wo 2013/036157 A1 [N N0F V00000 000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/036157 Al

14 March 2013 (14.03.2013) WIPO I PCT
(51) International Patent Classification: (74) Agents: MITS, Alexander Vladimirovich et al; Law
HO02B 1/56 (2006.01) H02G 5/10 (2006.01) Firm "Gorodissky & Partners" Ltd, Bolshaya Spasskaya
HO02B 13/035 (2006.01) str., 25, bldg 3, Moscow, 129090 (RU).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/RU2011/000690 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
8 September 2011 (08.09.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(71) Applicant (for all designated States except US): OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SIEMENS AKTIENGESELLSCHAFT [DE/DE]; Wit- SE, 8G, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN, TR,
telsbacherplatz 2, 80333 Muenchen (DE). TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and (84) Designated States (uniess otherwise indicated, for every
(75) Inventors/Applicants (for US only): MALININ, Vitaly kind of regional protection available): ARIPO (BW, GH,
Vladimirovich [RU/RU]; Marshal Konev str., 16-57, Mo- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
scow, 123060 (RU). PAVLEVICH, Andrey Leonidovich ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
[RU/RUJ; Pyatnitskoye shosse, 16-1/145, Moscow, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
125464 (RU). PLYKIN, Mikhail Evgenievich [RU/RU]; EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Syschevskij val str., 71-50, Moscow, 129594 (RU). PO- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK, SM,
LIKHOV, Stepan Alexandrovich [RU/RU]; Mira str., 2- E/[Ii) A?IQPII\IEBE’I\IBJT’SFT’ GC)G’ CL CM, GA, GN, GQ, GW,
61, Ramenskoe, 140105 (RU). > 2T T 2 ’
Published:
—  with international search report (Art. 21(3))
(54) Title: ELECTRICAL DEVICE

(57) Abstract: The invention describes an electrical device (1), in particular
a switchgear, comprising a closed compartment (10) encasing an insulating

FIG 2 1
20 s~
R

R\

12 \ 14/

|
¥ -

16

fluid and comprising at least one electrical conductor (12, 14, 16) extending
through the compartment (10) and emanating heat to the insulating fluid
while a current flows through the at least one conductor (12, 14, 16). Further-
more, the switchgear comprises a heat releasing subsystem comprising a
means (20) for forcing a convection of the fluid inside the insulating com-
partment (10) wherein an energy source for driving the means (20) for for-
cing the convection is located inside the compartment (10).
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ELECTRICAL DEVICE
DESCRIPTION

The invention relates to an electrical device, in particular a switchgear,
comprising a closed compartment encasing an insulating fluid and comprising at least
one electrical conductor extending through the compartment and emanating heat to the
fluid while a current flows through the at least one conductor.

The following description is made with reference to a switchgear. However, it is
to be understood, that a switchgear is only an example for an electrical device according
to the invention.

A switchgear refers to a combination of electrical disconnects, fuses and/or
circuit breakers, used to isolate electrical equipment. A switchgear is used both to de-
energize equipment to allow work to be done and to clear faults downstream. There are
several kinds of switchgears. However, as insulating fluid within the compartment often
a gas is used, allowing large currents and power levels to be safely controlled by
automatic equiprhent incorporating digital controls, protection, metering and
communications. Those switchgears are referred to gas insulated switchgears (GIS) and
are used for transmission-level voltages, thereby saving space compared with air-
insulated switchgears. In a gas insulated switchgear the conductors and contacts are, for
example, insulated by pressurized sulfur hexafluoride gas (SFe).

The basic requirement of such switchgear is to provide a reliable operation
without any service for decades of years, preferably more than 50 years. Thus, the
design of switchgears has been made very simple in the past. Any complicated parts or
assemblies are avoided. |

An important issue of the switchgear is its thermal behavior within the closed
compartment. There are many various industry standards that provide different
requirements for such systems with regard to maximum allowed temperature rises of the
compartment and the conductors. Since the design of such switchgears is very
conservative (and thus the same design could be used for different current flows and
environmental conditions) this sometimes leads to overheating.

It is therefore an object of the present invention to provide an electrical device,

in particular a switchgear, in which the problem of overheating can be avoided or at

least reduced.
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This object is solved by an electrical device according to the features of claim 1.
Preferred embodiments are set out in the dependent claims.

