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(57) Abstract: Compact dry transformer (1A) consisting of a magnetic material core (2) provided with a first heat sink consisting
& of covers (10) having cooling fins (11) on the outer surface thereof. The transformer also consists of a coil assembly (3, 4) provided
with a second heat sink consisting of enclosures (12) having cooling fins (14) on the outer surface thereof. The second heat sink
further consists of jackets (15) with heat pipes (17) containing a thermic fluid having low boiling point at vacuum such as water.
The heat pipes consist of evaporator portions and condenser portions having cooling fins (21) on the outer surface thereof. Due to
g the heat sinks heat dissipation efficiency of the transformer is improved.
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TITLE OF INVENTION
Compact dry transformer
FIELD OF INVENTION

This invention relates toa compact dry transformer.

PRIOR ART

FElectrical transformers are generally oil filled or dry. In oil
filled transformers, transformer oil is the coolant for cooling the core and
coil assembly of the transforme?. Oil filled transformers are cost effective
and operate generally at temperatures of the order of 70 to 90°C. They,
however, require  periodic maintenance and replacement of the oil and are
susceptible to fire hazards. The transformer oilis environmentally polluting

and may cause health hazards.

Dry transformers comprise magnetic material core and coil
assembly comprising windings with insulation between the turns and layers
of the windings. The coil assembly is impregnated and/or encapsulated with
a resin for each phase and assembled onto the core and located in a
protective metallic tank. Such transformer is generally used for outdoor
applications.  Alternatively, the core and the impregnated and/or

encapsulated coil assembly together is encapsulated further with a resin and
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used for indoor or outdoor applications without or with the protective

metallic tank.

Dry transformers are compact, environmentally compatible and
flame proof. They do not require periodic maintenance and are preferred
in hazardous areas such as mines, densely populated residential areas or
hospitals. Dry transformérs generally operate at temperatures of the order
of 120 to 180°C. Temperature rise above ambient is the effect of losses
in the windings caused by the resistance of the conductors of the windings
and the current flowing through the windings and also losses in the magnetic
material core. In order to reduce the losses, the windings are normally
designed with lower current densities to provide larger crosssectional area
of the conductors. This reduces the resistance of the windings and hence
the losses. For a given set of design variables a lower current density
increases the size and weight of the core. Higher the weight of the core,
higher  the no load losses. This also increases the cost of the
transformer. Therefore, the operating temperatures of a dry transformer
cannot be allowed to drop below certain limits if it has to be cost
effective. Cooling ducts are known to be provided within or between the
windings and core to facilitate passage of coolants such as air for the
dissipation of heat and operation of the transformer at lower

temperatures. Ducts add to the size , and cost of the transformers.
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OBJECTS OF THE INVENTION
An object  of the invention is to provide a compact dry
transformer which has improved heat dissipation efficiency and operates

with higher current densities.

Another object of the invention is to provide a compact dry
transformer which comprises windings of reduced cross sectional area

thereby reducing the size and weight of the transformer.

Another object of the invention is to provide a compact dry

transformer having reduced no load losses.

Another object of the invention is to provide a compact dry
transformer which eliminates the protective metallic tank but may be used

for both indoor and outdoor applications.

DETAILED DESCRIPTION OF THE INVENTION

According to the invention there is provided compact dry
transformer consisting of a mageetic maferial core and a coil assembly
consisting of resin impreguaged andfor encapsulated windings  with

insulation between the turns and layers of the windings and assembled onto
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the core, wherein the core consists of a first heat sink and the coil

assembly consists of a second heat sink.

According to an embodiment of the invention, the first heat
sink consists -of covers snug fitted over the core and provided with

cooling fins on the outer surface thereof.

According to an embodiment of the invention, the second heat
sink consists of enclosures each provided witha slit along the length

thereof and cooling fins on the outer surface thereof.

According to another embodiment of the invention, the second
heat sink consists of jackets each provided with a slit along the length
thereof and a plurality of the heat pipes each consisting of an evaporator
portion and a condenser portion and containing a thermic fluid having
low boiling point at vacuum, the evaporator portion being located in
pockets or holes provided along the jackets radially spaced and the
condenser portion being provided with cooling fins on the outer surface

thereof.

