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@ Electrical switchgear.

@ On opening of a circuit breaker, an end portion 19 of a
pivotable contact arm 12 disengages from fixed contacts 7
such that an arc is drawn therebetween radially across the
pole face of a field coil 9, the end portion 18 moving trans-
versely to the field coil axis. The arc then transfers from the
contacts 7 to a tubular electrode 24 thereby bringing the field
coil 9 into circuilt so that a magnetic field is generated which
causes the arc to rotate and become extinguished. in the
fully-open position of the circuit breaker, the end portion 19
lies along the field coil axis. The whole assembly is disposed
in a housing 2 which contains the highly insulating gas sul-
phur hexafluoride. A single field coil and electrode can be
shared between two such constructions. Arrangements are
also disclosed (Figures 11 to 14) in which the initial arc is
drawn directly between the contact arm 12 and the electrode
24,
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This irvention rclcicecs 1o ~leectrical swit

-

witchperr, the
i1erm "switchpesr" beine used 1o enbrace circuit breskers
and other rlectricel switches.

In rccent years, circuit breakers heve been dev-loned

which make use of the highly insuldting fas sulvnhur

“hexefluoride to extinguish an arc dravn between contacts.

It is not generelly sufficient to relv on the
propertiics of the gas &lone, and a known tecliniocue of arc
extinction whcn using this gas is to trénsfer the nre
dr=vwn between a moving and a fixed contact from the fixed
contect to an arcing celectrode vhich is connected fc thr
fixed contact thr-vgh 2 field coil, so that the erc
current massing through the ficld coil causes a magnetic
field to be generated which msakes the arc rotete énd
becone extincuished. The success of thic techniacue
naturelly recuires thert the mapnetic field genersied
shall bave suffici:nt intensity to mske the arc rotate.

The intensity ¢f the magnetic field dces, however, depend
unon the strength of the cufrent passing through the field
coil. In practice, one can usually rely'on the asrc current
ir a circuit breeker opcrating'under short circuit conditions
1o he sufficient to creste src rotetion.

Gircuit breskers and other switches have also to
intcrrunt currente 6f lower mapnituﬁe,’for exrmple, locd
currontﬁ, canacitive currents in urlo~céed crobles and the

emnll inductive currents sascocilicted with unlosded
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transformers and rotating machines. Vhen breaking low o

currents, a rotary arc device may fail to transfer the arc

to the arcing electrode and 1o create subsequent rotation.

A cormon form of distribution switchgear for voltages
un to 36 kilovolts incorporates circuit breakefs of the oil-
filled type isolated from fixed unitis by vertical withdrawsl. -
This range of switchgear also incorporates non-automatic

load break switches snd, especially for voltages of 12

i e S OV

kilovolts and lower, ring main ecguipment incorporating at
least three switch functions to control, for example, é
transformer and two ring main cables.

Although this type of eéuipmenf has been used
satisfactorily-for many years, i1 would be desirable to
anply to it the use of sulphur hexafluoride to gain the
advantages of higher interrupting performance with a
cqrresnonding reduction in the freguency of contact
maintenance and freedom from fire hazard.

The amnlication of a rotating-arc sulvhur hexafluoride
system is particulafly desirable for this class of eouipment
because of the small mechanical energy reouirements resuliing
from the relstively short contact stroke and the fact thot
a mechanical compressior device or puffer is not required.

Difficulties in anplying rotating arc sulphur
hexafluoride technioues to circuit breakers and switches of
the size associated with distributioh switchgéar up to 35

kilovolts include the need to ensure that the src can be
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made to rotate reliably at.all values of bresking current
and the need to provide 2 compact and economical arrangement
whiich is not at a disadvantage is size or requirements of
mechanical operating energy with respect to oil-filled
eguipment.

It is an object of the present invention to obviate or
mitigate these difficulties.

According to the present inveniion, there is provided
glectrical switchgear employing an electirically insulating
fluid for arc extinction and comprising & switch having first
end second contact means relatively movable betiween & closed
position in which they are mutuslly engzsged and an open
position in which they are mutually sepsrated, a field coil
electrically connected in series with an asrcing electirode such
that during movement of the first and second contact means
towards their open position an arc is formed between the
first contact means and the arcing electrode, the arcing
current passing through the field coil to cresie en arcsroisting
magnetic field to extinguish the arc, the first contact means
including a contact member pivotable about an axis transverse
to the axis of the field coil and having an end porition which
en~eges the second contact means when the contact means are in
their closed position and which moves transversely to and
inwardly of the field coil a&xis on movement of the
contact means towards their open position.

