;z{e3el Ni. 6TNGN) | A REGENERATI VE PONER SUPPLY SYSTEM FOR SHORT- TERM PONER
| NTERRUPTION Field O Invention The present invention relates generally to
a power supply system 1In particular, the invent‘mmmmmm“ﬂmmto a power
supply systemutilising regenerative power for s rt-term
uninterruptible power to a | oad. Background | ndustri.ggsuffer substanti al

| osses when power supply froma power grid experiences interrupti onk/9242003
power supply. Power dependent systens, for exanpl e automated production and

manuf acturi ng systens, suffer fromdatg | oss or process disruptions as a
result of the interruption in the power supply. Conventional

uni nt errupt, A i e used
to maintai #%?%@ﬁg%@‘@?éﬁc Lgﬁﬁgg{aﬁﬁ&%ﬁa&é@#ﬁﬁ“ﬁ event
of an interruption in the power INIERRUPIEON conventional UPSs use
batteries for energy storage. These batteries require high nmaintenance
costs. The initial investnent required to purchase such a battery-based UPS
is also hilggdrgmvp@tri&pri es used in these conventional UPSs have short life
spans. The nunber of batteries required to provide for adequate energy
st or age i SThal preseini gtventidre rdlates gensradlyctp afpowensupply eysdm.UASspagticstar] thads t o
hi gh operating co These caonvent i I tteryv-hased UPSs.al so ,produces
fox o basdd MR gy i SRRk AL P Ao S8 R sndREC soliar 1 BRI Ey ot o
that addr ehs@sertnheniiiterr@gibleygower e Riag. 10/ 02/ 2003 2 Summary Enbodi nents
of the invention are based on the principle that an AC i nduction notor
operates either in a MOTORI NG node or a RECGENERATI NG node. AC power is
suppl i ed tgy &kbBfoud@ NMotor during the MOTORING node, and the AC notor
generates regenerative AC power in the REGENERATI NG node. The regenerative
AC power is conventionally channelled to an array of resistors which acts
to dissi palt gus%rpe% SuREE NS rs%livlelogs%w’h'enT%@vecrs]ampelrloimn 8Iv threld LS THRRS ative AC
power to the artay Sf ST asistoreeuces” fot ’fu‘l‘ﬂpyy e ESVPhELSEP DI 1 Re
r egener at iinerrdglignowar poverb ewpiphent Bovadr ddpendeny apsteras), fonos@ndle attbiatede an
optim zed power, supply system configuration to fully | everage on the
regener at iR ts&eorba%gma%f%agﬂ%swm & fifom fAapdoss wapchwrfﬁ?rﬁm@é 38 dppl y.
Coupl i ng q.egugqgtmqte@mgp&p{nt;,pp@\,é;rs{l}gm%y inverter and a secondary inverter
respectively allows power to be drawn by the primary and secondary
inverters froma comopn energy store. The | oad uses power converted from
t he common. ener tore. the t he, ener ore i and .t he
pover r equiTag e G Eui e S P SRy RudiopieFRE PO R R LS whie
secondary tb misintaiir shef pavedri supplyotot sivhspowen depemiene systedns\(& fevevenaofl avi ce
versa. The notor al so draws rPp(;é(]wer fromthe common energy store during
nor mal  opdPSIHRPTIB A RANSHSUPPIr i ng a power supply interruption at the
power grid, regenerative power fromthe notor is supplied to the common
energy store to maintain a NORVAL power voltage |evel at the common_ energy
store. ThelhesgyerwertigngbUBSawse balisHes B8 epereynstorgenokhese bajtesiporeguirehigh Thi s
al | ows power: Vs I [ t . en
during ¢ nonharte Bt Bl ? BRen Rred el UM Shor SR DB, oy
power suppb ylso migh: r Tipt batresiennsed Shdhiese tenventidgriak UPSsvbavesshopt! life syatserfihes onl y
required tncl)x re? \cﬁ‘ gaettesrlrc]agrréqutlrgér'c% Pov\\ﬁ e t%yggelc%{lhte energy storage is also high. The
inefficiency of conventional UPSs also leads to high operating costs. These conventional

battery-based UPSs also produces toxic gases.

Hence, this clearly affirms a need for a power supply system that addresses the foregoing

problems.
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10/ 02/ 2003 3 In.accordance with an aspect of the invention, there is

di scl osed a power supply system conprising: an energy store, the energy
store receiving and supplying DC power; a conmpensator unit, the conpensator
unit receiving AC power converted from DC power supplied by the energy
store; a first inverter nodule conprising: a first input, the first in
recei ving AC power from a power source, the received AC power bei ngl0/0 /2003
converted into DC power supplied to the energy store; and a first output,
the first output providing a continuoug supply of AC power to a |oad, the
AC power bei ng converted from DC power received fromthe energy store; and
a second |Sn nodul e conprising: a second input, the second input

recei ving AETD p r fromthe power source, the received AC power being
conver t ed HntiodirhXntp ofvete mvgpionete ﬂ)ﬁseﬂhﬂl theerigigipsd thae an aér(d irlusg@omdtodut put ,

t he second out put _ providi ppl onpensat or, uni t,
the AC poﬁ?raﬁéﬁ‘f@ercﬁn@g\il&g{ﬁ#ﬁ§n$‘% ﬂﬁ&éﬁgm&[ r'g e't*hé‘céﬁ‘é‘f‘ﬁfylsstore
wherei n shapdihep %&S&d@ﬁlwr duﬁngwM@ﬁbﬁmd& S &b mws dg&leitate% | oad,
the short-term AC power being converted from DC E wer supp by the

ener gy st aegeneBiiveACRoyeariipthecoREGENERA TIHNGwinads Wéﬁrmearttvs Pdf? power is
| nvent i on c%ﬁ\? V\ﬂgéanltyl c@?%‘elﬂ%ﬁ ?%'ﬂlaflr%a rof‘%s{l&on@ %Jh% %(r;seto td?ss%phtg tﬂé) J‘eggxygrﬂg/e

dr awi ngs, em fl ow suppl y
system FIpreQ Thovimnacliingl of &relrsgaﬂlemtme:wa paiver o e airfaytdfeemmrdosympl y

systemin FIG 1,
y fully harnéss the use of the regenerative AC power.

