ELECTRI CI TY GENERATI NG SHOCK ABSORBERS PRI ORI TY CLAI M 10001] The present

di scl osure clains benefit of United States Provisional Patent Application
No. 61/ 368p24B/015488ed on July 29, 2010, for "ELECTRI Cl TPCGENERADRN® SHOCK
ABSORBERS, " the entire contents and di scl osure of which, are expressly

i ncorporated by reference herein as if fully set forth herein. TECHN CAL

FI ELD 100021 The present disclosure is generally related to energy
recovery. Specificall the present disclosure is related to regenerative
Suspensi on Syst dEGRBEGIAKS: EOPBRA Kkdits SHOGKeAZRORBERS pol | ut ant s
in the atnosphere, the transportation industry generally is a significant
cont ri bypirgor1Ferciexppl e, in the United States, the transportation industry
consunes a majority of the crude oil, much of which is used by autonobil es.

nce 3@0&2%@@?&%& d?scg&%%e?%,’laﬁﬁes; %%Emﬁ%%%&ééﬁo\hd&ai PGieht 1%9{36@“ on

i ndustr correspondi n fo reduction 1T n energy consuipti on,

cont ri bted E5s S R ek Tl T SHIERE SRR ORICTEY e AR hce and”
securit XABSORBERS,” the entire contents and disclosure of which, are expressly incorporated by

reference herein as if fully set forth herein.

TECHNICAL FIELD
[6002] The present disclosure is generally related to energy recovery. Specifically, the present

disclosure is related to regenerative suspension systems.

BACKGROUND
[0003] Among all the sources of pollutants in the atmosphere, the transportation industry

generally is a significant contributor. For example, in the United States, the transportation

industry consumes a majority of the crude oil, much of which is used by automobiles. Hence,
any advances in energy efficiency, especially in the transportation industry, may
correspondingly lead to reduction in energy consumption, which not only cumulatively
decreases energy costs, but also cumulatively contributes to a greener environment and

greater energy independence and security.

[0004] Increasing demand for better fuel economy has led to improvements and developments
in hybrid vehicles, electric vehicles and vehicles powered by fuel cells or diesel fuel. Efforts
on the part of the automotive industry to increase fuel economy have included, but are not

limited to, reductions in vehicle mass, improved aerodynamics, active fuel management,
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[ 0004] Increasing demand for better fuel econony has led to inprovenents
and devel opnents in hybrid vehicles, electric vehicles and vehicles powered
by fuel cwbDl2s120n5488esel fuel. Efforts on the part of theCadiSenoiR4609

i ndustry to increase fuel econony have included, but are not limted to,
reductions in vehicle mass, inproved aerodynam cs, active fuel nmanagenent,
direct injection engines, honbgeneous charge conpression ignition engines
and hybrjd engines. Still, other mechani snms, techniques and energy sources
that wi ldiregtipiceiien sngantes hyResaPeRUsEhags CPORPEISFoN peition enpipasand [hasﬁloé]
Currently, about 10 to 16% of the available fuel energy is used to drive an
aut onobiehgines wiitle othiengechapisins; srhwguesradd ¢nergy sources thaiomll imprevwaiehnd wi nd.
Besi des engi ne cycl e efficiency, one inportant nmechani sm of energy loss in
aut onobiek@sonBark kentisdly paingaougtit. ki neti ¢ energy during vehicle vibration
and notion. In the past hundred years, the autonotive industry has been
wor ki ng hard to dissipate theonntion and vibration,energy into maste,geat
by opt i f#0&isatlpraberhll gl 6mal the eyaipblotreksnersnis usettoisvemsagiamePileet i ve
controls, such as anti-lock braking systens or active suspensions. During

t he pastovernmymgihs fricmerapy drag fves fyorhtiewopd akd mind Besidehengresicygleat
commerci al success in hybrid vehicles. However, regenerative vehicle

sus pensiedfidencyhbitdintpviant fectadisandfagerggflosdn huuabileeehgiissipativnasfy, have
generally not cone into practice due to various factors, such as

I nsuf i qhes bRy AuHAR vERBleRAMratiNBRE hShGE 1R e RECKHAMrdiafURS iHeNBitomotive
prohi bitive costs, high conplexity, practical inconpatibility and relative
i neffici, g oo L0: Viiews of otk r i (T i to
provi do S SR PRReRinb N & bl SR ittt Phepy SRS 16APHEe
account the aforenentioned factors. .BRIEF SUMYARY [ 00Q7] An exe ar

rbod: MO HETE CCRCEE R RHEAG, ST AAD SRk e SRRl
generating shock absorber conprising: a coil assenbly having a | ength of

el ect ri cakny-lecklupiong Avpterat eirdchive grsppiiiensaPyting thepasties yed s FaeTsYeeerverand
along a length, of a hollow tube forned of electrically resistant material;
a magnetframm btakfngrhms dclufveat gregasmnomeiabswecdsain hybrid vehicles. However,

regenerative vehicle suspensions, which have the advantage of continuous energy recovery,
have generally not come into practice due to various factors, such as insufficient vibration
control, unsatisfactory energy harvesting, prohibitive costs, high complexity, practical

incompatibility and relative inefficiency.

[0006] In view of the foregoing, it would be desirable to provide a regenerative vehicle

suspension technology that takes into account the aforementioned factors.

BRIEF SUMMARY

[0007] An exemplary embodiment of the disclosed technology is directed to an electricity
generating shock absorber comprising: a coil assembly having a length of electrically
conducting material wrapped around an outside perimeter, and along a length, of a hollow

tube formed of electrically resistant material, a magnet unit formed of at least one annular
-2



axi al magnet; a central shaft having a magnetic reluctance on which a
plurality of the magnet units are nounted, the central shaft di nensi oned
for inserwpanzhis48gh a central opening of the at | east POmAIS20INOR4P9 axi al
magnet, the central shaft conmbined with the plurality of nmagnet units
form ng a magnet assenbly dinensioned to slideably insert into a central
cavity of the hollow tube; and a cylindrical shell having a first end
attached 1o a termnal f .the magnet assenbly, t i.ndri_cal sheII
ext endi A% MA8RY A coral ﬁ@adftrﬁaﬂeg a AgBRHH 1;?? ucfange oI ?@ﬁta@w e ReeRy
inner dianmeter sized to slideably accormobdate an outside dianeter of the
coi | ass@ibpip. moweRtherpenirkeshoftaiimernnsdifmeinserspn teugli & e¢nvvbepansetheichegy
is directed to a nmethod of nmanufacturing an electricity generating shock
absor berat Idakieome bivodarcaxigr inggneg: thatcehtea sthafinoebingdndithgha phaoblityasfomaghet
hol | ow tube having an electrical resistance; stacking a first pair of

per manefhitiRARLAS a Maghet %é&bi&%hﬁéﬁs@ndﬂ&@%ﬁbﬂ:ly %s‘éﬁhﬁﬁb%cerﬂﬁiil@é\hfygoﬂ the
stacked shaft to be noveable in relation to a hollow cavity of the holl ow

tube; toﬁ§ 'tﬁ“& taﬂgﬁ%gﬁth&nctapsl‘% lfHa(@% éafb@%ﬁ é%ltt'oregtextntﬁfialfé 4 tl‘?eaht'é

magnets ween”’eac er on st magne Fcal I'y- per

U ner ;AR o o oy a?ngéé@Pdlﬁga&gpe?ltgﬁt 31D i P ”%@aﬁﬁett ic

out er cyI i nder attached at one end to the first base. [0009] An exerrpl ary
embodi mshell baviegan ynst figgster sized fbslistepbly acenmpedaty ap gu lq?étlﬁﬁﬁfe’b‘? g icAt an
electricity generating shock absorber for generating electricity, the

met hod @eseprblsi ng: noving a magnet assenbly in relation to a coil assenbly,
the coil assenbly conprising: a coil at |east once wound around a hol | ow

t ube ha neIec rical, resistapce,.and hol |.ow cayi t he

assenbl jbm Xefrt}tpgtmeﬁgofﬂﬁfdl quﬁéﬁegﬁt‘(’lﬂ%ﬁecg éf‘é%ﬁé‘ﬁw shaf t
havi ng a nagneti|c reI uctance, the shaft attached to a first base, the first
pai r of TWEKRSTEINgAT-HleataeihEanRRERS eBRak absoTaer. Hif etbod RAPPTiHye: 4t {gapisqnce,
magneti cal | y-permeabl e spacer, the first pair of magnets aligned wth

