(12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATE!\IT COOPERATI O\I
TREATY (PCT) (19) World Intellectual Property Organization |nternational
Bureau (43) International Publication Date 12 July 2001 (12.07.2001)
English English (10) International Publication Nunber WO 01/50563 Al (51)
I nternational Patent C[fassification7:HO2B 13/035W 53095 (US). MARCHAUD,
Francoi s; 133 Lanbeth Drive, Pittsburgh, PA 15228 (US). (21) International
lication N rERRGT 0,
ggerrber 2000%8 12. fég%&(kg%‘?ﬁ% fnl?n%sa ?g{ﬁ%ﬂggghg{@ég E@‘Jg I%‘%n'r{(gﬁlauage:
(30) Priority Data: 09/476,564 3 i;;;uar ‘._.IF (03 01. 2000) us (71)
l'icant: ISR R o TP
O ovel and. Ot 41T i Cah. e orket ey MBIV hinmal
Cl ose, Rise Park, Nottingham NG 50L (SgEgEsAVARSHALL, Trevor, B.; 2 Lindy
Cl ose, Kinoult a43) IrbérbdtinguhamwhlﬁiihmRD (GB). DAVI E8p) hieraatminsl P&ﬁ&tﬁmmmr&e
Drive, |rw n, PA IRR5I8200(WEY7.20P/HEI SEN, PpCdar, J.; 5888 WHPEOSF3ad 1 Vst

Bend, = (54)—Fit+e—-NFEGRAL—LOAD CONNECTOR MODULE-PCT (81) Desi gnat ed
St at es (nat 15(1)n‘ade-)laferE’aterAG;ass'thwn’AM HQAR 154%8), A s3BA(UsBBARGQAUDBiyncdBYi33 BabethCA,
al, CN, CR DE, DK, DM Dz, EE, ES, D% Pinsagh PEI28@E) Gi, GM HR

010 e S o bl S AL

(le\{Nnternatmnal Filing Date: DE, DK, DM, DZ, EE, ES, FI, GB, GD, GH, GM
SL, Ti, ™ 29 December 2000 (20.12.2000) HU.ID, IL, B0, 16, 7P KE;IG’KR m?r?z, e LK:E%:
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
(25) Filing Language: English NO, NZ, PL, PT, RO, RU, SD, SR, 8G, 81, SK, SL, TT, TM,
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.
(26) Publication Language: English
(84) Designated States (regional): ARIPO patent (GH, GM,

(30) Priority Data: KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Burasian

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Buropean
09/476,564 3 January 2000 (03.01.2000) US patent (AT, BE, CH, CY, DE, DK, ES, FL, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
{71) Applicant: EATON CORPORATION [US/US]; Eaton CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).
Center, 111 Superior Avenue, Cleveland, OH 44114 (US).
Published;
(72) Inventors: HODKIN, Alfred, G.; 2 Omsay Close, Rise —  With international search report.

Park, Nottingham NGS5 50L (GB). MARSHALL, Trevor,

B.; 2 Lindy Close, Kinoulto, Nottingham NG12 3RD (GB).  For two-letter codes and other abbreviations, refer to the "Guid-
DAVIES, Norman; 162 Sunrise Drive, Irwin, PA 15642  ance Notes on Codes and Abbreviations” appearing at the begin-
(US). THEYSEN, Peter, J.; 5638 Maple Road, West Bend,  ning of each regular issue of the PCT Gazette.

{54) Title: INTEGRAL LOAD CONNECTOR MODULE

0O O O

0O 01/50563 A1l

a {57) Abstract: A load connector module for connecting a multi-phase Joad to a circuit interrupter which includes all the multi -phase
connectors, a current transformer for each respective phase, and a voltage transformer coupling, in an integral, solid, insulated unit.



TR, TT, TZ, UA, UG UZ, VN, YU, ZA, ZW (84) Designated States (regional):
ARl PO patent (GH, GM KE, IS, MW M, SD, SL, Sz, TZ, UG Z &Eﬂj’@él an
patent (AM AZ, BY, KG Kz, MD, RU, TJ, TM, European patent ‘t"'
Cy, DE, DK, ES, FI, PR @&B, GR IE IT, LU M, N, PT, SE, TR, QAP
patent (BF, BJ, CF, CG C, CM GA ON, GW M, MR, NE, SN, TD, TG.
Publ ished: - 1Jrth international search report. For two-|letter codes and
ot her abbreviations, refer to the "Guid- ance Notes on Codes .
andAbbrevi ati ons"appeari ng at the begin-.piLng of each regular issue of the
PCT Gazette. 12 74 to i2 (57) Abstract: A |oad connector nodule for
connecting a multi-phaseNTRGRAD FOADCONNECTOR MODELE Whi ch i ncl udes al |
the nulti-phase connectors, a current transformer for each respective
phase, and a voltage transforner -coupling, in an integral, solid, insulated
unit. 3 July 2004 -1 | NTEGRAL LOAD CONNECTOR MODULE CKGRQ O HE E eJ& of
the Invention This invention pertains in general to switchgear and ot her
swi tching equi prent which use hernetically sealed interrupters enpl oyi ng
i nsul ati on having a higher electrical resistance. than air and nore :
particularly to conpact sw tchgear that enploy nodul ar conponents to
reduce the overall size of the system Badground Information Grcuit
breakers provide protection for electri caI systens fromelectrical fault:

) and abnormal | evel

conditions such as current BAGKERS iR INVESHION:

vol tage conditions. Typically, CIrCUIt breakers 1 nclude a spring powered
operating opens eI ectrical contacts to interrupt the
current through the copdycts r.j onse to
‘abnormal conditions. In part | c eﬁ%%%%ﬁiéc@?ﬁ? {pgﬁ@uf)‘{“@ﬁggﬁglgplﬁ?rﬁs

have been Kidthusehhermetioaly tacbéedsmmmaﬂatseem;ﬂmﬁng: instlatiins halinpp e Mighevelebiiea an
I nsul ating W 'than air and more particularly to compact switchgear that employ modular
components to reduce the overall size of the system,
ackground Informatio

Circuit breakers provide protection for electrical systems from electrical fault
conditions such as current overloads, short circuits, and abnormal level voltage conditions.
Typically, circuit breakers include a spring powered operating mechanism which opens
elecirical contacts to interrupt the current through the conductors on an electrical system in
response to abnormal conditions. In particular, vacunm circuit interrupter apparatus have been
koown which include separable main contacts disposed within an insulating housing.
Genera]}y, one of the contacts is fixed relative to both the housing and to an external electrical
conductor which is interconnected with the circuit 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 baving the contact at one
end enclosed within a vacunm chamber and a driving mechanism at the other end which is
external to the vacim 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 motivé force to move the moveable coatact into or out of engagement with the
fixed contact.

The operating rod assembly is operatively connected to a latchable operating
mechanism which is respomsive to an abmormal current comdition. When an abnormal
condition is reached, the latchable operating mechanism becomes unlatched which causes the

operating rod o move to the open position. The motion of the operating rod, in turn, causes



General ly, one of the contacts is fixed relative to both the housing and to
an external electrical conductor which is interconnected w tsh L}]hzod:i rcuit
to be controlled by the circuit interrupter. The other contac{ Y

noveable. In the case of a vacuumcircuit interrupter, the noveable

contact assenbly usually conprises a stemof circular cross-section having
t he cont act nd encl osed within a vacuum chanber a .yl Ng
mechani sm at aivﬁgﬂgﬁsﬁsgr end which is external to the vacuumggﬁg%lgyd An
operating rod assenbly conprising a push,rod, which is fastened to the end
of the stem opposite the noveabl e contact, and a driving nmechani sm provide
the notive r I st . Of t
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connect ed toentact at chabl e operati ng nechanismwhich is responsive to an
abnormal current congj'-tion. VWen an abnor.gadl . condition.is.reached tae
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causes 3 July 2004 WO 01/50563 PCTI | B00101986 -2.the contact bell crank to
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an adequat ecitence i s needed to open the contacts with sufficient speed. If
the contacts do not open quickly, there is a risk of the contacts welding
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and switch !i(’ji connects. Typically, | ccordance with prior art practices,
one vacuum rﬁé‘eq'“iﬁﬁ]betge‘fmi"’é ¥)1p akers a.l%C/lSWlt(ng c%sconnects.

Typically, in accordance with prior art practices, one vacuum interrupter is
provided for each phase of a multi-phase circuit and the interrupters for the several phases are
actuated simultaneously by a common latchable operating mechanisma. This does not permit
poinf-on-wave switching among the multiple phases and can give rise to voltage transient and
upeven contact wear.

Medium size switchgear employing vacuum interrupters typically have a front
low voltage portion just to the rear of the front panel which typically includes the breaker
controls. The low voltage portion is electrically insulated, through the use of standoffs, from
high voltage portions which inctude the vacuum interrupters. The standoffs permit sufficient
spacing of the conducting 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.