Embodiments of the invention, however, utilise an optimized power supply system
configuration to fully leverage on the regenerative AC power so as to provide efficient

short-term power supply.

Coupling a load and a motor to a primary inverter and a secondary inverter respectively
allows power to be drawn by the primary and secondary inverters from a common energy
store. The load uses power converted from the common energy store. As the power at
the energy store is DC and the power required to drive the motors is AC, both the primary

and the secondary inverters function to transform DC power to AC power and vice versa.

The motor also draws power from the common energy store during normal operating
conditions. During a power supply interruption at the power grid, regenerative power
from the motor is supplied to the common energy store to maintain a NORMAL power
voltage level at the common energy store. The regenerative power supplied from the
motor is short-term. This allows power at a NORMAL voltage level to be supplied to the

load even during the power supply interruption at the utility grid.

As a majority of power supply interruptions are short-term, the power supply system is

only required to provide short-term power supply.



10/ 02/ 2003 4 FIG 3 'shows a system flow di agram of the power supply system
in FIG 1 with a power transforner and a signal filter; and FIG 4 shows a
system fl ow di agram of the power supply systemin FIG 1 with a controller.
Det ai | ed Description A power supply system for addressing the foregoing
probl ens is described hereinafter. For conveni ence, the enbodi nents of the
i nvention, a power supply system described hereinafter refers to 10/02/2003
t hr ee- phase AC supply systens. However, the application of this invention
is not restricted to only three-phase AC supply systens but can al so be
applied to single-phase AC systens. For illustrative purposes, an

Syt om naVPRge B PR b oS e ThoB BB AelsFed s PRLFHPEB TR

primary angniphigingecondary notors decel erate when power supply thereto is
cut. Aprimary inverter drives the primary nmptor, while a secondary
inverter drived®neRESE &0HhHsrperpysinre reppiging2ad sYpPlYing DG RO WeES coupl e the DC
point of the pry R dathehitSh E&ﬁ&ﬁat%rﬂﬂe@éivnﬂ%&d‘ﬁoﬁ&%@ﬁ%ﬁ floRvSE! er
al l ows power to be cﬂannel ed ?ro the primry tor to the secondary notor,
or fromthe seqomdasupphed by theenergestord; mary notor. By attaching a flywheel
to the rotor of the se ond%r not or.. excess power from either the power
store or the pral %ﬁtrli}v 5t 6F° E%r%o%lg”ﬂg%d to accel erate the secondary notor
and rotational speed fakt ihp@, fHeyikteiaput récedeh® Ad pdveertffoen b pbatt @idde, tigeed of
the flywheel increases the ampunt kinetic energy stored by the flywheel.
The stored Ki né@q%veénw@g»wr:rsbfés&?%@ré%ﬁwEgdzﬂwavnm@dﬁméereaﬁrayis @l speed
of the flywheel,,gnd channeling regenerative power generated by the

decel erating secondary notor to the DC bus. A first enbodi nent of the

i nvention, a power supploutmysthefir?@utpst preidingra fnBnudusaupplFloGAQpovwerc| udes
a first inverter dul e 2 a _conpensat or unit 2 and a seco i nverter
modul 6 26, Bot P hE A PSR R TR ativerh ot DG B R Rh et 8 roctul e
26, receives echbrg93Mo2f)@ad5 AC power from a power source 28, the power
source 28 being part_.of a power utility grid. The first inverter nodule 22
has a first ingucay iPEEEr (iodye AeMBERiBE from the power source 28, a first
capaci tor bank 32 cQni@bf Hpuflint 88&hdARFuCRBAFNE Ae éﬁwér robrl FIRE pOWLrPUL 34
provi ding a conti nuous supply of AC power to a | o0ad 36. The secohd I nverter
nmodul e 26 is sismincartht gedeived fAC powienbeing epnvestdd limso 22C power supplich o thesecond
i nput 38 receiving AC power fromthe power source 28, a second capacitor
bank 40 conpri ki ySPré;ta\rll\?east one capacitor, and a second output 42

suppl yi ng AC pover taGetdid o0 ans adcond bitphit p2dvidihpa spppRiof BPRYwer 3y tHeem 20
further contains a DC bus, 44 extending.fromthe {irst capacitar bank 32 to
the second cap&CMParsaipsRityde AfhRovRs Bhing convertedirerd Ifo PAWEHEECE!Y §ds from
capaci tor bank {g2e dihye, second capacitor bank 40 in parallel. The first
capaci tor bank 32, tThe second capacitor bank 40 and the DC bus 44 form an
energy store 45vHexin sherbiain ACHwwWer is supnphiod droat theplrst eutpyt tothe tesd, 6nt ai ns
a first regtif] . i rst ] t first
capaci tor %éﬁéé@é%@%?%@g Cérnglgt?% ?%%%L#V&%CSP #’Ig{r%étoty 319 %g fsgoﬁ% AC power
received fromthe first input 30 into DC power provided to the first

capacitor bank 32. Simlar to the first inverter nodule 22, the second

i nverter ndeh Ressrption Ofdheyavingss a second rectifier 48 coupled to both
the secondehhRithens ot hbéhiDR GRdesc ARRChd:QhaRa it ferd 8 16 afoRtowaipt | Fier
48 functions to transform AC power received fromthe second input 38 into
DC power phawingadnwhichhe second capacitor bank 40. The conpensator unit 24
includes a first AC notor 50 having a stator 52 and a rotor 54. The first
AC nmotor 50 is a three-phase induction notor wherein the rotor 54 is

coupl ed t cFIGhé shéwed Dsystezh fléw iiagrineef a pdvdrsuppdyisgsedn;t o t he rotor 54 of the
first AC notor 50. The flywheel 56 is a weight that has preferably been
dynam cal | y bal anced. Power supplied fromthe second output 42 to the first
AC not or 5@, Qtsﬁé\hé)é‘ﬁibhl&'laﬁéea&ir@ﬁﬁéia%ﬁ% dfhOpovast sapfly byknl mymyeel 56. The
inertia of the flywheel 56 enables The storing or expending of kinetic
energy when the flywheel is respectively accelerating or decel erating.