| i ke- polvdsdihgeicay acauid adidilem, tuhe Having ein elecirichlocsistaree; statkingedirgpeapdul at i ng
at least a part of the coil assenbly, the cylinder attached at one end to
the fir lerharat mh@EtOdn AshaAXEIMh DA shagndidehnhchadiftmeths sthcsddhtf chbol ogy
is directed to electricity generating shock absorber conprising: a first

case COMeabIBSh rddatl R0t aafio‘ll%zhﬁqlt& 8f thB@olIBRGIbS H&&&&%&E sh¥etd 4 fisst b&s@s €,
and a second case conprising: a pinion in contact with the rack and

attac he%eéa?%&xl;ggthe ??ﬁ é)aﬁ %'ffrrﬁaégetg%em%n %g&o&gerco%st e gl'lefft %{1% ikt tn %g@tg u nt ed

on a firs oX conprising a Trr Seco gear
in contact w each other, the fir t bevel unted on the fir

shaft. dREnEbcGe at%ﬂeéﬂstdwr SHAE3HR Ve BUap et e at?leroaﬁ er to a
rotational notor attached to the inner surface of the second case. [0011]
An exenpsingappuleling di leegie neft of e wewlegedl Vimo eprteaiq ey ybidedtteehed ahphtod

for generating electricity from nechani cal vibrations, the nethod

conpr i siend:to thedirstthang an el ectricity generating shock absorber having a
magnet assenbly including a first pair of nagnets stacked horizontally

along a ft constructe f magnetigc rel yctant, nate nd a.coil
assenbl ),18{)] 41 F PRy S Q%Hﬂﬁﬁ%gﬁ&ﬁﬁl%eﬁgﬁoﬁﬁwogﬂ bgedlﬁﬁiﬁdﬁﬁ a%etﬁ?degﬁ rical
resi stance, the first pair of magnets aligned with |ike-poles facing each
ot her, tuﬁ@gfmreéqctryamge@ﬁlaﬁag ek abémbenf@égtn%%tnerf’&e%mtmthermahe@ assenbl y
being slidably inserted into an open end of the hollow tube of the coil
assenbl yomprismgcmoyinga magret assyinbhdercletigapsatal assgnbly, theast] assepdly of t he
coi|l assenbly, the cylinder attached at a base end of the nagnet assenbly
opposi t eohfpeisingsetdil erlestdhcecwopid Agual £helsad nbiethaoingtah@ldeaidabmesistinec t 0 a
first mass; coupling the base end of the

and a hollow cavity, the magnet assembly comprising: a first pair of permanent magnets
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magnet assenbly to a second mass, the electricity generating shock absorber
providing vibration danpening between the first mass and the second nass;
i nduci ng wel2atZ/ue48aot i on bet ween t he magnet assenbly an#Crhs2@aeiok46assenbl y

to generate electronotive voltage in the coil; and capturing the
el ectronoti ve vol tage. BRI EF DESCRI PTI ON OF THE DRAW NGS The objects,
features and advantages of the disclosed technology wll becone apparent to

a skilled artisan in view of the follow efailed description taken.in
conbi nattagkedm hshafhayingamagneiic Aqlusgace, g S%ﬁ%téﬁ;aﬁwd 16 a Tt Fgce theg st pair
synbolically illustrates an exenpl ary enbodi nent of a |inear
el ect r owégragnéts sertmosed bisweerbeach other on the ghaftdyl dfissympenatically-peimaebkt r at es a
cross-section view of an exenplary enbodi mrent of a nagnet assenbly;
Fi gur e Z2pserthid fissabhiy of mhgsdts aigned avithdilenmller faciapgieadi otkert and a aorsienglce | ayer
electricity generating shock absorber with radial nagnets;

outer cylinder encapsulating at least a part of the coil assembly, the cylinder attached at one

end to the first base.

[0010] An exemplary embodiment of the disclosed technology is directed to electricity
generating shock absorber comprising: a first case comprising: a rack attached to the inner
surface of the first case; and a second case comprising: a pinion in contact with the rack and
attached to the inner surface of the second case via a first shaft mounted on a first base, a
bevel gear box comprising a first and second bevel gear in contact with each other, the first
bevel gear mounted on the first shaft, the second gear mounted on a second shaft coupled via

a coupler to a rotational motor attached to the inner surface of the second case.

[0011] An exemplary embodiment of the present invention is directed to a method for
generating electricity from mechanical vibrations, the method comprising: providing an
electricity generating shock absorber having a magnet assembly including a first pair of
magnets stacked horizontally along a shaft constructed of magnetic reluctant material and a
coil assembly including a coil wound around a hollow tube having an electrical resistance, the
first pair of magnets aligned with like-poles facing each other, the first pair of magnets, an
insertion end of the magnet assembly being slidably inserted into an open end of the hollow
tube of the coil assembly, a concentric outer cylinder encapsulating at least a part of the coil
assembly, the cylinder attached at a base end of the magnet assembly opposite the insertion

end; coupling a closed end of the hollow tube to a first mass; coupling the base end of the
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Figure 3 synbolically illustrates an exenpl ary enbodi nent of a double |ayer

electricity generating shock absorber; Figure 4 synbolically
i |1 ustratwe 2are/iaz488pl ary enbodi nent of a gear-based el eeCTiuskang/ogeper ati ng
shock absorber; and Figure 5 synbolically illustrates an alternative

arrangenment of the magnets of the el ectromagnetic enbodi nents of the
present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0012] As used herein, a vehicle is a device that is designed or used to

t r ansporRagheloasseEnlly te asefond veass.dhelesttyity genesimeshedgabseieh PEYIHNE onobi | es,
buses, trucks, trains, or marine-based, such as ships, boats, or

aer onautvitwation dangrening titwednahe firdt eddss apt e seepd ceass;dhducii®@iBive asotipned
herein, a shock absorber is an energy dissipating device generally used in

par al | elbeideh tlidu@agnes peB/IbONarkihe BEil hgembluCgehdate\sldtainotive gohaedh et by
surface irregularities or during acceleration and braking.

coil; and capturing the electromotive voltage.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects, features and advantages of the disclosed technology will become apparent
to a skilled artisan in view of the following detailed description taken in combination with the

attached drawings, in which:

Figure 1a symbolically illustrates an exemplary embodiment of a linear

electromagnetic shock absorber;

Figure 1b symbolically illustrates a cross-section view of an exemplary embodiment

of a magnet assembly;

Figure 2 symbolically illustrates an exemplary embodiment of a single layer electricity

generating shock absorber with radial magnets;

Figure 3 symbolically illustrates an exemplary embodiment of a double layer

electricity generating shock absorber;

Figure 4 symbolically illustrates an exemplary embodiment of a gear-based electricity

generating shock absorber; and

Figure 5 symbolically illustrates an alternative arrangement of the magnets of the

electromagnetic embodiments of the present invention.



[0014] While, for sinplicity and clarity, the follow ng description of the
figures is described in reference to | and-based vehicles, the disclosed

t echnol ogyOi2812105488i m t ed to | and- based vehi cl es. Rat hePCTiuseoidiog4sbosed
technol ogy may be inplenmented and used with any device that is designed or
used to transport people or cargo. [0015] Figure la synbolically
illustrates an exenplary enbodi nent of a linear el ectronmagnetic shock
absorber_and Figure | b synbolically illustrate section view of an
exonpl amF BhBEAT MENCRIPTIONAG SR ERREHER G EDIouBODIEN S un i n Fi gure 1a, a
regenerative shock absorber 100 is in a configuration of a linear induction
gener at 49012 Asarsed kenepl, arvghigleis didaeine thas isolekizaed o used ta ganspagipgarls oa nmagnet
assenbly 110 noveable in relation to a coil assenbly 120. In an exenplary
enbodi meatgo. Vhkicks atxydreland-8436d, sach agdagomobidds| bases ardeky, thés, oomatihe i n
relation to a magnet assenbly 110. In an exenpl ary enbodi nent, magnet
assenbl adelOsi@Rths GRIpk, RBREHPArorktlcal fichAk Birgrat«{@;%ﬁcdﬁ@err §adtdr@M to each
other. [0017] In an exenplary enbodi nent, shock absorber 100 works in two
cycles - a conpression cycle and an extension cycle. In an exenplary

aut onot i[0@13] A wsae hewsin, ershedkeabsober is anspengydjssipring dedes gwiseadlyrusedin
autonobile's franme and nmagnet assenbly 110 is attached to the autonobile's
suspensiparalisywitkithe susgensmBpEaS tordagcthe viltationsgeasratdi Hy sisthesrivtegulb?ifiesroves
downward and the extension cycle occurs as magnet assenbly 110 noves upward
(the relaighMBy ARERIRMN LU thdlgng0i | and magnet assenblies 110 and 120 may be
different upon a different contiguration). Thus, if the conpression cycle
controls the notion of the vehicle's unsprung weight, then extension

