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~invention relates to a protection systemfor protecting a distribut'¥5"*
transforner insulated in a liquid dielectric. In a distribution
transfornmer having liquid dielectric, in the event of a fault there is a
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15 French Patent Application No. 96 04 248 describes a
protection system making it possible to prevent the
transformer from exploding. In that protection system
for protecting a three-phase distribution transformer
immersed in a liquid dielectric contained in a tank, two

20 of the three phases are equipped on the high-voltage side
of the transformer with respective current-limiting
fuses, and with respective protection micro-fuses
disposed in series with the corresponding current-
limiting fuse, each of said micro-fuses being faster than

25 salid current-limiting fuse and being associated with a
striker. That system further comprises firstly at least
one fault detector for detecting faults concerning at
least one of the following points: pressure in the tank
and level of the dielectric; and secondly a three-phase

30 short-circuiter situated on the high voltage side between
said current-limiting fuses and the high-voltage
windings, said short-circuiter being triggered by said
fault detector, the striker associated with each micro-
fuse also triggering the short-circuiter when the micro-

35 fuse operates.

Although that system is reliable, it is possible to

imagine a chain of events that would make it possible for
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_fuse also triggering the short-circuiter when the mcro- 35 fuse operates.
Al t hough that systemis reliable, it is possible to imgine a chain of
events that would nmake it possible for I 1TLLILIL LI LD VLD LT VI
111 11T *@Q0002* 2 a point on the windings of the primary of the
transfornmer to be kept grounded. An object of the invention is therefore
to inprove that protection system at |ower cost, so that the 5
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the third phase is isolated only after the fuses have
been blown by the short-circuiter.

15 After the disconnector switch has been opened, all
of the conductors and connections of the high-voltage
windings of the transformer are 1isolated from the
network.

Opening of the disconnector switch is triggered

20 mechanically or electrically by movement of the short-
circuiter. In a particular embodiment of the protection
system of the invention, the disconnector switch includes
two terminals spaced apart form each other and connected
respectively to the third phase and to the short-

25 circuiter. The two terminals of the disconnector are
interconnected via an electrically-conductive slidably-
mounted rod that is moved in translation or in rotation
under the action of a spring relaxing in sequence with
opening of the short-circuiter. The disconnector switch

30 further includes a removable pin which prevents said rod
from moving, and which 1is connected mechanically to a
moving portion of the short-circuiter so as to be
released when the short-circuiter operates. The switch
may also be triggered by means of a mechanical system of

35 the striker type, itself actuated by means of electrical
contact being established by a short-circuiter. In

addition, a first terminal of the disconnector switch is



_opening of the short-circuiter. The disconnector switch 30 further includes
a renovabl e pin which prevents said rod fromnoving, and which is
connected nechanically to a noving portion of the short-circuiter so as to
-be released when the short-circuiter opérates. The switch may al so be
triggered by neans of a nechanical systemof 35 the striker type, itself
actuated by neans of electrical contact being established by a
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15 to £ill the housing under a vacuum with the dielectric
contained inside the tank.

In yet another embodiment, the disconnector switch
is based on a rotary device comprising a fixed contact
and a rotary moving contact. In this embodiment, the

20 rotary moving contact remains in electrical contact with
the fixed contact for a portion of the rotation so that
the electrical opening takes place with a delay relative
to the start of rotation of the moving contact.

Embodiments of the protection system of the

25 invention are described below with reference to the
drawings, in which:

Figure 1 very diagrammatically shows the protection
system of the invention;

Figure 2 shows a first embodiment of a disconnector

30 switch equipping the protection system of the invention,
the disconnector switch being shown in the closed
position;

Figure 3 shows the disconnector switch of Figure 2
in the fully-open position;

