
ferromagnetic body 20 ideally exhibits no remanence, meaning that body 20 retains

no magnetization when the driving magnetic field of electromagnet 18 ceases. In

7



10

15

20

25

30

A transducer unit 26, having a nmechani cal connection
to ferromagnetic body 10 20, as shown, serves to
wo candeidee nechani cal energy from ferromagnet i BChdyo7201000
as it reciprocates within the open core, as described
] 0 LREN f r .
one PEESUREL 8% 1l AR IRARNOGS bodf 20 16 offe! £8i siccl; however
other€ hididsigl9 th&cegdbitomachidiymhaabilitp uindethadtan &fy@ire, a magnetic
which in turn drives an additional elenment, such as,
fieldland exbibit low magnedc hysterdsis ap desqythedrhereinabens, ashewitable.

SRR e biom ROt ENC 40 ARSYAL 15 BHEORAERG 58 ‘may be
seen! Ete thé SVER gn@E :?/\@9\9. affiel! ¢ SrrorBrC PO E ﬂl eN§t Mannel

transduceé

Magh&aTBd ik \GYRMFeAte0S, 1D85S RadnischBid, GerbiaRs Gusdsradivelobure is
may be sensed, as known in the art, using encoders,
incorfporated hayslie by aeferémdeor mat i on i ndicative of novenent
of the ferromagnetic body is fed back to the .
camenesimets,y fescribgd berepibeiqvat wigreyperfosmgd: oo determing and to

demistaes Voo Rygls A hEaliPY, fERuie, fPyto ApftSltut work of
magﬁ‘étfcﬁilzamﬁ?ffecig%&ﬁhggi}oéfer%‘f tenPiol he

ferrohagnetic body a optl m ze out put power of the

syRé¢fersnckris abwanade thBIGERA snd 2Bt hdiduareeschematic

i nvention, transducer unit 26 may .include other
represenigbinanota magmetigally drvem secipiosating powereBipaihsysem 110
. .electrical, thernal 1 cal, .. 25 and draul.jc .
simifBp i iatem S B EYCSTA SR JoSr e ihgn embodiment

. g o P . " '

of LRSI RACAS Myt b ARESHLS B peghenky gy
drivéneeipro@itinggh@oér Apensistekd 1i1d4apbiyeralistinilsr tonsperation of

hysteresis, nmeaning that the magnetic field of the
mageétwally shrvgnaecipretatimgrooourgiufputdyssino p8 asshoveandygs. 1A and

1. A R ROPLL St R sRE
e DR o3AN Rt RSEHCAO AERR P Bgpnc

ferrophDkfieHBaPate fikcd SAfAA holiSing 1 MARBEIHRSREIEciprocates by a
PCT/ 1 L2007/ 001000 one enbodinent of the current

displanemaent 'sH to bod fradd stasiomagebddyo?2 stmesdudeoweite6 iseoheected to
materi als_that exhibit mechani cal s,&aagi ity and that
the hosingand; fupchonmgrapilar fashipmasdescalpd bereinadhpVisagnet i ¢

IELRFG s BB FIEI RIS B FABSEE Wit e aite
repré&eRGHOASBYAShagketieEly Bfiven reciprocating power output system 120
similar to the system shown in FIGS 1A and 1B, in accordance with an embodiment
of the present invention. Apart from differences described below, magnetically
driven reciprocating power output system 120 is generally similar in operation to
magnetically driven reciprocating power output system 10 as shown in Figs. 1A and
1B, so that elements indicated by the same reference numerals are generally
identical in configuration and operation. In system 120, a second stationary body 27

is configured coaxially with the open core, in close proximity to electromagnetic 18,
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5 seen at the website:
http://ww. mannel - magnet . i nf o/ en round. php of Manne
wok@a®r043echni kK GbR, Tente 3, 42859 Renschei d, PCEILZAITYO01000
whose di sclosure is incorporated herein by reference.
t i ' .
but off TR ibusfiB I ARADBFELRPSL i i Bp ol §f Sflohdty
bodyoperation, including input and output work of 10
magnetically driven reciprocating power output system
10n erdfodimpnts dfshe preseatdiavention,Gatiman bodis 22 and2 7aare
schematic _representations of_ a netically driven
alternafivelyr SRt Yo HEFOrBRgRSIIC w&tlé‘?"ﬁ?%ﬂ@? IPRRenge. MEaRIRg that

