; [\ e3eYVI. 6dT: >DESCRI PTI ON SW TCHGEAR BUS CONNECTI NG CONSTRUCTI ON TECHNI CAL
FI ELD The present invention relates to a switchgear bus connecti ng
construction, and particularly to a bus connecting construction to be used
when interconnecting power supply circuits housed inside :

adj acent | y-di sposed i nsul ati ng gas encl osures external to the encl osures.
BACKGROUND ART I n conventional bus connecting constructions, bushing
conductors of bushings projecting outward from adj acent insulating gas

encl osures and end portions of a } onduct or are di sposed in close
proximty, a pair of l|inking conéﬁ@?@ﬁgﬁnie?ﬁg an arc-shaped cross section
are placed over the bushing conductors and the end portions of the .
connecti ng conductor from above and bel ow, the pair of |inking conductors
are fastened by fSBIHUHGEAR S8S GONNBRCITING CONSPRUICTI@Nduct ors are
connected electrically by neans of the connecting conductors and the

| i nking conductors. Electrical insulation properties at the connecting
portions between the bushing Cgﬁgﬂééﬁkiﬁang t he connecting conductors are
ensured by nounting rubber str ]fglEﬁJ}connecting portions, and

also fitting coMgrs r.each qf the.,stress cones., (Japanese Patent

Lai d- Open No. Zg%f- ?%%ﬁ% ?@f@ﬁ%){dﬁ"tgﬁ % aPpF) Cllléﬁﬁé}\i 5 CAnE ti onal
pus coNNeebhfiGueans! hud yAtRul AP 1615 BHY AWhABGITARLARNA0R 1 W, RLAPT 1O
bus-connect two insulating gas €nclosures, a pait 0 ushi'ngs, one
connect i ngvlmondudhtercoriveetipg r Spowet | NlguPp@lE on@duetiftes, hovsedt r egmidones,
and two covers are_required, nmaking the nunber of parts |arge, reducing
connect i oAdiiseRal dispgsedingulntone gas eyclpsureoettermaliot therenclBiuset. OSURE OF
| NVENTI ON The present invention provides a sw tchgear bus connecting
construction reduci ng conponent parts, inproving connection workability,

and achi eving cost reductions. Eﬁ?{atﬂ{@gm tfgfe present invention,
e 0 I nsu atAl ng

T-bushings are airtightly noun gas encl osures such that an
end portion of &nkbAGGHiGRIMIE @nriestikbeohkitRtibhs CRMISREEnHR:RrPORET
supply circuit, and end portions of buses are disposed coaX|aIfy adj acent
to each obmehings pojeeting ngtwend dfedroradjacént irechlating gaspendlosireshenddj acent
end portions of the buses so as to bhe slidable while maintaining a state of
el ectri calengoli’l?rétctn,s aﬂa CORTPRENE AMFyCtarare: dipesed infclose prewmity, mat eri al

is fitted Lacent pair of electrical imsulators.i
adial |y Brbarhaib Bk R REs nRipd ¥ ks Bomhd e By S aleplamel ¢ ne

adj acent @Rdr P IRR%ISE AR s20HdS Ph@Sed P ﬁél@iro'h’sct)f Gt cSﬁF%&Vfé% ve

films of the adjacent pair of electrical insulators electrica h each
ot her by weadsctof feorgrabondiand lsdodlthd yeirlferkin BEbEuEERCR TG THE
DRAWNGS Figure 1 is a partial cross section explaining a switchgear bus
connect i n®YcEdeRIRG Penevee cordiiheghtef the bysbsugtconduetors areFtaneet@l i s a
Cross section .shﬁwi E? an insul.ating tube used ig the switchgear. bus
connect i n§ CHRERCPY o MRS | Sif&etf)mf‘?'f‘ét‘ﬁ’rge%ﬁ urtrenfpdn thei Ypkng is a
Cross sect,| i n Lng: CO u i.n e sw tchgear bus
.connecti ntgbggﬁgt{a?%\ﬁct ?é%t%gggﬁg%%lg%g}o% {é Iggl?%'(refeegeﬁfq;lhﬁv%él l}egﬁmﬁ 88&&01&5 is a
partial emheawgen the bashifrcidreinceodR! aaicflt}[wcdﬂ}%cﬁﬂ\ﬂgtc%ﬁig%.@fo@%e%91@8%&' ng

construction according to the present invention and
by mounting rubber stress cones to the connecting portions, and also fitting

covers over each of the stress cones. (Japanese Patent Laid-Open No.
2002-238335 (Gazette), for example)