10/ 02/ 2003 6 The first inverter nodule 22 further includes a first power
inverter 58. The first power inverter 58 converts DC power received from
the energy store 45 into AC power. The first power inverter 58 controls the
frequency of AC power supplied to the load 36. During a H GH or a NORVAL
power supply voltage | evel condition fromthe power source 28, the first
power inverter 58 continues to supply power to the |oad 36 at a NORVAL
vol t age | evel



The second inverter nodule 26 further includes a second power inverter 60.
The second power inverter 60 converts DC power received fromthe energy
store 45 into AC power. The second power inverter 60 controls the frequency
of power supplied to the first AC notor 50, and therefore consequently
regul ating the rotational speed of the flywheel 56. In the event of a H CH
power supply voltage | evel condition at the power source 28, the sebyp#2003
power inverter 60 accelerates the rotational speed of the flywheel 56. An
AC notor operates in either a MOTORI NGgmode or a REGENERATI NG node. For
illustrative purposes, the AC notor is used in, for exanple, an elevator
shaft for e, hpisting of .an el evatar. cage. In.the exanple, hereinafter
nown as. (110 3PBUR Bvisth AR e o8 e R st S BrRCE A M bR

el evat or ap@sfonné 2t atsii@abfild@f agnd to the rotor of the AC notor. The
rotation of the rotor in the forward or reverse direction respectively
results in the coiling or uncoiling of the cable around the rotor of the AC
notor. As e tor t4 f vat age,
forward t oélg}UéA@s? q‘}egxésg?lsl%e}ﬁcﬂed&ygt}&%%%%g? g? gé‘wgrf LL&%@ g\)etérrrlgtq %%{IéTﬁe‘g{&}t%rmt or
oper at es icontrbierMOTORI NG node when it rotates in the forward direction to
el evate the el evator cage. Conversely, the AC notor operates in the
REGENERATI NG node when it rotates in the reverse direction to | ower the

el evat or p@giledPeRPiplioni S supplied to the AC notor during the MOTORI NG

node, whereas, regenerative AC power is generated by the AC notor during
t he REGENERRIVRGUPBHESYSSIh{qr addtessipg, the foregping probiemp s daserikeddierainadiopl e, t he

first AC . r i I . t 4e 40 S

pr oduced g%%gﬁrééeg%egl?%rtﬂégﬁlg?&{'ﬁggfl rsﬁxg&&}igfp@%ﬁgﬁg\éﬁ%’r%%&ri ng
t he rot at ilereimdftet hefefs| tpwheelphdse AG supely fsgstevas.d Hbiwemet, ittenapplibationi ofsthisAC
nmot or 50 r.ecei.ves Al r.fro he second output 42 |n the ORI.NG npde
S ar y RS e RBIR TR TBVERGTDlY queis bl o b e apP i
stator 52 t@%ingh?ﬂ‘ahdﬁ.c shétemi®t or 50 during the rotation of the flywheel 56
in the forwar irection. The first AC notor 50 supplies regenerative AC

power to the second output 42 in the REGENERATI NG node. A H GH AC power
supply vol it r t Sl H GH DC
pply lio@gﬁu4txecﬁd’%. ﬁﬂﬁgés, 'aﬁ Rnfbbdiniift BPWR pSQt ﬁ'ﬁp?i éfjcvﬁg\ié %)cgﬂlgd %o

power voltage condition at the energy store 45 a wer supply
vol t age cquosiet dependenttshgepdwemgsopnirnay28otoesnd & sedondary in@f¥iE wovke bothol t age

| evel condjtion at t ener store 45. ri the Hi L power
vol tage_cdhtpitaR aid Frdgidinhabh, dRslett wBh hesropRlaher P Pt K6
suppl i es Afsinpeyeihvértert didvek | the t prikarfOindfor,ohile AGeeIndidt tvefter dfites the
accelerated first AC nptor 50 operates in the MOTORI NG node. However, the

second poEFordAvEReter Be reidddC PHelosiypleyho PCACIORe RIBNATHENWETIFLE AC
motor 50 dy mﬂ?aih@ottéﬂévs%naﬁ hvet@l LRSS ﬁW&'tB'b@Qh%neiéﬁ%ééﬂ%%ﬁrﬁﬁrgre 45.

The reduction of AC power decélerates the first AC notor 50, causing the
first AC rmottor tcothetsecanderyametor, rprtfhom REGENERIATY NGtardddhe pmmedyen®BEGERFRATI NG

de, the fi A 5 i AC . Th d
ouct | meeiibe R Tl 3B REBE RO SRR R SRR BRI o TPef o
first AC rpoiwef sfobe bntle PmpeWwastos ppbe @ded @ hdteletnetigysesbmlagy AotorAnNORVAL

power supply voltage |evel condition at the power, source 28 produces a
NORMAL DC 'piiteral vipFehge the flarhedndfiesedmatie thierotatiopgysreed oé t s.ﬂygglf:ﬂ t he

first powgheksVeeiHeHmondt Rinctid W&@&'b?%ﬂ HRET TIRY st6Qd kifeBE ¥RrBGspover
supplied at a 10/ 02/ 2003 8 L voltage 1evel fromthe energy store 45

duri ng t heexnarpby develeoatiog the rotational speed of the flywheel and channeling regenerative

power generated by the decelerating secondary motor to the DC bus.

