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PCT/ US981 27475 Technical Field The present invention relates é%n%?a#ﬁy-to 1
power con 9(3§|7 g circuits, and nore particularly) to pomeﬁcpc!gggg,ztﬂ,gni ng
circuits t tect attached | oad equi pnent from vol tage and current
surges due to, for exanple, lightning strikes or other power disturbances.
Background Art Power conditioning circuits have | ong been used to protect

sensitive | oad equi pnment fromtransi ents caused by Iightmw noi se
and ot her m%yﬂw@u@ st urbances. Traditionally, filter mm H, @m used
a

in the line conductors which trap and/or shunt upuanted power
frequenci es e | oad. See, foriexanple, Speet et al. U S. Patent
No. 4,814,941 af®®hylor et al. U S. Patent No. 5,490, 030. Muel | eman U. S.
Pat ent No. 5, 448, 443 di scl oses a power condltlonlng devi ce and net hod

i ncl udi ng an isol ation tranX0HERe CONI) QINRCAEA secondary sides and a
ground i npedance connected between the secondary side of the isolation

transforner at a.safeté around and an earth ground. The Muiel | eman device

prevents gr ps by redirecting transient ground currents to

neutral, but doesneot p&te@éirsie (iﬂ{réﬁﬁﬁ.ohi ntélagesr glétiléfab‘llji)prt&ssip(mWer

Summary of the Jl.ntention A, condl on|n C|r§U|t mpéo é)“%§§|gn
acco

yet effecti $8REH HHOR I Hafra cﬁdttsr‘an?? par aﬂ‘}gﬁftgﬂ v, ing to
one aspéct cbnﬁhelpnesgntlrnuemsl@hptappoﬁectceﬁd&@h@m Agadi regyiitpnfegt

condi ti oni nQFBand{miEB I | egngy SuPONRE gg_{é:regg% ahugom'iaw £ &£ 0¢8RMpIY e

l'ine, neutra rou conductors 1 ncl
1ghtn1ng strikes or other power disturbances.

-

Background Art .-
Power conditioning circuits have long been used to
10 protect sensitive load equipment from transients caused by
lightning strikes, noise and other power line disturbances.
Traditionally, filter elements are used in the line and
neutral conductors which trap and/or shunt unwanted power
frequencies away from the load. See, for example, Speet et
15 al. U.S. Patent No. 4,814,941 and Taylor et al. U.S. Patent
No. 5,4980,030.

Muelleman U.S. Patent No. 5,448,443 disclposes a power
conditioning devicz and method including an isolation
transformer having primary and secondary sides and a ground

20 impedance connected between the secondary side of the
isolation transformer at a safety ground and an earth
ground. The Muelleman device prevents ground current loops
by redirecting transient ground currents to neutral, but
does not provide current limiting or noise suppression.

25 Summary of the Invention
A power conditioning circuit is simple in design, yet
effective to limit damaging transients.
More particularly, according to one aspect of the
present invention, a power conditioning circuit for
30 conditioning power supplied by a power source at .a nominal
frequency over line, neutrzl and ground conductors includes
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i npedances coupled to the line, neutral and ground conductors,

respectiv to output |ines wherein each of the inped nts
power at ?%éﬁﬁéﬁ@?es greater than the nom nal frequency froﬁ?gﬁgzggﬁyﬁg t he
output lines. Preferably, the first through third inpedances conprise first
through third inductors coupled in series with the line, neutral and ground
conductors, respectively. Still further in accordance Wth the preferred
enbodi ment, 10 the inductors have substantially equal inductance values. In
accordance wth an alternative enbodinment, the first through third

i npedances conprise first through third-@apacitors coupled across the I|ine,
neutral and ground conductors. Still further in accordance with this 15
enbodi nent, the capacitors may have substantially equal capacitance val ues.
Means may befiprssyitdeepugdr thilmdt ugedencage@owl%%stq Hehe | hane neeytraind

ground condugl@r §roing Eioﬁid‘i.xic%%r@?a%iﬁéfcw*,seaﬁa le@Adu e MeiaksOXi de
varistor or at |least 20 one zener_diode. Still Turther, an autotransforner