However, in conventional bus connecting constructions, one
disadvantage has been- that in order to bus-connect two insulating gas
enclosures, a pair of bushings, one connecting conductor, two pairs of
linking conductors, two stress cones, and two covers are required, making

the number of parts large, reducing connection workability, and preventing



"Figure 5 is a partial cross section explaining a connecting operation of
the swi tchgear bus connecting construction according to the present

i nvention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Preferred enbodi ments
of the present invention will now be explained wth refrerence to the

drawi ngs. Enpodiment Figure 1 is a partial cross section explaining a

swW t chgear bus connecting construction according to the present invention,
Figure 2 is a cross section showing an insulating tube used in the

SwW t chgear ?us connecting construction according to the present invention,
Figure 3 $8t2edeli®Section showing a connecting conductor used in the

sw t chgear bus connecting construction according to the present invention,
Figure 4 is a partial enlarged cross section explaining the switchgear bus

connecting construction aggpa@iHUREIGP IRNESRATONIVention, and Figure 5 is
a partial cross section explaining a connecting operation of the sw tchgear

bus connecting Thas pieketit 0 inAati gﬁbvﬁﬁeé hg pwemBRbal YNt b hectimgt he
figures, switchgear is constructed by arranging a plurality of insulating
gas encl oeursdsuctiarh zedecingi compmenh quaras,i mgpgesng cenmértim swirkability,

hexaf | uori d (EFC). gas, etc., in a single colum, and mutually connecting
power supfﬂ‘gaé }OPE €03t 109H6EANSnsi de t he i nsul at i ng gas enclosures 1 by

means of T-bushin 4. The .insul ating.gas encl osyres. 1 interconnected by
means of the T- ﬁgﬁffi% t% r%’ﬁ §F%%an3e lﬁg‘?%té%ln’i IIIZISIH@u&gﬁoﬁg‘? n@lrf’rggfayshom).
The T- bushidiited 18R Wla8RA Stk $Rc18S ] éiﬁ:heu@atb&i?géd RIoEABH &F «SPrAtHt O have
a |linear shape having a circular cross section and a branch conductor 6

di sposed emdisctvn iexékenttidalymcanhentgit telinaldwerceap iyl clenit] ehdferidhe bus 5

so as to be perpendicular to the |ongitudinal direction, the bus 3 5 and
t he branchovépriuetlonses areidispased coasihllynadiacenietn edchadthiensutenmactingsuch as

an epoxy resin, etc for exanple, ,such that t end, portjons of the bus 5
and an enI:IOIb(I)‘I(ItPBﬁS gthdﬁ%V%r%lP@I’F e%%@@&cegtgxﬁ RRas Pt thad witgsstof t he
portion of..tiher el [ -4 : : i - hys e constructed
into a st Eé‘%pdgdb%ﬁﬁlamtfg%ﬁﬂég aplgltc%%ﬁ%‘% %F%% %el{g@frgg}%ecoz}tgé%ta&@%&“ on 7a
and a smaihsulatiigt fibePhpORA T, o et ROAteERD id FEth&l BYed QLB abSiveen the
| arge diameter portion 7a and the small dianeter portion 7b. A’'boundary
portion 7pabeofrelentrided inamkpdonti mretrediddy ekpanded atute tsoeass t@popar theon 7c

and a boundar(%/' portion 7e between the step portion 7¢c and the small
di anet er FoRREGHE PPRduCte ARE dhe diacand endsportianseef therhecesd saasiy a

radi us of m. eovear...thene i s pay-ticul ar. prohlemif .t he radius of
his - curvEIoRbirdRE B8 Geu ke ik, & B BRiateh S Pl hial bR g

di anet er pRict#ieMly ¥i8dadetik e Rekhk oR a;gﬁ'oﬁﬁ iﬂ%&H%cﬁ»e?a?é@Ot h .
continuous surface, and the step portion 7¢ and the sna I'‘ameter portion
7b are |'inked by a snpboth continuous surface. A flange portion 7f is fornmed
integrally on a portion of the electrical insulator 7 enbedding the branch
conduct or 6 near the BBIEE DESCGHRTION §I5IEE RRAWING®ssed into a surface
of the flange portion.7f on_an.opposite side fromthe bus.so as to surround
t he branch condﬁﬁg‘bﬁe 6154 gaml‘%i GFPSSt AP @P?ﬁlﬁIH%ﬁaﬁfﬂl@?‘aegraIﬁbﬁ ied to

d i i j f th I i I
on ond. POcybRR:Ble LOBCANGISNA 0 ICLSERURNS of {he el ectrico

e ectrica nnection w e power supply circuits

2. I'n addition, Fageendustd vess @attind sBo®ens b dulskiAg $uBENHeAdn axer i s
formed on an external surface of the electrical insulator 7 in a state of
el ectri calswitnbigaai brsfcrnnetting bustBuciinh atwerimenohtheqndsettomventibhi s
conductive c_oat;Lgn 8 Is fornmed, for exanple, by applying a process such as
appl i cation of 6%@?0%@@ SroPhBectit SNPVIRE acengetnE pradnawr (wsedrdtess i n

whi ch a I cgine, alumnum etc...is sprayed ontg a base

mat er nal ﬁé?c?‘?’yﬁ%gg?%e L fcé’ggeir‘)%ng EIéOIIéSI“e%(ItI(III:a‘I‘C%PﬁéBEa?%rt ' N5Fever, as