cont r ol 4001 Whbilé,dor omplibiey srebalinity, the followingdespniptioCofithedigaresl iy desgribed
alternation of cycles, due to, for exanple, road irregularities or during
accel er af refereatsold sk basgd velhiokek, tabdizclossd tEEhotaypiendislimitéd todbndbasedr gy of
suspensi on vi bration between an autonobil e wheel and a sprung nass into

usef ul  gleRfelds! R%Jchep,q}ﬁ@ﬂi,scl%edft%ﬁnlgﬁfgy%%ﬁlﬁé feflehalieand SRASKitH shyalevienpl ary

enbodi ment, , magnet assenbly 110 i$ conposed of ring-shaped, i. annul ar,
per mane [ I ng-..shaped hi gh magnetical ly perneabl e
spacersq%ﬁzgg¥§%%gﬁ}éﬁﬁgggﬁgﬁﬁgﬁ pgfgﬁféﬁ'reluctance material. In an

exenpl ary enbodi mrent, the material is alumnum In an exenplary enbodi nent,
magnet s [0015] digure dn y@aolidallyp éll wsaaes tan kRRGNElasy erthbodimertxedireay enbodi ment
spacers 114 are steel spacers. In an exenplary enbodi nent, nagnet assenbly

i ncl udesebZofRgRGIcShddilaBtbel anSPRAGR B SbdbolichPPRktrASs & bods tdcabe diehnof

Figure | b, nagnets 111 are arranged with |like-pol es of adjacent nagnets 111

facing %@%Qﬁﬁ%gfg%ypﬁﬁﬁgb{@ﬁﬁm%%gggﬁgEﬁﬁgflUX in aradial direction. A

concentric ou h magnetically perneable materi al
is used to protect the coils
[0016] As shown in Figure 1a, a regenerative shock absorber 100 is in a configuration of a

linear induction generator. In an exemplary embodiment, shock absorber 100 includes a
magnet assembly 110 moveable in relation to a coil assembly 120. In an exemplary
embodiment, shock absorber 100 includes a coil assembly 120 movable in relation to a
magnet assembly 110. In an exemplary embodiment, magnet assembly 110 and coil assembly

120 are both movable in relation to each other.



and reduce the reluctance of magnetic |oops, to further increase magnetic
flux density in the coils i.e. in order to further "pull" the magnetic fl ux
out war d. WoQaOjo18x88| assenbly 120 is conposed of coils PRT/Gseuma24pdund a
tube 122 having a high electrical resistance. In an exenplary enbodi nent,
coils 121 are conposed of copper and tube 122 is conposed of

pol yoxynet hyl ene. I n an exenplary enbodi nent, the height of one coil is
equal tao half of the total height of net 111 apd spacer 114. In an
exenpl arl§0Eildaan ﬁé‘?ﬁlplahYo@P‘%Odilﬂmaﬁlinh gﬁﬁqrt»@rrt& griekas@iaaygles 1@ 10 an

exenpl ary enbodi nrent, the total nunber of coils 121 is 16. In an exenplary
embodi nenmpressionsydlp and ar extonsier exsde. tin am exenplati astorseivelmplgnagation| whe
exenpl ary enbodi nent, power generated in shock absorber 100 is related to

t he t ot abil\wedenitty 020 isoittbshe?dﬁ.‘dan Horeodile’ s\izinieode magneehsaemblyvii 110Hs hiteched ndi ng
of coils 121 around tube 122. In an exenplary enbodi nent where the total

vol ume qf ugllvhendtilkd @sﬁ&ﬁﬁinas%teﬁﬁn theC@hlpteshdh cptlecdurs AREDi] SisamBEer20ar e
used, then nore wi ndings of coils 121 are expected t hus generating a

hi gh

e AR B IR AT %%tt g ARt fanoe
0022] | nbadi I th || f

100221 10, 20 KSRl A ST AL U SOy SOSIASE MTLRR

positive and negative voltages and the 90 degree and 270 degree phases have
zer o volditigfent sanfigwiaiank Abus, o thagempresyipheycleoponiednthg ﬁlag@nr?% JEPEGIRS on t he
rel ative position of coil assenbly 120 in the magnetic field, the t ot al
power gemspang erightgbemattensis @aitbks thehotibhofithe heavier spiung Nvetight.t he nmagnetic
field created by nagnet assenbly 110, an electronotive force is generated,

t hus pr qgbiseqi@nty,a64 hltethdtion dﬂoz@les,tdﬂl@ 16| fecéaaipd, rval hepelaridey sekiriag a
danping force to reduce the vehicle vibration. In an exenplary enbodi nent,

shock aba%@él&%{ ort 2% BBk agHa% abs%%att@ofcoﬁews%a@afeeenet gyRAWREpendBACr ation
for novenent conpreSS| n an extenS|on cycl es) betmeen about to about 4

i nches. For exa h

2t omobi T2 éai}a%wse%ﬁn s Bl R 92%9’53% to
road irrge aritie during accel eration and braking, cause the coil
assenblQh%g@"%gnﬁﬁaéekﬁhrelation to the magnetic assenbly 110 i.e.
conpressi on and extension cycles, thus generating an el ectronotive force,

whi ch ca[;goié;gﬁ NexUBFRr} nb&h ggglpagﬁa W@ﬁ@%& Eéc%iyrmé §hePBd, i.c.

exenpl ar |nent t'he pea t voltage is inversely proportional to

the sauarg ol d%gt!anega%gg&t@ f oah 15 LARISC P RN mARRROME, RAimbAHR t O @

vol une of"g efrl a

spacers 114 stacked on a shaft 113 of high reluctance material. In an exemplary embodiment,
the material is aluminum. In an exemplary embodiment, magnets 111 are rare-earth
permanent magnets. In an exemplary embodiment, spacers 114 are steel spacers. In an

exemplary embodiment, magnet assembly includes 12 magnets 111 and 13 spacers 114.

[0019] As illustrated in Figure 1b, magnets 111 are arranged with like-poles of adjacent
magnets 111 facing each other to redirect a magnetic flux in a radial direction. A concentric

outer cylinder 112 made of high magnetically permeable material is used to protect the coils



[0024] Figure 2 synbolically illustrates an exenplary enbodi nent of a
single layer electricity generating shock absorber, where radial magnets
are used WO 20rxanesss8e the nagnetic flux density. [0025] PATAS2&x0Msbary

aut onotive inpl ementati on, shock absorber 200 converts a kinetic energy of
suspensi on vi bration between a wheel and a sprung mass into useful

el ectrical power. In an exenpl ary enbodi nent, shock absorber 200 includes a
magnet assenply 210 novable in relation to a coil assenmbly 220 in_direction
V. In ar‘iméii‘%g’ﬁ? theyelrisnes HontenclinfRpsdpduihaingerse mep ke duh dgsity il bl y
220 novable in relation a na?net assenbly 210 in direction V. In an
exenplaﬂyﬂ%h@oﬂDﬁbhﬂlmwhqﬁémlﬁﬁgemb@yﬁmi%mamﬁwﬁdiI assenbly 220 are both
novable in relation to each other. [0026] In an exenpl ary enbodi nent,

magnet 210 Ji.s mposed of radjal,,nmagnets 211.a a xi. al nets
25 b st oS O TR ERosf of o AR ol Bpf T Atk o RO a7y
enbodi nent, .the material is alumnum_In an exenplary enbodinent, the
magnet s eicliGahiesis@aee. in Ba EXERRIATY SraRdEnent. ¢gilsdg 1 é‘i&%?ﬁilll%?s?g @ﬁﬁmﬁ@f{] tubg haf t
213 is attached to a first base 224. In an exenplary enbodi nent, a first
mount i nd 22iinepm2aBed of palyexsmesthylend. i gn exsasary 2mboldiment, thg beighbefyone coil is
enbodi nent, nounting ring 215 connects to an axle, near an autonotive

wheel , ieqaal,to hhl€ ofithepotahigei vt ofiagnbO0A And Apaden il 1hdn agxeemplarst éngbodilest r at ed
in Figure 2, radial magnets 211.a and axial nmagnets 211.b are arranged with

l'i ke- polegfs 91 aﬂq AG RN maBRaNSicintAy 11@ 1308 edplary’ @RbAEMERAC theQbfAPAuhBer of
redirect a magnetic flux in clockw se and count'er-cl ockwi se directions 216.