may be coupl'B¥eERANecReChe 9% st ThAd STRAAPIGRRJREEYERRE ( ROWRE putt
lines. In actoegaeneisst hgpedtethethanpeaheof rndmenmlesefre@ientywentirom, a

power c dit{éﬁ@ﬂ@#ﬁ'iﬁgiéui 6tc99g%gioning power supplied by a power
source at a ‘nom na frequené§ over Trhe, neutral and ground conductors to a
| oad includes firRreféraply, t hehe | fhrstr stbaopeld ithixd i eimppaancas

line, neutralogpdi g&0eNdseORIHHRTS, chLsPeshhuetbrsAlcoupiRd east séPges
capacitor is cqupled between the conductors _and éhe i nductors angd the at

| east one cafphdh tidie pridfentepsFel R PERURACFRRINTESFRr FRERSEREVRL¥T nal
frequency fromreanirurgs g ldbrdance WL 9/ & Oprdferded GembdMGA8HE /475

-3510,15 20 25, 3Q 1| d i th .V t h C f .th t
nvent i B, o ROwSROBERAFE BAAY SHPARRHC T e BT ORIUCHOIE! TapBEPed by
a power source atlm romuowlardcequwinty aueraltematice r @mbaddmgndyndthe

q . . i nd I e . :
conductors 'Pf&éﬁ’ienrsnsfmfoc}uk{ %L oty %8&5?1889 E%Plégrffrget E‘ﬁgﬁxégﬁ_ethw&

conductor and a fi It ne*and a second 1| nductor cou in series
bet ween t he GRBRFAFOEBNRIRURKEBNECHEOSECOFRE odipey | PRRLralt @nd grauetor is

coupl ed in segph@SchEtdeen tBEigIOURAGRRAUCHYS Hrbsrddhdés owiewt thhg and
between the |line aid neytral uct ors.

a first_capacitor.,is coupled co A
second T pac??’%f’d?g‘eEBUplt&{f bERRREACPRE MAY: r BRVENSF adﬁiéﬁ%oﬁﬂﬁéﬁ'ors
and a third capacitancésvabupsed between the |ine and ground conductors.
The i nductors an o itaq £V, . f Le t t han
{he nom nal {1 equiREy® TR % Ak d O3, A ST CEPg o EILREES CBcPbER! Ehe
condi ti oni nglénecuneustrathans exeound neendiohorsaps Thevahinitingqueasses

and/ or shunt $9 UshmbF £LWIENCY] NeE Re Ll WERTGE NPatiBBorneY! hal 18Bdt
ground conductors so that _suc requenci es are diverted away from sensitive

| oad eqaf pnefPet 8epREVERPBanage thereto. Brief Description of the Draw ngs
Still further, an autotransformer may be coupled

between the first and second impedances and the output
lines.
In accordance with a further aspect of the present
25 invention, a power conditioning circuit for conditioning
power supplied by a power_ source at a nominal frequency
over line, neutral and ground conductors to a load includes
first through third inductors coupled in seriés with the
line, neutral and ground conductors, respectively. At
30 least one capacitor is coﬁbled between the conductors and
the inductors and the at least one capacitor prevent: power
at frequencies greater than the nominal frequency £rom
reaching the load. - -



Fig. 1 conprises a schematic diagramof a first enbodi nent of t e.grQ§gpt
invention; and Figs. 2-9 are schematic diagrans of al ternativé iEpent s
of the pregRiYoabdpyention. Brief Description of the Preferr epcfigabamnt
Referring Tirst to Fig. 1, a power conditioning circuit 20 is connected
between line, neutral and ground conductors 22, 24, 26 and output |ines 28,
30 and 32. The line, neutral and ground conductors may be connected to a
comerci al source of power r any other power source. The 1~ ,Da "c~~2
WO 991 3700? PCT/ US98r 17475 -4 output |lines 28, 30 and 32 may be connected
to one or nore | oads 34. The power conditioning circuit 20 further includes
first, second and third inductors L1, L23and L3 connected 5 in series
between the |line, neutral and ground conductors 22, 24 and 26 and the
output lines 28, 30 and 32. First{ through third capacitors Cl, C2 and C3
are connected acrigs2FFRTERREE aWYCReWEFaPDOSRSEC o) 05 £he RXeSERE ang
ground conduiiwsst¥oh, 28 poterhecomifitidning gipoadtcdmuctadi Pdonifg 26,

respectively. tignal al__oxjde varistor , .

