EP 1 321 951 A1

Europdisches Patentamt
European Patent Office

(19) g)

Office européen des brevets

(11) EP 1 321 951 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
25.06.2003 Bulletin 2003/26

(21) Application number: 02080450.6

(22) Date of filing: 17.12.2002

(51) Intcl.”. HO1F 38/38, HO1F 38/30,

HO2H 1/04, HO1H 71/24

(84) Designated Contracting States:

AT BEBG CHCY CZDEDKEEES FIFRGB GR

IEIT LI LU MC NL PT SE SI SKTR
Designated Extension States:
AL LT LV MK RO

(30) Priority: 21.12.2001 IT MI20012788

(71) Applicant: VEI Power Distribution S.p.A.
20123 Milan (IT)

(72) Inventors:

* Vaghini, Alberto
29100 Piacenza (IT)
¢ Veneziani, Walter
29012 Caorso (Piacenza) (IT)

(74) Representative: Coppo, Alessandro et al

Ing. Barzano & Zanardo Milano S.p.A.,
Via Borgonuovo, 10
20121 Milano (IT)

(54) Compact measurement apparatus for the protection of medium-voltage line

(57)  Acompactapparatus (16) for detecting current,
which travels in medium-voltage insulated cables (23),
comprising a single epoxy resin block (20) comprising
a series of toroidal windings (40, 44, 47) combined with
a further winding (39) for collection of the phases; the
apparatus (16) takes samples of current from the medi-
um-voltage cables (23) connected to a bar switch and

disconnecting switch (22), guaranteeing maximum reli-
ability in the picking up and sending of signals to pro-
tection relays (26) for short-circuits, overloads and un-
balancing between the phases, as well as the reading
and detection of the phase and grounding currents, in
order to measure all of the functionalities and malfunc-
tions of the electrical line.
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Description

[0001] The presentinvention refers to a compact ap-
paratus for picking up current in a medium-voltage line
suitable for being connected to a protection relay, which
drives a medium-voltage automatic switch.

[0002] Medium-voltage switches for indoors are cur-
rently known which use air or gas (usually sulphur hex-
afluoride, SFg) to extinguish the electric arc and as in-
sulating means between fixed and mobile main con-
tacts.

[0003] Medium-voltage automatic tri-polar switches,
with a nominal voltage of up to 24 kV, are used in all
applications of the secondary distribution of medium
voltage and in medium-voltage/low-voltage transforma-
tion substations in buildings, offices in the industrial sec-
tor in general and in tertiary industry.

[0004] In particular, sulphur hexafluoride (SFg)
switches are particularly suitable for service in primary
and secondary distribution stations, where there is the
need to carry out fast shut down cycles in overhead and
cable distribution lines, for manoeuvring industrial pow-
er factor correction units with heavy-duty operation and
limited maintenance, for the command of motors and,
in general, for high reliability and long lifetime applica-
tions.

[0005] The interruption of the arc is normally realised
through self-pneumatic blow out of SFg gas combined
with the contribution of self-generation and, therefore,
with limited absorption of mechanical energy.

[0006] The system operates normally sealed under
pressure and is suitable for repeated fast shut downs,
operating with limited overvoltages also in the manoeu-
vre of small inductive and capacity voltages.

[0007] The poles, placed in cylinders of casting resins
with gas sealing systems, and the support and com-
mand structures of the tri-polar switch can realise fixed
or removable front and/or side operations.

[0008] Moreover, the aforementioned automatic
switches are equipped with current sensors and/or cir-
cuit-breakers or electronic maximum current relays,
powered by themselves, which allow use in unmanned
mediumvoltage/low-voltage transformation substations
without auxiliary power supply.

[0009] Currently, electronic relays for protecting the
maximum current power themselves with current reduc-
ers (transformer, 1, 2, 3, 4), which are applied on board
the switch, so as to guarantee the maximum homopolar
and directional safety protection and protection from
overcurrents in relation to all types of data which can be
detected inherent to the protection problems.

[0010] The two or three transformers applied to the
switch supply the energy necessary for the operation of
the relay and for the switching off of the switch through
a demagnetisation actuator group applied to the com-
mand, which allows overloads (at long reverse time and
at adjustable fixed time) and short-circuits (at adjustable
independent time) to be detected.
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[0011] Alternatively, the maximum power circuit-
breakers can be realised with a microprocessor and are
suitable for taking care of the function of protection
against overload and against instantaneous and de-
layed short-circuit, as well as the function of protection
against grounding failure.

