TI TLE Rotary sw tches DESCRI PTION 5Technical Field The present invention
relates to rotary switches, and in particular to double pole (or nulti
pol e) doupbeobwraadosrotary switches for current interruppicemrr28aek@round Art
10Doubl e break rotary sw tches having any conveni ent nunber of poles are
wel | known as di sconnect sw tches or off-Ioad swi tches and typically

i nclude. a bridging nenber that is rotatable to make direct physical contact
w th fixed coptigcts or busbars at its opposite ends. 15Summary of the

I nvention The present invention provides an inproved rotary switch

conpri sing fRowty smtcheecond pol es, each pole including a rotatable bridging
menber and a pair of fixed busbars having at | east one primry contact,
wherein the rotary switch is adapted such that the direction of current

f1 ow t hroughpiRerfiprrinpol € is opposite to the direction of current 20fl ow
t hrough the Second pole such that arcs established in the first pole are
def | ect ed am&ﬂmmﬂghﬁmﬂts establlshed in the second pole. The rotary switch

is particula usef ul 0 de. strlbutlon as an
of T Toad sw ThprefngonaERlisaf tosihaSiuchies) s e b SREplecpdte (&

where 25 hi ghmmwe 8813 bréalt fotdyAUHcR&or BRF&E tt¥@up tmwever the high arc
vol tage that is achleved by the rotary switch wll also be effective in

interrupting dc and ac circuits with significant L/R tine constants.
Background Art

10 Double break rotary switches having any convenient number of poles are well known
as disconnect switches or off-load switches and typically include.a bridging member
that is rotatable to make direct physical contact with fixed contacts or busbars at its

opposite ends.

15 Summary of the Invention

The present invention provides an improved rotary switch comprising first and second
poles, each pole including a rotatable bridging member and a pair of fixed busbars
having at least one primary contact, wherein the rotary switch is adapted such that the
direction of current flow through the first pole is opposite to the direction of current
20 flow through the second pole such that arcs established in the first pole are deflected

away from arcs established in the second pole.

The rotary switch is particularly useful when applied to dc distribution systems (e.g.
as an off-load switch) that are designed to have a low L/R time constant and where
25  high power density is a dominant objective. However, the high arc voliége that is
achieved by the rotary switch will also be effective in interrupting dc and ac circuits

with significant L/R time constants.

A rotary actuator of any suitable construction is preferably used to rotate the rotatable
30 bridging members between a closed position and an open position. In the closed
position the opposite ends of each rotatable bridging member are in direct physical

contact with the associated fixed busbars so that current can flow between the busbars



A rotary actuator of any suitable construction is preferably used to rotate
the rotatable 30 bridging nenbers between a closed position and an open
posi ti on.worotihieormbosed position the opposite ends of e&Ch/EPotaadre

bridgi ng nmenber are in direct physical contact with the associated fixed
busbars so that current can flow between the busbars WO

2011/ 110296PCT/ EP2011/ 000979 2 through the rotatable bridging nmenber. In
the open posikrbph thBeoaRBRSbridgiRNEEmBEr. t hiethe opat piob iHetiposita@itR & tiy e
spaced apart fromthe associ ated busbars. The rotary actuator w| |
preferably betabble brigging membemhare spacgd Appg frm dhy #rgoereted dusbdry A motary
directions (i.e. in.a first diregtion ve f tihe, cl osed ;nosi t
towards the 8?58?1‘05 “dgs‘?rffe(r)arP l¥ (%’ eo%’e]en ?Hrgt%}o ar §/°t£st\g\nlgﬁ] Cc n%ﬁ%g i A esrseélﬁ)r?gf}l
opposi te, di BRedioad (1& inaviasf diedtrian t®pRve [Fvsh theddlodedvwassitfont i atdsahedpen
position to close the rotary switch). The rotary actuator nmay rotate the
rot at abl 6 br besiiionytepareths roapeswitdieandoit 7 sgcopd, aappsite glineglie tomors HOFo|
means S.UCh a3n Pery 85{1&? %}\ffargé)n;[erc(?(l)segg_‘,oéi’tiok(}§ FSE R ?ota:@ssdli&h 1 .hﬁ‘\'é rotary
conventi onal *F 8P& Y 8wt ches, - a spring-detent or other snap action rotary
drive 10 coupttuitgr iRghanicstit caatabr bridgaig meémbetswader theeonwblesfiangatgiastor and
the rotatable bridging nenbers in order to maxjm se the speed of rotation
of the rot at 8blentel MFaRy sHEhB3erd sectimifgioptreb Mpdc for saamplg" Addin other

"breaking” tipmRsy A é\%&e@,rgdga‘r@g-mm%so f Q5T suRk! Yoragapkied to
rotate in tandem and may 15 therefor rotated by the sane rotary
act uat or10 | ncpuplingi mechanise can de abseted riethgeangtheewizey sacommorbmdnthenoethbieo a

common drive shaft so that the respective contagt syste of h l.e are
synchr oni sed_bPH_g‘Bﬁei%"é“er i ?rg?p'é’c‘f‘ ’ft’B"?ehtEe %) r?‘aﬁf%? ﬁ%trﬁﬁ‘fal?’g%br? e
rotatabl e brigdgings AFREsry 3BRathendkingednbushakingofinRach pole wil |
preferably be axially spaced apart to avoid any potential flashover between

pol es. Full arcing between the rotatable bridging nmenber and the fixed

busbars of eag¢h | 8. hNiti I Cj > S
physical ly sgglgrratggaf%lérﬁ%aé] }ﬁ% g?e ac |S\c,)v‘t1r\1*%tr:‘hrr Etgga%ég%\%%ﬁgﬁdg{g }r(r)gzg%gr?%%?#u?dwm th the
current {mo0p tidréfore1be rétarddly hachmpabrarg aatadtes an paatiiat, the potagbleebridgicge
whi ch deflects each ar¢ away fromthe centye of
b5 mALPES)

&he urrent IooE. Thi st

i ncreases t h&"SHReTs &A% PRET EaSERMPR riyecshg Iscc’aé“é"t ithe FHrREGIG otact | ¢
al so causes hgeth9lRlcaltl okl drd AyRhriBEHICH SHas€Gih RBp& 1O the caffmdh dbahed
away fromthe associ ated busbars towards the open position. This increases

t he separ ati @entudddret ween the respective arcing contacts which further
i ncreases the arc | ength.