The use of a pivotable contact member has the advantage
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that the pivot noint controls the geomriry of movem nt of
ihe contact member, no additional puides beine required for
this purpose. In addition, movemrnt of the conlacti member
between its onen #nd closed positions can be performed by
means of & lay shaft through the intermediary of a simple
crmnk arm. These factors enable 8 compact construction to

be obtained, and in particular the switchgear can be made
sm&all erourh 1o renlace existing 0il-filled circuit brealers
of similer retings.

In certain annlications, it ie necessary to bypass the
mounting of the contact member with a flexible connector,
svech that the bulk of the current flowing throush the switch-
gear paasses through the connector rather then through the
mounting. The use of a nivotal mounting for the contact
member enables such a flexible conrector to be vositioned
close to the pivot noint where it is subject to minimal
deflection: because of this, flexure of the connector presents
only a smell load to the mechanism by mesans of which the
contact member is operated. norcover, any frictional
effects cauned by pivotel movement of the contact member
occur at the pivoital mounting which again presents only a
small loed to the operatins mechaninsm for the contact
member. This is to be contrested with the type of
circuit breaker 1in which the contasct member is slidable
rectilinearly, since 2 sliding contact must be apnlied to

the contact member vhich sdds a constasnt load to the

an
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cperating mechanienm,

Preferably, the switchgear is of the so-cslled single-
break type, in which the first and second contact means are
electrically cornected to respective external terminals, The
use of a contact member which moves transversely of the field
coill axis in such a2 single break type of construction enables
the field coil to be shared between two adjacent circuits,
resulting in a compaét construction. MNoreover, where the
switchgear includes three separate switches in a common
housing for respectively controlling the phases of 2 three-
phase electrical supply, this enables the field coils to be
disposed in a triangular array to obtain maximum separetion
therebetween.

Prefersbly, szid end portion of the contact membér is
elongate and lies along the axis of the field coil when the
contact means are in their open position.

Embodiments of the present invention will now be
described, by way of exanmple, with reference to the
accompanying drawings, in which:-

Figure 1 is a schematic diagram of s first embodiment
of electrical switchgear according to the present invention,
in the form of a circuit bresker for a single-phase electrical
supply or one phase of a circuit breaker for a.three-phase supply

Figure 2 is & view in the direction of arrow Il in
Figure I of part of the electrical switchgear shown therein;

FPigure 3 is a side view, partly in section, of a
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sccond embodiment of electrical switchrcar sccordins to ine
precsent inveniion;
Firvre 4 is Tfront view, partly in sectiion, of the
¢lecirical switichgear shown in Figure 3
5 Figure 5 is schematic plan view of the electrical
switchgear shovm in Figures 3 and 4:
Fipure 6 is a schematic diagram of a2 thitd cembodiment
of clectrical switichgear according to the nresent invention,
N
for useawith rins main eguinment;
10 Fi;ufe 7 shows a numnber of modifications which can be

apnlied to snv of ih

(0]

above embodiminis:

Pirure & shows a further modification which can also
be ennlied to any of the z2bove embodiments;

Firsure 9 is a sectional view isken along the line

15 I¥ - 1T

P4

in Fifgure 8;

Fi~ure 10 is a schematic diagram of & fourth emboldiment
of electrical switchgear according to the present invention,
also for use with ring main eouipment:

HFieurecs 11 to 13'are scheﬁétic views of a fiTi

20 embocdimenl of electrical switchgear according to the nresent
invention, showing ithe switchgear resmnectively in three
different vpositions, and

Ficure 14 is a schemetic view of a sixth embodiment
of electrical switchrear according to’the present invention,

25 in the form of a double-brecalr circuit breaker.