More recently attempts have been made to reduce the size of these units by
bermetically sealing them and filling them with a gaseous insulator having a higher dielectric

capacity than air, such as SF; However, this creates a number of environmental concerns.
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provi ded for each phase of a nulti phase circuit and the interrupters for
the several phases-are actuated sinultaneously by a common lsa‘ﬁﬂqhg{%'ﬁo
operating nechanism This does not pernmt point-on-wave sw tc % ng
the multiple phases and can give rise to voltage transient and uneven
contact wear. Medium size swtchgear enploying vacuuminterrupters
typically have a front |ow voltage portion just to the rear of thenfyoon
panel which typically includes the breaker controls. The | ow voltage
portion is electrically insulated, through the use of standoffs, from high
vol t age portions wecalinglycinineravbdmediomuoitigetseitchppiraicsign khiesift alig eddtices the
permt suyffi.cient aci of. the c ucting conponents so that air within
t he hous?vﬁbahégﬁa%deenzlﬁmg?ﬂ?‘gﬁm%@gﬁlityngfgﬁea%r to isolate the | ow voltage
portions of the switchgear fromthe high voltage conponents. However, this
spacing al so contri butes si.ze f nits. More recently attenpts
have been made to reduces‘b].c D.X‘Q@Hﬁh&! s by hernetically sealing
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capacity than air, such as SF6. However, creates a nu
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inventiaq €h rises separa . nsul at ed ectrical output connectors
for eac hﬁgﬁ%{s‘% ggif%{{%én %ﬁ':“g%0%41&5%“5%0&?3%8&&#%i‘f‘f’&t"@“’?ﬂq"ﬁmo eSS mERdes v
i nsul at ddtegrancuerebtanenitofing tansforacts Fotteqoh§ AR, and e 6id proRicbd etabstithadtiah Gleb-hRal
interface framthe external enyironnent and_ sealing those matin )

ﬁ uiq,\,ﬁ}rl%@r includes

connect SPEFRHHT BHE AL orpdiu Yiipes Brnstommes. Hbe leadr ¢asnsrtpr iped
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includes integral current nonitoring transforners for each phase a% I
one pr efWFHUEEOTBRLRRY WEAESPEHIVEly apate Wil p complimentary eenneesorsin gycifchit interputer.aihe
vol t age bdariatfofioduld BSimpdiats GRABRES B 2 SRA Bl Hiaddihitfips 1 nsul at ed
el ectrical input connectors, which are respectively 1n electrrcal contact
wi th the correspoAdiading thanmspectafiimaiovantion, theendis prsjded & i rdtiyphaa telectic4] leireuit
conplinqﬂ&&£%mﬁ¥@ﬂg&&glﬁgp,a circuit interrupter. The |oad connector
nodul e conponents are SuSed in a solid, electrically insul ated housing.
According to an aspplataliof ofhérst neé&:ﬂ’idanﬁ,inblhﬁé& él&uﬂfaf)vdtﬂfﬂ aonﬂfbdt?ﬁ-ﬁhm
electrical circuit ., connector nodule conprising: a plurality o irst |

of oot 11 CATPPORE oAb CrPheE ol Fhatea i pGEHID Bhichdie opaccisr mioglets © be applied with

each first output connector designed to mate with a corresponding complementary load connector

attached to the corresponding phase of a load circuit in a manner that electrically insulates
electrically conducting portions of the load and the output connector and substantially isolates those
portions from contact with lower voltage portions of the surrounding environment, while
maintaining good electrical conduction between the output connector and the load circuit;

a plurality of current sensors respectively connected to monitor the current flowing
through corresponding first output connectors and provide an output indicative thereof:

a plurality of output conductors respectively connected at one end to the first output
connectors and at the other end to corresponding second output connectors which respectively have a
complementary end terminal designed to mate with a corresponding terminal on a power source
apparatus in a manner that electrically insulates the electrically conducting portions of the mating

connectors from external current flow while maintaining good electrical conduction between mating



corresponding to the nunber of phases in a circuit to which the connector
nodule is to be applied with each first output connector designed to mate
with a correspondi ng conplenentary | oad connector attached to the
correspondi ng phase of a load circuit in a manner that electrically
insulates electrically conducting portions of the | oad and the out put
connector and substantially isolates those portions fromcontact with

| oner voltage portions of the surrounding environment, while maihuli2Ring
good el ectrical conduction between thesqutput connector and the | oad
circuit; a plurality of current sensors respectively connected to nonitor
the cur FERECPISGRdngyLstaniaby divlative rtbess oadusting peipnoippronteenwite loves valiege
provi de, st subDliqfRtimg thereof; a plurality of output conductors

respectively connecte t one end to the first output connectors and at
the other end to adonsuisgonuising ssestntidlyoentiosihg eod nepicdrdy iishiating the st indel y

have a coraol nt ar m nal esi mate with a corr
eCcond o

end te ed t spondi ng
t erm naf--on a“q%nug\ﬁg’im St &'3 0"%'" %ng?%%rs’i %‘géuﬁgﬁﬁ@{ﬂi’lﬁﬁ’fs lé‘laeIE‘?IF’leEtg‘Ftlp’?s ates
i nsul at eghphse dlofcdath 6k SubsitiAle isolgs IO el AREnt QhrrREpdFids Mekreof BOMELHAES
from ext ’e{épal cyrrent fl og whi | e nmai ntai ni ng good el ectrical conduction
bet ween HRIIG V528 partions ghthe suzoupdipgreaiddies the dest aubiseorith uipyt jornsefPes: pyipnt

t hose cec_mau&bﬂsragdwéntﬁaﬁfanh%t&%ﬂ{eagan%& alliawer vol tage portions of the
surroundi ngs; and art insul ated housing substantially encl osing and
respectively insulating the first and second output connectors, the out put
conductors, and curmwmwt hat insul ates each phase
from each other, su urrent carrying portions

t her eof from contfAafiitherwintdrsthraivgsof delif@gtoniati bt gligeddfont he fadlowing@eshipas ofand
ties thﬁﬁf@i rst ag}(db .econd . out p%lt connector.s,. output conductors and current
t r ansf oFEFESTE FRPRYMERLS WARD feAf Bfeanngion ithihy qeporppagring BeREs erv vt

DRAW NGS A f ur t hetigui ey sl iBigiatien 6f tht hodhlBMaEIHaRiBalCaMpBEnBA fARS ik @Bht he
foll owi ng description of the Er_eferred enbodi nent s \qun read in

conj unction wit h H&E gcBofbatishatipndphanpiiges ph ththimedular sysiem eof 1thjssingention,

i 11 ust r gdriQilarBf i1t ddanAP i B nt BRSO LGAY 11&0%59%?]%} §1F9Jw b1y ibP B

Fi gure g&%ls aﬁ’fli | usdtﬂr)at ipgn of porti or?s of the r?o ul a%%??i@ﬁ%&bl?ﬁ?ﬂslme
i nvent i &8 of giemaqdalar sirstepns i | | ustrating the point-on-wave controll er and

uni ver sal power SE&I‘-QE) j.nt =11 QN WM the r of, t he nmpdul ar. syst.e
Figure 3 ais a si eé %a; %%,Sﬁ%igﬁém\éw%%%cop i %ﬁ,ﬁé %?#eﬁgaﬁ%gﬁ%"?m%%hmﬂ%}t
assenbl yf thisdiokestionpf this i nvention; Figure 3b is a side sectional view of
an in-line act ualtjpor agcorp@rating 1tv.vo actuatgQr coils, which can be

enpl oyed by the BIEkkaP tbaliF S°GPHINISY Pho ft-mectuatef fagorporaing fvo actuator
i 11 ust r edilsophied cahibe efnplog@iIaRE BriAker MoaNsENthis phvalteh;, modul e of this

Figure 4 is an illustration of the three-position vacuum isolator module of this

mvention;
Figure 5a is an illustration showing the mechanical modular components of this invention

connected to a single three-phase bus bar arrangement;



invention; Figure 5ais an illustration show ng the nmechani cal nodul ar
conponents of this invention connected to a single three-phase bus bar
arrangenent; 3 July 2004 -4 Figure 5b is an illustration of the mechani cal
nodul ar conponents of this invention connected to two separatﬁ bgagggr

t hr ee- phase supplies, which can be alternately connected to t Ju m

Figure 6a is a graphical illustration show ng the affect on a three-phase
fault current wave formby a sinultantous opening of a three-pole prior
art circuit interrupter; and Figure 6b is a graphical illustration show ng

the affect on a tHigwe-Phasenfillusiration urfr dat meghapicilomedidgr gompeasintsond wsis
openi ng.Qf three I f a circuit breaker. having. independent actuators
for eachvenied FomEeteddo e Selirit o W (TRGERpA1E roplpica et R e afrpately
PREFERRE MBI &Fi gure 1 illustrates the nodul ar mechani cal

ntorrupt or /11 ned e Habdr H8HoIISrRORrBAYIE BF GUFE 3 &) DEREMERORY tho
vacuum k& G Bfm B kinfikafdout BSenfe e T RlYe-hole piE@laRQirWit Richuptes 9hd d

i nsul at ed housi ng 24, such as epoxy, silicon, polyurethane, etc, it should
be appreci ated thagureHd isemgrapbicaniliustation phowing| the affctt ore aj thengipheasedfault

housi ng y el 1SN .for a o iLnsul at ed
cinoe | euFORVEls e bF " RnchGEARS Bhohidor ke JEIATOR il e i

por t i on iitependént treatts &aleach pobeciulaecoidinceswith thzmentioronal circuit breaker

vacuum i nterrupt m 0 . ] ed in Figure 3. The
vacuum i nt er r upt ate RREL, EMBODIMENTS

\ . BHS g At Bt et sealeq vgssel 34 and
'tﬂd udﬁs a stati omai 1R RA: (R3madtaMYRaRta 6RPS-Rats RC0oMhik Givehfordathdat ed
roug

a gush rod/ noveabl e contact stem assenbly 32 slidably and seal ably
fitted braebergmodnle 14:.ceuenris o racwve ialsiaptes/linpareagtdoresasaiiile Abheusbt 30
into or i I i . The. st at]enary
cont act P8 2, SRARIENERE vhit Witk Tk Ao ARL AR e b P e
el ect ri omhlatedihosuh@?4 dutioasépogy,2didon, Eriywbthater bicalt sioahd be bgprec3Bed that thes
designed to te wth. a correspondi ng conpl enentary el ectr.ical connector
on t b GuHE BT FEbr a1 b B K il e g b o sty Zon e adfymnt 6
noveabl Be sombdeled siic€ RINL edl@tielyoRUBNagNcRARAEH TRl vaeOaf UiérRiptdr PortRdA 26

el ectrical connector 36 which is also electrically shielded by the

el ect r i ehthp preakaimaduledl 4ip g spmggntional giryiti bsealiercyagiuan interryrigralegieh and is more
conpl ey aiysttdach Fi C i r i own
in Figur efy%. %t%ee%e%&: ri ?:a con%@%t}%r@rsraggr %ﬁ%%g?%@ﬁﬁ%@t%gé?ﬂ%{é@%%sﬁl%gr
socket syedseit 34 dediinchipley asHtetivrarbeomthctt Heawhneverbdd gontsgs Yhwhichhe actuated
connect j;ons. are interchangeabl e. The noveabhl nt act rod
ool PRaB ek B RRE B B parE R TP B DR fealb i Tefpd Hhrob e
vessel 34 and operable to move the moveable contact 30 into or out of engagement with the