In an e odj . oy . ' of. hi gh
magnot | ST s SE RO eBloter? <RI 511012 Pl SO A o o Rl e 't he
rel uctance of magnetic |oops, to further increase nmagnetic flux density in
t he coi |[8021]dn ahBxanplery dmbddimeiepowgidehérateddn shgiketbserbéd 100 ioutlud do tHe0028]
Coil assenbly 220 is conposed of coils 221 wound around a tube 222 having a

hi gh el ggfl {Ane 88k BNC BlowePer2Pole8 DIty ®ith A WBRing SFUol1S 12Pdrodh&
conposed of copper and tube 222 is conposed of pol yoxymethylene. In an

exenpl aly eH0G KPRl SR AirhSh GHBABEL i yAnS BN 1935€c R mt A an

exenpl ary e econd nmounting ring ached to second base

225. In a ar odi ment, second nmounting rjin connect 0 an
aut onobicpds £ Egh shaf SreRe e et Rgnere Thoes LBR2T pReRetreht:
coils 221 are connected to a rectifjer set-up. ) .

generating a higher voltage. In-an exemplary embodiment, coils 121 are wound in a range

between 250 and 300 turns, which generates about 10V of output voltage.

[0022] In an exemplary embodiment, all the coils together will form a four-phase design
where the 0 degree and 180 degree phases generate maximum positive and negative voltages
and the 90 degree and 270 degree phases have zero voltage. Although the voltage or power of
each phase may depend on the relative ﬁosition of coil assembly 120 in the magnetic field, the
total power generation does not. As coils 121 vibrate in relation to the magnetic field created
by magnet assembly 110, an electromotive force is generated, thus producing electricity.
Also, the electromotive force serves as a damping force to reduce the vehicle vibration. In an

exemplary embodiment, shock absorber 100 maintains a constant performance of power
-8-



[ 0029] For exanple, when shock absorber 200 is placed in an autonobile
suspensi on system vibrations in the suspension system due to road

i rregul arwOi2er/was48duri ng accel erati on and braki ng, caus@CThs2@iaioR468%senbl y
220 to nove in relation to the nagnetic assenbly 210 i.e. wused to recharge
the autonobile's battery. In an exenplary enbodi nent, the relative notion
generates alternating current ("AC'). The generated AC passes through a
rectifier and via a rectification process.gets co vertedbto di rect current
("DC') . SSUHERYLEhIyemEy TSRV &P @ft,en%%twcﬁ) getﬁée% (t%zé%g@%tt“er, i's
used to nmaintain a suitable voltage for charging a typical autonobile

batt ery.ingh§s.an exenpl ary enbodi nent, shock absorber 200 harvests between
about 2 to about 8 Wof energy at 0.25-0.5 nis RMS suspension velocity,

whi ch ¢ ggﬁ%@ %io? F%e}s('{?ﬂ;lg a\k’h&]%hOQ@ElﬁS%F‘QICT ;} 6% %@#ecﬁin %n gﬁt%rgqsoggé gﬁs}%#i(ﬁ% %Ee?n,?’

synbol i at es an exenpl ar nent o ayer

el ectricity.generating shock absorber. [0031] In an exenpl ary .autopotive

i npl eneﬁ’f@%ﬁ“gﬁ IBFhetsr‘l‘ég SR Sy ey %ecWﬁB?‘{)ﬁgﬁ,gugﬂﬁﬁwra%BﬁgﬁéFg@)ééo% erts a
ki netic energy of suspension vibration between a wheel and a sprung nass

i nto uséralingicausertheetil groombly 120 tamavgdnsilation te iwoapgnstic asssddk 1 Hbsor ber
300 includes a magnet assenbly 310 noveable in relation to a coil assenbly

320 i n dompodskion ald extension eyodespthas gewmrinod) anesiectroniivk fados owhieh ca0thenh bel udes
a coil assenbly 320 novable in relation to a magnet assenbly 310 in

di rect i qQRed%o reéh ¥ aiRnRhYle BrHaelyBNn exX¥BPIEY cAbOEinknY, tBd Peakthtifl |
assenbly 320 are@%both novabl e in rgl ation to eZch ot her. [0032] Ilﬁnﬁan

exenpl ar. i i Layers

(i mner - ASEIREERGly piERABhaRS ety b dollS LECIRARRE AR LRk Bop BT 0 e
on a shaft 313 of high reluctance material. |,n an exenplary enbodi nent, the
mat er i aldep%l%éloﬂ%%{‘}mq VPL\H en‘%a%?&ﬁ?ﬁt’élg)}naé%%d? nctoﬂs‘t he nagnets are
rare-earth permanent magnets. |In an exenpl ary enbodi nent, shaft 313 is

at t acheqoo24] Figure StsyR@sBcadAlludtiitin@xemBlady ¥ymBodBRhISMY sindle ldyes tlectricity

generating shock absorber, where radial magnets are used to increase the magnetic flux

density.

[0025] In an exemplary automotive implementation, shock absorber 200 converts a kinetic
energy of suspension vibration between a wheel and a sprung mass into useful electrical
power. In an exemplary embodiment, shock absorber 200 includes a magnet assembly 210
movable in relation to a coil assembly 220 in direction V. In an exemplary embodiment,
shock absorber 200 includes a coil assembly 220 movable in relation a magnet assembly 210
in direction V. In an exemplary embodiment, magnet assembly 210 and coil assembly 220 are

both movable in relation to each other.

[0026] In an exemplary embodiment, magnet assembly 210 is composed of radial magnets

211.a and axial magnets 211.b stacked on a shaft 213 of high reluctance material. In an

-9-



mounting ring 315 is attached to first base 324. In an exenplary

enbodi nent, nounting ring 315 connects to an axle, near an autonotive

wheel , 1 .Wo0,2012185488spr ung wei ght. [0033] Doubl e | ayers efCTAsdIalo24s8gnet s
311.a and axial nmagnets 311.b are arranged with |ike-pol es of adjacent
magnets 311.a and 311.b facing each other to redirect a magnetic flux in

cl ockwi se and counter-clockwi se directions 316. In an exenpl ary enbodi nent,
as coils 321 vi brate_ in rel ation,to and bet ween doubl e ers of radial
magnet s e34MEPlaTeAbedimSNt, figgnateral 33 gluginyn. ﬁB@H@FF@PWXS@LﬁWW Hednegieteased
power density over an exenplary enbodi ment described in Figures 2a and 2b,

i s genenrat @k-cdrth pameranplagngts dmzodixempiary embetiment shaft 2L isatiaghedhelar 312
made of high nagnetically perneable material is used to protect the coils
and r edyze Habe224e v eh axeeplafy smmtgdahérn, 4 fispmouhting ting DEF isianacledse finmdast i c
flux density in the coils i.e. in order to further "pull"™ the magnetic fl ux

out war d.ooh Oﬁ%]exg&? ﬁ&%ﬁﬂéﬁ énd %Q)dnﬁng AP 038 dofecEb b adié IndAP B duBhRURE a

tube 322 having a electrical resistance. In an exenpl ary enbodi nent,

coils 3 per and tube 322 is conposed of
%rrxéll gf ﬁ’e M %&%gfweg@g :

pol yoxy n~an~exenpl ary enbodi nent, the pol yoxynethyl ene tube is
connect ed to a second base 325. In an exenplary enbodi nent, a second

nount i nq0e27 QA s3Rahesexetripheiie tllisaasé ¢oRGute ead2omagmetsedl lexamipxdd ynagnets
enbodi ment, second nounting ring 323 connects to an autonobile frane, i.e.,

the sprung pweé Gingel il iQXFITH @ﬂwf&e&qﬁag&&tzuwﬂdszﬁ%lfa%g ca@eaeted to a
rectifier set-up. 10035] For exanple, when shock absorber 0O is placed in

an aut onpgil e, ?ﬂ%ﬁﬁ?&sﬂﬁpm ctk%vq%e Rl fep ckist gﬁg ONE] BAn Y ShHRy due
to road lrregu I'ties or during acce era on an ng, cause t e %oi |
assenbl y
emebo 1ment rtaoé/o%c{algltn[: %lutaetf Icy 1ndter 2 {'maga g 1g %1aag%§t‘1a nHy %ermeab € matenal 18
used to protect the coils and reduce the reluctance of magnetic loops, to further increase

magnetic flux density in the coils i.e. in order to further “pull” the magnetic flux outward.