4 shown ihiefiigr € 4, the conductive coating 8 is forned by coating on the

smal | dianeter portion 7b in a vicinity of the step 7c, but the conductive

coating 8 is noFigarered N Ot pertiglorehl@nedofcrbdle sodbh ExplEhess Peid i on 7b.

The connecting conductor 10, as shown in Figure 3, is prepared into
switchgear bus connecting construction according to the present invention;

and i



a cylindrical shape, an annul ar recessed groove 10b being fornmed at each of
two end portions of a central aperture 10a, and an annul ar recessed groove
10c is formed on a longitudinally-central outer peripheral surface. Annul ar
contacts 11 are fitted into each of the recessed grooves | Gb such that a
portion of each protrudes. An inside dianeter of the central aperture 10a
is also formed with a slightly larger dianeter than a dianmeter of the bus
5, and an inside dianmeter of the contact 11 is forned with a slightly
smal | er di anet eg.: ' e 5. 1n addition, an.outside

i ameter ot ¢ herieshacsis Ak Ehe St eRbPiRing {aPUitcbieiondRul

di ameter of th8&witBhded BB @nnBOihE Ol @ftidd 8885t it6athd Bsubati ng

| ayer 7. An insulating tube 12, as sShown in Figure 2, is prepared so as to
have a t hmeentmyer construction constituted by: a hollow cylindrical

i nsul ati ng body 13 made of an elastic material having
electrically-insulating properties a field-relaxing conductive |ayer 14

made of an el astig teri i i |y~ t] roperties

f or med integralIJggg%éﬁcﬂﬂﬁéﬂﬁ%éﬂgﬁﬁgigkigﬁﬁk&ﬁ@ﬁ§$ﬂ¥ﬁ5hﬁggﬁlating body 13;
and a groundin ti r.15 f an.el.astic material having
electricalIy-cgﬁgﬁgﬁ%@ee%gg%gﬁﬁ?%% ?gﬁﬁéd%Fﬁ‘35?§P§%n%ﬁptﬁ%ﬁiH8W] 9 ng body
13 so as bgple@v&] willer&staidal thdhafeseand two inner peripheral surface
end portions of the electrically-insulating body 13. A protruding portion
1l4a is foEmsebdmead t o have an annul ar shape on a central portion of the
field-relaxing conductive |layer 14 so as to project radially inward. This
protrudi ng portFiuread issaspapsal sepsassecsian explypingena wvitehghar dvwul ar
recessed groov 10c of the conneéyinggc nduct or .Furthernore, an 5

; 10.
i nsi de di STRRRS I COMRITRGROR ZCPHGIRE) PLESERl AR¥ERIh BIBWPhif P smal | er

di anet er :Qut sl i . di e | of the
electricaﬁﬂﬁﬁs% a?ﬁﬁg °§§39 %ﬁe%%%ggﬁ?%?@Hﬁﬁnggngfﬁﬁ%fEvﬁghk%%ﬂﬂégﬁng t ube
12 is f or o®tn&Rigs chistbactidn @h&dxﬂiﬁ%%t&ﬁe praxand igv&itane eEFhelreesns tahe st eps
7c of the T-bushings 4 nounted on the adjacent insulating gas enclosures 1
so as to fese sextionoshmvingandoankemnyg froofluttve dded ih thé axiikdigeandust i ve

| ayer 14 is formed so as to be | onger than a distance between tip ends of

the smal | CORBRRING cRptrRefien Asconding to thei presgpk 1peantion.of1grg ot yehy| ene

resin, et - Or I u or the elastic terial having

el ectri c'aﬁlarfilitjlgg lx}? %[ggﬁg&p?rs g;%rc BI Ielsfgﬁl‘c'—iahlﬁgr ﬁber g?nécthgfaﬁ oRe FEE N &r a
pol yet hyl eagsth-@8litn RESrdin@ithbtheasRe8nt Shventildat FiSirce838m BargaDn be
used for the elastic materral having el ectrically-conductive properties.