stationary contact 28. The stationary contact 28 is connected through an electrical conductor sealed
within the electrically insulated housing 24 to an electrical connector 38 that is designed to mate
with a corresponding complementary electrical connector on the vacuum isolator module 12
shown in Figure 1. Similarly, the moveable contact is connected through an electrical conductor to
an electrical connector 36 which is also electrically shiclded by the electrically insulated housing 24
and is designed to mate with a complementary electrical connector on the load connector module 16
shown in Figure 1. The electrical connectors 36 and 38 can either be plugs or sockets, but
desirably should be of the same design so that the connections are interchangeable. The
moveable contact stem/push rod assembly 32 is in turn connected to the armature on the inline
actuator 40 which drives the moveable contact into or out of engagement with the stationary
contact 28 in response to an input of an appropriate drive signal which is applied at the

electrical



actuator 40 which drives the noveabl e contact into or out of engagenent
with the stationary contact 28 in response to an i nput of an appropriate
drive signal which is applied at the electrical 3 July 2004 - 5
connection to the in-line actuator coil(s) 44 and is derived fromthe

poi nt-on-wave controller nodule described in nore detail with 5@@@'%0;10
Figure 2. The in-line actuator 40 is of conventional design and consists of
either one or two electrically wound to?ls wound around a magnetically

per mea I - L1 j acen hol | ow rar rih net, 43.
Tt hep e S EREEMARRY AR5 A A ERle o e A B S e Rgh R PR b

t wo coil¢ssritmdan morealetsi twitheeghrdsipodsmte 2.n t he hol | ow center, hi the single coil
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foTthe col |30 3¢ et aitieey ARG b C it fostotin alits 35 etdr s SR Rge of
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t he opﬁom te direction, In the two coil design of the in-line actuator 40
shown fellom girreerth mapngy 4p +1a e tve cap desigithe gare sith agnet® i iterpossd betivegn ther st
di 1 eCt {yR7collQ alfPASEARYEDERse Cih thd Kol RWEREMF, Gi the sind1c3a dliES Ahls@ReRFigure
voltage is applied to the second coil 41 in the opposite direction to cause
opposi $(@) neliegprehe gbfen phkrityispaplindeto4be cqih3® temovgothe eintatute $6 ¢na ifirst giestianed
in Fig Lat - gn=wayv. r i r |y
ner car Fia Vol ot e RN pp R dtpRelk Bt LAl s RAb e HERELE A3 BRipplite
appl i edirection. dadfe twoicbil design & the Dglirenacedtor 40 hewe mbbigimesSith) voltageats applied to

appropriate.tines,and guantity, apply a volt to hoth_coils ., .
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NoVeabli@cetndat il Hkdafenwith rEidrd&f FRLFEE tih@peRdentth @oARRE %Wcﬁﬁa?e a5iiea
current being applied to the corresponding electrical coil and the
roveneltt S4B roHoiNdeE Pregrameaet i ensnysehndipeniuitarat ampeRiEte fimes andhgrantifye arplv ar y,
becaus%lfa?@to%ltﬁ B8R ARPAnESshPrott8kd the WNERAE LARIP B0 1S edsE Pt/ £ Eé’i’r Faﬂaing
conpared to the voltage across the vacuuminterrupter, It 1Is sti

desi r apnt thetsttiprane centast 2§ SAlfeatagivelindn shermingdelcadiudesign it toltagenbrddrisy applied kethe
nodul e I i an, i ral uni hat, enhanc t he
i nt egrtlil%‘é: %o?l %ﬂg}@nrﬁg%lﬁ@eﬁ %@e&%%?g&rﬁwégsggﬁjﬁgﬁogtg a eolﬁamtrlr%% u etrﬁi W?ﬁ%‘\?m in
Fi gur emavaablei aohtactpie skeisterb &t witken dirkigiob by thaappré@ftiatendrivenmreht bdivex siphied td dal
connectors 38 or. 36 qf the, breaker dul 4. preferably the el ectri.cal
connect B PsRInR SsP P gpl g B FRSR Cr et 16 TR COTPPRA - TRDRR { B The
Vac uunhdesBiril etaus®ahe lv6itagd dpplied bothe irf litle! agtubtot i $élatBieRtniall cbingtve® tehtheRbEdbe
shows a three-position isolat gﬁ thah is capgb! e of ~connecting the breaker

modul e2°198s s eriR mtsirupter.gt 1 shll desighlg tp haverhs msvlatgd Bonsine 24 seepwnd the whgle ¢ he

vacuunpresiQl aicaiileMadisl Pofh it Fighrd NVI8NHin® Bn GRBrANREOHat2nh MRS ittb Sy YAGHIUM
i sol ator where only one
module as a whole.

The vacuum isolator module 12 shown in Figure 1 is interposed between the bus bar
20 and one of the electrical connectors 38 or 36 of the breaker module 14; preferably the electrical
connector 38 electrically communicating with the stationary contact 28. The vacuum isolator module
12 is more fully illustrated in Figure 4 which shows a three-position isolator that is capable of
connecting the breaker module 14 to either a first or second bus bar or ground. Alternatively, the
vacuum isolator module of this invention can employ a two-position vacuum isolator where only one
bus bar connection is envisioned and a grounded connection 64 is not desired, though a three

position vacuum isolator module with a grounded connection 64 is



bus bar-‘connection is envisioned and a grounded connection 64 is not
desired, though a three position vacuumisol ator nodule with a grounded
connection 64 is - 6 3 July 2004 preferred. The vacuum i sol ator nodule 12
i s anal ogous in nmany respects to the vacuuminterrupter of the breaker
nodul e 14, previously described wth respect to Figure 3. One o% o004
electrical connectors of the breaker, nodule, either 36 or 38, and-nore
commonly 38, is connected to one of t%e i nput el ectrical connectors 46 on
the vacuumisol ator nodul e 12. The connection is nmade through a

conpl epRAGARMY TR VuaRdsiREKRbAHE S FadaliRbud Hlsljr%/@t 12%)515158% E{e%kﬁ terrupter

conductors within the connectors, electrical tantially isolates
t he coffthet Beaker magduleolbrprodbusdy degsobed onth whpeche Figure dufde ngshe Tleetrical

el ectrj t i ed.by _an electrical,,conductor to a
roveanf St AN A ladpbdu e GIAEOLES 2Bt EEMERED 28 BOTELS et b
not expességrichowmpctbisalt onshaxicatrhysolamvieahile] A Mie kefipioe &l mydd fhidugh a

hermetically scal ed vacuum vesse| 50, SONwi thjn the isolator nodule 12.
The vakanpievetEnl S AumioarSoiems ot o es i eyt foagdon Jvia t

(f1 gur addnéeiods, eld@sicARA LRI sib¥tah BRIy isb18ed tHeUBhd WS BoAIEWESIRES poHEdnk of the
connected through individual conductors to electrical connectors 54 and 58

whi ch ftaandingsn The plackisgheanngeten 4 isr jonagctec v @n tedrotriqab spratuctoy dd y moveable
associ j I 4. X ough i il
oot ool ey Aot 8 AR RSl AR B udbn iR b dl7 MM el 0t
i nsul ameve¢ahl: grdoariprocdnmigdt iadrermEielly stded vamnmeodsadl $0580nNwHthif2haiselator
connected ta,t sane stat | contact. If only a single b bar is
ool oy k2, Be S3Em el PNy SRR O rinypE G B6CE % e o dBamdely
el ect r d&idnbtyd ibyStheRt 1BcA08) Ghichh@e abeitveRatormeRar alr&ich, indifdiaP Sondidorsaad
substantially isolate that conductor fromcontact with | ower voltage

por t i ofi&°HBal EaRneciot Yowilirhgrhickaate ridiecqptpsnasniny visctignh ¢ovppcers resperiively 12
i1 ustyat@sled Witﬁ'a%ﬂ%t%(c)l‘hohﬁecﬁ&p@i Latfs 6k l;arr;oc udhPwRREK sk 2s %%cf(b}g @1&%&2%{111628

interrupter vessels and 50N, respecti vely housi ng noveable
and singh¢ arathgt it srohotces2riamdsonpudab the grontdaohnetfionritlestiat] icomsciyprcoinimdct

56. In ' rr egent the.. noveabl ontacts.4 nd. 49 are . connected to
The saimMeroRioRA% TR hmt Fup R SeE 1F S0y Pty Bisdies TrosROvaLBr T el act
push rmeulf&6d baalabfeiied 6@cali beastd andedhidally inselateonk RE (Rl ddctrRABEoinsei, a6dh &2,
provid&gg t.he nnvgﬂﬁle contact 43 wth tw stable Positions, either into or
out of % nilgihstaptialiy: folaten that cgrqusion rom Fontaek with logjer yoltags, pappns of the

| ndepeqagRnhdiaf. THRehBOBbShid Y defur NSIAREAR L1 2CAM AR if Biguld s c&gﬁ%tgd fm! S
arranged to nove the noveabl e contact push rod 67 in opposite directions

r el at i W hagk-tthkack yaquuindnigrypterovesselstS056d SPN ovipdétivgly thesinaovesbbie cantast 4&4nd49

W th twg it i i,pt.0 ;or_.out of e g nt with the

ot ati onmiophid Seftal 2 Hvealt Ly D' R s BboyGong R ARG B il ddpign e

nmov eabineveablnt@tdctA 83 lasd U ard eompeeted ab et bdme elstitit£lnconhdtorsys A thgle 68

gr ounded. en nn%ﬁable contact, 48 is fully closed and noveabl e contact 49

i's i n PRESIPRAVFTEL COMBINER B, 0% IROPRIUS KEFCtoBRIHATva I the SEHPIRBE EURCt P t he
pover seviie thdnewtahle @bAedtr48cakh GANRRBIE QbsiBdns, YRR into or out of engagement with

the stationary contact 52. Similarly and independent of the position of the moveable contact 48, the

toggle 68 is arranged to move the moveable contact push rod 67 in opposite directions relative to the
stationary contact 56, providing the moveable contact 49 with two stable positions, either into or out of
engagement with the stationary contact 56. When moveable contact 49 is fully closed and moveable
contact 48 is in the open circuit position, the system is grounded. When moveable contact 48 is
fully closed and moveable contact 49 is in the open circuit position, the breaker module 14 is connected

to the power source through electrical connector 54. When



3 July 2004 WO 01/50563 PCT/1B00/ 01986 -7 the toggle 68 causes both
noveabl e contacts 48 and 49 to be in the open position, out 2% C ct
with their corresponding stationary contacts 52 and 56, resp ‘l!"f'X/g . the
breaker nodule 14 is floating. The toggle 68 is designed with an interl ock
that prevents both noveable contacts, 48 and 49, from being closed at the
sane tine. Aﬁ'brgilljﬂ% result can be achieved wusing an in |ine actuator as
the drive mechani@mtor the noveabl e contacts. AlternativeP§TRONMSG hree
position isolator nodule can be designed,as described in Application Seri al
No. (Attorney Docket 98-PDC-065), filléd concurrently herewith. Several