The invention provides an electrical device, in particular a switchgear,
comprising a closed compartment encasing a fluid and at least one electrical conductor
extending through the compartment and emanating heat to the fluid while a current
flows through the at least one conductor. The electrical device comprises a heat
releasing subsystem comprising a means for forcing a convection of the fluid inside the
compartment wherein an energy source for driving the means for forcing the convection
is located inside the compartment.

The invention is based on the consideration that overheating typically happens
due to poor heat transfer caused by natural convection inside the compartment. By
forcing the convection inside the electrical device heat transfer can be increased. As a
result the temperature distribution of the fluid within the compartment can be optimized.

Forcing the convection is realized without any additional wiring coming from
outside the compartment which continues avoiding complicated parts or assemblies.
Therefore, the electrical device according to the invention can be used in applications
with very high voltages (e.g. above 100 kV) due to the lack of insulating problems
which might result from wiring coming from outside the compartment.

According to a further preferred embodiment the means for forcing the
convection comprises a fan, in particular a centrifugal fan, having a fan drive being
driven by the energy source. It is further preferred if the fan drive is supported by a
magnetic bearing. A magnetic bearing is very reliable even at extreme conditions which
is resistant to external magnetic fields. Magnetic bearings do not need any grease or oil
during their lifetime and therefore need no maintenance. Magnetic bearings are widely
used in aerospace industry. Therefore, they can be used advantageously in those
electrical devices which shall be operated without any service for decades of years.

According to a further preferred embodiment the fan is made of a non-
conducting material, in particular plastic. As a result, the fan is not influenced by any
magnetic fields appearing within the closed compartment.

According to a further preferred embodiment the means for forcing the
convection of the fluid is provided at a wall of the compartment which is in a direction

of gravity above the at least one conductor. Providing the means for forcing the
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convection, in particular the fan of the means, at the ceiling above the at least one

conductor enables heat distribution of the fluid within the closed compartment. As a

result the heat transfer from the fluid to the compartment can be maximized.

In a further preferred embodiment the means for forcing the convection of the
fluid is pfovided symmetrically above the at least one conductor. This construction
supports an improved heat transfer.

According to a further preferred embodiment the energy source comprises a
current transformer using an electromagnetic field of the at least one conductor for
providing a current to the means for forcing the convection. Using an electromagnetic
field generated by the at least one conductor within the compartment prbvides enough
energy to the fan drive without the necessity of any external energy supply. Only in case
if strong electromagnetic fields are not present for driving the fan drive, small additional
energy supplies provided inside the closed compartment may be used.

According to a further preferred embodiment the fluid is a gas, in particular
sulfur hexafluoride (SFg). A switchgear using gas as an insulator is called a gas
insulated switchgear (GIS). Gas insulated switchgears are compared to air-insulated
switchgears smallef.

The invention will be explained more detailed by reference to the figures.

Fig. 1 shows a cross-section of a conventional electrical device using natural
convection for heat transfer.

Fig. 2 shows a cross-section of an electrical device according to the invention
using a forced convection for better heat transfer.

Fig. 1 shows a known electrical device 1 in a cross-section. The electrical device
1 may be a switchgear, in particular a gas insulated switchgear in which a gas
(preferably SFg) is used as an insulating fluid within a closed compartment 10. As an
example three electrical conductors 12, 14, 16 are extending through the compartment
10. In this example, the conductors 12, 14, 16 are located within a plane extending
parallel to the bottom and the ceiling of the compartment. As already noted, the closed
compartment 10 is filled with gas as insulator to provide smaller dimensions of the
device compared to air-insulated devices.

During operatioﬁ of the electric device 1 the conductors 12, 14, 16 emanate heat

due to a current flowing through the conductor 12, 14, 16. As a result, the gas heats up.
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The heat is transferred to the material of the compartment by natural convection of the
gas inside the compartment 10. As a result of the natural convection of the gas, the heat
distribution within the compartments is uneven. In an area indicated with A and
extending in a direction of gravity above the conductors 12, 14, 16 the gas heats up
stronger than in an area B between the bottom of the compartment 10 and the

conductors 12, 14, 16. Arrows in area A indicate the direction of gas flow due to natural

convection.

Variations of conductor geometry, surface quality and material are the only way
to pass given requirements in terms of thermal behavior. It would also be possible to
change the properties of the filling gas inside the compartment 10. However, these
actions don’t deal with the problem of pure heat transfer inside the device.