According to another embodithent of the invention, the second

heat sink consists of sleeves each provided with a slit along the length
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thereof and cooling fins at one end thereof  disposed outside the

windings.

According to an embodiment of the invention, the second
heat sink consists of enclosures snug fitted over the resin impregnated
and/or encapsulated wiﬁdings on the limbs of the core and provided with
slits along the length thereof and cooling fins on the outer surface thereof,
the second heat sink further consisting of jackets inserted ‘over the
limbs of the core and provided with slits along the length thereof and a
plurality of heat pipes each consisting of an evaporator portion and a
condenser portion and containing a thermic fluid having low boiling point
at vacuum, the evaporator portion being located in pockets  or holes
provided along the jackets radially spaced and the condenser portion being
disposed outside the jackets and provided with cooling fins on the outer

surface thereof.

According to another embodiment of the invention, the second
heat sink conmsists of enclosures snug fitted over the resin impregnated
and/or encapsulated windings on the limbs of the core and provided with

slits along the length thereof and cooling fina on the outer surface thereof,
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the second heat sink further consisting of sleeves disposed between the

windings and provided with slits along the length thereof and cooling fins at

one end thereof disposed outside the windings.

According to another embodiment of the invention, the second
heat sink consists of enclosures snug fitted over the resin impregnated
and/or encapsulated windings on the limbs of the core and provided with

slits along the length thereof and cooling fins on the outer surface thereof.

The following is a detailed description of the invention with

reference to the accompanying drawings, in which :

Fig 1 is elevation of a compact dry transformer according to

an embodiment of the invention;

Fig 2 is top view of the transformer in Fig 1;

Fig 3 is crosssection at A-A in Fig 2;

Fig 4 is isometric v... ‘ofa cover of a first heat sink of

the transformer of Figs 1,2 and 3.
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Fig 5 is isometric view of anenclosure of a second heat sink

of the transformer of Figs 1,2 and 3;

Fig 6 isisometric view of a jacket of second heat sink of

the transformer of Figs 1,2 and 3.

Fig 7. 1is isometric view of a heat pipe of the second heat sink

of the transformer of Figs 1,2 and 3.

Fig 8 is scrap crosssectional view of one of the windings

mounted on a core limb of the transformer of Figs 1,2 and 3.

Fig 9is crosssection of a compact dry transformer according to

another embodiment of the invention;

Fig 10 is crosssection of a compact dry transformer according

to another embodiment of the invention;

Fig 11 is isometric view . of a sleeve of the second heat sink

of the transformer of Fig 10; and



10

15

20

WO 2006/016377 PCT/IN2004/000261

8
Fig 12 1is crosssection of a compact dry transformer according

to another embodiment of the invention.

The compact dry transformer 1A as illustrated in Figs 1 to
8 of the accompanying drawings comprises a magnetic material core 2 and
a coil assembly comprising primary windings or low voltage' windings 3
and secondary windings or high voltage windings 4 with insulation 35
between the turns and layers of the windings for each phase. The
primary and secondary windings are impregnated and/or encapsulated with
a resin 6 and assembled onto the three limbs 7, 8 and 9 of the core. The
core comprises a first heat sink comprising covers 10 snug fitted over
the core and provided with cooling fins 11 over the outer surface thereof.
The coil assembly comprises a second heat sink comprising enclosures 12
each provided with a slit 13 along the length thereof and cooling fins 14
on the outer surface thereof. The enclosures are snug fitted over the resin ‘
impregnated and/or encapsulated windings on the limbs of the core. The
second heat sink further comprises jackets 15 each provided witha slit 16
along the length thereof. A plurality of heat pipes are marked 17, each
comprising an evaporatof porti?:ﬂ i¥.and a condenser portion 19. The
evaporator portions of the heat pipes are located in pockets or holes

20 provided along the jackets radially spaced. The condenser portions of
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the heat pipes are disposed outside the jackets and provided with cooling fins

21 on the outer surface thereof. The jackets are inserted over the limbs of
the core 2. The heat pipes contain a thermic fluid (not shown) having low
boiling point at vacuum such as water. The coil caps are marked 22. The

terminals of the transformer are marked 23.

The transformer 1B of Fig 9 of the accompanying drawings is
the same as the transformer as illustrated in Figs 1 -8 except that the
jackets with heat pipes are inserted between the resin impregnated and /or

encapsulated windings on the limbs of the core 2.