Next, a metdssd séciiorbespiambesta ngnhketipgweperatiop wi cihiec yiviihgewt | Budbe
expl ained. First, an insulating gas enclosure 1 housing a power supply
circuit 2°cPRueGIebtERction aerording tothieprgsenhigivensiohurm. Then, an end

ti f th duct 6 i I tri [ ted .t .
oppl y chrouit ShBhe EEPE Sy b e ROBEHU LR eRsroE Ry oBlibrphg o
through ap, &PGEHY &d éhc%sﬁﬁ@@q%ﬁé}pg&&_@;;@ggﬁ%@m%%gggé B%cha%sgél%lﬁlg&e

i nsul ati ng gas enclosure 1. Next, e i ng nount e

i nsul at i negafiuenideo®F:e ghspyid aiit ansingld Beluihignged RRGtI0Ty édndértide

mounting portion la with bolts 17. At this time, an Oring 16 functioning

as a packipawerssunnly edrduwitso2t raisad nigisite theo dneulagingf gashentloswgs pdrst i on 7f
gas enclosure 1. An insulating gas

t irti _of the_ jnsulati.

3 such. s TRUPHLAL AOCRRITRY HcTRERTIaHEE GHEcenc aTEhdr s OPBECT R T 1 he

i nsul ati . , t] tor 10.is fitted
over an ot BECHRCH Fychiph o i PR 0T ek TR he bR hbfctor 10

i s pushedghpwad so as to be in close proximty to the snmall dianeter
portion 7b of the electrical insulator 7 and is placed in a state of

el ectrical cont ite Wbubhitys duse phefgnred so aettnbawd adbusohpaciarkll. soNext, the
insulating tube 12 with an insulating grease 18 applied to an inner

peri pher altoshavace lizes shape ohasingha eirewlari ewiss | sestioat end7af boamen end
near the end,portipn.of the bus 5. At .this tine, the insulating tube 12 is
pushed i bl TS iospd Ge Bmicered ’gPﬁ’eaclP%ﬁ%Pg’rnﬁé F§BRARRORION he

el ectrical gl t . S | | at ] t X ands radial |y

out vy d_aish 18 1B Ppe g s peb el 3, L HBP LI A B R0 R R e
T-bushings 4 is nounted to an adjacent insulating gas enclosure 1. Thus, as
shown in Figure 5, end portions of the_buses 5 of the T-bushings 4 are

di sposed coaxially in close proximty fo each ot her. Then, whil e expandi ng
the free end of the insulating tube 12 radially outward, the insul ating
tube 12 is noved in the direction indicated by the arrows in Figure 5 to a
position at which the protruding portion 14a and the recessed groove 10c ht

o, . I AN " o



I n addi tion, the connecting conductor 10 can be exposed by noving only the
i nsul ating tube 12 toward the first bus 5, enabling the main circuit

resi stance to be measured. Using this bus connecting construction, because
two power supply circuits 2 are constructed so as to be connected by a pair
of T-bushings 4, a single connecting conductor 10, and a single insulating
tube 12, the nunber of parts is reduced, connection workability is

i nproved, and costs can be reduced. Because connection and di sconnection

15 1 an el pRURCR R, 8 Re Sblfielb TRy e ipa e 19 100
n | et T . Ve
| nul ot or et A TR GRET 1eBfH 8 R GO O RE B R B PR he

connect i NgugPdahido ehd padtbhiofibhe BE@@&S@Dﬂd’t&ibﬂ&éﬂr@bkE@sd@be 12 is nmade of
an elastic material and has an inside dianeter | ess than the outside

di anet er of thél'goeindsdif dinetrertiporafi the elbctridednnshlatoms dmabédigngithe 12 is
fitted over the small diagﬁter portion_7b,. a radially-inward shrinkage
force ari¥sb awe icapeirusted, intogat serpad sydinshicabishame consitutechdst abe 12 on

the smal |; di aneter porti.on Zb. cause,t end portio of .the rtion of
Lhe of et FrERLIRSHPaPORiion ZRisuihr o eh ol DG ves BORIHo L Pudy 2P 5788%: o have
a st eppedyCyahimdrg S gﬂﬁa ORRY | ‘ I i aef rd 7a and
a snmal | dia%%?ggj%%?%goﬁ 7 <§5?§%J5g%§g%g%§%%#%ggg?gp pof?*gﬂef%hgpon1the
| ar ge di adiahestep@drtion 7, AboamEalry glortibg Tddetweémaht Ubegel didrastdrt i Ng
- fromvibrations is reg;;ated by the snmall dianeter portion 7b, also

avoi di ng Boutisax i arends tiehstep pérsicroie eondi apovoddric portiaw Tediatyeerpbsed

accidental | y. Because the boundary portion 7d hetween the | arge di aneter
portion 7SCRRPTER qaﬁgabﬁﬁr%ﬁﬂ?ﬁemﬁg’wrrd?%wns 46 foy et 80 25 AMAYS surf ace

shape, da I: I: i t dyr | f the
neul ati ng ot uhe A Hayife iBARS U 20 MBfdhen WELES: IBHETRONLY, |
bet ween t frobIb@PifRBE adiusy 6f 818 cufed BBIfaceiiamatigh #REhEOBS 10mhs td @ med

with a curved surface shape, the novenent operation fromthe small dianeter
portion 7mmo flhes| dhgelagtpantteret@omoirton 74a andl the stopepationoferatei on from
t he Iarge_dLaneter portion 7a to the small diameter portion 7b of _the

i nsul at i nfoEaddI2 smAoHE cpRilnBPHe dUsHasst By thee stams @ortien isandttheg grease

