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This invention pertains in general to switchgear and other switching equipment
Wthh use hermetically sealed interrupters employing insulation 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,

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
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kiloamperes, and automatically reclose after a given delay, and for a given number of times, in

an attempt to automatically reestablish the circuit. However, from the standpoint of this
invention the principles discussed herein apply equally well to both, as well as to other load
break switches, circuit breakers and switch disconnects.

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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end encl osed within a vacuum chanber and a driving mechani smat the other
end which is external to the vacuum chanber. An operating rq{i sg |y
conprising a push rod, which is fastened to the end of the s ‘é @ site

t he noveabl e contact, and a driving mechanism provide the notive force to
nove t he noveabl e contact into or out of engagenment with the fixed
contact. The operating rod assenbly is operatively connected to a iatchepl e
operating nechani smwhich is responsive&-to an abnormal current condition.
When an abnormal condition is reached, the |atchabl e operating nechani sm
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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



controls. Thé | ow voltage portion is electrically insulated, through the
use of standoffs, from high voltage portions which include the vacuum
interrupters. The standoffs permt sufficient spacing of the conducting
conponents so that air within the housing can be an effective insulator to
isolate the | ow voltage portions of the swtchgear fromthe high voltage
conponents. However, this spacing also contributes to the size of the
units. More recently attenpts have been nmade to reduce the size ofuiyi8%e
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connectors and preSdé inawdllystetionned et thyes-Rosidipr gfacuum 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;



a plurality of output conductors respectively connected at one end to the
first output connectors and at the other end to correspondi ng second

out put connectors which respectively have a conplenentary end term na
designed to nate with a corresponding term nal on a power sourﬁe gratus
in a manner that electrically insulates the electrically condu HPW;RB
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si mul t anedus openin ee-pole prior art circuit interrupt
vessel 34 and includes a stationary contact 28 and moveable contact 30 which is actuated

through a push rod/moveable contact stem assembly 32 slidably and sealably fitted through the
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



Figure 6b is a graphical illustration showng the affect on a three-phase
fault current wave form by a synchronous opening of three poles of a
circuit breaker having independent actuators for each pole in accordance
with this invention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Figure 1
illustrates the nodul ar mechani cal conponents 10 of this |nvent50ﬂ égaa
breaker nodule 14, conprises a vacuuminterrupter/linear actuator senbl
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to the coil 39 to nove the armature 45 in a Tirst direction
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



and vol t'age of the opposite polarity is applied to the coil 39 to nove 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 novenent of the armature 45 in one
direction and voltage is applied to the second coil 41 in the %p@\%édﬁ
direction to cause opposite novenent of the armature 42. In the col |
design illustrated in Figure 3(b) the point-on-wave controller nodul e,
described nore fully hereafter with regard to Figure 2, independently
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DV eNeBénneOts] BllebtEidally) ah@SUHERANGARPRAGRS HEBhductdOHER 1bded WIRH porRGHSTHRT Y
because the voltage applied to the in-line actuator is relatively snmall
conpar 8drugdinge The|olesiical epnnegier 4his coavenied by relagtricat conducios te taj hpveable

desira j : in r d ol e. breaker,

e R L R e (T
i nt egr mpyeable ariderecipmdall witles ashenhetically Fhaled aatuum vesedl S0PEONORthiA th issheon i n
connecPBieE 32”05 S8R et B SRE Fsn Bt mto Seisiapsaary 528t oF ST LD
conneci@ign&8d alyegicti lbakiby) GOMAVAE Cr@e?)-bétglew- Edhnbdi@l frQidhORANYIUBI0 BéiiatiorSio The
vacuum i solator nodule 12 is nore fully illustrated 1n Figure 4 which

shows @M Eomsiors Yhandsef ahish maatvithsCospemantary eleceispneasneaiyrs rerpediveliker
nodul eagldeitted irh r&E'grro1ﬁldfc'oﬁl§etcr‘i|9[5 62 QﬁchE‘B‘ué%hi tﬁ@l.{ghq{ fvﬂf 1A redﬂtéc?ﬁ}p@lgéevs%l}/ed the
vacuum i sol ator nodule of this invention can enploy a two-position vacuum

i sol at wrthevhdy thatghisynop necessatys tobmringdain 8ot gromd ®neevibs. Bleedca rdnsecgrsoidned

connecgq 4 1s.not desir t hough t hree. i tion vacuum i sqgl ato

rodul e iR e e iR i ond SO e oy 8 Speli s b5 SO pediectieRly

vacuuninsdated tatablenihud 60 dah hesusadal Agdriilly hsiRiyone &F ARG trical donBeccE YR as
nodul e 14, previously described with respect to

interrupter f the breaker ) I

Fi gur eé% %é"%é'iﬁmt‘ Bplate; fat gpnducton i groatagl withelomies alelfpesrpations o ther
36 or  frouAdifly MHe Qe PERUrYvadtum isdlFRMRHlLD H1Q i i is!

el ectri ca?l cognnect or smjl[%)t onvat he vacuum i sol atlorS%&gﬁgl%% l'ls'ﬁgﬁc‘&gﬁﬁdeg??on
i s nmadevotaelgingback vaswminerrepietveysels S0gnd AeN sepkaiveltdousing minenble omtdced®adt he
el ectr tar it hi C s, electri.cally,. and

ubst ity WA 21 S thodhile Lifcs BNl RarERObH oBole Hos BBt e
sur r oumdienhke. cobitetei®and UB alre canreet s tMbsdnse electrieslt @indyorads. AlRabdle B
conductor to a noveabl e contact assenbs{i’ry 48 (fi g%r_ati vel y desi gnat ed _by
its | oBYTIHC HRVCHDE CRRpTt NSt PPIHORPPPRNHE dirptions itivg o thepatenasy sqitpct 52,

r eci pr@ealingitidinbveable @bAeSt 43k Y 56 &hSE pYAGIETENMRS $8b 0P Qut TN W driking whde
isolator nodule 12. The vacuum vessel go, SN al so houses twd statlionary
cont aclhg sigtionasy cg'gac(tﬁﬂgm@rly éng 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



