Title: MODULAR, M NI ATURI ZED SW TCHGEAR [err] Abstract: A conpact

swi tchgear -system (10) enploying a nunber of nodul ar conpgﬂﬁ@gébdﬂjL. 14,
16 and 18) that plug into their nating interface and are maintarned in
el ectrical isolation enploying solid insulation (24, 70 and 82) in a
manner that substantially shields the glectrical conducting portions of .
the assembly fromcontact with lower voltage portions of the system The
assenbly is primarily nmade up of five nodules. A nulti-phase |oad
connector (16) having iMOMHAR,MINLAFURIZEINSWETCHGEARansf or mers (80) for
each of the respective phases; a voltage nonitoring transformer (18)
which plugs into the |oad connector (16); an in-line actuator and vacuum
interrupter nodule (14), provided for each phase, which plugs into the

| oad connect or

- BACKGROUND OF THE INVENTION
Fieid of the Invention ‘

" This invention pertains in general to switchgear and other switching equipment
which use hermetically sealed intemrupters employing irisulation having a higher electrical
resistance than air and more particularly to compact switchgear that employ modular
components to reduce the overall size of the system.

Backg:oun_d Information

' Circuit breakers provide protection for electrical systems from electrical fault
conditions such as current overloads, short circuits, and abnormal level voliage conditions,
Typically, circuit breakers include a spring powered operating mechanism which opens electrical
contacts to interrupt the current through the conductors on en electrical system in response to
abnormal conditions, In particular, vacuum circuit interrupter apparatus have been known which
include separable main contacts disposed within an insulating housing. Generally, one of the
contacts is fixed relative to both the housing and to an external electrical conductor which is
interconnected with the citcuit to be controlled by the circuit interrupter. The other contact is
moveable. In the case of a vacuum circuit interrupter, the moveable contact assembly usually
comprises a stem of circular cross-section having the contact at one end enclosed within a
vacuum: chamber and a driving mechanism at the other end which is external to the vacuum
chamber. An operating rod assembly comprising a push rod, which is fastened to the end of the
stem opposite the moveable contact, and a driving mechanism provide the motive force to move
the moveable contact into or out of engagement with the fixed contact.

The operating rod assembly is operatively connected to a latchable operating
mechanism which is responsive to an abnormal current condition. When an abnormal condition
is reached, the latchable operating mechanism becomes unlatched which causes the operating rod
to move to the open position. The motion of the operating rod, in tum, causes the contact bell
crank to rotate and, as discussed above, this controls motion of the moveable contact.

Compression springs are provided in connection with the operating rod assembly

in order to be able fo separate the moveable contact from the fixed contact and 1o assure the



(16); a three position vacuumswitch (12) connected between the vacuum

i nterrupter nodule (14) and the line or ground; and an el e?tjm4control
nodul e (84) which receives inputs fromthe current and vol aé" nitors
(80, 18), ciWeOVios¢le| ays, vacuum interrupter/in-Iline actaaraoonpdul e
(14), and tenperature sensors (94), amgl provides programred, controlling
outputs (96) to the in-line actuators of the respective vacuum interrupter
modul es (14). 2 July 2004 MODULAR M NI ATURI ZED SW TCHGEAR BACKGROUND OF
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interrupter. The other_ contac noveable. In e case of a vacuuim
circuit intekpipedes apdrithdicamiedts.cont act assenbly usually conprises a

stem of circular cropgicBs ih QBcoRBMdeNgitd Pifor GRNprAGbes? bnd WRuRR InteRplpSEd

within a vacuymchanber and a drijving hechanjsmat the other end which is
external t oPPHEALHHP Fet-phese eivcait and; theiolegppters & dhsy s5veed s A a
push rod, whakdistulaeheles 4 @oinia 1QERb opirhg nRbiRMsAP P dRs hhgenmy eabl e

contact, and.g drivin chani s rovide the notive force to myve he
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oper ati ng rodvasswabivgari S operatively connected to a | atchabl e operating

nmechani smwhich is r ' r@n | current.. condition. en an
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unl at ched wlaictelteggupetion tinsé to fhe rregr joff ¢her fomlt panel which fypicaily includes the breaker
controls. The low voltage portion is electrically insulated, through the use of standoffs, from

high voltage portions which include the vacuum interrupters. The standoffs permit sufficient

spacing of the condueting components so that air within the housing can be an effective insulator
to isolate the low voltage portions of the switchgear from the high voltage components.
However, this spacing also contributes to the size of the units. h

More recently attempts have been made to reduce the size of these umits by'
hermetically sealing them and filling them with a gaseous insulator having a higher dielectric
capacity than air, such as SFs, However, this creates a number of environmental concerns.

Accordingly, an improved medium voltage switchgear design is desired that
reduces the overall size and enhances the serviceability of the unit.

SUMMARY OF THE INVENTION

These and other needs are satisfied by the present invention which comprises a
circuit switching sysiem made up of a number of plug-in, integral, modular units with each
module enclosed -Wiﬂﬁn solid electrical insulation that isolates the conducting members that

interface between modules, from contact with lower voltage portions of the surroundings. In one
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to nove to the open position. The notion of the operating rod, in turn,
causes the contact bell <crank to rotate and, as di scussed ?b%waz 0t4hi S
controls notion of the noveabl e contact. Conpression spring e Qprovi ded
i N connect i OMOWI/5086%t he operating rod assenbly in order t@chapmbis2to
separate the noveabl e contact fromthe.§iLxed contact and to assure the 2
July 2004 WO 01/50561 PCT/1B00/ 01982 -2 necessary force so that the
contacts will not accidental|y open under inappropriate conditions. In
addi tion, wrEbPdERHh oRs of hean CAPETiSss G vecuraiehinggleyien Gereafior tefrredt 28 he
circuit do gkl §Qlatcfmodd®0RAlR { Qe of BERARY LBAPeH tath ofe QL 6kt W th

sufficient speed. If the contacts do not open quickly, ere s a risk of
the cont act SHeTH Hich B Gatuseirbledn 4ot up pifhestatignarpeastapts whick ae alb enclosadiin a Vacuum

i Nt errupt er achim esd1,08N@swRBEa Libhik Bty WEREL tvt&éonhﬂaﬁﬁ%mﬁ@jt efefedi€hit abl y
I nterrupt nedi um voltagtg%ac currents, and in the case of vacuum
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or nore. Reeiths sl sictaﬁﬁxhaﬂﬂ&mjcaﬁlgicﬁﬂhﬂw €. mioteable adract dﬂﬁm’hmeaﬁl:um vtlzgéfzio@ ally
operate in g _rapge of .current sured jn anperes, rather than kil oanperes,
and aut omat %géslop IFggﬁﬂ%ésem&?etctgﬁggo %F?Fg# et E\r@?mtﬁrs‘?&’alfe&mg‘ﬂ&i‘{’}%% BoARr  of
tinmes, in acongdtevptunt dreuihintenopiti. Gatl exterrabdécatobliceimettion of itiedssiatar nidomiever
fromthe st [ this | ' the . principle Lscussed herein
apply. oqual Pk BiPhaefing @il PEENIR0 o' Biglih 1% B af S br itts
circuit bresdpents baigr sodule terdingteoin ne ogatedgjguirical lcbnnectorrtha dsodpsighad coemate t h
prior art p | AVE: T ' S5 ' ch, phase of
Bl pha Rt s e R M bl bl Py 18 1p PR, UG ) Blet BP0
actuat ed si A ethri soarmplyelastyics] comnertivns pathe evivhing spena mofidesntbe fiderfasnwitiThi

does not  pegiffief otheP RloMies PRYBNRmIMHe ClbAGERRL Gisd, Bl éﬁ;ﬁ?&%@p@ﬁ%@nd can
um Si

give rise to voltage transient and. . uneven contact wear. J e
swi t chgear atestasEics) senpesiors. slegtripally ingylating (heiinterfaps from the external gppironthenly

vol tage por kidalinklHosd Batind@letiEddl coinedide fibih QhtitacP I lowehidiagd MRERALE the
i ncl udes the _breaker ..controls. Thgg#?%yc gl tgﬁge portion iS electrically

i nsul at ed, TRPBIRES e fewnes e of vt tReoropsible exseRtCR 8R8 \ihi ch
i ncl ude t hegroaiuwamnettivhe i alyteeshsgle 1k eosdedneled Wienahs BildtorstidduleGd @pnedS®aci ng

of the condygtin 0 nt o that.air.wthin the usin an n
effective i %‘%‘J "éf?dggé r@%%ﬁggﬁ%?hee PREY %tr\x/c\éi ?ogﬁeétoﬁgrqt{;gﬁ%tlhcﬁgﬁﬂﬁwé‘s‘g%d?c hgear
from the hi giwmplesientayeomsetpninght form ofpvmpdamenttilyingn-slpadiatiy callsting plng, e but es
to the size; ' . , . heen de . reduce
the otz of "Cha e EnitBl doeei ML Bk BERI loheP I TRl e R R SR ol W7 1
a gaseous i FISEIAT GIIbmnATh g adihi Hharcudhdolatr module s aprsabictty cenhennthabregkesuch as
SF6, Howevehodlﬁmémafvla?&@éne%r ﬁlgf@%%céafor &%armgsghﬂkw&g?g%@wr kA dingl y,

an inproved medi um vol fage swi tchgear design 1s desire _reduces the
overal | si zBPnfREtag pihe arenssisl tacisqinteramesiule; opsy ispipte thvebreakr tmodalemanfoetior  THE
| NVENTI ON  condition.

The breaker module forms a second modular component of this invention that
includes a conventional vacuum nterrupter, designed to withstand the currents experienced by
the breaker function, whose terminals ate connected to insulated electrical connectors that

‘protrude through the vacuum vessel. Desirably both breaker module insulated electrical
connectors protruding through the vacuum botile are of the same design so that either can be
connected to either side of the circuit. The breaker module further includes an integral, or
separate, in-line actuator which is dedicated to actuating the moveable contact on the breaker
module and is preferably enclosed within an insulated housing that could encompass both the
vacuum vessel and the in-line actuator. In a preferred embodiment the in-line actuator employs

two coils, each respectively controlling a different direction of movement of the moveable
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These and other needs are satisfied by the present invention which
conprises a circuit swtching system made up of a nunber of leyjﬂ?dw
i ntegral, nodular units with each nodule enclosed wthin sgl I'd el"ectrical
i nsul ati on tW@P1/$05¢]| at es t he conducti ng nenbers that i nt @ctagoe/civet ween
nodul es, fromcontact with | ower voltagg.portions of the surroundings. In
one SUBSTI TUTE SHEET (RULE 26) 2 July 2004 WO 01/50561 PCT/1B00/01982 -3
enbodi ment, one of the nodul es conprises a vacuum swi tchi ng device
(hereafter fefash rlbgvaligeenn caghnd thejinlinefetyptonpaid srbe coptsabiedipdepepsenttyspithay  of
stationary gRRlA&GHE cmt@n@y@?@h&e1?%$%sﬂmlﬂa@hﬁaé Stiedlioh SnaGpRBECt abl e
S

to any one of the stationary contac ich are all enclosed in a vacuum

vessel , al s® R¥GTQYEbIE spriatiing 15dantias. Alternafivelsh a sipgle eadhram b sorndpyed Wit t

el enments ar @ mekRIRGSkWR c)én_&@*&ﬂ&@h&ii ol Q%g&fva&dﬁﬁ; isdladd iRl ¥nd BllKREt S and
t he noveabl e &gnt act, mrechanism wth second st,atlonar¥(gcont act grounded.