A first embodiment of the invention, a power supply system 20 as seen in FIG. 1 and
FIG. 2, includes a first inverter module 22, a compensator unit 24, and a second inverter

module 26. Both the first inverter module 24 and the second inverter module 26, receives



voltage | evel condition. The second power inverter 60 is able to further
control the deceleration of the flywheel 56 during the LOWDC power voltage
|-evel condition. The conpensator unit 24 provides a controlled supply of
regenerative AC power in the REGENERATI NG node during the controlled

decel eration. The controlled supply of regenerative AC power further allows
the second power inverter 60 to convert regenerative AC power into r
in a controlled manner. The control |l ed decel eration characteristic is
pre-cal cul ated by the user of the powers supply system 20 so as to achieve a
CONSTANT DC power voltage |evel condition at the energy store 45. This
facilitates.the s |y of DC po t a CONSTANL volta evel tao.the first
pover | nvese apves B etectnibin 7y Bhetviarine 2o du BE L Aseh SRbYG | he

i nvention,gr@, power supply system 20 as seen in FIG 3, conprises of five
main elements: a first inverter nodule 22, a second inverter nodule 26, a
conpensator unit 24 and a DC bus 44. The descriptions in relation to the
circuitry i i i i LS i etageiely

descri bed Ifﬂr%n@%{eg???gpqg%%?{?nﬂg%% f(i);?{ ?ﬁg@g@%ﬁﬁ%&%i@ef er encg&%% FIG 1
and FI G Zoarce 2Bchispoapaticn baek 82 pontdihing faf legst ooeitgpatit@dandsa Goupltput 3o a

t hr ee- phase power transforner 6 hat al | ows volta of the ,AC power
suppl i ed fprr?)‘ﬁg‘l”ﬁé cf)f"t’%‘{ouﬁ)ﬁ‘fpr?bf oé‘ﬁ&tp{?WB'étocaa%%é\%?T%Sgc?lﬁﬁ@%ﬂ%‘ég’é’d? 4Rsf or mer
62 is furtibeimit@upliedfitse ivetbigMadult htad dftaintesesbgnipuf 38 teivig Aanctions
as a frequency interference filter to pass desired power and to reject
spurious [ROWSF fromgihapowehsairey 3% acseeqnd rpasiige Kk 4 coppiising<f b IsagicP™er om t he
t hr ee- pha (N r I Dtﬂ?f% r
possessesscgﬁér%g%giaﬁgg%i@%éﬁg C ;}g%f%‘?ﬁ@?ﬁ%ﬁ@q—ﬁgéﬁgé%a%n yh?ar}l(%}glrn Zz\r&gnTchg filter
i s al so cqmwenkyppknsystenad0 dirthet earttaios adtfhbtd 44 edeplingfies the fitsecapagitarhi r d
enbodi nent, of .t he i nvention, .a power p S em 20.a een.in FIG 4,
conpri ses b&flk P ? 6%t}}?1§???ng|°§ﬂ%htf’%€an¥4foi f@t‘a‘%l(%\t}'égr/%e?ou ea& P@’ tg(‘zsrsécaspgﬁlé%d

i nverter ekl adf the sekBh@24pA0AG thnR 400RPARSIEL OThe! Aist cghcscbank DX, thes 44.
The descriptions in relation to the circuitry functions and circuitry

rel at i onsHepRdLaPAffor bankA9and MisiPS by 44 Farpeid snarey 15T 43 @t E1Io8&d ment ~ of t he
invention with reference to FIG 1 and FIG 2 are incorporated herein. The
power supply system 20 further includes a second AC notor 68 having a

st at or andlte first invertcFheodsbec 2h Ehrher omttains &8st sectifiché e eoyphedste botidihetfirstn not or

and i s coupl to,the.first .ou t,34.. S.m | ar..to e AC notor .desgribed in
the el evat! Lﬁgggﬂ?ﬂlt}ée ﬁ'ESL%apgggodﬁ’ngﬁgngP%brséﬁecéggr%é@Ecqoﬁlséo F\rlﬁls&sf"l\f%&rmde
when f or wagoket dceived frdmdthe vt @ehuf B0 irlte DE! pivak pefvided@o SrRqlrfttapsitobbank 68
during the rotatjion of the rotor in a forward direction. %T %c:\‘on AC
nmotor 68 r¥ceiVBYaAR HGwaist AFEHFY Fﬂ?df‘]ier%?o 18 SpPnd IRVEIIET (TR “E’U% MR ode.
The second,AfGifi0f Qe febiifidieds RGIIAL &5 bbih e REEENERDE NG sMR0G Wasdhdr ever se
torque is produced at the stator of the second AC notor 68 during the
rotation ofapaditer banlof0.i Thersecndrraetifter dBrfunetions to Tarsferat Addpoverretadreds 8
suppl i es regenerativie AC.ROWeN I b Sit t 34 1F GENERATI NG
node. The t?(g?é ¢ SS%Wgrm u%\;gr"i\{%rl)cggo‘%%%\rlgedrl{les% t?%e%éé“&té@%ﬁﬂ@gg\%}f recei ved
fromthe second AC notor 68 into DC power supplied to the energy store 45.