cougled acr§§§%$ﬁeg%§gﬁggéo%¥ éﬁ,sﬁﬁg%n§°@§%e?§§%e%tuve’gﬁﬂpygyg?%%ﬁ§¥

al t hough notovetebisnei | peuthiali addcgapuady gomdactionsheingindamra £4re8 are
equal . A so DE&EEEGP! ¥oupPel Dith B@Fi&%f_%%%%eby)tﬂé‘qwaééﬁ&iétg'ﬁ;dhave

substantially equal capacitance values. Further, the netal ox|de varistors

MV1 and MO® RSt SMEPUFedingr §8defoBBRORS RAUGHRY CPuPHRAVBPt 38ELEHi kes

caused) | }‘ or Iﬁé(zﬂméﬁgﬂéy l??dd:gﬂt lﬁ:idiﬁix.ﬁitrdﬁ%ﬁf&lfh 3&&6? 1<f%x8t%wanﬁize. zl;
,typically have .breakdown, vol t ages on, t he or.der 0 - volts. Ln
contrast, the*Vva?i ﬁgPW T8siG é&%‘(ﬁaﬁot He GF&}&? I%ﬁt‘é{ﬁﬂ? t e?B?’é?di S

not exposed caonduntyper \agid agebsipikemitgnit shimg cand/ @ cBltgt hoapaaivort dge

br eakd | e 1 430 v égﬁé I trangj
appear%\g ongglrﬁ/lggg% t{%ﬁ%ﬁe@ﬂ eﬁelu%%%alﬁg%}%%%\% con ‘3%‘%%‘?% 22& %ﬁég{r}g 26
havi ng one of2PRFELPF edferfOpRIGfHoRERYESN ) thec reupral handoriifal 9¥eypacal |y

60 Hz) frequessdu@fotdeapanel EHPPHI @ApakRatR0 B4 ecahbtedatrtwierd hehe

i nductors L1-13, which have an , 3% |ncrea5|ng€|npedaace with fr quegcy. I n
addi tion, thbiRetrandi cATSUERe SABALEHCEF t he TaPactRORStRESC32RRay *RFom

t he | oads) 3dapavisddst prevehiic pied aXi feegaensiess g¥adkbdO\than nthet he

0 PR SR bl g, oo
i nduct ance and caphe€i t @ewervalernditoroning i nabrecvit LPH 3 tiel tpresent

capacitors CinGdntB¥nbe SlLChiffanifeds Areiimiitd Ngndgel’ afhiddd eslos
characteristics on the |ines 28-32. )
frequency components between the line, neutral and ground
conductors so that such frequencies are diverted away from

20 sensitive load equipment to prevent damage thereto.

Brief T o f the T .
Fig. 1 comprises a schematic diagram of a first
embodiment of the present invention; and
Figs. 2-9 are schematic diagrams of alternative
25 embodiments of the presentginvention.

_ o . ) )

Referring first to Fig. 1, a powver cénditioning
circuit 20 is connected between line, neutral and ground
conductors 22, 24, 26 and output lines 28, 30 and 32. The

30 line, neutral and ground conductors may be connected to a
commercial source of power er any other power seurce. The