35 Figure 4 shows a second embodiment of the
disconnector switch equipping the protection system of

the invention; and



.drawi ngs, in which: Figure 1 very diagranmatically shows the protection
system of the invention; Figure 2 shows a first enbodi nent of a

di sconnector 30 switch equipping the protection system of the invention,
-the di sconnector switch being shown in tBe closed position; Figure 3 shows
t he di sconnector switch of Figure 2 in the fully-open position; 35 Figure
4 shows a second enbodi nent of the disconnector switch equi pping the
protection systenfifure hg isventpwsfilendvilew Fofutaes sescndoraibodimerw of
the second ?_cﬁ?oq{ﬂ@ntdi%fcc} A SCoyECt L OgrEEEcEFBEGCEgQE Rys&em Qe the
invention. The transformer shown in Figure may, Tor ex np?e, 5 be a
20/ 0. 410 ki | owoenti®®y) transforner. Reference 1 designates the delta
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current-limting fuses 19 and 20.
rectangle 6.
The low-voltage winding 2 feeds the phase lines 10,
11 and 12 by passing through the tank 6 in leaktight
15 manner via insulating feedthroughs 13, 14, and 15, and
similarly, the neutral point 16 is connected to a neutral
conductor 17 passing through the tank in leaktight manner
via an insulating feedthrough 18.
On the high-voltage side, two of the three phases
20 (the phases referenced 3 and 4 in this example) are
connected to the high-voltage winding 1 wvia respective
current-limiting fuses 19 and 20.
These fuses function normally above a current
referred to as the "fuse-blowing current" Ic, e.g. 60
25 amps. Below that current, there is a critical current
range, e.g. from 36 amps to 60 amps, within which the
fuse overheats, is degraded, but does not blow properly.
In order to protect the fuses against such malfunctioning
within the critical current range, each current-limiting
30 fuse 19, 20 1is associated in series with a respective
micro-fuse 21, 22 that is faster than the current-
limiting fuse and that is constituted by a short silver
blade. Its role is to obtain melting at low currents,
within the critical current range of the current-limiting
35 fuse, with good accuracy. Each micro-fuse is associated

with a respective striker 23 and 24.



_These fuses function normally above a current referred to as the
"fuse-blowing current” Ic, e.g. 60 25 anps. Below that current, there is a
critical current range, e.g. from36 anps to 60 anps, within which the
-fuse overheats, is degraded, but does not blow properly. |In order to
protect the fuses against such malfunctioning wthin the critical current
range, each current-limting 30 fuse 19, 20 is associated in series with a
respective mcrosteisea2btrdkerhats i kndant eert an t hetcurs esdnst itnatedig
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15 By being released, the finger of a striker triggers

a three-phase short-circuiter 29, 30, 31 so as to close
it. This operation C is performed via any arbitrary
mechanical trigger system, represented in dashed lines.
The system includes a pressure detector 32 which also
20 triggers the short-circuiter 29, 30, 31 in the event that
the pressure of the dielectric liquid exceeds the wvalue
set for the sensor. A level detector 33 also supplements
the protection system.
In the event that the level of the dielectric liquid
25 falls below a safety threshold, the detector 33 which,
for example, may be constituted merely by a float, causes
a contact 34 to close, thereby closing a circuit
including a striker 35 whose steel wire 36 is connected
in parallel between the neutral point 16 and a phase 12.
30 If necessary, a current-limiting resistor 37 is inserted
in the circuit. The contact 34 closing causes a current
to flow through the circuit, thereby causing the gteel
wire 36 of the striker 35 to melt, thereby releasing its
finger and causing the short-circuiter 29, 30, 31 to
35 close.
Thus, in the event that a fault appears, such as a

current surge, a pressure surge, or a leak from the tank



_the pressure of the dielectric |iquid exceeds the value set for the
sensor. A level detector 33 also supplenents the protection system In the
event that the level of the dielectric liquid 25 falls below a safety
threshol d, the detector 33 which, for e¥anple, may be constituted nerely
by a float, causes a contact 34 to close, thereby closing a circuit
including a striker 35 whose steel wire 36 is connected in parallel
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15 a fault appears in the tank 6. Thus, all of the high-
voltage windings 1 of the transformer are disconnected in

the event of a fault.
The disconnector switch 39 is designed to open with
a certain delay relative to the instant at which the
20 short-circuiter is triggered so that the third phase is
isolated only after the current-limiting fuses have

blown.