The power supply system 20 further includes ontroller 66 that i
pr ogr anmab! 1§, contpEnsaiRt g Adpcludesofiist 8§ mefor ﬁ%ﬁ?‘f‘?%? st aP&\?é?tPéS“'SS, t he

second pPOWRle fiBVEE nEltoB) R RAGhEBhRRWRIuCBA R B ereilBe SABLE 54%s |cBiipl&bro
continuously registers both the AC power supplhé vol tage | evel at the power

source 28 thpdtatoné2DA Slowbeelil is agpinfediielthatotard efifbe gyst Stometars0. Frism t he
register edtilﬁ&egf)g\éa {s asfé?@ééé t}x}ggbgesfrggfeiagweée’en tdpl?an%gﬁw QJlAn%Edgﬁmér%Sﬁlle%

ref erence power Vvo
from the second output 42 to the first AC motor 50 rotationally displaces the rotor 54 and

the flywheel 56. The inertia of the flywheel 56 enables the storing or expending of

kinetic energy when the flywheel is respectively accelerating or decelerating.



10/ 02/ 2003 10 In a situation where the second AC notor 68 is operating in
t he MOTORI NG node, the DC power voltage |evel at the energy store 45
beconmes | ower than the reference DC power voltage |level. The controller 66
transmts a RECENERATI NG signal to the second power inverter 60 when the
second AC notor 68 is operating in the MOTORI NG node. The second power
inverter 60 decelerates the first AC notor 52 when t he REGENERATI Ndoé(??dmﬁ
is received fromthe controller 66, causing the first AC notor 52 to
operate in the REGENERATI NG node. In agother situation where the second AC
nmotor 68 is operating in the REGENERATI NG node, the DC power voltage |evel

at the en y. st.ore 45 beco i gher than the referenc wer vol tage
Tevel o Tha tESrBr T TS o, e e ST RN PRI %, nEh L bR Fover

inverter GRyeMaens thisvese TN PoWer BEIGEd RSmithe BRREREIORD4S Thid AT FEENERATI NG
node. The second power inverter 60 accelerates the first AC notor 52 when

t he MOTORIINES Rdvepiainvarest S8ceanirely the drpatensycdntaprqwer sgppliedalgsthpdoadhdd f i r st

AC not or gﬁlﬁgyag@géﬁt& 4 mdmé@o%N@agg%uaéanem%ggﬁﬁgqmg HERReE: 2

power sup m'i s descri accor gtoan e Iment o
i nvent i on sbake 2ddtlesBisngowheinvertegii noptthusa thv supplgpswef tocibnestt Bonala

uni nterrupt power supply system Although only three enbodi nents of the
i nvent i on%i\(:)mlsl‘,(\ﬁ%g%gﬁ"&i't is apparent to one skilled in the art in view

of this disclosure that nunmerous changes and/or nodification can be nade
wi t hout departing fromthe scope and spirit of the invention. 10/ 02/ 2003
11 d ai ns The specopgvipyertsuponyle 26 Sudhar dephyrdes 8isaepnd pewshiwgiierd0orkhe sespdener gy
store recejy i - i ensat or
ni tr ccooentERE ELRRSC B HEL g reRIRE BRALP Tl md RE iR
store; a flhesecandvmvtee inventdub@ comiy theifraguermyfafmetver sypplied tchtheffirstsACi nput

recei ving AC r froma power source, .the received A we ei
converted ’?9‘?9‘8? “ﬂ6%$°?Lft%ﬁqué‘8“tfyoregﬁét‘%§ﬂpdf}tag?%’?é?eegr?g%}f tﬁwq'éefpg%t put ,
the first Iﬂ%@éﬁenﬁﬂhﬂﬂﬁiﬂ?o@eﬁ%@biﬂmge &uapiondiﬂbnéﬁhpﬁw@l%r doRrca 28pad, the
AC power being converted from power received fromthe energy store; and

a second iseeafperenivyente 60 aasnlsraienthe retadenabsnsed abihe flywheelsécond i nput
recei ving AC power fromthe power source, the received AC power being
converted into DC power supplied to the energy store; and a second out put,
t he secondArACpuotopomevatel ingithersulMG TORINGA@ogowes REGENER ATMeemsd. oforuni t |

the AC pov%ﬁllistrggi'é] %ur%?)?e‘é?ﬁ}eeﬂcf motor I:l)scuge%mﬁ[ fgregx%irrl\{)?e? aLre?éUagr]eshg t Exg%eSt ore,
hoisting of an elevator cage. In the example, hereinafter known as the elevator example,
a cable is coupled at one end to the elevator cage and at the other end to the rotor of the
AC motor. The rotation of the rotor in the forward or reverse direction respectively
results in the coiling or uncoiling of the cable around the rotor of the AC motor. As the
AC motor continuously bears the load of the elevator cage, forward torque is experienced
at the stator of the AC motor. The AC motor operates in the MOTORING mode when it
rotates in the forward direction to elevate the elevator cage. Conversely, the AC motor
operates in the REGENERATING mode when it rotates in the reverse direction to lower
the elevator cage. AC power is supplied to the AC motor during the MOTORING mode,
whereas, regenerative AC power is generated by the AC motor during the

REGENERATING mode.