The transformer 1C of Figs 10 and 11 of the accompanying
drawings is the same as the transformer of Figs 1 -8 but for the second
heat sink which comprises enclosures 12 snué fitted over the resin
impregnated and/or encapsulated windings on the limbs of the core and
sleeves 24 ‘each provi{; 1 with a slit 25 along the length thereof and
cooling fins 26 at one én thereof disposed outside the windings. The

sleeves are inserted between e resin impregnated and/or encapsulated

windings on the limbs of the core |

The transformer 1D of Fig 12 of the accompanying drawings is

the same as the transformer of Figs 1 - 8 except for the second heat sink
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which comprises enclosures 12 snug fitted over the resin impregnated

and/or encapsulated windings on the limbs of the core 2.

The covers, enclosures, jackets or sleeves of the transformer
are made of non-magnetic material having good thermal conductivity such
as aluminium or copper. Aluminium is  preferred for the covers,
enclosures, jackets or sleeves because itis economical and easily available
and has got good casting property and mass producibility. A typical
thickness of 2 -5 mm for the covers, enclosures, jackets or sleeves is
preferred so as to minimise eddy current losses. The slits in the covers,
enclosures, jackets or sleeves provide discoﬁtinuity to the current flow

and thereby prevents short circuit in the transformer.

During operation of the transformer heatis generated both in
the core and windings thereof. Heat in the core is conducted away by the
covers and dissipated to the ambient by the cooling fins on the outer
surface thereof by radiation and convection. Heat in the windings and core
is conducted away by the enclosures and dissipated to the ambient by
the fins on the outer surface thereof by radiation and convection. Similarly
the heat in the windings and corg i al-  conducted away by the
sleeves and dissipated tothe ambieai -8y the cooling fins at the one end

thereof by radiation and convection. Due to the heat in the windings and
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core the thermic fluid in the evaporator portions of the heat pipes

evaporates and the vapours travel to the condensor portions thereof taking
away the heat in the windings and core. The vapours condense in the
condenser portions of the heat pipes giving out the heat to the ambient. The
fins on the outer surface of the condenser portions of the heat pipes
facilitate  the heat transfer to the ambient by radiation and convection.

Therefore, heat dissipation efficiency of the transformer is improved.

Comparative computer  simulation studies between @ a
conventional dry transformer and transformer according to the invention

were carried out and the results were as shown in the following Table.
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Tt is seen from the Table that temperature rise in the core and
windings of the transformer of the invention is comparable to the
temperature rise in the core and windings of the conventional transformer
of equivalent rating. The Table also shows that the crosssectional area of
the windings of the transformer of the invention is smaller as compared to
that of the conventional transformer. Becaus‘e of the improved heat
dissipation efficiency of the transformer of the invention itis possible to
operate it with higher current densities. Due to the reduced
crosssectional area of the windings the size and weight of the core and
coil assembly is reduced. Therefore, the transformer is compact and no load
Josses are reduced. The invention eliminates the protective metallic tank.
The covers and the enclosures provide protection to the core and the
windings against environment. Therefore, the transformer of the invention

may be used for both indoor and outdoor applications.

The transformer may be single or multi-phase and the coil
assembly may comprise windings accordingly. Such variations of the

invention are to be construed and understood to be within the scope thereof.



10

15

20

WO 2006/016377 PCT/IN2004/000261
14

CLAIMS

1) Compact dry transformer consisting of a magnetic material
core and a coil assembly conmsisting of resin impregnated and/or
encapsulated windings with insulation between the turns and layers of the
windings and assembled onto the core, wherein the core consists of a first

heat sink and the coil assembly consists of a second heat sink.

2)  Compact dry transformer as claimed in claim 1, wherein the
first heat sink consists of covers snug fitted over the core and provided

with cooling fins on the outer surface thereof.

3) Compact dry transformer as claimed in claim 1 or 2, wherein
the second heat sink consists of enclosures each provided with a slit along

the length thereof and cooling fins on the outer surface thereof.

4)  Compact dry transformer as claimed in claim 1 or 2, wherein
the second heat sink consists of jackets each provided with a slit along the
length thereof and a plurality of heat pives each consisting of an evaporator

- . - t‘ 1 . . . . .
portion and a condenser portic'! anrl containing a thermic fluid having low

boiling point at vacuum, the evaporator portion being located in pockets or
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holes provided along the jackets radially spaced and the condenser portion

being provided with cooling fins on the outer surface thereof.