The. noveabfP8MEh ATARIEIGA AN THE ifrkipe 2etpator g empleyed for sicl pagse le is
connect abl ecitegita contact on a separate breaker nodul e, which can al so
contain a vacuumcircgyit, interrupter. .Each external el ectrical connection
on the isolator nodu «Leioa“\/ﬁ?f’%eﬁto¥ E"%B%?\FPEE%OQP% o%g“selfl’t’q‘?g?na "3ilPFz'ﬂ OBEFER, e.g.,
mai n bus bampduly indudepiepartite imsdhteddlarizdtoathutatnrettars fs eqeh pliseofifiedaddewhigpdul e,
termnates | n_i |lated electrical. connector.that is desjagne 0 mate
with a conmp 8%%?%1 g?éq?a%%sm%é glé’?ee e’%%?’rnllsgfé{édg%uﬁcé%fogfmg’ﬁs ™h elolg‘i’qglgeé%ﬁrce, and
t he br eaker cloaitalleinsulging tot neerfacexden el exelngle énviremhent anineelingohsse amiibd e
swtching s .ot er ' [t . Of | in the
System or ¢ FaneBIReaS: olfle oo e 3 Suinhloge AR bl MBS Ueltlea U

i nsul at ed etk alhedendrreeepsmodslecisp inchdes iytegralguirent megitaring trinsbandiace from
the externaf, gy Eﬁa{l's’é,‘ﬁﬁf‘én elffal 26k HRR totﬂTtSésiﬁf a ﬁgmmoﬂg@%mﬁ&. TROBGF tors

fromcontact wt ower voltage portions of. surroundi ngs, '\ _

mai nt ai ni ngCANFEBAodTlRRhy gl dniated lenricalipruhconprstopowkipivrreregneetplyiton of a
ground conngedsidalbonthdt with k¢ cBrrdibdding ottinid Sledkidl Cofindo@rsUm@ s8R H8e w0 | at or
nodul e is desugaed to .accomodate nor tgﬁenbrg e, t he exposed el ectrical

connect or i & SPRIPTRGRAR; electrical pampcctor gu it madhles akhy leadrmeeetey | i n
t he form of madutospipereats tul hyusebin a eblidcdldcrzalyliysulaR@Bdieihg.ng - pl ug, to isolate
t he unused el ectrical _copnector from | r yoltage partions qf the.
surroundi ng swi t chi ng P°‘£§%%‘8?ﬁ38?““8ﬁvi‘$°§ﬁeﬁ€#? g ‘?d,"elﬂ?hr’?l °‘f%%ﬂq19da“8:\3’&frﬁ
i sol at or noallapted isrecgher inprkte fitwn tho fhineghast errdat emkitting maghineera| therslagd vel y t o
one or nore e e t ryi Ci s, requlred W th
bot h cont ac?%gﬁd%gf%lé@(%eﬁgg{&g@gﬂ% he I?Og% éts%er%&%%ﬁ g'g%g?ld assgﬁgtfng cffﬁ[éé br eaker
nmodul e i n abraketmpdwlp compnrtintsiapé the Tionirdb veltake rvaitabihu | Bhef mintren-wawemonadlenodul ar
conponent o I S ' i '

Analy s ndrBERHch O NPl LI AP 12 1GWERE LAY %ga;sﬂspg md

interrupter, designed to w thstan e currents experienced
function, wifes¥s mgpthitomithe cipul tpislautand grovides dirsetiontte the di-inetaptuaers tagppmect or s
that = protrsdfost e GbabbriaR HhAACH UPIRER tnes aRILEAR! W1DRHAnRER AkELvERAUI &

I nsul ated e] ectrical, conpectors protruding through the vacuum bottle are
of the sanemﬁ’églﬁbﬁe gigpuit gagd ciopit rajchipg sysism components. The point-on-wave controller is

particularly useful in minimizing arcing upon closing of the circuit by closing each phase at its

w

current zero and reduce the probability of reignition.

Accordingly, the current carrying components of the modular units are fully
insulated from lower voltage portions of the surrounding, employing separable complementary,
insulated, electrical connectors. In addition, the outside layer of each modular unit’s housing is
covered with an electrically conductive coating which permits the modules to be in close contact
without icnizing the surrounding air. The prescribed insulation and electrically conductive
coating that enable the various modules to be positioned much closer together within the circuit
switching system housing, thus significantly reducing the overall size of the switching system
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connected to either side of the circuit. The breaker nodul e further

i ncludes an integral, or separate, in-line actuator which iss ﬁ'% (iat ed to
actuating the noveabl e contact on the breaker nopdule and |3 bj rabI y
encl osed within an insul ated housing that coul d enconpass both the vacuum
vessel and the in-line actuator. In a preferred enbodi ment the in-line
actuator enploys two coils, each respectively controlling a different
direction of novenent of the noveabl e SOBSTI TUTE SHEET (RULE 26) 2 July
2004 WD 01/50561 PCT/1B00/ 01982 -4 contact. The voltage on each of t he
in-line acty, i n ependent | o.that th

noveabl e cont@‘ésg{g gﬂa&r{s ra%% dé?a%ha%%r}{‘gdﬁfL gagdéérr eﬁ’zagc N %ﬂcﬁlﬁ&gﬁ Hwtpﬂlgt (Eile‘g'r’fvl’3 ed
direction ar‘?@lﬂtt?ﬂmdlbre@l@nmséﬂtthef timx;nelalblaetu@mteamtd theousaful e tof tha ixdégna .

Al ternati velgymndertd a{;lglﬂgsec&mesﬁ% be enployed with a neans for reversing
current throug% the coil. single vacuum i sol ator nodul e and breaker
modul e, conpri si ng a%@&?@rﬁﬂlam@épfiﬁﬁm@?ﬂﬁ@n@e@n&mrp\n@da@lrwatsmtchmgslemvpl oyed
for each ph@&@prg{n the circuit. A load connector forns a third nodul e of
this invention. The | oad connector nodul e includes separate insul ated

el ectrical output coRridtdofoatapgh heuging apRedien dpvina loves ¢lectiingl candoglivity

desi gned tom@w&@ﬁm@mmﬁwﬁmw%ml ectrical connectors on the
| oad interface, elec caII i nsul ati.n rkr:]gelnterface fromthe external
envi ronnent. and seaf PRy AR Coﬂjﬁ'ftis?i’ged“g%ﬁ CCYPEF rom | ower vol t age
portions of the surr etindilkgscal mmhcﬁ)rrmmaétai mltmegﬁlat gﬂfaﬁhrﬁh@ﬁdcfat(zﬁla end
connecti on. Tli‘a%l | oad ect o al so i tegr

on c s
moni toring transfor| rertlraa(r%uslg < coneac cLasr%matl a h ﬁ‘&’rc?rf Tat ?%Séﬁ%ét@ﬁ ¥n to
plug in a midubied clecgicelagmettomanst or mer. The Ioad connector nodul e further

i ncludes insul ated e} ﬁl%%'ahlg%!mtécmﬁ%sg%ﬂe@%ﬁ'l%rtﬁe o\ﬁg?n%p ovEabla b elevel y in
electrical contact wt e correspondi ng out put T iear Connect ors, and
respect i vel JrHhBPwiof oW of gleeiionh cermmvnication with dterfirsicstationsnn cwtact argre wermth of t he

breaker nodybsgen, i Hem@RImGNRGEE 9fh moB4MLEy GRRRONENt s are housed in a
solid, electrically insul ated. housi n{% A pol nt-on wave-controller nodule is

al so provided whi ch # ffegfierlesse diopditor F@ne%?ﬂdﬂtt@dn?%at}l%@@wfém?aﬁb@t@ef rom

t he t hr ee- plid ecablyperittratiig ke RhtkiNg: dbll RAGLAMFRI e othbBinY § 4 AR elebabkg Or Mer
and sensorsI}nrrﬁgtacgj‘%?‘iraclmgc the osition, speed, tenperature and past history of

t he Dbreake s and the control voltage avail able. The
poi nt - on-wave cont roztolhéunsulmlwﬁsfoﬁélaimnﬁrnhﬂaﬂngﬂaeca:f)nthih& abcﬂ takretricapdul e

andthe | oa for tor .and ei.V fromthe
orrcut trp Loithds s WGk Ohoa B iR e LERERS poriBE e A o
open or cl ewdudtive makmnnqgﬂorsaﬁm piriesewitmiovapprlegs patians bf Meswitching duvize ze

vol tage tr auskenhRc@RGiAHNSA, ol IRRGh: AL NOSRLEN iRl o) TOUI € oW tohi ng

syst em conponent s e pol nt-on-wave contro P&Ul arl'y useful in
m ni mi zi ng arci ng up®enE fEsngvEnecthe mgseablercontagt Hkﬁﬁnscbmqen@eeﬁmhmpha@ed at its

current zer gosaish ik REMESR t8 Bﬁcﬂﬁtﬁi&@&bﬂ]h{dhd‘%ﬂe%;gélb&x'cﬁéhn céﬁa‘ﬁ%aﬁd' ngly, the
current carrying conponents of the nodular units are
BRIEF DESCRIPTION OF THE DRAWINGS

A further understanding of the invention can be gained from the following
description of the preferred embodiments when read in conjunction with the accompanying
drawings in which:

Figure 1 is an illustration of the modular mechanical components of this
invention;

Figure 2 is an illustration of portions of the modular system of this invention,
particularly illustrating the point-on-wave controller and universal power supply interaction with
the rest of the modular system;

Figure 3a is a side view, partially in section, of the breaker pole unit assembly

module of this invention;



insul ated fromlower voltage portions of the surroundi ng, enploying

separ abl e conpl enentary, insulated, electrical connectors. (#\?H’agéjd# on,
the outside | ayer of each nodular unit's housing is covere XY A'a

el ectrically conductive coating which permts the nodules to be in close
contact wthout ionizing the surrounding air. The prescribed insulation
and electrically conductive coating thst- enable the various nodul es to be
positioned nmuch cl oser together within the circuit switching system

housi ng, thus significantly reducing the overall size of the sw tching
syst em SUBSTI TUTE SHEEHur¢ Bbiska £69 s2tidul yie@0F4n iblihougiang, inthecaeganabl e,
det achabl e . .G i l.e.t.he point-on-wave
control | er ?ﬁ%&%‘@g’?’Eﬁgggﬁ‘ﬁgg‘?@?ﬁbgg‘g’ﬁ?%&?’ﬁ?%n"é’%&c‘ ‘Gators extend the
useful life of the iy 4ls andbnisdicnnt the dnek-ndsitior vashur liselagy siodnte othésor di ng
an aspect ofydehi@nl Nvention, there is provided a circuit sw tching device
conprising: a scal ed contai ner_housing a nmedium having a | ower electrical
conductivity than aifigusatidh & ﬂum%@oﬂo%ﬁwas fig mephanicalpeadpiengsimporeptstofi ismedi um
a first statireh@hyosRatde b si@hd pidst RisBateneRBlai ner; a first electrical
conductor connected tQ the first stationary contact at one end, sealably

penetrating the cont dres ?%Ffda”t Bipiratige ioh freapechpcad fpdplap prmponenss pf this
el ectri cal | yinvehtimonteetdd & 66 fepfiatt bGO BACROPhas@ sUPENR2Rhi6h 6ANbARlerdIRBNS

seal ed vvithicgngeggdtcg}rétsasjene_r and noveabl e between a first position, out of
el ectrical commint REETBF i th t he first stationary contact, and a second

position, in electri didurcOinangraphickiotiusnatidn shbeing titat dff2etadnya hesRipasse;fadt second
el ectrical cgoduciqr e nmoyveabl e cont act neans at one end,
seal abl y penetr at %%50%%§Qg%ﬁu ale%‘ﬁe%’roi)%’hnﬁrg?aeg“nﬁeﬁg]te?ﬁg a%f’“‘i“@%’f‘w%f’ ELté‘i:d in a
second el ectrical |y Figwuftais edrraphiselt illistrationcshnwing ttior gffestodn althraagbibsatfiubtn  neans

for el ectri Gakbd vads bl bPg LB HON RleRBS 31;.’]‘ ed cﬁeseJ)fe&EiHu?taﬂreak%PFﬂ»'i‘n%t ?LZ

and connectors external of the contarner and substantrally i1solatin
cont ai ner, "Rdspradent errstorfer cedvmslode seadameqwitictbiyinyention t h | ower vol t age
~portions of the switching device when connected within a systemthe

switching device is (il)cj‘::sqip_e to. interrupt: and nmeans for noving the

noveabl e cont act nea..o“uu.VMMMWi tions in response
to an actuation conmrdigird nmhm]gee e ﬁﬁlifduﬁr glie&eﬁlc&géxﬁlwn&%tﬁ@ﬂgtﬁistiﬁ@ﬁﬁonﬁﬁleEF o
DESCRI PTI ON, OF, THE NGS. A further understandi ng of the inventjon can be
gai ned fr om PR Sfil?‘g\?mys\glcﬁmp’a%%P’?%Wb‘fﬁe%lptef/w&‘? F #SSRbln e el figrenhen
read i n conj3(setoive nulyite lvaduive imamplpEoRytnRg the désanbln §Sedled withinchsolidingikta | i S

an illustr at}lbtﬁﬂlg@ﬁ, stx&eas @190‘19,' sﬁ{coﬁ&%élka%@,' etc(.:R %%ﬁ%@taSprgcflatJd%a? the entire unit

can be sealed in the insulated housing, however, it is not necessary for the actuator to be so




invention; Figure 2 is an illustration of portions of thé nodul ar system of
this invention, particularly illustrating the poi nt-on-vvavguﬁ@nﬁ |l er and
uni versal power supply interaction with the rest of the no r @stem
Figure 3a | V@oiwittld view, partially in section, of the breekmoopoie unit
assenbly nodule of this invention; 2 July 2004 -5a Figure 3b is a side
sectional view of an in-line actuator, incorporating two actuator coils,

whi ch can be enpl oyed by the breaker nodule of this invention; Figure 4 is
an i || ust r aisuatedgincs 1 & a iledebplowiveltasn camanenenin Teolaeivoy inivwenidr godipn 2hpks

invention; {h} Giii@r AGiukeS1438 o lobdviitiohd bh QR LRI NS %ﬁgﬂ@{ﬁ%%gﬁﬂ ar

conponents of this _invention connected to a single tf ase bus bar
ar r angenent flly{liytfatsd guFipae an The yagewm Bsraierof it hasewdthing keametisguraed
cormponent s @sef Bi Gnd inBMERt AiokRP B&ALCLIS bt IidRaBIBRAKARE 80 Rikfohhig acihdiee- phase

supplies, which can be alternately connected, tQ the system. Figure 6a is a
gr aphi cal i Poyghs sk W”%‘F{Eﬂ%/[erf@mﬁ‘ﬁ e ppsgrably 42, gﬁla‘?lﬁ F@épﬂ?@éﬁﬁeﬁélﬂi"fgh heur r ent

wave form byessl afi mg!dpaﬂlﬂ@tbgm@m L fugvedble aonltdatf ﬁﬁ‘ml | inf0dr &uPéf e!ﬂ@e;]g@;ﬁént G}.iithﬁw tff
interrupter; an e is a graphical i tration owi,ng t he affect
on a three-g%y f%ﬁ?&%cuﬁ?é@%&e n‘gg%lﬁﬁmﬁec@ﬂ%ﬂ?ﬁgﬂ} AL SPIYCSE ¢ hr ee
pol es of a mhledwitlin the elabidealli hwnisted] housicleBlen de Hectérl ttahatos 3§ Bit ieashngdl e i n
accordance wi.th this invention.