The disconnector switch 39 has two terminals 40, 41
gpaced apart from each other and connected respectively
25 to the third phase and to the short-circuiter. The two
terminals are connected together via an electrically-
conductive slidably-mounted rod 42 shown in Figure 2 and
which moves in translation to interconnect or to separate
the terminals 40, 41. As shown in Figure 2, the
30 slidably-mounted rod 42 is disposed axially in a housing
43 made of an electrically insulating material, and
cylindrical in shape in this example. The housing is
closed at its two ends by respective covers through which
the terminals 40, 41 pass. The terminal 40 is connected
35 electrically to an annular sliding electrical contact 45
through which one end of the rod 42 passes and which is
held in fixed manner in the housing by an electrically-



The di sconnector switch 39 is designed to open with a certain del ay
relative to the instant at which the 20 short-circuiter is triggered so
that the third phase is isolated only after the current-limting fuses have
bl own. The di sconnector switch 39 has twd termnals 40, 41 spaced apart
from each other and connected respectively 25 to the third phase and to
the short-circuiter. The two termnals are connected together via an
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15 in the housing.

When the disconnector switch 1s in its closed

position, the spring 48 is loaded between the washer 49

and the end wall of the bore, the rod 42 penetrates into

the contact 45, and the pin 51 penetrates into the rod

20 42, thereby preventing it from moving axially inside the

housing 43. The rod 42 electrically interconnects the

two terminals 40 and 41 wvia the contact 45 and via the

conductor 47. When the pin 51 is released from the rod

42 by traction being exerted towards the outside of the

25 housing 43, as indicated by the arrow in Figure 3, the

spring 48 relaxes and drives the rod 42 in translation

towards the cover 54, thereby causing the contact 45 and

the rod 42 to separate. At the end of the stroke of the

rod 42, the two terminals 40 and 41 are electrically

30 isolated by a disconnection distance y that is

sufficient. As shown in Figure 2, that end of the rod 42

which is closer to the cover 44, when the disconnector

switch 39 is in the closed position, penetrates into the

contact 45 over a distance x that is sufficient so that,

35 when the pin 51 is released from the rod 42, the time

during which the rod 42 moves under the action of the

spring relaxing and is slowed by the action of the



.15 in the housing. When the disconnector swtch is inits closed position,
the spring 48 is | oaded between the washer 49 and the end wall of the
bore, the rod 42 penetrates into the contact 45, and the pin 51 penetrates
“into the rod 20 42, thereby preventing i fromnoving axially inside the
housi ng 43. The rod 42 electrically interconnects the two termnals 40 and
41 via the contact 45 and via the conductor 47. When the pin 51 is
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15 is preferable for the vents 52, 53 to be disposed in the
top of the housing 43 so as to prevent the dielectric
from draining out of the housing 43 in the event that the
tank 6 leaks.

In a wvariant, the disconnector switch 39 may be

20 implemented on the basis of a rotary device mounted in a
housing 43' shown in Figure 4. This device comprises a
fixed contact 61 connected to the third phase 5§ of the
high-voltage power supply, and a rotary moving contact 62
connected to the high-voltage windings 1.

25 In the embodiment given in Figure 4, the fixed
contact is a tube disposed between two substantially
parallel plates forming the moving contact. The plates
are mounted to rotate about an axis remote from the tube
and perpendicular to said tube. When the disconnector

30 switch is opened, the spring 48' drives the plates in
rotation, while they remain in electrical contact with
the tube for a portion of the rotary stroke, thereby
delaying opening of the disconnector switch by a certain
duration. As shown in Figure 5, the two plates 62 are