Referring to Fisure 1, a circuit brealker is shown
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cuiteble for replscing an exaistinege 12 or 36 lkilovolt oil-
filled circuit brezker in an eleciricel distribution
system. The circuit breaker comprises a switch 1 contained
in a pes-tirht metal housing 2 on which terminal budings 3
end 4 arc mounted. The housing?2 and terminal bushings 3
and 4 éorrespond recspectively fTo the tanli and bushings of

a conventional o0il-filled circuit brealier. The interior of
ithe housing 2 does not, however, conitain o0il but the well-
Inovm, highly insulating gas sulphur hexafluorice for the
purnose of arc guenching. The gas is nresent oreferably

at 2 pressure of 45 psi, and is sunnlied throush a valve
(not shovn) in a well of the housing 2. The mechanism of
the circuit breazker is so constructed and arranged =c to
enable sulphur hexafluoride arc gquenching to be avnnlied to
the breeslzing of currents occurring in an elecirical
distribution system within the space limitaiion imrosed

by making the circuit breaker a replacement for an existing
0il-filled circuit breaker.

A conductor 5 passes through the bushing 3 and carries
on its end within the housing 2 a transverse contasct
sunoort arm 6 which carries resilient contact fingers 7,
and 2 surmort member & which cerries a fiel? coil ©. A
conductor 10 mnasses throuch the bushine 4 arnd carries on
its c¢nd mithin the housin- 2 2 mountines 11 on vhich a
movable contact arc 12 of circular cross-scection is mounted

for anfuler movemrnt sbout a pivot 12. A flexible,
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electrically conductive strap 14 connects the coniact
arm 12 to the conductor 10 for the passage of most of
the load current therethrough, the stirap 14 being
connected to tke conductor 10 by way of an IL-shaped
copper bracket 15 and being bolted to the contact arm-
12, As an alternaﬁ§e to the provision of the strap
14, the ccntact arm 12 can be mounted on the end of
the conductor 10 by means of a spring loaded pivot
through which the load current passes in use.

An operating shaft 16 is rotatable by means of an
pperating mechanism (not shown) disposed externally of
the housing 2 sand carries an srm 17 which is pivotally
connected to one end of a linkasge ccmprising a pair of
parallel, spaced links 15 (only.one shown) made of
insulsting material, such as PERmAL]I (Registered urade
liark) which is a densified resin beech. The other end
of the linkage is pivotally connected to the contact
arm 12 at or near the centre of the 1atfer, such that
rotation c¢f the shaft 16 causes the contact arm 12 to
move angularly about the pivot 13 between a position
in which an end portion 19 thereof is engaged with the
contact fingers 7 (as shown in chain-dotted lines) and
a positidn in which the end portion 19 is disengaged
Trom the fingers 7 &nd is disposed on the axis of the
field coil 9 (a2s shown in full lines). In the latter

position of the contact arm 12 the axis of the

[
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t.perating shaft 16, the pivoitsl connection between the srm
17 and the linkage 18'9nd the pivotal connection between
the linkage 18 and the contsct arm 12 are substantislly
in a common plane. ‘Therefore, any 2ight movement ot the
arm 17 due, for exsample, 1o play between the various
perts or oscillation of the parts due to the absorbing
of shocks upon opening of the switch will result in only
8 very small movement of the contact arm 12, and thus
the end portion 12 thereof will remain substaniially
on the axis of the field coil 9.A

A plate 20 of arc-resistant material is provided
29 jacent the contact fingers 7 to protect the support-
member & and the field coil 9 from the effects of arcing.
The arc-~resistant material of which the plate 20 is made
can be either conducting or insuwleating. If it is
conducting, it must be ensured that the plate cannot
short out the fieldcoild9. This can be arranged by
fixing the plate 20 at an angle to the support member
8 so that it is normal to the end portion 19 of the |
contact arm 12 vhen the latter engages the coniact
fingers 7 and is directed away from the outer
windings of the field coil and the supvort member 8.
If necessary, for certain applications of the switch-
gear, the end portion 1% of the contact arm 12 can

have a region 21 which is also protected by conducting
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arc-resistant materigl.

The support member 8 is made of mild steel such
that it serves to concentraie the magnetic field
produced by the field coil 9 and screens the coil from
the effects of ad jacent metalwork or current-carrying
conductors. The support member comprises a portion 22
defining part of a cylinder (as shown to advantage in
Figure 2) carried on integrasl mounting lugs 23. The
field coil 9 comprises a spiral metal strip ot the
same width as the portion 22 and consists of, for
example, twenty turns of sheet metal 0.5 mm thick.
The turns are equally spaced from each other,
insulation between the turns being provded by meansr
of an insulsting coating or an inter-wound insulating
strip. An inner end of the field ¢éo0il 9 is attached
to 2nd assists in supporting a tubular arcing
electrode 24 made ofinon-ferous metal which projects
beyond the ends of the field coil and iis support
member. A suitable means of attaching the inner end
of the field coil to the electrode is by rivetting
and/or brazing or soldering. An outer end of the
field coil is bolted between one of the lugs 23 and
the support arm 6, as can be seen in rigure 2.