designated by their | ocation) which are respectively connected through

I ndi vi dual conductors to electrical connectors 54 and 58 whi_ch n%@? W th
conpl ementary electrical connectors respectively associ at ed W4 ‘bround
connection 64 and a bus bar; though it will be appreciated by those skilled
in the art, that it is not necessary to so insulate the ground connecti on.
El ectri cal cq&p%%5%&§ 54 and 62 are connected to the sanme_stationary
contact. If ohl'y 28I ngle bus bar is enployed, an el ectri cBFTEPWOPFsy| at ed
scal abl e plug 60 can be used to electricqlly i nsul ate one of the electrical
connectors, such as 62, and substantiall'y isolate that conductor from

contact wth l.ower . yoltag ortions of th urroyndi ng. The three position
vacuum i sol a 3?%7%8%@?2%@%&?% ‘éodlEIClﬁ ‘@i”&gr‘é 9 es‘“éﬂ‘?‘@f?"tﬂ?ﬁ@&“ﬁ%ﬁf t Wo
back- t 0- backontae Wit thélt @birepbeling/ S5tk Sftao® 525N, 56, esRRedveNC e BRMSL NY
noveabl e contact 48 and statiopary contact 52 and noveabl e contact 49 and
stationary E’G&ﬁ%\%‘{ isdlgatingy, ThpitagelerG8ndrsisnct withan intpierk it BreweK beth mowgbland 49
are connect gghdcR, 4§ end Sh Bk cfodd ﬁqﬁm%ﬁ{eq{méfGA s trgsﬂﬂlcﬁl% ggta%tg&ws t he

noveabl e contact push rod 66 In opposite directions reflative
stationary B ancin-lise actugberoagithli drivettheshanisiefob khe roovesbic tonthts Wi ttidmdtinely sthabl e

positions, gjther.int r f engagenent with .the stationary congact
52. Sinilar ﬁ]i.r/éeaﬁ%ﬂtioﬁ e%lgtﬂlag‘!rﬁdu%f c‘r‘f“hge %88%?{315 oh %efscrfbﬁg "Pm% fon b Ye- 48,
the toggle_68 is arrange(Atcneylvekét!9e-POTLEsSY) BedpbhimehiPhtsévithod 67 in

opposite directions relative to, the t%é.{'ittionar%/ contact 56, providi ng t he
moveabl e contact 49 wPYHRRLYRULY iseipter medulesild can begasqaded as illustraied By Figuse Sb

engagenent i dofineeh@ortiRdl BAMY sGRAH B Gle 1551 to WIRD 1HPMEARL ﬁ&&’lﬁﬁ? br Eﬁ.%viidé

fully closed and noveable contact 48 is in the open cifcuit "position, the
systemis gRbYisEatve MFEH bk aBhvs, tsmovetblei®niagts within|the vicwse ifolaiod meduleabl e

contact 49 ip éoﬂnéc{%ﬁ tBREL bfdak&Wn dlﬁé);lh- ttﬁx%{?%at Elgﬁri%ﬂ %&ﬁ%&mﬁ%‘%‘ﬁ ccly%cigﬁthg July

connected to the power source through el'ettrical connéect of
2004 WO 01/ besssmedly IBa0¢iheodene or thhetheodiyive nff na bas or bogrbuddp uepblige

contacts 48 .49.t 0 bhe | he ope ositio out. of contact with their
cor r espondi ﬁgﬂi §t%§ﬂ%§§t'\¥§%ﬁ33@t’§g‘§gblgﬁﬂn@§, %%%%H- the|open pesiiog, Jlaydhe
nmodul e 14 i Blufttaedtenbodimblikeshbs @l Bigh® 4, hedfGicgiechnnid A8 afd kO bR ThAeK ubidaat
prevents b cont acts and 49, from being closed at the sane

%thph é,l[;H)veabl e 48 S
tinme. A si vence (f fhe: 198215 O8 Aath pasheiads 66 pishOTatirqugh tertres discreteomovesble he
drive nmechagy idnb1€eai t I ye I

agtinBil? b&Mitiond CeifRY SARLRIC RS c?osgdb‘gélﬁfvg?t elgﬁ %G$WP§ aﬁngﬁa%eri al

position isolator nodul e can be designed as descri
No. (Att or ¢RAcDRchath nBEeddidC-@EBYs opkil| Which pesitivos arertohiyoiled rhywhd overSentar al

vacuum i sol jllustrated in Figure 5 to

connect | or LEg seBtfi e lihabAll B GRS GRS Riterd Gerloh st @pe S ol it Spover

i nput or priwiidtoramdalet Br. ndhe lectpicaliyrcobduchingdporddiy Bf thehigoloy pollie 12 @t act s

within the yvacuum.,sq] ator nodyl.e 12, connected. toQ the_ breaker nodule 14

t hr ough el e'@feff# % khcog;ﬁeﬁéﬁt%? Hk?é“l‘ésaaﬁe }?ﬁfég‘f”%’t‘%%mhﬂl‘%‘ﬁlﬂ@? bows#gI78- 14 to

ei ther of one or theRefehﬁgBaf:kidlﬂigl[f@il,nitﬁﬂﬁbe%ﬁ@ci&éd&@t%ﬁg%ﬁﬁbgm@m@mgygde a
I N

floating disconpect. with both noveabl e contacts 48 an : e open
position. IH Prgyiled 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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illustrated enbodi nent shown in Figure 4, the noveable contacts 48 and 49
are noved under the influence of the toggle 68 and push rods 66 and 67
through the three discrete noveable contact positions, either noveabl e
contact closed relative to its corresponding stationary contact or both
noveabl e contacts -open, which positions are controlled by the avgfysenter-
toggl e mechani sm 68 under the influence of a rotary action switch (not
shown) on the front of the isolator -tcdH e 12. The el ectrically conducting
portions of the isqlator nodule 12 that interface with ther S%Ptem

modul ePhate!s e Irseededyvith AR e ) GugrephEsnsiregr %Wéﬂr%’r% eSHBPHOFRR GUBALK t o
Fi gur e yhich treWidtIsh&8n %p@f'f Fd @t eFe icﬁﬁtcn%ulrt Qbﬁ&cfopqﬁﬂﬁ%l 16 R RN alphug-in

provi ded to connect one the termnals, conmmonly 3 of the breaker

nmodul e cbanechoro A& focen@ltageoﬂran@&bh@ 16 vehighuis tintewellyl cutfignred atithin the dead: pircuili t
72. The r gonnect udes L I-RSP

