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invention is related to a device according to the pre- 10 characterising
part of enclosed claim1l. The device accord- ing to the invention may
be used in any connection for swi tthi ng purposes. Particularly
preferred are applications where high power is to be switched. In
reality, high voltage connections and electric power transm ssion
applications are 15 involved. A preferred, but not restricting,
application of the device according to the invention is to protect, in
an el ectrical power plant, an electrical object fromthe conse-
guences of faults, primarily as far as current is concerned but al so
vol t age. BewirzdesINAOEVIEEtINOLUDINGi SPARE CAPhFOR GWITCH NGt BLECDRI of

t he object. The el ectric object in question nay be of arbitrary

nat ure CAds BOW¥R.as it is contained in an electric power network

and reéguires protection against fault-related over-cur- 25 rents, i.e. in
practice short-circuit currents. As an ex- anple, it may be nentioned
that the object may be forned by an el ectric apparatus having a
magnet i ¢ AXELDR tOF (THE ENVENTION AN RRIOR AREKf or ner or notor. Al so ot her
obj ects may be in questlon e.g. power lines and cables, switch gear
30 equipnent etc e present .invention is i,ntended t e ap- i ed
in connectiHts V\i?ﬁeﬁﬁﬂ?gnf'ﬁnﬁeﬁﬁaﬁg %Pt gggsevké’e accorc‘%ﬂﬁ 1-93),[181 I:Rf%orm
medi o voldiegeacedeisihg pa¥2, bfk¥nclosedheledm Hi.giThel|degice sacdxd- kV.
Thus, tra Sséoonthalminventiéﬁa'ﬂlsc\g? S5 0 2R PhStLAPULARRYBRS A8

i ncl uded.

switching purposes. Particularly preferred are applications
where high power is to be switched. In reality, high voltage
connections and electric power transmission applications are
15 involved. A preferred, but not restricting, application of
the device according to the invention is to protect, in an
electrical power plant, an electrical object from the conse-
guences of faults, primarily as far as current is concerned
but also voltage. Besides, the invention comprises a method
20 for protection of the object.

The electric object in question may be of arbitrary nature
as long as it is contained in an electric power network
and reguires protection against fault-related over-gur-

25 rents, i.e. in practice short-circuit currents. As an ex-
ample, it may be mentioned that the object may be formed
by an electric apparatus having a magnetic circuit, e.g. a
generator, transformer or motor. Also other objects may be
in gquestion, e.g. power lines and cables, switch gear

30 equipment etc. The present invention is intended to be ap-
plied in connection with medium and high voltage. Ac-
cording to IEC norm, medium voltage refers to 1-72,5 kV
whereas high voltage is >72,5 kV. Thus, transmission, sub-
transmission and distribution levels are included.
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2 In prior power plants of this nature one has resorted to, for
protection of the object in question, a conventional circuit-breaker
(swi t chi ryO@8R9IN2B) of such a design that it provides gaP@WEAEL7/02155
separation on breaking. Since this 5 circuit breaker nust be designed to
be able to break very high currents apd voltages, it will obtain a
conparativel y bul ky design with large inertia, which reflects itself in
a conparatively long break-tine. It is pointed out that t he
over-current primarily intended is the short-circuit 10 current occurring

in connectlon W th th rotected obj ect, . for instance as a cqonsequence
of foul e | niPhEroRELRMEr PIeRke af bhisy camts e BRs, Semar w6 dit:
Such faults for mmntedﬁmﬁntbﬁ fthel tobgecenin( Shuadtion cuat convesntiordl
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result may be ver ment i oned t k
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may anmount to 40- emw th said circuit-breaker_ s
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actuating the circuit-bréaker to break. During this time the fu
30 current 5PTt HRSEANGSaPSpAeFORERIBERCEN RS vEQUAtEoHN dEhe eleglric

| oad on the ﬁ)thQéh:&d)rDbS?ﬁteml I ddve tﬁrdtﬁbdeda%bjectageswld a6 e
the prior arPSeBBnclrtE: 30° EoLRE SHFEaP ol PRAF o FiRE adoscaF BAG ©F
appreci abl e dheagmtéfhalonbtwenbyeQUémenuﬂwnbhotEndlHuulflowrmmrddghnt
current ;s gHei ¢d herdy eaks i TBn&d HBCaCVRY L1 S@KEFeakliok. It may
be mentioned that for the Swedish power network, the di-
mensioning short-circuit current/fault-current is 63 KA.
In reality, the short-circuit current may amount to 40-50
kKA.
20 _
A problem with said circuit-breaker is the long-break time
thereof. The dimensioning break-time (IEC-norm) for com-
pletely accomplished breaking is 150 milliseconds (ms). It
is associated to difficulties to reduce this break-time to
25 less than 50-130 ms depending upon the actual case. The
consequence thereof is that when there is a fault in the
protected object, a very high current will flow through
the same during the entire time required for actuating the
circuit-breaker to break. During this time the full fault
30 current of the external power network involves a consider-
able load on the protected object. In order to avoid dam-
age and complete breakdown with respect to the protected
object, one has, according to the prior art, constructed
the object so that it manages, without appreciable damage,
35 to be subjected to the short-circuit current/fault current
during the break-time of the circuit breaker. It is



3 poi nted out that a short-circuit current (fault current) I n
the protected object may be conposed of the own contri- buti on of the
obj ect tYOPHE™EuIt current and the current addi ti on BEHERBTASEr om t he
net wor k/ equi pnent. The own 5 contribution of the object to the fault
current is not in- fluenced by the f8nctioning of the circuit-breaker
but the contribution to the fault current from the net-

wor k/ equi prent depends upon the operation of the circuit breaker. The
requi renent for constructing the protected 10 object so that it may
withstand apBiaResqnte CLAGH! b ot cidGli4  BltlbeRl! MGy ! biG an:)
consi derabl® t1nme period neans substant1 al disadvantages in the form of
nmor e expensiPethe prediegteshehiesic apiphdrg sronpreed of sthasopsi gosgrdat

her ei nabovepyuhen BRSO OB fectO¥E8Vehe FaLlt cuddeht &iid i €h8dch®rent
protection appl.ications. |In_ other switching situations it is a
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t he conpo- .nen ig_(;ﬂd i tack is subjected to a voltage
which is abgsglggstaa?]gcﬁ‘e%\% orpetr}hftedlgngr%rlp%ﬁent. 35 Furthernore,
conplications may occur in the design of the sem - conduct or conponent

i n thajst heasepoin@Rd Gt HBEnabove, the invention is, however, not
only restricted to protection applications. 1In other
switching situations it is a disadvantage to have to re-
sort to rather costly and bulky switching devices when
high power is involved, for instance banks of semi-

20 conductor components, in order to manage the switching
function aimed at. Today's semi-conductor component, which
preferably is produced in silicon even if other materials
may be in question, has for practical reasons a restric-
tion as to the maximum electric field strength which the

25 component may withstand before an electrical breakthrough
occurs in the semi-conductor material. This implicates im-
mediately corresponding restrictions of the maximum elec-
tric voltage that the component may be subjected to. In
particular in high voltage connections, one is therefore

30 forced to couple in series (stack) a large number of semi-
conductor components in such a way that none of the compo-
nents contained in the stack is subjected to a voltage
which is above a safe level for the component.

35 Furthermore, complications may occur in the design of the
semi-conductor component in that the semi-conductor mate-




4 rial initself endures to be subjected to, for instance

conpared with atnospheric air, very high electric field strength. The
sanme i s, YO8 28928 not valid for the insulat- i ng nat er i YRR sy
necessarily must be present between 5 those el ectrodes externally of the
sem -conductor materi al bet ween whi ch 4 he high voltage is placed. This
al so in- volves a restriction: In design of a sem -conductor conpo-
nent for high voltage use a careful bal anci ng nmust be nade bet ween t he
electrical field strength in the sem - conductor material and the

el ectric resistance in the I n di

several appl i%:#t o2 H’]t%?Je%t Ff’guﬁSﬁe% dl& §ugﬁ§(:%gd & EB%‘ethrgstl: nc Gpuded
therein are _sd;thm_esi-ed twil 410t atmbypheghclaiml e\zerycangmle&get,rbm fleldto
large el ectr Isg regg{:fxemrﬁe samevﬁgnnﬁogg(r@gnt nB2S 921 1ahrHd e Camenset

havi ng a cert feSi'stance, "cb erabl'e anounts of thermal energ é’
(so- cal |m|ngmewemx shdcly ) NeREERETELYr GPKTYE | BRaIPTSSERE Retween
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uctor conmponent, has. a s u e lesistance
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parall el sem -conductor co ponents
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large Cui{)entéo?&uE%BQem%‘é@QﬁEalofand £thef F12erd i r¥ls iGHMRRE NS RSt she-
used. Thi's results inme diately in a lower reliability since all

conponent s mseunding,desmdatindoM§EiUMy nake the el ectric power plant,
such as for instance a HVDC valve, to be in operation. The fact

they mist be LONBROFEE] WRELAESLON Hif GRLBrBETS: BAVER PLsd oo oo
“timng" coul gofientsn-included therein are subgected to not only high
15 electrical voltages but also to large electrical currents.
When a current passes through a component having a certain
resistance, considerable amounts of thermal energy (so-
called Joule heat energy) which is proportional to the re-
sistance in question and to the square of the current.
20 Since each semi-conductor component has a small but negli-
gible resistance, the maximum current that the component
stack may endure is restricted. If very large currents are
to be conveyed by the semi-conductor components one is
forced to convey the current through several identical
25 parallel current paths. The number of semi-conductor com-

ponents increases, accordingly, multiplicatingly.

At high voltages and at large currents, a large number of
semi-conductor components must be used. This results imme-

30 diately in a lower reliability since all components must
function in order to make the electric power plant, such
as for instance a HVDC valve, to be in operation.

The fact that a large number of semi-conductor components
35 are stacked means that they must be controlled with very

high precision in time. Erroneous "timing" could for in-




5 stance result in a far too high a voltage being applied over

an individual conponent causing a certain failure and appendant renoval
from op'e?’%f??%?’?ﬁ the entire plant. The "timng" probl ECT/PEXTHALSs, of
course, if a plurality of 5 parallel current paths nust be provided and
synchroni zed. OBJECT OF THE | NVENTI®N The primary object of the
present invention is to provide 10 a switching device better suited for
swi tching high el ec- tric power in a rapid manner and to a
conparatively | ow cost than sw tching devices used today. A
secondary ool rLURIR" WL LIS N Fn! B dsms L3 hdBG bpd IR

t he dewcea od so as fto I eve et er rotect| n r

arbitrary olguas saranmdéu@uailngpylponentaqaemm 3 eereainhéaidnre andgct
whi ch means atﬂbaénaamt remebhﬁctﬁdxhqsﬁ%@fa‘@mdooﬂotth@a@xﬁ&éepﬂsﬁwnqﬂet 0

wi t hst and a maximmof short-circuit currents/faul currents Ul’ln% 20

relatively | d"’r?d‘“ﬂ% BrPplga increasgspply GPUFSE NA gfural
Accordi rg) t padeEllelamiroentt pathsi mabitnpeapravidwhtand siencRbonszgded in

accordance with the characterizing part of claim 1. Since the el ectrode
gap of the switching neans is brought to an electrically conducting
state by su@BJIBRCGE) @NcPHy ENVENTIONect|ly to the el ectrode gap proper in the
formof radiation in order to establish ionisation/plasnma in the

el ectrode 30 gap, conditions are created for a very rapid operation of
the switchi FerPEHRRFENPPICES At gEh® PReseRbeAnvSRtipne is to provide

I oni satien/ pl asyerdRihfedelgeer WP Sai66e8/ bt isititsathg high elec-
tric power in a rapid manner and to a comparatively low

cost than switching devices used today.

A secondary object of the present invention is to devise
15 ways to design the device and the method so as to achieve
better protection for arbitrary objects and, accordingly,
a reduced load on the same, a fact which means that the
objects themselves do not have to be designed to withstand
a maximum of short-circuit currents/fault currents during

20 relatively long time periods.

SUMMARY OF THE INVENTION

According to the invention, the switching arrangement is de-
25 signed in accordance with the characterizing part of claim
1. Since the electrode gap of the switching means is brought
to an electrically conducting state by supplying energy di-
rectly to the electrode gap proper in the form of radiation
in order to establish ionisation/plasma in <the electrode
30 gap, conditions are created for a very rapid operation of
the switching arrangement according to the invention. The
ionisation/plasma in the electrode gap causes/initiates an
electrically conducting plasma channel having a very high
conductivity so that very large currents may be conveyed and
35 this more specifically during relatively prolonged time pe-




el ectrically conducting plasma channel having a very high conductivity
so that very large currents nmay be conveyed and 35 this nore specifically
during web98/29928 y prol onged tine pe- PCT/SES7/02153

6 riods without negative effects, which is in direct contrast

to conventional sem -conductor art. 6 According to the invention, the
secondary object indicated 5 above is achieved in that the swi tching
arrangenent in the formof an over-current reduci ng arrangenent, which
s ac- tuatable for over-current reduction mﬁth assi stance of an
over-current condltlons det ect.i ng arran enent, conne to the

el ectric pdi&asHErithdr RAREIE &G E6C he%cé‘ct"s P #ge%w FERFRGST

ar r angenenttor@onvattdiotialg sefiacphadbetsedaetr bodi ment, form an
over-current diverter for diverting over- currents to eart h or

ot herwi se another unit having a rel a- tively | ow potenti al . 15 Thus,
the invent iAsearsipgseto upom thueptiori pthe secomdagy objedie pndicatedn

aspect 85 GRRRI NEL, abRidNdd | §ﬁ %héép‘tﬁlay s%tchlngera"irz'éi'@e%ﬂ dthin the

arrangenment, hereinafter called swtch neans, W t hout effecting
any real brieHR R ofNt R¥eEyERTTent radpehpg H&Féf‘gﬁ@PBi@Ts r&dtesis heCsane
to such an wdwIdle20fot havvektheusberet réﬂd&ltibho'[v&ﬁlh OﬂsMbtaheeSldﬁ eghed to

sub- stanti al | duce tral n accordl n mal | er _anmoun
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t he inventi on. SO Ut i on accordin t upon a

switch  DRSmentiplfemp 2 A HRIepta didRTIEZ0 BT (A3 TETHHRD oPVEES
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function. Thusely 1\6% )éortae%td S_rl ggering may be

15 Thus, the invention is based upon the principle, as far as
the protection aspect is concerned, to utilise a rapidly op-
erating switch arrangement, hereinafter called switch means,
which without effecting any real breaking of the  over-
current, nevertheless reduces the same to such an extent

20 that the object under protection will be subjected to sub-
stantially reduced strains and accordingly a smaller amount
of damages. The reduced over-current/fault-current means,
accordingly, that the total energy injection into the pro-
tected object will be substantially smaller than in absence

25 of the switch means according to the invention.

The solution according to the invention based upon a switch
means implies a particularly advantageous fulfilling of de-
mands which may be set up in order to achieve a satisfactory
30 protection function. Thus, a very rapid triggering may be
achieved by the switch means so that occurring fault-related
over-currents with a very small delay in time will be di-
verted via the switch means as soon as the electrode gap has
adopted an electrically conductive condition. It is pointed
35 out that the term "triggering” in this connection means
bringing the switch means into an electrically conducting




achi eved by the switch nmeans so that occurring fault-rel ated

over-cur Lth a very snall delay intime will be di Vi a
the sw t&‘ﬁgﬁéﬁ?\r%é as soon as the el ectrode gap has adoprgalsﬁ;’aﬁg"'
electrically conductive condition. It is pointed 35 out that the term

"triggering"” in this connection neans bringing the switch neans into an
el ectrically conducting 7

state. By neans of the arrangenent of the switch neans, said swi tch
means may easily be dinensioned to be able to conduct very | arge

currents. | el By i b thet Ia&t-aﬁbeménar@f the s&f@éhQﬁleézh@Cts@:[kil t
I's, nanely, desirable that the Q'ir conduc c? o%"nf ch,is
est abl i shed SMrSEYPeIRs M7 SRSy ﬁe&ﬁg‘enﬁégn% %s?%t%%%“cﬁ'hl s
nmeans t he Ia;re;:@stlarge @mrb&sa Stn aorder| te\obigiof atmamb;mcttommlpi'o+s to
be pro- ct ed f cyrre es S -
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defined in clai ns. ccor I'ng o one e radl-
ant energy ia$ sB?EBF—bélet o thexedpzet riRid gép in ‘Fv\btwahDSétuathont'Eh@r
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with regard_to bringing the el ectro assunme an electrically
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In the con- uct i o at h Ined at t ween the ctr Ac-

30 cording ctoéldé% op é’r’rﬁo | rzfgrjitcyt% s &l %%%%?%%Foalf %htfﬁ ely

or subst ant ithiusy ot |b@| Bt i adoimbe. ga:bt bets\/\mpecially preferred to
thereby use at least one laser for triggering.