V. | . . .

ey SYEER AR OeR Bt Be 3P A ePsRE TILPTERehher 15

ceased! pEIHARAAT rHfSRNIZBE dwiBIHIYh réfﬁgﬁ@icie%airl eleck&rﬂaﬁr;ﬂefeie. When
reci procating power output system 110 is generally

not as ielackrmmadgmetthat & activatdd, theagragheto@apolaridly ot stationary body 27 is

. _reciprocating power output system 10 as shown in Figs.

alignedhayiatly and, is senryagying) anghwn bydhe aeryapyingnd” dafte-

nota 1 B BeP Rl s ATk by e aectomagneti

and rﬁ%}eﬁé 68&%@5@§inﬁfb‘?lg fo’he _%E@&'ﬁ%h' FesB96¥d RERidabd 98 f¥f $th¥idhary
h the h a 20

using 15 and ousi hg reci procates by

body @25 piheastativnaty boly 22ris afi hotivaitd eleetanyagnet A 122ough not
Transducer unit 26 is connected to the housi ng and

showfuindilGon¥Aiand S Bisystent 43 insdudes sansdprereunih26 svhielb Binstions
Ref ' to Fl d 3B, which

as deSGHREHAIACS 2ttt o1 SRtE 10 DEGHAROLSI |y dr  ven
R L e T

conﬁgumwnrwnh tRbelettrbmaghéteinierionypiietio bodNdded ihsidsrhe

differences described bel ow, magnetically driven
housingcli Sparut: thiei andirp bowrsing negprocating esimielyi to thatrdasatibgd in FIGS

o o3 el Th bbb ot Loty Sriven
e
i RTT HAICR J RGBTy TN AVLIEORE i
one ppgerbaing maintaimddogatignary isubstyntialyelvethin theagpre ind thBsecond
. 8 WD 2008/ 020431 PCT/1L2007/ 001000 but outside of the
piecerfsairocpting apdesqriheddrereiBalovel and in opposition to
Stl?etfleroerﬁ%{a Ys now made to FIGS 4A and 4B, which are schematic
representations of a magnetically driven reciprocating power output system 130
similar to the system shown in FIGS 2A and 2B, in accordance with an embodiment
of the present invention. Apart from differences described below, magnetically
driven reciprocating power output system 130 is generally similar to operation of
magnetically driven reciprocating power output system 110 as shown in Figs. 2A
and 2B, so that elements indicated by the same reference numerals are generally
identical in configuration and operation. As noted hereinabove, stationary body 22
may be an electromagnet and this configuration is shown in the current figure.

When stationary body 22 is an electromagnetic, the electromagnetic may have an

9
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body 22. In enbodi nents of the present invention,

stationary bodies 22 and 27 are alternatively or
wo@piosoraBl y: ferromagnetic with ideally no reneeENRe)7/001000

meaning that 5 they retain no nagnetizati on when the

drivin netic field. o . :
open e ARG ARIRE R B b RSNt B Ao e
AddifibRsIY, MFRARG dted h¥kEthboRe! cétrdlle tinfitaPBNserdtba o téntrol the
activated, the magnetic polarity of stationary body 27