Mate Wikh a Correspon COIn] elzr)n%ggﬁlefép'%lcoqzec HE ﬁREE‘,ERRE EMVB VENTS
Figure 1 il PHEETALESTH B ET SRR S 1SRG CRBTRSS AR HE 28 FRFST PERSnt i on.
The breakel2 shounlie Fipds L oSprilagestha meseble mpatat ér canpdcted /thionghaan eletricalt or
assenbl y. ' : t ' LLupter portion
of the assgr?%%%%b ?e%%g%ﬂwgbéﬁ% tr?§ ggﬁﬁ? i}isrf’s%f%a]%/c gi(}“%%})dﬁgfoﬁéh E"2'1'2‘?{'%50 ﬁc% h as
epoxy, si | iioedricdbopsingr’dtandisalesigned to mate wittou farbamentpyyretecirioal cehnediaxrtonttiee entire

unit can ' skl h LGk a6t 4 cessary
for the ac ?ﬁ%ﬁ?&t@% %gh%é;ﬁzs 11J u%ﬁfg\%&' %V\%bl%cg%@}g%g@&% fa%lojoslsc(gifgglf% 6

i nsul at ed sPlpESeorispekets, Butrdepisbly\dbpyld (be\gf sl s2mg edosighpo thahthe cphrectiorg @hm

i nt er r upt er inRRhdnzGBle2 Th hovdihe chitRAKEH/ PR Hdl Bsedrllyi3d iPinGRR \bEHed Bl I CUi t
breaker vacuum i nterrupter des[@%ﬁ!&gd Is nmore_ fully illustrated in Figure
3. The vacUFHFPRER ML fstneacigor s fiempaveabls camp AP of engagsyt  vessel

34 and i ncl widete aatinadyicomadt 8 @OfREm@Ade 128 Pt oFRM epibeiaeahilve siknaBAhithich i s
corvated apau il Lol C Sy R LT SRR Sy gLy
contact 30 omawaye controilet mofuledsgaipedin ntorandetalh with gard to Figure 2. -

The in-line actuator 40 is of conventional design and consists of either one or two
electrically wound coils wound around a magnetically permeable, holiow form positioned
adjacent a hollow rare earth magnet. In the two coil design the rare earth magnet is interposed
between the two coils and an armature disposed in the hollow center. In the single coil design
illustrated in Figure 3(a) voltage of a given polarity is applied to the coil 39 to move the armature
45 in a first direction and voltage of the opposite polarity is applied to the coil 39 to move the
armature 45 in the opposite direction. In the two coil design of the in-line actuator 40 shown in
Figure 3(b) voltage is applied to one of the coils 39 in a first direction to cause movement of the
armature 45 in one direction and voltage is applied to the second coil 41 in the opposite direction
to cause opposite movement of the armature 42. In the two coil design illustrated in Figure 3(b)
the point-on-wave controller module, described more fully hereafter with regard to Figure 2,
independently controls the voltage applied to each coil and is programmed in one embodiment
t0, at appropriate times and quantity, apply a voltage to both coils simultaneously to brake the
moveable contact 30 to ease it into a soft landing on the stationary contact 28, Altematively, in
the single coil design the voltage polarity applied to the drive coil can be reversed just before the
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.Stationary contact 28. The stationary contact 28 is connected through an
el ectrical conductor sealed within the electrically insula?q@hnﬂﬁaing 24
to an electrical connector 38 that is designed to mate w't
correspondi mgp eemomhenent ary el ectrical connector on the vECcriBw/H®gl at or
nodul e 12 shown in Figure 1. Simlarly, the noveable contact is connected
t hrough an electrical conductor to an electrical connector 36 which is

al so electrically shielded by the electrically insulated housing 24 and is
desi gned t ccomiatias woteh ta safoniiedasimgarly thet weit the emiveablsrmetedt oy drivan frheitbed oad

connect or o ' ; . | IS and 38
can either n%{eé%oglb%glséag& %ciﬁégﬂ%ﬁ%gegg-sg@ g@:m;tﬁ %F}dg&?ﬁgﬂ%@%@%ﬁgﬁ%%ﬁiﬁ desi gn
so that t hetheonveseni ongollsd & reflyce gempracn ealy clThoghdt ismebredtsennc bedavss tthe

stenf push r I ﬂ%_zmi- ' r: chad the in
i ne act uat%@a%gég%gﬁ dri \%gb?%%&&g?gggﬁ.con%oa ?m%l %@e%&l@%?&rgsfs%
engagenent VagFahinferEpten Htip gHbisirbisrie deve the splated Spnsing @4 tsumind thepiolof  an
appr opr i at eyehickRodale AR Bk GFiSte 128 el idberdi RGi: BhEGhimbGale iBRBREGE | ON tO
the in line actuator coil(s) 44 and is derived fromthe point-." on-wave
control | er Ho@ofd gagdelebed in nore detail with regard-to Figure 2 The

in-line actuator 40 Tie vaduuSQshken io@nal2 Se®h IFigRsl @%&F&bﬁb&i&e@ﬂelﬂw one or

two electrjcal wound coi.l s wound ou netical ly per bl e, hol | ow
For m posi t1 BREE T ABE REEh BTSN o &SPk AP NRgHE oA 1 hEFRY 48 |
desi gn t he diafRaleatidebon®oetrichlly contrRiipMae ehith e siuiearytchttad: B0 Tied Yaguand an

armat ure dispgsed . he holl.o enter.. In th i ngl e coil..desiqgn

st r at e iearoshit 42 Bongte b ubiy B rimu's Wi SRt s fore PosieBlaRogt, ¢ e
coi |l 39 to imeyebl bécamnetingithe bredker imudale fi4 kestitheli & fst orarcoad tusvtat tiagreundf  t he
opposite po AR |8 ol e r u 5 in the
opposite di }F’lgé(’: a%%erl?!’ ﬁ?‘ﬁ]g u%anl \}\%& é{l)ollaﬁle g{shlisgng‘% %éogtcﬁg&?%&ﬁ Wé"ang%a{agurl’ﬁho shown
in Figure B¢y wiske ode ohsbespnt caeation isnmvisionadrand cogrdund@ocoppectionf is mot
direction t SaplR s OfF : Wﬁ!ﬁa. ' : d
voltage is %Bi%?a’@d 't o@@%%@g%m@éﬁoﬁiog%%%@t e %%mgéslﬁo %ie%?%tgé? %}%r?\eﬁ to
cause opposTicerapiyipdralater reduie 2 iscanplagoys i magmy rgspecistie the Xepunipiintergipisr ¢fithe

i [ ust rat edprbdker ngaile 148 (Rdvioukl) CleRBbEH vl YABLE 1 Ofe . | @ne TRGAH Becrit@bCr i bed
nore fully her eaft%r Wit t-o_Figure 2, independently controls the
‘%bgr € PR

h regard,
vol t age apptor@giopEe 3%9&’FF3’6%P!°%‘£ﬁc?‘t‘|“‘e§ 3P Brisgernagiedio opgy  at
appr f)pr i at eot}ﬂhdfﬂﬁlt ﬁaﬁim%tacw;% a@ﬂileya@mmomglgme 10tiihe 6@bdcion is made f
s| mul t aneou to r e f{he novea CO act O ease, It.Into .a.soft
L o oo ket £ e i St Cesih et SaspRGe S SRS cohiolisyft” 01 |
desi gn t he thotdnageryabatidatly aajxpbstantallydsolakes thd mondectare frbm dawer rdtagegposioaed | ust

before the S[I! SH%&T ULE 26). 2, Jul 290@ W0,01/ 5056

PCT/ 1 BOO/ 01§£e - M(‘I:ié%ﬁ?'ac ?1%'%0 océ’e(fL tt%“é%f%%“ﬁ & a%?f#r?%co?drl%‘ctt%gta way t he
noveabl e comoweahle fontaghvasseanblyi48 (Bduratigely desipnaet bydts Mppticntiet agh progssly shownXr i ve
current bei i@?:ﬁhlge@&e&lé&% 1%8-%1%&? 'an&rrﬁéﬁ%w L5 v v 9%50}%1)%
novenent controllTed 10 reduce conponent wear. oug TS o necessary,
because t hewithhotht &gletoampihile ti. t The tviraum vedsel 156, H0t alkathouses vorseati@ttrywehtyetss mal |

conpared to.yh t [O he, .vacuum i.nterrupter . it | il
desirabl e tsoé gvs\é?%%eé Ei??\l gsﬁl %ea& o %ﬁiﬂ'ﬂﬁ‘ghdc roun ee%‘fglyv‘\ﬂ chedSttnrough

individual conductors to electrical connectors 54 and 58 which mate with complementary

elecirical connectors respectively associated with a ground connection and a bus bar; though it
will be appreciated by those skilled in the art, that it is not necessary o so insulate the ground
connection. Flecirical connectors 54 and 62 are connected to the same stationary contact. If
only a single bus bar is employed, an electrically, insulated sealable plug 60 can be used to
electrically insulate one of the electrical connectors, such as 62, and substantially isolate that
conductor from contact with lower voltage portions of the surrounding. The three position

vacuum isolator module 12 illustrated in Figure 4 is constructed from two back-to-back vacvum
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breaker nodule 14 as shown in Figure 1, to forman integral unit that
enhances the integrity of the nodule as a whole. The vacuu?J %@t

nodul e 12 shown in Figure 1 is interposed between the bus ar one of
the el ectri & og®Adtectors 38 or 36 of the breaker nodul e pdrmBIOeiser ably the
el ectrical connector 38 electrically cogmunicating with the stationary
contact 28. The vacuum isolator nobdule 12 is nore fully illustrated in
Figure 4 which shows a three-position isolator that is capable of

connect i ng inkeupteraassels Shand OV, papettivelp heusiog mgvdable sontast 48sd sptibniyy sotiast  or
ground. Al 5LLNALLYELIY coftflf 4Y A id %?lc@tnt%t S%ng}i'tﬁs %ar% ¢ WIVERLQN can

enpl oy a two-position vacuum 'I'so wheré only one ar connection is
envi si oned eately 4§ pwst idesiconesaisd bt thosame slestteal cataesior éal, Theﬁms@r&anqvtﬂrth@

posi tion vagiahit SOkt g;ﬁsh”}?ﬂ L{dsemvupb&ht@ dFERHRIRLRORNGEE Slafhary ScoRb G Y T €d.