The sbove-described circuit breasker operates as

follows. 1n a closed position thereof, the end portion

e
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19 of the contact arm 12 is engaged with the contact
fingers 7 so that current can flow through the circuit‘
breaker by way of the conductor 10, the strap 14, contsct
arm 12, contact fingers 7 and the conductor 5. Opening
of the circuit breaker is performed by rotating the
cperating shaft 16 by way of the sforementioned
operating mechanism to pivoi the contact arm 12 out of
engagement with the contact fingers 7. During such
movement of the contact arm 12, the end portion 19
thereof moves transversely relative to the end of the
field coil 9 to draw an arc from the contact fingers

7 radially across the pole face of the coil. This

arc subsequently transfers itself from the contact
fingers 7 to the electrodé 24, so that the field coil

9 (previously out of circuit) now forms part of the
current flow path through the circuit bresker. The
current flowing through the coil 9 creates a magnetic
field which causes the arc to rotate in a known manner
and become extinguished.

A porthole 25 is provided in side wall of the
housing 2 sc that a visusl inspection can be made of the
internal mechanisms. %Yhe porthole also permits photography
of the rotating arcs to be taken.

The above arrangement can, if desired, be applied to a

mere switch rather than to a circuit bresker.
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The eireuit breaker described above is intended 1o
control one phase of a fhree phase electirical sunnly,
similar circuit breslers beinr brovided for the other two
phases. The circuit breaker is, however, also suitable Tor
controlling a single phase electrical supnly.

The switchgear iliustrated in Figures 3 1o 5 is in the
form of a circuit breaker for use with a8 three phase electrical
sunnly, and comprises three switches 10la, 101b and 10l1c
(one for each phase) contained in s common housing 102
filled with sulphur hexafluoride gas. Fach of the switches
is similar to that described above with reference to Figures
1 and 2, similar psrts being dernoted by the same reference
numerals but with 100 added. A common opersting shaft 116
is used to operate 211 three of the switches, =nd passes
through = gas—tightrbearinq 126 in a side vall of the
housing 102,

The three switches are disposed generally on a co.mon
axis 127. In order to optimise the electrical clearances
and megnetic separaiions of the switches, the field coils
10€ thereof are mutually staggered transversely of the axis
127. 1In the particular arrengement shown, this means thet
the coils 109 are dismnosed in & triengulsr array, as can be
seen to advantarge in Figure 5. The screening effect
performed by the sunnort members 102 is now of verticular
importance, since each supnort member shields its respective

coil 10¢ from the effects of the other phases of the elegtrical
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supply.

Fipure 6 illustrates switchgear for use with rinpg main
eouinment and comprises & peir of switches 2012 and 201b
for controlling respnective ring main cables and 8 third
switch 201lc for a tee-off circuit. The switch 20lc can
vrovide avtomatic circuit brealking and/or can be associated
vith an externally-mounted high-canacity fuse: vhere thre-
phases are nroudded, blowing of one such Tuse can be arranged
10 causc the tee-off switches of all three vheses tc onen.

Tack of the switches 20la, 201b and 20lc is generally
gimilar to the switch 1 described above in relatiorn to
Firures 1 and 2, similar wmaeris being accorded the sane
reference numerals but with 200 added. However, the link
mechanism which connects the operating shaft 216 of each
switch to the resvmective covtact arm 212 differs slishily
from th arrancement depicted ipn Fi~ure 1, in that
trisngular nlates 230 are provided on the contact arm ard
the linkape 218 is pivotslly connected to these plstes,
rather than being connected directly to the contsct arm.

The ring main switches 20la and 201b are disnosed
acjecent one another and shere 2 common field coil 20C,
support member 20&€ andé arcing electrode 224. The contact
arme 212 of the two switches are disnoéed a2l oprnosite encs
of the field coil 209, and an electrically insul=ting member

221 exiends transversely scross the centre of the electrode
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224 1o help ismolate the contact arms from each other when
the switches are both in their open positions. Because the
field coil 20¢ is spirelly wound, it is symmetrical about s
trarsverse plane throush itis centre: the coil 209 can,
therefore, be relied upon to provide the same opersting
cheracteristics for each of the two switches 201z and 201b.
A mechanical interlock (not shown) of known type is provided
to prevent simultaneous opening of the switches 20la and 201b
although consecutive opening (after the arc in one circuit
has been extinsuished) is permitted.