[0012] In general, however, the different forms of pro-
tection devices for automatic tri-polar switches have
some drawbacks.

[0013] First of all, in the case in which electronic pro-
tection relays are used, it is necessary to wind a series
of toroids on board the switch, with the inevitable con-
sequences due to problems of electromagnetic interfer-
ence, which translate into the need to foresee a specific
insulation between each toroid and the respective pole,
adding to the encumbrance, connection time, connec-
tion procedures and causing the substantial lack of prac-
ticality and reliability of the entire structure. Then, in the
case of use of microprocessor circuit-breakers, in which
the problem of electromagnetic interference is partially
solved, one of the drawbacks encountered most is that
of the substantial production, installation and operating
costs.

[0014] The purpose of the present invention is there-
fore that of avoiding the aforementioned drawbacks
and, in particular, that of realising a compact measure-
ment apparatus for the protection of medium-voltage
lines with medium-voltage automatic switches, which al-
lows extreme reliability in general to be obtained, capa-
ble of being used without substantial interventions or
complex treatments on board the switchboard, at the
same time keeping the possibility of effectively measur-
ing the data relative to the problems of protection of the
electrical lines.

[0015] Another purpose of the present invention is
that of realising a compact measurement apparatus for
the protection of medium-voltage lines, which allows the
carrying out of a measurement of the functions or mal-
functions of the current circulating in the medium-volt-
age lines, of a reading and detection of the grounding
currents, of a pinpointing of short-circuits and of possi-
ble unbalances between the phases, without using par-
ticularly expensive components and without foreseeing
particular or extremely specific insulation devices.
[0016] A further purpose of the present invention is
that of indicating a compact measurement apparatus for
the protection of medium-voltage lines which is highly
precise, stable, effective and safe.

[0017] The last but not least purpose of the invention
is that of realising a compact measurement apparatus
for the protection of medium-voltage lines at a low cost
and without using complex or expensive technologies.
[0018] Such purposes are achieved by a compact
measurement apparatus for the protection of medium-
voltage lines, according to claim 1, to which we refer for
the sake of brevity.

[0019] Advantageously, the protection apparatus ac-
cording to the invention includes within a single epoxy
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resin block, once enclosed in a container made from
thermoplastic material, a combined series of toroidal
windings, having a sufficiently long core to obtain good
electrical performance, and a further winding, suitable
for collecting the phase current, separated from the oth-
er windings by the resin insulation.

[0020] The apparatus allows a series of samples of
electric current to be taken, in order to obtain both
homopolar and directional protection, thus allowing the
function of protection against overload, against instan-
taneous and delayed short-circuit and against ground-
ing failure to be taken care of.

[0021] The detection of the line and grounding cur-
rents, both in nominal conditions and in the presence of
disturbances, can be carried out by means of a protec-
tion relay, combined with the apparatus object of the
present invention which, thanks to suitable procedures
controlled by an internal microprocessor, allows ade-
quate active current protection, defined by the prevailing
national and international electrotechnical regulations,
to be realised.

[0022] Further purposes and advantages of the
present invention shall become clearer from the follow-
ing description and from the attached drawings, provid-
ed as an example and not for limiting purposes, in which:

- figure 1 is a schematic front view of a measurement
apparatus for the protection of medium-voltage
lines, connected to a medium-voltage automatic tri-
polar switch and realised according to traditional
techniques;

- figure 2 is a first perspective view of a compact
measurement apparatus for the protection of medi-
um-voltage lines, realised according to the present
invention;

- figure 3 is a second perspective view of a compact
measurement apparatus for the protection of medi-
um-voltage lines, realised according to the present
invention;

- figure 4 represents a schematic perspective view of
an example of application of the compact measure-
ment apparatus for the protection of medium-volt-
age lines, according to the invention.

[0023] With particular reference to the quoted figure
1, a conventional embodiment of a medium-voltage au-
tomatic tri-polar switch is generically indicated with 10,
in which each apparatus for the protection of medium-
voltage lines (in particular, a transformer), which is ge-
nerically indicated with 15, is applied directly to each
pole 13 of the switch 10.