35 held in abutment against the conductor tube by a presser
spring 63 situated substantially midway along the plates.
With this configuration, the opening delay can be



it to be filled with the dielectric, or enabling gas at excesss pressure
to be renoved. Wen the disconnector switch is disposed in the tank filled
with dielectric, it 15 is preferable for the vents 52, 53 to be disposed in
the top of the housing 43 so as to prevént the dielectric fromdraining
out of the housing 43 in the event that the tank 6 |leaks. In a variant,
the di sconnector switch 39 may be 20 inplenented on the basis of a rotary
devi ce nountadjusted boushodi ZBinghohe | fofdguesedtethilsy debeceoeaged ses a

fixed cont ac%ppj}n%?g@egﬁ_eghé iQ@eéh%%d phase 5 of the high-voltage power

supply, and r ot movi ng _cont act connected to the high-voltage
wi ndings 1. 25 | Fh¢e &MsoddheRPNBRUBAT| BWHitdilt 32, ide i} xBBe HMIFRE is a

tube di sposegobetyeen tue gwbst anfdaldsy tl@@r%iéé‘éspbﬁt asel ddldiGddhayovi ng
contact. The plates are nounted to r(;)tatﬁ1 a

_ .about an axis rerm,tegﬁfdomthe
tube and pe? pEREFELd aferBetai YhiGhe. 1BnERLPHEXFOLEANES & WAISH (T i s
oloened_, tlhe SPI iphevASit itk \é’@l‘@erﬁgerfbhﬁtﬁﬁtétmr}g ot a}imﬂth\ﬂfei | embdemeredrai n i n
el ectrical cgntact, wit t he e for a, partjion t raotar tro
thereby del'® ‘?né“ld't?eer#qnar& %%e Ll sé8ﬁ]n<§§t o{;os q'iechpgﬁtgsce%{?é?]ﬁ e
duration. Asashbom Pfi B dquwldixg téering phat @d62itar s 38nhek#edn babament
agai nst the condueloy ihidly AnpERTSSn $RELNGeRAnsiluatied substantdally
m dway al ong the plates. Wth this conl%lgurathn, e openi ng delay can be
9 adj usfed d§tHREI PR ridie harMorad i@eér tieee bpctRenpdsselhe spriitRg 6% on the
plates 62. Wieent heedi sconnect 95 adtudtedd | shénHikged 086 iBOSIdved, the
free ends of the plates 62 are retained by 5 a |ocking nenber, which, in
t his exanpl e?h‘?Ee}gYhi FGefasimss pRevemLidtEs hefitf r &Y ot SEPAGTYI n i s

enbodi nent, didseotmegedr agwibShi Sol opked to the plates under the action of
a hol ding spring 'lﬁl'flsé a%q:riitkeirs ur?l!a}c/)'Cketge by a%rtl_uated mechanically or
15 electrically by the short-circuiter 29, 30, 31. In the
example shown 1in Figure 4, the striker 1is actuated
electrically by the short-circuiter. As explained above,
such a striker comprises a finger 68 mounted to slide
inside a body 67. The finger 68 abuts against a trigger
20 spring 69 while being retained by a steel wire 60. When
current is applied to it via the short short-circuiter,
the steel wire 60 melts, thereby releasing the finger 68.
The finger 68 then moves under the action of the spring
69 to push the hinged arm.



~unl ocki ng nmenber which, in this exanple, is a striker 10 acting on the arm
agai nst the action of the spring 66. Wen the striker is actuated, the

hi nged armis noved, thereby releasing the plates 62 and causing the

di sconnector switch to open. The strikerl¢my be actuated nechanically or

15 electrically by the short-circuiter 29, 30, 31. In the exanple shown in
Figure 4, the striker is actuated electrically by the short-circuiter. As

expl ai ned above, such a striker conpr¢aBMa finger 68 nmounted to slide

inside a body,67, T i 68 agajn i r 20 i ile
bei ng retai n%{j bzi‘/_ sct.)éeéé?g%?e . en cufé%%té(lgﬂsﬂ%pl%ed tpéQ?pkg?g%él\?he
short short-@i#ehibperiont hragsdermgir dWELRAG sint Rerddigp ide| Easherf ie