The field coil 209, supmnort member 20c and arcing
electrode 224 which are common to the switches 201z and
201b, and the corresponding paris of the tee-off switch
20lc are carried by a common insuliing supvort 232 mounted
on the housin~ 202. I'oreover, the contact fingers 207 of =211
three switches are carried by & common supnort arm 206 which
is in turn suvpnorted by the sunport 232. Agsin, the
screening effect of the suvpport members 208 is of particular
importance since the coils 209 are shielded thereby ageinst
thé effects of adjacent current-carrving conductors.

if desired, a fourth swiitch cen be provided which
shares the field coil and arcing electrode of the tee-off
switch 201c in the same manner as described above in
relation to the rins main switches 201z and 201b. Again,
8 mechanical interlock will be used to vprevent simultaneous

opening of the switches. Reference 233 shows in broken line
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the manner in which & conductior sné dbushineg Tfor the fourth
switch would be arranged on the housin- 202. |

TMipure 7 illustratés a number of modifications vhich
can be annlied, singly or in combination, to any of the
embodiments described above. Those components or elements
which corresnmond to the partis of the switchgear embodiments
elready described a2re denoted by the seme reference numcrsls
88 used in Fipures 1 snd 2 but with 300 sdced, and will not
in generel be described again.

In Figure 7, a cranked contact arm 212 is used insteaé
of a siraight one, the arm being pivoted at & noint smpaced
from the axis of the field coil 30¢ so that in the oven
position ¢f the switch the end po:tion 319 of the contect
erm not only lies along the axis of the field coil but elso
extends into the adjascent end of the arcing electrode 327,
This arrangementi helns in transferring the arc from the
contact fingers 207 to the elecirode 324, ané brings the erc
vvithin the coil where the magnetic field is more concenirated.

The arcin~ electrode 324 has a racdial flange 340 at an
end thereof which faces the contact arm 312 and is slso
nrovided with an internel annular insert 341 of bulsed crocs-
section. The insert forms & so~called arc runner z2long vhich
the arc tracks durine ite rotstion, so thst the arc cen be
made to rotete in & predetermnined vlane which is chosen with
regard 1o the magnetic field fencrsied by the field coil. The

arrangenznt #s illustirated is not suited to being shered
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between two switches: however, the provicion of & flanre
snd an ennuler insert at the other endo of the electfode to
cive 8 symmetrical consiruction and the addition of 2 central
inculating member similar to thet referenced 231 in Fipure 6
will anable the arrangement to be made common to two switches.

The field coil 309 is helically, rather than spirslly,
wound. If the coil is to be shared between two switches,
it is to be avpvwreciated that the inherent esymmetiry of the
helical coil may result in some difference in 6perating
characteristics between the two switches. Becausc the
helicel coil 309 is not selfi-supporting, a separste mechanical
supnort is provided for the arcing electrode 324. This
sunnort can be in the form of an elecirically-insuleting
member 342 #s shown, or the coil can be cest onto the
clectrode usin-~, for e¢xample, an epoxy resin.

An elecirically conductive fingef 343 is provided onm
the supnort rrm 206 adjacent the contact fingers 307, the
initiel arc being drevmn from this finger rather than from
the contact fingers 307 when the contact arm 312 moves aviay
from the latter. The finger 343 can thus be made of arc-
resistant material, whereas this may not be desifabie,
for the contact finfers 307.

Fircures & and 9 show two modifications (usable sinrly
or in comhination) to the switehmear of Mifpures 1 2nd 2 but
vhich can likewise be f2nplied to the switchrear embodiments

of Fipures 3 to 6 ani which can be used in combinstion with
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modifications chown in Yipurc 7. Comnon'nte or ~lemenis
shovm in Fisvres € and 9 which corrrsmond 1o parts deseribed
already are given the same reference numerals as uscd in
Firures 1 and 2 but with 400 adﬂed, #nd will rot in goneral
be described ap,in.,

In PFi~rurcs 8 and @, an insulrted suvportings cup 450 is
nrovided within the arcing clectrode 424 and hes mounted thercin
a ferromernetic rins 451. The cun 450 shields the ring 451
from the fre, and the ring concentrFteé the masnetic field
nroduced by the field cqil £0C to0 ail¢ ere extinciion. The
action of thc rin- ie of narjiculaf benefit vhen breaking
relatively low currents. For some an~licstions of the
svitcheocar, it may be desirable to-permit a flow of gas
axially throurh the electrode 424, and for this fegson,
the supwortin~ cun 450 cern be meade of annular confi~uration
as indiceted in broken line in Figure 8.