20 The rotatable bridging member and the fixed busbars of each pole will preferably be

axially spaced apart to avoid any potential flashover between poles.

Full arcing between the rotatable bridging member and the fixed busbars of each pole
is initiated when respective arcing contacts physically separate. The interaction of
25  generated magnetic flux with the current loop flowing through each pole creates a
radial repulsive force which deflects each arc away from the centre of the current
loop. This increases the arc length and increases the arc voltage in the process. It
also causes the rotatable bridging member of each pole to be accelerated away from
the associated busbars towards the open position. This increases the separation

30  between the respective arcing contacts which further increases the arc length.



WO 2011/ 110296PCT/ EP2011/ 000979 -3 The current | oops flow ng through the
two poles are in opposite directions. This can be achi eved by appropriate

connect i ogoQb1tthexoki xed busbars to the external circuitpcTh®2@uloo®nd | oops
are nutually coupled and if the current fhows in opposite directions then

resulting magnetic flux will interact with the current |oops in a manner
that 5 generates a repul sive force between the current |oops. This causes

arcs in the %g%@ﬁ&m%éﬁ%iﬁ tfé.]{aﬁgﬁ\fwe R BSted Hebif obBRSHe! cti6M BAS Ban

ot her, hence reducing the ris | ashover between pol es. The whole of the
rotary switcheiasshipred by apbyopriatrecasmection af thegfikall busbarsctor the. externagli ¢itculfe 10
readily appreciated that the term”liguid dielectricy is. not just. intended
to cover propif&PEFY 'P?Rfmfag“_"t“ﬁé@ ‘é’t‘l@ﬂgﬁé‘ei‘#ﬁ%_&aYPFWtr%Or‘kse’t"_e%’pgg#"séfé‘?ﬁ“ Bt
any |iquid thah RRSHiRe SHideGE GRlx AiIeliRekdcl ith thBShard: 100ps SnWP Wl Ankn aude
de-ioni sed water, FLU%PI RT and ot her equival ent perfluorocarbon fluids,

m neral t% angkmerates aoepudsivefdrécosiween thesfumeneloops. | 'Shis sgusek exds an dhd congastl

esters, nethylene chlorjde etc. particularly. .15 preferred cool ant. fl uid
o 5 propri cougnE PhIE bithestes i b EeHegT it st SnBh R uGRE Y sk oY
equi val ent s. flbgoet Betindesth@egct ric i nproves the cooling of the rotary
switch and the generation of arc voltages as described in nore detail

bel ow. The liquid dielectric nay be stationary or, in sone arrangenents,

may flow past.the rotary switch, .20 In a pr.eferred Cf | ther e
foratabl e br g wehberEoha ey plte o ifurr iy SIRE HElechlt JPER BES, g
cont act . 1dachedilyt fprédined thaisthariermhadiqald dR&Strions weti jusr ynteaktiant card a
contact armthat includes an arcing contact. The rotatable bridging nenmbers
are then rot aremsietarydianidsnthat srecpearfisaldy magketethay sudhn dubapodinrd P8l Bage of

each rotat ab'sﬁgpcts%?@%a&tﬁ@mgtaﬁa.e Tmf Qiﬁ 1eqsc19w&é-%gse§%agnwmm

contact arm an e primary contact o e assocl at ed busbars, and an open
posi ti on wheraadt btheopposiatent epaifuabcarhen r Huids,abligerbl itchgsflogmere hler ssilznope

spaced apart fromthe contagct .arm and the pri contact of the associ ated
busbars. Bet WEEHOTRE 8 %nsyaﬁl&“&log%eﬂ’ GUFTE H‘r?g%{%'g ‘?’5?%‘fea8tf‘e rP Fﬁ&ﬁy
nenbers vé || RgRRtd @Bolaft BEAEEI0h@pREGH trafs fyRes Gnsilatingefl et Gubly a§ MIBELS on

t he opposite ends of the rotatable bridging nenber are in direct physical
contact with anfdtsaequividensont Bediasid digleckisnimprevesrthe gpolingeohdsdetany styitch

et D LA g 0 0y AR, el ke i e
dielectric may be stationary or, in some arrangements, may flow past the rotary
switch.

20
In a preferred construction then the rotatable bridging members have opposite ends,
each end including an arcing contact. Each of the fixed busbars has at least one
primary contact and a contact arm that includes an arcing contact. The rotatable
bridging members are then rotatable between a closed position where the opposite

25 ends of each rotatable bridging member are in direct physical contact with the contact
arm and the primary contact of the associated busbars, and an open position where the
opposite ends of the rotatable bridging members are spaced apart from the contact
arm and the primary contact of the associated busbars. Between the open and closed
positions the rotatable bridging members will adopt an intermediate position where

30 the arcing contacts on the opposite ends of the rotatable bridging member are in direct

physical contact with the arcing contact on the contact arm of the associated busbars

but where there is no longer any direct physical contact with the primary contacts.