20 Preferable developments with respect to a.o. the means for
supplying radiant energy to the electrode gap are defined in
the enclosed claims. According to one embodiment, the radi-
ant energy is supplied to the electrode gap in two or more
spots or areas for the purpose of achieving the highest pos-

25 sible certainty with regard to bringing the electrode gap to
assume an electrically conducting state. According to one
alternative the energy supply means may be designed to sup-
ply the radiant energy along an elongated area in the con-
duction path which is aimed at between the electrodes. Ac-

30 cording to an optimal embodiment this elongated area may,
entirely or substantially entirely, bridge the gap between
the electrodes. Although it is possible, in a case with two
or more spots or areas for radiation supply, that these
spots or areas are applied successively corresponding to the

35 propagation with respect to the electrical conduction path
between the electrodes in such a way that the spots or areas



the el ectrodes. Although it is possible, in a case with two or nore

spots or areas for radiation supply, that these spots or areas are
appl i ed sWO98R8M28ely corresponding to the 35 propagati on ROI/SEIZEIEEt t O
the el ectrical conduction path betmeen the el ectrodes in such a way
that the spots or areas 8

are successively applied with a tine delay it is, according to the

i nvention, normally preferred to apply these spots or ar eas
substantially sinultaneously for making the el ectrode gap conducti ng
nmonentarily Furthernore, the nmeans for supply of triggering.energy
may acc o?:ﬁ‘? n%“‘t"‘%e?%"?m ARP LD &L G ddme d%gﬁx’y theifad ?ﬁﬁ?gdlng

energy in a voltihe aventgien) ubodmal shapefedried t® paplicthese spatsyor
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which the r d ant “energy
suppl i ed i n gap ubhdncyibhgmonentgrily. plied relatlvely close to the
el ectrodg provided with an openi ng. 15 According to an alternative

enbodi ment, the energy sugﬁly means nay be designed to s éﬁ%% t he

radi ant enerfNTHREEMAFe. the’ means, for SHRRIYN9G FRigaeTing BhgBRRd
alr easbext endi{idﬂ@%rdln@ﬁtbefthet Hgweintdoho @S .adaptied E&F arpzﬂlyanth@nea@yaﬂﬁy
al SO e supplle to.the e ctroe a ransvesrsely ve to,an axis
o S he o oolehgtal Phi8 FpTEhEORELPR8 » rublifRRYShREY EELS! 14 arRitudns)
The swi t chi nga:alyam:germrtabé,_ecmmhmgone tde theerleotrodgsbediprigesd ant h
advant agg f xgﬁk%' %ﬂr&?&ho\kﬁi&“ﬂ g fl%éi‘&?ﬁ: energg(ci@'é& 1 QP ajRgbl e
conventlona % ans o sem - conductor art resse |n Ot her

wor ds, el ect¥WieR| t@npadiant fBAFYY nEYPBLLIG; in %yt%‘éfér ofo}wee sif t @Rt ng

arrangenment gried rel@ftdihviedyt Gcldige i BBeRiHedNel EcbibdeibpbeoRiaB@ withChan
el ectrical 30 coqgonents havi ng properties simlar to those known per se

15 According to an alternative embodiment, the energy supply
means may be designed to supply the radiant energy in a plu-
rality of substantially parallel, elongated areas extending
between the electrodes.

20 The radiant energy may also be supplied to the electrode gap
transversely relative to an axis of the electrodes in one or
more spots located between the electrodes.

The switching arrangement according to the invention may be

25 used with advantage for realizing various switching func-
tionalities obtainable conventionally by means of semi-
conductor art. Expressed in other words, electrical compo-
nents may be built by means of the switching arrangement ac-
cording to the invention in suitable number, such electrical

30 components having properties similar to those known per se
within for instance semi-conductor art.

Further advantages and features of the invention, particu-
larly with respect to the method according to the inven-
35 tion, appear from the following description and claims.



within for instance sem -conductor art. Furt her advantages and

features of the invention, particu- larly with respect to the nethod
accor di ngV@ 8829188 nven- 35 tion, appear fromthe followi ngPEESEYBI30n and
cl ai nms. 9 BRI EF
DESCRI PTI ON OF THE DRAW NGS Wth re®erence to the encl osed draw ngs,
a nore specific description of an enbodi nent exanple of the invention
fol- 5 |ows hereinafter. In the draw ngs: Fig 1l is a
purely diagrammatical viewillustrating the 10 basi ¢ aspect
pehind the Seithd WVedCRobALAR bR mue DRAWINGs [he !nvent!on, Fi gs
2a- 2d a di agrammtical 15
formand in a conparative way fault current de- vel opnent s
and the enemﬁ%ﬂe¥$E%Q@5@é‘Méhtﬁadenclosed_drawiﬂgﬁbmﬂ héfed@perd fic
according to_the | nvention; Fig 3 I s a di ggranmmtical .vie

i 11 ustrati nfleserhpEign 9§ an embodileny example YT PYENLIOTY g‘ﬂg‘ to
the inves- lows hereinaftefn, Fig 4 is a diagrammati cal
detailed viewillustrating a possi bl e design of the
over-current reducing ar- 25 rangenment,

In the drawings:

Fig 1 is a purely diagrammatical view illustrating the
10 basic aspect behind the solution according to

the invention,

Figs 2a-
24 are diagrams illustrating in a diagrammatical
15 form and in a comparative way fault current de-
velopments and the energy development with and
without the device according to the invention;

Fig 3 is a diagrammatical view illustrating a conceiv-
20 able design of a device according to the inven-

tion;
Fig 4 is a diagrammatical, detailed view illustrating a
possible design of the over-current reducing ar-

25 rangement,

Figs 5-7 are views similar to Fig 4 of different variants,

Fig 8 is a diagrammatical view illustrating an optical
30 system for energy supply to the electrode gap:;
Fig 9 is a view illustrating an alternative optical sys-

tem placed at the side of one of the electrodes:;

35 Fig 10 is a further alternative for an optical system ar-

ranged to supply the radiant energy around one of



Figs 5-7 are views simlar to Fig 4 of different variants, Fig 8

Is a diagrammatical view illustrating an optical 30 system f or
ener gy sgbﬁb%ﬂ%%st he el ectrode gap; Fig 9 i s a vPEWSEDTARISY at i ng
an alternative optical sys- tem pl aced at the side of one of
t he el ectrodes; 35 Fig 10 Is a furitther alternative for an optical
system ar - ranged to supply the radi ant energy around one of
10 the el ectrodes and co-axially relative thereto

wi t hout need for an opening in one of the el ec- t r odes; 5
Fig 11 s a view of, an aptical.sys based_ u u fos

optical fibres; ICEFg efJgectrcrdse% %?‘?nc&%l_éeix%/?gf i %%l}%tl’la‘.':[el na:hre@e;tgct I on
of | i ghwithewtit negdf fom arpobpentegir e bpenmdfhsthe elec-
refractive axicone; grogeftd 13 is aviewsimlar to fig 16 but show ng
t he action of the axicone on a collimted | aser beam 15
Fig 14 Is aviewillustrating the function of a refrac-

tive axsconpi?ongeneigt aORrieky BT edrongstiesh)f agaitem based upon dseaof

between the e eCtrOdegbtical fibres;

Fig 12 is a principle view illustrating refraction of
light emanating from a point source by means of a

10 refractive axicone;

Fig 13 is a view similar to fig 16 but showing the action
of the axicone on a collimated laser beam:;

15 Fig 14 is a view illustrating the function of a refrac-
tive axicone for generation of an elongated focal

area between the electrodes:;

Fig 15 is a diagram illustrating the power density along

20 the focal area in fig 18;
Fig 16 is a view similar to fig 18 but illustrating the

use of a diffraction optical component;

25 Fig 17 is a wview illustrating focusing in an elongated
area by means of a reflective axicone;

Fig 18 is a view illustrating use of a diffractive axi-
cone (a kinoform) capable of generating focal ar-

30 eas having different geometrical shapes:;
Fig 19 is a diagrammatical view illustrating the device

according to the invention applied in an electric
power plant comprising a generator, a transformer
35 and an electric power network coupled thereto;



Fig 15 Is a diagramillustrating the power density along 20

the focal woes29928 fi g 18; Fig 16 Is a viewsimlar ﬂﬁ%o but
illustrating the use of a diffraction optical "conponent’; 25
Fig 17 is aviewillustrating focusingyyn an el ongated

area by neans of a reflective axicone; Fig 18 IS a view
Illustrating use of a diffractive axi- cone (a kinoform
capabl e of generating focal ar- 30 eas having different

geonetri cal shapes Fig 19 IS di agrammatical view illustrating

the device Fig 20 is aaé’é@’“ﬂlﬂghﬁ?%nigwm iNPTHH IS Pe sHPRLEedri ¢

power plant conprisingte gerdlattraid rgasf ekaRsvébsely relativ@GcéNan
el ectric power network cqupl ed theret a, view

i 1lustrating how ener gP5may SFI"O H 3@@ electrodes, qﬁ?téh?e?%%??gﬁgtgap
transversely rel ative timgamadiant energy being suppbied oin he sisgleospst

fig 20a ig lustrat- or area wherBds' 284! SGOR" %PS'&Q SHORL 1 50chP 2

single spot 5 or area whereas three s ot s or areas occur

in fig 2ddg 20b; Figs 2la and b are views

Il lustrating how the radiant energy may 10 be supplied such that

sever al substantl%lly par al - | el and electrically conducting

channel s ar eFigs formed between the el ectrodes; Fig 22

I's a sidevi eand bust r atareg viewaniddusiiatioge et the radiant energy may
10 be supplied such that several substantially paral-

lel and electrically conducting channels are
formed between the electrodes;

Fig 22 is a sideview illustrating an embodiment somewhat
15 similar to the one in fig 10, it being apparent
from
Fig 23 that a plurality of individual kinoforms (diffrac-
tive optical elements) are arranged around one of
20 - the electrodes.
Fig 24 illustrates in diagrammatical form <that the

switching arrangement according to the invention
may fulfil a bidirectional triac function,

25
Fig 25 is a wview illustrating a unidirectional triac
function,
Figs 26-
30 28 are three different examples on how bidirectional

triac function may be achieved by means of switch-
ing arrangements according to the invention each

comprising two switching means,

35



15 simlar to the one in fig 10, it bei ng apparent
from Fig 23 that a plurality of individual kinoforns (diffrac-
tive opt W82 ents) are arranged around one of 20 PCT/SEY /02853
el ect r odes. Fig 24 illustrates in diagrammtical form that
t he swi tching arrangenent mZcording to the invention
may fulfil a bidirectional triac function, 25 Fig 25 Is a view
illustrating a unidirectional triac function, Fi gs
26- 30 28 are three different exanples on how bidirectional
triac functign r’r§¥ be achi eved by neans of swtch- I ng
arr angenent £188c6P8 ng to the invention each conpri sing two
swi t chi ng maans, 35are views illustrating that the switching Frrange-
Fi gs 29a- d e Y L ust [ Lhed | ' r e-
ment according to themle%\r}:eﬁ%%:g%ﬁg}bsgéi {_élgéc%g‘f)l i ngorﬂ}??%&ffég %‘emé]iiﬁ{bgne
or nore di ode functioWditht pee REyMgEepiicdg functionalities May BeRAQon
l'ike a whyristor, videdo&o3@unctisidlBite aatyri@gd,es on how switching
arrangenents accord- ing to the invention may be used with
triac func- 10 tion or thyristor function, and

Figs 30

and 31 are examples on how switching arrangements accord-
ing to the invention may be used with triac func-

10 tion or thyristor function, and

Fig 32 is a diagrammatical view of the switching arrange-
ment according to the invention in a series
switching function.

15
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

An electric power plant comprising a protected object 1 is
shown in Fig 1. This object could for instance consist of
20 a generator. This object is connected, via a line 2, to an
external distribution network 3. Instead of such a net-
work, the unit denoted 3 could be formed by some other
equipment contained in the electric power plant. The elec-
tric power plant involved is conceived to be of such a na-
25 ture that it is the object 1 itself which primarily is in-
tended to be protected against fault currents from the
network/equipment 3 when there occurs a fault in the ob-
ject 1 giving rise to a fault current from the net-
work/equipment 3 towards the object 1 so that the fault
30 current will flow through the object. Said fault may con-
sist in a short-circuit having been formed in the object
1. A short-circuit is a conduction path, which is not in-
tended, between two or more points. The short-circuit may
for instance consist of an arc. This short-circuit and the
35 resulting violent current flow may involve considerable
damages and even a total break-down of the object 1.




Fig 32 I's a diagrammatical view of the sw tching arrange-

ment acc di 58 the invention in a series swi tching
function. 928 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MERGFESE97/02153An

el ectric pomer pl ant conprising a protected object 1 is shown in Fig 1.
This object could for instance consist ol320 a generator. This object is
connected, via a line 2, to an external distribution network 3. |nstead
of such a net- wor k, the unit denoted 3 could be forned by sone ot her
equi pnment contained in-the electric power plant. The el ec- tric power

pl ant invol yed.i_s | i f.S a..; t stB
object 1 i tggl #Smﬁﬁgwé%gdrggoﬁﬁg?sgﬁlﬁ-gﬁgt Fg?i:geé teblé‘rset %l?ﬁéct b%gal nst
fault curreproteadiad heelectydioadr k/ edepgkent 3,mheﬂh@h§réiﬁ§@aﬂs achzul t

in the ob- rentdsyFaullt BFehts Sﬁai-ﬂfﬁlf%5| thelbbSRict fI0Nuéseibat ma
wor k/ equi prent 3 towards the obje S #g the ault 30 "current w
?ﬁ@éco

f1ow t hroughlPHe obFeR:. RBRd ject g fpwards spihe ci Pelr t
havi ng beenwb&kmmﬁuﬂpMénx(ﬁuemﬁthln ﬁheAsebpetoelmhetlnvemmtomduﬁtlms

pat h, which, Ng [ € I nt T
short-circui P%I’er‘lfrl‘%ted t Obe tu ance Coﬁgllgglecttﬁ%a urgc)poslglgs gﬁ: r-t%l‘gﬁrt
and the 35 pr@st@lqmr@ vo bl ¢me xbject flrom myternally enaiaking| fault

danmages andc%‘fﬁiérgl—] - i pofago‘ggwso%ﬂéhs\kl)mﬁgb%c&nﬁ ealso from internal

13 nted out t ast sonme types o
protected &PBdit @EFTeREsedns the okjeet- &lpwing Jfyrthe °HR9§%#¢aGFr

currenyi®p ha&@@%ldﬂ)tfﬁiéﬂuiii b8 Qusehis88aNMy moref lddwafr oth the fol-
protect ed g Iect towards the net- 5 work/equipnment 3. Wthin the scope

of the inve 9t is i ntended to be used for protection purposes not
only for protectlon of the object fron1externa||y emanating fault

Chrrones | il Mg B SOl oRhE oty A Ghe 1 simp 2 e
be di scussedascvm*\'elqmt aalwanSttb@fmntloned as consisting of an ex-
15 ternal electric power network. However, it should be kept
in mind that some other equipment may be involved instead
of such a network, as long as said equipment causes vio-
lent current flows through the object 1 when there is a
fault.
20
A conventional circuit breaker 4 is arranged in the line 2
between the object 1 and the network 3. This circuit
breaker comprises at least one own sensor for sensing cir-
cumstances indicative of the fact that there is an over-
25 current flowing in the line 2. Such circumstances may be
currents/voltages but also other indicating that a fault
is at hand. For instance, the sensor may be an arc sensor
or a sensor recording short circuit sound etc. When the
sensor indicates that the overcurrent is over a certain
30 level, the circuit breaker 4 is activated for breaking of
the connection between the object 1 and the network 3. The
circuit breaker 4 must, however, break the total short
circuit current/fault current. Thus, the circuit breaker
must be designed to fulfil highly placed reguirements,
35 which in practice means that it will operate relatively
slowly. In Fig 2a it is illustrated in a current/time-dia-




| ow ng. In the follow ng, the designation 3 will, to sinplify the

descri pt iwWH.og2e948YS be nentioned as consisting of an ex- 1
el ectric power network. However, it should be kept %q[é‘&{p%%lsgone

ot her equi prent may be invol ved instead of such a networ k, as long as
sai d equi pnment causes Vi o- lent currefit flows t hrough the object 1 when
there is a fault. 20 A conventional circuit breaker 4 is arranged
in the line 2 bet ween the object 1 and the network 3. This circuit
breaker conprises at |east one own sensor for sensing cir- cunst ances

i ndi cative efrdmhethatt whieal 4 h€aelts @oroviistahcecar rendrt! a\iicmgl'rm ime
line 2. Suc CII’ um;ta es u tg/vol tag b
e 2 e B AN PO dBr D%y, thEUELRR! REUouLA0RRD Yoo mililiale

i ndicating t I's at i n e sensor
arc sensor in whe alseasdenoéedr di Agp SHar t1 crapidly sagsumesc thléIFﬁgm'tP

sensor indi Qg {pat thi§ %%rlccurémeﬂ@ Pgeasab&%& byOmehB¥Clos e

circuit breaker 4 S act | vate for breakin he connect I on bet ween
the obj ett Figrnihebreekerk43atria ., whichcdst al JBast 4avitBin Hofkves
break the taimdesShefl,,1+. Figcaat 1th§%&b/t‘°e%U|ﬂ1§L&ia§}§amTha& airhl?, cag<ui t

br eaker d“és ned to fulfil Y, ed_reguirements, 35
which in prﬁﬂ’i‘i’é’%&%ﬂ h? RaERPTIY; FEV 8‘&8#’%{3(9 1rrg @P?VBF CtegF&tﬁVC%i ™ Fi g
2a it is illassta atedsequencar béntthiel mhalita-circuit therein. The energy

14 I or, t he
object 1, océ'gig éé}ta&% \r/]\/gglt@ - ﬁ]ezr)lr) ée%hgm c(‘f} QQ é EBBQHhhﬁhEF of
denot edl® | rthe gSllor‘ap¢H¥9ua§sG#§§ePﬁe igag rﬁccordllttm i Fepresentiesd fl%}ﬁl t

current i[erdte itotdPkOFedVofPaS ShtdPereStahitdi &nbﬁggkgaﬁ at t[err],
which is at |least within 150 ns after t[err]. Fig 2d illustrates the

diagrami 2t and, ac- cordingly, the energy devel oped in the protected
object 1 Itasia tansequeramnmdctivn shoihtedr outt tHer ethe T?Imlenemg:y-

|nject|on|q{ eo%:) t, 908U S aye of, .1 t
et LT it Y L6 2 058 A 2o SRASETNENSR Y Cod b ene
envelope of the extreme value. Only one polarlty has been

drawn out in the diagram for the sake of simplicity.