[0028] Coil assembly 220 is composed of coils 221 wound around a tube 222 having a high
electrical resistance. In an exemplary embodiment, coils 221 are composed of copper-and tube
222 is composed of polyoxymethylene. In an exemplary embodiment, tube 222 is connected
to a second base 225. In an exemplary embodiment, a second mounting ring 223 is attached to
second base 225. In an exemplary embodiment, second mounting ring 223 connects to an
automobile frame, i.e., the sprung weight. In an exemplary embodiment, coils 221 are

connected to a rectifier set-up.

[0029] For example, when shock absorber 200 is placed in an automobile suspension system,
vibrations in the suspension system, due to road irregularities or during acceleration and
braking, cause the coil assembly 220 to move in relation to the magnetic assembly 210 i.e.

compression and extension cycles, thus generating an electromotive force, which can then be
-10 -



WO 2012/ 015488PCT/ US2011/ 024699 conpressi on and extension cycles, thus
generating an electronotive force, which can then be used to recharge the
aut onobi w002ats4s8y. [ 0036] Alternatively, the arrangemremusediioagpoal and
axi al magnets, shown in Figures 2a, 2b and 3, are arranged as shown in
Figure 5. Specifically, radial rare-earth magnets 502 are dinensioned to be
thi nner than the radial magnets di scl osed above with respect to Figures 2a,

2b and 3. acers 504, constructed of a material haying hjigh nagnetic

per roabibed ) Techapecibe ppgmobiF 8 e RCTHS CPRa o A FRoH8net s
502 so that the stacked assenbly of the radial rare-earth magnet 502 and

t he spacerersaakiesatingecusignb(‘Wéi ghthesgenamfedodhhagses Hirowahpeectligomd viga ot her
words, the annul ar radi al nagnet 502 includes an inlayed spacer 504, having
an annulreatifeht@meprotéss getsasavatedito divedt caspetgf’DOY’). tSubsagjoadilyy atpower of r adi al
magnet 502 and spacer 504 is identical to the cross-sectional aspect of the

axi al meghedtebR0ch Bs 4 DA tollhE copthterlis GRENS RthithiAR akbIaREItidRefoP a7 LiAE a
di aneter of the conbi ned radial nmagnet 502 and spacer 504 is the sane as

the I eSREALIGGUMRLEhS anS%Jg&gg@iag%eﬁBQ&‘i 7t 00 Ao Il SR e e ear th

magnet s magnet s acers 504 are positioned between an

ar T angeERtceenbin 4 B a2p T BEO Lt BRI 05 bl Soibehiof bfieh g,

enbodi ment of Figure 3, the radial rare-earth nmagnets in both |ayers can be
r epl acedh#igeh? Epecas eH B8 SBAHI 4 8MB%wn in Figure 5. [0038] The stacked
assenbly of the radial rare-earth magnet 502 and the spacer 504, shown in

a | e- ¢ . | 04, sh
9 e oo 420l S0HBL HodhTih @ SRR PBELOIRRAE FadNSky than 2

full are-ea magnet at st gnificant uced cost. The

advant ages, are obt aj.ned because iron has a greater perneability than
rare- ea%feﬁuﬂttyegﬁpglaé?g gﬁ)@ﬁ a§§mﬁﬁFeB, used for rare-earth -13-

[0031] In an exemplary automotive implementation of the disclosed technology, shock
absorber 300 converts a kinetic energy of suspension vibration between a wheel and a sprung
mass into useful electrical power. In an exemplary embodiment, shock absorber 300 includes
a magnet assembly 310 moveable in relation to a coil assembly 320 in direction V. In an
exemplary embodiment, shock absorber 300 includes a coil assembly 320 movable in relation
to a magnet assembly 310 in direction V. In an exemplary embodiment, magnet assembly 310

and coil assembly 320 are both movable in relation to each other.

[0032] In an exemplary embodiment, magnet assembly 310 is composed of double layers
(inner and outer) of radial magnets 311.a and axial magnets 311.b stacked on a shaft 313 of
high reluctance material. In an exemplary embodiment, the material is aluminum. In an
exemplary embodiment, the magnets are rare-earth permanent magnets. In an exemplary

embodiment, shaft 313 is attached to a first base 324. In an exemplary embodiment, a first
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per mmnent magnets. Mreover, iron is significantly | ess expensive than
rare-earth permanent nagnets. Thus, a cost savings can be realized by using
smal | er dwoessyomsd radi al rare-earth nagnets 502 with POE/GSp@EML89504 over
using full height radial rare-earth nmagnets in the configurations shown in
Figures 2a, 2b and 3. [0039] Figure 4 synbolically illustrates an exenplary
enbodi nent of a gear-based electricity generating shock absorber. Shock

absor ber 400, i ncl S an oufer.case 4 and an inner case 410. [0040] In an
exenpl aﬂ’}”@ﬂﬁ%&ﬁ“&gﬁg Is %}wﬁ?é @§§éta‘@i®3%4?épaaé§efapltﬁ“6¥o% ImgRt mpYRing WL% hed
to inner surface of outer case 410 via a first base 412. A first nounting

ri ng 41B1p sornectsthed axls, agpr b eBiomOive adeclof.c.olicanspasg waiht. [ 0041] In an
exenpl ary enbodi nent, inner case 420 includes a toothed pinion 424, which

IS mou nt[ﬁ(g’:?ﬂ Fupfe l%%{r? éir: Fa{&n | gx{atggeftfgif?iﬁ g aﬁg %n%l%l} %ﬁégn &8990 h@%nraﬁgé%l ﬁl&@ Iliiecg-r

converti I near ona nce, since°ve

vibration is _periodic |lin not | the vibration is converted Jjnto

ot at | oRHIeS R PIBFAMREHE ShbdaReAl ﬂbﬁaca%&ﬁacgf%l%o fegiregiét pghefic Siuxiig s
travel , against pinion 424, causing pinion 424 to rotate on its axis. First
end of felackwisstaaflcoumtgr-ploclawise dhieddions 3 46.da g examplaniemaiivant aneailssdif ace
of inner case 420. [0042] In an exenplary enbodi nent, a bevel gear 425.a

engages vibrbe\e relgidar to428 betwedeh ldonbla ldyevedf rgdial hegned? Dl 1 . Bemdedxigemagnd@5. a i s
mounted on a second end of first shaft 423. Bevel gear 425.b is nounted on

a secondemda afagAetieG@N dvidiahds ifdctbasell hawbesenkRy avércahag&b@?&lry MbedinkaB. As
bevel gear 425.a transfers rotational notion fromrack 413 and pinion 424

oo, igfres’RlAH LB bl lifheftt, hQbAdnek Alter
L0 bev Cluediftq §2Figfroc Al ALBNR e MRLAL, 3R S flaky Ebdifhct, KA Blicr
cylinder 312 made of high magnetically permeable material is used to protect the coils and

reduce the reluctance of magnetic loops, to further increase magnetic flux density in the coils

i.e. in order to further “pull” the magnetic flux outward.

[0034] Coil assembly 320 is composed of coils 321 wound around a tube 322 having a high
electrical resistance. In an exemplary embodiment, coils 321 are composed of copper and tube
322 is composed of polyoxymethylene. In an exemplary embodiment, the polyoxymethylene
tube is connected to a second base 325. In an exemplary embodiment, a second mounting ring
323 is attached to second base 325. In an exemplary embodiment, second mounting ring 323
connects to an automobile frame, i.e., the sprung weight. In an exemplary embodiment, coils

321 are connected to a rectifier set-up.

[0035] For example, when shock absorber 300 is placed in an automobile suspension system,
vibrations in the suspension system, due to road irregularities or during acceleration and

braking, cause the coil assembly 320 to move in relation to the magnetic assembly 310 i.e.