o ect r oL idilé fo GFRREL Ry B oo r B A Eiab e B FRERHLIE% gopi
subst anfohadclor msmilcatleslstémelolsaiadmﬁmdﬂm electfit ) Mndatiod 2. uth ak apexy, \/sﬁlcbﬁ,ge
portions_ of the surrounding. One electrical connector 74 is provided for
each cdwdyEtareehle. The nulti conductor cable might respectively carry
di fferent phasestgfs Pféﬁfeelnf].lu;tfa@g‘ﬂ?e H?’lll Hu‘pel,n? Sethet WebiRRlcalClnb st 1 000F thP! 1 T
the current in a given phase. he nultl-conductor cable load circuit
72 can cdenipsiviehing systanh af this ewbmcme licgwdldcheorecegitided shit| dng reakerentofie Ritdar e
1, whi g'Q(iLLI%d f&%‘%ﬁ hagﬁ an% a't eas& E‘nerzg Clut\llllel 130%%:;] eciu? Cff gl%‘ﬂlaﬁgre{aﬁ?%d% ga%{x kﬁase
couple rough ant er ralc e eet con an out’put” el ectrica
connectad |ﬂ1e716ad/\mhe nonBorileSdng Reatrdl (ﬁmifﬁbxe withil tmpomfont-\*?eem cented nfddakal 88, which
connectors 36 or_38 on the br eaker dule 14 monl y connector 36.
Each SUBSHCTUHE TpRihe QRepttrasgprmersihigh eplﬁaﬁ@rq cafl%%t% Folselp.

W th anpé RbRGeAkarS N vhicha@she EHEBﬁm&Qe\MSI ﬁﬁﬂ REHRY IsEt@SrsMRMNhE QircHiE sQubRWE S

whi ch are not shown in Figure 1. The | oad circuit connector nodule 16 al so
i ncl udesystamp padypioyidedthp Aeve pignaly Sor the inlige petuatay €0 i the bregkersproduly 14y AjedporE s

i nt er nad 1 y¥ieonkiLH M thin the load circuit connector nodule 16 to
connect etmeen one of the |line phases and ground. The entire load circuit
connect or nodul eThé ptsinEmmWasfecbmftrb]himothﬂﬁ i }4 edfectllu'si imbntionsulvhibil omcBAe guch
as epox Sili hane, . etc.. Thus i gur strates the hi.gh
cur r enroginpabE oo KRR ANAS pirHiS g e ot ok ffes Bk Pre s
system 164d Vdliages prurBtkd @ﬂ thel BreABOHoBul6 8l1Us8&10Y BY Z60rehdtedhafbRr D4 @akighrern (Illhlae
14 is required for each phase and at | east one vacuun1|solator nodul e 12

is sini ‘{Oz!f%eyfof daving & ffl‘%ﬁm@ﬁ% Andyeatyel citspity KEhindbripointe- i CBFH MBS+ 1s
control rBH@&fB;Pﬁﬁmvé%aﬁ biderls n?%B Moy t‘ﬂ? VAN rﬁt\%\lﬂl ﬂk Jmdu a‘?ld%@maﬂﬁgnﬁltﬂctlons

receive rnputs fromthe curr transforners forn1part of
ci rcui tofcfbwn@(qmnmnnﬂhulpew% supphh 86 \pebiidegseinputarte ftbe peint-whiveke contralet B8 and

he. or i TSRl Bt B8 Bproad i dpn i el aBBD o i e BEGE

more  fabdule i 14l (RHer pdiicon-Wavel gott@ller 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 point-on-wave control nodule 84 of this invention, which include a
programmabl e controller 88 and driver circuits 96, operate a%tﬂl | ower
voltage than (he line and |oad voltages protected by the brea é¥ dul e
illustrated by reference character 14 in Figure 2. The voltage for driving
me el ectronics and control circuits within the point-on-wave control nodul e
84 is provi ﬁ uni versal power supply 86 for the varj nitoring,
control and g@ SQ(F%b functions of this invention. The poagﬁﬁ@@%%%y 86
provi des inputs to the point-on-wave confroller 88 and drivers 96 which
provi de the appropriate actuation signals to the in-line actuators 40 in

t he breaker. 4 ol nt -on-wave.c roller 88.receives inputs 92

fromthe thltn%%?’%%g é%%ﬁnre;rrgng?ttﬁe g%uﬁg IR ?‘g agﬁg ?%ogr%e Omﬁlleé:mff%tft Cf‘ﬁ%

vol t age out foritach phase oD the llige ddbircep Hicprdis; t6 BRIPiteRMOSH RS furS8RS@AIShd Foit-

nonitor the tenperatuyre, at kesé)gc tact |l ocations; the closure sensors 94
C

whi ch i dent 9% Yaveippiralie jsaddges 0% eXquples T aRne Rlosire Gomprannd 9041 reseivedhc h

phase of t h@e ghifiColhave I0roNBCRIIGHEHIBE BE cABGt cptR! i ChdnpraBe afe R HRAL 1AL ed
with the vacuuminterrupters 14. O her sensor inputs can al so be accepted

to better uatieios taelaserthe casrrspandingwauumcigterrapier igtteg bregifer module dApb thermast

service rec . k |81, . system.. | nput.s are. al.-

suppl i ed by%ﬁﬁ%?lugggég%%%gan ?%‘?%’gs Sg%lép?%l?%ﬁrcg@%dgg ’tﬂ%@l %ﬁeﬁrﬁg I?n(’ffor
exanpl e, i nte aypeafdends egndcapeditve, imingrive abte.ul @it thenssher Haad, (30 ithet poii-onanaee
controller 88 erforns, .progra synchronous closure of the contacts in
the breaker “HBRHET EC9Y P’@gﬁldﬁt P@i dlf‘%%*’"&bﬁ?%ﬁ@ﬂf?@“’dﬁ LRCRAPHH © PE t he
drivers 96, thdr toirasp@Red Wik /iBeBeers RCTHY RO HRfiles 4! AHCRRRIE RS kvoid t O