The circuit breaker 4 is of such a design that it estab-

lishes galvanic separation by separation of metallic con-
20 tacts. Accordingly, the circuit breaker 4 comprises, as a

rule, required auxiliary egquipment for arc extinguishing.

According to the invention the line 2 between the object 1
and the switching device 4 is connected to an arrangement
25 generally denoted 5. This arrangement may in general re-
gard be designated as a switching arrangement. In the ap-
plication shown, the switching arrangement has the func-
tion of an arrangement reducing overcurrents towards the
apparatus. The arrangement is actuatable for overcurrent
30 reduction with the assistance of an overcurrent conditions
detecting arrangement within a time period substantially
less than the break time of the circuit breaker 4. This
arrangement 5 is, accordingly, designed such that it does
not have to establish any galvanic separation. Therefore,
35 conditions are created to very rapidly establish a current
reduction without having to accomplish any total elimina-




the total area of the outer rectangle in Fig 2d. It isinthis

connect i @iy gaplogdged out that the fault cur- rent in Fi gecE@Es7/exish t he
currents in Fig 2d represent the 15 envelope of the extrene value. Only

one polarity has been drawn out in tjhe diagramfor the sake of
simplicity. The circuit breaker 4 I's of such a design that it estab-

| i shes gal vani c separation by separation of netallic con- 20 tacts.
Accordingly, the circuit breaker 4 conprises, as a rule, required
auxiliary equipment for arc extinguishing. According to the invention
the |ine 2 biomeef tthe @bqrer@mtl flowimg ﬁgrm svhe ar P ? ckowardse dhgect ed
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of an ovVer detécting arrangenent wthin a t r|od
subst anti al fgr ovelressrrendn netdkiark o nthef l?ﬁélCIlIZClﬂt’t theakdmes toThi s

ar r angement pRi %11&&0%%9%1( %'%}“ﬁ%esﬂéﬁrégéhtét dResoraingDy, hawe to

establi sh any gal vani c separati fore conditions are created to
very rapi dl yeastappi stine cgf-r dhe ove‘F%‘éPEPE?‘i‘%nr\%ﬁPFF&GH [FRA HRPEBeREC Pl i sh

any total egiAbBathe task of the arrangement 5 is not ¥» break buton of
the current flow n gfromthe% rdsé rote ed Obj%Ct 1.
Fi g 2b1PI | uSPLEt eEeTHCR ot S a[“\(,){ﬁ hgurren aset AT c E?"(‘)erl‘—' g S tMat the
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for overcurllragn ﬁ %i)gnq;t%c?t evel g éﬁgH{)ig ag ltn?? lljérEThe tinme
i nterval t[tlm]le’d[ ethqltrwré‘%ﬁ sre@té'éﬁi‘-@ﬂngﬁ%pmtﬁbe 13“?%lacﬁ-ﬂ.ont?| o f
the overcurig{}[ﬁ_lr%cigg iHUHERIRd Be acconpisHd® waskiff die or a
n

arrangenent 5 is t o break but
J few ms after unacceptable overcurrent conditions having
been detected. It is then aimed at to accomplish the cur-
rent reduction in a shorter time than 1 ms, and preferably

more rapidly than 1 microsecond.

20 As appears from Fig 1, the device comprises a further
breaker generally denoted 6 and arranged in the line 2 be-
tween the circuit breaker 4 and the object 1. This further
breaker is designed to break a lower voltage and current
than the circuit breaker 4 and may, as a conseguence

25 thereof, be designed to operate with shorter break times
than the circuit breaker. The further breaker 6 is ar-
ranged to break not until after the overcurrent from the
network 3 towards the object 1 has been reduced by means
of the overcurrent reducing arrangement 5 but substan-

30 tially earlier than the circuit breaker 4. From that
stated, it appears that the further breaker 6 should be
coupled to the line 2 in such a way that it is the current
reduced by means of the overcurrent reducing arrangement 5
which will flow through the further breaker and which, ac-

35 cordingly, is to be broken by means thereof.



10 only reduce the fault current, the arrangenent may be caused to
react extweogbheszgapi dly, which will be di scussed nor e

: 102153 ,
thereunder. As an exanple, it nay be nen- tioned that current reduction
fromthe level i[err] to the | evel ? is intended to be acconplished
within one or a 15 few ns after unaccep gble overcurrent conditions having
been detected. It is then ained at to acconplish the cur- rent
reduction in a shorter time than 1 ns, and preferably nore rapidly than
1 m crosecond. 20 As appears fromFig 1, the device conprises a further
breaker gendiid | $bddidiustmmterl thearmgdd.dm o¢fie thenefirtizer bramﬂan 6he
circuit breakgs dppaaxkbbe @D exﬁéré sEQbifiHE%ﬂ?r desltB'rE&i( gngd to
break a | ower volt e and current e“Circult brea and may,

as a conseqUéMtet taer Wbichyeans dhat tthe pdraatian: ﬁfsﬁ-'d’ﬁ FuUBFenk
tines t hian téaucedc iyt li:é&wéﬂ%f the fdﬁéf@lrﬁéz@@kﬁédﬁchhgararran géanged

to breakz no &l the urr f.r t he net wo 3 towards the
obj ect lishaé“éé‘men re%uceES§? é‘ deqﬂ‘l’mﬁ?rea'om%‘?ﬂifeﬁ? Fb&ucﬁ’ﬂf pe-
arrangement IBLQﬂJttgubgt- affhe3(consedusnamr i serthiatanthdieenergy tijedkion 4.
From t hat r h h r shoul d

coupled to the&fl ne ]ll‘(?]ts %@ é\h}ggé%h%t Sa{lgé& ?%egc(l%%?erﬁ curr%%%u%é%mby
nmeans of th&hsyeretiverht 3ré®c¢¢@r%$¢@tgénbm the sumpfacéeswnarkildowithough
the further dyleakes PosedhifhrigC2a35 11CUhdty. tl'1§tt9 B%a@ﬂl&e%éafugeans

t her eof

i 11 ust ro es TR RF i Bheopreray; d'lntJI‘?Ert"l?Peeﬂﬁera@le"ed ThRs tBP-@aI&'é?m’r%c' nor e
speci fi cal | ygictesitgnes poimtedkoat that I;hﬁcé], rracbbealihg W &h dpEtiseidat

the duratio it he re duced ans of the current
reduci ng ar ;ﬁ‘é'(rzlig;ee- Eﬁg e?{&?y lné% ST anti &’I"It T nPEEET®n a‘?g %E‘Fo e tine
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achi eved. .Ip thIS connec- tion it is pointed out that since, according
to a specrf@%e dimensioning of the arrangement 5 and the further
breaker 6 is conceived to be carried out such that the ar-
rangement 5 reduces the fault current and the voltage to
20 be broken by means of the further breaker 6 to substan-
tially lower levels. A realistic break time as to the fur-
ther breaker 6 is 1 ms. However, the dimensioning should
be made such that the breaker 6 is caused to break not un-
til after the arrangement 5 having reduced the current
25 flowing through the breaker 6 to at least a substantial
degree.

It is illustrated in more detail in Fig 3 how the device
may be realised. It is then pointed out that the invention
30 is applicable in direct current (also HVDC = High Voltage
Direct Current) and alternating-current connections. In
the latter case, the line denoted 2 may be considered to
form one of the phases in a multiphase alternating-current
system. However, it should be kept in mind that the device
35 according to the invention may be realised so that either
all phases are subjected to the protection function ac-



nodel , the energy increases with the square of the cur- rent, a

reduct i onrwo®saseshal f of the current reduces the ener gpCT/SE®ENI2IS3N tO a
fourth. It is illustrated in Fig 2c 15 how the fault current will flow

t hrough the arrangenent 5. The di ngmsi oni ng of the arrangenent 5 and
the further breaker 6 is conceived to be carried out such that the ar-
rangenent 5 reduces the fault current and the voltage to 20 be broken by
nmeans of the further breaker 6 to substan- tially lower levels. A
realistic break tine as to the fur- ther breaker 6 is 1 nms._ However,

the di mensi GRFRLRGoEPI the bRVERFECTUAM tFaset RE R edREPCESDs £alkEdOFo
break not unrchat oﬁiﬂé ghier phliseabirarposenphadey ivteredicedul becagreart 25
fl owi ng throucg(? t he reakgr. 6 tg at Iea%t n sutaﬁ‘t atntcj al degr ee.

It is illust?ErEi A FoPRPIBCEPP R FEETS ok oW E &N ce may be
realised. It is then pointed out that the invention 30 is applicable in
direct cgrr = Hi I ] n __ﬁ[}g

alter nat?ng%%r rgghtgggolém%c Tglﬁge ?fﬁ {:ﬁg%t k%mI %{’gfé%%é{}%t tﬁ:)ee I Tie Hehoted 2
may be consikxriRgement genespilyndepptefe Spieembrises anlevpregrrent di-

al ternati Ng-wa¥£&Pt 7 forsYEiwsttHiyesobrcurrehtd ddeekeph ign i ngrhbat the
device 35 accordi ngﬁ_}g t he jinvent]on maéﬁ’be real i sed s]c_> tt at either

al | phases &SuBp g B hh PGl PR B LS an the net-

17I ) casxik Ng .t THUE | tivenbivercurreate divertet embgd Heautbnsideredt hat
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overcurrent shotiagrenit to earfdnen gthereite dedowedBTurial sBsfam
overcurrent s purg}%bt &5 7ai Qbreivg’ ltwglex%ma T%?ﬁ&ﬂtgﬁit 'bfr@r of

ot her - W se another unit having a | ower potentia an t he net -
work 3. Thusthe heugFendurftewingvdiy cthnyime cdnSdctat 12l FUFRRRY a

current di vidisss Wib€hréaghdtieesbbjbbitshetcdbe protected. If there is a
i5 serious fault in the object 1, for instance a short cir-
cuit, which is of the same magnitude as the short circuit
that the overcurrent diverter 7 is capable of establish-

ing, it may be said that generally speaking a reduction

to one half of the current flowing to the object 1 from

20 the network 3 is achieved as a consequence of the overcur-
rent diverter 7 in case the fault is close to the latter.

In comparison with Fig 2b, it appears, accordingly, that

the current level i; illustrated therein and being indi-
cated to amount to approximately half of ij may be said to

25 represent the worst occurring case. Under normal condi-
tions, the purpose is that the overcurrent diverter 7
should be able to establish a short circuit having a bet-

ter conductivity than the one corresponding to the short
circuit fault in the object 1 to be protected so that ac-

30 cordingly a main part of the fault current is diverted to
earth or otherwise a lower potential via the overcurrent
diverter 7. It appears from this that, accordingly, in a
normal fault case, the energy injection into the object 1

in case of a fault becomes substantially smaller than that

35 which is indicated in Fig 2d as a consequence of lower
current level i, as well as shorter time span t3-t3. It



short circuit to earth or otherwise a |ow potential 8 for t he purpose
of divert wy9si299dgeast a substantial part of the current t he
line 2 so that said current - does not reach the object 11,&11‘@&‘5‘%’21531
protected. If there is a 15 serious faul{gin the object 1, for instance a
short cir- cuit, which is of the sanme nmagnitude as the short circuit
that the overcurrent diverter 7 is capable of establish- ing, it may be
said that generally speaking a reduction to one half of the current
flowng to the object 1 from20 the network 3 is achieved as a consequence
of the overcghould benwchyipus ethati g @REtatr pagtection ote Ptained

latter. lal P IR S@r’sﬂbf%\-&tﬁc@ﬁ: | yh BORERAS bééﬁOéQta&Imsﬂéaat has
the current level 12 ill strated thereln and }p‘glang:ln i - cat ed
|

anount to apfr SOMEYREY HRWEToFCIMBTEIHEY bk he, one F’é’ﬁlr&sé’fﬂnqoﬂég
wor st occurrisag thee. sﬂ&ﬂﬂcmm cdandit- in thieonsbhjébet @r gasebées giwt
t he over%;rr%nt dlti/erter shoul d be able to establish a short circuit
havi ng a “bet ‘er conductivity than the one corresponding to the short
circuit fault in the object 1 to be protected so that ac- 30 cordingly a

main part of I@%éé‘“b&eﬁ“&d’o‘%ﬁtehs di'itveéﬁé?@ tRe notS%E.BH y:] R&-@eB‘Ml tﬁns

| ower potential via the overcurrent diverter 7. appears from
that, accordicides iep%Eth bupoppratheqyppitad th h% Eﬁ‘é?ﬁypi‘-’rﬁe@@til thar

g ge \%EJ ect 1lthe d&@gequ@mtzaml B.bggoRms t&éb&bﬁ:nﬂzblabby noRld athddatné hat
| i's indi te | a onsequence ower nt
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18 S gl tihehre eqimilpoesxtt Hatladedrini therelectrion pcsvemtzalarm, saidil SO

when a short - hqhas I rg;xﬂ?
conductivity ;anJ %:Wek:g: one ¢ r?e%8§§g| favér d)§h‘%t?‘vhtgi‘%or CI FCui t au)f
the object 1io affentive SEQ%ctlé%l network/quumnqmera,potm whieht ‘ql'#ﬁatob'he

notation 8 nglectnlly, kwhich isCkHUBE SAGtdotud, andidiginddtida. Wi th a | over
potential_than t he networ k/ equi pnent 3. 1t s thereby to be noted that
the 10 It 8 possibly could be fornmed by another power network or

The over-current diverter 7 comprises switch means coupled

between earth 8 or said lower potential and the line 2 be-
tween the object 1 and the network 3. This switch means com-
prises a contrcl member 9 and a switch member 10. This
20 switch member is arranged to be open in a normal state, i.e.
insulating in relation to earth. The switch member 10 may
however be brought intoc a conductive state wvia the control
member 9 in a very short time in order to establish current
reduction by diversion to earth.
25
Fig 3 illustrates that an overcurrent conditions detecting
arrangement may comprise at least one and preferably sev-
eral sensors 11-13 suitable for detecting such overcurrent
situations requiring activation of the protection func-
30 tion. As also appears from Fig 3, these sensors may in-
clude the sensor denoted 13 located in the object 1 or in
its wvicinity. Furthermore, the detector arrangement com-
prises a sensor 11 adapted to sense overcurrent conditions
in the line 2 upstreams of the connection of the overcur-
35 rent reducing arrangement 5 and the line 2. As is also ex-
plained in the following, it is suitable that a further



anot her equi pnent included in the electric power plant, said equi prrent

havi ng a Womssr29928vel of voltage than the one which Is e r the
net wor k/ equi pnent 3, to which the ob- ject 1, which is %%ﬁggbﬁﬁg%gcted
i s connected. 15 The over-current divgjter 7 conprises switch neans
coupl ed between earth 8 or said | ower potential and the line 2 be-
tween the object 1 and the network 3. This switch neans com prises a
control nenber 9 and a switch nenber 10. This 20 switch nenber is arranged
to be open in a normal state, i.e insulating in relation to earth. The
swi t ch menbefengoray 2 1slﬂﬁm3k§e%et%r§§§ﬁﬁ itheo arrifuct1oeingaie whe t he
control eHReR folRrdsVenhe @bﬂlﬂﬁtdfbé" té8te8! abl bsh ther RiH-

reduction by diversion to earth. 5 ustragtes that an
overcurrent T8BRGI MG (RRS . PSRR red%ﬁ? %Iﬂﬂﬁaﬂiyo oS sBVEF EF&™ Hne
and preferabfgd&extng artdnjesentors 1inldhddithbhe fir dst qeiimgedudut

overcur 8Nt snasSihUALANST ol 100,261 KAl ORISR CEEbLEN 15N G5 30
tion. As also appears romFig "3, tThese sens
sensor denot edpableoedt eensinchethj@errentr filﬁWlng ins theiking 2 in a

Fur t her nor e, d&béc@@EﬁCtﬁa$rfﬁaﬂe% EBFect 1,PrESeSinstame il adapted
to sense overcurrent c i ons the line 2 upstreans of the

connecti on oVhERE RRPEIY - "@gnerférﬁalrlé’duﬁtﬁﬁegr r’aﬁﬁgéﬁh?nﬂl?ailﬁﬁﬁf the 9Lvigs 2.