vacuum i sol gt qr dylles an _be,cascaded as jJllustrated in Figure 5h to
connect mrgleﬁ?ﬁﬁﬁkogﬁéa‘ﬁs?sﬁoﬁmvﬁ letgonfaﬁré ‘ﬂoﬁ@‘@ ogﬂetlﬂ € PRRY,ROSEEN.t J 9Bower
i nput or pr eotide witdnthélt tcofrEsdbhdie: PENEEryDEIGHS - 52ThidS56,t RPNl pepRt act s
within the Va&lﬂ%é isolator_nodule_ .12, connected to the breaker nodule 14

t hr ough el e®P s igpHg e {1 1oBle R s designglwith andatenioek heg prefientn ot maveakle

ei ther of Op&usRls, 4849 Sho a1 o th'[ﬂl‘l r ovide a
floating di sqonrsle.ct_. wi t'h 0botﬁ &n%\?ggbﬁetﬁ%%ﬁ{tégﬁ%s’ 5 an% r%%ﬂ?:ﬁn 8% fe %\é%n

posi tion. | psingnaa infling echeatert asdhedrivedherbanisns foo ihe movesilgumactd, Atdraatively cihbl e
contacts 48 d . ar der .t . nfl uence.of .the toggle,63 d push
rods 66 andﬂ%% P%’?lgﬁg OIFE% eega(ﬁ 2%:bg“fl%neﬂo%?e‘geﬂ?rg’e‘gc:'ﬂng@%’?ﬂgﬁﬁcﬁabﬁg’;

ei ther noveabl-e contact clAiseteyTBdchitiosPTIG045),SFiladochasRamMdp@yitt at i onary
contact or both rmvegbl e contacts -op whi ch positions are controlled by

en
the over-center- togGFerehaatium Soktenmptiss 12 canbs Gpdadedrsdllustated indfigiy Shct i on

sSWi t ch ( not.toSdaRNd) meYe thdhConk 1B koudée toiielod BB efhe indiReihe pé-ngcr' or proyide
el ectrically conducting portions of the isolator nodule 12 that PRTEF f ace

with ot her ¥ dteERiivioravcebakrpe dhes, vauvabitgontagts $ihindhd veswimisoldtonowdilag 70.
Rt o 19 PRE ohfkelli Al breakdr Mbhlic % (HBRECBEANES cbiRhiof 45 Nl dodid 8L 2

nodule 16 1s provided to connect one erm nal’s, cohmb ,HBf t he
breaker nodbtegked hodue dho eithenefiomt or the athleeoftivo anainibus ibas on dugbedd, eafrbeidé oad

circuit 72. .l oad circuit . .connectqr dul 6,1 ncludes a correspondi ng
el ectri cal %éﬁﬁ%ﬁggt LRI £O e‘?f)véeﬁﬁ? %%e&@'{]ar ’f’dcﬁﬂhﬁ OPFfs Bs4toBs Inghe
subst ant i al {iysttasdleaibedindefiteshb@a th Biem@UG tRrmévesild €RRERAR Wi B aleQMBEd Rl age
portions of the surroundin One el ectrical connector 74 is provided for

each conducti§iniiuge! teniogsl 68 and PRHRoHs 67 2rdh@) Growehykie thics wiserelomevgalier r v
di fierent Doages pafichr EERE hoABIE cBhck| s PARE 1o O EtRbodhlin WedioRry SPI 1t
t cabl e toad €

the current in a given phase. Thus, the multi-conductor rcuit
72 can conpgdntet efpbath mexeableneontagis capeis owiicic pesitions Bicewnirdiled Styrth¢ evkricentdr gur e

1, which is I '] . h electri connect o 4
coupl ed t hrtgﬁ%ﬁﬂi&%ha%%?]gb% ndé]ijﬁ%%?#n\égpf E%)garﬁg%%g P Wt%ailgﬁt Sﬁﬁ@w t{%? %%D(t PFcaI
connect or 7&e idolatdy maiuble®. g kel ekecrinaly comductingopetiak of e isolator module 12 that

interface with other system modules are enclosed within a solid insulated housiné 70.

Referring back to Figure 1, it will be appreciated that a third integral module 16
is provided to connect ope of the terminals, commonly 36, of the breaker module 14 to one
conductor cable of a multi~conductor cable load circuit 72. The load circuit connector module
16 includes a corresponding electrical connector 74 which respectively electrically insulates
and substantially isolates the load conductor from contact with lower voltage portions of the
surrounding. One electrical connector 74 is provided for each conductor cable. The multi-
conductor cable might respectively carry different phases of current from a multiple phase
current circuit or split the current in a given phase. Thus, the multi-conductor cable load
circuit 72 can comprise more than the three conductor cables illustrated in Figure 1, which is
meant to be illustrative. Each electrical connector 74 is coupled through an internat electrical
conductor to an output electrical connector 76 which is designed to mate with one of the

electrical conmectors 36 or 38 on the breaker module 14; more commonly connector 36. Each
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el ectrical connectors 36 or 38 on the breaker nodul e 14; nore conmmonly
connector 36. Each SUBSTI TUTE SHEET (RULE 26) 3 July 2004 - 8 phase is
al so provided with an integral current transfornmer 80 which provides

nmoni toring outputs which are not shown in Figure 1. The load circuit
connector nodule 16 al so includes a plug-in connection 78, for syweddguoe
transformer 18, which is internally configured within the |load circuit
connector nodule 16 to connect between fonre of the |ine phases and ground.

The entire | og;g Ci rgqqll connector nodule 16 is enclosed_ w thin solid
el ect r iRtate i alsq Rspyidkd wish ag iptperalscugsal ansigrmer, 3 which grovidespgiiering eEtPutpy s

Fi gure yhith bidSidt 3h&sn tuh%léﬁhgm eH [&Htcxrcfh't légn&eeﬁﬁrtﬁb%ﬁlen%:l{l?& 'iri&ﬁidem% i 10

of the circuit swtching systemof this invention. It should be recognized
t hat orvenixcerk &3, fondu{o&agbzltransform@qkﬁ r“émbhf isrintermalty pmﬁ@ereérvdthat thedaat cigmat

d f h
! oad. BB oA & chishpufn vt B fifenee ef R PRISGr Rag ki

cont r ol conmewr em8&ile WHI 16 henclosge vtinl Bylidt sleftriod ihkigativur $22 nuch RarRpboy; marcsn,
whi ch form part of the load circuit connector nodule 16, the voltage
t r ansf GIORPBFHMEE f orns the modul e 18, and other sensors in the circuit

swi tching systefuapguRr Oiifds e & 1'1 ¥1%re?1’t qmg BediRf nteBRinicAl Ih&ﬁ.ﬂécltoqﬁttﬁé 40

in the breaker nodul e 14, are nore 'y 1"I'lustrated in Figure 2. The
poi Nt - CHCYiR vwitchong sxﬂermmﬂ@lnerrsfantgm ﬂhf;lr@uldnbeemogwedvmatme|hn@lkad@0éuie 14 is

progra r| ver .ckrcul 9 [ r
D or aga e Bt SaxIng 01630 Gn Ak SR G R B B ool e phf®
illust rcﬁ‘tﬂmjlohy Tﬂl@ﬁl&ﬁ]ﬂm @h&bﬁﬁﬂauncﬂiélns; Wwithinghe goidt-onfieve cumtdl ageule @8, dhicki ng

nme el ectroni, cs and control circuits within the oi nt - on-wave contro] ul e
84 is TBTEONG RS o dhe et tegp o el et sy logd: drepif coppigt wmdelk?r"fﬁcnj

cont r ol th@Rditae! dsfored Whkth! RRAs t1Rf mbéilg 1I8m5ﬁdﬂome9 senkOR ROWS rmr%h'i@@wl/tcﬁﬁﬁ
provides inputs to the point-on-wave controller 88 and drivers 96 wh

provi desysH®, a%pmrdeeth@ deve signale fordhe irding agtpatondd jnnthe breekes anaditeots aregnerg

t he brq@ﬁf lustHR 2 The point-on-wave controller 88 receives inputs 92
fromth ree ur’rent transforners on the input nodule 16; the

vol t age out put fﬂ‘bm podubewad; outrputsodulond4 erfpeliiat inventiocpenglocks trobide a

nmonitor_the te t t ont act | ocati ons ure sensars 9
R S R g TR e S
phase abad hittagés iblieticd 8 thelfit AL HRAEE llusaitdd by @éfB@hdeychaRBRA 1S i BROR mme
with the vacuum interrupters 14. Qther sensor inputs can also he acc §)t

to bet t'©Mtagmi®e Adviag aner shectrenigs aashinaiel circuity withindhepantym-vaie conky) onesdiiess4
ser Vi ceyhHaQrsl mﬁv&mggxgggg%plp o8O e Qrg?m%&ﬁt%hﬁ coma%a a@{ugm?g £Rctions

suppl i ed by manual el ays an np re ays that perform for
exanpl egf ﬂﬂﬁsmmtmea“hs p@wer d@pé.)y 86 rirpvidesl mpirtattp ghs poifihen-poie cowrpllgn¥é and

tcﬁgt L?L&rﬁ 8%)3&\6 iovq(gd thg acméﬁ’c])%hsﬁgongg%g tI(1:e| 1(1)1 ijnreeacglatorshtﬁ) t'ljnt: %Fetaﬁeri n
module 14. The point-on-wave controller 88 receives inputs 92 from the three-phase current
transformers on the input module 16; the voltage output from module 18; outputs from temperature
sensors that monitor the temperature at key contact locations; the closure sensors 94 which identity
the state of each of the vacuum interrupters 14 for each phase of the circuit; and accelerometer and
velocity sensors associated with the vacuum interrupters 14. Other sensor inputs can also be accepted
to better understand the environment, current state of the components, service record and operating
history of the system. Inputs are also supplied by manually operated relays and/or nip relays that
perform, for example, instantaneous and delay trip calculations. The point-on-wave controller 88

performs, programmed synchronous closure of the contacts in the breaker module 14 by providing