The contact arm of each fixed busbar is preferably forned as an integral
part of the busbar and can be suitably shaped and sized to allow the

associ at egonotiatiedse bri dgi ng nmenber to nove past it, ipcsiapdain@o@ont act
with it, as it rotates between the closed, 5position and the open position.
The primary contacts of the fixed busbars of each pole preferably include
at least one resilient contact nmenber that is in sliding contact with a
respective end of the associated rotatable bridging nenber when the
rotatable bridging nmenber is in the 10 closed position. The primry

cont act s repasenhtatthemnad eachlfowd passbarf is prefemabpnforined e en integral paeof hesbar s

of each pol e, and opposite ends of the assqciated yotatable bridging, menber
when the rot BPSBr é“‘gF‘}"(Rﬁ %‘aﬂlé(r?géﬁedi asndishz_ He a@‘l’?ﬁéé‘a3558%‘F'te$6ﬂt.ata$%ebr?q%
busbars of eggh yohe % JREHUALsIRiRY oAb WitkTit, RETiBtMes BBWARH She bloséd 15
therefore inportant to note that wheh the associated rotatable bridging

menber i $ i npbhieon methewgempesipasi tion then it is preferably spaced apart
fromall of the primary contacts of the busbars such that the only flow
path for current between the busbars and the opposite ends of the rotatable

bri dgi ng memgk rign LELYREAS bh&erfﬁéﬁ‘-’tﬁ&ﬁé&@oﬁé&%%l&ﬁﬁ‘f@%l?_iﬁ&]é’de ANGasBbhd | 1N
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direct physical contact with each other. Wien a 20 plurality of primary

contacts i s eesplicnyemningt anquatrerithatl sr ihshidiag cdneast twidly anrgspegivef endabf yhe or m
a group of parallel,c cted el ectrjcal.circui e n that. bushar, and
the respecti \?ésoé}?gedo‘f(’%{g%ge ;’gggl&gaﬂ’%rat’?ro‘fvg?na eem&aﬁ?bg%itb\rﬁ@%ﬁ]ﬁn%g?pewg 1 the,

t he cont{guouyfosed golition! aTheGridary hdnttsareprésvhtt e i Mo @ake tbor byurtche
degree of current shari n(? between parallel connected electrical circuits
and it is bemefresnghe fixed husbgesgricrach polst andpnpasite grdsrof the gesogigtegrgtatable

resul tant CO%%%#@%@&,%% ff ,@%ﬁﬁﬁu%k%eﬂ@éim&ﬁé Ploged PRigRAVer. the

"maki ng" (closi breaki ng openi current ratings of the rotary
switch are influenced by any correspondi ng sequential "nmaking" and

"breaki ng” behaviour. To this end, the rotatable bridging nenber of each
pole is pref g-g’ﬁbﬁv%sh‘ﬁgéﬁ"‘?oeaﬁg Role Byay o%clﬁgﬁ?ow?’?g’tt%log PV ¥|rc8ma§téd ft3s
maki ng" 1 And (3Qefobé aAKIREAT 1dhotelthat tRnPRAE abdod]at HORRREH1E Bridping Uhérfiber B én
speed of rotation of the rotatable bri dé_l ng menber of each pole is also
ena

made to be agh¢ intermediate ppaitipmitheal it ys pr yatpased amart &om all af the prmary
el apsed time 335061 ALALONHAR & RRMRSSAGARPILIA fof Rurrbht BérdvberPfhe budbars
and the opposite ends of the rotatable bridging member is between the respective

arcing contacts that are still in direct physical contact with each other. When a

20 plurality of primary contacts is employed by a particular busbar then they will
preferably form a group of parallel connected electrical circuits between that busbar

and the respective end of the associated rotatable bridging member. As such, the

continuous current rating of the rotary switch is influenced by the degree of current

sharing between parallel connected electrical circuits and it is beneficial if the degree

25 of contact wear, erosion and resultant contact resistance can be as uniform as possible.

Moreover, the “making” (closing) and “breaking” (opening) current ratings of the

rotary switch are influenced by any corresponding sequential “making” and

“breaking” behaviour. To this end, the rotatable bridging member of each pole is

preferably shaped so as to allow approximately synchronised “making” and

30 “breaking” of all the parallel connected circuits. The speed of rotation of the rotatable

bridging member of each pole is also made to be as fast as is technically practical so

as to minimise the elapsed time associated with any non-synchronisation. It will be



noted that the respective arcing contacts al so operate as an el ectri cal
circuit that is in parallel with the primary contacts at their respective
“nmeki ng" wodotirexwki ng” times. This synchronisation feaPor&EpPeei1penore cul arly
beneficial when arcing contact wear and efosion has occurred in service and
arcing contact resistance has increased &as a result 5This is because
arcing contact resistance directly influences the "making" and "breaki ng"

currents thaf,aj ﬂla@)f}féexre%ﬁ&ﬁ@éjaMnéﬁtg‘utz{(ﬁsgﬁl?&w)éﬁtg %Bena/ctﬁmtcﬁeﬁl$1haTmeln

cont act systemthat I's formed by rot at ab |ng menber and t he
primary cont parhBelofittethetprpodrg cbetaetfsmshdirrmsp@tlséfnhlaknggoandvfbtpahxgg d:umSact

action and 10 significant contact pressure . be ed wthi

primary cont Abis syBehupisation; frature iy P ey gﬁﬂn?ém?f"%{t?éfrﬂ g °8P@§he’aardﬂ}di ng
relative nmovgnenh ha%&%ﬂ’é@rm sérb?c%%nﬂ%?élﬁgc&ﬁ&tt fi‘@stnstéjré%thE?&r@arsgd ROS result.

subj ected to extrenmes of electrical erosion when parallel connecting arcing

cont act s 5ar e TeispisopeniuscTesrg tqmtarcao‘cmtancreeguecttly miftueacesotter ymakingé haridavi ng
a | ow cont ac; si stance, apd resul tant vol éfa e dro t he 15cl osed
posi 11 on Thevangy Aertahen € prrerignins B e Fne RE PGy SRR i pol e)
doubl e break rotary switch. 20Drawings Figure 1 is a plan view of a double
pol e doubl e break rotary switch according to the present invention; Figure
2 is a side Thewowhcttsystemothayip fomned: hy de Pragahle bridgipg gugnebeg and thepBmaryi ew

of the rotary switch of ,Fi gur ure ‘schematlc Vi ew

rotary sw tcﬁ Ot gu%(’hlpg% § ,}e@%ﬁfonqa pﬁlé‘r{]g\n Lw 0P Ehe P83 Cér;ilcng\r}\n %c‘ﬁ of
Figure li0 n gighlfRe@dcdnefe brRireEh@yre émpidyed Sethaniiei prinvargWoafact keefsatar y
switch of Fiqure 5; Figure 7 is a plan view of the rotary switch of Figure

1in a parti altwaé‘ﬁéﬁob'@@i furigges Megﬂﬁaee@dpenereéeweﬂeweénwe\M@FOY%etheaft ary
swi tch Of Fi %ﬁ ?’AQF'SQH&%S are L Shof RbRR Y §VEfenidiof Qbak¥aS Yool Rhen

Figure 1 p05|t|on
parallel connectmg arcing contacts are employed. These two factors result in the

rotary switch having a low contact resistance and resultant voltage drop when in the

15 closed position.