As is also e¥ise topbacuggent diedoddwwiys fidom stiselidiepeettbat a further
19 sensor 12 is provided to sense the current flowng in the

line 2 %8wards the object 1 to be protected, i.e. the cur- rent which
has been redbtedsbypoizetresi ajut hehavetber senisors Yledifidy aotangesssars | n

addi tion, ityhg p,gvgtq%%g é&@@it&@& S8y eh nl#z @&gﬂla&a Qs%'aué?tln )

sensor 13, is e of sensing t ng rn l'i ne
dlrch(Hlamﬁ?nﬁﬂﬁmt#ﬁ?ﬁﬂﬁ%ctwithﬂ&'Fh%t&ﬁ@@%rpﬁa§b§ invepieien endhg,
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away fr t he obj ect 10 It, i s poinhted out t at the sensors 11- do

not necg?s may sense any conditions in icative o he occurrence of a
fault of the nature requiring initiation of a protection

function.

In cases where such a fault occurs that the fault current
20 will flow in a direction away from the object 1, the de-
vice is designed such that the control unit 14 thereof
will control the further breaker 6 to closing, in case it
would have been open, and, in addition, the overcurrent
reducing arrangement 5 is activated such that the short
25 circuit current may be diverted by means of the same.
When, for example, the object 1 is conceived to consist of
a transformer, the function on occurrence of a short cir-
cuit therein could be such that the short circuit first
gives rise to a violent flow of current into the <trans-
30 former, which is detected and gives rise to activation of
the arrangement 5 for the purpose of current diversion.
When the current flowing towards the transformer 1 has
been reduced in a required degree, the breaker 6 is caused
to break, but, controlled by means of the control unit 14,
35 not earlier than leaving time for the energy, in occurring
cases, magnetically stored in the transformer 1 to flow




i1y have to be constituted by only current and/or voltage sensi ng

sensors. _Wthin the scope of the invention, the sensor f such
nature tY; ”Pﬂ%?;? general ly speaking 15 nay sense any conoﬁ%ﬁ%ﬁh i cative
of the occurrence of a fault of the _nature requiring initiation of a
protection function. In cases?fhere such a fault occurs that the
fault current 20 will flowin a direction away fromthe object 1, the de-
vice is designed such that the control unit 14 thereof will control the
further breaker 6 to closing, in case it woul d have been open, and, in

addition, the OVereHr G trank8d¥mby 18r4NIBEE I veritediCinatittk saeh t hat
the short 2 circurt _current nmay be diverted by neans of the sane.

Wien, for e5@mgPBEntha-object 1 is conceived to consist of a
transformer, the function on occurrence of a short cir- cuit therein
could be sucgh that the short .circui ' ' | Sfhi® GeNbpheny flow
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a required degree, t | S caused to bregk, but, cont olhed by
means of tHereake¥rol6unThelprepptiQn g, 1Sush ¢ FBAt é&?ﬁ‘?}g SreCPBF Prie
energy, in @SEHUrfiNgia oneases moregd ithal lgertiored 1413 heedetvesosigr 1 to
flow e e 2 af?}ﬁ r
t r ansf or merPa1SndPHE ARG SFHTRIRE 7% unag?%ﬁégﬁ%ﬁt : {8k Hfs
FurthelODretowheddetheechEpmiQestbaxn“anﬂunnﬁntgﬂ§QHQﬂng'érﬁéﬁgﬁ@éﬁi4.
This is Conge&tsedib. e%ﬁ.%i%@.&soéén&()i ed! &d NBapid1 9V L i&at viRdueeng

o the further K

arrangenent 5 "and : reaker 6. The operation is such that
when the comuized cunpent WedRGtipR. ofhapFengrolydiddhsbhs MPY. 182 BZS) ves

Si g- nalsnhadi GaldHotRacUhencerd seaseepiablicad asbhseds remds the
tovards thecggkgg%:%rtlegggécwggﬂgeégd%%hﬂge%rq%pggmggfficient de-
15 gree, it controls the breaker 6 to obtain operation
thereof for breaking when the overcurrent is below a pre-
determined level. Such a design ensures that the breaker 6
is not caused to break until the current really has been
reduced to such a degree that the breaker 6 is not given
20 the task to break such a high current that it is not ade-
quately dimensioned for that purpose. However, the embodi-
ment may alternatively also be such that the breaker 6 is
controlled to break a certain predetermined time after the
overcurrent reducing arrangement having been controlled to

25 carry out current reduction.

The circuit breaker 4 may comprise a detector arrangement
of its own for detection of overcurrent situations or oth-
erwise the circuit breaker may be controlled via the con-
30 trol unit 14 based upon information from the same sensors
11-13 also controlling the operation of the overcurrent

reducing arrangement.

It is illustrated in Fig 3 that the further breaker 6 com-
35 prises a switch 15 having metallic contacts. This switch
15 is operable between breaking and closing positions by



5is immrediately controlled to rapidly provide the re- qui red current

reducti oRyg dhegagntrol unit 14 may be ar- ranged such thelsydymaigshe
sensor 12 has sensed that the current or voltage has been reduced to a

sufficient de- 15 gree, it controls the breaker 6 to obtain operation
t hereof for breaking when the overcurrent is below a pre- det errm ned
| evel . Such a design ensures that the breaker 6 I's not caused to break
until the current really has been reduced to such a degree that the
breaker 6 is not given 20 the task to break such a high current that it is
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cl osi ng posidyPssdYis that the components 18 normally shouiﬂ-ke%F the
means of an operati n% menper, 16, which in_turn t he

LS .cqn- traolle
cont r ol 1Qinj CCRAUGEIGR path nin 1 $he SBURE 11nené‘§t éﬂ&eﬁrﬂ)ﬁ’rﬁc{ %quﬁfgﬁﬁi s
switch 15, sfigl sthamt Line whencaier issiitghorks ai s mbo ebeompenmd ssd Sthat
i ntended to avoid.H S [ t f wi{ch by
causi ng the % cuon’gdlrrlli{e‘; 15R€08§§E%ﬁt§v§% %h%(fﬁggoﬁﬁ%c:s Wl%c%t ifb% ?lglgm
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restrict the,QreeRicitiisy (ditinguidhid®seTths dipdith€9MeNeSémp2sse
nor mal lf’S Sh%lﬂed c:lfx? enF\)o:E'geassociated control members 19 connected to the

control unit 14 for control purposes. According to one em-
bodiment of the invention, said components 18 are control-
lable semiconductor components, for instance GTO thyris-
tors, having necessary over-voltage arresters 30.

20
A disconnector 20 for galvanic separation in the current
conduction path created by means of the shunt line 17 to
the object 1 to be protected is arranged in series with
said one or more components 18. This disconnector 20 is

25 via an operating member 21 controlled by the control unit
14. The disconnector 20 is illustrated in Fig 3 as being
placed in the shunt line 17 itself. This is of course not
necessary. The disconnector 20 could also be placed in the
line 2 as long as it ensures real galvanic separation, by

30 series coupling with said one or more components 18, in
the conduction path established by means of said series
coupling so that accordingly there is not any possibility
for current to flow through the components 18.

35 The device as it has been described so far operates in the
following manner: In absence of a fault, the circuit



10 conduction path in the shunt [ine 17 interrupted but close t he
shunt I.i%%ﬁghe swtch 15 is to be opened so that ?%5%" ~the
current is shntnted past the switch 15 and in that way arc 0 not occur
or possibly occurring arcs are efficiently extingui shed. The conponents
18 conprise 15 one or nore associ ated cthtrol nenbers 19 connected to the
control unit 14 for control purposes. According to one em bodi nent of
the invention, said conponents 18 are control - | abl e sem conduct or

conmponents, for instance GIO thyris- tors, having necessary
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controll ed Byi1the oR! Rl téH tmeans 10 Jfletﬂé S€08peGreent0 redudilngs tamt ed
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breaker 6. mbasugRoOnendP, 18aceordangyly)t |hoe 11mmwen athe voltage
non- conductin he, di sconnector 20 is,glosed., “éi%’p the

t %t% c E c t -£0
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I n- adve Into state
condi t iléns W&y |t|h¢g S"ﬁ-‘tcﬁb neans 21%15 ncehs eaﬁéﬁﬁéeoﬁuﬁl‘h over-voltage

arresters are illustrated on both sides of the switch

means 10. Accordingly, the over-voltage arresters have the

purpose to divert such overvoltages which otherwise could

involve a risk for inadvertent breakthrough in the switch
20 means 10.

The over-voltage diverters 22 are illustrated in Fig 3 to be
connected to the line 2 itself on either sides of the con-
nection of the switch means 10 to the line. It is in princi-

25 ple desirable that at least one over-voltage diverter has
its connection as close as possible upstreams in relation to
the switch means 10. The over-current diverters 22 could in-
stead, which is indicated in Fig. 3 with the dotted lines 26
be connected to the branch line forming electric connection

30 Dbetween the switch means 10 and the line 2. Such a construc-
tion enables integration of the switch means 10 and at least
one over-voltage diverter 22 to one single electric appara-
tus, which apparatus may be brought in electric conducting
connection with the line 2 via one single connection.

35



10 nospheric (lightning stroke) circunstances or coupling

measures waygnosagcordi ngly, not involve the voltage 3}35%3
the switch nmeans 10 in its non-conducting state to be excee or
this purpose it is suitable to coupl t | east one over-voltage
arrester 22 in parallel 15 wth the switch nmeans 10. In the exanple such
over-vol tage arresters are illustrated on both sides of the switch
means 10. Accordingly, the over-voltage arresters have the pur pose to
di vert such overvol tages which otherw se could i nvolve a risk for
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14 control s biReaking by means of the circuit breaker 4, for what rea-

son the object 1 to be protected immediately is liberated
from the full short-circuit current from the network 3 as
a consequence of the switch means 10 divertihg at least an
20 essential part, and in practice the main part, of the cur-
rent to earth or otherwise a lower potential. As soon as
the current, which flows towards the object 1 via the fur-
ther breaker 6, has been reduced in a required degree,
which can be established on a pure time basis by a time
25 difference between activation of the switch means 10 and
operation of the breaker 6, or by sensing of the current
flowing in the line 2 by means of, for instance, the sen-
sor 12, the operating member 16 of the switch 15 is, via
the control unit 14, controlled to open the contacts of
30 the switch 15. For extinguishing or avoiding arcs, the
components 18, e.g. GTO thyristors or gas switches, are
via the control members 19 controlled to establish conduc-
tivity of the shunt line 17. When the switch 15 has been
opened and, thus, provided galvanic separation, the compo-
35 nent 18 is again controlled to bring the shunt line 17
inte a non-conducting state. In that way the current from



over-current reducing arrangenent 5 to effect such reduc- tion, and
this norg, ﬁ‘?i% cally by bringing, via the con- trol t he
switch maé B{dl nto an electrically conductl ng state. W &"ﬁ)ed

before, this may occur very 15 rapidly, .e. in a fraction of the tine

required for br eaki ng by neans of t2|4e CII‘CUIt breaker 4, for what rea-
son the object 1 to be protected imediately is |iberated fromthe full
short-circuit current fromthe network 3 as a consequence of the switch

means 10 diverting at |east an 20 essential part, and in practice the main

part, of thgh&Uhetwork €3t thasakt exy eb?eew se ﬁagowerp%@ﬂbabntﬁ, SOOﬂ
as t he curre%t, V\hlchflowstowardst e obj ect V|ath fur-

breaker 6, T B&d&n rbtREdPEYiRG BEPRSH dé‘é'&eeeShunt wHineg ddn dnrto a
est abl i shecham-copduetihge Sasts, byaavanie 2§epdr£££6ﬁncrﬁaxb6t\&&€nadd1-

activation h 1 tlon of the b er or by
sensi ng of %eﬁcﬁ?é%?%gc%? \ﬁ(r%'belnst%f ﬁg‘ 256: PRESHO 12 fa%?’ Fﬁ?f'ance,
the sen® trabling thaeopssediingg menkeyr 25 therhefsvﬁrtcmh 1hei spntiral

the controlyaiit t144, wheR! a1l echdSe OPRR: 48RLSORLIE! %éguz:":.oedt hﬁré@f%ﬁa 1.

For extingyi shing or avoiding, arcs t he conponents 18,
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non- colﬁiuctmncg sttoata firshatemimod inen € ucaent bér otperated repeatedly.

24 t t h hj h fficjent
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enbodi nent can be opera repea
est abl i sheFABAIRGNFoOf anntheenml@,odlmentr 13t hds,t heowever|t toptemr 4

has been DU t @nha4¥! the over-current reducing arrangement 5 may

require exchange of one or more parts in order to operate
20 again.

It is pointed out that according to an alternative embodi-
ment of the invention, the component or components 18
could be brought into a conducting state as soon as the

25 over-current reducing arrangement 5 has been brought into
a closing state and this independently of whether the
switch 15 possibly is not opened thereafter. The control
of the components 18 could then, as described before, oc-
cur via the control unit 14 or, alternatively, by means of

30 a control function involving a slavish following of the
closing of the arrangement 5.

Fig 4 illustrates a first embodiment of the over-current re-
ducing arrangement 5 with switch means denoted 10a. The
35 switch means 10a has electrodes 23 and a gap 24 prevailing

between these electrodes. The switch means as it has been
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conpl etely operable. Ac- cording to anot her enbodinent, it is, however,
contem pl ated that the over-current2®educi ng arrangenent 5 nmay
requi re exchange of one or nore parts in order to operate 20 again.

It is pointed out that according to an alternative enbodi - ment of the
i nvention, the conponent or components 18 coul d be brought into a
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i || ustr & esThef meanse 25adiarentinoftheh examplec @nramgede for capuging) or at
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el ectrodes and a gap 24 prevailing ween these el ectrodes. _ The
switch nmeandustivityadpeppans of causing the gap or part thereof 2KO

described sgdh@if as148a8S 28aiis WHdiRby Gedddrpginil tHeat! €he mearis 0BBagap
24 to forman electrlcau%% confuctlng pat h betmggn t he Igctrodes. A
control nenB&f &RRAPLE RIS ThtFoleTY TER ofr‘éﬂpﬁlp’orf’ﬁf THhE9REHBS: s
f25a Vi ad he epeirigiyoltainthe 1é2echrodbe gapans ©254s atherabyhpmedented athahged
or causing,or at t initjatdn .elegtr QaRnt :
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el ectrical . ] nmeans causing t gap or part thereof
to f or menepgas nawhich siphetubp edSencppabl@at of hee §ing, ionigre

capabl e of 5e@l/i3iiRd adi%E" b BREImSUPR! ¥nefelddelsdd a0 energy to the
el ectrode gap.” It is thereby preferred that the triggering energy is
supplied in the formof radiative

15 The means 25a comprises according to a particularly pre-
ferred embodiment of the invention at least one laser, which
by means of energy supply to the electrode gap causes ionis-
ing/forming of plasma in at least a part of the electrode
gap.

20
It is preferred in accordance with the invention to supply,
with the aid of one or several lasers or other means 25a,
energy to the electrode gap 24 in such a way that the com-
plete electrode gap will be ionised and brought to the form

25 of a plasma respectively, approximately momentarily in such
a way that also the complete gap 24 immediately is brought
to electrical conductivity. In order to spare with and opti-
mize the use of the (normally) restricted available laser
energy/-effect, the means 25a may, in application of the in-

30 vention, be arranged so that they can provide ioniza-
tion/plasma formation in only one or more parts of the gap
24. In the embodiment according to fig 4, it is illustrated
that the means 25a supply the radiant energy in one single
spot or area 28. As will be described later, the invention

35 also comprises application of the radiant energy in a plu-
rality of spots or areas in the electrode gap, including



energy, which in turn is capable of effecting ionis- ing/initiating of
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15 more parts of the electrode gap. The established ionis-
ing/forming of plasma will be driven by the electric field
to shunt the gap between the electrodes in order to in this
way give rise to a low-resistant electrical conductive chan-
nel, i.e. an arc between the electrodes 23. It is pointed