polarity anall pywedsuppliad ty statidnary buly 22 ayd toeleasostagnet 18/to
~the non-varying "+" and "-" notations in the figures.
optinmge fe@PFASAENZ SRHIbnary body 27 nay be an
el ectromagnetic 10 and may be operated simlarly to
t he operation described herei nabove for stationary
bqely, 2 tmeIEW otk 2hH RRLMs Pody 22 is an activated
el"ectromagnet. Afthough not shown in FIGS 3A and 3B,
syessurd@enisnadicklsulatians dlicles fonces, Workyhiningf and tpowves were
as described in FIGS 2A and 2B for system 110, . .
madéeh Erosi rexporimentyl sehps moedolingsystenrt 18y(as alesardedhereirabove in
urrent | ntjon incl udes 15 confi ation wth
FIGS hdAc ek (finonBRrasiiaishes rorsgARIEsody FY3Em |1 dad other
[ . ire housing reciprocating,
Comﬁs‘fh%“@?#? SRR R
sysERrbhthgnbe TatnsaHal eelAbRE hRenehadh utadf 4y W elehgth =
10 and 120 additionally or optionally 1ncludes
f er r 8fmgmetdre divodgter oS ngi, mgtedwoagiastselor¢aof 6@ kgwn i n

A o) S5 PR S aS, B - 50
;S?gnl;réaﬁgrl aﬁ?%&ﬁ%t@él"%ﬁ%‘?% @é 4§$§ﬁgb§§9 Qﬁﬁv@l Cg”g?g}éfodel the

s"now made t0

schem&ipfocatifpb8ag v ayitens1 @R dafivd dnpldrhlentsf sedor both of
reci procati ng power output system 130" simlar to the

syst ¢ piranaghati¢-bGlie Aveaa thedByredy an desribed hereinbélomn
enbodi ment 25 of the present invention. Apart from )
di f Calibrated SPEBES L AREASHTGWOrCha lfmeth @pprgximgtsly 490 mm, with

reci procatin owar _ou t system 130 is generally

si ni ISB’ilng(‘}OB%gﬁta(\flﬁBnoloilggL}ﬂﬁﬁneti cally driven

I eCe '?a‘ui BIMBRUBLNREE: AFShSY, ShBM Akl F59 ighown in

Fi g%ﬁ‘rng §n’dm28, so that eal%)’,e’mentsr I ndi caltgé;d by the
san€onebelsindowersapplys 1 2VD @ anax 41, yypicaleopieration atrRA.
configuration and operation. As noted herei nabove,

st-aDsetlasgorso dyowld may be an el ectromagnet and this

copfiguration is shaw in.the current fiqure.. .
ote:gll—J[ag a f%rromagnetlc material been used 1n tixe %xpenments——mstead of

the paramagnetic material noted above—it is very reasonable to assume that results
would have been substantially improved, as noted hereinbelow.
Objectives of experimental work were to:
1. Determine the maximum forces operating on the paramagnetic material;
2. Provide a measurement of the system's mechanical output work; and
3. Measure of the electrical energy input to obtain the work output.
Each of the three objectives and specific experimentation are described in greater

detail hereinbelow.
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When stationary body 22 is an el ectronagnetic, the
el ectromagnetic may have an 9 WO 2008/ 020431

wEFensr@807/ 001000 open or a closed core. (ANPOPHER007/001000

core configuration is shown in the current figure.)
Aﬂ&itionag%%i and as noted herei nabove, controller

u ated to control the polarity and power
suppl i ed R 8hA QNG HaRRAGedd Hdks! Vepd eﬁéerr%aqaﬁémﬁg each
to optimze reciprocating notion. 5 Experinmental Wr

and Resuldtlsere slseicartenpsintndthin tleutlattromagnétid dere.
forces, work, timng, and power were nade from
exber i menEagh é@dupyaﬁoﬁgpd n@ltbyét HHND V(lﬂf‘;hd%@%rqt@@hed to a

componen Rty anear i it THOEEhBokEheL SuSpwered
for the SXROVBRMIONCad uid R5) LONRANGL: kil b Bhch other
magnet

cel | ul oi avi ng 1 nput engt
core di amBtmagretdSfonds, widi et gmmthamﬂgm@ elcxmfgaﬁen kg