5 1t should be noted that the circuit of 20 of Fig . 1 can bel Boditigd2by
omtting one or nore of the elenents therefrom Thus, for exanple, one or
nore of th ors MWW1-MWV3 nay be omitted, as may one the V
capaci tor salg@rgg&&gnd/ or one or nore of the |nduct ors L1-L3. @En'%
illustrate alternative enbodi nents of the present invention wherein

el ements common to the Figs. are assigned |like reference nunerals.
Referring first to Fig. 2, one or nore of the varistors MOW1- MOV3 nay be
replaced by a different voltage limting elenent. Thus, for 15 exanple) the
vari stor MOW3 may be replaced by a zener diode Z1. In a still further
enbodi nent of the present invention as seeA-in Fig. 3, any or all of the
vari stors MOV1-MOV3 may be replaced by conbinations of voltage controlling
devi ces, for exanple, back-to-back series-connected zener 20 di odes Z2 and
73. Zener di o@u&PHSsLEREHeaSiin 30hRESTE™n SR Ye R | ORISRt ¢ LMY A% MATDnal
vol t age | evel 3.0 @4 hat the zener d| odes are not capabl e of dissipati ng

| arge anmounts of p but |nst are i nt.ende provide_very pr

| ow | evel voltage g*%vp? rlung n S5 X3P |£% Fgﬁgg%q&‘%lﬁﬁf = ge
anount s of pomrsh.sssqzzacmcbramﬁshshdub.ddbems‘edLnlnsﬂ.@a@nﬂ‘ LiBe resmrh

The precige, lgwd é‘%’ éE@?ﬁn #ﬁgpﬂ_g‘epe eRerad %d géff%%pzf. cat | ons 11’

enabl es vol t age oad roun n co

| evel voltage :an%‘} n@n6n2t5h@fl§3rdthﬁj ¢®'§P@O isnesgpa vaﬁpya@évéﬁt -agdOESt

because gr ound:retdugﬁ @hicthar eaph¥it8rk helm es %@0@5%&@ advhriecddte s a
potential sour d

amaln vol t age es. Fig. il.lust ,rates
enbodi ment vvh BET3H 8911%\?69?8%(12%“ {3 'baF(,’ke da ground
series- connectuedadzmr;elrs 22 ~28~an8 the?n¥irHal 3£1QD7grcﬁ;xB:Tddjﬁ§iﬂ:Jr2ﬁﬁs7524

di odes 29 and 46 whcheat e, gopnect od. aeross el | 085028.80 3ol fude! e

in any e od| nent parr odes™ nay. connected

across the |idV2angnMO¥3 @reacuyslathacrors Je fapdRiyerns ¢i.g.Co and ch
zener 5 di odeg7 @i N\,ﬁl youpl ed between the Iines 30 and 32). Fig. 7
illustrates an enbodl ment erei n back-to-back zener diodes Z9 and Z10 are

connect ed in seri eFERIFAPI e 3LERAALIBr 805 NAGRSFRTIAY b4dIe tHRINRIAT er
di odes 711 andraalﬂasaroef wa&i@fbddr§ma§3 e SEqudle. cmrcbtctpu‘ésfe’ifhtmd 10

32. Referydng t.0 one or ener di odes_or It e
limting le"g1 erre{ﬁ f‘%e c&ﬁ?@ﬁs&f ?)oss & nt CBPaSEI?B%F ﬁ%s 9 V¢ or
exanpl e, a zermibstiagiealdyreyruad ceppktédanceocsslods. OLEmehernesheZSnmnﬂ 32.
15 Shown in Fi o n 0,

connected acr caedh SRS IREUONE sl 02 R WL HL 20 %ﬂ%&’%ﬁ%’?ops
across i nduct c+:S$Ipakel Lzraﬁdmaam SRikes dFé‘dégdZﬁOéin@’@Ml@r'e y a

connect ed acr%ﬁg&ﬂhﬂ; ngerRe IhANShACI@SSthbhbe eiiaf@led0 typicadly have
respectl y FI%?kg? | ustrates yet a ot her .enbodj nent

back-t o- YOARIES 5Og; F %uﬁﬂr&?rac? s2303 gz n\é‘gl"?% andt3o,
back-t o- back zmrahmdeﬂqezmﬂrmtcﬁia\«w:e tespiies om skei geoad Obsgtdeg,

lines 30 and k-to, 2 ac od 9 up in
series bet V\ee\:@?%ﬁ c§n Uctorsgfg gﬁégggélﬁuadgg{één,%%uto rg(r\?%f o‘J’rur?rgr
40 of Fig. 8 ishewlpl sypicalfy |haws 28 weitark Preakdewendevedemf, for