Fig. 2 shows a cross-section of an electrical device 1 according to the invention.
As in the conventional electric device in the compartment 10 three conductors 12, 14,
16 are arranged. It is to be understood, that the number of conductors and the
arrangement of the conductors within the compartment could be made different.

The electrical device 1, preferably a gas insulated switchgear, comprises a means
20 for forcing the convection inside the compartment 10. As a result, an-increased heat
transfer improves the thermal behavior of the device 1.

The forced convection increases the velocities of the fluid (gas) inside the

device. It furthermore increases the recirculation zones and thus cools down the heat

releasing units or subsystems, in particular the conductor 12, 14, 16. In the device
according to the invention, the recirculation zone not only extends in area A but also to
the area B being located under the conductors 12, 14, 16 in a direction of gravity. The
circulation of the fluid is illustrated with the arrows again.

In case of a gas insulated switchgear the forced convection may decrease the
temperature of the conductors 12; 14, 16 up to 10 to 15 K. Lower conductor
temperatures allow to use the electrical device 1 in more extreme conditions. For
example, it will be possible, to increase the current value or to use the device at sites
with higher temperature of the environment.

The means 20 for forcing the convection of the fluid inside the compartment 10
consists of a fan 22 being driven by a fan drive 26 and an energy source 24. Preferably,

the fan is a centrifugal fan made of a non-conducting material like plastic being
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unsensitive to magnetic fields. The energy source consists of a current transformer 24
which is used as electrical power supply of the fan. The current transformer 24
transforms the energy of the magnetic field, generated by one of the conductors 12, 14,
16 during a flow of current through it, to a current for the fan drive 26. Using a current
transformer 24 within the closed compartment 10 has the advantage, that there is no
need for an external power source and no wiring that has to be led into the compartment
10.

Instead of using a current transformer to supply a current to the fan drive, an
antenna or loop may be arranged inside the compartment that is oriented in a way to
receive enough energy from the electromagnetic field of at least one of the conductors
12, 14, 16. _

The fan drive 26 is supported with a magnetic bearing. The magnetic bearing is
very reliable even at extreme conditions. It does not need grease or oil. Therefore, it has
a very high reliability and does not need any maintenance. It is resistant to external
magnetic fields and can therefore advantageously used within the the electrical device
according to the invention.

The means for forcing the convection can be arranged within the closed
compartment 10 with all of its components. There is no need for any additional wiring
which is coming from outside. Therefore, the device according to the invention has high
insulating properties and can be used in conjunction with high voltageé above 100 kV.

Instead of decreasing the temperature of the conductors and the housing by
decreasing the power losses of the wires, the invention suggests forcing the convection
within the compartment. The latter is more effective than changing the materials.of
conductors or editions in conductor design as well as increasing of the conductor

surface.
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CLAIMS

1. An electrical device (1), in particular a switchgear, comprising

- a closed compartment (10) encasing an insulating fluid;

- at least one electrical conductor (12, 14, 16) extending through the
compartment (10) and emanating heat to the fluid while a current flows through the at
least one conductor (12, 14, 16); |

- a heat releasing subsystem comprising a means (20) for forcing a convection of
the insulating fluid inside the compartment (10) wherein an energy source for driving
the means (20) for forcing the convection is located inside the compartment (10).

2. The electrical device according to claim 1, wherein the_ means (20) for forcing
the convection comprises a fan (22), in particular a centrifugal fan, having a fan drive
(26) being driven by the energy source.

3. The electrical device according to claim 2, wherein the fan drive (26) is
supported by a magnetic bearing (28). '

4. The electrical device according to claim 2 or 3, wherein the fan (22) is made
of a non-conducting material, in particular plastic.

5. The electrical device according to one of the preceding claims, wherein the
means (20) for forcing the convection of the fluid is pro?ided at a wall of the
compartment which is in a direction of gravity above the at least one conductor (12, 14,
16). _

6. The electrical device according to one of the preceding claims, wherein the
means (20) for forcing the convection of the fluid is provided symmetrically above the
at least one conductor (12, 14, 16).

7. The electrical device accordin‘g to one of the preceding claims, wherein the
energy source comprises a current transformer (24) using an electromagnetic field of the
at least one conductor (12, 14, 16) for providing a current to the means (20) for forcing
the convection.

8. The electrical device according to one of the preceding claims, wherein the

fluid is a gas, in particular SF.
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