20 out that the invention is not intended to be restricted to
use in connection with occurence of such an electric field.
Thus, the intention is that the means 25a should be capable
of establishing electrical conduction between the electrodes

also without such a field.
25

Due to the demand on the switch means 10a to close very rap-
idly for current diversion, it is thus desirable when only a
restricted part, e. g. a spot like part of the gap is ion-
ised that the switch means is dimensioned in such a way that
30 the strength of the electric field in the gap 24 will be
sufficiently high for safe closing. It is however on the
other hand a desire that the switch means 10a should have a
very high electric strength against breakdowns between elec-
trodes in its isolating rest position. The strength of the
35 electric field in the gap 24 should therefore be proportion-



convey or cause an electric breakdown between the electrodes as soon as

t he nmeangodkagdagve been controlled to triggering, e. pEPNERoYIIEN 'l Se
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gap. The established ionis- i ng/ fopping of plasma will be driven by
the electric field to shunt the gap between the el ectrodes in order to
in this way give rise to a lowresistant electrical conductive chan-
nel, i.e. an arc between the electrodes 23. It is pointed 20 out that the
invention is not intended to be restricted to use in connection with
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di verting azhclchehmwmnttlaaeehscbrredkéowhnnornlaﬂ.ljrotakesaphaeee when the
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switch rreasan 8 s1RC agal ns
undesi r ed thMg@FF@@,abP-tll"Cy Qécer apontanengsmrehledqamentron preferred t hat
the switch neans is formed in such a way that regarding its conplete

oper atlonabme StHBAGEN BN ttidee BbeE{id CeibeRd 1 hnttﬂéeaaere:%d@sgﬁ%f pgl d 10
stren which, is not_npre than 30% of the fé\ild stren §§ ich a
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i sol ati on. preferablyethox moaeorthamnadldy of the field strength at which

a spontaneous breakdown normally takes place. In order to on
the other hand achiewve an electric field in the electrode
gap 24, which promotes forming of an arc at initiation of
20 ionising/forming of plasma in a part of the electrode gap in
a relatively rapid way, it is preferred that the strength in
the electric field is at least 0,1% and suitably at least 1%
(E;), and preferably at least 5% of the field strength, at
which a spontaneous breakdown normally takes place.
25
The electrode gap 24 is, as may be seen in Fig. 4, enlcosed
in a suitable casing 32. A vacuum as well as a suitable me-
dium in the form of gas or even fluid may for this purpose
be present in the gap 24. In the case of a gas/fluid the me-
30 dium in the gap is intended to be formed in such a way that
it might be ionised and brought to plasma by trigging. It
would in such a case be suitable to initiate ionisa-
tion/forming of plasma in the gap 24 at a point somewhere
between the electrodes 23. It is however in Fig 4 illus-
35 trated the conceived case where there either is a vacuum or



| ow probability of a spontaneous breakdown. The strength of the
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el ectrode gap 24, which pronotes formng of an arc at initiation of 20
ionising/formng of plasma in a part of the electrode gap in a
relatively rapid way, it is preferred that the strength in the electric
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operate as &P dhectangs 28 with SUBRPerttPErtheroptical i SYSEYMaA’t oni sed
envi ronnent/ a plasma in the electrode gap 24 in such a way that thus an

arc will be fornmed, between the el ectrode On the el ec- 10 trodes 23
may accor di fg-® g F?'gl‘ﬂsﬁ’é%%e%na oBRht Ayt 2§9bt ﬂ%o%ﬁ‘? SWitih CHeRRE- | ¥98FS25a
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the optical e%srtg%m:‘?xz "a triggering area 28b, which is situated between
the electrodes and in a medium between these electrodes.
Plasma is accordingly, on triggering, intended to be devel-
oped from this area to bridging of the electrodes.
20
The variant 10c of the switch means in Fig 6 differs from
the one in Fig 4 in the way that auxiliary electrodes 31
have been arranged between the electrodes 23c in this case,
said auxiliary electrodes suitably being annular in a way
25 that the beam emitted by the laser 25c may pass through the
auxiliary electrodes 31. These electrddes are intended to
operate for smoothing the electric field between the elec-
trodes 23¢ and may be isolated from each other, i.e. they
may be on a floating potential. The auxiliary electrodes re-
30 sult in improved safety against a spontaneous breakthrough,
reduced dimensions of the switch means and a reduced sensi-
tivity to the effect of external fields. The auxiliary elec-~
trodes may also be exposed to the laser beam/laser pulse and
be made to emit free charges, which further promote the
35 triggering capability.



Fig 5 illustrates a variant 10b of the switch means, where 15 instead the
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Diffractive optical elements may be used with the invention.
Diffractive optical elements are elements, in which the wave
fronts of the light, which wave fronts determine the propa-
20 gation of the light, are formed by means of diffraction
rather than refraction. A particular type of diffractive op-
tics modulates only the phase of the light and not the am-
plitude, for what reason components of this type has a very
high transmittance. Pure phase modulation may be achieved by
25 providing the surface of the optical component with a relief
structure, where the relief height should be of the same or-
der as the wavelength in order to achieve an optimum func-
tion of the component. An alternative way of achieving phase
modulation is to modulate the refractive index of the opti-
30 cal element, which modulation is rather difficult. Diffrac-
tive optical elements may be manufactured by means of holo-
graphic technique, which does not admit that arbitrary func-
tions may be realized. A more flexible manufacturing mode is
computer generation, in which mode the optical function may
35 be calculated in a computer. Entirely arbitrary optical
functions may then, in principle, be realized, said func-
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exanple is the Fresnell lens. This lens may, as all diffractive optics,
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Fig 8 illusirales arEEoN e 3580 qURSRaRR19R! ITHlichiSISAse element
36, a kinoform. This element is designed to have a plurality
of focal points or spots 28e generated starting from a sin-
gle incoming laser pulse. These focal spots 28é are distrib-

20 uted along the axis of symmetry between the electrodes 23e.
As a consequence of the focal spot 28e being distributed
along a line between. the electrodes 23e, a more safe estab-
lishment of an electrical conduction path between the elec-
trodes is achieved, meaning as high a probability for trig-

25 gering as possible at a voltage/electrical field strength as
low as possible and with a time delay as short as possible.

The kinoform 36 is low absorbing and may, accordingly,
resist extremely high optical energy densities. The kinoform

30 is, accordingly, produced from a dielectrical material so
that it will not disturb the electrical field between the
electrodes in any serious degree.

In the embodiment according to fig 8, the radiant energy is
35 supplied through an opening 29e in one of the electrodes as
before. Fig 9 illustrates a wvariant where, generally speak-
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Fig 10 illustrates an embodiment where a laser 25g supplies
the laser radiation wvia an optical system 27g symmetrically
20 in a number of focal spots or points 28g distributed along
the length of the electrode gap without requiring any open-
ing in the electrodes 23g. The optical system 27g comprises
a prisma or beam divider 37 arranged to deflect the laser
beam around the adjacent electrode 23g. Around this elec-
25 trode 23g there is provided one or preferably more kinoforms
36g (diffractive optical elements) designed to focus, possi-
bly by means of further lenses, the laser beam in the de-
sired focal spot 28g so that plasma formations are generated
in these spots.
30 _
Fig 11 illustrates a variant where a laser beam is conveyed
by means of an optical system 27h comprising optical fibres
38 for formation of focal spots 28h located at wvarious
places between the electrodes 23h. The optical fibres 38 may
35 Dbe arranged to emit the light via lenses 39.
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every opticgl el ement  having symetr Lih. regard, . to_rotation d being
capabl e of glé?l ?gtefngﬁltofiqi gﬁ?xb? @y%éﬁg ﬁe‘a Péql?%c? Pg%Fg%S%Fe??‘llosn,

di ffracti onaxiscofibeymmetry nptnint hesdofyler peiatpesnwonddr be dinet loasexi s
Of. SYMIElIYupln o dditeHaBRaL dprtitlea VEnd Naput NB16hGNG IdURLARIES TN S
axis of symmetry not in a single point as woul'd be the_ case wth a
conveniPonal 18phefi PRLNtENST RROW PRg cdnfrhgsantial exkenst ofoithls or
spots al onggrisubstantial extent of this axi s. It is illustrated
in fig 13 that collimted (non-divergent) | i ght beans are defl ected the
sane angle by the axicone. As 15 a consequence of the symmetry as far as
rotation isitols illustrated in fig 13 that collimated (non-divergent)

light beams are deflected the same angle by the axicone. As
15 a consequence of the symmetry as far as rotation is con-
cerned, each beam will cross the axis of symmetry in some

point.

It appears from fig 14 that the light may be focused in an
20 elongated focal area 2Bi located between the electrodes 23i
by means of an axicone 36i. This elongated focal area may
according to one embodiment of the invention extend continu-
ously all the way between the electrodes but could also
adopt only a part of the gap therebetween. Fig 15 illus-
25 trates how the intensity is related to the distance between
the electrodes. The full line curve illustrates the inten-
sity distribution on illumination with the light beam which
originally had a Gaussic intensity distribution whereas the
dashed line curve illustrates the intensity distribution on
30 illumination with a constant intensity distribution. For the
rest, it is pointed out that the invention is not only re-
stricted to such axicones which are purely linearly conical.
Thus, axicones, the mantle surface of which deviate from the
linear cone, which will have a direct influence on the focal
35 intensity distribution, are included within the scope of the

invention.
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the focal area 28n is elongated and arranged on the axis of

15 symmetry of the axicone 36n and the electrodes. In contrast,
the focal area 28n' has, as is indicated to the left in fig
18, obtained a tubular shape in cross-section. This tubular
shape is advantageous most closely to an electrode 23n pro-
vided with an opening 29n since the periphery of the tubular

20 focal area 28n' will be located relatively close to the
electrode 29n provided with an opening. Both focal areas 28n
and 28n' have, in fig 18, a substantially constant intensity
along the axis of symmetry but perpendicular to this axis
the intensity distribution, as far as the focal area 28n is

25 concerned, is substantially Gauss-shaped or shaped in accor-
dance with the Bessel function.

An advantage with an entirely or substantially conical or
diffractive, co-axially focusing component as for instance
30 in figs 8, 9, 10, 14, 16, 18 is that along the efficient di-
rection of propagation of the radiant energy, said direction
of propagation being a straight line, the plasma volume
first formed, which occurs most closely to the electrode, at
which the radiant energy is supplied, will not shield, re-
35 flect or to a serious degree affect the radiant energy fo-
cused in spots/areas being located further away from the
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generator |b. The over-curfient reducin arra%ement, 5a, and e further
breaker 6a akhwepsemblapget yiidthr HPaAL, ¢ ScieV b e R %\réna%i r SRS
arranged that the object 1 in Fig 1 is conceived to form the object

15 la according to Fig 19. It is therefore in this regard re-
ferred to the descriptions in connection to Fig 1. The same
is true for the protection operation of the over-current re-
ducing arrangement 5c and the further breaker 6c in relation
to the generator 1b. The generator 1lb should therefore in

20 this case be equivalent to the object 1 in Fig 1 while the
transformer la should be equivalent to the equipment 3 in
Fig 1. The over-current reducing arrangement S5c and the fur-
ther breaker 6c will therefore in combination with the con-
ventional circuit breaker 4b be able to protect the genera-

25 tor 1b against a violent current flow in the direction from

the transformer la.

Fig 19 also illustrates the further over-current reducing
arrangement 5b with the associated further breaker 6b. Ap-
30 parently, over-current-reducing arrangements 5a and 5b will
therefore be arranged on either sides of the transformer 1la.
It is to be noted that the further breakers 6a and 6b, re-
spectively are positioned in the connections between said
over-current reducing arrangements 5a and 5b and the trans-
35 former la. The further over-current reducing arrangement 5b
is intended to protect the transformer la from violent cur-
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whi ch direction between the objects a and gasa fety function is

desired. 5 290, FRg VEFy; high REWRT ¢Payr Remdureiiss nt F&&. AP PRYES,ay
be suppl i edthe éhectppddetfirepldsttd rfudamtidm.by neans of one or nore
| asers 250 in one or nobre spots or areas 280 transversely relative to
an axis X of symetry between the 10 electrodes 230. By using a plurality
of differenfigga2tbsillus@iates taty aiglupolicty o substaptialy artel-gap

betweens 1580€ 8186LEPHEE1Y OboREASEEnG OEABAKEYs may be formed between

the electrodes 23p. The view in fig 2la could be formed by a
vertical wview of fig 21b, in which case the electrically
conducting channels, viewed from the side, is in one single
row. However, it is possible to arrange a plurality of elec-
20 trically conducting plasma channels in not only rows but
also columns between the electrodes. The occurrence of a
plurality of simultaneously electrically conducting channels
increases the conducting capacity of the switch means.

25 Fig 22 illustrates a wvariant where the optical system 27q
comprises an axicone (refractive or diffractive) dividing
the radiation arriving from a laser or similar into parts
and directing these radiation parts to diffractive elements
(kinoforms 36g). These kinoforms are distributed about one

30 of the electrodes, namely the one denoted 23q in fig 22. The
same structure as in fig 22 is shown in perspective in fig
23. It appears in fig 23 that in the example 4 kinoforms 36qg
are arranged around the electrode 23q to cause the radiant
energy to be focused by diffraction in a number of spots or

35 areas 28g present along the axis of symmetry of the elec-
trodes. The use of several discrete kinoforms 36g would ap-



Fig 21b illustrates that a plurality of substantially paral- 15 lel,

electrically conducting channels may be forned between t he el ectrodes
23p. The \Wé\ﬂﬂ’iz??”i g 2l1a could be fornmed by a vertical \semse#okisy 21b,
in which case the electrically conducti ng channels, viewed fromthe
side, is in one single row. However, i3dgi s possible to arrange a
plurality of elec- 20 trically conducting plasma channels in not only rows
but al so colums between the el ectrodes. The occurrence of a

plurality of simultaneously electrically conducting channels I ncreases

t he conducting capaci of the sw.tch ans. 25 Fi 2 illystrates a
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into parts Sggﬁgﬁigcting these radiation parts to diffractive el enents
(ki noforns 36qT. eSe kinoforns are distributed about one 30 of the

el ectrodes, nanely the one denoted 23q in fig 22. The sane structure as
in fig 225i s SbAYOCLRARSESPCEomenkRtEl J such 28s ¢hARRARY:S, | Brike, 2F5idat
in the exanpl e_4 ki ngforns 36q are arranged around_the el ectrode 23q to
cause the radf@RT and sevegali SHeTSyc & ‘Efg“"&?r?f’r%cF?‘%ﬁtFﬁcapﬁ’ﬁ’ﬁEerSXﬁ'
spots or 35 -B8e&m8SoZ8Godaserihededrithdihearxi ased pylimBiLYyofhst ladteonic
trodes. The use. of s%veral '

di screte kinofornms 3 uld -
36 peaTSLEeBe Cho PR LFRbY ¢ 1ak0. FORBYp R ASTY ¥aF; F30Pn G Sleo-
conti nuously tmhol curkembform even if the latter wouldn't be
I npossi b g. 5 Sem - conduct or conponents, such as thyristor, triac, GIQ
| GBBT and several others, are common in electric power sys- tens of

today, where EVie} dfe SRBH-GAMGHGYIY gamperertpnhave ahighs effiRNaY.,
i .e. convey Oprbkes¥, ddud f heWESEMBhES- and KavE Tadoml! - rdPativeyedrdi-

sem -conductor co nen%s have hi gh eff.iciepcy, resent good
per f or mance aﬁﬂp‘ﬁggg"%e gmg?‘é?:g?ﬁ”@%?‘il R&n-mo e?n manufacturing” methods,
there are -~ primarily at very high electrical voltage levels
15 - problems requiring complicated, bulky and cost requiring
technical solutions.

By means of the technical embodiments/solutions presented in
the present specification, alternatives to semi-conductor

20 components are presented/explained, said alternatives pro-
viding more simple designs with considerably fewer compo-
nents and to lower costs. Besides, the technique presented
allows design of wvalve components which may endure consid-
erably higher voltages than corresponding semi-conductor

25 components. Besides, it is of fundamental weight that compo-
nents based upon the technique presented herein may endure
almost unrestricted electrical currents and current densi-
ties.

30 Within the electric power art semi-conductor elements are
used in a large number of applications. This part of the
electric power art usually is called power electronics.
These applications are commonly denominated converters. A
converter is an operative unit consisting of semi-conductor

35 units (electronical wvalves) and necessary peripheral equip-
ment used to change one or more of the characteristic vari-
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tor. An AC-félconv a frequency conv
trary relatlon between frequency, amplitude, phase and phase

15 position as well as the number of phases of the wvoltage. A
DC-DC-converter converts DC-voltage to another DC-voltage.

An electronical switch may be designed for AC or DC. It may
be used for connection or disconnection of an apparatus or
20 for controlling or checking active or reactive power.

An electronic valve is controllable if it can switch/change
from a blocking state with a high voltage and a low current
(off-state) to conducting state with a low voltage and a

25 high current (on-state). The great efficiency of electronic
converters depends upon this bistable function of the
valves. A valve may either be stable in itself, such as a
thyristor, or be controllable so as to operate bistably,
such as a transistor.

30
The terminology is unfortunately not entirely consistent. An
IEC-compilation can be found in "International Electrotech-
nical Dictionary" and in Publ. 60050-551 IEV, "Power Elec-
tronics". There is a very large number of different semi-

35 conductor components which entirely or partly may be re-
placed by the technique which is the subject matter of the
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DC-vol tage to anot her DC-vol t age. An el ectronical switch nay be
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38 PLESENY. patent application. Two exanpl es of a presentation of
the state of Thecart are "Mbdern Power Electronics” by Bose et al, |EEE
I ndustrial Electronics Society, | SBN 0- 87942- 282 3 and " Power

El ect r R CS_gpmd-s ryf&ﬂePr Bratt
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pol ar tranSISttorgBJTgITE (s a SIStgnBuNgson L rlsgor MCT (MOS-
controlled thyristor), etc.
15
1. A thyristor is turned-off (transferred to a blocking
state) when its current is brought to =zero by external
means. In self-commutating alternators, the valves are
turned-off by turn-off circuits consisting of condensators,
20 inductors and resistors. The thyristor is the dominating
semi~conductor component for high voltages and power levels.