-protection ietragsi,gptsg.resulting fromline disturbances is
af f or ded #ﬁg a sinple . 30 and i nexpensive manner. Numerous nodifjcations

and al terfiti ve enbodi FRPTREIFR ¢ HEPIHRHRS ARPEREITH QP BRBeCiphEaf ehinto

those skilled neuthel aghdi groued @ordietdor=Ld hR4lentd | P i Ravikgcondi Bg

this descript ir%nr'és £Q be construed as | I I ustirative onl Yo£ .
Yegquency compone in ~ excess the nominal

(typically 60 Hz) frequency of the power supplied thereto
are attenuated by the inductors L1-L3, which have an

30 increasing impedance with frequency. In addition, these
transients are shunted by the capacitors C1-C3 away from
the load(s) 34. In addition, the metal oxide varistors
MOV1-MOV3 limit the voltage magnitudes appearing across the
line, neutral and ground conductors 22-26.



- WD 99137007 1 ~ J;~! ~ PGT/ US98l Z7475 and is only for the purpose of
t eaching those skilled in the art the best node of carrying outSthi. 772

. invention. wosdedoni | s of the structure and/or function nmay '
substantially without departing fromthe spirit of the 5 invgﬁpﬁgﬁkﬁgﬁd t he

exclusive use of all nodifications which cone within the scope of the
appended clains is reserved. _ ; 15~ . 1~~"~i~~"~2 -8 2 1. A power
conditioning circuit for conditioning power supplied by a power source at a
nom nal frequency 4 over line (22), neutral (24) and ground (26) conductors
to first (28), second (30) and third (32) output lines, 6 respectively,
wherein the first, second and third outp®- |ines are coupled to a | oad
(34), characterized in that: 8 first (L1), second (L2) and third (L3)

i ndependent i ndu S | Si t oroi dal wi nding 10 configurations,

coupFed in seriegﬁﬁét%égﬁgihénaﬁﬁéaeﬁg)Pn9 ﬁéﬁﬁéit%QES ¥#£h§$oﬁﬂu the)

conduct ors, ¥edypettsydlly L3l andntheheapacstor28yl-oponsay H80sendebhi k4 (32)

pover sour oe o heFErE, thsuRebl e s i S 8l Ehen on Ehee

fl ows throug%%??ﬁa?QT%3~(Ll), second 16 (L2) and third (L3) inductors; at

| east ong capaci thf $Kdul€2beChore!R 1%5@9%3 SﬂiEh%f*HH“§§0§fgg2§,t24,
0 at®Ileas

26) wherein d_of..the capacitor (CI, , 'S coupl ed
one of 20 th‘gﬂgoﬁgug{g’gfkl(e?zﬁpbfmﬁﬁilﬁg 2060i9% Bereeot tthe pelemenvsrce
and the induchesrefrom, [Rusl3fpr2axmiple] nondeot NAsES 068 €hd, vh2istd)sb! ock

power at fraegenM®es Indt ehet NGRy nomg nal _frequency thereby 24
preventing power at freqﬁtn%ﬁes gr%g.%f tHfan"¥e ﬁBﬁiHéF fFfuerly ER8m

reachi ng t h"aRAIOFH) Clafd 2BdfALr ehe ohemare |efhtthenindaasis oL1{Cy. C2,
C3) shumms power migdr eﬂugnG.ilQ%sgzrrea%te‘e_raitl:@ﬂﬁ@fvé'Ogi'ngghiments of the
present invention wherein elements common to the Figs. are
assigned like reference numerals. Referring first to Fig.
2, one or more of the varistors MOV1-MOV3 may be replaced
by a different voltage limiting element. Thus, for
15 example, the varistor MOV3 may be replaced by a zener diode
Zl. 1In a still further embodiment of the present invention
as seen in Fig. 3, any or all of the varistors MOV1-MOV3
may be replaced by combinations of voltage controlling
devices, for example, back-to-back series-connected zener
20 diodes 22 and 2Z3. Zener diodes positioned igzzhis manner
enable clamping of bidirectional voltage levels. Note that
the zener diodes are not capable of dissipating large
amounts of power, but, instead, are intended to provide
very precise, low level voltage clamping. As a result, in

25 applications requiring large amounts of power dissipation
MOVs should be used insteaq'of zener diodes. The precise,
low level voltage clamping performed by the zener diodes
enables voltage control fotr the load ground. In computer

. applications low level voltage clamping on the ground leg

is especially advantageous because ground attaches directly
to the microprocessor and is therefore a potential source
of damaging voltage spikes.