- Two Paramagneti c bodi es: each with dianeter = 22

| éhgt h = B fwe badieeweat : thenfsepsrated byswerrtrotmdytmlmg the
bodi es served tgQ nodel the 15 reciprogatin od

ovst om 3GPIRER I T HOREEATA e GG boNatihA sflue of the
the par a%%eﬁéc%a%)ﬂg tSS térallF and rﬁﬂk tHe> b&%%? rd ~from one

her ei nbel ow. sprl ngs t'o neasure

| engt h appiother FAiR] they Gmererml té fgnéﬂ% fiep @mateaé&ro@ﬁagnet
k = 1.1kg/mm - Strai n” gauge, manufacturer: Vishay,

mek. rat eﬂlaﬁﬁakgedcelonga@nnrmﬂ th@mptrmgpowm apprppimgately 12 cm.
12VDC, max 4A, ﬁ]pl cal. operation tg
Osci | | oschpriyingotheasprime gopatantiod the rpringsmghaoted above, the

e ot EtiEfod Pal BRCHIRE] bR SIMBERC0 R "

reasonabl e to assune that results would have been

substantially inproved, as noted hereinbel ow. 25

Onetput Werkof experinental work were to: 1. Determ ne

the maxi num forces operating on the paramagnetic

mat-eri al :The springs were detached from the bodies ‘and the bodies were
again inserted, touching and centered into the core of the magnet, as
in step one hereinabove. One body was fixed. The second body
could move freely axially out of the core. A strain gauge was
connected to the end of the second body and a the strain gauge was
mechanically connected with an apparatus, which could apply a
controlled pulling force acting to separate the bodies.

2. The electromagnet was activated and the apparatus was activated to
pull the second body. A separation force was measured based on the
strain gauge output. The second body moved a given displacement
"s" from the other stationary body. Force values were recorded for

various "s" values.

Reference is now made to FIG. 5, which is a graph 200 showing force (in

kgF) versus displacement "s" (mm) for the series of experiments as described in step

2, hereinabove. The area under line 204 represents the integral of the force-versus-

11
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2. Provide a neasurenent of the system s nechani cal
out put work; and 3. Measure of the electrical energy

WO 82461 obt ai n the work output. Each of the p¢r/ER007/001000
obj ectives and specific experinentation are described

o ."30 : . ) 31 .
displkp RS0 508 o, o Py {0 (P KR Af Fhinimum
forcep@r &ERITEE iistepadi Bay MI§E be NG@iésed dsofiehieeh®desl work of the
other at the center point within the el ectromagnetic
ferromagnetiQ bodycReprsdgntative cherdd0qiontthe graph.nepnmicctng wae values
ttachgd to a 5 displ.acenent - neasur abl gbfi xture. The .
of 60ckgapd Jnagher haICIRSREY & AXCEINS Y/R8SqRRPIS Angay appgoximation

. badi t ’ i G.- .
or B SAPTBLE BALASLRS 208 ST IR 200 REIGhY Kimatin
equal MheRestkasay\edleulahenassipbdineilel)2. 3OMbIes | ably pul I'ing
the springs. The spring el ongation was recorded,
yiAal didigioaal sdrics aff extpeeimeis fwais perfoemredsaith dne body fixed and
counteract and pull the bodies away from one_anot her

the sgrpnd hadyy mgshanicallyheonngsist ite 2 j@prk @rm,pwhich in turn was

el.e¢tro et. 4,.Thesymeasusr ed el ongati-Qn Qf th
conngyF 16 8" AR Unon, Whichat EVS LN s TR 11 hwhdf) hagp mass
hadlvofo b [ y a@qy t
of a@?(?}rgact il\}/, ei(f) édrége?ags‘gg%l gﬁtﬁ)gtﬂ g,tgqgg ap pﬁ%()')(li ﬁg% enl1 c;asg%ed at one
rotatiog. edBalOtd puB Vouke. 1t Wae fiptliengmeasureddéiaacbre puloen of the

the bodi es and the bodies were again inserted, )
electrospagiichyicdded @ anewneentiafithe seronddradypcavsiag dexpyelutians of the
in:s one herei.n Ve, e b s fi,xed. .The _
Arywieh o iR B SHEH Mot s ket dajoiitied tt Aex 3 = 42
C i :onnected to the end of the
JOUk%gggﬁgﬁﬁgﬁ§9gﬂgggw?ﬁ%$§§?%§%|gauge was mechanically
connected with an apparatus, which could apply a