energize the in-line actuators 40 at the appropriate point in the current
cycle for CHPRCPHRTESGMG: REipzGECBgForcachdmsoflarg sererillycwgisydnscenarios
programed SupediR8ing DRt twh 6 detifbpenfi - WebAI ﬁ%\&:{aﬂf@h@& Gifioddr essing. For
exanple, if a manual cl osure coman 0O I1's recelve tﬁe poi nt - on- wave
controller will noni Msre phsicdedy,ethe pointhbeware eentiollerh@S én did nidnie 4 tshe

in-line act| r ndi ng vaecuum.interrupter in th

br eaker m)d'%ﬂl ég&)g&ke%% %%S%Dcép nelca ﬁoﬁ%ﬁiﬁ%p‘ V@Fsr%&f'@u%@ﬂfeé%éﬂg%onTaﬁ%aﬁ d
scenari o ofbredkr cizcirit camectiohs enincresdeiefdotrical e bfi e tviatRmD fnterfupRr totpRisOFitdipad,
e.g., capacjtive inductiye, etc. On the other hand, if the point-on-wave
control | er %&’é%eésm%&l"ﬁ‘? il% agd ofhsr Sy§em \‘RP‘P?OHBW’Q@S ‘gﬁ@PPCG]ﬂY FHcs cpeRng ve
in-1ine actgaded whild ProbRir@RemiquelySiall GREJ SRBREATHE pMACH WAV toREdIPRBfEe | N
the breaker nodules 14 imrediately to avoid equipnent damage and mnimze
arci ng. For34altanproyides timing adiustygeniefos e permanesimagnsiciariag aefsatoresiicuis 40 to

cl osing an leaCl i I - . fa dit ] Mor e
parti cal ar | rEe ot it roBBE WA 2n B HRlpghAbnMithe. G R khidtls

m cr opr oc esBeom eifws awleledtmoicrop mapuat compmaid sighalch provi des i ndi vi dual pol e
synchronous make and., break circuit .copnect.ions to i ncr e.electrical life
of the vacuuminterr Opt glec %‘hcf‘géﬁ &ivipg %F’#%Q&@%ﬁﬁgrmﬁg%ﬁ%f‘ﬁlﬂwﬁﬁgd dt her
syst em conpmmentonditner atdapoter capply 86,elit GoBit-miva Eodroll B3 Q8d WY hréaker

roviding a upiquely small sjzed product. The point-on-wave controller
Pmdul e 9 mocﬂﬁeqidf m-){me actuator i%rers 98. Asl{llustratedm igure 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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84 al so provides timng adjustnents for the permanent nagnet in line
actuator circuits 40, to conpensate for contact erosion, \/vezg.jrd@fng%4

envi ronnmental conditions. The system functions fromeither an 0troni C
or manual conmand signal. The electronics for driving the in-line actuators
40 include the follow ng: a power conditioner and power supply 86, the

poi nt-on-vvave‘ﬁ.@,cb;[l] | er 88, and the breaker nodule 14 ingll at or
drivers 96. As i Hjsg%rat ed in Figure 2, the point-on-wave g%n’?@%@é‘? 88 is
connect ed between the power supply 86 a_nf(i,_t he breaker nodule in-line
actuator drivers 96, The point-on-wave controller 88 functions as the
command center. | T afigl s ofatde (hiffiies 7SN ofID YAk Ofich 9, SaKEL:
nodul e 14, e.g., acceleronmeter, velocity sensor, etc., to etermine the
time requirsuiems it ltesavichgap eucht &3eproteciivaatlaysarendth eommands; op icommntiestion
erosion. It | so nitor.s. t eratu apnd can noni tor ot her environnment al
condi ¢ 1 ons, aegn HBHrPibis EREIcH HiBese BiRe: B OB St afd o B HRT SRR
changes, anf slich®ttey §S8teti fafy ivdtdrailetdly OpBrdvke control vol tage, and the

vol tage and current transforners nmonitoring the |line source. The point-on-

wave control | er 88 all§®PPueicsupely 86 ducHidany PRy enditionsn akaceening sanee of Ut t

SUBST1 TUTE S Rob @ sid b a0 shudoh e B0y BB, 28, HEYS) S5 075 e
poi nt - on- wanesdesiobyt thel posver S8ppiy B6. allsovdliageefrbmdbe wonditionernshowal 26 giartoofi the

t i i h t i | . t d
communt cat | el ReFAARRY Mo R vl lepheB e pubE iR vy e Gy o o
el ectroni c eapadirBatiaryd NThE pbwerCdupslp S6VREB asi the TPy lohige nfessd SIBhAE/RIBOL

conpl etely erable. Th ower supply 86 includes a power caonditioner that
accepts a r LIS Sy $ieHa. ﬁ%‘fP%T?FT“@F}gMeI§ﬁdeCEB’Fﬁ@FtP§WFW%HWtPPUPr yBRlEr to
a vol tage, indeprovidé ﬁﬁ@;evmngran&\%ntrdl%%ﬁhﬂfo FE&&Q%@&-W%&@ 40 Hg

e

vol tage fromthe conditioner shown as part 0 uni versal power supply
86 is used Yeselvasdnfpranatipeaboytle opasise gharqoerisiics of thy byeaker modules vk rvipeseasors,
capaci t or | bgist 8h¥%s i 6 O : Eﬁg ns for
the entire afgl aejél%(t? 6%%03%%%%Weﬂ%%i’r??§gﬁy ﬁ@%ﬂf?gﬂ#rﬁ é‘? %%d'r%% rZ’%% glg @1 S
this power prevnust dpergtions rwhichppl sforedhind itp newriote s Thk Ibrdaker tbdvile th-Hredacomami r ol

necessary tg. at he in-li ct uat.o 40 and receives i nformation
about the o%éreg? % }thﬁ%#RP%&“glﬁ tg%ia a%?HIP%EEWF%'E'EP"W%P}&%ﬁﬂE’O‘]?thOQ'V?é’ﬁsor s,
and adj ust scdntrskdr f88) end arpeNFRia®s 40) By RBéVng B8 PEReORR RS QB&erCéﬁ?ﬂkrtdn@ns
and information abgut previ ous operations, which is stored in its nmenory.