The thyristor is defined as a semi-conductor component hav-
ing a bistable function. It consists of three pn-
25 transitions. It can be switched from off-state to on-state
and vice versa in one or two directions. The most commonly
used thyristor type is the so-called "reverse blocking tri-
ode thyristor". The thyristor has three connections: anode,
cathode and gate. In absence of control pulse on the gate,
30 the thyristor blocks the current flow in both directions.
With an imposed voltage which is positive on the anode and
negative on the cathode the thyristor is in its off-state
and blocks the voltage. If the voltage imposed has an oppo-
site polarity, the thyristor is in its reverse direction
35 blocking state and reverse-blocks the voltage.




| ated gate bipolar transistor), SIT (static induction tran- sistor),
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etc. 15 WO9829928A thyristor is turned-off (transferred to RCESEORDIIS3
state) when its current is brought to zero by external means. In
self-commutating alternators, the val ves3%re turned-of f by turn-off
circuits consisting of condensators, 20 inductors and resistors. The
thyristor is the dom nating sem - conduct or conponent for high voltages
and power |evels. The thyristor is defined as a sem -conduct or
conponent st apl S
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vi ce versa StRte®R btacrepsel vithi the. S-’Fh% afstheothymigtor aa‘siecth%ytmtor
type is thesRstatd ednd’ B4 ?’%ﬁ'% NYatdd - thyri8E8rshWd SiPr to Hefew
thyristor has three connections: anode, ? hode and gate. In absence of
contr ol pul@é“%ﬁ‘?r@fg‘%e, 30 the thyristor bI ocks the current flowin

bot h di 5ect i ons. Wth an inposed voltage which is positive on the anode
and ive o the cat hode_the th |stor isinits off-state
bl ocks the | PR ety ?T\%rv’osft%"b‘egqe?ﬁ%i O o curTenyt (@ p%?Javl ty,

the thyristageipulseios thygstee divith |aﬂecﬁfatdalamm011rtgzcm arel afuiration,
reverse- bl Oﬁlx(é rtggry.glthggeswitchesb fr m (fftﬁ ate to t e .on- tg‘g
| 'o ng &n ocC ates 1 Nncrease

The | eak currents“in the reverse
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| arge 1Hyried kschsadp to a few hundred of mA If the thyristor
is triggered by inposing a current or volt- age pulse on the gate, with
adequat e anplitude and duration, the thyristor switches fromthe

of f - st at e tThé h€oQmagkatdrop (ﬂml voltagenbvery tHeovihyriseot pr whied so-
direction froﬂ. g% %%atto S t%%%? is typically 1-2 Volt for normal
values on the on-state current.
15
If the blocking (in forward direction anode to cathode)
voltage exceeds the break over voltage specified for the
thyristor, it changes spontanecusly from the off-state to
the on-state. This self-triggering voltage may seriously
20 damage the thyristor and should, accordingly, never be ex-

ceeded.

In high voltage applications, where the system wvoltage sub-
stantially exceeds the maximum wvoltage that an individual
25 thyristor element may endure, several thyristors must be
coupled in series or cascade. In order to achieve an ade-
quate voltage division between the thyristors coupled in se-
ries, each of them must be provided with an individual RC-
circuit and with a resistive voltage divider: The RC-circuit
30 acts as a transient voltage divider and the resistor divides
the blocking and rearwardly blocking respectively voltages
to approximately the same voltage difference per thyristor
not withstanding the fact that different thyristors have
different leak currents. Besides, the resistors make +the
35 wvoltages over the capacitors in the RC-circuits to be

equally large. For thyristors connected in series it is of



The voltage drop (the voltage over the thyristor) the so- call ed

on-state voltage, is typically 1-2 Volt for normal val ues on the
on- st at e WO9s2e928 15 If the blocking (in forward direct pef/sgoneess O
cat hode) vol t age exceeds the break over voltage specified for the
thyristor, it changes spontaneously fromj4de off-state to t he on-state.
This self-triggering voltage nay seriously 20 damage the thyristor and
shoul d, accordingly, never be ex- ceeded. I n high voltage
applications, where the systemvol tage sub- stantially exceeds the
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t hyri stor whi econes con- ast as a
consequence ¥ACE H@h)a@h rmpm@?ﬁs they strygtawe rﬁ*ﬁhgﬁﬁ% e Gangimore

thereof and dfpongehyd he other thyristors. It is often required that
only thyristors whi ch have been matched to each other are used, i.e.
have been sel ected to present perfornmances adapted to the other 10

thyristors, Antpaati dgl & bin-diigdctiacgile ndyaipptorxatwisicsh means fthat g ch

complicpies B e SLLURULE:REY JIBKER NG S CrdRiSra aiPEREIShYS A triac
is equivalent to two thyristors connected antiparallel and
having a common gate. A triac is at the outset in its block-

ing state. Transfer to the on-state may, however, be con-
trolled by a negative as well as a positive pulse on the

20 gate and this may be achieved for both polarities over the
triac. Technical performances for a triac corresponds in
most cases with those of a thyristor having a corresponding
size and performance. Restricting exceptions are caused by

the triac not having equally short rise and fall times as a

25 thyristor and not the same resistance to voltage transients
(du/dt) either. Therefore, they are mostly used in wvoltage
regulators having a resistive load and for net frequencies,
where rapid fluctuations in currents and voltages do not oc-

cur. A property of a triac to be bi-directional and only re-

30 quiring one single cooling element as well as one single
triggering pulse unit implies that simple and relatively
non-expensive structures may be designed, in particular for

low electrical power levels. Light triggered <thyristors
have, for natural reasons, a great interest for high volt-

35 ages, as in HVDC-systems and in systems for thyristor
switched phase compensating systems. The primary reason is



Atriac is a bi-directional thyristor, which means that it 15 has two

bl ocking directions or forward directions. Atriac Is equivalent to two
t hyri st om0 9829928t ed anti parallel and havi ng a common REHSEIRIS3ac is
at the outset in its bl ock- ing state. Transfer to the on-state may,
however, be con- trolled by a negatiae as well as a positive pulse on
the 20 gate and this may be achieved for both polarities over the

triac. Technical performances for a triac corresponds in nost cases
with those of a thyristor having a corresponding si ze and perfornmance.
Restricting_exceptions are caused Vil short
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desi gned, |ﬁlﬁﬁ?tlgﬁlgﬁ °°n§#%§9%lkﬁt29 g R ﬁﬁ?ﬁf%agg'
triggered thyalstarmigh vbavagefimsubstiah mazaqubmJg'lemt i nterest for
high volt- 35 ages, as in HVDCsystenms and in systens for thyristor

swi t ched phase conpensating systens. The primary reason is
41 Howetegh tbeaddghte gmegiong whiett mayalbe rerangferre@day gegans
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a conseéquence of “noi se cou to its gate. Light pui ses to
thyri stor aFBetF§H§ﬁ$FP€dSVF§eQ PP&ﬁﬂnEORd&GDQBqﬁ%aﬁ(F%Wﬁaf?@r?@?o?°?ron1a
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obt ai n3sa lglggug%h%& tl::ioflrlﬁr]zl.ggi.nbh%mcOci?l'fplification function for the sig-
nal finally applied on the gate of the thyristor. However,
such a structure means that the thyristor again becomes more
sensitive to noise which may be coupled via  the gate and
lead to inadvertent switchings. A laser triggered plasma
20 switch may fulfil the same functions as a plurality of power
semi-conductors and in some cases with very great technical
and economical advantages as a result. In the present patent
application the function of a laser triggered plasma switch
as a triac is specifically dealt with. A laser triggered
25 plasma switch, which is based on a momentary short- circuit-
ing of a gasfilled electrode gap by means of an elongated,
ionised and electrically conducting channel generated by the
laser light has, primarily, the following great advantages:

30 The distance between the electrodes contained in the elec-
trode system may be made large such that bigger problems do
not occur in dimensioning and design of the external elec-
trical insulation system. The structure is in that way con-
siderably simplified and may be manufactured with lower

35 costs.



trol signal and, accordingly, an associated |ow increase rate of the

on-state current of the thyristor unless the thyristor is equipped with
a much nor¥O8%RM28x control 15 structure conprising an anplﬁéﬁﬁﬁ;hﬁﬂﬁ
function for the sig- nal finally applied on the gate of t ﬁyrlstor.
However, such a structure neans that #he thyristor again becones nore
sensitive to noise which may be coupled via the gate and lead to

i nadvertent switchings. A laser triggered plasna 20 switch may fulfil the
sane functions as a plurality of power sem -conductors and in sone
cases with very great technical and econom cal advantages as a result.
In the present patent application the function of a laser triggered
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When the curr
conductor component.

A third fundamental advantage is formed by the fact that a
plasma switch may be designed for very high voltage levels,

20 and may then be constituted by only one single component. In
comparison with a stacked semi-conductor structure having
the same function and for the same high voltage level, this
results in a considerably reduced complexity not only in the
structure itself, which does not have to consist of a large

25 number of accurately connected semi-conductor elements, but
also in the drastically reduced demands on timing of these
components relative to each other.

A substantially reduced number of active components in an
30 application, compared +to the corresponding application
achieved with semi-conductor components, results in an in-
creased reliability. Besides, reduced electrical losses, re-
duced device costs and less complicated control systems are
achieved.
35

A further great advantage is that triggering may be carried



I ncreases, the arc nmaintains an energetically advantageous current
density b% expanding radially. This self-adjusting 15 function does not
have anmyWO¥P®pondence in a sen- conduct or conpoR&GHSEIT021S3 A
third fundanental advantage is fornmed by the fact that a pl asma switch
may be designed for very high voltage lew#8s, 20 and nmay then be
constituted by only one single conponent. In conpari son with a stacked
sem - conduct or structure having t he sane function and for the sane high
voltage | evel, this results in a considerably reduced conpl exity not

only in the £.4tself, [ e ' arge
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an 30 application, conpared to the corresponding application

achi eved with sem -conduct or conponents, results in an in- creased
reliabilsty. THest dasmctishiced el ectrical | osses, re- duced devi ce costs
and | ess conplicated control systens are achi eved. 35 A further
great advantage is that triggering may be carried
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5 Triac function Laser triggering in an elongated focal area allows

f or swi tRIEHg IR okiffe BYf i¥Faceorsirugtion.stifth an Adeguate HFombi-

point ifoti Matinids 6086LrH8L1 ARst¥hER, agadd Hedsired "Yas Iebmped i ©fo®f
el ectrode di Sange, 923.PLPSSULEL,988 SB™RRS Uadl gases and the overall
geometry of the encapsulating vessel, the plasma switch ac-
cording to the invention presents properties identical to
those of a triac. Without triggering, the plasma switch is
15 present in its blocking, non-conducting off-state. This
blocking property is bi-directional, i.e. the component is
electrically insulating for voltages of both polarities over
the plasma switch. On triggering, the plasma switch is
transferred almost momentarily to its conducting on-state,
20 in which it remains as long as the current in the arc is
maintained above a certain design specific wvalue, and as
long as the voltage of the electrodes of the plasma switch
are maintained above a certain, as well, design specific
value. Also this conducting on-state is bi-directional: A
25 plasma switch element may be made conducting for both po-
larities by the laser triggering. A switching arrangement
with radiant energy triggering is diagrammatically illus-
trated in fig 24. A laser, for instance, may be used for the
triggering. A switching arrangement 5 is triggerable on both
30 polarities, which gives a bi-directional function.

Triac function with turn-off circuit

In an application the function of the switching arrangement
35 must be completed with a possibility to shut off the switch,
i.e. transfer it to the off-state. This is achieved by the



and the partial pressures of the part gases and the overall geonetry of

the encapsul ati ng vessel, the plasma switch ac- cording to the

i nvent i owgpseers s properties identical to t hose of a PCTHEEITANSEFHout
triggering, the plasma switch is 15 present in its blocking,
non-conducting off-state. This bl @aki ng property is bi-directional,

I .e. the conponent is electrically insulating for voltages of both

pol arities over the plasma switch. On triggering, the plasma switch is
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Thus, the AC case places less stringent demands on the
structure of the plasma switch. In case (2) the plasma
switch may therefore be provided with external impedance
elements, which assures that the on-state current is reduced
20 to zero whereby the plasma switch is opened and assumes its
off-state. The same effect may be achieved by using the op-
eration circumstances in an AC system: Just before the cur-
rent changes polarity in its passage through zero, the
plasma switch is turned-off by itself as a consequence of
25 insufficient ionisation of gas along the discharge channel.
During the time it takes for the current to change polarity
and for the new polarity to reach a voltage, for which the
entirely ionised plasma channel again could be electrically
conducting, a sufficiently large proportion of the plasma
30 constituents has time to recombine to such a high degree
that the conductivity of the channel becomes too low to sup-
port repeated turning-on of the arc. Thus, refiring is pre-

vented and the plasma switch has assumed its off-state.

35



10 turn-of f automatically is assisted by the current through t he
conducting arc changing polarity, and, accordingly, passi gh the
current ‘2’&9&’29?4? accordance with that stated herei naboa’e%,ﬁ%g?l %lg?ons
are created to efficiently turn-off the plasma switch in a manner which
is entirely 15 equivalent to those used f4 turning-off of a thyristor.
Thus, the AC case places | ess stringent demands on the structure of
the plasma switch. In case (2) the plasm switch may therefore be

provi ded with external inpedance el enents, which assures that the
on-state current is reduced 20 to zero whereby the plasma switch is opened
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decreasing twi#er ardplhemsl aswirshV melthdeiiealt usteskars, by means of
which the plasma switch may be entirely separated from the

network under voltage.

Unidirectional Triac function

20
A triac may conduct in two directions in its on-state. The
plasma switch as it has been described here is in its nature
primarily bi-directional since it does not have any type of
diode function. If, however, the laser triggering is only

25 effected during one of the two polarities of an AC system,
the function becomes practically unidirectional, provided
that the rests of plasma possibly remaining since the pre-
ceding triggering after recombination has a sufficiently low
conductivity to resist a spontaneous triggering under the

30 polarity (the half-period of the AC voltage) which is not

laser triggered.

Fig 25 illustrates a plasma switch according to the inven-
tion with unidirectional triac function.
35



However, the nost sinple technical solution is to conplete al so the DC
corrponent W th an external current restricting circuit element. A nore
coarse, B8R t hel ess efficient, solution is to coufCI/SES7/82183ii t abl e
manner in connection 15 wth the pI asma swi tch nechani cal breakers, by
means of which the plasma switch nmay46e entirely separated fromthe

net wor k under voltage. Unidirectional Triac function 20 ~Atriac
may conduct in two directions in its on-state. The plasma switch as it
has been described here is in its nature primarily bi-directional since
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lation to each other in such a manner that the current con-
ducting directions of the two switches are opposite. Since
the plasma switch in itself is bi-directional, this means
15 that the two elements are designed to be 1laser triggered
during their respective polarities, i.e. during a half pe-
riod of its own, of the AC voltage. The two plasma switches
may be triggered by one and the same laser, which requires
the optical system to be provided with a 1light flux-
20 controlling shutter. The laser is triggered at 1least two
times per period and one time per half-period and the shut-
ter may in one embodiment be designed so that the entire
emitted light amount of the laser is alternatingly directed
to one or the other of the two plasma switch elements. Such
25 a light flux directing shutter may for instance be consti-
tuted by a rotatable highly reflecting mirror, which by re-
flection from its two end positions directs the laser light
to each of the two light channels leading to the respective
plasma switches. Another embodiment is to divide the laser
30 light into two channels with an equal amount of laser effect
in both channels. Each channel leads to one of the two
plasma switches. A light flux-controlling shutter has been
installed in each channel, said shutter ensuring, by con-
trolled action at each triggering operation, that only one
35 of the two plasma switch elements is subjected to the trig-
gering laser light. The two plasma switch elements may also



st at ed herei nabove, are connected to the network and in re- |ation to

each other in such a manner that the current con- ducting directions
of the tWQ %R 8hes are opposite. Since the plasma swRCIVSEIRO2X53e| f | s
bi-directional, this nmeans 15 that the two el enents are designed to be

| aser triggered during their respectizve polarities, i.e. during a half
pe- riod of its own, of the AC voltage. The two plasna sw tches

may be triggered by one and the sane | aser, which requires t he opti cal

systemto be provided with a light flux- 20 <controlling shutter. The | aser

s trigger I t . tines r_period apd one ti er_hal f-period
and t he shﬁ‘??% W(?Ete""f;"l'r %gtlrﬁg r?érggnb i?reﬁ'tasr?g dg%]fgﬁgﬁhscr}%[apﬂ?atﬁglé Rire
emtted |ighleaadtnt bhet hepexgtion s il t gtheat ilagiersdi bedhgd controlbed, or
the other OfhéiReduri A5PRcA¥ohDel! GPNLh SkEDrim idcioildXynds .
directing shutter 4;&21 for instance be consti - tute ]:by. A Y ot at aBiLe

hi ghly refl Bt8Fnf 47 oPnd\ngBh Hhtyskrate thecipegsibikities { dusdndde-

posi ti ofs dscetbedt Ber! ge6ehihyobi-diretPicasl ofidderin®ridght channel s
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wel |l be triggered by a laser for each plasma switch el ement, the

oper ati on dfhyhibstasefundteiags control | ed, checked and synchroni zed by
an external electronic unit. Figs 26,27 and 28 illustrate the

possibilities just de- 5 scribed for formng bi-directional triac
functi ons. As alreg@i¥ basebeedi destrdbetli tin theofprdour sxrtgl stheacthwerds- wi t h
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with exter BHTTRRYS iR, beth rg:f,,:@e%;:;c_ms. When the thyristor is triggered
on its gate, it assumes its conducting state, denominated

on-state, in which current may flow in the forward direction
of the thyristor, but not in the opposite direction. A pre-
20‘ ferred manner of achieving the same function by means of a
laser triggered plasma switch means that the laser triggered
plasma switch is coupled in series with one or more diode
functions, which may be of semi-conductor type. The number
of diodes is entirely determined by the maximum wvoltage,
25 which in an application in view may have to be placed over
them. There are two different possibilities to orientate the
diodes relative to the plasma switch: With the forward di-
rection towards the plasma switch and with the forward di-
rection directed away from the plasma switch. Accordingly,
30 two different thyristor functions may be realized, where the
resulting thyristor unit consisting of plasma switch in se-
ries with a number of diodes obtains different directional-
ity or polarity. It is preferred that the diodes contained
in such a constellation are equipped with individual RC net-
35 works or other more general impedance networks and a resis-

tive voltage divider in order to efficiently achieve an



Thyri stor functions As al ready has been described in the prior art,
the thyris- 15 tor has a blocking state called off-state for voltages and
currents WO 98R2d928li rections. Wien the thyristor is triggeredCT/SE97/021531t S
gate, it assunmes its conducting state, denom nated on-state, in which
current may flowin the forward directiong of the thyristor, but not in
the opposite direction. A pre- 20 ferred nmanner of achieving the sane
function by neans of a | aser triggered plasnma switch nmeans that the
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di ode functions, which may be of sem -conductor type. The nunber
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ries with agfumie stiqdeftes obtains different dlrectlonal ity or
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function or auwiteer Wt hsa ddividctied to earth or a lower potential. As

15 long as the voltage in the upper conductor L, is positive
without any of the plasma switches PS, and PS, having been
triggered, no current may flow through the circuit. If, how-
ever, the plasma switch PS, is triggered to close, a current
will flow through diode D, from the upper conductor L, to

20 earth through PS,. This current flows as long as the voltage
has a positive polarity. After polarity change to negative
polarity on the upper conductor IL,, a current would flow in
the opposite direction. However, such a current may only
flow after PS; having been triggered and it flows then from

25 the upper conductor through the diode D, and PS; and the
lower conductor through the diode D, and PS; to the upper
conductor. Since the voltage drop over the diode D, may be
made lower than the voltage drop over the arc in PS, in di-
rection from L, towards L,, the current will preferably flow

30 through D, after the polarity change described instead of
through PS,. PS, may then not be refired spontaneously in
wrong direction, and is accordingly left to rest during the
present half-period with a negative polarity.