Fig. 5 illustrates an -embodiment wherein -the circuit
20 is provided with back-to-back series-connected zener



28 frequency. . 1 ~J~! ¢ ~2 _g_ 2. The power conditioning ¢ig duylLt zaR
claim1, 2 wherein the inductors (L1, L2, L3) have substantially equal

i nduct anceyyhHemy 4 3- The power conditioning circuit of cpgffisdsnrferein
at | east one capacitor (Cl, C2, C3) conprises: 6 a first capacitor (Cl)

whi ch is coupled across the Iine conductor (22) and the neutral conductor
(24) and 8 wherein a first end of '-the first capacitor (Cl) is coupled to
the line conductor (22) at a point that is 10 | ocated between the power
source and the first inductor (L1) that is coupled in series with the life
conductor 12 (22) and wherein a second end of the first capacitor (Cl) is
coupled to the neutral conductor (24) ata point that 14 is | ocated between
t he power source and the second inductor (L2) that is coupled in series
with the neutral 16 conductar 5&5@5 a second capaci é é whi.ch is

coupl ed acr G889€Fe 4B #He2EoM A FOTRRCE 5?59% Rdddtss &%) and
wherein a fiapst 3end af deeisegoin anapaembodindrdd), icthed qmipisadf lhadme line

conductor ( S t the
first i nduci%?r b%%k( E??d?% P—Q coéc%%%&%é;e%r%?éw e Hﬁ.‘éﬁl ne condu

(22) and whé&kei #CHOSECOHE ehélnés t3rﬂa a3ador&P cépeei F48.246 (whjchs Z@Rﬁﬂed to
the growgnd GuRdest o7 GA@) zat a%ep@dﬁ?lté@tbétﬁvééiﬁaér@ 1gadr ey FHa pVer
source and the thi,rd 26 i nductor gb coupl.ed in series with the
ground conduct or ¥¢8g) 7 izdustrage &Bere@?ﬂacﬁ“ﬁ%l T&in: Racksto-dagkn 3,
V\her eint he m&cﬁt@d&s( @29 aﬁa) Zl@v?whﬁjr&ﬁdtadddﬁmw:mﬁ) SRS ttam:F

val ues. 0 conpdi circ alm
1, furt her i u&l r?&s 28I &Pé’l [ ty gboaf#}(\ééé Il?a e}l e ,endeéh éﬂj(llv%ﬁ&
Z1-Z2) acro¥sla herei penpe2redndom regdries)aandsgr obﬁd cpae)xcconrau@tooramd 6 6
The powey cogyditioning circuit of claim5, wherein the voltage limting

el ements conprise at |least 8 one netal” oxide varistor (IMN1L, MWNV2, MW3).
7. The power con&eA&FHING ke cRid- of - cPAENPS, MEFeWFENE™ diipdeso|at GRY

limting el ey oemreaga_e ¥imitGiasd enemeansr n@ﬁ%e(ébnﬁ%@):edl%&oé@e
power condltlanl CII‘ h gf cl ai n]E% fu t her_incl udi ng an acéotéﬁ]a?{orrrer
(40) coupl e(PCB'é’t PRSt ( §em%(q_'2) %fdlﬁﬁ
first may be coupled across the output lines 28 and 32.
15 Shown in Fig. 8 is an embodiment wherein an
autotransformer 40 is connected across the lines 28 and 30
to compensate for the voltage drops across inductors Ll and
L2 and wherein zener diodes 213 and Z14 are connected
across_ the 1lines 28, 32 and across the 1lines 30, 32,
20 respectively.