The br eaker SHREARIBIPR M4 RoEtABM@E epatrolar 8 & firgdhy ig-lippactyatoricaly Iand dit ¢ hat
acts as a link betwegge %@ﬁ%—@ﬁ’—%@e Sotpalisf @%te]ﬂgén@te]p W8 \iGow CHE stafd J)iefhf/82’n q

and in-line actuators 40, by receiving its power frdmthe power supp
commands f r eiaet dn fhe Preakesmadales 14 dine s@irdesiolta®s el durrents t dogtrolrvoltagee weartafiat or

coils 39 anﬂe

%&ntacts, 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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The poi nt-on-wave controller is intelligent enough to know the state of the

contacts in the breaker nodules 14, |ine source voltages andSQHf 1S
control voltage, wear of the contacts, history of contact noti charge
condition of the control power supply, and tenperature and other
characteristics of the surrounding environnment. The foll ow ng chart
explains ill e inputs and outputs to the point- on-mgéﬁ ol l er
and the reasgﬁbtﬂ&kglnd|V|dual characteristics are nonitore @@@ | TUTE

SHEET (RULE 26) 3 July 2004 WO 01/50563 -11 TABLE 1 PCT/1B00101986

raput P. O W Qut put (Wi ch inputs?)( Perforlr]n VWhat ?) {Why Perforn®?) Medi um
Vol tage Trip Unit(Receive signal to open or close fromtrip

uni t.)Synchronous operation of Phases A, B, C signal Commands start of
process to generate open or close coil T&8ktrol signals synchronized with

| | ne fOF | AU y}ﬁ,‘ CUrtr grit Local e Ci UE&R,VEI S LU USE aS Terel llbnte LO
synchroni z coqmﬁfp&%nchronous oper@};,ﬂ,rgﬁm@f Phases A B. CME%&,@) Aopen
Phase A is nc RI T TR feremnc s used = e Bback T je
of m ssing [AmPhase T“a:"‘w |t SEEE 'ﬁgﬁﬁ"“ o fon e e S USE a%““?“‘e"?eé“‘%"“eﬁ%“é“% 0

synchroni zg cont act Synchr

mump@rowlwmm@f lefpases A
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| Beendior s nt ai n oper
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T
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mp OpERa ! QI3
Accel er ormret|eF™ ¥6nt act Cal fafernt *:hgg’l‘ﬁg‘jjmpi% FE e mﬂ%@%@ﬁmpemm Ind
ref erenceBdgtter predict fustcmgﬁfommﬁmﬁe A 1@@:&
Vel oci typogj tion to deter Wﬁ@“w&‘r*m’ﬂfwem{emgt eI | whenjto renpve
power oper atji RAcmSeEsSar ( Ardamdbd iendtdhden cﬂemsﬁlmfanﬂ RGO | BeadRdii ik 48 fo LN aCt
To )| yén. i
to et h &p arts B LEn I i F FEM h e ARG ORISUERE SR AR S RS T ISR |
predi ct en (Qn) con aCt i|f coil 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 deprading. supply is degrading and needs
service/replacerent.
Number of Oparations Counter If 10,000 operations is reached, send flag
(Determine when 10,000 operations has been met for VI to maintenance person to check contacts. *
bottle.)

%(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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wear. Load TypeUse | ook up table for each |oad type. M nim ze surge by

appl yi ng best (Mdst | oads close at a voltage zero +1--1 nsec @%m

| oadscl osi ng/ openi ng points on the wave. open with a 4.6 nm cont'act gap at
current zero.) Historyfor |life of breaker nonitor; contact close/open

time, Predict what is happening to contacts - are tenperature, |oad type,
and contact WearmAasisyal vs. predicted cl ose%open tines si @g?ffﬁoo ﬁ,gp flag
to mai ntenance person that VI contacts are becom ng worn and need repl aci ng
or P.OW systemfailing. Provide |ong _tf%_m correction to open/close tine.
Charge Condition of SupplyMnitor state 0f supply; charge level and tinme to
charge, Send flag to ' e. p i - lndicat | Ly is
degradi ng. supply Is egrieg%?gg& acr’fgﬁﬁlgoggg&sglg%%sf g%ﬁ rpgigie?a%l(k:%gn%r?ﬁ} éyﬁ]‘gﬂn@e{%@&%{

Oper at i ons Cosmit elrd foiniriym @0 eabehadk ivoltage ite mirdaizh edlfags distridney. (Upeh elosinge
when 10, 000 operations, has, been net for Vifo I nt enance person. tq check
contacts. * tchF‘é‘E o & qu{gm(ﬁmtc?&ﬁg@i %’I?V’IB éﬁ?"&fﬁq R Séf?‘i%FRWZ@‘? F‘b‘gﬂse(ﬁﬁ rrent
swi t chi ng OpR! @i ob @4 ghakd vdlﬁFé/,\QﬂﬂchOWIll_) prof@e AR RaxifiinV\eWRnC kRt er 88
is a mcroprocessor based controller that is programmmble for various
types of | odedsr shprcinguif eongitions pynceths shert gircugrfongdition ceenet bolnosi in adyancesnown,
that enabl eg A, PARLRA! B & On'HERIdEX oS RRA! OREY Blefin ¥AGLurteRAdn 'fes WhI <N
the correspondi ng poi nt-on-wave control “requi rengnts-are preprbgréhned.
The types ofhdulideang dptrashiod sinmingois contpet Eitt evith wng ploase shmditrgnivadrid étsl face

I nductive, and sistive. S TUITE .SHEET. (RULE_.26) 3 July 2004 VWO

01/ 50563 PCHITEh 1%@%°°“fafg¥%}§’r&%%’?‘?%@%gea iOF 8 FPEeY Spron Seming A T o ooy
pol e i s sepalicail &¥fycusi¢fiC Mo nvited ibimih Q8@nientdlie ofniic "3paRD fyile *finalkase
voltage to mnimze voltage djsturbances. Upon closing the circuit on a

short ci r cuPPCUEERP St (TePEHEH I5i8PEoRsh o g msdhod ek i pS, InSTeasedrighi 2k & 9k cl ose
at the m NidEarPiolRBCHLARRRnY O 4 BfSoitivtbRwiide hinBHAd eS ik RErdiRKETUM
current asymmetry under short circuit conditions. Since the short circuit
condi tion cannot be K/newrepeRngayanfedt pikrent, [randogrepening cwitht 31l pelessgangedafor
unavoi dabl e (- ' I l.d be
gang oper at (Sa@ gorgﬁséiedr%% %t r%g%]gﬁl‘gsgiﬁ?gtg?c%ngés R %%g%agdp g%gl%scgﬁ%%?%ﬁ%z’gd to
its face cueachephiset 0Sipes thet hverepioresuliingsframS slhort2cifcuinibttddsers asgsmatyeadthef a