Similar to the AC motor in the elevator example, the first AC motor 50 operates in the

MOTORING mode when forward torque is produced at the stator 52 of the first AC



wherein short-term AC power is supplied fromthe first output to the | oad,
the short-term AC power being converted from DC power supplied by the
energy store. 2. The power supply systemclained in claiml, the first
inverter nodule further conprising a first rectifier, the first rectifier
converting AC power received fromthe first input into DC power supplied to
the energy store. 10/ 02/ 2003 12 3. The power supply system cl ai meﬁ)/ 2312003
claim1, the second inverter nodule further conprising a second rectifier,
the second rectifier converting AC power received fromthe second input
into DC power supplied to the ener gy store. 4. The power supply system

claimed in cla erein th r th C sing a
first povvé?OtPhx%/g]fii"é?g%rf\()@Pf’?ﬁ Pgﬁ"e g\vtm) ?l(éfﬁe(#‘r‘?@ eﬁﬁfgfgp aCore
into AC pau&br S¢RREV&IAL PolvBefrbh ftisd se@wdcwtputmm fHe NEOTORIRG rhonéer t er
controlling the frequency of AC power supplied to the first output. 5. The

power supply systemclaimed in claim4, wherein the second inverter nodule

further conpghs) g?th% RSGENERRYRE hodee Fév%?se 391‘21&@ Es@rﬂ&c@@a?f?ﬁé‘%{at&%czeétv ed

fromthe energy ore into AC power sup second out put
second powhe ﬁrsnmmeuor 6@ dorigd tlhe rngatﬁdnmfftheeﬂjaelmyS@)m thﬁfqmwuﬂrdlsuqncpi i'Het to the

second out 6. The_power ste clained in cI in the
conpensat F’Stuﬁ‘lct mt%?fp?(?oﬂlﬁﬁws éggei’% (gk)to&er ﬁ%\}bﬁﬁecém %Rﬂi ‘gn % otor,
the first PEGRRERATINGHoR. t hr ee- phase i nduction notor, and the rotor being
coupled to the stator; and a flywheel nounted to the rotor of the first AC
notor, the flywheel being a dynam cally bal anced wei ght,

A HIGH AC power supply voltage level condition at the power source 28 results in a
HIGH DC power voltage condition at the energy store 45 and a LOW AC power supply
voltage condition at the power source 28 results in a LOW DC power voltage level

condition at the energy store 45.

During the HIGH or NORMAL DC power voltage condition at the energy store 45, the
second power inverter 60 supplies AC power to the first AC motor 50 to accelerate it.

The accelerated first AC motor 50 operates in the MOTORING mode.

However, the second power inverter 60 reduces the supply of AC power to the first AC
motor 50 during the LOW DC power voltage condition at the energy store 45. The
reduction of AC power decelerates the first AC motor 50, causing the first AC motor 50
to operate in the REGENERATING mode.

In the REGENERATING mode, the first AC motor 50 generates regenerative AC power.
The second power inverter 60 converts the regenerative AC power received from the first

AC motor 50 into DC power supplied to the energy store 45.

A NORMAL power supply voltage level condition at the power source 28 produces a
NORMAL DC power voltage level condition at the energy store 45. Both the first

power inverter 58 and the second power inverter 60 receive DC power supplied at a



wherein AC power supplied fromthe second output to the first AC notor
produces forward torque at the stator which rotationally displaces both the
rotor and the flywheel in a forward direction, the rotating flywheel having
inertial energy. 7. The power supply systemclained in claim®6, wherein the
first AC notor operates in a MOTORI NG node when forward torque is produced
at the stator of the first AC notor during the rotation of the fIy\/\HE@Q@%
the forward direction, the first AC notor receiving AC power fromthe
second out put in the MOTORI NG node. 10/ 02/ 2003 13 8. The power supply
systemclainmed in claim7, wherein the first AC notor operates in a
RECGENERATI e en reverse torque is pr ced tatar, of the

i rst AC MORNEAlG laEs e Bo% ftenchsres Reft 7 uifiBas the NFRng: B fower

di recti on,yolihge feldlTondiorOt O suppl yi ng regenerative AC power to the second
out put in the REGENERATI NG node. 9. The power supply systemclained in
claim8, wherein a H GH AC power supply voltage | evel condition at the
power sour I j : LE i he

Cner gy ot ort SETHE S ndebl B R R RRE e aROTLE LTy Biel

resul ts i rbéaduGy BE pONErDUopavagevdlegellevebrdidition afhet benpmmsatgy usit @de. 10.
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AC power accelerating the first AC notor and the accelerating first AC

not or  operftthergpliowstthe sqooTORPWET inerter 6910 copverisgrneraliyp ity peyer iafa PCai ned

! | ai ) : ! _ AC
Dower -t o el e At B Rl heOufilonled UEtRIcRlichtbaERy it T, BidRBlaafl A |
at the endngthessard, tht peweeshpply systeaf 206 pove rcliaced EONITANT B powat AC
not or and the decel erat.in irst AC notor..operating.in the NERATI NG
e, 15" aed B eSadlinn g b bRl Soldn i g s SonglEe EDE FONE" Becond
power i nves CONSTANEVSIfagE REENS HIR firdEpoifer RIVeREr I8aadicotqhis@ntidigad 86.st AC

notor into DC power supplied to the power store, the first AC notor
generating the regenerative AC power in the REGENERATI NG node. 10/ 02/ 2003

14 13. The YFUB Rt B ddWet lsBbdy & Al Qe power
suppl y volégg%&PevJ E:%ennc?Iict%itoénr5 at t‘ﬂg pﬂoweCr Sg}sodt]}lcgs%ro uces a mC DC
power vol teagprisesvd fiveomain tieorntat a fitseinyaeergyodsioll a sedvadfinvester podude 26,nvert er
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second power inverter further controls the deceleration of the flywheel

during t heemtodymsnt ghtheinyeationyah referenceto fdCt | e FiGh@ arpinpyneatedhetsi t
providing a controlled supply of regenerative AC power in the REGENERATI NG
nmode during the controll ed deceleration, and the controll ed supply of
r egener at i The AGt potpet 3thds wgumleh terttbrgephasepovee densfopnenes? ﬂm/eﬁ@\&‘r thent o DC
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the vol tage of the AC . . )
as a frequency interference filter to pass desired power and to reject spurious power

signal. This allows the frequency of power supplied from the three-phase power
transformer 62 to be processed so that the power possesses pure sinusoidal characteristic.
The frequency interference filter is also commonly known as an electro-magnetic

compliance filter.