finger 68. dJbetiinegrifBat BEAKMESS HRd@hibhetasti@n af) tdre Y itkkred9 tO
push the_hi ngﬁg arm 10 CLAIMS 1/ A prg}%gcgl,og sy temfor,grote ti a

t hr ee- phase PAFEEF i RAT oFFHERTDr By Thfer 8807 ¥OAPBGui 82 dFel Rkt rf

cont ai ned i ntpah@fkridy, withwhirebpewoi(d, Ayrwafndleiniviaey Sfpbases(Bg e

equi pped on hi_gh-vol tage side_of .the _transfornmer w.th. respective

curr ot i 4 e Y 46T SeBrTeahll o[ 1R3kS! e, a1 F o AT aui
detector (323233331 ofodetdattdatg ricaufasl toncencenging headeasne afe dfhe
follow ng points; e ) Hgﬁg% | exel, . of h i glectri a

t hr ee- phase 1l'i‘ %riﬁo?:??%aﬂ?elﬁ({légge:% : 1) si tg}l}atté% o%é&%}%esﬂ?g%e\%lt a(gfe si de
bet weenlQai dtheurdiedeqtniia i ng fudese dphkprIfe Hoghwdincage s ndRAgs 19 ,
said short-ciirui s erudedag &k gges echiyh sajshdapl t 08t eatoyywddn bl d he
current-limtin fUSfS b¥,15 stabllsglng a.dead short circujt bet&ﬁﬁn t he
phases, sai d'protkct 1Bht 593t EHPBRI AR hEFadi8hYod tage namAigigs e

hi gh-vol t agesside ehotkhectiranitetrnebeindy upstigpered r obyt hgaid fault

Short_CirCUiégEécEgP th{éd H&ﬁ%& i%ﬂ%QUigggprent—limiting fuses by
15 establishing a dead short circuit between the phases,
gaid protection system being characterized in that, on
the high-voltage side of the transformer and upstream
from the short-circuiter, the third phase is equipped
with a disconnector switch (39) which is normally closed
20 in the absence of any fault, and opening of which is
triggered by the short-circuiter in the event of a fault,
but with a certain delay so that the third phase is
isolated only after the fuses have been blown by the
short-circuiter.
25
2/ The protection system of claim 1, in which opening of
the disconnector switch (39) is triggered mechanically by

movement of the short-circuiter in the event of a fault.

30 3/ The protection system of c¢laim 2, in which the
disconnector switch (39) includes: a first terminal (40)
connected to the third phase (5) of the high-voltage
power supply; and a second terminal (41) connected to the
high-voltage windings (1) and to the short-circuiter;

35 said first and second terminals being interconnected via
an electrically-conductive slidably-mounted rod (42) that

is moved in translation under the action of a spring (48)



with a disconnector switch (39) which is normally closed 20 in the absence
of any fault, and opening of which is triggered by the short-circuiter in
the event of a fault, but with a certain delay so that the third phase is
isolated only after the fuses have been I} own by the short-circuiter. 25
2/ The protection systemof claim1, in which opening of the disconnector
switch (39) is triggered nechanically by novenent of the short-circuiter
in the eventrefaxincul whe30 3opEhéngr ot eft i obheystsEmuf-cledwaterin hi ch

the discon { e 3 J 1%. Bty ] hal o] ed to
the third p%e eS%%'f tgﬂée1 %l?g%é-}g% ta e_ﬁé%m(ff)lgug%%%@aﬁgégégg%on@éq%
t er mi nal (411;O<%§mmwae%eth@ndhwghc ol Ba§enrRErAgdeCiprdfd 1ty e @
short-ci rcui:ﬁ@ﬁ;ngf% Sk bh 1 sbf anghsecgndrtermi-nak sckei Bg i Blser ceNnet ed
via an electrjca I%-c nduct i ve SLId bl y- nounted rod %42% tc\‘ﬂté IS, Wed in
transl atf on "iﬁ#oee"’PS‘? e ofr &18p Fﬁérfﬁéfefl Opefakthy wheh g of
the short-citetmireal i 401 r ibggderethe bddia redrtaliloalpi aorfttdgt whiich pievent s
said rod fr i k ISy cQpn e i,cal ly to _a i ng
or i on of {RE aherife; #obpPE 6,8y “BE"BhbC e rARE LT, gl riks™ o e
short-circuirtet. operates, the first terminal (40) being held in electrical