current zero. Opening this far . ahead urrent zero with a. m njnum
r ecommended c‘b‘ﬁeél%i’ ﬁbat g‘beeﬁﬁawﬂllfl B PHSFat ﬁﬂ When fi¢' rrent zer occtl, become

difficult to predict. Therefore, attempts at synchronizing are too difficult and the random
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,
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occurrence of repetitive re-ignitions. This nethod results in an increased
gap at the peak recovery voltage when opening on a capacitl 4w§) thCh
mnimzes the risk of restrikes. Upon opening on a fault curre andon1
opening with all poles ganged for sinultaneous contact part will result in
the contacts parting at randomon the current waves in each phase. Since
the current froma short circuit introduces asy n. the
currents, é?6§¥%k§gnd0ﬁ1ln t he phases, the tinmes when tﬂgg%ﬁﬁwgﬁﬁ zero
occur, becone difficult to predict. Therefore, attenpts at synchroni zing
are too difficult and the randon1 parti’ “that occurs in present breakers
Is sufficient. The strate y fo nchron er on enpl oyi ng the

poi nt - on-wave control of thléﬁP e 8© %ﬂg g&@?éﬂﬂiﬂn r@ﬁegy
a) d osing WOtﬂi:irﬂulm‘ilereﬁﬂsl This ee0M0 6 lmﬁvoﬁﬂa}éﬁhﬁﬁ@?refe@ﬂe@ cmlhg ste@RP i UR8d, since

energi zation volta lﬂgge small. Closing 0.35 ml|iseconds early wll
result in afPest § FF‘&’&@SWC’@HE‘?BI‘H@Y’“BWP‘FCWSI e closing at 1.65

mlliseconds late vvi Il result in @Itd?ﬁa@éﬁtfdt% vol tage of 0.37 per unit. The
nom nal closing tinme is therefore a | 1i second after voltage zero

for a cl 05| ng w ndowcéﬁsmglatmrIﬂealse(ycmetmakfﬂamdmehmes:bmdnpmtaeu tohmnmmzde of

nom nal . 9 o5 1o val t.age, st an y | ess
t han peak [ n%%fﬁtlg%?ﬁ L?Te}{lef 0@%‘(3:61%@0 gfoa §evt68tt5$3e ﬁ fish
currents t heinyr adisae fox siumt raacorsgaid ) azmbﬁgag@osagrmr a(\ﬂolt:)gefpbbk Icﬁtfiulﬁd Ive

| oads to prevent h ener | volta S es resistive | oads
it is |ess THBFE §Pﬁg ﬁﬁ‘m,& v’{‘-;P fR tﬁ‘ﬁ%%@iﬁ%@“%&’%ﬂé@% iisthe gherngie

al ways beeﬂogm@m{mgy BlusedSUBSTI TUTE SHEET (RULE 26) 3 July 2004 WD 01/50563

PCT/ 1500101986 -13 c¢) dd osing near a voI tage zero results in maxi num

asymmetry for short circuit Be® P8I t i s unavoidable if the

referred cl osi a{ugg:)[ . cuit
!Ds general ly unﬂ%gvf%nﬁﬁlﬁﬁae orehgog(fseﬁge tggerqal%gﬁ rateﬂﬁyfr&gfmﬁaﬁéggéré SI%{énear a
vol t age peait ¢spariten seitdbing sapplicationsota fesst them omeqmaMtcz@ 6 pesymitewhicic adquiresr ais h
t ' ti | ds t t h t{s - [
i iy an 1+ S Pt T s 2B e S R e st B S PP secgnd

vol t age peatindamm alosiog sprbdataizB&ilovolirand vaaysmet ry for short circuits, this
fit i I ilable if th I | osi i :
benefit is only available if the a Enernéaltne closing strategy is used

(@) 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
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Recommended _C osi ng Speeds The m ni num cl osi ng speed recommended i s based
on limting the voltage at pre-strike in capacitor swtchi ngah p%{z}%ﬁti ons,
to less than or equal to 0.6 per unit which requires a closi @-ﬁ% of
1.1 meters per second at a 27 kilovolt rated voltage; or 1.5 meters per
second m ninmum cl osing speed at a 38 kilovolt rated voltage. On Opening
(a) Opening current zero with a mninmnuminitial i peed to
reach a mni tr}u?{)ngggggsat the current zero is inportant: (i)wg%g%itor :
loads to mnimze the risk of restrikesyhy obtaining enough gap to

w t hstand the vol tage when the peak recovery voltage is reached; (ii) for
nductve | R#815f 4.9 niihifoBdk Provits bl0%9 BinsEEBRE bhshlok Befofis tub SR Btrdi ko 021
occur when contacts part néar a current zero; an flllt)h or resistive |oads
it is | essiniangherphese is toashedy r easonably large gap at current zero is always
preferable. (b) Opening bgfore,a current. zerg to reach a m ni,num gap at the
current zero sets a nini n@ntﬁ?%m%ﬁdntﬂf%m?%t%gt% Z(?’i?rlpe%fh%%g IJé)gts a
maxi mum t i mecomsidnded. i SiEnubaicweaRn@e pass insalldhdsés With kygReendTomther §ort Aesdy and
3.33 mlliseconds at 50 he(r)‘grﬂzg. So, the maximumtinme to a current zero nust

be Iess t hafiePhese iy ‘?TE""QC_ SARCHY ! hia&e%inml@emﬁ@l}tacz@m@nw@lﬂweak
critical. TReweRMdete H04.5 ipBOulil FEa wﬂlge;ct%e%ggmts%edzmg%wxﬁ, f’lﬁﬁ' Ay Sa&xgn

closing with a‘range of from1l.5 mllisecon m sec

r ecommendedWitt ghe sqeond 28d third palescabovic) elertriqa] Hegniek |latere oo Hdls millisegends a6

nom nal . A y.ni i t Q.. ent il.lisec S provides a gap
o 23 11 1y R el Sl ol o g BB R KRS
vol t age; ameblt8ge2ofi3.0 Ipermedieinsa diree2phihsenmaigauadadesystafic oIt firer pale SiBark ivhitavitad t