[0024] The switch 10 comprises a switchboard 11
fixed to a support base 12 for the poles 13, each of which
essentially consists of an insulating cylinder 17, made
from casting resin with gas sealing systems, whereas
the protection apparatus 15 in general takes care of the
function of protection against current overload, instan-
taneous and delayed short-circuit and grounding failure.
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[0025] Figures 2, 3 and 4, respectively, refer to an em-
bodiment of the compact measurement apparatus for
the protection of medium-voltage lines, according to the
present invention (generically indicated with 16 in the
figures), and to an example of application of such an
apparatus 16 in a compartment with a bar switch and
disconnecting switch.

[0026] In particular, the apparatus 16, object of the in-
vention, foresees the use of three toroidal transformers
40, 44, 47, one for each phase, which are installed
above an attachment support 46 and inside an insulat-
ing casing 20, as illustrated in detail in figures 2 and 3.
[0027] The toroidal transformers 40, 44, 47 are com-
bined together and have a core with a substantially lar-
gediameter. Moreover, according to the invention, it is
foreseen to couple a homopolar transformer, schemat-
ically indicated with 39, for the collection of the three
phases.

[0028] The homopolar transformer 39 is separated
from the other three toroidal transformers 40, 44, 47 by
means of a resin insulation and allows the grounding
failure current to be detected through the execution of
a vector sum of the phase currents.

[0029] Referring, in particular, to figure 4, the compact
protection apparatus 16 can be applied with undoubted
advantages in a compartment 21 inside of which is
housed a bar switch and disconnecting switch, of the
tripolar type, according to a preferred but not limiting em-
bodiment of the present invention, generically indicated
with 22 in figure 4.

[0030] In such a case, the cables 23 of the medium-
voltage line, which are arranged inside an underground
passage 24, arrive near to the compartment 21 and pass
inside the toroidal transformers 40, 44, 47 of the appa-
ratus 16, which is fixed, inside the compartment 21, to
the front of the switch 22.

[0031] One of the medium-voltage cables, specifically
indicated with 28 in figure 4, is used as a cable intended
for general use and for input for the general power sup-
ply of the switchboard 27 attached to the compartment
21 of the bar switch and disconnecting switch 22.
[0032] Ascan be seeninfigure 4, each cable 23, after
having crossed the respective toroid, is connected di-
rectly to the switch 22, through a specific lower connec-
tor 25, whereas a series of signals in output from the
toroidal transformers 40, 44, 47 (proportional to the cur-
rent circulating in the phases) are conducted directly to
a protection relay 26 for the switchboard 27. In particu-
lar, the three connectors 36, 37, 38, through the respec-
tive outputs 41, 42, 43 of the apparatus 16, send the
respective phase signals of the toroidal transformers 40,
44, 47 to the protection relay 26 in order to detect the
current of the separate phases.

[0033] Moreover, the connector 45, by means of the
output 44A, sends a homopolar output signal, taken di-
rectly from the homopolar transformer 39, to the protec-
tion relay 26 so as to allow the detection of grounding
failures.
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[0034] The self-powered relay 26, realised in micro-
processor digital technology, is placed to protect the
maximum current values (biphase or triphase) and op-
erates the opening or switching off of the switch 22 di-
rectly on the relative command, in the case of interven-
tion of the protection functions.

[0035] Thanks to the installation of the protection ap-
paratus 16, the correct operation of the entire switching
off unit of the switch 22 is guaranteed in the presence
of a current greater than or equal to 20% of the nominal
value on at least one of the phases.

[0036] Finally, as can be seen clearly in figures 2 and
3, to maximise the compactness of the structure, the
protection apparatus 16 is contained entirely inside a
single container casing 20 made from thermoplastic ma-
terial, which rests upon the attachment surface 46,
whereas, inside the casing 20, an epoxy resin suitable
for the necessary insulation is used.

[0037] Insuch a way, as well as the possibility of sub-
stantially reducing the encumbrance, with respect to
known protection devices (regarding which we empha-
sise the possibility of inserting the entire apparatus 16
object of the invention inside the compartments 21 of
bar switches and disconnecting switches, as illustrated
in figure 4), there is also greater precision and stability
of detected current values and, therefore, a safer inter-
vention, mainly due to the fact that, in such a way, the
protection apparatus is no longer installed, like in the
prior art, on board the switch.

[0038] In fact this particular arrangement of the appa-
ratus inside compartments allows the problems of inter-
ference determined by the electromagnetic flows be-
tween toroid and pole to be eliminated, maintaining high
electrical characteristics, differentiated uses (for varia-
ble current intensities between 40 and 630 A), a com-
pact structure and a substantially low overall production
and operating cost, with respect to the prior art.