18 i h t t i | ati t.ube 12 dt | 1 di amet ti
"7, *r eduRLRH ORIt PHETHhdD JoF PR oS F SPingER CoRRE TR CRERCR schar go.
performance resylging Mﬁmrﬁ‘ifis%ﬂﬁeﬁe}ﬁhé?ﬁaﬂy%\ﬁe 8o BE tHO¥EIXBAEaOf the

i nsul ating tube 12 1I's 'snoot Because the protruding portion 14a is formed

so as to haudatur Asmbeddirghepehpihednidigtdy ® Mear €eabuals. potd kanubdr t he
field-relaxing 9 conductor layer 14, and the annul ar recessed groove | Cc

i s formedgmrva Toigreawdsehindp-xenriage o the dlaywei pinsioal 76 om faacepwsfsitehe
connecti ng. copductor 10, when the insul.atjng tube 12 is _nounted, .the
Cotacaed SiEolams HeE b :sor Syt RBFOHPEHILY BEAIAR SRR 61 ¢ 1 RaOn,

mai nt ai ni ; cl.l e i o the
adj acent E%g%gﬁggqgﬁgggﬁﬁﬁ%iéghggegﬁgES%%ﬁ@ggﬁ%%gg?hg%Bp fﬁ%+$%%¥(§;2 bei ng

di sconnecgegkoidc@meLath oPtheblRtigedlr ingaldtyr yto®yesIe le@tichh BodbiREt | Ng
conductor 10 can be prevented, enabling bus connection reliability to be

i ncr easedwiletbeipeweheupphngecypts 2i ons 7g fornmed on the portions of the
el ectrical insulatars. 7 enbedding the branch conductors 6 are fastened to

the nounting pofiiR8HLIeR Heondietivesorbing ) copsiliainga greunding layes i ngs 16
i nt er posed betyween the flange rti 79 and the nt i portions.|a,
vt oht nagatel ah R Er RuRghe oot "Re MRt Tan NoHBUE | %
the above ogibadh MedHigtioh iofPha8ChEs B HE tRY Ph3IMEd cA8dR&hP%. MOPRILd o
t he connecting conductor 10, but the contacts 11 may al so be nounted to the
buses 5. HBUSIN AboARNRE 8GABLEMEY, for example, by applying a process such as
application of conductive paint, metallized contact spraying (a process in
which a metal such as zinec, aluminum, etc., is sprayed onto a base

material), etc., to the surface of the electrical insulator 7. Moreover, as



As expl ai ned above, a sw tchgear bus connecting construction according to
the present invention is useful for externally interconnecting power supply
circuits housed inside adjacently-disposed insulating gas encl osures
constituting switchgear. 10 CLAIM5S 1. A switchgear bus connecting
construction in which a plurality of insulating gas encl osures housing a
power supply circuit are di sposed adjacently, said swtchgear bus
connecting construction conprising: T-bushings having: a bus prepared so as

to h I h hawi I ti : a branch conduct or
i sposed TS o E@ﬁ%ﬁ%\%ﬁpc‘?‘é 56 8 B Sereaa B ORI OPGRRer s om o

I t udi f ihcal i

e(rjrtr;gljdtjnl &Zﬂg:lé&]%&gét%% o;}g“} @?éﬁc §gclén gc or%s%(?ﬁc’mg@f?ﬂen éﬂ Jéféecond end
portions gdatsdd d iDusSt FnaNok @%@%éﬂtmsqff thaisgh 1 amaﬁefe@rmﬂ%mbar e

exposed and a conductive filmforned on an external surface of said
el ectrical insul'h¢ connectang tatduabr @Deas chowh indbisaié 8nidf prwpased dnfous and

sai d branch conduct or

a cylindrical shape, an annular recessed groove 10b being formed at each of
two end portions of a central aperture 10a, and an annular recessed groove
10c i1s formed on a longitudinally-central outer peripheral surface.
Annular contacts 11 are fitted into each of the recessed grooves 10b such
that a portion of each protrudes. An inside diameter of the central
aperture 10a is also formed with a slightly larger diameter than a diameter
of the bus 5, and an inside diameter of the contact 11 is formed with a
slightly smaller diameter than the diameter of the bus 5. In addition, an
outside diameter of the connecting conductor 10 generally matches an
outside diameter of the small diameter portion 7b of the electrical
insulating layer 7.