The rotary switch is preferably a double pole (or multi pole) double break rotary

switch.

20 Drawings

Figure 1 is a plan view of a double pole double break rotary switch according to the
present invention;
Figure 2 is a side view of the rotary switch of Figure 1;
Figure 3 is an end view of the rotary switch of Figure 1;
25 Figure 4 is a schematic view of the rotary switch of Figure 1;
Figure 5 is a plan view of the rotary switch of Figure 1 in a closed position;
Figure 6 is a schematic view of the rotary switch of Figure 5;
Figure 7 is a plan view of the rotary switch of Figure 1 in a partially open position;
Figure 8 is a schematic view of the rotary switch of Figure 7;
30  Figure 9 is a plan view of the rotary switch of Figure 1 in a closed position and

showing the current loop in one pole;



showi ng the current loop in one pole; -6 _ Figure 10 is a plan view of the
rotary swtch of Figure 1 in an internediate (pre-arcing) position and
showi ng twe2eurne2ys | oop in one pole; Figure 11 is a pl aTxEPReY10609The
rotary switch of Figure 1 in a partially6open (arcing) position and show ng
the current loop in one pole; 5Figure 1Z1s a plan view of the rotary
swtch of Figure 1 in a partially open (arcing) position and show ng the

o rgure 110 a parti (arcing) p 2 o the
of Fioure 1 T s BFS Vi AP, Kt o pb N b e P ©

| oop i n bot hapiggposiititland shomdng theldrrest laos dhareiole vi ew show how t he
rotary swtch of Figure 1 can be 10integrated into external electrical
circuitry foFigufi bl retplapnasw @f the FRaNs™MicB ! fagwednina patiplhyereb(iredtland a

| oad. The bag&ﬁ&&?%gfdih\‘(}mﬁ/ﬁri@?g?ﬁn@nt% lln%il}lgg;g?e.doubl e break rotary switch

wi |l now be descri erence to rés 1 to 3. Arotary switch
havi ng t Br eeFppare$? ¢anphea vidusddhe mtarytshvieh-gffFigeedcincd patielly apeh {dneing)
present invention would include a rotary switch having such a construction.
The rotary swPEBeP #d oyipsthe cpgent lpep inhothRlgSit o be used with an exter nal

circuit such e 4 Slari ' hit.es F OV =L
; F 156 ViAW bl Bt REAiRE SRAEH L FRR% P5PY pdRRI#opef [artif
switch for svm?gt%(r: gear that 1?2 20extre1rrgl y corrpag%ﬁ and rgl i aL?eP Taé 1rg)ftjary
switch nay apsstiapaidshewasg te cofrert log@in both poles; and
Figure 14 is a schematic view show how the rotary switch of Figure 1 can be
10 integrated into external electrical circuitry for unidirectional dc current flow between

a voltage source and a load.

The basic construction of a double pole double break rotary switch will now be
described with reference to Figures 1 to 3. A rotary switch having three poles can be
15 used in a three-phase ac circuit and the present invention would include a rotary

switch having such a construction.

The rotary switch of Figure 1 to 3 is intended to be used with an external circuit such
as a dc distribution architecture and provides an off-load switch for switchgear that is
20 extremely compact and reliable. The rotary switch may also operate as an off-load
isolator while the external circuit is being de-energised. The dc distribution
architecture may form part of a marine power and propulsion distribution system or a
transmission system for renewable energy devices such as wind turbines or subsea
turbines, for example. The rotary switch would typically be opened after the current
25 and the prospective open circuit voltage have been reduced to acceptable levels by
other means (e.g. external electronic means and/or the application of a foldback
characteristic). For example, the rotary switch might be opened after the current and
the prospective open circuit voltage have been reduced to <20A and <50V,
respectively. Once the rotary switch has interrupted the circuit then the prospective
30 current and voltage can be increased by other means. Preferably, sufficient time will

be allowed between opening and closing the rotary switch for arc extinction to occur.



isolator while the external circuit is being de-energised. The dc
distribution architecture may formpart of a marine power and propul sion

di stri butwonosiyab®s or a transm ssion system for renewalpce/mppeneyodevi ces
such as wind turbines or subsea turbines,,for exanple. The rotary swtch
woul d typically be opened after the current 25 and the prospective open
circuit voltage have been reduced to acceptable |evels by other neans (e.qg.
external ele i ng/ pl.4 i .a_ fwld

characteri st ?%‘;}{)QF@}J}E% elfy]%eéarg §¥ g)%yagfé\ng]%cﬁn?nﬁ@ﬂ?g bje?(Aog‘g’%lédClg?etde?ndt he
current and withstandPEkY i weeropeen.ciTheuptinaiple ttaegefit avfetheemitary exichdareoits<20A
and <50V, respectively. Once thtg rog&)a{‘y Switch has interrupted the circuit
then the pro¥perant sepazionraf anes Bmyeddht Hguddisieyac pad thisacuseiEnbisrtiofeans .
Preferably, fifd Ci I i . nj S| t he
rotary sw tcﬁpfﬂfcl)éf q.{asggé feﬁ%ﬁé%ﬂ glre\t“{%gn ?cdéﬁﬁ%%egﬁﬁgzﬁﬁét %ergg‘“?\?mgf’ %éamhrgﬂt
easi |y be capatiseguant opar plydsng IJké rethenswitadsasbh hasdinherehgy aigh 80 0koUapd emd
open. The principle benefits of the rotary switch are its inherent .
separ at i on ofaPit Gad eHRBISHTATE KEISPHERPERAY eI RlFh ereashel tsediarmenetic
reduction of fhesdsHenelent dr &ASHN@AREINRE, RAKES il bY%hd QRIAR SRS the
recently opened and 5 subsequent open ‘phasés. The rotary swtch al so has

i nherent |y hilighidalielestott age and rapi d and conpl ete arc extensi on behavi our
which are a result of the el ectromagnetic repul sions between arcs and
contact systens, further aided by the cooling effect of the liquid
dielectrigc. IRENBtarPLRItYh SWMIEER JoRRIVEART RQ&lINd YSledDD 4ANBFRAAVEIAIB] §facdd 4
that are axially spaced apart from each other as nost clearly shown in