The vacuum i sol at or i's anhal ogous in MANy respects-to t e Yracuum
i nt er r upt er PeYiding ge W@@l@éﬁm’fﬁ%dﬁl"@h Tvo stehlengsisigas, githgeisiorqr isaicpf\shgagemeaat pect t o

Figure 3. Oagh @b sthitBar® b&dot $2 @hﬂaﬂ?%@ﬁeﬂé’n&en@éfﬂié}ﬁs@&rﬁﬁ'&ﬁho%gfélcﬁltac?' ther

36 or 38, and nore conmonly , Is_connected to one _of the Input

el ectrical toifEd lﬂB‘Tﬂﬁ‘ﬁE’dttHé“o\‘f%ﬂ‘EHW?@lﬁlcﬁtﬁff PisB e & 3P isefigRRCt i on

i s made t hfeRughto ale@@ﬁaada@rmmoasdé pididilg 88 ¢hoSe6le@bntA4EH Gith th &hbié ﬁbﬁiﬁbﬁt es the
el ectrical cgnductors onnectors, %Gec i call

S ubot ant & ot ORCEE IR b o ehadedhsntiti: B SEFRCT RS Bl BRBRL fb ( he
sur r oundi ngaily tlesedeiné efovtablal coﬁ:tﬁxm A8 dd mrthe%iacn &nﬂﬁtqj@ﬁﬁdﬂ;‘ the Bystanisedr@amtigdl cal

conductor tg,a t.a vel y desi gnat, ed by
its | ocati 0%5 E’Flaexpr esgl AR ‘ﬁos dﬁm?vea angaafi% aBJ‘I)é1 gt

reci procal msmhn,rﬂleé:rﬁaharmﬂmlcé&ibyons@eddecdthwmwmmmgh geniricaldhnewbt 34 n t he
I sol at or t nary
contacts S%ﬁﬁéégg% ?5%1?%;&?‘% 0‘% em%%catst@dﬁ%%?ﬁug:%r?@%@eg o oncisn’ \?&%]I gh are
respect i vel sontgiwithidheinrorpiponsiis Staﬁmywpm 52006 A6 aespactvelyy the brsalter moddle
connect or s bks aB#ng STHANbGIL o8 Rsitheli Bvith O REAOB Qﬁa@f)%venﬁlb@%trﬂo'v Bl o chggect or s

respectlvel¥ assoclated wth a ground connection and ar; ough it
will be appFtaoddp.dempringisioss aEtop pamsdimen Arsiailag popult qap by achievad gsingan ipdigessar v

to so lnzula&@ﬁt Bﬁﬂ:@rcﬁw%ecm&ﬁ%ﬁﬂh@@aové:abﬁ%ﬁth&sa:mﬁ%m&?tiﬁé %6%%1&9;1 62 .are
connected tpo .the s at.i ona only a S|ng e bus bar is
ol oyed.  aRPluPCmb iR by Seeat foEaabaChi ARl Sty

el ectri cal | fAtomsyDadke: 98PDMO6S), Iﬁ&dehﬁﬁ:&ernﬂjatadrevﬁmnnectors such as 62, and
substantially isolatg that canductor, fr ntact .with | ower, vol

portions of the sur rgedﬁrafvﬁﬁmfﬁoga?rﬁogglesp% cﬁsca‘i?ﬂﬁfh?ﬁﬁf"@%ﬁgfw Sﬁfﬁ‘gul e 12
i |1 ustr at edednpecingugrtiemdné incconst touibhd loal foretihar invgeadeahkpdver naetlor y@eide Bn
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|nterrupter vesseIpsRl“)é’(L;b é@é %8% {hglenégeélt 've %]"Hg%s vac‘rlfnol\l/g{éot B e™eo ezlgu 48
and st at i onepgected e thetbreak maduleriﬁ\zh:amheel@bmlamneqtgr %@nsiomtdhablyakeo nt act
56. 1N thi SyahlidfIasURRE of i€ of BY o?twocrﬁé}ﬁ ﬁ&tbg%%ﬁo@%é‘%r Pofac 2RAG] ed to

the sane electrical connector 4 4g t’he”™ novea cont act
push rod 66@%%@@’?@@%%@@%@@9@9@ é$&l‘ 2 iry He topen Basiiph-odathy Bwhetedt 52,

embodiment shown in Figure 4, the moveable contacts 48 and 49 are moved under the influence

of the toggle 68 and push rods 66 and 67 through the three discrete moveable contact positions,

either moveable contact closed relative to its corresponding stationary contact or both moveable

* contacts open, which positions are controlled by the over-center-toggle mechanism 68 under the

influence of a rotary action switch (not shown) on the front of the isolator module 12. The

electrically conducting portions of the isolafor module 12 that interface with other system
modules are enclosed within a solid insulated housing 70.

Referring back to Figure 1, it will be appreciated that a third integral module 16 is

provided to connect one of the terminals, commonly 36, of the breaker module 14 to one
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providing the noveable contact 48 with two stable positions, either into or
out of engagenent wth the stationary contact 52. Simlarl )é‘ﬁ@g%

i ndependent of the position of the noveable contact 48, thé q 68 is
arranged t o W@0E506¢le noveabl e contact push rod 67 in oppoBCTaBodbrerti ons
relative to the stationary contact 56, _groviding the noveabl e contact 49
wth two stable positions, either into or out of engagenent with the
stationary contact 56. Wen noveable contact 49 is fully closed and

noveabl e coffiadeator ggbleof a pyylticqeadugiprerble load girouit B3 sThe flagf cirquls eonsseioar anefiile 16
grounded.  Yhgdks %ﬁ?s?$ﬁ:@%€i€£l cBishebtsr FAMvhivh &E&&%ﬂly%’fb@m@ﬁ{r%aﬁs gaptact 49

Is in the open circu position, the breaker I s"connected to the

power sour c&bpiialg olaEe dier li"i‘,daF‘méB“ﬁ‘ﬁe@Q% [comgapt V“W@Wert Yféta.%eo@?jﬁl@s &8 thauses

bot h noveabhgroaactd ABtidil GofRetb:07PR Prdvided SorBEN @Rk | Icaﬁb @&&tmﬁlﬁ
contact with helr lﬁorr&?pondl ng, statjgnary contacts 52 and

respectivel §Pn ToTRtively coqry difergnt (BB"’FFSng CUTERE ff%@lﬂéﬂ‘ﬁ%ﬁ rhgsyesi gned
\llom th anI i nt aﬁ:leﬁmkﬁﬁifwhpmﬂﬁ\éﬁﬁnﬁmb@d&n P&V&ﬂﬂu@ ﬂﬁ%&ﬁﬁ%n&uctorﬂﬁﬂ@lﬂé} ABuit from
eing c ose at the.sane ti ar an_be ed using an
1 Pne. ao s sims® B s e onierd el Attt pn o RGHs bt o
Alternativ ebqli]lushbtiarel Bach electfi@abiohnneotor 74 is edupled thrawpldi isteparlcbcdl amidghe & as
descri bed i 1& on_Seri.al At t arne 8- 6 filed
concurrent| é/ll‘ﬁ%o ec%h!'ﬂ v%?raﬁ%hg%ﬁsumlﬁ% I a’f‘%‘?%ﬁ'ﬁﬁoﬁl flf?%ﬁag %%écﬁé%caded
as il ustrat@ed 3BonEicguerler iodtlol4; cormmeninonlp cemtdianié oBeh phaseissu poeided t he
load to eit | - I ternati ower
8 e BBk DN ) WARH b Mo thb A B BB S

backup. Thus e contacts e 12,
connect ed t i Higwe brEglead cirenil fomnegtar mpguteuighalse lincbydes acplbg-benmedion 78,46 can

connect t heydybgak8ttorn@P i bich & lﬁtgmﬁlytcbﬁfgtuféﬁ vﬂtﬂﬁ R lodd re@t Q)ﬁﬁecfafm{) » Mai n

bus bars or_ to ground, or provid di sconnect wi th both noveabl e

contacts 48169cromset hetwegm opsefiihe,ling whpgsp and ﬁ“‘ﬂlﬁe The lepfire dogdl é’dcmtéﬁﬁWEFPhe nt
shown in Fi gbduie s anaesmabmere@m@ﬁﬁ@aﬁ@& s3hGs §idx r.«,ﬁcdﬁpl\/&ﬁ:étﬁaﬁé%&ct he

I nfl uence of thetOﬂg}é&l% ﬁﬂpn% hggs 66;3%67thr0 the three

di screte noveabl € co oS {CHEG pigdeasiber meshinical medulss ey -

rel ative tothe bﬁcuh@ﬁtcﬁﬁ@@wfﬂni‘lﬁtﬁi anmnuaarlysmmau:aeetco@izemmnma@bhedm&ont acts
open, WhIChpPL

t.i A= contr t he er-center-t | e mechani sm 68
under the 1in feﬁ‘é’?? Org?c ghfl’s%?"g feaasg?qeé%cugwmto T Fﬁ%‘ﬁe @H%@M‘?‘?g}gﬁeqﬂ’ﬁ?t}?’]‘r ont of
t he i sol at osachpleled of ti:20adTibe mehteanndabxityol fmmﬂm;wmﬁg the @bihi-@rsave tordibe
i sol at or dul e r.e encl osed
wh ohin s Soobfs 8 ohidRecolt Sibd Gk Lafll Fhns BN i R 183 1% 80F 002,
appr eci at edcl{chlawﬂae‘mmm@ulﬁ nbete a(bltagmmémmﬁ Wlsch @nmfhhdamdmio 1&ondetdr one of
the term na} '.I'UTE
SHEET (RULE 26 qg!i\]uﬂf Lm2004 Q%&%ﬁg%i&@%@%&h@%%@gﬁﬁg con§ ¢tor cable
of a multi -"é‘%h‘aﬂ‘é’t‘-‘é‘i‘ At aze meyg §illy ilustpied ipBigurghe | oad circuit connector

nodul e 16 includes PneCbikitaRA0S ichflof itk £1obs GRNIREIRA, FhiciVihdle o
respectively electri Cal‘i’)&% | nsgl ates and _ substantially isolates the |oad

conduct or f thlesoptr flever Gepisfeonsties o mychypwer yaliage than the line
and load voltages protected by the breaker module illusirated by reference character 14 in Figure

2. The voltage for driving the electronics and control circuits within the point-on-wave control
module 84 is provided by a conditioning circuit 86 which forms the universal power supply for
the various monitoring, control and actuating functions of this invention. The power supply 86
provides inputs to the point-on-wave controller 88 and drivers 96 which provide the appropriate
actuation siguals to the in-line actuators 40 in the breaker module 14, The point-on-wave
controiler 88 receives inputs from the three-phase current transformers on the input module 16;
the voltage ouiput from module 18; ouiputs from temperature sensors that monitor the

temperature at key contact locations; the closure sensors 94 which identify the state of each of
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surroundi ng. One electrical connector 74 is provided for each conductor
cable. The nulti- conductor cable m ght respectively carry At phases
of current froma multiple phase current circuit or split t current in a
gi ven phasewdOltusese1t he nul ti - conductor cable | oad circui tPCT?ﬁowamszcorrpri se
nore than the three conductor cables ikjustrated in Figure 1, which is
nmeant to be illustrative. Each electrical connector 74 is coupl ed through
an internal electrical conductor to an output electrical connector 76

whi ch is deth¢ ypeadn intsrrnptere 14nfor ach plsoff thenirewt; et aceetesdmeatey arbelooitssen®8 or 38
on the bre nl al so
provi ded \raégt&{?a{agg%?lglvrﬁ% @ra@n‘ﬁé g@lgrr(g(rﬂi g% ﬁ cﬁ%proegggngén%m toring
out put s whi widergians ihetemgmwnt ¢uﬁe¢|5§ﬂ€ﬁef the cnponpris derzice acesord adropereting nodul e
16 al so i nCﬂlH&i‘?§ftﬁe a&e&g InEthQQ %ﬂ@d Eﬁmmhary oaeratxcpﬂe ?&ed&,rapaﬁ HE B 18,
which is internally“configured wt Clrcui onnecttor nodule 16
to connect RSEPi & Wlem%eneprwdﬁﬁasw calﬁ'aat@%u'ﬁts poipjen-weej cortrqllerad

circuit comxeﬁe&@ﬁns, %Mecﬂ-@ynblﬁo&ﬁﬁ:lﬂ@ﬁ&do%é Binfhe® @b it RdaRGIhdBR! 14 by
i nsul ati on, éﬂgﬁgs epoxy, silicon, é%/_luret hane, etc. Thus, Fi ure 1

i I 1 ust r at esP'?Hi arpparﬁrfeﬁwutﬁrger& tPeS'%j Ka$ OGricprsprcatl wérarzeéwdr ing he
circuit sw dcﬁlbtbﬁgrosaaieeqspmﬁndt&]pamnﬂ\tm&unan cyclé For A@UbEsI6E he GRIMuLed t hat
one breaker %m 14.is requir %ﬁﬁ ach hase and at l}(rjeast one vacuum
i sol at or the; BRFTPO tfﬂber ol R aYsLQREolsE 1S eSS BEy  The
moni t ori ng ]amdxamyiﬁ, ifod mﬁmmbélosnfesconMahchPm1st1’e&1vpd)ﬂiatpomﬂomm ardleokil nodul e
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nodul e 14, re nore ustrat ur e
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control | er B o e Kapookiciclthd R 49 %?a;ee@&napmm nAlpleage than