220t ol s LR i s Sl b b
re-ignitions: ' t ‘ € 3 July
2004 WO 011&0bfde Rert/stHbohd 8ba curfeft 28 R i@ TesgediivéTpilabd, SRARBAIEC PRRWSES 2

0.27 mllisecond cushi on before the previous current zero in another phase

i s reached. P& Feropédide 1ilissoandh asdh P Srhte 664 neillisecends, wiich i3 enosglcie predice i s

not  recom@paed pephitiet@RRANTadeONt act parts in all phases w th synchronous
contact part in opnly one phase Is preferred. For capacitor sw tching,

si mul t aneous cont act partidhg yHoskhbst Grepie akrentse eash ghase had soagasyfm@rys Ther
unit in at - I S m_The.first leglears wth the
second and %ﬁ%ﬁ poi gusﬁléaﬁgozglltﬁpg%ﬁ%ﬁ é@ior??coarl eagggp Blgt e;’r,ﬁerf.’) Iy ajtempts a

mi | |i secondsyneitrortafls opexation. calado magalkirinOfhars wodde hiShahltafdts SoitAb: thafl 8ES no
contact partjng can é?lﬂ’ej d. a, peak recoverg/ 8i/@lt%ge of 3.0 per unit in a
th_ree-phaseaqﬁﬂg?%ﬂﬂﬁ nZgHon dniherpigEe epquipended for UEGEeNRy t h the second and
third poles 180 el ectricaje) degyResectinmdRicd bpafl: sed Spadeddnl iobRmRHRISnat 60
hertz. If

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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each pole were synchronized to a current zero in its respective phase, then
contact parts would be at zero, 2.77-3,3 mlliseconds, and %»@@/%&r 6. 66
mlliseconds, which is enough to produce the three per unit reco e4y

vol tage. (d) For short circuit currents, each phase has some asymetry. The
time between current zeros is not uniformor easily predictable. Therefore,
attenpts at \gygphsgnous operation can do nore harmthan glg&glm .l t aneous
contact part wth no attenpt at synchroni zation is therefore recommended
for fault currents. (e) The recommended jgpeni ng speed based on obtaining an
adequat e open gap or capacitor switching at the peak recovery voltage is
1.5to0 2.0 ' ] j f :
mllinmeter s@%ﬁi Egd %{gﬁé%?%eé‘%@ﬁ%lﬁqaovo ts?&éal?lﬂ(}gocgl?o% thgr 612[? %Vn%regtf%rr S per
second, wi téaclaph@mi num opening gap of 21 millineters, at a rated voltage
of 38 kilovolts. Fig i t . t _of 18 t_l.esponse
to atrip command i niﬂl&E ﬁﬁ%ﬁéﬂégéégﬁ% a@gmlggﬁ Hﬁ%‘%%%r%%ﬁ%%agfr%ﬁg?%eﬁg{gﬂlf@l at a
di fferent petinbreaker teinizy b, ecorrddposdingd o the rigdivithed phises af terlgide igcémadt@l was

commonly enployed to inplepent the trip for all hase The i nt - on-wave
control I er n‘g’i?(’:lé? & 1% VAR ROFROF aedwleilh-tp ianfgsﬁi‘“é Phﬁgﬁloéémi'gﬁ%o? Seconf s
invention epghlnf i@dlafy NERURN2Y TofRReRd Mhofh HBSRrsEPRAGh IMRuR ASETe WM b

i ndi vidual control, that mnimses arcing, such as is illustrated in

Fi gure 6b. trigsnoadisgphiapg efatseeond bus hee asserably 400, sdishsarplicgnagvely b emplopedint i on

b e phasc EER 8 Bad fh b 3af of BRI Boblefe WU, S e MEoBtLy 08,
shown connetiitoagh tie appeoppibiasiaterdommeatidn of thehmonedbld eoBhiSTH HITHrsShitdESecOodI L E

26) 3 July 2004 01/ 50563 /1,500 01986 . -15 appreci ated that par at e
b baker  moddPE PR R + Ot BeoPoHSin oo VARBRD FEbRhatie 12 Sch
phase. As pimgiéitRdsdhya es@cop@tor 62 gHowa il Pigutel 4) Hat BlcQ6pl@nodhd Rfnd 3taBonary
arrangenent in which_ each breaker nodule 14, corresponding to the

i ndi vi dual ‘ﬁ?ﬁﬁ%‘é@ﬂ%ﬂ{eﬁ@t!"%@faﬁsﬁm@éjr’ﬁ%“é@dt‘tm‘l‘}%wﬂaﬁ‘ﬁ t vacuum

i sol ator nodule 12 t en@ HHid Rberl¥SpdftePfaRedBaitlendnbs Qs $8G AWhpi|ACcUUM
i sol ator nodul e 12 connected thro%gh the first vacuumisolator nodule 12 to
a - cor r espoefdemeringtisdivde madeescwithin b ewitdhgear hensimgiif apgigimumn pfsarvicgoutage
alternativel . - i i f.. robl em
expor | oncec it if RE R §rldleiciS sBE of 8F BRT el el foiEh b ThachaB e, C

i nt er connecsfi @ihid dhsuldtien rnd ealthge Bolaicacremi lowtheolfape pbriiwnd of eeo Rdronudiagium

i solator nodul es 12., .The |nterconnection between vacuyum i sol at dul es 12
s made t hEREOHREE s e BRI Boiatedn Shiele eoo dEREPiies TR ioled SEGI o

to the sameoHPUM @idEYsockets 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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contact 52 that the first bus bar assenbly is connected to through
connector 54. Thus, this invention provides enhanced naintengﬂﬁﬁy 4
capabilities with the ability of replacing individual nodul €s %99 a
swi-tchgear housing with a mnimum of service outage tine, while enabling a
reduction in the size of the overall equi pnent through the judicious use
of solid ins i nd voltage isolation fromlower volta .ons of
t he surround?hg%hgﬁgfronnent. The tried and tested conbina??gﬁg&%¢ggolid
epoxy resin plugs into nolded silicon _H%_EPDM rubber sockets have a good
track record for cables and can be applied to seal all of the electrical
connections noted for the sw : ; : 3936 i bed above for this