controlled pulling force acting to separate the
bddeetrcal Energy Input

Experimental measurements were made using the bodies and setup as
described hereinabove. Reference is now made to FIGS. 6 and 7 which are output of
an oscilloscope and a schematic diagram, respectively, of an experimental setup
used for the electrical energy input determination. The experimental setup allowed
the integrated energy input of an electrical pulse to the electromagnet to be
measured for body displacements of 30 mm and 10 mm with respective sets of
voltage and current response curves 310 and 320, as indicated in FIG. 6. Response
curve set 320, reflecting a typical body displacement of 10 mm was of primary
interest. The time scale is indicated in milliseconds from 0, 10, 20, ...,50
milliseconds in a horizontal axis in FIG. 6.

Oscilloscope 345 was connected to the electromagnet, indicated as "coil" in
FIG. 7. The stationary body was located with its end centered within the
electromagnetic core and the moving body was positioned 10 mm away from the

center point. The oscilloscope was configured to measure the time response of the

12
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2. The el ectromagnet was activated and the apparatus

was activated to 25 pull the second body. A
waeepanzuson force was neasured based on the sPEEIN2007/001000

gauge output. The second body noved a given

elecn%igr?a%%\?/ gﬁg e tinfe tﬂerlﬁ%%%gb(?ﬁap%ntﬁﬁéﬁitﬁg %fsa)flo\ki}g ule)g(.ly. A time

esS were recor varil ous
responeé W if€asufed @MppRELinidely 38 millissboras. i s a graph 200
showi ng force (in 30 kgF) versus displacenent "s" -
( mhthe inputehergyemay be shlculgied bydakingdbe 48sWrndsehal power input

tep 2, hereinabove. The, ar nder |ine 204
and fﬁ@ﬁf%ghyg“{WéﬂsSﬁ'f%sangffmgﬁg ISHEe- versus- 11 WO
2008/ 020431 PCT/1L2007/ 001000 displ acenent functi on,
eval uated fromthe maxi rumforce (60 kg) to m ni num
f oheemedidf® ondigionnt egral may al so be expressed as
t he mechanical work of the ferromagnetic body.
Rdjring d¢h¢ atlues aitaindd 2@6einabavee ar emdrgy doputeof ilrfgJoule and a
values 0 7. mmon the respective axes,

f 60 Kk d
workgufput of 4-8&9@1%%{13 Tlpr fAkang app PHIaT dasses st asrownty thepg appears

to bes sAgh B EkTaY g £ retemB AR YR NP CufSk lapsgs were
measaiid %%&géﬂm%n?a@ witk! &5 aAnAARN WD Rlads %"fiaﬁ%n@fgyt lﬁgs due

experinments was perforned with one body fixed and
to fristtemgrddicidy theolosiabaiplut Yo approgahetdly D.3alontank arm
which in turn was connected to a shaft upon which a

f 1AsvAsesuluan intrumedinte varclpsipptsem thgexperimeatal overk was that

i mately 10 kg.. . Th k out put he flywheel .
the s8I Bl oY sioPrsaniae Eaenes eghan 15 Jpuls ot el Shppoximate
workiF gt R AR Ao P BBl 0B ot iy necy

efficieat] Sag1 o3 ottry cdxiplarRmionofolliebe finydd @egardiipe th® raforementioned
out put of the body was therefore calculated at 1.3 x 3

energy magginJoul e, not taking into account any friction. 15
El ectrical Energy |Input Experinental neasurenents were
made using the bodies and setup as descri bed

hq{ 'lré £ 5‘&&5 nce is now made to FIGS. 6 and 7
MM i ) an oscill oscope and a schematic
di @diaBhalr @ﬁ;ﬁ\ﬂﬁhéﬁ‘t@'dfe ;ﬂfam@éﬁ axe’ h@@ieﬁi ha9tdgPa much larger

scaled electromagnet (such as "Item no. 2150, 180mm" in the above-referenced

Mannel Magnet Technik GbR site: http://www.mannel-magnet.info/en_round.php)
having approximately 1,000 kg magnetic force, having an input power of
approximately only 37 W. The systém currently operates at a reciprocating speed of
approximately 380 reciprocations per minute and more precise measurements of
power input and power output are planned to be performed.