35 In the circuit just described the plasma switch is used in
the function of a unipolar triac, i.e. generally a thyris-



10 function reference is made to figs 30 and 31. The circuits

present ed_l figures act as change over sw tches. The function in
fig 30 iswé;g%%m: The upper conductor L[err] is conffeRPRY/ 023 an
alternating vol tage whereas the | ower con- ductor L2 is connected to
earth or a lower potential. As 15 |l ong &9 the voltage in the upper
conductor L[err] is positive w t hout any of the plasma switches PS[err]
and PS[err] having been triggered, no current may fl ow through the
circuit. If, how ever, the plasma switch PS2 is triggered to close, a
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uni pol ar tri aﬁfeﬁ‘?’b?e‘geﬂ'@lyal kS a'“%éﬁgfﬁes‘{] whil8usthg & ldSer'idierea
49 t plashie switah tas ra fsttp@dingaodigdn provided with two fur-

ther diodes in series wth the respective plasnma swtch, which entirely
guarantees that the current after dpol arity change is not erroneously

seeking to pdskgt A2 plhbwersaresh dingregmedicaddyd- Bret PhuSWitebingr ey
di ode prpyentfangsnéit 5r £X28P4S184 2R 8¥rebBalinMRHRS 1ild L1SWrehi i
refiring J.sbc{.ixfslfsécli ' Ibrtla%:v)e'en the network 3r and the object 1r. The
switching arrangement 5r comprises, suitably, a switch means

10r with the previously described character, i.e. a switch

means having an electrode gap adapted to be brought into

20 electrically conducting closing by means of radiant energy.
However, this is not shown more closely in fig 32. As ap-

pears from fig 32, the switching arrangement 5r is intended

to have a purely switching function, i.e. the feeding of the

object 1lr or possibly feeding in the opposite direction may

25 occur via the switch means 10r when this is in a conducting

state. When there is a need, the switch means 10r may be

made to inhibit current passage relatively rapidly, e.g. for

protection of the object 1lr or possibly even the network 3r

from current flow from the object 1d. In order to achieve

30 switching~off by means of the switch means 10r in alternat-

ing current connections, it is sufficient that the means for

energy supply to the electrode gap are caused to cease with

such energy supply. On the following passage through zero,
extinguishing of the arc in the switch means 10r is intended

35 to take place so that the current feeding ceases. In direct
current application, it is probably necessary to support thé



It is considered to be obvious fromthe presentation given 10 hereinabove

that nore technical functions than those here presented nay be real I zed
while us¥YR8829%28ser triggered pl asma switch as a star BGHSEIFOHS '
Fig 32 illustrates diagrammatically that a switching ar- 15 rangerrent 5r

I's coupled in series in the line 2r prewoously di scussed between the
network 3r and the object 1r. The swi tchi ng arrangenent 5r conpri ses,
suitably, a switch neans | O with the previously described character,
i.e. a swtch nmeans having an el ectrode gap adapted to be brought into
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i ntendasl 33ed®© dkesd B9e it alort keomUtheniihgeging ceases. In direct
current application, it is probably necessary to support the
50 t urni ng- off function by taking neasures to reduce or elim-
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It should be noted that the description presented here-
inabove only should be considered as exemplifying for the
20 inventive idea, on which the invention is built. Thus, it is
obvious for the men skilled in the art that detailed modifi-
cations may be made without leaving the scope of the inven-
tion. As an example, it may be mentioned that according to
the invention, it is not necessary to use a laser for supply
25 of ionising/plasma forming energy to the gap 24. Also other
radiative sources, for example electron guns, or other en-
ergy supply solutions may be applied as long as the rapid-
ness and reliability demands according to the invention are
fulfilled. It should be observed that the switch means 10
30 may according to the invention be applied for protection of
electric objects against fault-related over-currents also in
other operative cases than the ones illustrated in Figs 1, 3
and 19, where the device according to the invention is ar-
ranged in order to reduce the negative effects of the rela-
35 tively slow breaking time of the circuit breaker 4. Thus,
the switch means according to the invention does not neces-




10 nect the switch neans 10r fromthe line 2r. The purpose with fig
32 istoillustrate that the switch ar- rangenment 5r according to the
i nvent i -oWOR829928nd gener al swi t ching applications, in ROT/SEST02188y be
the question of 15 protecting various apparatus but also of sw tching
power in various |oad situations ingy nore general sense. It
shoul d be noted that the description presented here- i nabove only
shoul d be considered as exenplifying for the 20 inventive idea, on which
the invention is built. Thus, it is obvious for the men skilled in the
art that detai|led nodifi- cations may be_made w thout |eaving the scope
of the invef@TilY (MR AL akecxRBratirh-Redabed etri ofieeht it FekBHk ng
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i oni si ng/ pl rmng ene tq.the gap 24. Alsq other radi ative
sour ces, foj?sgggég‘l es‘g?te% r%ﬁ¥gﬁ"ﬁ§e %&F‘ﬁercwent agr JPXhppPy THeRY ons

may be appl¢wedrenti ong as the rapid- ness and reliability demands
according to the invention are fulfilled. It should be observed that
the switch means 10 30 may according to the invention be applied for
protection of el ectric objects against fault-related over-currents al so
in ot her operative cases than the ones illustrated in Figs 1, 3 and
19, where the device according to the invention is ar- ranged in order
to reduce the negative effects of the rela- 35 tively slow breaking tine
of the circuit breaker 4. Thus, the switch neans according to the

i nventi on does not neces- 51 sarily
need to be operation-related to such a circuit breaker 4. It should finally
be observed that the invention is well suited for alternating current as
wel |l as direct current.



52 Cl ai nms 1. A device for switching electric power conprising

at | east one electric switching arrangement (5), the switching ar- 5
rangenenologh s?"zgrrprl sing at |l east one switch neans (10), perMdRifddiss
conprises an electrode gap (24), which is convertible bet ween an

el ectrically substantially isolating state and an eI ectrical |y
conducting state, and neans (25, 27) for Zaus- or at | east
initiating the electrode gap or at least a 10 part ther m“m‘\m“ \Um
el ectrical conductivity, said means (25, 27) for cg

initiating the el ectrode gap to assume conductivity beihg adapt ed to
supply ener@yaifs the electrode gap in the formof radiant energy to
bring the gap or at |least a part thereof to the shape of a plasm, 15
characterized in that the nmeans (25, 27) for supplying the triggering

energy to the al@evicdefgapswitchingngbettmid @aner comprisint Ak keasty in
two or more éQOteSléHtﬂc?a§wS.%§}u§§an rran é}ﬁéry@qu)he éh395593§§ze§a':§1tw0

oF more spots or areas ene ei ng i ne
ext endi fig bthakeFhe0 Swiféﬂé‘}ftg:t?ﬁﬁ%gW%u@t)arﬂ‘?“&?qﬁF%r?Esﬂ@%ﬁtng"‘?% t he

extent 81 88n ehRahs! C(mﬁdu\ﬁhien E:@Enbrh.éégndﬂﬂ br;émefadéhga@i eg24),
trodes, or in one or nore fel%t ated areas (28i

| ongi t udi na¥Pi&Bs ik GPRYEF PEERREANR alqlfdéir W&% Sgbsﬁ?rl’%%?l]% of
an el ectri cigonduchiostpaich amd eatdeklmititienldy ¢hmdeteingoddate, and2. A
d di ¢l '

(25) for caBSPRg bASTt eBLERTRARE: G e ARetT Iiifiing, ol SRdelidns

t her eolOt 0 gspupe eltedeastale eewdudheg@ofi ito tassumeprelegiriral cegndyrre
laser (25). tav:.ty éndAﬁﬂg'H' J.@CIEQéxQé N8P LBy éﬁ\?&ﬁiﬁnﬂr%@' I@ast ini-

characterize at t e swtch neans (10) is_forped in suc
t hat antiptiéng; §hej elactzode cgam tP AFEUNe LPRAVGELEHRYi 3792 ‘B%Qt%%

tween its et8CLLBPEY ERSrgy Vb Cthéi €lsbpred®tgsp Oin geier fbas of radiant

electric f'2§2r8¥e%o‘%£¥¥g1%§§ SASCEEO% Sf£1seu5|ngr9rthereof to the

15 shape of a plasma.

2. A device according to any preceding claim, characterized

by said means (25) for causing or at least initiating the
electrode gap or a part thereof to assume electrical conduc-
20 tivity comprising at least one laser (25).

3. A device according to any preceding claim, characterized

in that the switch means (10) is formed in such a way that
an electric field is present in its isolating condition be-

25 tween its electrodes (23), which field promotes or generates
an electric flash-over between the electrodes on causing or
initiating the electrode gap to assume electrical conductiv-
ity.

30 4. A device according to claim 3, characterized in that the
electric field in the isolating condition of the electrode
gap (24) has substantially less field strength than the
field strength, at which a spontaneous breakthrough takes
place.
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53 initiating the electrode gap to assune el ectrical conductiv-

Ity. 4. A device according to claim3, characterized in that the 5
el ectri OVOP&RI28N the isolating condition of the el ectrodepcr/segrg21§¥4) has
substantially less field strength than the field strength, .at which a
spont aneous br eakt hrough takes pl aceg 5. A device according
claim3 or 4, characterized in that the eI ectric fJﬂlﬂlumut“ﬁ“uﬂ(ﬂ Iﬂ‘l ng
condition of the el ec- trode gap (24) has a field not
nore than 30% suitably not nore than 20% and prefer any not nore

than 10% of the field strength, at which a spontaneous 15 bDbreakthrough
takes placd- A devige pgrapdingdcoicdiaif Bo Cxnyd ocharactieniged im that

c]ha{ ﬁCt elr - 1the éZ@cﬁlttibtflféla hf:nfehnlét ih?uié@%ﬁgl Bohbﬁtiéﬁ![ ol ﬂﬂxleimmtacg gg}
0 e eleclr as a e sSt.ren eas
QUi b s SR 988, 122) BRR: & SR, Beeich Whigh ' £5 *hek  mozh) whan 7

strength, @&0%hi shisabppnnoteausreér than 203 handgiprefieasahlycaot more 7. A
devi o® SCCOUUA0108 2B¥ MIREHiadoC! SHagliR! ACheT WEn2Py dbcdiiilnddIn

means 25) Tor cCausing or at '€ast TR & el Bt Tt e gap 4)
to assune éimkﬂmugibmakﬂs \Bliacear e arranged to supply the radi ant
energy in such a manner that the I owest electrical field strength, at
whi ch the el ectrode gap may be triggered to assune el ectrical

conduct i vi t8, »sd8¥ics AFRPFEANG to ANy’ Of dehe cElatBsr drRg hagagter-
precedi ng GlARddN ik heh&tt ehé z8UectritNFi8DE metﬁeaﬂ&sﬁa%)tlf:@r d‘eauﬁﬁ”igxpr at

conauddyi (FF cpte s81obPPal ciepO Al R R 4G H R B P Bhe 18 % oce

gap i n leaskchOal¥mnseitabdy at ilsaskel 3%, bamieepreferably vatg least
5%, of the field strength, at which a spontaneous break-
through takes place.

15 7. A device according to any preceding claim, characterized

in that the means (25) for causing or at least initiating
the electrode gap (24) to assume electrical conductivity are
arranged to supply the radiant energy in such a manner that
the lowest electrical field strength, at which the electrode

20 gap may be triggered to assume electrical conductivity, is
minimized.

8. A device according to any preceding claim, characterized

in that the means (25) for causing or at least initiating
25 the electrode gap (24) to assume electrical conductivity are
arranged to supply the radiant energy to the electrode gap
in a such a manner that a time delay between the arriving
radiant energy and a developed conductive ability of the
electrode gap is minimized.
30

9. A device according to any preceding claim, characterized

in that the switch means (10) and the means (25) for causing
or at least initiating the electrode gap to assume electric
conductivity are arranged such that the establishment of the
35 _e_;l.__e_ctric conductivity in the electrode gap is substantially
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54 radi ant energy and a devel oped conductive ability of the

el ectrode gap is mnim zed. 9. A device according to any preceding
claim oneP8ReeBi zed 5 in that the switch nmeans (10) andpthgesperiss ( 25)
for causing or at least initiating the el ectrode gap-to -assutre-electric
conductivity are arranged such that the &gtablishnent of tric
conductivity in the electrode gap is substantially |I mﬂ&mﬁmelbm t he
electric field strength present between 10 the elec \ tch
means in its insulating state. 10. A device according to any
preceding claim characterized in that the neans éZS) for supplyin
triggeri ng tndepgndent ofi fheg|l@s3Fde et e SErPRAGRI REESEM yﬁg %Rl ve

energy on lfnheOg18étr6dss of tHE strCidH meafs aln |Anstirmna «ofiidestad -
trodes (23). 11. A device according to claim1, characterized in that

t he means (27) for supplying triggering energy to the electrode 20 gap
are adapt edl0o Ahdgeitéecaetondingdtarasy i precedindputlaim, chapaeterized 12.

For supBl vi 18 LPSgorihg ey o258 el oy SR EHLAT! rrfgoershl erdeiiyasT
shape the etbagaledtam@a gaptéee dxrangedrieepplenthe crgdibative senexgwl |y
entirely, thg spag QFast 1nt%ﬁ§nvEE§n§E§CEEOQﬁ§least one? of €Y1 Efec-

according to any o alms 1, or 12, Charac- 30 terized in that the
means (27) ¥8P9_8ppPYIng tri gger| ng en- ergy to the electrode gap are
adapted to formtwo or nore el ongated focal areas (28) in the el ectrode
gap, sajd f reas_bei ated | on L na f}ﬁrﬂgiﬁr—égégi

i ong 10" ¢ BE7ch ey oS Cndontion Fa Y rRErced BEr vt Shafdlle

t rodes. in that the means (25) for supplying triggering energy to

the electrode gap are arranged to locate the radiative en-
ergy in one spot or area in the gap (24) between the elec-
trodes (23).

15
12. A device according to any preceding claim, characterized
in that the members (25, 27) for supplying the triggering
energy to the electrode gap are arranged to apply the radi-

ant energy in two or more spots or areas (28) between the

20 electrodes.

13. A device according to claim 12, characterized in that

the means for supplying triggering energy to the electrode
gap are arranged to locate said two or more spots or areas

25 of radiant energy along a line extending between the elec-
trodes, said line corresponding to the extent of an electric
conduction path desired between the electrodes.