the appropriate output signals to the drivers 96,



the appropriate output signals to the drivers 96, 3 July 2004 WD 01/ 50563
PCT/ 1 BOO 01986 -9 independently, to energize the in-line actgg%ﬁyﬁ ﬁp at
the appropriate point in the current cycle for each phase o e 9 ne
source, according to the given, progranmed function that the point- on-wave
controller is addressing. For exanple, if a manual closure command 90 is
received th | M.z0on-wave controller will nonitor the cu ein
each phase aﬁ%8§P$%§$ the in-line actuator to close the cgéﬁgégﬁ%géng
vacuum interrupter in the breaker nodule,14 at the nost appropriate tine
to achieve an optim zed scenari o of cirb%?t conditions, which is a function
of the ty . Lty I,Ad Lve, etc, . he ot her .hand,
't the. poy npdekedeG vo Suchize (PRI bkl D3 B miSpel oy b pRn et
each of t hefor eshehist vethe lint sovecea adcomingrs thQiten, ﬂﬁ@t@lﬂnﬁe&@tﬁcﬁ@%éﬂb&é@mﬂi ng
vacuum interrupters in the break nmodul es_14 inmedi ately to avoid |,

equi pment  JdREYE CSHEPLA i ing, Jop gxannle, 1ba manyal glesuse compndOiis repeived t wo
such scenar i@pointopl#ive lebtitrdHbOF NGB thb Wkrdr® Eycfd ih GHiH phaReRl ABec 1AQHMRE | oad
and fault condition. Mre particularly, the point-on-wave controller 88 in
t he rmodul e ®Hajos toclose; the epraspand e VaguBicigtenipien indhe breaksnmodile iiat thepnasyi des

I ndi vi dual . I . . [ | PR | Qns | ngrease
cllect ri ol TRrEriSy RS BT IR 6RAPM cchlla e Gl bl W RO Subdion of

nmodul e 14 athel type edrloasly gtgemapasithen drinsive ped, ddmthetdtiealbayd, rie checint Swivtaghi ng
surges while providing a .unjquely. | ] sjz roduct,. The poi nt-on-wave
control | er %‘%@&érﬂcgﬁgaﬂ T8 Sﬁﬁ%vﬁté’ggg?qc °§g? ERRYF a-ling pevainrs HLIoPRRRE nt
magnet in |ige cogéspddaiy Gdcingdlidndrrdflers i the® BRRGH SAddRlel 04 BRdRedy & aedi®n,
wear and environnental condjtions. The system functions frome€ither an

el ect roni ¢ GHPESH M2 daRingizgarag. e eash dmeod inad geresallydiviospegscenpsios

-1 ne act udd R Siokl ke ds: b it Wt ad RUR &b T oner and pover

supply 86, the point-on-wave controlleéer 88, and the breaker nodule 14
in-1ine actuator dri Weare pasiculady,i the point-on-wdve norEoferr 88 2n theh enogde rB4- 3na wave

controller ' t Y LS |y 86 and the br.eaker
modul o 1 e PR RSOAR Ty BRL CEEH Mg BRYRE SRR pBR Bt
functions asedkheircoid oomectione i Merease teleckicsli life of drtvaciunD MterSPRE 06macEOMifed on
t he breaker dule 14, _e.qg., . accel eroneter, vel oci sensor,_etc., to
determ ne (1o Vebke Patln 14900 GG SBlFR) pomRRIE U AAD RSB TEHBN of
contact er Osk®B whilé ?r_oaidﬁfg ARk sEnall QIZRE prafivtE © The PSnCEAPwAR iR ePTb&le
environnmental conditions, e.g., humdity, to adjust for in-line actuator

oper at i onal 34&H¥nggesdessivaing addstpens fon sy pPETAISH Mgy intlise egmiptoticuiiznt(, e,
and the vol doaendidGol WP brobibANSE0 R oRviltRALMA LoAGibll® 'Thd G Bk fGon N
ve controller a c nmands Tr

poi nt-on- wa SO recei ves open an 0Sé ¢ om a
circuit relfgm egifir pr eledinpels or manual command signal.

The electronics for driving the in-line actuators 40 include the foliowing: a
power conditioner and power supply 86, the point-on-wave coniroller 88, and the breaker
module 14 in-line actnator 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 controller 88 functions as the command center. It 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 temperaiure, and can monitor other environmental conditions, e.g., humidity, to
adjust for in-line actuator operational changes, and receives information from the control
voltage, and the voltage and current transformers monitoring the line source. The poini-on-
wave controller 88 also receives open and close commands from a circuit relay and provides

the intelligence to do the point-on-wave operation.
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the intelligence to do the point-on-wave operation. SUBSTI TUTE SHEET ( RULE
26) 3 July 2004 WD 01150563 PCT/1B00 /01986 -10 The point-o%qﬁqup
controller 88 will also interface with other electronic syste 4'the
swi t chgear such as protective relays, renote conmands, or conmuni cation
functions. However, it is independent of these other electronic systens and
must functi ong@vgRessd f such other systems are not conplete%&nﬂﬁgﬁgg*e. The
power supply 86 |ncFudes a power conditioner that accepts a 'range of in-
put control power and converts the contr@ power to a voltage, i.e., 48-250
VDC or AC, needed by the power supply . The voltage fromthe conditioner
shown as part of tnequuiaufiohabeyd WtosHRR! Yin®Gish SpliSRE bitn AL AGedficPOer
supply, if necessary, 1.%e., charge a capacitorlbattery. e power supply
86 acts as $hemene thypysveichgeag sudeanmotedive trhleyse némote combnandsy onicomsymtaion The

poi nt -on-waye controller .88.receives.this. power fromthe power suppl and
brovi des. al FogHoas PS4 HGpRRIsEY offhede Sl eciranip Sisferss and RSt ypefiiheven

actuat ors 44 sadhGthef S2Rn¢ afe nod EipIALL; Oferabkout the operating characteristics
of the breaker nodules 14, via sensors, and adjusts itself to conpensate

“up front", based onTP? @S SUBRIREP dnchides apewerropditierer Bt asen 2 rpeeof Bus
oper atl ons, ol vt i BorvBied e BRI pwerT1dCa WIBBKSLe. MRHYSE VI bl B
P h s 'A be

1
actuator driver 96 is the firing circui't that act§ ‘a in ween't he
power suppl peeddi b dierpowsn -supple 86.c oFtter wilthger fr&8, the nohditivnén shewacts yattosfsthd0, by

receiving i rfrom . r.s |y and commands from the

poi nt - on- m@%veg%?%%rlsem lgggtlg%%@rtg cﬁ%ge _HOWSE SUDRYY,, & BFOETY1 €3804 BG 241
The poi nt - ocepirssbatient r ofhepowa dupple |86 gands RORUGHy bordgd aidab for Shakmirdf the
contacts in 1t he breaker dules 14, 1] nﬁ sgur ce vol ta%es and currents,
control vol FIEEBICTEGm. o fhe RK-oBa¥e equeroller ;88 Fepeiyes s PR W erEqm tE PPWeT, SUBMAr ge

condi ti on Ohndl HGviaQNAIl Ele QMBI and LBR!: neBddfhry 4@ IPGERIHE Er-BR0a@lRRE 40 and
characteristics of the surroundi ng environnent. The foll ow ng chart

expl ai ns i | Teaaes anfpipmation shoutthe appraing sharacteristios o€ the braaker gepdilsy &4, céensors, er

S £ il SO 9 S ol

previous operations, which is stored in its memory. The breaker module in-line actuator

driver 96 is the firing circuit that acts as a link between the power supply 86, point-on-wave
controller 88, and in-line actuators 40, by receiving its power from the power supply and
commands from the point-on-wave controller 88 to fire the in-line actuator coils 39 and 41.
The point-on-wave controller is intelligent enough to know the state of the
contacts in the breaker modules 14, line source voltages and currents, control voltage, wear of
the contacts, history of contact motion, charge condition of the control power supply, and
temperature and other characteristics of the surrounding environment, The following chart
explains illustrative inputs and outputs to the point-on-wave controller and the reason the

individual characteristics are monitored.
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raput P. O W Qut put (Wi ch inputs?)(Perform Wat?){Wy Perforn?) Medium

Vol tage Trip Unit(Receive signal to open or close fromtrip 3 Jul
uni t.) Synchronous operation of Phases A B, C. signal Coomands st
signals synchronized with
CurrentLocal e crossovers to use as reference to

Cﬁfﬁ@@@%g@ﬁ case

process to generate open
line for |oad type.

synchroni ze c‘gatoialgotséynchronous operation of Phases A, B.
Phase A is the prinary reference,

of m ssing A Phase C Vol
synchroni ze contact Synchr

Phase Ais the primary reference,

Phase Bbackup in case of

as reference if Phase A open.

or close coil control

t ageLocal e cro
onous operatio

m ssing Phase A All

Phase B is used a Phase
overs to use as reference to
of Phases A, B, 'C. Phase Acl ose.

Phase B is used aAdapt to Phase sequence.
Phases are used toUse Phase B

Phase Cveaeitty phase sequence. Line frequency

y2

arq04of

pen.

I s cal cul atfgd™= roroeter ne 11 1e 1T equency. Crossovel [T nes. uRdeLe
I nterruptign armﬂd’i‘.fpm}}aseé. (Phase t g.aMitviald | ast Extend life mfpﬂfn;ﬂ)s.
operation vdg 1 el e et e LT L L L DT, f T e e oL E U 101 |
oper at i onal[AfEnpre T e | i e B Lo eho; dadachar dETer1 8TTcs aue 1o
changes in |t enperature. \ohtbigesdngodaividi-oseddn. mes f or di fferent
t enper at ur gs@Rd 1S chandqehadcRkovek & BPSkEMdkdb Gnafithile bt N € Gfinrdns SBoRYr BA:Da, BRET
andconpensdt e=for drift. |[chodesttrdugohatntBovdr t enperat ure range.
Accel er onetlef™¥ont act Cal|CtFHt & GT'Fér ence bet ween current position and
r ef er enceBgtter—pretet—future—t+mes ffur PO W—FouehiPart—& Do

: - use 8 n of Phases A, B, C.
Vel oci t ypogi Bfp to det er AR X R T O TLERE cien | 83 T BIE .
power oper atji @ Sensor (A hkiseof hitsbglPhakh. OF @tbsks 085 € 01 | Use 2IBE 108 ilcRE PG A bELC T
touch & parft ™af ues. Consgriy@ reperayy Ly AU fFemov aPgt='gietoq drive,
predi ct end-ef—eentact—t+Hi-e—+romwear—Li-ead-Fyrpebse-t-eok—up—tablefor—edch

. i i b ich ] X i )

| oad type. Nl nimi ze surge ﬁ%ﬁgﬁ?@m“ﬁ@gp FreRBET ™l oads BEMG8E At a vol tagg
Zero +1__ 1 oo and ot landcecel Aot nnnl annnt nav.nntant ot An + hn \I\D\lﬂ- onon

LE=>A YA “Uurru Mnmuotl

a 4.6 mm cdnt®Eecgap at q

LA\ E>AYE BAv Ee ) | IIUI J

G-t g E
§! 4 for dAbbAce difSre ; logQndl O

OTT CTTC ey O A4 SASR R

‘%5;?%‘; T

contact cl gse/open tine, R cRRtaGt Br. - ar
t enper at ur | oad type, drideernae e peearwcaet ual vs. predi cted cl ose%oper
times sim |jadecae@an@onbd ag |toaubRimmhe RRRerepoismad et@dl Vet Rk BGE e 7 0. W.