-12 -



attaches notor 428 to second shaft 426. A second nmounting ring 421 is
attached to an outer surface of inner case 420. [0043] In an exenplary
enbodi nerwp 204245488t at i onal notor 428 is driven by rackPdI8sand/opicad on 424
via bevel gear 425.a and 425.b, rotational notor 428 generates a back

el ectronotive force, thus producing electricity. Wile in the typical shock
absorber, the electronotive force acts as the danping force as the
vibration is mtigated by dissipating the vibration energy into heat, shock
absor becompres§ippaad pEansien ?ﬁcﬂqsgglﬁé geyatyiesAs EANOMY VA Or\‘igb"f’@&i‘ Vith ‘g‘ﬁ’é P‘@y
into electric energy. [0044] Exenplary enbodi nents of electricity

gener at iusgyl ®hrediargiothe rhion®briwisibatény. or enhance the required suspension
danpi ng performance and provide an effective way to adjust the suspension

danpi ng rding.to. driver need. or. read condjtions, [t her. the

i brat P SR Al Rsp e narec B i Ao RREL e PR sV DRI 2y 2

el ectrici tg- generating shock absorbers _(lg,an provi de back el ect r%ga netic
force, aBfPnyeasangrd BShpVAY Bievrohrpssilicgliy gadialra-cagh apagngis,) di ment s
of electricity generating shock absorbers enable enerqy harvesting in a
typi cal dpaesséongdrto beHiintes thestthereadisd magneie disslosedabpyreviBrigepectio ewee2as a
vehicle alternator as under normal driving conditions. Mrreover, the

gener at o8 4pa¥elparis 308, ueidutted ohangeral hatihghigh nppretic péreneabidict suchak
accessories, such as lights or radio, or drive the wheels of a hybrid

vehi cl €., J0Q4%lacket 5116 the BURIRIALKEARBELTEN S Ot 1Bk SGEKdddstemEgREHRL | Ng
shock absorbers enable an easy inplenentation of regenerative active

I
suspensi_on;;.a._conhi i r tq act L ve; i
cont  of kA S BlieE 0 i ERE Skl 4 b SR 1 Kb HR AR et
shock absorpers are refrofittabl.e, whi a it can he use [ _new cars,
or just 5@8- &éﬁﬁ%“c"é"r@ﬁé{l? -a[rir%chgq m@g@ﬁ%ﬁ@ﬂl@g%a%@qypggpaqeﬁg Q%gxagggsapi ng
cars. [0046] It should further be known that the present invention is not

| i mi t ed anoulapghiape athegwossrreptinnet aspes; of|teescorpbippiéqn ofirpdialmagnet PR3 ayd spacer
generating shock absorber can be advantageously utilized in any application
wher e suioBiicidentical idthatcrassabctfonnlaspee o ther axéal magnot Yloanahas theneenghbck
absorbers. In all enbodinments, the electricity generating shock absorbers

of the ppea@pldidntertndahe aiiteide diendac it aentinepanlay neigaad 0l andspaerbiiat e
the | oads and forces experienced by the electricity generating shock

abs or Ders lelahds R fob sailiof didfildrCat hofiallitignerany speci fic val ues pr ovi ded

in the disclosure a are 1 ntended for ustrative conveni ence only and
shoul d not be taken as the full range of values acceptable for inplenenting
t he pr eq§0637]i Fheentiabrare-earth magnets 502, Axial magnets 506 and spacers 504 are positioned

between an aluminum shaft 508 and linearly disposed coils 510 similar to the arrangement
shown in Figures 2a and 2b. Moreover, in the double layer embodiment of Figure 3, the radial
rare-earth magnets in both layers can be replaced with the stacked assembly shown in Figure

5.

[0038] The stacked assembly of the radial rare-earth magnet 502 and the spacer 504, shown in
Figure 5, advantageously similar or even higher magnetic density than a full height radial
rare-earth magnet at a significantly reduced cost. The advantages are obtained because iron

has a greater permeability than rare-earth materials, such as NdFeB, used for rare-earth
-13 -



[0047] In contrast to other regenerative shock absorbers, exenplary

enbodi nents of electricity generating shock absorbers have hi gh energy
density, wowoaiigts8 and good conpactness. Unli ke bal | - sec@wsh@smedesy st ens,
exenpl ary enbodi nents of electricity generating shock absorber al so have
little interference with vehicle dynamcs. CLAIMS What is clainmed is: 1.
An el ectricity generating shock absorber conpri sing: a coil assenbly
having a |l ength of electrically conducti mat eri al apped around an

out si de PFERRFEE BRgneth Merrsry, 50n ’éﬁ&“lﬁf,%ca&? fgéFSﬁ SXRENVE \é\({?éﬂg’i?r Rgfmanent
electrically resistant material; a magnet unit forned of at |east one
annul ar resgngls. Hewgnacost savings can be realized by using smaller dimensioned radial rare-earth

magnets 502 with the spacers 504 over using full height radial rare-earth magnets in the

configurations shown in Figures 2a, 2b and 3.

[0039] Figure 4 symbolically illustrates an exemplary embodiment of a gear-based electricity
generating shock absorber. Shock absorber 400 includes an outer case 410 and an inner case

410.

[0040] In an exemplary embodiment, outer case 410 includes a toothed rack 413 attached to
inner surface of outer case 410 via a first base 412. A first mounting ring 411 is attached to an

outer surface of outer case 410.

[0041] In an exemplary embodiment, inner case 420 includes a toothed pinion 424, which is
mounted near a first end of a first shaft 423, engaging rack 413 for converting linear motion
into rotational motion. Hence, since vehicle vibration is periodic linear motion, the vibration
is converted into rotational motion via the movement of rack 413 up to the limit of its travel,
against pinion 424, causing pinion 424 to rotate on its axis. First end of first shaft 423 is

attached to a base 422 mounted on inner surface of inner case 420.

[0042] In an exemplary embodiment, a bevel gear 425.a engages a bevel gear 425.b within a

~ bevel gearbox 429. Bevel gear 425.a is mounted on a second end of first shaft 423. Bevel gear
425.b is mounted on a second end of a second shaft 426 attached to a rotational motor 428. As
bevel gear 425.a transfers rotational motion from rack 413 and pinion 424 to bevel gear 426.b,

rotational motor 428 is driven via a rotation of second shaft 426 about its axis. A coupler 427
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a central shaft having a magnetic reluctance on which a plurality of the
magnet units are nounted, the central shaft dinensioned for insertion

t hrough awoentvw@b488peni ng of the at | east one annul ar aPCaluspeigie4699 t he
central shaft conmbined with the plurality of magnet units form ng a nmagnet
assenbly di mensioned to slideably insert into a central cavity of the

hol | ow tube; and a cylindrical shell having a first end attached to a
term nal end of the nagnet ass y, the cylindrical,_ shell extending a

| engt h GHAEHES TALEHAAS 10 Secaid Shatt 5% A SACPRAFIOCRITEHAS 2 hiAAGHSRH o AR UET

di ameter sized to slideably accommpdate an outside diameter of the coi
assenbl ypurfage of iveer ¢peecd20i ci t y generating shock absorber of claim1, wherein
adj acent magnet units di sposed on the central shaft are oriented with like

I j i ini _
pol es 6@%{@ elﬁ %f[ %XQ&I@S{}? en%ié(ﬁi?lgrrl ¢ gﬂ&%%@%{thogﬁg&ﬁfog %b %gsg@r%ﬁrb%trgg( JW%

annul ar or e a mat é netic’pernmeability.
3. The electricity ner at | shock absarber of glaim1l erein the nagnet
it conton $25v2he Vel a3 P ‘?ﬁ%@%?n pton e iese e annul ar
axial magnet. - 17- 4. The electquithgenprating shock absorber of claim
3, wher elestraaotive frcerdlapsarodusingelentspits SMhibmintthe typéaat shack hsgrberathe di sposed
wth a reflected orientation with respect to each ot her.
electromotive force acts as the damping force as the vibration is mitigated by dissipating the
vibration energy into heat, shock absorber 400 vibration is mitigated by dissipating the

vibration energy into electric energy.

[0044] Exemplary embodiments of electricity generating shock absorbers maintain or
enhance the required suspension damping performance and provide an effective way to adjust
the suspension damping according to driver need or road conditions. Furthermore, the
vibration mitigation performance is maintained or enhanced since the electricity-generating
shock absorbers can provide back electromagnetic force, acting as the damping or control
force. Also, exemplary embodiments of electricity generating shock absorbers enable energy
harvesting in a typical passenger vehicle estimated to be on the same order of scale as a
vehicle alternator as under normal driving conditions. Moreover, the generated power can be
used to charge a battery, power the electrical accessories, such as lights or radio, or drive the

wheels of a hybrid vehicle.