[0039] Furthermore, the apparatus according to the
invention is suitable for detecting current signals to re-
alise overload protection at long reverse time and at ad-
justable fixed time, short-circuit protection at adjustable
independent time and, in general, all maximum phase
current protection (instantaneous, with adjustable delay
as well as with dependent and fixed time), as well as,
possibly, maximum grounding failure current protection
(with adjustable delay), calculated as a vector sum of
the three primary phase currents and realised by means
of the homopolar toroid 39, which processes the phase
currents.

[0040] From the description which has been made the
characteristics of the compact measurement apparatus
for the protection of medium-voltage lines, object of the
present invention, are clear, just as the advantages are
also clear.

[0041] In particular, they are represented by:

- precision of interventions;
- wide adjustment ranges;
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- ensured operation even with monophase power
supply;

- nolimitation of the nominal interruption power of the
current for a short duration of the switch;

- single and simultaneous adjustment of the three
phases;

- constancy and stability of the characteristics, preci-
sion and reliability of operation;

- minimal encumbrance, maximum compactness;

- limited cost.

[0042] Finally, it is clear that numerous variants can
be brought to the apparatus in question, without for this
reason leaving the novelty principles inherent to the in-
ventive idea, just as it is clear that, in the practical em-
bodiment of the invention, the materials, the shapes and
the sizes of the illustrated details can be whatever ac-
cording to the requirements and they can be replaced
with others which are technically equivalent.

Claims

1. Compact measurement apparatus (16) for the pro-
tection of medium-voltage lines, of the type suitable
for picking up electrical signals and for carrying out
a series of measurements and processings of said
signals, to identify functionalities of malfunctions of
the line currents and taking care of possible. pro-
tection interventions against overload, instantane-
ous and delayed short-circuit and grounding failure,
characterised in that said protection apparatus
(16) includes in a single insulating container casing
(20), a plurality of first toroidal windings (40, 44, 47),
one for each phase and arranged in combination
with each other, and at least one second winding
(39), suitable for collecting the phases of said switch
(10), said second winding being separated from
said first windings by at least one insulating wall.

2. Compact measurement apparatus (16) according
to claim 1, characterised in that it can be associ-
ated with at least one circuit-breaker relay (26) of
the switchboard (27) of a bar switch and disconnect-
ing switch (22), said relay (26) being suitable, upon
the basis of the line and grounding current detec-
tions, both in nominal conditions and in the pres-
ence of disturbances and thanks to suitable proce-
dures controlled by internal microprocessors, to re-
alise active current protection.

3. Compact measurement apparatus (16) according
to claim 2, characterised in that said current de-
tections are carried out passing a series of cables
(23) of the medium-voltage lines inside said first
toroidal windings (40, 44, 47), said cables (23) be-
ing then respectively connected to said switch (22),
through specific lower connectors (25), said meas-
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urement apparatus (16) supplying in output a series
of first signals proportional to the current circulating
in the phases, which are conducted to said circuit-
breaker or protection relay (26).

Compact measurement apparatus (16) according

to claim 3, characterised in that it sends a further
homopolar output signal, taken directly from said
second winding (39), of the homopolar type, to said
protection relay (26) to allow the detection of 70
grounding failures.

Compact measurement apparatus (16) according
to claim 2, characterised in that at least one (28)
of said cables (23) of the medium-voltage line is 15
used as a cable intended for general use and for
input general power supply of said switchboard (27)
attached to the compartment (21) of the bar switch
and disconnecting switch (22).

20
Compact measurement apparatus (16) according
to claim 2, characterised in that it foresees a se-
ries of connectors (36, 37, 38), which allow the ap-
paratus (16), with its current sensors, to be connect-
ed directly to said protection or circuit-breakerrelay 25
(26).

Compact measurement apparatus (16) according

to claim 1, characterised in that said toroidal wind-
ings (39, 40, 44, 47) behave like transformers and 30
have a core with a substantially large diameter.

Compact measurement apparatus (16) according

to claim 1, characterised in that said second toroi-

dal winding (39) allows the grounding failure current 35
to be detected, through the execution of a vector
sum of the phase currents.

Compact measurement apparatus (16) according
to claim 1, characterised in that it is suitable for 40
detecting current signals to realise protection rela-
tive to overload at long reverse time and at adjust-
able fixed time, short-circuit at adjustable independ-
ent time, maximum phase current and maximum
grounding failure current protection. 45

50

55
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