. & Felag U ’ B Sy "y ;
becom ng Sensor (A?anﬁ%g%losr E@fggﬁ %ﬁ&%&%&%@gﬁﬁe}al %%Fn?q 'energnzyou\;{ﬁ!mu%ermlovg ng
term corredtd,@n 10 open dl'ose coll drive, predict end of contact life from

wear.

Load Type Use Look up table for each Ioad type. Minimize surge by applying best
(Most loads close at 2 voltage zero ++/-1 msec and most loads closing/opening points on the wave.
open with a 4-6 mm contact gap at current zero.)
History for life of breaker monitor; contact close/open time, Predict what is happening {o contacts - are
temperatare, load type, and contact wear, actial vs. predicied close/open tmes
simifar; send flag to maintenance person
that VI contacts are becoming worn and
need replacing or P.O.W. system failing.
Provide long term correction to open/close
time.
Charge Condition of Supply Moniter state of supply; charge level and time to charge, Send flag to maintenance person that
possibly indicating supply is degrading. supply is degrading and needs
service/replacerent.
Number of Operations Counter If 10,000 operations is reached, send flag

(Determine when 10,000 operations has been met for VI
bottle.)

to maintenance person to check contacts. *

%(The VI can likely perform 30,000 or more load current switching operations before it is worn 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 cnables an operator to identify the appropriate type of load for which the

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

addressed include capacitor-ungrounded/grounded inductive, and resistive.
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time. Charge Condition of SupplyMnitor state of supply; charge |evel and
time to charge, Send flag to mai ntenance person that possibly 4 pgli §§4 N9
supply is degrading.supply |Is degradi ng and needs service/replacenent.
Nunber of Operations Counterlf 10,000 operations is reached, send flag
(Det erm ne when 10, 000 operations has been net for VIto mai ntenance per son
to check contggfeispsspottle.) *(The VI can Likely perform 32(:9,%0/9

| oad current svvrtc?n ng operations before it is worn out) The porn on vvave
controller 88 is a mcroprocessor based gontroller that is programuable
for various types of |oads. There is an TThput to point-on-wave controller,
not shown, that ena erat: t

| oad for which the ?8??‘82’9%%%“%&%‘FL‘@1“ ](Ej)gc\l[/\%él\I?:Ieol(1 o{r%ﬁ?o %Q{ﬁyrﬁ[é‘%% eget%lre
pr epr ogr amreidse af hige mmpmzmmf edrohq:disse vatige ¢s mimimiza wblisge d:smrbances Upon closing

f%ﬂfg tzg;-?,agr oun ed/ w ind cti Ve@é%@%‘i@@%l str ve F'f %%5 SHEET

circuit for ﬂmmldl@a@ﬁ eacsnaigiasdoedlege Swis@PRIIEHBHNE: &Hé‘ﬁiﬁhﬁﬂhlza@reh@as ﬁ]hfafif
Joon

the m ni num of each phase volta Sqe to mnimze voltage disturbancés

cl osing t h&nder phog aircyihcondisinns. + Singe tha shert ginguitappditicnzpapnop be bnosmam pdvapgs in
separately Bﬂ:.'uﬁe t I v

which will ?}éggﬁe t eﬂﬁaﬁraﬁuﬁé‘?ﬁéﬁlgﬁg)ﬁ%%ﬁép &Iemgggh ctr (rgiéf}]%gég
condi ti ons. sigulide gahgopsaed foc sinmitarteowsaookidt ipar mihmnephdsesynnlnmmzadrtoaslﬁaace in

the | oad cirgcui thr is.a conse nce. For open 0
current, al Furﬁ%# ‘ﬁ%ﬁ?”&acgelgﬁ’ngg&gﬂ'f %dga.ﬁe@ﬁ ng‘r?mr?%ﬁ‘é@us gfﬂﬁhﬁart
with one phamuaxmuhe@mmedwﬁmm tnfifhi@f Gecobitisn@dll opeRingadpeed RAl eOmtARt tel. 5
to 2.5 mlliseconds ahead of a current. zero. Opening this far ahead of

current zer SCGHTERES P rﬁl?eﬂPH%Fﬁ‘ﬁg@E‘B‘ﬁnem%dﬂe@ﬁéwgs srbéeepcwarqd 8P i 3hithsapeak t he
occurrence @eole@Pdiiabd Mﬁenrcﬁ)ehﬁg‘bﬂ 4 @a[ﬁﬁcm\rEhba‘él W]ﬁéh*}ﬁﬂmﬁji‘eﬁ el ik lofrRRikkdICT €ased
gap at the peak recovery vol tage when openi on a capacitive [ oad which
m ni m zes the risk ofUnoaspening s aljpeh cpdhi onhorwnmaurlth @hm@ngangﬁﬁaMOm
opening w t I [
t he cont act gﬂ&f‘lﬁnt P'%g&gt &@Bﬁﬂuﬁé&ﬁngﬁeg}%}@gﬁm \%g%&:&%ﬁ Oﬁe)g%hu%%dégg{’ éH nce
t he current ezohsp]rb&er nfinte thw arshioresuligngr fromta shmﬂrmrtuneﬂrmlsgemmﬁmmettynm e

currents, that random,in t en the current zero
occur, becofff™ rr & A fa“fl%mp‘?lgﬁ? 5?3 ﬁreeré’F‘SSr ghe%ﬁree‘f'r‘ﬁ‘iegt 0 QFENPEATE | ng
are too dif fifsstttoqmelidcheThepsole Mundaatst ANYndbRRiziRCAYNSo (HERIESE e RiB@ker S

is sufficient.
parting that occurs in present breakers is sufficient.

The strategy for synchronous operation employing the point-on-wave control of
this invention follows:
On Closing
Preferred Strategy

a) Closing within one millisecond of a voltage zero will keep the
energization voltage surge small. Closing 0.35 milliseconds early will result in a prestrike
voltage of 0.37 per unit, while closing at 1.65 milliseconds late will result in a prestrike
voltage of 0.37 per unit. The nominal closing time is therefore at 0.65 millisecond after
voltage zero for a closing window of -1 millisecond to +1 millisecond on either side of
nominal.

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
current or voltage zeros; (if) 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,

SUBSTITUTE SHEET (RULE 26)



The strategy for synchronous operation enploying the point-on-wave contr ol
of this invention follows: QC Preferred Strategy a) C osi ng, ﬁ@l?n one
mllisecond of a voltage zero will keep the energization vol taug}e rge
small. Closing 0.35 mlliseconds early will result in a prestrike voltage
of 0.37 per unit, while closing at 1.65 mlliseconds late will result in a
prestrike v 0. 37 per unit. The nom nal closing tj i erefore
at 0.65 mll ?és"{e)?gﬁoégafter voltage zero for a closing w nd%@e’ﬁog@épﬁ
mllisecond to +1 mllisecond on either ]1§i de of nomnal. b) Cosing near a
vol tage zero or at a voltage substantialtly |less than peak is inportant:
(1) for capacitor | oads ta pre(\!eht Iar%e # nrush currents.that producte extra
current or voltage zeros;“(ii) Ip3ine RRh A IPHABE 18 4t 1§ B PR Ay Regery for

ener gi zi ng stmktichget Qiefes Thid Aekuit fsQinavoiBbRtif Me ple@REs clobing St % usBR ANt ,
but preventi [ e surges has always been beneficial.

ng high energizing volta I
SUBSTI TUTE %%WM@%E% E%ﬂtjﬁgiﬂefﬂbguﬂkmm@fwmmm/ 1 S00101986 - 13 c¢)

Cl osi ng near a voltage zero resulgﬁe&%ﬁwm asymmetry for short circuit
currents. This result is unavoidable if t preferred closing strategy is

used, since the pre&dostg asfor neatha voltage meakt tan spmpbimey bé limpartakintwmitieizer e
dosing. Altegr) - St OSi r..a val t.age. peak can soneti nes
be i nportan '.}%}eﬁ%c% %&élgg}{?sﬂf ' k&rg 1 %%IIC%FI% ;Bgémc?ﬁ?vf %tnqlél. m%sﬁ e 'n@ﬁéfi ve

| oads to prmwisiyt athisge for shumih reactorse ahd (if) Adhbwphi dosingheal ¥ v@RageSseale chd plse hunt
reactors; and.(ji) although clpsing near a voltage ak can also mnimze
current asy PR cRgent afygpeny; fop g cuch‘iﬁstmﬁgﬁ'@%?ﬂsg yaLigble ithe glieraate 1 ¢ he
alternate gbss setesf kak@AJY i s used. Recommended _C osing Speeds The

m ni mum cl osi ng speed reconmmended i s basiegl on limting the voltage at

pre-strike in capacitor sw tBeH BpARIS to | ess than or equal to

0.6 per unit whi rﬁiﬁﬂi&hf' 8&i qu : saRedpREs d { at a

27 kilovolt rat e’}gﬁvo tage; o SE. 5 et eres per sec%un%m%ﬁé %%%ﬁ%%%ﬁﬁggtgﬂ%peed

at a 38 ki | vepacitpraswitthing| appligationdn taOemtbay or equal to 0.6 per unit which requires a
closing speed of 1.1 meters per second at a 27 kilovolt rated voltage; or 1.5 meters per second

minimum closing speed at a 38 kilovolt rated voltage.
n Openin

(@) Opening before a current zero with a minimwm initial opening
speed to reach a minimum gap at the current zero is important: (i) for capacitor loads to
minimize the risk of restrikes by obtaining enough gap to withstand the voltage when the peak
recovery voltage is reached; (if) for inductive loads to minimize the risk of repetitive re-
ignitions that can occur when contacts part near a current zero; and (iii) for resistive loads it is
less important, but a reasonably large gap at current zero is always preferable.