An insulating tube 12, as shown in Figure 2, is prepared so as to
have a three-layer construction constituted by: a hollow cylindrical
insulating body 13 made of an elastic material Thaving
electrically-insulating properties; a field-relaxing conductive layer 14 made
of an elastic material having electrically-conductive properties formed
integrally on an inner peripheral surface of the insulating body 13; and a
grounding conductive layer 15 made of an elasﬁc material having
electrically-conductive properties formed integrally on the insulating body
13 s0 as to cover the external surfaces and two inner peripheral surface end
portions of the electrically-insulating.body 13. A protruding portion 14a is
formed so as to have an annular shape on a central portion of the
field-relaxing conductive layer 14 so as to project radially inward. This
protruding n01'tion 14a is shaped so as to fit together with the annular

recessed groove 10c of the connecting conductor 10. Furthermore, an



a hollow cylindrical connecting conductor and an insulating tube having: a
hol | ow cylindrical insulating body nmade of an elastic material having
electrically-insulating properties a field-relaxing conductive |ayer
conposed of an elastic material having el ectrically-conductive properties
formed integrally on an inner peripheral surface of said insulating body
and a groundi ng conductive |ayer conposed of an elastic material having

el ectrically-conductive properties forned integrally on said insulating

oo <0 2, ARNREISN SRR BHE LRS00 sk 8 SR, Spiaer 1 o1
T DSt 98 8rofichh o1 B WiEh iy 5264 OhatPU ah SV 300 8% ac! osur es

such that said en portlon sai I's’e

connect edeleat:s@ildnpaling UPRIY7 Ci 1€ Widditidmda &@h@hlﬁ@ﬂt}ﬂ@ ihdaRgingf 1Rl d buses
are di sposed coaxially adjacent to each ot'her said connecting conductor is

fitted ové® iafpaned ob asdiobadligh@ptshentrphani Ddsstahcs bethvous else stepas to be
sl i dabl e mai.ntaining a state of_ el ectrical cont act and said

i nsul at | nghpt]ﬂee Tbyshinggidgnenntad erijthe efiaceat invilatingEas ensloguras 1

i nsul at ors, | adi al,l

d d
conduct or "4 ‘BPEF SaTAEHL an ‘%&?ﬁ&hefeeaﬁeﬁaei%éﬁéﬁ%@cﬁ%é‘H?‘is‘?ér' "
short-cirguisk i%i‘:!n@dc ggq{ol IBﬁ% H%téﬂé@%%& {p afqg! EchIhr' cal

i nsul ators el ectrlca ly Wlt eac y nean groun
conduct i vemladlydiameter portions 7h. I—Iere, a sﬂlcone resin, or a polyethylene resm,

etc., for example, can be used for the elastic material having
electrically-insulating properties. Furthermore, a silicone resin, or a
polyethylene resin, etc., with carbon, etc., added, for example, can be used
for the elastic material having electrically-conductive properties.

Next, a method for bus-connecting the power supply circuits 2 will
be explained. First, an insulating gas enclosure 1 housing a power supply
circuit 2 is arranged so as to line up in a single column. Then, an end
portion of the branch conductor 6 is electrically connected to the power
supply circuit 2 by inserting a branch conductor end of the T-bushing 4
through an aperture 1b disposed through a mounting portion la of the
insulating gas enclosure 1. Next, the T-bushing 4 is mounted to the
insulating gas enclosure 1 by fastening the flange portion 7f to the
mounting portion 1a with bolts 17. At this time, an O ring 16 functioning
as a packing is fitted into the annular groove 7g of the flange portion 7f to
ensure airtightness of the insulating gas enclosure 1. An insulating gas 3
such as sulfur hexafluoride (SF¢) gas, etc., is then sealed inside the
insulating gas enclosure 1.

Then, the connecting conductor 10 is fitted over an end portion of
the bus 5. At this time, the connecting conductor 10 is pushed inward so
as to be in close proximity to the small diameter portion 7b of the electrical

# insulator 7 and is placed in a state of electrical contact with the bus 5 by



2. The swi tchgear bus connecting construction according to Caim1l,

wherein: first and second end portions of a portion of said electrical

i nsul at or enbeddi ng said bus are constructed so as to have a stepped
cylindrical shape constituted by: a |arge dianeter portion and a snall

di aneter portion over which said insulating tube is fitted, fornmed by neans
of a step portion fromsaid |arge dianeter portion and a boundary portion
bet ween said | arge dianeter portion and said step portion and a boundary
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The swi t cligdéatoR Us fiesnnecbhd hea@ndier eed ipdntias eardierignd 6. Clagi thid tivbler ei n: a
protruding portion is forned so as to project in an annul ar shape froma
central pbthe iinsuleting tibmek2 pemysthedy imfaghisd &8 dlodskiéd aoritngtheodaiget or
: layer of ﬁﬁin?eﬁe?%%'rﬁ%in” a (gfut %Selggzgical insulator 7. Thus, the insulating fube

12 expands radially outward and is mounted onto the large diameter

portion 7a.