the line and Ioad vol tages, protected he breaker nodule 11 ugtrat ed by
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84 is provided adcond pning circuit 86 which fornms the universal power
supply for f“’r&ﬁ% ti"“t“orl ng, control and actuating functions of this
i nventi on. The powerMs:umah:;cul&@ thy Quih@sSwave Ridfitfoller0 88 hie ﬂrbomlamﬂ@r&#vra\ae

troll 83 and de.th t
o gnal's. o TREPRST HE Srtpd Fet R FRAS AR Mot g
poi nt - on- webrezk crrmuttcpmdebtmns B&cteemalemelsallhfqnfm vhcuomitterenpteh contrets Indigia tieur r ent
L anst Of 2!l hiiflc! A oFRF Y n\inoodeliS. 0 ok BAEAY LAl LORILITLE 16

outputs fr énperature sens St atur eca
cont act | ocwulilegrayidingpeuniguels gwall S@dmdgctQIhﬁr\mnﬁWm“@mmmﬂet medult 8 dscof each

of SUBSTI TULEdbka, Q@M&Een?s%tﬁep&ﬁﬁe&%énetﬁé@n%m%%uﬁ%/ ﬂog ac%%Bz - 10

t he vacuum’ nterrup Fers 14 for each phase of the circuit el er onet er
and vel oci t%r %ﬁgﬁﬁ@mﬂa‘é’%@da@@ﬁmmeﬂﬁl qonditiensc Thermiameincipnsaiom ditber @ her

sensor i NPUdigtrsdlorMasiel Bffnriad §pied to better
The electronics for driving the in-line actuators 40 include the following: a

power conditioner and power supply 86, the point-on-wave controller 88, and the breaker
meodule 14 in-line actuator drivers 96. As illustrated in Figure 2, the point-on-wave controller 88
is connected between the power supply 86 and the breaker module in-line actuator drivers 96.
The point-on-wave controfler 88 functions as the command center. If receives data from sensors
mounted on the breaker module 14, e.g., accelerometer, velocity sensor, etc., to determine the
time required to close or open the contacts and the amount of contact erosion. It also monitors

temperature, and can monitor other environmental conditions, e.g., humidity, to adjust for in-line
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understand the environment, current state of the conponents, service record
and operating history of the system Inputs are also supplle It%bdxanually
operated relays and/or trip relays that perform for exanpl

i nst ant aneo¥0 ewfidisédel ay trip cal cul ati ons. The poi nt-on- MBNHHEQWMEDIIer 88
performs, programed synchronous closunrg_of the contacts in the breaker
nodul e 14 by providing the appropriate output signals to the drivers 96,

i ndependently, to energize the in-line actuators 40 at the appropriate
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magnet in- |éoﬂ§ol%€6e§éa§% op%iafe%k! ihSindddmatof 40 ADRASAL Bfonhfon QIR BES e&fnﬁgs' on,
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in-1ine actﬂ@ﬁoﬁaem pradet bedgitiblent mkdrﬁwoagbouapre\p@mperﬁaﬁwwhbm%ream power

supply 86, n-waye ontroller reaker 14
in-1ine act n‘itl\‘?g’l:egk'e@%“’d mrling aelyao 5?‘@'@ ?%mlgfe %m'icmtgﬂ'éacﬁé’% n- wave
controller &Bzveen ﬂxepmmm@b%mhmn}mveMnmm st prplling a86et@sdD, birecdivignk er
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functions as comm ecelves gata Trom sensors. Hounted on
the br eakermﬁmd%ﬁheion_@ﬂswgldﬂrlaccel eroneter, velocity sensor, etc., to

deternine the Line figqukedohf Chsfrd ﬁ@f‘gamtéﬁ%@%ﬁ&g&%@@&et&%@mum

of contact erosion. O nonitors erature an noni tor ot her
envi r onment @ntagty idhe pregkgr medulps 14,Halmsmewo tpggs andj uments emtplvoltigsewsUBSTI TUTE

SHEET ( RULEng Gdntadts)) Hikstdry? B 0ntanQibh SBRBE BhdtidnBIO %&ﬁ@l powed s%iw% Ppr

oper ati onal changes and receives information fromthe control voltage, and
t he vol t age temperatire and other characteristics of the surrounding environment. The following chart

explains llustrative inputs and outputs to the point-on-wave coniroller and the reason the

individual characteristics are monitored.
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possibly indicating supply is degrading,

ﬂ[@ﬂr stVM ofsxtﬂply] cilal@c@vefaﬁ Enle Qa@e. t y

f"é'IngJlaS
[3€hd flag to malntenance person that supply

is degrading and needs service/replacement.

Number of Operations Counter
{Determine when 10,000 operations has been met for VI
bottle.)

I 10,000 operations is reached, send flag to
maintenance person to check contacts,*

¥The V1 can likely perform 30,000 or more load current switching operations hefore it is wom out)

The point-on-wave controller 88 is a microprocessor based controller that is

programmable for various types of loads. There is an input to point-on-wave controller, not

shown, that enables an operator to identify the appropriate type of load for which the

corresponding point-on-wave control reguirements are preprogrammed. The types of loads

addressed include capacitor-ungrounded/grounded inductive, and resistive.

For closing the circuit for most loads, each pole is separately synchronized to

close at the minimum of each phase voltage to minimize voltage disturbances. Upon closing the

circuit on a short circuit current, each pole should be separately synchronized to close at the

minimum of each phase voltage, which will produce the maximum current asymmetry under

short circuit conditions. Since the short circuit condition cannot be known in advance in the load
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b) Closing near a voltage zero or at a voltage substantially less than

peak is important: (i) for capacitor loads to prevent large inrush currents that produce extra

- ourrent or voltage zeros; (ii) for inductive loads to prevent high energizing voltage surges; and
for resistive loads it is less important, but preventing high energizing voltage surges has always
been beneficial.

c) Closing near a voltage zero results in maximum asymmetry for
short circuit currents. This result is unavoidable if the preferred closing strategy is used, since
the presence of a short circuit is generally unknown before closing.

Alternate Strategy
Closing at or near a voltage peak cap sometimes be important to minimize
asymmeixical irush currents: (i) for inductive loads to prevent high inrush currents - this is
mainly an issue for shunt reactors; and (i) although closing near a voltage peak can also
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shown, that enables an operator to identify the appropriate type of |oad
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ener gi zation vol tage surge sma Closing 0.35 mlliseconds early wll :

result in aSUgre&ep FW“‘\%‘I‘%‘@%G %l thy figre befpen pHment 2efpfiseiee BpERPRgma: The 65
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than peak nt. e inrush
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millimeters at 2.1 meters per second for 2 38 kilovolt rated voltage. This is enongh gap to
minimize the risk of repetitive re-ignitions. A maximum time to current zero of 2.5 milliseconds
provides a .27 millisecond cushion before the previous current zero in another phass is reached.

(¢}  Opening in synchronism to a current zero in each phase is not
recommended. Simultaneous contact parts in all phases with synchronous contact ﬁart in only
one phase is preferred. For capacitor switching, simultancous contact parting yields a peak
recovery voltage of 2.5 per unit in a three-phase ungrounded system. The first pole clears with
the second and third poles about 90 electrical degrees later, or 4.1 milliseconds at 60 hertz, For
capacitor switching, non-simultaneous contact parting can yield a peak recovery voltage of 3.0
per unit in a three-phase ungrounded system. The first pole clears with the second and third
poles 180 electrical degrees or more later, or 8.3 milliseconds at 60 hertz. If each pole were
synchronized to a cuirent zero in ifs respective phase, then contact parts would be at zero, 2.77-
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(a) Opening before a current zero W|th |n|t|a peni n

reach a m ni mum gap at tlﬁ cu eéﬁcfm%?ggo%emﬁ%g%%aﬁ?donﬂ Samfnglang% lé{?‘i“iptor
| oads to nt'vpail gdpmcapﬁﬁowmkiﬁnﬁatﬂnsedcwmnbwtagsmﬁ Fio2d remsouughsegand, with

vvithstandt ] e i) for
i nductive | oa @%Mggg%?ﬁe Sk r epe 01%?%@3#‘30#&3?‘%%?% 2h§ can
occur when mm am&c%rm&wemumwmmgaz@f @1 millimheigis; dt)a hied voliags of 38/e | oads

it is less gipmertant, but a reasonably large gap at current zero is always
pr ef er abl e. U;? Openi ng before a current zero to reach a m ninumgap at the

current zero sets a Figwe A iHustraias theneffeetof the prior B trofpense bus fivrgo i sets a

maxi mim t i "RrichldAgh pﬂaseqmla%me@s&am&us@ ate dlfferdht b&m%%@&% Fhis@Quey t - and
3.33 mlliseconds at 50 hertz. So t maxi mumti current zero must

be | ess t haPfearsey sipgly Pﬁt%aéﬂtsmagowonéy EFPRI?Yéﬁi &@P@mﬂ@hﬁ mfé’?roal wewsndhe

critical. Tﬁlﬁ:t—@@ﬂh@&dont&ﬂ[éﬁ ma@ietwmd miﬁmawwmeq@@mrmdmss BeEkHiefhvdnidn on
cl osing w e of fro 5 mlliseconds,to, 2 5mllltﬁagconds

o ommandectiatinn GRS pRenRE oE b8 e TR S B DR
nom nal . A mum,mmlsﬂmstta&dmmglemﬁb zero of 1.5 mlliseconds provides a gap

of 2.3 mllineters cond for, a voIt rate
vol tage; and 3.2 m gu} elﬁ'rﬁ‘égg% Oﬁlg erglp%neelrltssogc%:hdsnaw? " & B8R ovol t
rated vol t atpewn ¥h¥igue $ appleadgh aga;gletmn bisnbanithree-1thhse asaemhlycﬂS r'éhp eddhlan e

e 1gNTt 1 ONScony/ B id T Ehde Tork PG foBotodl B dho Basd ududllil b @RGSRl OVI des

a 0.27 mllisec cushi on ore e previous curre Zero I n ano
phase is refigisengrate breaker modules 14 and vacuum jsolator modules 12 are prowded for each phase.

As previously described, Figure 5b illustrates an alternate arrangement in which
each breaker module 14, comesponding to the individual phases of the load, is connected through
a first vacuum isolator module 12 to a first bus bar phase 98 or through a second vacuum isolator
module 12 connected through the first vacuum isolator module 12 fo a corresponding phase of a
second bus bar assembly 100, which can alternatively be employed to energize the load in the
event of a problem experienced with the first bus bar assembly 98; through the appropriate
interconnection of the moveable contacts in the fixst and second vacuum isolator modules 12.
The interconnection between vacuum isolator modules 12 is made through a second connector
62 shown in Figme 4, that is coupled to the same stationary contact 52 that the first bus bar
assembly is connected to through connector 54.