() Opening before a current zero to reach a mminimum gap at the
current Zero sets a minimum time and the time between current zeros sets a maximum time.
The time between zeros is 2.77 milliseconds at 60 hertz and 3.33 milliseconds at 50 hertz. So
the maximusn time to a current zero must be less than 2.77 milliseconds or a different corrent
zero becomes critical. The contact parting time window on opening is smaller than on closing
with a range of from 1.5 milliseconds to 2.5 milliseconds recommended, for a -0.5
milliseconds to +4-0.5 milliseconds range from nominal. A minimum time to corrent zero of
1.5 milliseconds provides a gap of 2.3 millimeters at 1.5 meters per second for a 27 kilovolt
rated voltage; and 3.2 millimeters at 2.1 meters per second for a 38 kilovolt rated voltage.

This is enough gap to minimize the risk of repetitive re-ignitions. A maximum tirse to current

SUBSTITUTE SHEET (RULE 26)



(a) Opening before a current zero with a mninuminitial opening speed to
reach a mninumgap at the current zero is inportant: (i) forsg p?@‘{or

| oads to mnimze the risk of restrikes by obtaini ng enough g"gy

wi t hstand the voltage when the peak recovery voltage is reached; (ii) for
I nductive loads to mnimze the risk of repetitive re- ignitions that can
occur when coghapbiePart near a current zero; and (iii) fop.fesisbiyve |oads
it is less inportant, but a reasonably large gap at current zero 1s always
preferable. (b) Opening before a currentjyzero to reach a mnimumgap at the
current zero sets a mninmnumtinme and the tine between current zeros sets a
TRXi MMt MReo of NS ifiRoRR SRis 49 AiBocénd budtloh bERREAD Bibviths BhdiPlds and
3.33 milliseconds at 50 hertz. So the maxinumtime to a“current zero mnust
be | ess t hain 2Botizet phisklis asbehds or a different current zero becones
critical. The contact parting ti wi nd an ening.i s snal l.er. than on
closing with a range of @ omqp.eﬁgn'“f FXHEQ{S%’%;E £ SUTeRE 7570 1 caeh Bhaye S bot

r econmende drecdninended. OSimuitiebis cog@etpess inGull-+Bades With kyrsReasE Tokitad gart il &)
nomnal. A mninmumtimnme tonﬁf_rren.t zero of 1.5 mlliseconds provides a gap

of 2.3 mil|§aFeRhaests pretefred. Ror capackor, swilchipg Simyiangous poniact §orgng yiclds aarpak
vol tage; andccler; vHlbdd 658 per ﬁﬂit # almﬁr&tn;glage ﬁgfouﬁ(ﬁee%pggépgﬁ @& e;%qxé QU t

rated voltage. "This is endugh gap to nimze the rep tive
re-ignitionwith ferpgsdoshand thirdepales abawir ¥helecBiBETeTesy EatSHBET. | RilliTc@dy aB6QYul y
2004 WO 011, 6 0] - . LL1isecgnds provides a
0.27 milli s}geg%h?(guqéé]a?zg% %@%%?g %oﬁéﬁ%@%eggﬁéon%‘ ﬁ‘fSPen £ %%“rf}ad P ah ST RETY phase
i's reached. vtage @R0ipaguiininsy tréerphasesungtamdedcsystemnt Theefiret pole elaah vilhake i s

not recommended. . Si..nul i angoys contact parts in all _phases with synchronous
contact par¥% 38%39‘%8% T@é@&‘%@%&? &rlp‘érﬂ Latgzq pr é:é gogndsahpQ pzn gt

si mul t aneougcle pelé dvede spadhidnBed W LbudentreRemkis rés?é‘cﬁ\/@ﬁhésé{ e 2GRa@ arks WolkET

unit in a three-phase ungrounded system The first pole clears™ with the

second and et Zeropdi’és. aigdisecapds, @pd 815 te §166 duilJisecends) ybish is enough tp produce

m | | i secondge afeSfer udlEleterviRiadealaci tor switching, non sinultaneous
contact parting can yield 3’ peak recovery voltage of 3.0 per unit in a

t hr ee- phase ungrounded sy emForkkorf dircyit cypanes, edch ghase hast fontshagymrseiryo e and

third pol es; ctrical S nore. | [ 8.3, . mlliseconds at 60
hertz. If té%%%e PO eE'\E/\H/ee?]?a1 z%%%%%?%n?@%&“t% %‘S%ﬁ?"gﬁﬁ{’?er ih?rﬁgof&f sa%f’ éltive
phase, thersyncmémot opaattion canudodmoteeh®in ther @ood?. KihmBtateold lchitsf pandgith asnd

5.54 to 6.66 m]liseconds, v,\ht&]ch I S enou%)gﬁ‘i% Eroduce the three per unit
recovery voftEEgLat syRgirogigaton iz iherefore regprpm h{adlt cEzents- phase has sone
asymretry. The (&  The recommended opening speed based on obtaining an

adequate open gap or capacitor switching at the peak recovery voltage is 1.5 to 2.0 meters per
second, with a minimum opening gap of 15 millimeters, at a rated voltage of 27 kilovolts; and
2.1 to 2.5 meters per second, with a minimum opening gap of 21 millimeters, at a rated
voltage of 38 kilovolts.

Figure 62 illustraies the effect of the prior art response to a trip command in
which each phase is disconnected simultaneously at a different point in the cycle, This
occurred because a single actuator was commonly employed to implement the trip for all
phases, The point-on-wave controlier module 84 and individual in-line breaker modules 14 of
this invention enable a synchronous opening of the respective phases, with individual control,
that minimizes arcing, such as is illustrated in Figure 6b.

Figure 52 illustrates the modular components of this invention as previously
shown in Figure 1 applied to a single main bus bar three-phase assembly 98. The modular
assembly. of this invention is only shown comnected to one phase, though it should be
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time between current zeros is not uniformor easily predictable. Therefore,
attenpts at synchronous operation can do nore harmthan goog. Bj%qﬂ#'éaneous
contact part with no attenpt at synchroni zation is therefor Jru C nded
for fault currents. (e) The reconmended openi ng speed based on obtaining an
adequat e open gap or capacitor switching at the peak recovery voltage is

1.5 to 2.0 myghesRE’ second, with a m ni num opening gap ]%Eom%g,[gmgnsgters ver

mllimeters, at a rated voltage of 27 kilovolts; and 2.1
second, with a mninumopening gap of 2ismillineters, at a rated voltage
of 38 kilovolts. Figure 6a illustrates tﬁe effect of the prior art response

toatrip g}rgteaed b se}ﬁﬁhte:i}re%fé%@nda{ﬂ@sg%énﬁvggﬁgfe%ﬁﬁiﬁ&t:ﬁﬁ’duﬁs@:afeﬂﬂ%&bﬁlf& at a

different p in the cycle. This occurre cause a singl e actuator was
commonl y engatlophaek.-t o i npl enent the trip for all phases. The point-on-wave
controll er nodule 84 i ndi vi b= | I 4 t.hi s

i nvention enable a s?ﬁ@%ﬁgﬁ%ﬁs{ésg%%gi ir%mJ 8?9 ?%ug&a?%lé%g% '%\;%Lrg%géié%n?hﬁlfl%

i ndi vi dual eacinbreaker mddnkt 147 cotreipsrding toc the gndiwideah phsses sf tHel lust, g camhedter
Figure 6b. Figure 5a illusftrates the nodul ar conponents of this invention
as pr ovi ousPSPUEL AR YRR aiAler Todile 12 R o 5518 S PESh B 4° hibebeg seeond

t hr ee- phas éyae¢ laor Weduld1 @2 FBAULERI tiBsdemB! st PlombdiiSoldtdty20&dI©A2 115 LNl Yy
shown connected to one phase, though it shoul d be SUBSTI TUTE SHEET ( RULE
26) 3 Jul y cospopiingphesodese@udhn iwoaysendpa00, whkheapileriativaba ¢raployse rar at e
br eaker nody -V .50l Sl R ach
phase. As p&lfhée 16U @ch]ens%gi%g%? %i%‘ﬁ’?%“ %gﬁ+ﬁ%€ds%rﬁ%£ﬂ§s anﬂlglbtqggsﬁé@gy %;

ar r angenent thtongwitiecippropaiate intesratowctionn dfithe hdvealde reomsgo ird ithrgfitso atidh eecond

i ndi vi dual phases of th oad, .S connected hrough a first vacuum .

ol at or ol ooy moeplf 32 e SEFERED whvish rry e SBHRIE dcuum
i sol at or nogladeahrbieiCOROGE Ofhcbdf 62 Howinlie Fighfess, thabBWIipIESOl iR afne MRGHaEy 12 t O
a correspondi gt%zp ase of a second bus bar assenbly 100, which can

al ter nat i vefopiape2dhgh 15, fed basbar astemply Spconprstel MTqual eBeERrett of a probl em
experienced W th therfid afi iﬁ#ﬁ%ﬁ&?ﬁro@iﬁ&%ﬁﬁéﬁe@ﬁﬁﬂcﬁﬁﬁ@éﬁgﬁbﬁ% wAR REORAL €

i nt erconnecti on Qf the noveabl e contacts in t he fi'rst nd second vacuum
i sol at or noefutPscingdndividenl metdwescwithie & sWitthgese howsing Wiieunininiwobfseryiceppdgd es 12

is made thg . r j igure.4 gt | ed
to the samcBpaiB sEBORT L HROIeRSh Bk o of BB Vel el P pmeh B8 o SR
connect ed tef tdhid dnggation anéd ololugeSiolatibuftomtlbiver oltage tpbriony 0O ied aaToRMIANCEd

mai nt enance capabilities with the abijlit . . . s
envxar nment, The tried and test com%}natim% of solid epoxy resin plugs info molded silicon

to EPDM rubber sockets have a good track record for cables and can be applied to seal all of
the electrical connections noted for the switchgear package described above for this invention.
The unique combination of the in-line magnetic actuator and vacuum. interrupter within the
breaker module 14 and the vacuum isolator module 12, will provide a unique capability for
enabling point-on-wave switching that has long been an unobtainable, practical objective of the
industry. .