[0045] Further, exemplary embodiments of electricity generating shock absorbers enable an
easy implementation of regenerative active suspension: a combination of energy harvesting

and active suspension control. Additionally, exemplary embodiments of electricity generating
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5. The electricity generating shock absorber of claim4, wherein the radial
magnet includes an inlayed annul ar spacer forned of a material having a

hi gh nmagrwoi2e12pas488abi lity, the inlayed annul ar spacer RETASREI/RBSHING
different than the radial magnet. 6. The electricity generating shock
absorber of claim1, wherein the shaft is at |east partially conposed of

al um num the coil is wound around the hollow tube | ess than 301 tines and

at | east rtially conposed of copper and the t is at least partially
composedhBik BspiER BTN ERaE, which frrang e Ps wisthioradie s fguunb Belasor ber
of claim1, wherein the electrically conducting material of the coil

assenbl yhe Badipenad mispousohipele elsgries iythesiisiing egrs. 8. The el ectricity
generating shock absorber of claim7, wherein the rectifier is operably

connect 6[904#6? (:If%o%%fﬁlg%ﬁ%e%whﬂgfé 1.‘{/1% ﬁrﬂeg%rrﬁ 'in\;légﬁ ?1'*? Fseﬁ;ott rliirrﬁ{eh%{o gﬁF\Fcraﬁ&jl fjg shock

absor ber o erern e Is at l'east parti y conposed of

a magnetical |l y-per ble material. 10. The .electricit nerati ng shock
Sbsor berngpt i Feteh dhe rciiints aenspatingrPagkatsprteh et fRaEREruR: °eas
partially conposed of magnetical | y-perneable material and an inner surface
of the d¥ilizedhwrany 2ppligptian sdesmmiicigntaibration foraenara praserfrie oremtettse ghackned
with |ike-poles.

absorbers. In all embodiments, the electricity generating shock absorbers of the present

invention are intended to be properly sized to accommodate the loads and forces experienced

by the electricity generating shock absorbers in the particular application. Thus, any specific

values provided in the disclosure above, are intended for illustrative convenience only and

should not be taken as the full range of values acceptable for implementing the present

invention.

[0047] In contrast to other regenerative shock absorbers, exemplary embodiments of
electricity generating shock absorbers have high energy density, low weight and good
compactness. Unlike ball-screw based systems, exemplary embodiments of electricity

generating shock absorber also have little interference with vehicle dynamics.

-16 -



11. The electricity generating shock absorber of claim1, wherein the
termnal end of the nagnet assenbly is securely attached to a first

nmount i ng wongireomsect able to a vehicle axle. 12. The elP€TIUSREi11094699
generating shock absorber of claim 11, wherein the holl ow tube includes a
second mounting ring securely attached to a termnal end of the hollow tube
opposite the magnet assenbly insertion end, the second nmounting ring being
connectable to a vehicle franme. 13. The electricity generating shock
absorber of claim1, wherein el ectrcebdIMS voltage is generated as the
magnet assenbly is noved in relation to the coil assenbly during a
conpr essipn ;8pd;Sxfgnsi on cycles, the el ectronotive voltage serving as a
danping force to reduce vibration. 14. A method of manufacturing an

el ectri cli' teégt%?%ﬁi%&;%%%ﬁ%ﬁg%éh%?Sa%otf'?éf’cokqlﬁaieﬁ? hod conprising: w nding a

coi | kat I I"ow "t ube g an electrical resistance;
stacking a first pair, of pernmanent nets, on shaft having a magnetic
rel uct ance; th?F'@n]?l}‘lga‘é‘Péé %?%Pg‘?%gcqlfﬁyewﬁ‘g%%%atﬁa e Bl?fidoaﬁg @

hol  ow cavity of the hollow tube; attaching the shaft to a first base;
outside perimeter, and along a length, of a hollow tube formed of electrically resistant

material;

a magnet unit formed of at least one annular axial magnet;

a central shaft having a magnetic reluctance on which a plurality of the magnet units
are mounted, the central shaft dimensioned for insertion through a central opening of the at
least one annular axial magnet, the central shaft combined with the plurality of magnet units
forming a magnet assembly dimensioned to slideably insert into a central cavity of the hollow
tube; and

a cylindrical shell having a first end attached to a terminal end of the magnet
assembly, the cylindrical shell extending a length of the magnet assembly, the cylindrical
shell having an inner diameter sized to slideably accommodate an outside diameter of the coil

assembly.

2. The electricity generating shock absorber of claim 1, wherein adjacent magnet units
disposed on the central shaft are oriented with like poles facing each other, adjacent magnet
units being separated by an annular spacer formed of a material having a high magnetic

permeability.

3. The electricity generating shock absorber of claim 1, wherein the magnet unit consists of

an annular radial magnet and the at least one annular axial magnet.
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separating the first pair of magnets between each other on the shaft by a
first magnetically-pem eabl e spacer; aligning the first pair of magnets

with |i kewpabe#i1f48i ng each ot her; and encapsul at iPag/sRl1O2899 a part
of the wound coil via a concentric outer cylinder attached at one end to
the first base. 15. The method of claim 14, wherein the shaft is at |east
partially conposed of alum num the coil is wound around the holl ow tube

| ess than 1 times, the coil is at |east partially conposed of copper and
the-tund-i SasieqEEEY kel ot CaRpmeEa trthor Yis ety Paasenchgidrhe

met hod of claim 14, further conprising connecting the coil to a rectifier,
wher ei n d9pesgd qusthe gertral shatherg dispesedonith r sdlected osignigfionsgiiaesperiiogacixi al
magnet and the cylinder is at |east partially conposed of a

magnet i odhdry- perneabl e material and the first pair of nmagnets and the first
spacer are ring-shaped. 17. The nmethod of claim 16, wherein an outer

surface of . the cvlinder is at l.egst .parti.ally c 0sed of .

mmgnet | cal TOe Herteih peneriinerharC ARp RARE Be ¥ r SRERGRRT redil pragneidpeludiior  ses
a second pair of rjng-shaped pernmanent magnets aligned with ||ke-poles

faci ng cadnayrdanulas spacey %%é@@d af amgieatal Baving g high raagnete Ranacabiiiy t
counter-clockw se directions, the second pair of magnets separated between
each ot helpydshanauke spavdr miategiabbrape diffesgph 8tandhe tadigberageetbl y spacer, the
second pair further conprising a radial nagnet and an axi al nagnet and the

\pl)\g:J Pg g%‘ ngg%%lggthglt}ll ger{e%lltﬁltgl ) 1801E %sglq)%r 8? él\e,l\Fme T, \EJ eereifnI the gha%tnlg a% fégst%%ﬁ%ﬂgr
composed of aluminum, the coil is wound around the hollow tube less than 301 times and at

least partially composed of copper and the tube is at least partially composed of

polyoxymethylene.

7. The electricity generating shock absorber of claim 1, wherein the electrically conducting

material of the coil assembly is operably connected to a rectifier.

8. The electricity generating shock absorber of claim 7, wherein the rectifier is operably

connected to an energy storage device.

9. The electricity generating shock absorber of claim 1, wherein the cylinder is at least

partially composed of a magnetically-permeable material.

10. The electricity generating shock absorber of claim 1, wherein an outer surface of the
cylinder is at least partially composed of magnetically-permeable material and an inner
surface of the cylinder having a second plurality of annular magnet units aligned with like-

poles.
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18. The method of claim 14, further conprising attaching the first base to
a first nounting ring connectable to a vehicle axle, wherein the tube

i ncl udes wWogerdn4sBase at one end of the tube and a sec®qd/useuNioR4sg9 ri ng
securely attached to the second base, the second nounting ring connectable
to a vehicle frame. 19. A nethod for generating electricity from
mechani cal vi brations, the nethod conpri sing: provi di ng an

el ectricity generating shock absqrber having a nagnet assenply. including a
first pdilrTelpeltrey ger@t‘@é@l@éao%%w@ﬁf g ql@lﬂéio%@eranéh%m@gﬁ@{dﬁfgﬁ%d of
magnetic reluctant material and a coil assenbly including a coil wound
around andgobtl asvembllyés $esvichattached oot filstmbuntég mngenpacctable te p vehiclgagixle. of
magnets aligned with |ike-poles facing each other, the first pair of

magnet s, i nser.tion end. of .t he .magnet . assenbl y. bei |14 . ed
"o an 18pUie SRGHEH EHE sk B UBRRr of AERES T hedSh iy SolotPbK RS b
outer cylinder encapsulating at |east a part of _th oi | assenb| t he

cyl i ndeifeNl AMHEYNGFing spaely sHachs to AR &nd a%@ﬂsﬁe@ﬁwab%@m‘)éﬂ?v fhe
insertion end; coupling a closed end of the hollow tube to a first nass,;
coupl i ngnaghet dsareblynnsenion dnd, the gecond aswmtink yingbemngswoneriaiatsa veltiele
electricity generating shock absorber providing vibration danpeni ng bet ween
the firdgtanteass and the second nass; i nducing rel ative notion between

t he magnet assenbly and the coil assenbly to generate el ectronotive voltage

inthe coil; and . . . . . . .
13. The electricity generating shock absorber of claim 1, wherein electromotive voltage is

generated as the magnet assembly is moved in relation to the coil assembly during a
compression and extension cycles, the electromotive voltage serving as a damping force to

reduce vibration.