Additional experiments will utilize ferromagnetic bodies, and not
paramagnetic bodies as used in experiments described hereinabove. Therefore, it is
anticipated that the additional experiments will yield even more favorable results

regarding energy efficiency.

13



20 used for the electrical energy input determ nation.
The experinental setup allowed the integrated energy
w0 nen2@sl an el ectrical pulse to the el ectronmaRCEIL20€7/001000
nmeasured for body displacenents of 30 mm and 10 nm

be
ol Sl BRE R H 3 B ke PRF TR AR PG GBREE Serve as
exang;}léé/ earRethat 28any 6tHe? drhbSlihehyPheabolRlY WithiRl AREERPE of the
f 10 nmwas of primary 25 interest. The tine scale is

presémdivattoa dsrdefidediis ¢ho apjserfdedrldims10, 20, ..., 50
mlliseconds in a horizontal axis in FIG 6.
Gsci |l | oscope 345 was connected to the el ectromagnet,
indicated as "coil” in FIG 7. The stationary body
was | ocated with its end centered within the
el ectromagnetic core and the noving body was
positioned 10 mm away fromthe 30 center point. The
osci |l | oscope was configured to nmeasure the tine
response of the 12 WD 2008/ 020431 PCT/I1L2007/001000
el ectromagnet and the tine the noving body contacted
the stationary body. Atinme response was nmeasured as
approximately 30 milliseconds. The input energy may be
cal cul ated by taking the 45 Wnom nal power input and
dividing it by 30 mlliseconds, yielding 1.5 Joule. 5
I nt er medi at e Concl usi on Using the val ues obt ai ned
her ei nabove: an energy input of 1.5 Joule and a work
out put of 4.2 Joule, and not taking any other | osses
into account, there appears to be a significant
energy margin "created" by the system No other |osses
were 10 neasured in the experinmental work. An
assunption was nmade of an energy loss due to
friction, reducing the work output to approximtely
2.3 Joule. As a result, an internediate concl usion
fromthe experinental work was that the system
havi ng an approxi mate energy input of 1.5 Joule and an
approximate work output (including friction |osses)
of 2.3 Joule was, at the |least, highly energy 15
efficient, as no other explanation could be nmade
regardi ng the aforenenti oned energy margin.

14



Future Experinentation Additional experinents are

pl anned using a system having a nuch |larger 20 scal ed
webk@mshrasagnet (such as "lItem no. 2150, 180mi PeTII2her/001000

above-referenced Mannel Magnet Techni k GbR site:

’ t - magnet . i nf o/ en-round. php) havi ng

WI%W%SFW?SOOO kg magnetic force, having an input

power of approximately only 37 W The system

currently operates at a reciprocating speed of
1. Appagnéticallyl drig0recpro@tingaIaveersoyiput syistum eompisme: e

preci se neas nts of 5 power,.in
outeasiose Fﬁ‘%ae %Fr?faa%%etééwrt& airecherpf oRRRion defining

i ENt S u
o SREEEDT 1y L5 b SRR EhA oA o B
opéﬁ%a%i)@l@ﬂéﬁdmghﬁmftﬁé irstl etndl td thé @éé&idpaide ¢hd b6tk Habhg an
addi tional experiments will yield even nore favorable
axis of symmetryeghsthintigllg weaxinl wﬁiﬂ1 theemxeal dirkstivg
2008/ 020431 PCT/1L2007/00100Q It wll be aﬁpr eci at ed
t hatt cemzolaytadanied tq provisiesa BiFs povres iapy tert 9 Y serve

t hat
clofSuBRERE AntaRtecid eelE e AR RIS IR B o Bl varying
firs e 1 ST 6 PRORRR L Ty e AR st
dire@@net i cal |y driven reci pr ocati ng power but put system
conprising: at least one first electromagnet having a
di r#&ideass mnsfsteémmgsabo@mh@l@ﬂgm wgonémme ¢ figld wathion,