Fi gures 2 and@p3t fiohgescd dth¢rsassmpstagleaylyeshonm inHagwes Ltanded. pigare 1pgt plan wi | |
be readily appreciate t AV e 4 i

constructi ongpeiggic 7 pg)gftggﬁ(ﬁ%?ibﬁgﬁﬁ%fgsbeef 1%rgéé]fy %pﬁz&zaétg%(rﬁ%{t? ?%(é%éaggg §Ir£§4 t hat
are spaced apas precideliyhke sameecqusataionhVbre particul arly, the positive pole 2
i ncludes first and second fixed busbars 6a, 6b and the negative pole 4

i ncludes first and second fixed busbars 8a, 8b. Each busbar is generally

L- shapedys A fHaE8hHhoRaS 4 1k18ese@eN altH SRBRd IRkl BasbdrfiehR e ¥pREd &phkt iRAhOL Of
a current |loop and a second part 12 defines a contact arm?hat i s shaped 20
and si zed t o seeiphandi r More paishlaaly, denpesttivenpale 2amckudds ffsttand segord Abed

bri dgi ng nmenber, (sge hbel en. the r i LS. 1 0

posi tion. Tﬂg’u?blagss a’p?tagratn(a%e ‘é"?gagg% ﬁggu‘ghlgl%ggﬁ/}%ép%(S)%r?égtégggtb ggbél?igg?(tggf nal
dc circuit (é@atlebustar &i genetally))-slaped havfirsspdiendof egh lbyshar defines the Edtrand
described in nore detail bel ow

exit point of a current loop and a second part 12 defines a contact arm that is shaped
20 and sized to be in direct physical contact with an end of the rotatable bridging

member (see below) when the rotary switch is in the closed position.

The first part 10 of each busbar can be connected to an external dc circuit (external
circuitry) as shown schematically in Figure 14 and described in more detail below.
25 The connection with the external dc circuit can be made by any suitable means such
as fixed busbars with slotted holes to allow bolted joints to be adapted to suit
geometric tolerances. Alternatively, flexible links of laminated copper foil or
multiple wire strand construction may be employed. External busbar connections
may be made using insulated bushings or moulded busbar seals where the connections
30 must pass through the wall of a reservoir that contains the liquid dielectric in which

the rotary switch is immersed.



25 The connection with the external dc circuit can be made by any suitable
means such as fixed busbars with slotted holes to allow bolted joints to be
adapt ed twowit1igeenetric tol erances. Alternatively, fl exirhipeoihiondose of

| am nat ed copper foil or nmultiple wire stéand construction may be enpl oyed.
Ext ernal busbar connections may be nade using insul ated bushings or noul ded
busbar seal s where the connections 30nust pass through the wall of a
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i mrer sed. econ At 0 “cont arm-1 I'S angl ed

slightly (i.@és fide dnél thini odhere Atjoink Swith e}& ﬁfsd phR ) Whajiieerivise] p)bfiEedWottlhat he
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busbar may also include a plurality of co-located contacts (each having one or two
resilient contact members) that can be connected together in parallel to permit a

20 desired thermally limiting current rating for the rotary switch to be achieved.

The components that are assembled to form the contacts 14 are secured to the first
part 10 of each of the fixed busbars 6a, 6b by bolted joints. Clearance holes at the
fixing end of each contact 14 are shown in Figure 1 and these may include provision
25 for the use of an assembly jig or other assembly method that maintains the precise

alignment of the contacts while they are being secured to the fixed busbars.

To improve the clarity of Figure 3, part of the drive shaft 26 and the second fixed
busbars 6b, 8b have been omitted.

30
Each pole 2, 4 also includes a rotatable bridging member (moving blade) 24. The

rotatable bridging members 24 are mounted to a drive shaft 26 in a manner that



al i gnnment of the contacts while they are being secured to the fixed
busbars. To inprove the clarity of Figure 3, part of the drive shaft 26 and
t he secomiof2okedotyasbars 6b, 8b have been omitted. 30 WOI/EP2011/000979

2011/ 110296PCT/ EP2011/ 000979 9 provides gjectrical insulation between the
rotat abl e bridgi ng nmenbers and a conmon rotary actuator and are
mechanically rotated in tandem by the comon rotary actuator (not shown)

such that thgyvis Rl&krical hﬁéuﬁaﬁﬂﬁ? betesh G rotRhKE 'bﬁ@?ﬂ'gﬂn%f)&stah@'arcommon
respective fixed busbars at all tinmes. The rotatable "bridging nenbers 24

can be 5r ot arderytetustarand aed msédmp@ldy rotated amthnénmdqcyethe pommqncmaryrh@uator
s,.24 nc ude a s 24a, ,24b .

t at abl brid
oas that r i IR TRED® HE h T UL Sult BBl SR SRR e, heh

rotatabl e br irglgedise "BXQEbSshafsCatl 4] tidResC| PR eotR@Blet bidding NEeriBdrs PAScadde 24b
are designed to allow 10approxi mately synchroni sed "naking" and "breaki ng"

of all pédral rethted barwssnadlesed positien prd athepeaaositigher e each fi xed busbar
includes a plurality of contacts 14. The busbars and the rotatable bridging
menbers 24 are typically made of copper. The busbars nay be el ectropl ated

W th a corrogherotafdls baddinfBhahbeasd4 tifdudeoh phaidldfehotches 24a, 24b in the edges
that face the first part 10 of the associated busbars when the rotatable bridging
members are in the closed position. The notches 24a, 24b are designed to allow

10 approximately synchronised “making” and “breaking” of all parallel connected

circuits in the case where each fixed busbar includes a plurality of contacts 14.