Next, a T'bushings 4 is mounted to an adjacent insulating gas
enclosure 1. Thus, as shown in Figure 5, end portions of the buses 5 of the
T-bushings 4 are disposed coaxially in close proximity to each other.

Then, while expanding the free end of the insulating tube 12
radially cutward, the insulating tube 12 is moved in the direction indicated
by the arrows in Figure 5 to a position at which the protruding portion 14a
and the recessed groove 10c fit together. Thus, when the expansion of the
insulating tube 12 is released, the insulating tube 12 contracts radially
inward, and the protruding portion 14a engages the recessed groove 10c.
Thereafter, the insulating tube 12 moves in the direction indicated by the
arrows 1n Figure 5 until positioned over the small diameter portion 7b of
the electrical insulator 7. With the movement of the insulating tube 12,
the connecting conductor 10 slides and moves over the bus 5, and
eventually one end of the connecting conductor 10 is fitted over the
opposite bus 5, electrically connecting the buses 5 by means of the
connecting conductor 10 and the contact 11. In other words, the power
supply circuits 2 inside the two insulating gas enclosures 1 are electrically
connected. At this time, the insulating tube 12, as shown in Figure 1,
covers the end portions of the connecting conductor 10 and the adjacent
buses 5, and is fitted over the small diameter portions 7b of the adjacent

electrical insulators 7 in a radially-expanded state. Furthermore, the

conductive films 8 of the adjacent electrical insulators 7 are electrically



an annul ar recessed groove fitting together with said protruding portion is
formed on a longitudinally-central outer peripheral surface of said
connecting conductor. 5. The swi tchgear bus connecting construction
according to Caim<, wherein: a flange portion is formed on a portion of
said electrical insulator enbedding said branch conductor and said _
T-bushings are nmounted by interposing a packing between said flange portion
and said insulating gas enclosure, and fastening said flange portion to
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10%! central portion of the insulating tube 12 is held and moved toward a first

bus 5. Thus, the connecting conductor 10 slides over the buses 5 and

moves onto the first bus 5, disconnecting the power supply circuits 2

electrically. Then, if the insulating tube 12 is moved additionally toward

the first bus 5, the connecting conductor 10 is placed in contact with the

end portion of the small diameter portion 7b, preventing further movement.

Thus, the engagement between the protruding. portion 14a and the

recessed groove 10c is released and only the insulating tube 12 moves,

expanding in a radial direction while riding up onto the large diameter

portion 7a, and assuming the state shown in Figure 5.

‘In addition, the connecting conductor 10 can be exposed by moving
only the insulating tube 12 toward the first bus 5, enabling the main circuit
resistance to be measured.
Using this bus connecting construction, because two power supply

circults 2 are constructed so as to be connected by a pair of T-bushings 4, a

single connecting conductor 10, and a single insulating tube 12, the number

of parts is reduced, connection workability is improved, and costs can be

reduced. Because connection and disconnection between the buses 5 can

be performed by the movement of the insulating tube 12 in an axial

direction of the buses 5, workability is improved. Furthermore, interface

insulation portions” between the electrical insulators #7 are reduced,
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because the insulating tube 12 is made of an elastic material and has an

B %00&' () -
us connecting portion. ~ In 'addjft(%o/n, 0

inside diameter less than the outside diameter of the small diameter
portion 7b, when the insulating tube 12 is fitted over the small diameter
portion 7b, a radially-inward shrinkage force arises, reliably ensuring the
engagement of the insulating tube 12 on the small diameter portion 7b.

Because two end portions of the portion of the electrical insulator 7
embedding the bus are constructed so as to have a stepped cylindrical
shape constituted by a large diameter portion 7a and a small diameter
portion 7b formed by means of a step portion 7¢ from the large diameter
portion 7a, movement of the insulating tube 12 resulting from vibrations is
regulated by the small diameter portion 7b, also avoiding situations such
as the connecting conductor 10 being exposed accidentally.

Because the boundary portion 7d between the large diameterr
portion 7a and the step portion 7¢c is formed so as to have a curved surface
shape, damage generated in the insulat@ng tube 12 during movement of the
insulating tube 12 can be suppressed.