14. A method of manufacturing an electricity generating shock absorber, the method
comprising:

winding a coil at least once around a hollow tube having an electrical resistance;

stacking a first pair of permanent magnets on a shaft having a magnetic reluctance;

adapting the stacked shaft to be moveable in relation to a hollow cavity of the hollow
tube;

attaching the shaft to a first base;

separating the first pair of magnets between each other on the shaft by a first
magnetically-permeable spacer;

aligning the first pair of magnets with like-poles facing each other; and

encapsulating at least a part of the wound coil via a concentric outer cylinder attached

at one end to the first base.
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capturing the electronotive voltage. 20. The nethod of claim 19, wherein
the shaft is at least partially conposed of alum num the coil is wound
around t hwoholdwomsBube | ess than 301 tines, the coil isPaf/use@sn24sastially
conposed of copper and the tube is at l|east partially conposed of

pol yoxynet hyl ene. 21. The nethod of claim 19, wherein the coil is operably
connected to a rectifier, the first pair of magnets conprises a radi al

magnet d.an_axi al n dth i.s | east rtj II. con osed
of ‘magnart LB wﬁlgﬁers”ﬁﬂpé B@ﬂnatﬁ St Pl epiohefliapepmiop e bieihufiy

first spacer are annul ar. he met hod of cI aim 21, wherein the radr aI
magnet CAB ML YRYNGRTOpR 3’9@6118\’76&11’%1@55%%%91 figesrdle estil i adspgmagiallyayi ng a

hi gh magnetic perneability, the inlayed annul ar spacer naterial being

di f f er ersomphsad aflveppadind thatabestat laabtepartiaiyadomypmgereof muiybxyheethydémeyed annul ar
spacer have conbi ned di nensions equivalent to respective di nrensi ons of the
axi al n h of claim 21, ere outer._.surface of the
cyli nder% fﬁ%peﬁuggso} %&Pwﬁ ﬁW Ib‘iﬂ%?é‘??%ﬂm ?8%% %ﬁ]ﬁﬁﬁﬁ@aﬁ’ &R Er i al |
an inner_ surface of the cylinder conprises a second pai r of ring-shaped
per manedtSiag A tRALAR IS GRBITINS Aok mapeat agd ﬁeerlﬁbmémqﬁa@dﬂ@rcyrl@dqrewle@r a
magnetic flux in a clockwi se and a counter-cl ockw se directions, the second
pai r of pﬁﬁ'glﬂetcslwemceftaedagmtimeﬁp@mhblomaeerriabynchﬂsé'nsmmmdfm@gﬂharaled the
magneti cal | y- pei neably spacer, the second pair of magnets further

conpr i sifitg spadendieaiingvetgped. and an axi al magnet and the wound coil novable
inrelation to and between the first and the second pairs of nagnets. 24.
The net hod_of claim 19, wherein the base end is securely attached to a
first midnfhogetodgf eBHnd 6t wheteintay quicramrfageeotthe eylingerisiah eagt pss@allyend of
the hollow tube is securely attached to a second nounting ring connectable
to a velebwipesddraimeagnetiedlyrrenmeible matsrinh ge inrse swifang cdsheacydiadpi cognifrisece t o
reduce a vehicle vibration, is generated during conpression and extension
cycl es gécdnldgatlogeingishiped emendt hiagnsh alignedbsieh hies-pole@fcingieach 6gier toCi ty

generati ng shock absorber conprising:
redirect a magnetic flux in a clockwise and a counter-clockwise directions, the second pair of
magnets separated between each other by a second ring-shaped magnetically-permeably

spacer, the second pair further comprising a radial magnet and an axial magnet and the wound

coil movable in relation to and between the first and the second pairs of magnets.

18. The method of claim 14, further comprising attaching the first base to a first mounting
ring connectable to a vehicle axle, wherein the tube includes a second base at one end of the
tube and a second mounting ring securely attached to the second base, the second mounting

ring connectable to a vehicle frame.

19. A method for generating electricity from mechanical vibrations, the method comprising:

-20 -



a first case conprising: a rack attached to the inner surface of the

first case; and a second case conpri sing: a pinion in
contact wohotdas48ack and attached to the inner surfacePefi/ish@19es0nd case
via a first shaft nounted on a first base, a bevel gear box

conprising a first and second bevel gear in contact with each other, the
first bevel gear nounted on the fi rst shaft, the second gear nounted on a

second shaft coup led via a. coug er. %l rgta.%) 3Wal not or ﬂttac d to the
i nner surfacé O ’t“ﬁémf CBIH gqagrating grock RS avingia PagnshasssiPly shock
absorber of claim25, further conprising a first nmounting ring attached to
an out erdndydingadirgares magnels stagkssl hosirontaliy alowe apbafi conuried 9T magaetifed to
an outer surface of the second case, wherein the rack is attached to the
i nner sueligiont whtetitleantliarwil assegebly ﬁm:ha:iimg' a s¢il baged aropid a ThBowltewt avaigan
generati ng shock absorber of claim25, wherein the rotational notor is
oper abl yleaivabaisBthnt€) the fikepaif bBmagnets aligned with like-poles facing each other, the
first pair of magnets, an insertion end of the magnet assembly being slidably inserted into an
open end of the hollow tube of the coil assembly, a concentric outer cylinder encapsulating at
least a part of the coil assembly, the cylinder attached at a base end of the magnet assembly
opposite the insertion end;
coupling a closed end of the hollow tube to a first mass;
coupling the base end of the magnet assembly to a second mass, the electricity
generating shock absorber providing vibration dampening between the first mass and the
second mass;
inducing relative motion between the magnet assembly and the coil assembly to

generate electromotive voltage in the coil; and

capturing the electromotive voltage.

20. The method of claim 19, wherein the shaft is at least partially composed of aluminum, the
coil is wound around the hollow tube less than 301 times, the coil is at least partially

composed of copper and the tube is at least partially composed of polyoxymethylene.

21. The method of claim 19, wherein the coil is operably connected to a rectifier, the first pair
of magnets comprises a radial magnet and an axial magnet and the cylinder is at least partially
composed of magnetically-permeable material and the first pair of magnets and the first

spacer are annular.

-21 -



28. The electricity generating shock absorber of claim27, wherein the
rectifier is operably connected to an energy storage device.
WO 2012/015488 PCT/US2011/024699

22. The method of claim 21, wherein the radial magnet includes an inlayed annular spacer
formed of a material having a high magnetic permeability, the inlayed annular spacer material
being different than the radial magnet, the radial magnet and the inlayed annular spacer have

combined dimensions equivalent to respective dimensions of the axial magnet.

23. The method of claim 21, wherein an outer surface of the cylinder is at least partially
composed of magnetically-permeable material, an inner surface of the cylinder comprises a
second pair of ring-shaped permanent magnets aligned with like-poles facing each other to
redirect a magnetic flux in a clockwise and a counter-clockwise directions, the second pair of
magnets separated between each other by a second ring-shaped magnetically-permeably
spacer, the second pair of magnets further comprising a radial magnet and an axial magnet
and the wound coil movable in relation to and between the first and the second pairs of

magnets.

24. The method of claim 19, wherein the base end is securely attached to a first mounting ring
connectable to a vehicle axle, and the closed end of the hollow tube is securely attached to a
second mounting ring connectable to a vehicle frame, electromotive voltage, serving as a
damping force to reduce a vehicle vibration, is generated during compression and extension

cycles of the electricity generating shock absorber.

25. An electricity generating shock absorber comprising:
a first case comprising:
a rack attached to the inner surface of the first case; and

a second case comprising:
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a pinion in contact with the rack and attached to the inner surface of the second
case via a first shaft mounted on a first base,
a bevel gear box comprising a first and second beveli gear in contact with each other,
the first bevel gear mounted on the first shaft, the second gear mounted on a second shaft

coupled via a coupler to a rotational motor attached to the inner surface of the second case.

26. The electricity generating shock absorber of claim 25, further comprising a first mounting
ring attached to an outer surface of the first case and a second mounting ring attached to an
outer surface of the second case, wherein the rack is attached to the inner surface of the first

case via a first base.

27. The electricity generating shock absorber of claim 25, wherein the rotational motor is

operably connected to a rectifier.

28. The electricity generating shock absorber of claim 27, wherein the rectifier is operably

connected to an energy storage device.
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