The busbars and the rotatable bridging members 24 are typically made of copper. The
busbars may be electroplated with a corrosion resistant metal and the rotatable
15 bridging members may be silver plated in order to provide a low and stable contact

resistance.

The general arrangement of the fixed busbars and rotatable bridging members 24 of

the two pole double break rotary switch is shown schematically in Figure 4.

20
When the rotatable bridging members 24 are in the closed position the opposite ends
of each rotatable bridging member are in direct physical contact with an arcing
contact 28 of the respective fixed busbar and also with the resilient contact members
16 of the respective contact 14. This is shown in Figures 5 and 6.

25

When the rotatable bridging members 24 are in the open position the opposite ends of
each rotatable bridging member are no longer in direct physical contact with the
arcing contact 28 of the respective fixed busbar or with the resilient contact members
16 of the respective contact 14. This is shown in Figures 7 and 8. When the rotary
30 switch is fully open then the rotatable bridging members 24 will have normally
undergone a rotation of substantially 90 degrees from its closed position. However,

any reference herein to an “open position” does not necessarily imply a fully open
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2011/ 110296 PekhedtRR@kdA@OOBI9 - 10 - position, but will include any position
where there is no direct physical contact between the rotatable bridging
menbers and the respective fixed busbars. There is also an internediate (or
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position. The arcing contacts 28, 30 of the fixed busbars and rotatable bridging
members are located at those extremities where arcing can be expected as the rotary
switch moves from the closed position to an open position. Erosion of the arcing
15 contacts can be minimised by the use of suitable sacrificial arcing members or arcing

homns.

The rotary switch can be closed by rotating the rotatable bridging members 24 from
the open position to the closed position. This can be achieved by means of the
20 common rotary actuator (not shown) which is adapted to rotate the drive shaft 26 in a
first direction to move the rotatable bridging members 24 from the closed position to
the open position and in a second direction to rotate the rotatable bridging members
from the open position to the closed position. As the rotary switch moves to the
closed position the opposite ends 32, 34 of each rotatable bridging member 24 come
25  into contact with the end parts 22 of the resilient contact members 16 and may push
the contact members slightly apart against the inward bias of the leaf springs 20. (It
will be readily appreciated that the contact members 16 may move slightly towards
each other under the inward bias of the leaf springs 20 when the sliding contact with
the respective end of each rotatable bridging member 24 is lost as they move from the

30 closed position towards the open position.)
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described in more detail below.

30 The flow path of dc current when the rotary switch is in the intermediate (or pre-
arcing) position will now be described in more detail with reference to Figure 10.

When the rotary switch is in the intermediate position there is no longer any direct
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The flow path of dc current when the rotary switch is in a partially open (or arcing)
position will now be described in more detail with reference to Figure 11. When the
25  rotary switch is in the partially open position there is no longer any direct physical
contact between the contacts 14a, 14b and the rotatable bridging member 24. Neither
is there any direct physical contact between the contact part 12a, 12b of each busbar
6a, 6b and the ends of the rotatable bridging member 24 (or more particularly between
the respective pairs of arcing contacts 28a, 30a and 28b, 30b). However, dc current
30 will continue to flow between the busbars 6a, 6b of the positive pole 2 as indicated by
the arrow. More particularly, in the case of the positive pole 2 dc current may flow

from the first part 10b of the busbar 6b that defines an entry point of the current loop,
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flows in the local current loop that includes the busbars 6a, 6b, the arcing contacts
28a, 28b and 30a, 30b, the arcing regions and the rotatable bridging member 24. The
25  magnetic flux density interacts with the dc current in the arcs to create a radial
repulsive force which, as a result of the relatively low mass within the arcs and the
nature of the liquid dielectric that surrounds the arcs, deflects each arc away from the
centre of the current loop. This lengthens the arc and increases the arc voltage in the
process. The same electromagnetic behaviour causes the opposite ends 32, 34 of the
30 rotatable bridging member 24 to be repelled from the fixed busbars 6a, 6b, thereby
assisting the rotary actuator to move the rotatable bridging member towards the fully

open position and still further increasing the arc length and arc voltage. The arc
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13 t he dri ve didledttic Zﬁoanlmb\mhethsemydmb]unecbohwsﬁﬁrrsoﬁtp;resSbreha:\]/lef beeem for

omtted. It will be seen that for the OSJtlve??dl(SE t he dc (l:fg;rent fl ow

is fromthe SScUYRBOBREKatheaeIYTE HAVE it %‘t‘sb%Fé‘S y g€ ppepipg KidthsHstAsY and
as indicqf ed s@.b{tcl'ah@leﬁa‘é{dcdm&'%uﬂ{r{goi%tn'ﬁ%\ﬁ){@én arﬁc%th%h?el@t%gaéohb{@l %@ legnd the dc
current flowis fromthe first busbar 8a to the second busbar 8b as

i ndi cat ed by sehes bf tsitarti saritches. canhlee Weatediin dret sientank evithwntpossg irtselagpor e
flow in opposite direction nes. .The el ectromagnetic
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the current | oops generates a repulsive force that is parallel to the
rotational 3Qaxis of the rotary switch and which deflects the arcs in the
respective aremgsiesdifdhs r%ﬁrYt%tc&dél. the Jiguidhdielestict snpaness @eling of mgralic f r om
each othes. ThLqudEh! £HAHGR ﬂaﬁlémarly enhances the cooling of the arc, de-ionisation and

arc extinction performance.

The flow path of dc current in both poles 2, 4 when the rotary switch is in a partially
open (or arcing) position is explained further with reference to Figures 12 and 13. To
20 improve clarity of Figure 13 the drive shaft 26 and the second fixed busbars 6b, 8b

have been omitted.