A Terromarnetic yoke 452 is vprovided -to concentrete
the marnetic field to encourege the iritial arc to stay at
the end of the contact arm 412 to facilitate transfer 1o
the clectrode 424. If desired, the yoks 452 can be
covered in insuvlating meterial (for examnie, enoxy resin)
1o cnable it to be nlaced close to the initiel arc. The
voke enhances the sction of the :lectromarnetic loomn
defined by the corntacts =nd the arc.

Fipure 10 shows schrmatically how the features shovm

in Firures 6 and 7 can be coabined to nroduced rine main
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switchgear of compsct form. A metal housing 500 filled with
sulphﬁr hexafluoride gas has mounted therein two ring main

switéhes 501 and 502 which share 2 common field coilrassembly

- 503 and a tee-off circuit breaking or load break switch 504

(which has a similar funétion to the switch 20lc in the
embodiment of Figure 6) which has an associated field coil
assembly 505. The field coil assemblies 503 and 505 and
fixed contact assemblies 506 for the various switeches are
all carried by a common insulating support 507.' An. insulatiﬁg
member 507' is provided transversely of the shared coii
assembly 503 to isolate the contact arms of the ring main
switches 501 and 502 from one another when in their open
positions. If desired, a fourth switch whose bushing is
indicated in broken line at 508 can also be provided to
share the field coil assemﬁly 505 with the switch 504. The
conductor bushings for the switches 501, 502 and 504 can be
arranged radially of the housing 500 as shorn in full lines,
or tangentially of the housing as indiéated in broken lines.

If desired, features shown in Figures 8 and Y can also
be provided in this arrangement.

Figures 11, 12 and 13 show part of a circuit bresker
which is generally_éimilar to that described above with
reference to Figures 1 and 2, similar parts being accorded
the same reference numersls but with 600 added. #The arrange-
ment of the pivotable contact arm is,'however,'somewhat
modified as will now be described. |

The contact arm 612 is now pivotally mounted by means
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of a pivot 670 on one end of a conductive link member 671, a
compression spring 672 being interposed between the contect
arm and an sbutment 673 on the link member. The link member
671 is pivotally mounted at its other end on mounting 611 and
15 also pivotally connected to linkage 615 by means of a
pivot pin 674.

Figure 11 shows the circuit breaker in a closed position,
in which a2 main body portion 67% of the contact arm 612 is
biased into engagement with s main contact 676 connected to
conductor 605, 1in this position, an end porzion 677 of the
contact arm is spaced Irom the arcing elecirode 624. The
circuit bresker is opened by rotating operating shart 016 in
the direction of arrow a which resulis in the contact arm 612
rocking on the tip of the mein contact 676 until the end portion
677 of the contact arm engaspses an arc runner 678 on the interior
of the electrode 624. Further rotation of the operating sheft
616 causes the contact arm 612 to disengage from the main contact
676 while still remaining in contact with the arc runner 678,
as shown in Figure 12.

On continued rotation of the shaft 616, the end portion
677 of the contact arm 612 maintains contact with the arc
runner 678 until the main body portion 675 comes into engage-
ment with the pivot pin 674 which acts as a stop. Thereafter,
the end portion 677 moves away from the arc runner 678
transversely of the field coil sxis so that an arc is dravn

therebetween radially within the field coil 60¢, In the fully-

open position of the circuit breaker, shown in Figure 13, the
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end portion 677 of the contsct arm lies along the field coil
axis and the arc rotates to extinction under the effect of the
magnetic field produced by the field coil.