14. A device according to any preceding claim, characterized

30 in that the means (25) for supplying triggering energy to
the electrode gap are arranged to apply the radiant energy
in one or more elongated areas (2Bi,k, m, n), the longitudi-
nal axes of which extend substantially along the direction
of the electric conduction path which is intended between

35 the electrodes.
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55 14. A device accor di ng to any preceding claim, character-

i zed in that the nearihisfSbeet Hag epleced r | ggeri ng ener gy to t he
el ect rode 835’2%32§ adawmm “' Ll he radi ant energy on PCT/SE91/G248t one

of the el ectrodes as them : 15.. A._devi ce according
to any preceding claim, c aracter- ed I n that at | east one of the
el ectrodes at the el ectrode gap has an openmmﬂmml"mw ﬂ whi ch the
means (25) for supplying triggering energy rmﬂ irect the
ra- 10 diative energy. 16. A device accor di ny t'o & aisms*11 and 15,

characteri ZP—ﬂ; téaataé@oera;ﬁg@p éZQL mr ayppé é%&ggsg 16, CQRLEY
to the ecf\r ofe gap are a eﬁ OC at e

ergy area (2&eimeane (2&)nfoy §ﬂPDHHFn§I§€F99§§1mﬂléﬁeﬁ§¥ to thﬁt%kﬁﬁnng
(29) and sucprid@tgdbhearsi Safbtddiord Unbgy freéilelongatewtf&fae:t Bred ethtd

substantial ly concen ric to the axis of the opening in the el ectrode.
20 17. A de¥itebaleB$@Lt o any preceding claim characterized in
that auxgliary el ectrodes (31, 31d) for equalizing the electric field

and/ or for articipation.i n the trig- geLi ng,.process b aj d
auxiliar Z:E%ro e eB’é‘Fﬁgaé")?ﬁ gé' g° Cla’g'he% aﬂfaﬁ[ls’e %ﬁ%ﬁ%&sr}n
result, belnghaapahéeme&nsnfbr Bopplyhggfl tedggkaiggs enargyarbcartyed eleche

gap (24) betyg t%ﬁg ar?ea&%{&g%o Fhape th t%.cﬂ%éa 128 3G Ui L 3y

preceding cl a| m i ze ns for supplyil ngb
triggering @eﬁ) SOtlFﬁéYeIQ?ctSW%aédﬁpr@%’éuaals&yrst§h¢f §tPace e-

control 1Ny Sh&ESh She eledBEhedid C Wave energy. 19. A device according
to claim 18, characterized in that the control system conprises at

| east one refractive, re- 35 flective and/or diffractive el enent.
17. A device according to any of claims 14 or 15, character-

ized in that the means (27) for supplying triggering energy
to the electrode gap are adapted to form two or more elon-
15 gated focal areas (28) in the electrode gap, said focal ar-
eas being located longitudinally after each other along the
electric conduction path intended between the electrodes.

18. A device according to any of claims 1 and 10, character-

20 ized in that the means for supplying triggering energy to
the electrode gap are adapted to apply the radiant energy on
at least one of the electrodes as well as between them.

19. A device according to any of the claims 10-18, charac-

25 terized in that at least one of the electrodes at the elec-~
trode gap has an opening (29), through which the means (25)
for supplying triggering energy are arranged to direct the
radiative energy.

30 20. A device according to claims 15 and 19, characterized in

that the means (27) for supplying triggering energy to the
electrode gap are adapted to locate the tubular radiant en-
ergy area (28) in the vicinity of that electrode which has
an opening (29) and such that the axis of the tubular radi-

35 ant energy area is substantially concentric to the axis of
the opening in the electrode.
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56 20. A device according to claim 19, characterized in that

the elenent is forned by an axi cone. 21. A device according to claim
20, chara®es/2goegl in that 5 the elenent is forned by a Ki ngdpémdro2iss 22
A device according to claim 19, characterized in that  the elenents
conprise optical fibres (38). 10 23. pgdevice according to any of clains
19- 22, character- i zed in that the control sy | ocat ed
radially outwardly of the el ectrodes and adap ﬂlm ﬂm!jnuzm”)ﬂﬂches of
rays towards the gap between the el ectrodes. evi ce accordin

to any of claims _ 19-23, character- i zed |n that the control system
(279) is addptred OEVAre @scordipgstp povsEISFRESNANCAAMT) aEhABAELSHIZEd 0N

about one ofmt héhat aﬁkﬁllié:@f'eélect%@de§5 (31,de318% FerOrsuen {21 @ Ythe
in that at |east, one vol t age

recedi ng claim_chargc vey -
G verer (291 efrritniaendy snd/om, f95 ATEIVS PTG CHHTTIPReLhs 0 ofria-
26. A devi cgexdagr cﬂ:rlmg:etss dyy saiel exlixig idaielectrodet deimgl Exposadt bat
the neanrs f Syq| g er, r.gy. t I p
adapt ed%to ?(E)lceus t )eéh?a i an er??r%g %{éﬁ%ré&lﬁ] b‘?i’t‘g 8%;58 %t aﬁt?‘gﬁg
paral | el , eltdRgatfagef GhRrggseasre arztameldo@ tehe AP aked) obetitieen Eh%
| ocat ed subgtlg@tt&-ghbg, along the direction of the electrical conduction
path ained 30 at between the el ectrodes (fig 21). 27. An arrangenent
in an electric power plant for protection

22. A device according to any of claims 10-21, characterized

10 in that the means for supplying triggering energy to the
electrode gap comprise a system for controlling electromag-

netic wave energy.

23. A device according to claim 22, characterized in that

15 the control system comprises at least one refractive, re-
flective and/or diffractive element.

24. A device according to claim 23, characterized in that

the element is formed by an axicone.
20
25. A device according to claim 24, characterized in that

the element is formed by a kinoform.

26. A device according to claim 23, characterized in that

25 the elements comprise optical fibres (38).

27. A device according to any of claims 23-26, characterized

in that the control system (27f, h) is located radially out-
wardly of the electrodes and adapted to direct bunches of
30 rays towards the gap between the electrodes.

28. A device according to any of claims 23-27, characterized

in that the control system (27g) is adapted to divide laser
pulses into an annular configuration about one of the elec-
35 trodes. e e

Sheet Has Been Replaced

N

[ THIS SHEET HAS BEEN
; RFPLACED




of an electric object (1) connected to an el ectric power network (3) or
anot her equi pnent included in the electric 35 power pl ant from

faul t - r SWNa98&2P928 over -currents, t he ar r angenent conpr?%"?’ﬁ%”é[n&% t chi ng
device (4) inaline (2)
bet ween the object and the network/equi gyent, characterized |n that t he

arrangenent conprises a device according to any E“”I ul I t he
switch nmeans (10) being connected to the lin l '1 ummlmﬂrobj ect
(1) and the switching device 5 (4), and that tHe $w tch"neans (10) is
act uat abl e_for _over- current diversion wth a55| stance of an
over - cur r ekP scBndevice according: &or PRy RresRGdRencleil. | shagagherized e
gerl od ( )muttsxh&nutalneyass:hmbebvbhawotttwgbr aakretrrtml szzt)gesswhdmiedt@d g
evice (4 rran nt _a KRg to claim27, characteri ze
I n t hat™ R?rgmlfa@hl ﬁ’gt Svirt g%gﬁ e 8% gﬂé&'by acircuit br eaker.
15 29. An arrangenent according to cI aim27 or 28, character- I zed in

that it5 compyi ?gsdgvﬂzgtggé%paﬁgge%o( Gy mé@]urt ,{:lhewhégglhett\ﬂ%en

the switching Vi ce ect, sal brea bei n
arranged b@tlﬁé’eﬁth@hﬂﬁqfctﬁ]nb is Cﬁé&ﬁ§tf*40)‘:°arﬂi‘ t‘Pn‘se%'b’fe%tPP?l?raﬁ’thel ng

adapt ed t owlirkak 330 ox! awerhee! bamgameﬁ% guEnaaka ihaknkhel1swtrald poweevi ce
(4) and._t herefare ﬁ able 0 erformng a,sh ter r eak- tlglé t han
the swi t chPt§evitRe aAEVERS: "‘tq‘i@rf‘lﬁlt"r?er evigapt'éd tHbPeak

when t he oldhec|Rr)ebletivesnr dheobbdeart hhamthe nteﬂt@roﬁrhj/eqtufph)edias&ﬁm

reducqg by 15a03 00 Lhe il Whe T Al L6 ) SubSLARhEALLY el el

t han t ng emen NEccor di ng
claim 29 dhmeact2) i betwean the habjectcddpriand é;h@orﬁw:etcmqmg @exjice

connected @)t hee-+mt rReidtedd MdWIseMo) (iLé Qtéi:uéﬂgbﬁ.g e ekher

br eaker (6) In order to achieve actuation of the further breaker for
breaki ng pGHEEERs FERTERENOYEIERY Peﬁ‘t’-@oﬂ&?-‘&?do?umnft shogdegyj ect
(1) is indipanhedhebyré@aartifk blifetHet eit8HiAG- device (4).

15

31. A device according to claim 30, characterized in that

the switching device (4) is formed by a circuit breaker.

32. A device according to claim 21 or 31, characterized in

20 that it comprises a further breaker (6) arranged in the line
between the switching device (4) and the object, said fur-
ther breaker being arranged between the switching means (10)
and the object (1) and being adapted to break lower voltages
and currents than the switching device (4) and therefore ca-~

25 pable of performing a shorter break-time than the switching
device and that the further breaker is adapted to break when
the over-current towards or away from the object (1) has
been reduced by means of the switch means (10) but sub-
stantially earlier than the switching device.

30
33. A device according to claim 32, characterized in that it

comprises a control unit (14) connected to the detecting ar-
rangement (11-13) and to the further breaker (6) in order to
achieve actuation of the further breaker for breaking pur-
35 poses when the over-current towards or away from the object
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rangenent, to be below a predeterm ned |level. 35

58 31. An arrangenent according to claim?29 or 30, charac-
terized iwmooia9928he further breaker (6) conprises a sw tch PCI/SE4TMR)5S30Ver
which there is coupled a shunt line (17) having one..ar nore conponents

(18) for avoiding arcs on separation 5 @fgcontacts of the switch (15) by
causi ng the shuntline (17) to take over current ﬁﬂ]ﬂ"ﬂ”‘ﬁm e
cont act s. 32. An arrangenent according to clai ”ﬁrﬂa din
that said one or nore conponents (18) in the shunt [iné (17)t 100 are=

cl osabl e into conducti on by means of control via the control unit (14).
33. An arrangehehs iodbeated, t bycimgans 3efothe? degegitinge @xrangement.,i itq hat
sai d one oOr PSPl fetabdifiE feRfgied by 15 controllable

sem conduct or conponent’s. 34. An arrangenment according to any of the
clainms 31-33, characterized in that said one or nore conponents (18)
are pr o\d4dledawdefriee lbeesirding averanyoldfigehar ckaims G20B3,2&kharad3s.
An arrange cordin cl.al - : cter] [ N
that & drscomiied’ thotnpd, 4 Furtceal didicet (¥) compf 1868 K okt
series with G H overowhiche Whemso-is cowphed glgghurpts line3617An having

arr angenent oL Hi o] ' D a ri A h t :
di sconnect or 2d§Pigag%ugﬁggbﬁbﬁﬁﬁe?ggzt?%? Eﬁ??dhﬁg ?fg% ?ﬁ‘égﬁﬁﬁﬁ??éFTed

0
t her eof for YhePHEpEFS 2f tHhe Syitah (15) by gauging ddeh shymtldned k¥
have cl osed ghdc8ad bwde Qirrkht BRI Eron the8krohdwche . been placed in
a condi#'on for breaking the shunt line (17). 37. An arrangenent
accordi % to any of clains 27-36, charac-
35. A device according to claim 34, characterized in that

said one or more components (18) in the shunt line (17) are
closable into conduction by means of control via the control
unit (14).

i5
36. A device according to claim 34 or 35, characterized in

that said one or more components (18) are formed by control-
lable semiconductor components.

20 37. A device according to any of the claims 34-36, charac-
terized in that said one or more components (18) are pro-
vided with at least one over-voltage arrester (30).

38. A device according to any of the claims 34-37, charac-
25 terized in that a disconnector (20) for galvanic separation

is arranged in series with said one or more components (18).

39. A device according to claim 38, characterized in that

the disconnector (20) is coupled to the control unit (14) to

30 be controlled thereof for opening after the switch (15) hav-
ing been controlled to have closed and said one or more com-
ponents (18) having been placed in a condition for breaking
the shunt line (17).
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terrzed |n
appara

that the protected obJect (1) Is formed by an 35 electric
menesheat Hes Been Replaced

59 w°9§’§992ﬁ\n ar ding to claim 37, char a@@ﬁ%ﬂzlﬁ
that the object is f rator, transforner SIS 0] o9
39

An arrangenent according to any of tﬁ@ cla

in that the object is formed by a power line, | ch ﬂﬂ"&” m"jmm,.n 40.

An arrangenent according to any of clains 27-39

that two switch nmeans (10) are arranged on either srdes of the obj ect

46 BOURLLLEMLIO 815 o any prddeals®LiR0ACTEAL ACERLALLY 1O

to protect
any of clai

unit (14) cban&bedd tie protectedV ebieatadd )( 11y Haumed th:Ye aveelegtriat

condi ti ons

and cl aim
(14) is ar-

current conditions detecting arrangenent (11-13),

erAbéS\"i‘lfSé éc@%orc?i%% to 4§“rP’L§ e cf&ﬁ!:'h% 12 ;Orghg%&g poy of

and t he fur
clains 1-27

appar&CiS ity A MIGNSEES c{ddyig), said control unit (14) being
arranged to control the swtch means to cl osing based upon I nformation

fromthe over-current conditions detecting ar- . .
for reasons4nf Ar dedfidedNac@drding 43. a&ra:&rraogematraeee&rietelg ir0 €hatm 41

sane control unit

ed h
“the BBjanh s ESUIRG 26T 2 et et R (T Dver -

pr o- agar ns

over-curren}ﬁ?_@_ leo that ghe Apiérmq:’eeleccf@ratadg hy anpowerclldings ey, a
characigri zefple. iNn that one or nore switch neans (10), possibly in

addi ti on

15

20

25

30

35

43. A device according to any preceding claim, characterized

in that two switch means (10) are arranged on either sides
of the object to protect the same from two sides.

44. A device according to claim 1, characterized in that it

comprises a control unit (14) connected to the switch means
(10) and to the over-current conditions detecting arrange-
ments (11-13), said control unit (14) being arranged to con-
trol the switch means to closing based upon information from
the over-current conditions detecting arrangement when re-
quired for reasons of protection.

45. A device according to claim 44 and one or more of the
claims 34, 36 and 40, characterized in that one and the same

control unit (14) is arranged to control, based upon infor-
mation from the over-current conditions detecting arrange-
ment (11-13), the switch means (10) and the further breaker
{(6).

46. Use of a device according to any preceding claim for
protection of an object against fault-related over-currents.

47. A device according to any preceding claim, characterized

in that the means for supplying triggering energy to the
electrode gap are adapted to focus the radiant energy in a

characterrze

rangenent when required

t he smrtch 25 neans (10)

REPLACED
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to conpl enentary di odes or other conponents, are arranged for formng
switching or converter functionalities. 35 .

60 09839928 devi ce according to clai m44, characteri zedrisRoi2a43-

the functionalities are triac and thyristor functional |_t|_e_s ' 46. A

method in an electric power plant for pggtection of an el ectric object

(1) fromfault-related over-currents, char-

over-current diversion is acconpli shed by :‘ Imﬂ Im l&ljﬂmlans (10)
when over - current conditions have been det ect ed ¥ neans

ar r angenent &61 13) f such detection, said switch neans (10), which
i s arrangeH ald iy aaﬁ/e%hw adJgr Raraldels telangated (fycat soeesot her

gnl t with gheel Bcbm?ﬁudim Pak?&t i&f wh@.t:hg &FOS Q.Q)d‘aQ:"edOV§ﬁbstant%Hii§?L
i ver si on | LI el ec | S resen In e
swit ch ma%g‘ongF g%’t r%gect&ﬁém&%o 3?%%3 %SF e %%ﬁ%ﬂ%cva% g’?ﬁ‘ tRnetusdio

t he el ect r atebgapeent thehelactiré8esof £igi2mkri ng neans (25, 27), said

triggeg ng neans (25, 27) bei ng arranged to focus the radiant energy in

two or nore spots or areas (28) on or between the el ectrodes, said two

or more spéBs & devdge arcondingt tenanyypbecedihgcatatmal charactenitede

extending bat waeR iR @reqidrelansant MR p o the
} e B, i coam bfon

ext ent of n el ectric conduction path |nten odes,
or in one §P FIPXEMRTATY] d1iodes o9F (Hiex CATPPnentRe BFifyi eTERRERd axes
of whi ch efbenfiormingubsiashiny| yr atomgetter diumeticih1oftags el ectric
condug pi on path intended between the el ectrodes. 25 47. A net hod
according to claim46, characterized in that a further breaker (6),
which is aﬂPan@eoﬂﬁ!\nl%F‘-lBﬂ@OFQ;n@ettme@ialm @B,S\Achahamqeﬂﬂzede id) tieanel t he
obj ect (1)+tpadehgtwesh LTS I's
actuated for brea{:<:)fLy§60aiFﬁ:aesafz’Ent'?;()rNJ{dr:]i(:ahover-c1£ ent tom@gggﬁgawa%i%sromthe
obj ect (1) having been reduced by neans of the switch neans (10).

50. A method in an electric power plant for protection of an

i5 electric object (1) from fault-related over-currents, char-
acterized in that over-current diversion is accomplished by
means of a switch means (10) when over-current conditions
have been detected by means of an arrangement (11-13) for
such detection, said switch means (10), which is arranged

20 for diversion of over-currents to earth (8) or some other
unit with a relatively low potential, being closed for over-
current diversion by imparting an electrode gap (24), which
is present in the switch means, electrical conductivity by
supply of radiant energy to the electrode gap with the aid

25 of triggering means (25).

51. A method according to claim 50, characterized in that a
further breaker (6), which is arranged in a line (2) between
a switching device (4) and the object (1) and between the
30 switch means (10) and the object (1), is actuated for break-
ing after the over-current towards or away from the object

(1) having been reduced by means of the switch means (10).
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