scofi ot ditspis G B En BaPE Rt RS sl v el ¢ o

sub% “r‘m[%ﬁgtl gfﬁ‘i‘l‘} wwith %r%taﬁﬁi’éhﬂ&téﬁ axis of symmetry

coaxi a axial direction; a

conatrlebstl@ﬂbtrea@ﬁmaﬁﬂ tferrpima) gnaec Bodly eshfig@ed substaniialtyo
the first electromagnet and adapted to cause the

coaedlaibt wmlnagn eprd, (andanmtaeatendm scanpletedy ofitsidg ofthgreore at the
I
secpﬁ egQ:M %ciapt%q eoeﬁs?ec?)gliitmag%le[a?:cfse?g 1r|1 ?es?)lcj)ggé t%nt Ie%lrsty

magnetic field, the body displaceable axially in response to the first and second

magnetic fields; and
a transducer unit mechanically connected to the reciprocating body and

adapted to convert a displacement of the reciprocating body to a power output.

2. A system according to claim 1, wherein the power output is not less than

the first power input.

3. A system according to claim 1, wherein the transducer unit further includes
a mechanical energy buffer adapted to non-simultaneously store the power

output and to return a second power input.



at | east one stationary body having a second magnetic
field with a second polarity directed in

waeamshzmsi al |y the axial direction and confi gup@nIL2007/001000

4.

substantial |l y coaxi aIIy with the core at the first

180 AR E RS R MRAL e LS ARIRI et

|gure coaxi al e core, and
raahp&utts @gﬁsrwh@ We@fo@twoatsﬁla@em@ﬁt tahe veRIcetyadf thBe
second end, adapted to have a second nmagnetic field in
mespunaﬁng@odye first magnetic field, the body
di spl aceable axially in response to the first and
second nmagnetic fields; and a transducer uni t

- SRR bR DO SELSG, \hD E COBROTALt FOrPR sl o

I%Htfot 2 pRurRRWESF tﬁ’[ﬁém&ymg?eleétnﬁﬂsﬁlﬁé'@s%‘iﬁﬂ;ﬂd@Qhé irst

clalm 1 wherein the power output” is not |ess than
tplosvelriinsit ased on idapuindicGitiva feomtthertranahicdr ngit of tid sensed
1, wherein the transducer unit further includes a
povieasuERut, displagyment rad velngiteef the reciprosating badsousl v
store the power output and to return a second power
[ nput 1S WD 2008/ 020431 PCT/1L2007/001000 4. A
%& %chﬂhggo ERidl R etein' i B hﬂof Bie id ﬁﬂﬁl@i"%&épted to
uni urt adapted to sense the power output
doaitbRaRNERE powdinpet s hiaximizet the poweeioptpueat i ng body.
5. A systemaccording to claim4, wherein the contro
unit is further adapted to control a plurallty of

ti ne-var electric ulsesto I‘OVI t.he first
- B Assprting 55 Climnoliars e SRR oy ip gubstatially

f the sensed power out put,
:?lr spﬁgceg\!errllltléghét i

and velocity of the reciprocating body.
6. A systemaccording to claim5, wherein the control
unit is further adapted to control the first power

. iAapystemoacaxding te@ claive G oviesreimuthp stationarybsdsstsem

according.to claim®6, where t tationary body is
JeBemagnels fnﬁ tff?e?eﬁﬁﬁ mqgleﬁﬁgt%i iscpregent A §‘;‘/%’Pé1ﬁﬁ> to th

%r(szpmagﬁc%cf Plel%l aim6, wherein the stationary body is

A system according to claim 8, where the stationary body is a non-powered

electromagnet.

10. A system according to claim 6, where the stationary body is a powered

electromagnet.

11. A system according to claim 10, where the second field is maintained

substantially constant.

12. A system according to claim 10, where the second field is varied in

coordination with variations of the first magnetic field.