Thus, this invention provides enhanced maintenance capabilities with the ability
of replacing individual modules within a switchgear housing with a minimum of service outage

time, while enabling a reduction in the size of the overall equipment through the judicious use of
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(c) Opening in synchronismto a current zero in each phase i s not
recomended. Sinultaneous contact parts in all phases with Qbi%ﬁﬂpus
contact part in only one phase is preferred. For capacitor s ng,

si nmul t aneousW@8HIA® parting yields a peak recovery volt aguRMWOBSS per
unit in a three-phase ungrounded systemg.-The first pole clears with the
second and third pol es about 90 electrical degrees later, or 4.1

nillisecondshat 60 her%é For _capacitor_ sw tching, non-sinultaneous
contact par EqlifgineuRtion | sl gvoltagse iRlatiquc oy pweh [veliage Toftions ®f thesuggnding n a

t hr ee- phas eedzlrﬁﬂﬁr@dﬂﬂ e il ﬁﬁ@&ed?&ﬁblﬁdu&%tofmh @po&‘dz &@iﬁ%lugd 151!8 n{oﬁh%d sipcaRd and

third pole}s:P 80 £ | ectri cal %;ees or npre | 1 seconds at

60 hertz bioskefidieee 2 g3pldRtkFRrorLlT ?B&leaa&ﬁﬂ% éﬁ@ppk@rfe S¢ahali pithe
respective pibadal confteions Qetbd R the awitcBeabsikithe® @esdtbed B0 forthik involdBe | TAAJTE

SHEET (RULE 26 Lul 4, WO 01/50561 PCT/1B00/ 01982 -

i Illsecond?ulgﬁa ém§%nPg8% %EH?FF%§838W5§H WﬁWﬁ%“ﬁ?ﬂgﬁﬁﬁéﬁlgﬁgﬁﬂﬁﬂuce t he
t hree per umbdule i4emvbe yacwoh fsalger mbd)le F:Dnmls bRvide 6 higu (tapﬂ:lllftj‘ €1 leBablifl

phase has s rre t unlforn1or
easily predﬁﬁ§{§ qyg%%%% %$§m3£ q£m1 mﬁﬁﬁmééﬁﬁﬁ %%éﬂ ﬁﬁ?ﬁﬁﬁycan do
nore harm t han good. %ﬂmﬂm@mﬁm@mﬂm@ﬁhﬁmmﬁm ImctHae:rdasmbédammtaﬂ, Awwill
synchroni zagJ re’cﬁte& dé)%k%leﬁ ?%1{0% mo%_!ﬂlsa oﬁ;sb%.n %ﬂémah !hse:& The
recomended o ased on ob aining an adeq ua

capaci tor sdmﬂém’ evelmd;yebaht pitbooverall i@ﬁdmna@étheshsa_lo@ret o%@orﬂmgte,tthaf s per
second, Wi tpam@mabmngnﬁmoaﬁ AR 1ol Mﬁx}é%gﬁf&a Bt ufhih AL 4! T age

of 27 kllovolts and 2.1t ) nmeters per secon peni ng
gap of 21 ni%PPq Fhdpvention “éltchas tp&f: giyen/ige fua@eea@h oBbe anpknded elhirs andng apdalba
|Ilustratesaﬁh@k@$ﬂ@@&fof the prior art response to a trip command in

whi ch each phase is disconnected sinultaneously at a different point in the
cycle. This occurred because-a single actuator was commonly enpl oyed to
inplement the trip for all phases. The point-on-wave controller nodule 84
and individual in fine breaker nodules 14 of this invention enable a
synchronous openi ng of the respective phases, with individual control, that
mnimzes arcing, such as is illustrated in Figure 6b. Figure 5a
illustrates the nodul ar conmponents of this invention as previously shown
in Figure | applied to a single main bus bar three-phase assenbly 98. The
nodul ar assenbly of this invention is only shown connected to one phase,

t hough it should be appreciated that separate breaker nodul es 14 and
vacuum i sol ator nodul es 12 are provided for each phase. As previously
described, Figure 5b illustrates an alternate arrangenent in which . each
breaker nodule 14, corresponding to the individual phases of the load, is
connected through a first vacuumisolator nodule 12 to a first bus bar
phase 98 or through a second vacuum i sol at or
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nodul e 12 connected through the first vacuumisolator nodule 12 to a
correspondi ng phase of a second bus bar assenbly 100, whi ctk ﬁ@}‘zom
alternatively be enployed to energize the load in the event 01’ ‘a problem
experienced W@ 0i505d1e first bus bar assenbly 98; through ther/mppoopri ate

i nterconnection of the noveable contachjg_.in the first and second vacuum

i sol ator nodules 12. The interconnection between vacuum i sol ator nodul es
12 is made through a second connector 62 shown in Figure 4, that is
coupled to the sanme stationary contact 52 that the first bus bar assenbly
is connected to through conggeheNcEEHARMSTIER Nisg | nvention provides
enhanced maj ntenance_capabilities wth the abiTity of replacing individual
modul es witHin a swi %‘@ﬁg‘@&tde‘ﬁ%si ng with a mnimum of service outage tineg,
whi | e enabl {g a r edvsdyb®kolathr khEchShoagle0f the overal | equi pnent through the
judicious u of SUBSTI TUTE SHEET (RULE 26) 2 July 2004 WD 01/50561

PCT/ 1 BOO 01482 - 16 YeAre SieremicEin oy actpriovindiiége i sol ation from | over

vol tage portd.ons of Ldag conbesiruiich if@graletmint @RERMbhers ¥Vt flbgd and tested
conbi nat i ong8 of soli @goz%gg esin g{%[hlegs into nolded silicon to EPDM rubber
sockets have™a good tPaEk"FECEPE® abl es and can be applied to seal all
of the eleztrical cBwmeanieetons noted for the switchgear package descri bed

above for thjs invent] . un e combination of the in-line magnetic
actuator an 'vacuumnlltn%l %?dr%% ecral%\?\#’% Eﬁoﬂﬁ%e breaker nodule 14 and the

vacuum i sol 2t or noduEmxg Rousing fdr vpouowiigiernptayiti-ipeectoatpatidulet y f or enabl i ng
poi nt - on- wayge sw t chi;g.t Bad | ong been an unobtai nabl e, practical

obj ective of the industry%\mgﬁg speci fic enbodi nents of the invention have
been descri®ed in deYVhitationgry cagtdact  be appreci ated by those skilled in the
art that vagg ous nodif LeabhObmiRNd alternatives to those details could be
developed in light of the overall| teachings of the disclosure. Accordingly,
the particitar enbo¥Pyrshle sonctdyvsseptie e meant to be illustrative only and
not limtinggas to tVieves@cope of invention which is to be given the full
breadt h of e appended ¢l ai ns. and y and all equival ents thereof.

SUBSTI TUTE g?—(EET ( RUFEY Elj’c tafh?’i}ﬁ%?ggla°“‘%gf%&9°%561 PCT/ | BOO/ 01982 -17
REFERENCE CHARACTER $itht®nar}@ont@nktierhil BlgctdeN tamectad. Vacuum i sol ator switch

nodul e 14. Mpcuum i nlinq{ur upt Orr/ﬁ'ﬁ;g- I.{ ne actuator nodul e 16. Load connector
with integral curren anstornery and VT plug 18. Voltage transforners
nodul e 40, In-line actuator

4]. In-tne actuator second coil

42, In-line actuator armature

43, In-line actuator rare earth magnet

44, In-line actuator elecirical connector

46, Electrical connector on vacuum isolator connected to moveable contact for

connection 1o the breaker module

48, Vacuum isolator first moveable contact

49, Vacuum isolator second moveable contact

50. Vacuum vessel of isolator module

52. First stationary contact in vacuumn isolator

54. Connector for connection fo a bus bar

56. Second stationary contact in vacuum isolator

58, Connector for ground

60. Connector cap

62. Connector to cascade to a second vacuum isolator
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20. Bus connector 22. Insul ated electrical connector plug 24. Epoxy housi ng
for vacuuminterrupter/in-line actuator nodule 26. Vacuum i,n }&r% ter
VI stationary contact 30. VI noveabl e contact 32. Mveabl e c dri ve
armature 3MOWS0§dssel 36. Moveabl e contact external el eRCTIRIANINDNNECt Or
38. Stationary contact external electrdigal connector 39. In-line actuator

first coil 40. In- Iine act uator 41. In-line actuator second coil 42.
In-1ine actg‘gtor tu In-1ine actuator rare earth nagnet 44.
In-1ine actbtiator ele OP]P %ﬂ“n‘iPB?ﬂ'lect or 46. Electrical connector on vacuum

i sol ator coedect ed tUadﬁﬁM%Ek&nﬁ@&bE@bntﬁ@ﬂnvaﬁﬁbﬁﬂ&Ctl on to the breaker

nodul e 48. gﬁcuum i sql at or, | rst IE‘Jr(ﬁt\}:/1 l.e contqz; 49, Vacuum i sol at or
second novelbl e cont %cf’mné%am&rlé??ﬁ BFOUBF FYEFEPor modul e 52. Fi r st
stationary ébntact iWacuamtdohadrs@gRio@chanfsdh Connector for connection to a
bus bar 56..Second séog |og%{13/ coont af i n Vacfé‘lém i solator 58. Connector for
ground 60. Connect or g RS Oh Yaopum 80 o 1o a second vacuum

i sol at or SUBSTI TUTE I@hﬁ&iﬁa{e&hﬂdiﬁu&ﬁﬁ 2 July 2004 WD 01/50561 PCT/1B00/ 01982
64. G ound nnect i um i sol ator noveabl e contact drive stem 67,
Vacuum i sol ?‘for secggtfggr%n\?\eg&ﬁtge contact drive stem 68. Vacuum i sol ator

t oggl e mech®ni sm 70. V8uhipdatérrapisk eaninentorhousi ng f or vacuum i sol ator  72.

Mul ti - phaserd oad ci rguitabe ¢hstobR@domRARECT OF S

30. Current transformer

82. Solid insulation housing

84. Control electronics

86. Power conditioning electronics

88. POW controlier

90. Manual inputs

92. Voltage, current and temperature inputs
94, Contact closure sensors

96, In-line actuator drive

98. First bus bar three-pbase assembly
100. Second bus bar three-phase assembly.
102,

104.

106.

108.

110.

112,

114.

116.

118.
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76. Vacuuminterrupter connector 78. Voltage transformer connector so.
Current transfornmer 92. Solid insulation housing 84. Cont r%LJuf}}?ﬁ4roni Cs
86, Power conditioning electronics 88. POWNcontroller 90. nual 1 nputs
92, Voltagewaorsiesit and tenperature inputs 94. Contact stDsane198£NSOr s
96, In-line actuator drive 98. First b_L%_bar t hr ee- phase assenbly 100.
Second bus bar three-phase assenbly. 102. 104. 106. 108. 110. 112.
114. 116. 118. SUBSTI TUTE SHEET (RULE 26) ? 2 July 2004 WO 01/50561
PCT/ 1 B00/ 01982 -19 What is Cained is: 1. Acircuit sw tching device (10)
conpri si ng: ont ai ner (34) housing a nmedi um having a | ower

el ectrical l@%%%%@% \d/ ty than air, wherein the container (34) is

i nper neabl e to the nkdi urf citguif pwitshing deyice OAkgoppdsrg act (28) sealed within
the container (34); a filSkagd Sl 3o GRRMICE HoatAMDSRE bR LBRIG] T St

stationary contact (28) at _one end, y penetrating the contal ner

Se
(34) and t efWHviiangr. Wiveinheentaing(39) s iperineable to e msdipncal |y i nsul at ed

el ectrical connector (38)frdstRWAFBbkcCODaidd IBANS bitBher3eR €d Wi thin the
container (34) and noveab]e bet_%ﬁen a first position, out Of electrical

conmuni cation with the fiaf&Hclepieal eandycipr congepted de the finsd statignary eonigelddh@t
posi tion, i Boeedn@CicklallA per@Oiiid the Sdnt@iar (M) bl ehEnShatki 0O M 6N firsf 28) ;
electrically insulated electrical connector (38);
a moveable contact means (30) sealed within the container (34) and
moveable between a first position, out of electrical communication with the first stationary

contact (28), and a second position, in electrical communication with the stationary contact (28);
‘ a second electrical conductor connected to the movesble contact means

(30) at one end, sealably penetrating the container and terminating at the other end in a second
electrically insulated electrical connector (36);

solid insulation means (24) for electrically insulating the container (34)
and the electrical conductors and connectors (36 and 38) external of the container (34) and
substantially isolating the container (34), conductors and connectors (36 and 38) from contact
with lower voltage portions of the switching device (14} when connected within a system the
switching device (14) is designed to interrupt; and

means (40) for moving the moveable contact means (30) between the first
and second positions in response to an actuation command indicative of a given circuit condition.

2. The switching device (10) of Claim 1 including a sensor (94) for
providing an output when the moveable contact means (30) is in one of either the first or second
positions, _

3. The switching device (10) of Claim 1 including a sensor (94) for
providing an output indicative of the speed of movement of the moveable contact means. (30)

4, The switching device (10) of Claim 1 including a sengor (94) for
providing an electrical output indicative of the length or time of travel of the moveable contact
means (30).