The circuit bresker shown in Figures 11 to 13 is of the
so—-called single break type. Figure 14 shows a similar form of
circuit breaker but of double break type. A metal housing (not
shovn) contains sulphur hexafluoride gas and mounts insulating
terminal bushings 701 and 702 through which pass respeciive
conductors 703 and 704. A mounting 705 for z contazct arm 706
is provided st an end of the conductor 703, the arm 706 being
pivoted on the mounting 705 at a2 point 707. -A helical contact
spring 708 in compression acts between the mounting 705 and the
contact arm 706. A mounting 709, contact arm 710, pivot point
71l and spring 712 are similarly associated with the conductor
704. The contact arms 706 and 710 each comprise a3 main body
portion 713, 714 of rectangular cross-section and an end portion
715, 716 of lesser and circular cross—-section. The tips of the
end portion 715 and 716 can be -provided with arc-resistant
msterial. |

A main contact bar 717 has ends 718 and 719 which in
the closed position of the circuit breaker contact respectively
the main body portions 713 and T14 of the contact arms 706 and
710. The springs 708 and 712 act to urge their associated
contact arms into contact with the main contact bar 717, end
a current path thus exists from conductor 703 to conductor 704
by way of mounting 705, arm 706, main contsct bar 717, arm 710

and mounting T709Q.
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The mairn contact bar 717 &and 2 field coil zscembly 720

are mounted on ihe end of reciprocable inrﬁlnting shaft 721

by means of a supnort mcmber 722. The field coil assembly

720 conprises a tubuvlar arcing electrode 723 formed in two

conducting sections 7232 and 723b which are separated by a

central insuvlating barrier 724, and a helical field coil

725 wound on the outside of thz electroae 723. One end of

the coil 725 is connected to the electrode section 723z at

2 point 726, the other end of the coil being cornected to

10 ihe section 723b at a point 727: otherwisec, the coil is

15

insulated from the electrode 723 by insulation 733. The
sections 72323 and 723b are provided with respective internsl
annular projections or arcines rings 728 and 729 which csn
be surfeced with arc-resistant materiel. The end portions
715 nd 716 of the contact arms lie within the field coil
assembly 720 and are adjacent to but spasced from the arcing
rinrs 728 and 720 in the closed position of the circuit

breaker.

The contacts of the circuit bresker are opened by move-

20 ment of the shaft 721 in the direction of the srrow B br a

25

suitable mechanism (not shown), the field coil assembly 720
and main contact ber 717 movins with the shaft since they
are carried by it. As the suhefi 721 moves in ithe direction
of arrow B, the contact arms 706 pnd 710 vpivot under the
sction of their resmective snrinrcs 708 snd 712 to follow
the motion of ithe main contact bar 717. On furiher movement

of the shaft 721, the end portions 71% snd 716 engare the
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arcing rings 729 and 728 respectively s£nd ih~2 main body
portions 713 and 714 become spaced from the main contact
bar 717. Ignoring sny minor arcing at the main contact bar
717, the current path from conductor 703 to conductor TD4
is now by way of end portion 715, section 723b, coil 725,
section 723a and end portion 716. The pivotal movement of
the arme 706 #2nd 710 is limited by narts 731 and 732 of the
mountings 705 and 709 acting as stops and at their limits
of movemzent the arms lie along a common axis.

On continued movem=nt of the shaft 721, the arcing
rings 728 snd 729 move out of contact vith the contact
arms 706 2nd 710 and an src is drawn racdially buiween the
end portion of each contact arm and the associated arcing
ring. Iliovement of the shaft ceases when the axis of the
field coil assembly 720 is in alignment with the common
axis of the contact arms. The current path from conductor
703 to conductor 704 is now by way of contact arm 706, the
arc between end portion 715 and arcing ring 728, coil 725,
the arc between arcing ring 728 and end portion 716, and
contact arm 710. The magnetic field genersted by the
current flowing in the coil 725 causes the arcs to retate
and become extinguished. |

As an alternrtive to the use of circular cross-scection
components, the ccontact aras on the embodiments of Figures
1 to 13 can be of rectanpular cross-scction, ané the field

coil and arcing electrode can be of oval cross-section.

"y
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The use of 2 rectangular cross-—section contact arm is
advantageous in fhat any burning ceused by the arc upon
openiﬁg of the switch under fault conditions occurs at the
corners of the contact arm, the side surfaces of the
contact arm which engage the fixed contact fingers in
the closed position of the switch being substantially
unaffected by such burning.