Fig. 9 illustrates yet another embodiment wherein
back-to-back zener diodes 215, 216 are coupled across the
lines 28 and 30, back-to-back zener diodes Z17 and Z18 are
coupled in series across the lines 30 and 32 and back-to-

25 back zener diodes 219 and 220 are coupled in series between
the conductors 28 and 32. In addition, the autotransformer
40 of Fig. 8 is coupled to~the lines 28 and 30.

In each embodiment, protection against transients

resulting from line disturbances is afforded in a simple
30 and inexpensive manner. i

Numerous modifications and alternative embodiments of
the present invention will be apparent to those skilled in
the art in view of the foregoing description. Accordingly,
this description is to be construed as illustrative only



(28) and second (30) output lines. .A A2. Al.AA A Ay. A ALA Aal1 kla

. 2ABRYh. 7/ 0| wr | gb] X] ca] ca] ca] ca] c’\a] ca] ca] ca] ca] ca] ca] ca] ca] ng] c""a] c‘ét] caj
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a] ca] ca] ca] o oy %rldc/atlgéogggégaggé[ M?am cg'“]éig]ﬁm The
aU] ca] ca] Capé]g]ae;-]ﬂ }Déa] cﬁ ?‘g, L‘ d £ 11 uﬂ Le varied
;) UK&<<<, . OS)alﬁdddtﬁDI);@uiﬂ%&&[MMeyaﬁ;ﬂggU]ﬂmd cahealdmiadic of the
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2 1. A power conditioning circuit for conditioning

power supplied by a power source at a nominal frequency
4 over line (22), neutral (24) and ground (26) conductors
to first (28), second (30) and third (32) output lines,
6 respectively, wherein the first, second and third output

lines are coupled to a load (34), characterized in that:

8 first (L1), second (L2) and third (L3)
independent inductors comprising toroidal winding

10 configurations, coupled in series between the line (22),
neutral (24) and ground (26) conductors, respectively,
12 and the first (28), second (30) and third (32) output
lines, respectively, wherein all of the power supplied by
14 the power source to the first (28), second (30) and third
(32) output 1lines flows through the first (Ll), second
16 (L2) and third (L3) inductors;

at least one capacitor (Cl, C2, C3) coupled

18 between the conductors (22, 24, 26) wherein one end of
the capacitor (Cl, C2, C3) is coupled to at least one of

20 the conductors (22, 24, 26) at a point between- the power

source and the inductors (L1, L2, L3);

22 wherein the inductors (L1, L2, L3) block power
at frequencies greater than the nominal frequency thereby
24 preventing power at frequencies greater than the nominal

frequency from reaching the load (34); and

26 wherein the at least one capacitor (Cl, C2, C3)
shunts power at frequencies greater than the nominal

28 frequency.
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line conductor (22) and the neutral conductor (24) and
8 wherein a first end of —the first capacitor (Cl) is
coupled to the line conductor (22) at a point that is
10 located between the power source and the first inductor
(L1) that is coupled in series with the lihe conductor
12 (22) and wherein a second end of the first capacitor (C1)
is coupled to the neutral conductor (24) at a point that
14 1is 1located between the power source and the second
inductor (L2) that is coupled in series with the neutral

16 conductor (24);

a second capacitor (C2) which is coupled across the
18 1line conductor (22) and the ground conductor (26) and
wherein a first end of the second capacitor (C2) is

20 coupled to the line conductor (22) at a paint that is -
located between the power source and the first inductor
22 (Ll1l) that is coupled in series with the 1line conductor
(22) and wherein a second end of the second capacitor
24 (C2) 1is coupled to the ground conductor (26) at a point
that is located between the power source and the third
26 inductor (L3) that is coupled in series with the ground

conductoer (26).

28 4, The power conditioning circuit of -claim 3,
wherein the capacitors (CI, C2) have substantially equal

30 capacitance values.
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wherein the voltage limiting elements comprise at least

8 one metal oxide varistor (MOV1, MOV2, MOV3).

7. The power conditioning circuit of claim 5,
10 wherein the voltage limiting elements comprise at least

-

one zener diode (Z1-Z20).

12 8. The power conditioning circuit of claim 1,
further including an autotransformer (40) coupled between

14 the first (L1l) and second (L2) inductors and the first
(28) and second (30) output lines.