5. The switching device (10} of Claim 1 wherein the terminations of the
electrical connectors (36 and 38) are designed to mate respectively with complementary

connectors in a manner that subsiantially isolates the conductors and electrically conducting
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a second el ectrical conductor connected to the noveabl e contact nmeans (30)
at one end, seal ably penetrating the container and term natiyn 00;Jrhe ot her
end in a second electrically insulated electrical connecto?‘@%; solid

i nsul ati on memegs0ge24) for electrically insulating the conpermmeooe®) and
the el ectrical conductors and connectqhg_ (36 and 38) external of the
container (34) and substantially isolating the container (34), conductors
and connectors (36 and 38) fromcontact wth |ower voltage portions of the
swi t chi ng deoviicne of 1hf) cophestore Gnendt W fony kentech with Jeveen voliage powliong of My devi ce
(14) is desig 18%50 Interrupt; and means (40) for noving the noveabl e
contact neans (30] between the first and second positions in response to
an actuation conmand-i ndiTBagwitghingdevige gy efiflaimpingidingondi ti on. 2. The

swi tching device (10) of aqe@hmséﬁdnaﬁlda%aq)s@_s%ﬁ&w&wﬁ%c&aﬁmp(s@ym ng an
out put when the noveabl e contact nmeans (30) is in one of either the first
or second PE%FElBEENNE  The switching device (10) of Claim1 including a

Sﬁnsor (91431') for providi agmﬁn%%mc%u(;o%%@%}@@mﬂh@ @ftgé&ﬁorﬂpﬁﬂignzgf?dﬁ%b’temnf of
t he novea cont ac S. : e t chi ng device 0 ai m

i ncl udi ng & @eaﬁgli?ren‘i’ 9%&%@?“6&6%\#&%3%2%9@&@&&%@ %ﬁ’f’ B’é‘ r e%%ia&'aﬂ ve of
the | engt h @éctichliEnsfatetl Eladtidal @hndcloe(5APMEiabl e contact means (30). 5. The

swi tching device (10) of einthetetsgi tions

alm | wher n f “tt"\”he
el ectrical connectors (38°HRg Wefogpic galacimes fsem?vé’gtgeeh BI%P with
conpl enment afiiyt and @nond ctatbonsryicontacts(Bd) A@andtsShipt substantially isol ates the
conductors and el ectyica cii.n T (RULE. 26 July
2004 WD 01150561 P /IB%?S%@%E &e%eq B@J ?u 5?%#@5%%5? g‘gnl‘h‘)e"c‘:’%’%er%‘;“{a%%es and
38) from comtaas (4Syd% dud|36is moyerblechgtveprothe ifitsh seaohd arden thisdpostiiomdi eiepsricals. The
swi tching deyi.ce&:.L340) ] - L EK CANAle ShAl0me act
(56) seal ed&\%ﬂ% |C§1ﬁhg )ﬁ%ﬂféhg%%#dr%%%@%wgﬁgg@ﬁdnﬁ%t ed 10 %r 88{11%#%&1? Ird
S

el ectrical deHistcoamuEeipeyitee figt and gecand sighepamicanticin(a? §pdSBht act (56) at

one end, sealably pefetr %&Mtcﬁiﬂ?d&&@h@? 1t I WneRnd QhABRAIA B3 t he
other end in a third electrically insulated electrical connector (54); and

wherein t hedFipaeia ersffsider shaplie prygckebony thecomplrmenpny comediraniorna i r st
and second férathe eMeof eieintheghSorchket28 and 56). 7. The switching device (10)

of Ll m e wherern e e anl g conLathy RANS (42, 49,20, S0) L5 pveati
(46 and 54) at the other end of the first and third conductors are of the same design.

10.  The switching device (10) of Claim 6 wherein the sealed container (50) is
divided into two tandem compartments (50 and 50°) each compartinent (50) housing one of said
first and second stationary confacts (52 and 56) at adjacent ends of the compartments and
whetein the moveable contact means (48, 49) comprises a first moveable contact (48) housed in
a first of the two compartments (50) with the first stationary contact (52) and a second moveable
contact (49) housed in a second of the two compartments (50°) with. the second stationary contact
(56), wherein the first and second moveable contacts (48 and 49) are connected to the second
electrical conductor (46} and are moved by the moving means (68).

11.  The switching device (10) of Claim 10 wherein the first and second
moveable contacts (48 and 49) are interlocked so they cannot be respectively connected to their

corresponding first and second stationary contacts (52 and 56) at the same time.

12.  The switching device (12) of Claim 6 wherein the first and second
stationary contacts (52 and 56) are electrically insulated from each other.

13.  The switching device (10) of Claim 12 wherein the compartments (50 and
50") are formed from two back-to-back vacuum interrupters (26).
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communi cation with the second stationary contact (56) and V\/ner ein the
second position is out of electrical comunication with th e}; and
second stationary contacts (52 and 56). 8. The swi tching deV| C %leo of

Cl aim5 wheM&}01/30%%@. connectors (46 and 54) are forned fromBonedgd eit her
of a plug or socket and the conplenmentafy connector is formed fromthe
other of either the plug or socket 9. The switching device (10) of Claimé6
wherein the connector termnations (46 and 54) at the other end of the
first and third conddet odkbe gyitshing devive oEQlaim waﬁr@mﬂhemmnecrwéemmh@h(%g devi ce

(10) of d %ﬂh@ew@%@a@n&&%@ﬁ%ﬁme&g@m&%a&éﬂés 24 %}v' ded into two

t andem conpartrents (50 and each ntpartment ousing one of said
O

first and second st ai ona?lils"t‘}@h#&é"c‘@e(}@h drigmd eyhepemn theigolié inglatond®) &f  t he

conpar t ment shoash tteRdaiubick iR GWQA&M&%&W@%M&&WS&%coﬁﬁaams' ses a
first noveable contact (48) housed in first of the two conpartnents (50)

with the fifefddfht | onary contact (52) and a second noveable contact (49)
housed in a second ofs, t hehd wRiERERREOEIOS SF CRil'15 Wiekdh 1608 is
stationary cont a}e% é%‘a! wherein th en?l rst and second nnvea%l%(e)@ont acts
(48 and 49)%HLHAIR¥Yed to the second electrical conductor (46) and-am
moved by the novi ng 1meanghé &8ichingdevicd {16) maﬁmmm@eﬂwin@em&lm)vaeﬁmﬁ aim 10
wherein the first a second . ac nd 49 e interl ocked
so they cannot be rglgpec ?/Sé‘fl&?ﬁ%% eﬁ’@‘éﬁ@ﬁ"%hé‘f féh erEPeé‘gsp%ngiE"}fﬁovﬂ%st and
second statthmasreyblmmtaacﬂas4&)5Qanamﬂuaﬂﬁ)araﬁuatdne40$arre time. 12. The switching
device (12) of Caim r ta oniai‘l ¥ tacts
(52 and 56) are el ectrl caﬁ{%l nsgﬁvg é@?g%&gg m&e gﬂ em@n t chi ng
devi ce ( 10)compriseh & first apd swhedr éwﬁommet@@mﬂ)éiﬁtambﬁﬂshe(ﬁa e&pﬁwmaE@u): ek @9X or ned
fromtwo bagksies mg&a& £0d ULk, ULE 26)
2 July 2004 WO 01/ 50%61 PCT. g 8198%%{%&@% SW tciﬂllng ﬂé%cé Caiml
wher ei n t he4 Béwmn@ﬁhqwmb%fewm%w(%maémn@w@p the other end of the -

first and second conguct Q‘h§svﬁfcﬁn§ﬁ€vm§@l@?oﬂiﬁ§in99whlémﬂyﬁst%ﬁuée%ﬂd'wﬂsdev' ce
(10) of d 2 m 1 V\,herel n the solid insulation a housi n& t hat
3 gﬂfésedke%

encapsul at €8 # b ¥R PReHEmably gregsied A1 thy sap tlioe weablorratetidh 49and
connect or s io @463t 1adthg2ddinst thé statibhQy Sottzib2, 5Y), FRMickeing, 10) of C ai m 15 wherein

t he housing (70) is _ .,consiructed qf .epoxy. 17. Th svm VI ce (10) of

daim1l wherein the ftedi E.h‘? F‘?&Em%g%vﬂﬁr{?ﬁﬁ ofg}mnfﬂg ‘ﬂ‘“%é i 82ge10) of

Cl ai m 1 wheapglied td MVHB@HS9)(0681)B irf-livte attontor i) istrdwersmjmp:hir&) @anitalkbué @8, 49) is

an in-line ,_19 g%?sr Hﬁgor (40). 19. The switching device (10) of Claim18
ne ac

wherein the ator (40) conprises a first and second
el ectromagneti c coi 122( 39 Tangwitthing devive (£0) 108 Clah €8 inrlodiagym elurabity o imod(129)

units (12, 14, 16 and 18) that plug into complementary ones of the modular vnits (12, 14, 16 and
18) wherein the container (34) and in-line linear actuator (40) form a first integral circuit breaker
module (14).

23.  The switching device (10) of Claim 22 wherein the first integral circuit
breaker module (14) and at least one other module (14, 16 or 18) that it interfaces with include an
electrically conductive outer coating, .

24.  The switching device (10) of Claim 22 wherein the solid insulation means
(24) forms an electrically insulating barrier substantially around the first circuit breaker module
(14) except for the comnector (36 and 38) elecirically bonducﬁng interfaces with the
complementary connectors effectively isolating electrically conductive portions of the switching
device (14) from electrical communication with lower voltage portions of the swroundings.
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for noving the noveable contact (48, 49) in a first direction and the
second el ectromagnetic coil (41) for noving the noveabl e C%Pﬁ}u%} 8, 49)
in a second direction. 20. The sw tching device (10) of d ai erein
the first afMO8¥¥84Id coils (39 and 41) are programmuably easiRpoRasd2 at t he
sane time to ease the noveabl e contact.248, 49) to a soft |anding agai nst
the stationary contact (52, 51), when closing. 21. The swi tching device
(10) of Caim18 wherein _the polarity of voltage applied to a drive coil
(39) of the in-line &ttuddeswiching dpvdce () of Sl 74 wkersip 1 grparptp cqrsprondies cl osur e
(48, 49) taeasdid 19) andhdedy atrol R SWkLA %ﬁﬁctﬂﬁvdr%ﬁpafaligﬂ oPhieldi@l M 18

i ncluding a pluralijt o{]?ém)dul t . units (12, 14, 16 and 18) that plug into
conpl ement af{PdEfieingichp eﬁ%‘dﬂﬁ%ﬂ’haﬁ‘?ﬁ”f’%‘t' ) 14, 16 and 18) wherein the
container (34) and iz | i Mie khikBRE dévede WEN 6f Clbit0)s ihdMidiga sbdob@intebral @@hia
circuit breaker ITD%#H 14)..23. The switching device (10) of Caim22
wher ei n t he®PEFmp ee@@ TEYEUi t  breaker nodul e (14) and at | east one
other nmodul e (14, 16 or hJurdlikyadf fitst elecricellyf inmiag:d eletthical itul RS (74) at

el ectricall nY yter,coating. 24. The 1t chi devi,ce (10) of
Qaim 22 it QRN SheE SRt in £l D05, B SRR BRI ol
i nsul ati ng @dris iode applib tath each lfiksy owprd condectdn €74) desighedad mata iwhith b ceskendinpdul e
(14) except for. t] i 300 L.call | n
[t oraces. S pierEASy SRSAER Wakolfb Bt ool MBS B B bl ot
el ect ri cal | lpakeirstiti€12) irea ponner dnkelestricallyeingtes eheicmigally denducting (pbrtipns ofdhe
el ectrical GOIIRIRICEARL BheWh dhd! ol Joindi ngs.
SUBSTI TUTE SRR CBOR e 253%2&31 ut‘ii_éyﬁi%(%g‘g &%6W§8?8§§%%ﬁ%%92 -22 25,
The swi t chi Weleduovidiag elegiicab ponppciipritterbgiesne el wbgaallyabsdatesotbpsesysgions ng
first nmodul gorh ddhlaci VAERENHORHMY efBBih&@E:S the physical connection or
separation of electrical ap@ﬁn,duc lon in each phase of a nmulti phase

t

circuit. (72) 26. The swi of FaFFnt senporg) 180} resnertivel conrperiprttopnger tBe second
integral ciaugeitt floveNhesipl comdpisbing (fk6) ouGRTBEnnsddg (743 2Bl WProdldb tay ufput hat

el ectrical I% .ic%su atgpl el ectrical output connectors (74) at | east

cor r espondi REFSC PHEunber of phases in a line source (98) to which the
swi tching device (14) i aphoaliyeofapiphi @eaductvrstrispediedty tonnstedatibehd ®abphect or

(74) design t | ndi n l.enentary el ectrical
utilizati on&%f#gﬁgi 0?(‘:3):%;1\4?111@@ %Fgg%ggcﬁeag?%qlﬂ%g%%rtg%g BN gﬁ"g"%ﬁ?&&% a
| oad ci r cui secqngt 2utpiuh cennenters €76) twhith eebpectivelyclave v ¢omplenetiery el cetisatiod | y

conductin ' . gL ' i ' r ut put
connect or (Bt Bal ik Qﬁlﬂ%ﬁ%ﬂ‘%ﬁ {0llel] Wk 58 on Bt e P

el ectrical @bhRdcnimse thaslestiealidesiates ity elysbiscelintondicting posiésion pb e midee
portions fEameceRNtae bxtWhdl Rukrdte AW il HekinRenif ¥édd UMIBRY  conduction between

mating connectors and substantially isolating those conducting portions from contact with lower

voltage portions of the surrounding envitonment; and

a second insulated housing (82) substantially enclosing and respectively
insulating the first and second output connectors (74 and 76), the output conductors, and current
transformers (80) in a2 manner that insulates each phase from each other, substantially isolates all
the current carrying portions thereof from contact with lower voltage portions of the surrounding
environment, and ties the first and second ontput connectors (74 and 76), output conductors and
current fransformers (80) together as an integral unit (16).