It will be seen that for the positive pole 2 the dc current flow is from the second
busbar 6b to the first busbar 6a as described above and as indicated by the solid
25 arrow. However, for the negative pole 4 the dc current flow is from the first busbar
8a to the second busbar 8b as indicated by the broken arrow. The dc currents in the
two poles therefore flow in opposite directions in parallel planes.  The
electromagnetic interaction between the magnetic flux density and the dc current
flowing in the current loops generates a repulsive force that is parallel to the rotational
30 axis of the rotary switch and which deflects the arcs in the respective arcing regions of

the positive and negative poles 2, 4 away from each other. This deflection is in



WO 2011/ 110296PCT/ EP2011/ 000979 - 15 - opposition to the electrostatic
attraction that would otherwise result in a flashover between the poles 2,

4. There we 200i/n0®et i cal reason why for the positive polpeTaprégoo®7€urrent
flow could not 5 be fromthe first busbari%a to the second busbar 6b and
why for the negative pole 4 the dc current flow could not be fromthe
second busbar 8b to the first busbar 8a. The direction of dc current flow
in the pol es oppostiqy 9 thfeplepitostatichatwactivm that bankl athereisamessitenh & dlashever

external cirgujtry., 1 | ,current |oops are nutually coupled between the
poles 2, 4 a%’g{‘}%e}é;sheng@%s’ %é'separ ated by a sufficient distance if the axial

repul sive force is to provide effective benefits. Sonme degree of separation
is needed in _any case for electrostatic reasons if flashover is to be
avoi ded. 15Fildgrels 19 pspiggl wasin why éeri the positivmpelie 2etbe idorsatrentufiowe moulidi ro

bet ween vol, t u V.an load L. .The t | e dpubl e break rotary

switch i 25 reé’regfgogrr’]t%}gedﬁfsgbf]%bgr gf’ggtﬂﬁ f:eaffm%i-gf%fﬁgb"ggf‘%r g%S{ﬁ%Pg%agwg\Ho Shes.
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generally to the busbars 6a, 6b of the E)OSltlve pole 2 and switches C and D
0

correspond gdéireetinm ¢f e cumentoflenainsthgpol@n2,of withalepenshon \howptieebusbazoarphen
t he rotat abl %Rl%éc it@?h%&%iﬁc%it%e rotated by the common rotary actuator
S Wl

(not shown) then all four swtche be opened sinmultaneously and
interrupt the dc current flowng in each armof the dc circuit. In
practice, fo dc circuit of the type shown in Figure 14 then the rotary

switch oMy L%‘E&g”?fe} ape aEe Blueplly poinked betweers the gﬂ‘é% 2a hand gheyr mgg behes
C and D) suchebhgded @474 Sifficient Qidtancd B ﬁ'{?rékpé] ergpdlﬁ?u? Brcl s ?d;lg}o%det gﬁicﬁgg ‘

circuit, but having Two poles provides better ‘perfornance a resu

t he sunmmat i orbeoéfith.o Spomardegres| dfzgparatioh isoteaded wvintyadasofor slkictraktaBe reasons if
construction f%giil d al 53) be ins d for bidirectional current flow or ac
wor ki ng. WO IS IS 96 RE FEP2011/ 000979 - 16 -

15 Figure 14 shows a dc circuit for unidirectional current flow between a voltage source
V and a load L. The two pole double break rotary switch is represented in the
electrical circuit by four separate switches. It will be readily appreciated that the
switches A and B correspond generally to the busbars 6a, 6b of the positive pole 2 and
switches C and D correspond generally to the busbars 8a, 8b of the negative pole 4.

20 When the rotatable bridging members 24 are rotated by the common rotary actuator
(not shown) then all four switches will be opened simultaneously and interrupt the dc
current flowing in each arm of the dc circuit. In practice, for a dc circuit of the type
shown in Figure 14 then the rotary switch only needs to have a single pole (i.e.
switches A and B or switches C and D) such that current is only interrupted in one

25 arm of the dc circuit, but having two poles provides better performance as a result of
the summation of four arc voltages. A rotary switch of suitable construction could

also be used for bidirectional current flow or ac working.



CLAIM5S |.Arotary switch conprising first and second poles (2, 4), each
pole including a rotatable bridging nenber (24) and a pair of fixed busbars
(6a, 6b; 880 28ty11bei ng at | east one primary contact (14pCTEresigionsrhe
rotary switch is adapted such that the 5 direction of current flow through
the first pole (2) is opposite to the direction of current flow through the
second pole (4) such that arcs established in the first pole (2) are

defl ected awgy Aijpm arcs established in the second pole (4). 2. Arotary
switch according to claim1, further conprising a rotary actuator for
10rotating tHe r ottatosdsy sWHER dgﬁnmgsmrﬁwragd(s@ob)rdtpetewéérﬂ)op@h rebrlingugisregda

b1 g ng. endep@oBtalne ey B0 38 it & el b OS5 o ST e PN ol

accordi ng to)gkabme %nﬁfar)ﬁlc@xht%t3§]4\)\hﬁh@'eﬂ {hReroty atvabh g5 Ruhpsted RocHrendRans
(24) are nounted to a common drive shaft (26). . Arotary switch

accor di ngb t o dimgtiqur ef ewfireny ﬂ;qvalthiou@héh@lfmtamfds (é)stsa‘bIP}?0§hed0 Bhe \deusatierhef

rotatable brid ( tedf

200f the fi r§PgﬁﬂqL°‘Y g?méﬁh t% (fongtpoae (513\‘/5 rﬁr%lsres a)ggdtf acf;PR %gﬁsq vég)
t he rot at abl @réoddﬂéateagmgmm arce 43tablisfied hﬁth@%é@ﬁﬂ@bwﬁhil xed busbars (8a,
8b) of the second pole (4). 6. Arotary switch according to any

preceding claim wherein the rotatable bri dgl ng merrbers (24) have opposite

ends (32, 34) ea%r(ﬁ{,]& §vﬂ§:k)l“5q:l Qrdid oa(,r]ﬁh)ngl xe bus 3262 rot%ré/ acAtxat(S)r g

switch accor ing tocC eac
i ncl udes1@ caqofafgd tharroralabl) bridpdiig mealbetg24 pietwed d]gnmatcaxséd pé’ﬁt)nons

3. A rotary switch according to claim 2, wherein the rotatable bridging members

(24) are adapted to rotate in tandem.