i nvention. The unique conbl on ) Tne magnetic actuator and
vacuum i nt el@.upt er wiSwitching devicebr eaker nodul e 14 and the vacuum i sol at or

nmodul e 12, w |l provigde a unique .capahility for enabling point-on-wave

swi t chi ng twat has | ﬁ&l"ﬂé’éﬂa@ﬁsvfﬂ?ﬁ%{oa?]ﬁabl e, practical objective of the
industry. Wu.le specivhhfineiResheBntine aéudidienddaient i on have been descri bed
in detail, it wll be appreciated by those skilled in the art that various
nodi ficati of® and al fertheannertos g integrd surrens transfymersand VBeolugevel oped in

| i ght of thesoverall j di scl osure. Accordingly, the

parti cul ar gsribodi mnygﬂ%ﬂe&ﬁa%grg%ﬁ'saélgﬁlﬁeant to be illustrative only and not
limting as2@.0 the s®opeonaéctérnventi on which is to be given the full breadth
of the apperpded clains d, any .and al | .equi val ents thereof. SUBSTI TUTE
SHEET (RULE*26) 3 Jut"ﬂf‘“ﬁ%gﬁle%xﬁﬁ%‘&%%@mﬁbal | BOO/ 01986 - 16 REFERENCE
CHARACTER L24T 10. Ppbiyciivusigy e vicuem ldternifs Guind £abat flodgw t ch nodul e 14,
Vacuum i nt e% upter/ip-line actuator nodule 16. Load connector wth
integral cuffent traSFBEHBIREUEIRY VT plug 18. Vol tage transformers modul e
20. Bus conpgctor 22vikpgHaRl @figl ectrical connector plug 24. Epoxy housing
for vacuuminterrupter/in-li'ne actuator nodule 26. Vacuuminterrupter 28.
VI stationa?y contactViuggeablgcopgiteabl e contact 32. Moveabl e contact drive

armature 34y VI ves§glieanle 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 8b. Curr erYacyumiselptonteegle mechanisy| i d i nsul ati on housi ng 84.
Control el egjronics 88kq fQWGon BOREHLLHORME BhiGE Foni cs

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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88. POWcontroller 90. Manual inputs 92. Voltage, current and tenperature
I nputs 94. Contact closure sensors 96. In-line actuator dri \éeJuiﬁ %gi rst
bus bar three-phase assenbly 100. Second bus bar three-phase a s% 4Iy.
102. 104. 106. 108. 110. 112. 114. 116. 118. SUBSTI TUTE SHEET (RULE
26) 3 July 2004 WO 01/50563 PCTI I BOO' 01986 -18 What is Clained is : 1.

A
mul ti phase efg | circuit connector nodul e conpri sing; ity of
first electri caﬁlltl{é/d ?ﬁsul ated el ectrical output connectors g?ﬁq%éfg@@

corresponding to the nunber of phases imga circuit to which the connector
nodule is to be applied with each first output connector designed to nmate

wth a corrmp@@dﬁggﬁ mpl enentary | oad connector attached to the
correspondi ng phase of a load circuit in a manner that electrically

i nsul at es el ectrical lly coAdudtiiphase ploetricad piscuifconnsetor madileaewmiprising:out put

connector and substantially 80l p L.an romcontact wt
| oner vol tage portions of Ltp\r(%‘é’ Sfﬁgsﬁﬁ%aﬁgﬁgnw a%eﬁrfé%&m%‘ﬁ)@ cﬁﬁlfeﬁ'iméfi%i ng
good el ect r icastkcorrapahdigito the netbera phdses inuichedis to Goivheied @hnaite ntokie isaade

circuit; a plurali f. current sensqQrs respectiyvely connected to nonitor
the curren gpp?.llp@wtﬁl é“’g ks BE;‘H“(FGPWE‘SE)&W@PWQ“’ RS IR PP TRPARE NG Somplpmeniay

provi de an i Ridhneltodiagadhby 8o tﬁé1%@@f;éndﬁgp¢m§eabf Y108 cRHP W aCﬁQﬂ:léPtc%ﬁzt

respectively connected at one end to the i rst output connectors an

the ot her eflectrieally dnsplaies elaeitieally serdypiingaortions of ba tead tand thevduinuh comedigrend | vel y
have a compLagBnbAy Yisdit i Retond eRbANGH L WBL Soulth t Phifes PoliBRP DY

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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term nal on a power source apparatus in a nmanner that electrically
insulates the electrically conducting portions of the nating3$ﬂngﬁﬁ%ors
fromexternal current flow while maintaining good electrical cohducti on
bet ween mati ng connectors and substantially isolating those conducting
portions fromcontact with | ower voltage portions of the surroundings; and
an insul ated i substantially enclosing and respectiv i nsul ati ng
the first andagéggﬁg;output connectors, the out put conductgﬁéymyﬁﬁa%urrent
transformers in a manner that insul ates,geach phase from each other,
substantially isolates all the current carrying portions thereof from
contact with |ower valtag I ' and ti.es the first
and second out put co%hectg%lg?lﬁéfu@g%t&é%éﬁ%gg g%gsrﬁ)gn eg%?pgﬁ?su{aﬁegﬁlg?s%rs

t oget her assubstaniiafly eigidal unit. 2. The nulti phase connector of Caim1l
including a plurality of jpsulated voltage ndyctors respectively .
connect ed between dif’"fere,ﬁ‘ﬂIe SRYEsE fOnpas{Y BEﬁﬁﬁ?géﬂﬁﬁﬂbﬁﬁﬁgmBWdh@@#ﬁéén a
sel ected phagé @it of dp8xpuUt put conductors and a neutral conductor, within the
i nsul ated housing, at one end, and to a voltage connector at the other end
of the voltage conductor, wherein the voltage connector is designed to
mate with a conpati bl e connector on a voltage transforner. SUBSTI TUTE
SHEET (RULE 26) 3 July 2004 WO 01150563 PCT/1B00101986 -19 3. The nulti
phase connector of Claim1 wherein the insulated housing is substantially
rigid. 4. The nulti-phase connector of Claiml wherein the insul ated
housing is nade out of epoxy. SUBSTI TUTE SHEET ( RULE 26)
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