27.  The switching device (10) of Claim 26 including a plurality of insulated
voltage conductors (74) respectively conmected between different phases of the output
conductors (74) or between a selected phase of the oufput conductors (74) and a neutral
conductor, within the second insulated housing (82) of the second module (16), at one end, and
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a plurality of current sensors (80) respectively connected to nonitor the
current flow ng through corresponding first output connect otrzsJ b?ﬁi?ltand
provi de an output indicative thereof; a plurality of outpu CONdlct or s
respectivel YW@oWHWédt ed at one end to the correspondi ng oRETIRK0/OIME fir st
out put connectors (74) and at the othemsend to correspondi ng second out put
connectors (76) which respectively have a conplenentary end term nation
designed to nate with either the first or second insul ated connector (3 8
or 36) on t e Folfege comperiy 78)(at Abe other sndrah fhe voltags reorduelen hegin the iveltagt at es
the el ectri gahdcior 81 Ueighétlto BRfetWiBRSomatibll Sonf8tdr B v fOHRr f1§)0M
external current flow whi|e naintali n%egg(wgood_el ectrical conduction between

mating connectors antPsulJdp Sychipe devi 2 Gl 20 Jsbedigs g diied integraloBiieh ons

f r om cont acinodid (12)lcompisingvol t age portions of the surrounding environnent;
and a second insul ated housi.ng (.82) substantially. encl oging and
respectively insulating aﬁ%‘“??“&@ﬁ coniZne & oﬁ-h?gﬁ%ﬁ’éta ’BBﬁ‘H’ég‘?‘%‘Pgsa lorst and
76), the outlptricelcandiistivityrthan &) dvherdinriingwitch kaiadep (Ve 5®) (Glpeiatie HRANEr t hat
i nsul at es each ohase from each other, substantially isolates all the
current carryrng portions ‘thereof fromcontact with | ower voltage portions
of the surroundi ng envi rRobosiemtionagnvith esitachGS2) senlsd witlial ettt contsinil t
connectors ((53)4 and 76), output conductors and current transfornmers (80)
together as an integral unit (16). 27. The switching device (10) of Claim
26 including a plurality adistelesiyical tswiich sopductey €52 ormientedap she( ) statiesgoect i vel y
connect ed bgiig 8shufdt 4foBE Gl scRBRF Beheffiing BE sﬁH&hﬂHﬁtajn%rgﬂ? YUed %fn%na(ﬁﬁg)at it
uctors 4Y an tr

bet ween a sel ected phase of t he” out put “con a ne a

conduct or, ¥hereeding et decgisalswitehseraepierShlousi ng (82) of the second nodul e

(16), at one end, and SUBSdcdddT RatRlahf Isvifdildond®) (56) HHd 2ARE mYQuidy 50561
PCT/ 11300/ 01982 3 to a voltage connector (78) at the other end of the

vol t age con‘ﬂ’&@inﬁrf(s,o" erein the voltage connector (78) is designed to nate
with ﬁ corrgati bl e CO;lne](cItaCSécoaG & cRctde Ewlﬁﬁgobr[daa&fdﬁﬁﬁ&rbdd fol@3 sec&ﬁil -sta-ﬁhﬁhryh dul
swi tching devjce (1 aim.26 inclyding a.third integral sw tch nodule
(12) corrpri%vfl#"'fg:co tacge(g@e?f & ?n@hanéo?‘??lﬁl?[f%é’f? g 6'5)”1‘%106&%1' &% drdim

havi ng a | owerninatieg gdherottendnd donsomit] ieletition] dvhitainconhdctor (Erei n the switch
container (50, 50') is i apl.e. t e__nedj a first. stationary
switch contact (52% seal g‘?f’%‘éﬁ%%h?ﬁ%klh%n%c\?\j ¢ ghé#{qgl) rfgﬁ’led;“f‘ s eeﬁ“&@lri cal
swi t ch condeataiser (& Pjndararyeable tstiveeva filsipobitions in aldoivil commynicative. withithe first act  at
one end, seg elohakd S tAi : %ngl termnating at
the other endﬁ!ryn_a I rst eqag)(’:tta%e%a Ogﬁp%scﬁlﬁ&c%n%%%f%%g W?auggg‘;e}%gﬁ%

st at i onary “$6#nd saticanswieh comey (Skarded within the switch

a third electrical switch conductor connected to the moveable contact (48,
49) at one end, sealably penetrating the switch container (50, 50°) and terminating at the other
end in a third electrical switch connector (46); and

means {68) for moving the moveable switch contact means between the
first and second positions in response fo a given operator action.

29.  The switching device (10) of Claim 28 wherein the second switch
comnector (58) is connected to ground.

30.  The switching device (10) of Claim 28 wherein the means (68) for
moving the moveable switch contact means (48, 49) moves the moveable switch contact means
(48, 49) into electrical engagement with either the first stationary switch contact (52), the second
stationaty switch contact (56), or a third position out of electrical engagement with either the first

(52) or second (56) stationary switch contact, upon a given operator command.
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container(50'); a second electrical switch conductor connected to the
second stationary swtch contact (56) at one end and seal a?lﬂu trating
the switch container (50') and termnating at the other en a ' second
el ectrical SWP¥W3Eonnector (58); noveabl e switch contact PEFENSO0(9EB, 49)
sealed within the switch container (5@4) and noveabl e between a first
position, in electrical comunication with the first stationary swtch
contact (52), and a second positiaqon, in electrical comunication with the

second stationary swikch 18paviking desioe (10) aEClain 3§ waered e first elogtricagitein

conduct or  ceRfRE: eminded RehRNE R B ROBsARciCABwitcARInddlor GAPaNfougeal ably
penetrating theéfvm t.ch cont&#ner (50, 50') and termnating at the other

end in a thPPAEa] sEUeh OB} ch connector (46): and means (68) for noving
t he noveabl e switch gont aeé shiehig chseicwm) of M@ aimf 31 Sdcludingl aSAGRHA60GSd t 1 ONS

i n response, t a action The sw tchi ng device (10) of
Claim 28 V\hgﬁlgarhﬁ &ﬁé’sgtgg‘g ‘Qﬁﬁhﬁ’&w WW%%?BW@} ﬁﬁlesc‘{? nected to ground.
30. The switching detd.ce Thd GitdingCericen(DY off(d4iai 32 Whecir@lenmednd 30) fior

novi ng the s.(4 es th veabl.e swi tch
cont act rreair%gl}ﬁ%?géﬁ ﬁeéf) 59'2 o??o %I’I ca? °8’Sr{‘g°°§ rerrge?r]?t ncwcf’?fl‘%t?cﬁ?n&' ©(RIY | 1 st
stationary swprissy ae@mlmh(mmmﬁ@)sdmwy ensttuiciot o elsotiitabinsudtion. act  ( 56) ,

third t t f t
(52) or second (56 St nar’gﬁ&éﬂ&@% (B ST ORI bl St el °

command. SUBYMpresrrica]spmsy ESviEEh contangt (50,200 4nd mmsps@cﬁmt"mm mB00/ 01982
-24 31. Themiiides RleBRcafl 860 é@coﬁﬁwﬁs%@}nﬁ%@%ﬁm csdiﬁnefr gf 330 fhﬁct rical

switch conductor_term nates at the other end first | cal

swi t ch conngsigitialisisglating dhe gvifeh gputpiner 430 50%. corrpspendineclirstc@hrnad thyrd @8p) . 32.

The swi t chi pgaetvd && oe)ﬂ&ho@fﬂog SnthoSvkitt RGkUHIRE FortHRABE thk GRduitl Wien the
i nsul ati ng the flést or four swi tch connector when not connected to the

circuit. fiae &N Sparget V@P&“@’W Srieggusd S Rher ei n t he means (60)
for i nsul atl ng t he 34.r StTh¢ Swijchiag dé\ﬁuét(to)bﬁel)anﬁw {WBdieif €8 RE&ENGIandVBIBdIngN Ot

ted t h 60
subst ant 1 al Ty ERRe e Bl of BB aR L2 BBy REHrLDY Hh SO b ng
devi ce (10) brefkerGhaduln(BY, i neitroiitdrvg amhtmcbommilm adduier(34yeeirh ser(dd idefetdent
el ectricall nd the
corres:oondlﬁg |ré®i%§%sk%§§%\%rhﬁe‘ﬁ&%ﬁ%§"gﬁ %Ena?‘ge% uctors and
connectors external ¥ tﬁhcmcbmbd@m@t(w)né@a@lﬁﬁ wisfei) thanastersaipsflant i al |y
i sol ating taedm&ﬁﬁbnﬁefah@ceﬁémmehpigse)ofmegﬁéuﬁs(@gqgaﬁﬁnfc bebsilna( 54) and

third (46) conductors and connectors from contact | ower voI t age
portions of 2FuEs i FeEpRetivefetamadnlss (14) to open or close the circuit (72) when the

corresponding current is at a preprogrammed point in the current wave form cycle.

37.  The switching device (10) of Claim 35 wherein the master controller
module (84) upon an indication of a current fault condition actuates the corresponding first
circuit breaker module (14) for each phase, simultancously, to open the circuit (72).

38.  The switching device (10) of Claim 36 wherein the master controller
module (84) monitors electrical characteristics of the current and mechanical characteristics of
the switching device (10) modules (12, 14, 16 and 18) and uses those parameters to calculaie
the timing of the actuation signals to close or open the breaker modules (14) at the
preprogrammed point in the current wave form cycle.

39.  The switching device (10) of Claim 38 wherein the master controller
module (84) also monitors a parameter characteristic of the environment surrounding a
switching device module (12, 14, 16 and 18) and uses the environmental parameter in
calculating the time of the actuation signals (96).
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switching device is connected within a systemit is designed to interrupt.
35. The switching device (10) of Caim25 wherein the openi&gh@ﬂ%xﬁjosing
of the respective phases of the circuit (72), physically actuat’e y the
correspondi WO #1/50841 circuit breaker nodule (14), is contpobimdoirg2 a nast er
controll er nodule (84) which sends indegendent distinct control signals
(96) to the respective first circuit breaker nodules (14). 36. The

swi tchi ng device (10) of Caim 35 wherein the naster controller nodule
(84) rmonitors the cuthentPhe pvigching dpsieed £0) of Clainge 3¢ Whesein the erdonmemalupon
command ac?#@ﬁ&&iggﬁhﬁﬁ§Qﬁﬁ&baﬁmgirSt nodul es (14) to open or close the
circuit (72) when the corresponding current is at a preprogrammed point in

the current wave forhh cydibgswitpping gecediNE Hlainy3¢alsreie the prpprogrmpedi m 35
}Nhelr tei n tg_eltaqmsﬁ A3 tcﬁﬁ{iiﬁr@bﬁ&fn cyﬂ@ﬁwsﬂecﬁéﬁ‘ﬂngdB@Qith%flsi{ier@iaﬁ:?&éga@ébrﬁf ac gr lr ent
au condition actugfes e Ccorrespo n ir Ci.rcui reaker, nodul e
(14) for each phase, ™si ﬁﬁ&%@gﬁ?gxgghBEQ%m?ﬁ%w%??EgFP“PV@¥@M§Q. The
swi t chi ng dgiitéethé denDhavefainraydbiswhde@idraigh en Bt de FaRici@dt @4lue nModul e
(84) nonitors electrical. characteristics of the current and nechanica
characterisgpggmalng?ﬁémQV?P§%lng device (10) nodules (12, 14, 16 and 18)
and uses those paraneters to calculate the timng of the actuation signals
to close or open the breaker nodules (14) at the preprogrammed point in the
current wave formcycle. 39. The swi tching device (10) of C aim 38 wherein
the master controller nodule (84) also nonitors a paraneter characteristic
of the environnent surrounding a swtching device nodule (12, 14, 16 and
18) and uses the environnental paraneter in calculating the time of the
actuation signals (96). SUBSTI TUTE SHEET (RULE 26) 2 July 2004 WO 01/50561
PCT/ 000/ 01982 -25 40. The switching device (10) of Caim3 9 wherein the
environnmental paraneter is a neasure of tenperature. 41. The sw tching
device (10) of Claim 36 wherein the preprogranmed point in the current
wave formcycle is a selected range on either side of a current zero. 42.
The switching device (10) of Cdaim3 6 wherein the preprogramred point in
the current wave formcycle is a selected range on either side of the
current value corresponding to a voltage peak. SUBSTI TUTE SHEET ( RULE 26)
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