contact with the rod during a portion (x) of the translation stroke of the
rod. 10 4/ The protection systemof claim3, in which the electrical

cont actl®et viben e REQUWEGEIGR nadYHRY £fd eS| idabli ol 8¢ (42)
i's maintai negh &yt @ ddXedonshicdi NG GEEEACEhe4 5 1 ¥t ChdrsieRnnecied and

electrically to h Lrst term.nal i i.s annul ar .i n_shape, d 1
Chrough ani SHiSneLnaabi e ke g Fnmdr maat cd s oBrsatesase” B %o St i on
system of clsliidihercédntabntwhi4®) thieichods(4nnecthdpoeiedtirhsadya twousi ng
(43) prOVIdegthtEErst terminal, which 1is annular in shape, and

15 through which an end of the slidably-mounted rod passes.

5/ The protection system of claim 3 or 4, in which the

rod (42) is disposed inside a housing (43) provided with

vents (52, 53), the housing normally being filled with
20 the dielectric.

6/ The protection system of claim 1 or 2, in which the
disconnector switch (39) includes a fixed contact (61)
connected to the third phase (5) of the high-voltage

25 power supply, and a rotary moving contact (62) connected
to the high-voltage windings (1), a spring (64) acting on
the moving contact to rotate it, a locking member (65,
66) which prevents the moving contact (62) from rotating,
and an unlocking member (60, 69, 68, 67) which is

30 actuated by the short-circuiter (29, 30, 31) to act on
the locking member (65, 66) to release the wmwoving
contact, said moving contact (62) being put into
electrical contact with said fixed contact (61) during a
portion of its rotary stroke.

35
7/ The protection system of claim 6, in which the
unlocking member (60, 69, 68, 67) 1is a striker (67)



.vents (52, 53), the housing normally being filled with 20 the dielectric.
6/ The protection systemof claiml or 2, in which the disconnector switch
(39) includes a fixed contact (61) connected to the third phase (5) of the
hi gh-vol t age 25 power supply, and a rotak¥ noving contact (62) connected
to the high-voltage windings (1), a spring (64) acting on the noving
contact to rotate it, a |locking nenber (65, 66) which prevents the noving
contact (62)adtoatedt atlieniricmidan bynl sbki nghoehbeir¢8Oted9, (58, 609, which
is 30 act uatgg by the short-circuiter (29, 30, 31) to act on the |ocking
menber (65, to rel ease the noving contact, said noving contact (62)
being put into electrical contact with said fixed contact (61) during a
portion of igp nrabarpfoaié@ﬁ%n 38ydtemne fPrOtLGH | ONogy St emAf whlidihMibhe i N
whi ch the upl| ocki rrerrber éGO 69, 68, 67) is_ a striker (67) 12 actuated
el ectrical | y*He¢h %@Ftt ct$ELi dér ?Zéub% angdy in gyhigh " 5Pt Q53
syst em of clmmﬁgorcantwt\/\hl (6b)t hes 5 foirved C@j)t aG:Iwc( 6lgub st ant 1diELy and

whi ch th f b |
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protection sybaeesof any one of clains 1 to 8, further conprising a
protection mcro-fuse (21, 22) disposed in series with a current-limting
fuse, said mcro-fuse being faster than said current-limting fuse, and
bei ng akQoci ¥f edhfi tBretetti®er syssem L ap8y 3« rPfgerlieddissal dto 8,

short-circui t@rtMben sdnPrikeng-f HSepropec@ties micro-fuse (21, 22)
disposed in series with a current-limiting fuse, said
micro-fuse being faster than said current-limiting fuse,
and being associated with a striker (23, 24) also

15 triggering said short-circuiter when said micro-fuse

operates.