15 4, A rotary switch according to claim 2 or claim 3, wherein the rotatable bridging

members (24) are mounted to a common drive shaft (26).

5. A rotary switch according to any preceding claim, wherein arcs established
between the rotatable bridging member (24) and the associated fixed busbars (6a, 6b)
20 of the first pole (2) are deflected away from arcs established between the rotatable

bridging member (24) and the associated fixed busbars (8a, 8b) of the second pole (4).

6. A rotary switch according to any preceding claim, wherein the rotatable
bridging members (24) have opposite ends (32, 34), each end including an arcing
25 contact (30).

7. A rotary switch according to claim 6, wherein each fixed busbar (6a, 6b; 8a,

8b) includes a contact arm (12) that includes an arcing contact (28).

30 8. A rotary switch according to claim 7, wherein arcs established in the first pole
(2) between the arcing contacts (30) of the rotatable bridging member (24) and the

arcing contacts (28a, 28b) of the contact arms (12a, 12b) of the associated fixed



308. A rotary switch according to claim7, wherein arcs established in the
first pole (2) between the arcing contacts (30) of the rotatable bridging
menber (24P 2andiivdve arci ng contacts (28a, 28b) of the ceotrarko@no®7§12a,
12b) of the associated fixed - 17 - bushars (6a, 6b) are deflected away
fromarcs established in the second pole (4) between the arcing contacts of
the rotatabl e bridging nenber (24) and the arcing contacts of the contact
arms of the 3%9&' e@pf b gefl?éb?é?laﬁv%a)( Gfom 8Pds: eéﬁ%li%héd)iirﬁlilye §é’30§18?0@€%9)rd' ng
to any prece ng claim reln the imteraction of generated magnetic fl ux
wi th the curbenteh Obﬁpatfcir@vwmgattthm(ﬁl]bﬂ‘lr@tatablepblhdgl(@ med:)becr(@a):elsdaher acting
repul sive force whigch deflects arcs establ|shed bet n the rotatable

bri dgi ng menBeHaqeal the senta¢arms of eei’tsﬁ‘lf“’ft?ié’éedo@‘ssﬁ Wi %88) 6b) of the first
pole (2) away fromthe centre of the current |oop f|OWI ng through the first
pole (2) to accelerate the 10rotatabl e bridging nmenber (24) away fromthe
associ at &d f Pxed mmys“ﬁtﬁh acadu)iimgciwamdaarmdbxgedaimsi'hdrejn the iifleradtioroofar y

switch accordln cl aim rein the interaction ener na netlc
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radial 15 ea%(ﬁhlvr%pm%e Coreh whcrﬂ@édeeetécsa&%ha%daé&mme b&h%mﬁdg%ggb
rotatabl e bridging nmenber (24) and the associated fi xed busbars (8a,

the second poiembedf24wag tha assecisted fisnd beShﬁfS ¢6Iae6lm)mfrtb¢1ﬁrslt po}p () ewian from

th h th 4) t | t t
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imrersed in a Ilgwd lelectric. 12. Arotary switch according to any

precedi ng cl #@wardbean pRENDPOFHGBI e pol e doubl e

of

10. A rotary switch according to claim 9, wherein the interaction of generated
magnetic flux with the current loop flowing through each pole (2, 4) creates a radial
15 repulsive force which deflects arcs established between the rotatable bridging member
(24) and the associated fixed busbars (8a, 8b) of the second pole (4) away from the
centre of the current loop flowing through the second pole (4) to accelerate the
rotatable bridging member (24) away from the associated fixed busbars (8a, 8b)

towards an open position.

20
11. A rotary switch according to any preceding claim, being immersed in a liquid
dielectric.
12. A rotary switch according to any preceding claim, being a double pole double

25 break rotary switch.

13. A method of using a rotary switch according to any preceding claim to
interrupt the current in a circuit, the method comprising the step of:

maintaining the rotatable bridging members (24) in the closed position such

30 that current flows between the associated fixed busbars (6a, 6b) of the first pole (2)
and the associated fixed busbars (8a, 8b) of the second pole (4); and



25break rotary switch. 13. A nethod of using a rotary switch according to
any preceding claimto interrupt the current in a circuit, the nethod
conpri si ngot2oe/b@p of : mai nt ai ni ng the rot at alpke/dpred®bidge nenber s
(24) in the closed position such 30that current flows between the

associ ated fi xed busbars (6a, 6b) of thefirst pole (2) and the associ ated
fi xed busbars (8a, 8b) of the second pole (4); and - 18 - when

current is to be interrupted, ening the rotary switch by.rotat, he

ot atabl e bri dgi nyPHBRBERY ¢ 3,05 Biaieet RRSURE B wier 8 Pl Sy
accor di ng t orgihiahlebhdgink Widndrs CATREW SEHGelPEn Eéﬁﬁo&f reducing the 5Scurrent
inthe circuit to an acceptable | ével before the rotary switch is opened.

15. A method according to claim 13 or claim 14, further conprising the step
of closing t tch . once

i h h b i d b
rotating t he%o{ 3%‘2%%8‘%%%‘&9% tr?e‘iiﬂg‘r gﬂ E‘{Z%’]értcé’\?\’}i?rﬁgnegp H‘Igns %Lé@‘%h‘g%’s‘F %(}i]eon.

10 5 current in the circuit to an acceptable level before the rotary switch is opened.

15. A method according to claim 13 or claim 14, further comprising the step of
closing the rotary switch once the current has been interrupted by rotating the
rotatable bridging members (24) towards the closed position.

10