A



ferromagnetic and the second magnetic field is present

in response to the first magnetic field. 9. A system
waewenzi4ag to claim8, where the stationary boRyT/IIR067/001000

non- powered el ectronagnet. 10. A system according to

154 3 e M1l P B e PuBRHER g e
%@ibﬁ)daﬁﬁggﬁ@ﬂﬁgﬁéﬁ’é Holiyp af@fiRé@ine Gonﬁﬁ&ﬁh@ﬁﬁii\;\%' and

const ant . A System according to claim 10, ere
twiscrsinctha dofisialgds idssplaoeiablt dxnally uoredponge tortheifirst and
variations of the first magnetic field. 1G WO
soedhpegnatieficlds; 2007/ 001000 13. A system accor di ng
to claim6, wherein the first el ectromagnet and the
reci procating ferromagnetic body are fixed in a comon

. .
L o e e R 1
fdoalpiising the stepwofiod of operating a magnetic
reci procating generating system conprjsing the steps
of : taﬂm aideagt anedust elgetromagnetdaving adirgaton ph¢longaton

oo S A BRIFAR SRR A2 S A v
: ' f I gt {
e FhREEI PO AR AT Ny (T oyt

hawitipshaxid of dymmedyisabstantihlly Beaxixl withdhé agial direction;
providing a first power input to the first

el epraveding aclirsipowen inguri te dhe fishietectrotagagb ity a ¢antrol
unf g gonipg ring elocirnggcate Fvess Fe darvie Bemeramengitic
wibE RSBl SRS I Sl FRGE" L, o1
ool Kt horusoknsbosLumtats b g o
conerregionsat dlmt fiedtlend; the shaticriary dbody ihgumigraysecont enagnetiedield
with a Seeond polatily dirccred ¥ Substantialy the st o Y
configuring at least one reciprocating ferromagnetic body substantially
coaxially with the core, and not extending completely outside of the core at the
second end, having a second magnetic field in response to the first magnetic
field, the body displaced axially in response to the first and second magnetic
fields; and |
connecting a transducer unit mechanically to the reciprocating body, the

transducer unit converting a displacement of the reciprocating body to a power

output.

15. A method according to claim 14, wherein the transducer unit further
includes a mechanical energy buffer unit which non-simultaneously stores

power output and to return a second power input.
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coaxially wth the core, and not extending conpletely

outside of the core at the second end, having a
waeemsneh4ergnetic field in response to the firSPCT/IL2007/001000

magnetic field, the body displaced axially in

response to the first and second nmagnetic fields; and

connecting a transducer unit nechanically to the
16.efiieicd a¢dordinipadclaitth®4, whereiothearansduteraaiiy firthien gemses

di spl acement of the reciprocating body to a power

the pever autpupy displaesmenscandivelgeity ofithe raciprocalieg body.

the transducer unit further includes a mechanica

energy buffer unit which non-sinultaneously stores

1 B P BN ik

afcarichl paldes i€ bantidlle byviiRy €ntrdl it togirs didehe inéttpower
further senses the power output, displacenent, an

vgpus dbiasgd of dateeindécatiyve doan itheytraostincer it of thesdnsdd power
according to claim16, wherein a plurality of
optRt displasgment. @ad velogity R %@ &eGipraeaipg bod¥d by t he
control unit to provide the first power input based
on data indicative fromthe transducer unit of the

18. 2EARKbPENRIrdin@UbR¥im #7 SPhECRIBIRIpovbHIAS nhakiffized by
the reciprocating body. 18. A nethod according to
theacontito], unihesrdrallihp ¢hepfivet poover pybuti s nmaxi mi zed by
the control unit controlling the first power input.
19. A nmethod according to claim 18, where the

19.2L FuRnEceadling 3L T8 MherRionsBORRE ALY swheeatigly
PEEnE UL ARReRE ™ coent I n Tospanse 10 the Tiret
magnetic field.

20. A method according to claim 18, wherein the stationary body is
ferromagnetic and the second magnetic field is present in response to the

first magnetic field.
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