The invention has other applications besides the
distribution switchgear described above. It is applicable
1o the control of industrial circuits and to distribution
and trensmission circuits at higher voltages. It can

zlso be applied to circuit breskers and switches having an

insulated enclosure.
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Clsims:

1. Electrical switchgear employing an electrically
insulsting fluid for arc extinction in which during
disengagement of first and second contacts an arc is dravwn
radially across the pole face of a field coil between the
first contact and an arcing electirode, the arcing curreﬁt
flowing through the field coil to produce a magnetic field
which causes the arc to rotate and become extinguished,

characterised in that the first contact (L2) is pivotable

sbout an axis transverse to the axis of the field coil (9)
and has an end portion (19) which moves transversely and
inwardly of the field coil axis when the contacts

are opened.

2. Flectrical switchgear according to clsim 1, wherein
the contsct end portion (19) is elongate snd lies along the

field coil axis when the switchgear is fully open.

3. £lectrical switchgear according to c¢laim 1 or 2, wherein
the contact end portion (319) extends into the field coil

(309) when the switchgear is fully open.

4. Electrical switchgear asccording to clasim 1, 2 or 3
wherein the first contsct (312) is pivoted a2t & point (313)

spaced from the field coil axis.
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5. Electrical switchgear according to any preceding

clsim, wherein ihe first contact (312) is 2 cranked arm
whieh is pivoted at an end thercof remote from said end

portion (319).

6. Electrical switchgear according to any preceding
clsim, further comprising a preferably snnular ferro-
magnetic member (451) is disposed at least partly within
the field coil (4092) to concentrate the magnetic field

produced by the latter.
T Electrical switchgear according to claim 6, wherein
the arcing electrode (424) is tubular and has the ferro-

magnetic member (451) disvosed therein.

8. Flectrical switchgear according to any preceding
cleim wherein the field coil (9) is connected to the second
contact (7) such that during opening of the switchgear an
arc is first drawn between the first contact (12) and the
second contact (7), and is then transferred from the second

contact (7) to the arcing electrofie (24).

g, Electrical switchgear according to claim 9, wherein
a ferromagnetic yoke (452) is associated with the second
contact (407) to assist in positioning the initisl arc on

the contact end portion (419).
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10. rlectrical switchgear according to any one of claims
1 to 7 wherein the first contact (612) engares the arcing
electrode (624) before disengaging from the second contact

(607) during opening of the switchgear.

11. Electricsl sWitchgear according to any preceding
claim wherein the field coil (9) is composed of a self-
supporting strip of conducting msterial srranged in &
spiral, an outer end of the spiral being attached to
mounting means (8) and an inner end thereof mounting the

arcing electrode (24).

12. Electrical switchgesar according to any preceding
claim, wherein the arcing electrode (24) is in the form
of a tubular member about the outside of which the turns

of the field coil (9) run.

13. Electrical switchgear according to claim 12, wherein
the tubular member has a flange (340) which faces the first
contact (312). '

14. . Electrical switchgear according to claim 12 or 13,
vherein the tubular member has an internsl annular

projection (341) a2long which the rotating arc rums.

15. Electrical switchgear according to any preceding

EN
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claim, including two switches (201a, 201b) each of which
has respective first and second contacts (212, 207), the
switches sharing a common field coil (209) on opposite

sides of which the first contacts are respectively disposed.

15. Electrical switchgear according to claim 15, wherein
the arcing electrode (224) is a tubular member common to

both switches (201a, 201b).

17. ZElectrical switchgear according to claim 15 or 116,

wherein an insulating member (231) is arranged transversely

within the arcing electrode (224).

18. Electrical switchgear according to any preceding
claim, including a plurality of switches (201a, 201b, 201c)
each having respective first and second contacts (212, 207),

the second contacts (207) being mounted on a common insul-

ating support (232).

1C. Electrical switchgear according to claim 18, including
three switches (201a, 201b, 201c) and two field coils (209),

one of the field coils being shared between two of the switches

(2012, 201b).

20. Electrical switchgear according to claim 18, including
four switches and two field coils, each field coil being

common to a respective pair of the switches.
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21. Electrical switchgear according to any one of claims
1 to 15, including a plurality of switches (10lg, 101b, 10lc)
each having a resnective field coil (108) and a2 respective
arcing electrode (124), the switches being disposed
substantially on 8 common axis (127) with the field coils

(109 ) mutually staggered transversely of szid axis.

22. KElectrical switchgear according to claim 21,
including three switches (10ls, 101b, 101c) whose
associsted field coils (10C) are disposed in a triangular

array.

23. iZlectrical switchgear sccording to any preceding
claim wherein the electricallv insulating fluid is a highly

insulating gas, preferably sulphur hexafluoride.
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FIG. I
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