‘While specific embodiments of the invention have been described in detail, it
will be appreciated by those skilied in the art that various modifications and alternatives to
those details could be developed in light of the overall teachings of the disclosure,
Accordingly, the particular embodiments disclosed are meant to be iliustrative only and not
limiting as to the scope of invention which is to be given the full breadth of the appended
claims and any and all equivalents thereof.
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of replacing individual nmodules within a swtchgear housing with a m ni num
of service outage tine, while enabling a reduction in the SI {@féﬂﬁ
overal |l equi prent through the judicious use of solid insulafti

voltage isolation fromlower voltage portions of the surrounding
environment. The tried and tested conbinations of solid epoxy resin plugs

into nol ded siyhis¢QRRe; t © EPDM rubber sockets have a good ”?Gﬁnfo for
cabl es and can be applled to seal all of the electrical connectiéns noted
for the sw tchgear package described aboyge for this invention. The unique

combi nation of the in-line nagnetic act uat or and vacuuminterrupter wthin
the breaker nodule 14 and ‘Lﬁ A a0 uIe 12, will provide a
uni que capability for enabfl 0 ' “SWt chi ng that has | ong been
an unobt ai nébl e, pr acSWutdnﬂxgddvjcectl ve of the industry. Wile specific
enbodi m::nts1 f the i entlo have described in detail, it wll be
appr eci at ed ™y those fi‘i‘“lnflé a‘ioﬁsvflf‘? mé‘ ¥t hat various modifications and
alternatives.to thosgedetRichspednlife RuAg\eddared in light of the overall
teachings of the disclosure. Accordingly, the particul ar enbodi nents

di scl osed at® neant f@abeonpctasaiinteard cariens ransiormers and Vifipligng as to the
scope of inygntion Fﬁm;%n 1 the full breadth of the appended
cl aims and g%y and m %ng va en!’sslg!t) ereof . SUBSTI TUTE SHEET (RULE 26) 3
July 2004 V@.01/50563Bus e@@iedtd®®00/ 01986 - 16 REFERENCE CHARACTER LI ST 10.
Swtching d i.solator switch nodule 14. Vacuum

ice 12. .V
i nterrupt erﬁ/n l'ine %@%ﬁ%ﬁﬁ%ﬁ?ﬂn@a‘iéﬂ U8 0ad connector with int egr al

current tramesforrrers@aﬂ;ﬁéﬁsmﬁﬂﬂvad;&mﬂfaﬂp@@&n—hﬁmﬁﬁ@fﬂﬁmﬂem)dule 20. Bus
connect or % I nsul ated electrical connector plug 24. Epoxy housing for
vacuum i nt ef¢-upt er /i Y2FYUEEIRERDIEE or nodul e 26. Vacuum interrupter 28. VI
stationary gmntact 30 saNdnafPisgall € contact 32. Moveabl e contact drive
armat ur e 3340 VI vessel

Vi moveable contact
32, Moveable contact drive armature
34, VI vessel
36. Moveable contact external electrical connector
38. Stationary contact external electrical connector
39. In-line actuator first coil
40. In-line actuator
41. In-line actuator second coil
4. In-line actuator armature
43. In-line actuator rare earth magnet
44, In-line actuator electrical connector
46. Electrical connector on vacuum isolator connected to moveable contact for

connection to the breaker module

43. Vacuum isolator first moveable contact

49. Vacuum isolator second moveable contact
30. Vacuum vessel of isolator module

52. First stationary contact in vactum isolator
. Connector for connection to a bus bar

56. Second stationary contact in vacuum isolator
58. Conaector for ground

60. Connector cap
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36. Moveabl e contact external electrical connector 38. Stationary contact
external electrical connector 39. In-line actuator first coié Ju‘hpzod -l1ine
actuator 41. In-line actuator second coil 42. In-line actuator -armature
43. In line actuator rare earth nagnet 44. In-line actuator electrical
connector 46. Electrical connector on vacuum i sol ator connected to noveabl e

contact for jon to the breaker nodul e 48. Vacuum i I j rst
SOBISEH B Ahnffeob

noveabl e cont ac Vacuum i sol at or second noveabl e conta acuum

vessel of isolator nodule 52. First statj-onary contact i n. vacuum i sol at or

54. Connector for connection to a bus bal 56. Second stationary contact in

vacuum i sol g4 or 58. 0 r . ctor cap SUBSTI TUTE

SHEET (RULE 26) 3 July ﬂ%s%%@%sqg‘gﬂg&%g}‘%%%%a -17 62. Connector
to cascade 6 a secoftouwdconmcticsiol at or 64. G ound connection 66. Vacuum
i sol at or rméégabl e confact drive st eQ?FGY Vacuum i sol at or second noveabl e

contact dr.i stem oESUNGLEQIARY TeYRARE GpitachatiNeSS b chani sm 70. Sol i d

i nsul ation gnusi ng f GacMACKHEF Sedmifsveableontdtd drive RB@Se | oad circuit 74.
Load connectors 76. Vacuuminterrupter connector 78. Voltage transforner

connector 85. Curr erYecyuimyiselpignieegle mgchaniss| i d i nsul ati on housi ng

70. Solid insulation housing for vacuum isolator

72. Multi-phase load circuit

74. Load connectors

76. Vacuum interrupier connector

78. Voltage transformer connector

80. Current transformer

82. Solid insulation housing

84. Control electronics

86. Power conditioning electronics

88. POW controller

90. Manual inputs

92. Voltage, current and temperature inputs
o4, Contact closure sensors

96. In-line actuator drive

98. First bus bar three-phase assembly

100. Second bus bar three-phase assembly.

102.

104.

106.

108.

110.

112.

114,

116. -

118.
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84. Control electronics 86. Power conditioning electronics 88. POW

controller 90. Manual inputs 92. Voltage, current and terrper%tﬂpf (%prhputs
94. Contact closure sensors 96. In-line actuator drive 98. Fi'rs % S 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) 3 July

2004 WO 01/ 50@,@%1/?&14 | BOO) 01986 -18 What is Clained is : éc,géoqu?éd[ phase

el ectrical circuit connector nodule conprising: a pluralit
electrically insulated el ectrical outputjgconnectors at |east corresponding
to the nunber of phases in a circuit to which the connector nodule is to be

applied wi tiaeg mdihésik. out put connector designed to mate with a

correspondi ng conplenentary |oad connector attached to the corresponding
phase of a load circdit i #A muliiwhaseelectrical ciraviteonnertoninbduls coanpirining's

Subst ant al Ly i sol at es t heSurlF of bt WBatld A ool i PRRERGe""

portions of leadteorraspeonding ol the gumbetiof phavesrih a cishiid to wiivh donbser goasle /0@t ri cal

conducton Gelurct L UL Bl SO e B AL el 020 SIS Bl

through cor [0ag ROfc0H afthdhsd 16 thd UbrrGHsHIRG! RaSe 3NG RAP b8t A1 aO0KhHE that

| ndi cative electrically insulates electrically conducting portions of the load and the output connector and
substantially isolates those portions from contact with lower voltage portions of the
surrounding environment, while maintaining good electrical conduction between the output
connector and the load circuit;

a plurality of current semsors respectively connected to monitor the
current flowing through corresponding first output connectors and provide an output indicative
thereof; |

a plurality of output conductors respectively connected at one end to the
first output connectors and at the other end to corresponding second output connectors which
respectively have a complementary end terminal designed to mate with a corresponding
terminal on a power source apparatus in a manner that electrically insulates the electrically
conducting portions of the mating connectors from external current flow while maintaining
good electrical conduction between mating comnectors and substantially isolating those
conducting portions from contact with lower voltage portions of the surroundings; and

an insulated housing substantially enclosing and respectively insulating
the first and second output connectors, the output conductors, and current transformers in a
manner that insulates each phase from each other, substantially isolates all the current carrying
portions thereof from contact with lower voltage portions of the surroundings, and ties the first
and second output comnectors, oufput conductors and current transformers together as an
integral unit.

2. The multi-phase connector of Claim 1 including a plurality of insulated
voltage conductors respectively connected between different phases of the output conductors or
between a selected phase of the output conductors and a neutral conductor, within the insulated
housing, at one end, and to a voltage connoector at the other end of the voltage conductor,
wherein the voltage connector is designed to mate withl a compatible connector on a voltage

transformer.
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thereof; a plurality of output conductors respectively connected at one end
to the first output connectors and at the other end to corrqfﬂﬂngbﬂg
second out put connectors which respectively have a conpl enen @ end

term nal designed to nate with a corresponding term nal on a power source
apparatus in a manner that electrically insulates the electrically
conducting p i f the mating connectors from external rrent flow

whi |l e nainta?ﬁbﬁgaﬁggod el ectrical conduction between natiﬂér O™ or s and
substantially isolating those conducting portions fromcontact with |ower
vol tage portions of the surroundings; and an insul ated housing
substantially encl osizng a J i [ i A fir nd.second
out put connectors, tﬁé ou?%%%ﬁgﬁﬁ@%%¥§#%F&gﬁgh%%}B%ﬁFm¥ﬁg sP%# EIRes a
manner t hat substsntlally eigideach phase from each ot her, substantially isol ates
all the current carrying ortjions thereof m contact w th | ower voltage
portions of the surrgundiﬁg ?néﬁéﬁﬁqﬁﬁw?ﬁﬁo¥ﬁﬁ§?% T e dpslatsd dhpsing is
connect or s, madd g bf gemguct ors and current transforners together as an
integral unit. 2. The nmulti phase connector of Claim1l including a
plurality of insulated voltage conductors respectively connected between
di fferent phases of the output conductors or between a sel ected phase of

t he out put conductors and a neutral conductor, within the insul ated

housi ng, at one end, and to a voltage connector at the other end of the

vol tage conductor, wherein the voltage connector is designed to mate with
a conpati bl e connector on a voltage transfornmer. SUBSTI TUTE SHEET ( RULE
26) 3 July 2004 WO 01150563 PCT/1B00101986 -19 3. The nulti phase
connector of Caim1 wherein the insulated housing is substantially rigid.
4. The mul ti-phase connector of Claiml wherein the insulated housing is
made out of epoxy. SUBSTI TUTE SHEET ( RULE 26)
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