A third embodiment of the invention, a power supply system 20 as seen in FIG. 4,

comprises of five main elements: a first inverter module 22, a second inverter module 26,



power received fromthe first output. 16. The power supply system cl ai ned
in claim15, wherein the power transformer is further coupled to a signal
filter, the signal filter being a frequency interference filter to pass
desired power and to reject spurious power signal so that the frequency of
power supplied by the signal filter possesses pure sinusoidal
characteristic. 17. The power supply systemclainmed in claiml13, f ub QY Prez003
conprising a second AC notor having a stator and a rotor, the second AC
nmot or being coupled to the first outputg and recei ving AC power fromthe
first output. 18. The power supply systen1c|ained in claim1l7, wherein the

d AC not t. [ OR d f d £ d d
2 the stA SISO BID3t 2663 HE TR sobnaeshe Rt ar ‘g BHE R on o

the rotor fifctidné emdegiecuitiy eelafi@Rhipk heen@gcmdcdiﬁpmmr déseﬂl@sdvnrn ghA&irgroner
fromthe first output in the MOTORI NG node. 19. The power suppl system

cl ai med i embogingang of thgfnsiention Witk refererisdo KES nbasrFlGip 2 pis lacorporaigd ERATI NG
node when reverse torque is produced at the stator of the second AC notor
during the rotation of the rotor in the forward direction, the second AC
nmot or supplhgipoger spphesyatem2) fnGhgrangndesa sebrmdfAC motanﬁt&mvin'gra statar and a

REGENERATI NG .20, T . I 9 wh
the first Bhen T RoariAC BuRart s Bhet roR R e ] skar B K s the
second AC figitdutputB40 DC power supplied to the energy store, the second AC

notor generating the regenerative AC power in the REGENERATING node. 21.
The power supply systemclainmed in claim?20, further conprising a

control | ergitifeCHRIAE! hétbr h@gcnsedoﬁpg] mmreex%ﬂglebﬁien&c&ﬂuﬂbeﬂofo? eghe ,

first power 1 nverter, the second power 1 nverter and t he power source.
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supply vol tage |evel
The second AC motor 68 further operates in a REGENERATING mode when reverse
torque is produced at the stator of the second AC motor 68 during the rotation of the rotor

in the forward direction. The second AC motor 68 supplies regenerative AC power to the
first output 34 in the REGENERATING mode.

The first power inverter 58 converts regenerative AC power received from the second AC

motor 68 into DC power supplied to the energy store 43.

The power supply system 20 further includes a controller 66 that is programmable. The
controller is coupled to the first power inverter 58, the second power inverter 60 and the

power source 28.

The controller 66 continuously registers both the AC power supply voltage level at the
power source 28 and the DC power voltage level at the energy store 45. From the
registered AC power supply voltage level, the controller generates a reference DC power

voltage level.



23. The power supply systemclained in claim?22, wherein the DC power

vol tage | evel at the energy store is lower than the reference DC power

vol tage | evel when the second AC notor is operating in the MOTORI NG node,
the controller 10/ 02/ 2003 16 transmtting a REGENERATI NG signal to the
second power inverter when the second AC notor is operating in the MITORI NG
node. 24. The power supply systemclainmed in claim23, wherein the LAUEHAe03
power inverter decelerates the first AC notor when t he REGENERATI NG si gnal
is received fromthe controller, the figst AC notor operating in the
REGENERATI NG node when decel erated. 25. The power supply systemclainmed in

claim 22, whertei.n the power, val tage J evel at th ore, i § higher
Chant o’ AEAGH Giibe R BBR T AC SR Rhefibs 1fie SRATGRRIE Tt e

oper at i ng DO pbiver REAGRZAERA NGherdagy tste a9 etdthdselowkr Biagthd tdférend IMOTORI NG
signal to the second paower inverter when the second AC notor is operating

in the REGENERXFIS kitle. The contillep dRetransmip| ) REGENFRATINGrsignpalntoc fhgi m 25,

wher ei n t Re.RAGBREr ROWRE: doTMRAUES sR6REABTAREBS 68 Repblatifl ifie TROPORNGEN t he
MOTORI NG signal is received fromthe controller, the first AC notor

oper at i ng matdet h&hd/SFORANG was dissverkee nola desleaates Khegfirst AC Afotar 62 . whehy( theA( . A(
A AL A% %ﬁGEI@ERﬁTH@éeSigAﬁaf isAreé-elf'\lzeﬁq;rL(;]% Ithe: c%rﬁtroller 66, causing the first AC motor
52 to operate in the REGENERATING mode.

In another situation where the second AC motor 68 is operating in the REGENERATING
mode, the DC power voltage level at the energy store 45 becomes higher than the
reference DC power voltage level. The controller 66 transmits a MOTORING signal to
the second power inverter 60 when the second AC motor 68 is operating in the
REGENERATING mode. The second power inverter 60 accelerates the first AC motor
52 when the MOTORING signal is received from the controller 66, causing the first AC
motor 52 to operate in the MOTORING mode.

In the foregoing manner, a power supply system is described according to an embodiment
of the invention for addressing the foregoing disadvantages of conventional
uninterruptible power supply system. Although only three embodiments of the invention
are disclosed, it is apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the scope

and spirit of the invention.
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a first output, the first output providing a continuous supply of AC
power to a load, the AC power being converted from DC power received
from the energy store; and
a second inverter module comprising:

a second input, the second input receiving AC power from the
power source, the received AC power being converted into DC power
supplied to the energy store; and

a second output, the second output providing a supply of AC
power to the compensator unit, the AC power being converted from DC
power received from the energy store,

wherein short-term AC power is supplied from the first output to the load, the
short-term AC power being converted from DC power supplied by the energy

store.