Because the boundary portion 7e between the step portion 7¢ and
the small diameter portion 7b is formed with a curved surface shape, the
movement operation from the small diameter portion 7b to the large
diameter portion 7a and the movement operation from the large diameter
portion 7a to the small diameter portion 7b of the insulating tube 12 can be
performed smoothly.

Because the insulating grease 18 is charged between the insulating
tube 12 and the small diameter portion 7b, reductions in withstand voltage
performance and partial discharge performance resulting from air gaps can
be prevented, and movement of the insulating tube 12 is smooth.

Because the protruding portion 14a is formed so as to have an

& annular shape projecting from# a central portion of the field-relaxing
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, an

conductor layer

the annular recessed groove 10c¢ 18 formed on a
longitudinally-central outer peripheral surface of the connecting conductor

10, when the insulating tube 12 is mounted, the recessed groove 10c fits
together with the protruding portion 14a, maintaining the engagement of
the connecting conductor 10 relative to the adjacent buses 5. Thus,
incidents such as the power supply circuits 2 being disconnected from each
other electrically by movement of the connecting conductor 10 can be
prevented, enabling bus connection reliability to be increased.

Because the flange portions 7g formed on the portions of the
electrical insulators 7 embedding the branch conductors 6 are fastened to
the mounting portions 1a of the insulating gas enclosures 1 with O rings 16
interposed between the flange portions 7g and the mounting portions 1la,
airtightness of the insulating gas enclosures 1 is ensured.

Moreover, in the above embodiments, the contacts 11 are explained
as being mounted to the connecting conductor 10, but the contacts 11 may

also be mounted to the buses 5.

INDUSTRIAL APPLICABILITY
As explained above, a switchgear bus connecting construction
according to the present invention is useful for externally interconnecting

power supply circuits housed inside adjacently-disposed insulating gas

enclosures constituting switchgear.
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CLAIMS

1. A switchgear bus connecting construction in which a plurality of

insulating gas enclosures housing a power supply circuit are disposed

adjacently, said switchgear bus connecting construction comprising:

T-bushings having:

a bus prepared so as to have a linear shape having a
circular cross section;

a branch conductor disposed so as to extend perpendicular
to a longitudinal direction from a longitudinally-central portion
of said bus;

an electrical insulator embedding said bus and said branch

- conductor such that first and second end portions of said bus
and an end portion of said branch conductor are exposed; and

a conductive film formed on an external surface of said
electrical insulator in a state of electrical isolation from said bus
and said branch conductor;

a hollow cylindrical connecting conductor; and
an insulating tube having:

a hollow cylindrical insulating body made of an elastic
material having electrically-insulating properties;

a field-relaxing conductive layer composed of an elastic
material having electrically-conductive properties formed
integrally on an inner peripheral surface of said insulating
body; and

a grounding condﬁctive layer composed of an -elastic
material having electrically-conductive properties formed
itegrally on said insulating body so as to cover an external
surface and first and second end portions of an inner peripheral

surface of said insulating body,

11
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wherein:

said T-bushings are airtightly mounted to each of said insulating
gas enclosures such that said end portion of said branch conductor is
electrically connected to said power supply circuit, and said end portions of
said buses are disposed coaxially adjacent to each other;

said connecting conductor is fitted over a pair of said adjacent end
portions of said buses so as to be slidable while maintaining a state of
electrical contact; and

sa.id insulating tube is fitted over an adjacent pair of said electrical
insulators in a radially-expanded state so as to cover said connecting
conductor and said adjacent end portions of said bus and so as to
short-circuit said conductive films of said adjacent pair of electrical

insulators electrically with each other by means of said grounding

conductive layer.

2. The switchgear bus connecting construction according to Claim 1,
wherein:
first and second end portions of a portion of said electrical insulator
embedding said bus are constructed so as to have a stepped cylindrical
shape constituted by:
a large diameter portion; and
a small diameter portion over which said insulating tube is
fitted, formed by means of a step portion from said large
diameter portion; and
a boundary portion between said large diameter portion and said
step portion and a boundary portion between said step portion and said

small diameter portion are formed so as to have curved surfaces.

3. The switchgear bus connecting construction according to Claim’ 2,

12
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said small diameter portion.

4. The switchgear bus connecting construction according to Claim 1,
wherein:

a protruding portion is formed so as to project in an annular shape
from a central portion of an inner periphery of said field-relaxing conductor
layer of said insulating tube; and

an annular recessed groove fitting together with said protruding

portion is formed on a longitudinally-central outer peripheral surface of

said connecting conductor.

5. The switchgear bus connecting construction according to Claim 1,
Whéreini |

a flange portion is formed on a portion of said electrical insulator
embedding said branch conductor; and

said T-bushings are mounted by interposing a packing between said

flange portion and said insulating gas enclosure, and fastening said flange

portion to said insulating gas enclosure.
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