2, The power supply system claimed in claim 1, the first inverter module further
comprising a first rectifier, the first rectifier converting AC power received from

the first input into DC power supplied to the energy store.
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3. The power supply system claimed in claim 1, the second inverter module further

comprising a second rectifier, the second rectifier converting AC power received

from the second input into DC power supplied to the energy store.

4. The power supply system claimed in claim 1, wherein the first inverter module
further comprising a first power inverter converting DC power received from the
energy store into AC power supplied to the first output, the first power inverter

controlling the frequency of AC power supplied to the first output.

S. The power supply system claimed in claim 4, wherein the second inverter module
further comprising a second power inverter converting DC power received from
the energy store into AC power supplied to the second output, the second power

inverter controlling the frequency of AC power supplied to the second output.

6. The power supply system claimed in claim 5, wherein the compensator unit

comprising:

a first AC motor having a stator and a rotor, the first AC motor being a
three-phase induction motor, and the rotor being coupled to the stator; and

a flywheel mounted to the rotor of the first AC motor, the flywheel being a
dynamically balanced weight,
wherein AC power supplied from the second output to the first AC motor
produces forward torque at the stator which rotationally displaces both the rotor
and the flywheel in a forward direction, the rotating flywheel having inertial

energy.

7. The power supply system claimed in claim 6, wherein the first AC motor operates
in a MOTORING mode when forward torque is produced at the stator of the first
AC motor during the rotation of the flywheel in the forward direction, the first AC
motor receiving AC power from the second output in the MOTORING mode.
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8. The power supply system claimed in claim 7, wherein the first AC motor operates
in a REGENERATING mode when reverse torque is produced at the stator of the
first AC motor during the rotation of the flywheel in the forward direction, the
first AC motor supplying regenerative AC power to the second output in the
REGENERATING mode.

9. The power supply system claimed in claim 8, wherein a HIGH AC power supply
voltage level condition at the power séurce results in a HIGH DC power voltage
level condition at the energy store and a LOW AC power supply condition at the
power source results in a LOW DC power voltage level condition at the energy

store.

10.  The power supply system claimed in claim 9, wherein the second power inverter
supplies AC power to the first AC motor during the HIGH or a NORMAL DC
power voltage level condition at the energy store, the supplied AC power
accelerating the first AC motor and the accelerating first AC motor operating in

the MOTORING mode.

11.  The power supply system claimed in claim 10, wherein the second power inverter
reduces the supply of AC power to the first AC motor during the LOW DC power
voltage level condition at the energy store, the reduction of AC power
decelerating the first AC motor and the decelerating first AC motor operating in

the REGENERATING mode.

12.  The power supply system claimed in claim 11, wherein the second power inverter
converts regenerative AC power received from the first AC motor into DC power
supplied to the power store, the first AC motor generating the regenerative AC
power in the REGENERATING mode.
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supply voltage level condition at the power source produces a NORMAL DC
power voltage level condition at the energy store, the first power inverter and the
second power inverter receiving DC power supplied at a NORMAL voltage level

by the energy store during the NORMAL DC power voltage level condition.

14.  The power supply system claimed in claim 13, wherein the second power inverter
further controls the deceleration of the flywheel during the LOW DC power
voltage level condition, the compensator unit providing a controlled supply of
regenerative AC power in the REGENERATING mode during the controlled
deceleration, and the controlled supply of regenerative AC power being converted
by the second power inverter into DC power to achieve a CONSTANT DC power

voltage level condition at the energy store.

15.  The power supply system claimed in claim 13, wherein the first output is coupled
to a power transformer, the power transformer changing the voltage of the AC

power received from the first output.

16.  The power supply system claimed in claim 15, wherein the power transformer is
further coupled to a signal filter, the signal filter being a frequency interference
filter to pass desired power and to reject spurious power signal so that the
frequency of power supplied by the signal filter possesses pure sinusoidal

characteristic.

17.  The power supply system claimed in claim 13, further comprising a second AC
motor having a stator and a rotor, the second AC motor being coupled to the first

output and receiving AC power from the first output.

18.  The power supply system claimed in claim 17, wherein the second AC motor

operates in a MOTORING mode when forward torque is produced at the stator of
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second AC motor receiving AC power from the first output in the MOTORING

mode.

The power supply system claimed in claim 18, wherein the second AC motor
operates in a REGENERATING mode when reverse torque is produced at the
stator of the second AC motor during the rotation of the rotor in the forward
direction, the second AC motor supplying regenerative AC power to the first

output in the REGENERATING mode.

The power supply system claimed in claim 19, wherein the first power inverter
converts regenerative AC power received from the second AC motor into DC
power supplied to the energy store, the second AC motor generating the
regenerative AC power in the REGENERATING mode.

The power supply system claimed in claim 20, further comprising a controller, the
controller being programmable and being coupled to the first power inverter, the

second power inverter and the power source.

The power supply system claimed in claim 21, wherein the controller
continuously registers both the AC power supply voltage level at the power
source and the DC power voltage level at the energy store, the controller
generating a reference DC power voltage level from the registered AC power

supply voltage level.

The power supply system claimed in claim 22, wherein the DC power voltage
level at the energy store is lower than the reference DC power voltage level when

the second AC motor is operating in the MOTORING mode, the controller
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decelerates the first AC motor when the REGENERATING signal is received
from the controller, the first AC motor operating in the REGENERATING mode

when decelerated.

25.  The power supply system claimed in claim 22, wherein the DC power voltage
level at the energy store is higher than the reference DC power voltage level when
the second AC motor is operating in the REGENERATING mode, the controller
transmitting a MOTORING signal to the second power inverter when the second
AC motor is operating in the REGENERATING mode.

26.  The power supply system claimed in claim 25, wherein the second power inverter
accelerates the first AC motor when the MOTORING signal is received from the
controller, the first AC motor operating in the MOTORING mode when

accelerating.