5) Compact dry transformer as claimed in claim 1 or 2, wherein
the second heat sink consists of sleeves each provided witha slit along
the length thereof and cooling fins at one end thereof disposed outside the

windings.

6) Compact dry transformer as claimed in claim 1 or 2, wherein
the second heat sink consists of enclosures snug fitted over the resin
impregnated and/or encapsulated windings on the limbs of the core and
provided with slits along the length thereof and cooling fins on the outer
surface thereof, the second heat sink further consisting of jackets inserted
over the limbs of the core and provided with slits along the length thereof
and a plurality of heat pipes each consisting of an evaporator portion and a
condenser portion and containing a thermic fluid having low boiling point at
vacuum, the evaporator portion being located in pockets or holes provided
along the jacket s radially spaced and the condenser portion being disposed
outside the jackets and prévided with cooling fins on the outer surface

thereof.



10

15

20

WO 2006/016377 PCT/IN2004/000261
16

7)  Compact dry transformer as claimed in claiml or 2, wherein
the second heat sink consists of enclosures snug fitted over the resin
impregnated and/or encapsulated windings on the limbs of the core and
provided with slits along the length thereof and cooling fins on the outer
surface thereof, the second heat sink further consisting of sleeves disposed
between the windings and provided with slits along the length thereof and

cooling fins at one end thereof disposed outside the windings.

8) Compact dry transformer as claimed iﬁ claim 1 or 2, wherein
the second heat sink consists of enclosures snug fitted over the resin
impregnated and/or encapsulated windings on the limbs of the core and
provided with slits along the length thereof and cooling fins on the outer

surface thereof.

9) Compact dry transformer as claimed in any of claims 2 to 8,
wherein the covers, enclosures, jackets or sleeves are made of non-magnetic

material having good thermal conductivity.

10) Commnact dry transformer as claimed in claim 9, wherein the

covers, enclosures, jackets or sleeves are made of aluminium.
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11) Compact dry transformer as claimed in claim 9 or 10, wherein

the thickness of the covers, enclosures, jackets or sleeves is 2 to 5 mm.

12) Compact dry transformer substantially as herein described
particularly with reference to Figs 1 to 8 or Fig 9 or Figs 10 and 11 or

Fig 12 of the accompanying drawings.
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AMENDED CLAIMS
[received by the International Bureau on 30 August 2005 (30.08.05);
original claims 1-12 replaced by new claims 1-4 (2 pages).]

1. Compact dry transformer consisting of a magnetic —material core and a
coil assembly consisting of resin impregnated and/or encapsulated windings
with insulation between the turns and layers of the windings and assembled
onto the core, the core consisting of a first heat sink consisting of covers made of
non-magnetic material having good thermal conductivity snug fitted over the core
and provided with cooling fins on the outer surface thereof and the coil assembly
consisting of a second heat sink consisting of enclosures made of non-magnetic
material having good thermal conductivity snug fitted over the  resin
impregnated  and/or encapsulated windings on the limbs of the core and
provided with slits aiong the length ‘thereof and cooling fins on the outer
surface thereof, the second heat smk further consisting of jackets made of non-
magnetic material having good thermal conductivity inserted over the limbs of the
core and provided with slits along the length thereof and a plurality of heat pipes
each consisting of an evaporator portion and a condenser portion and containing
a thermic fluid having low boiling point at vacuum, the evaporator portion
being located in pockets or holes..provided along the jackets radially spaced and
the condenser portion being disposed outside the jackets and provided with

cooling fins on the outer surface thereof.

2. Compact dry transformer consisting of a magnetic material core anda coil
assembly consisting of resin impregnated -and/or encapsulated windings with
insulation between the turns and layers of the windings and assembled onto the

core, the core consisting of a first heat sink consisting of covers made of non-

AMENDED SHEET (ARTICLE 19)
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magnetic material having good thermal conductivity snug fitted over the core and
'provide(_l with cooling fins. on the outer surface thereof and the coil assembly
consisting of a second heat sink consisting of enclosures made of non-magnetic
material having good thermal conductivity snug fitted over the resin impregnated
and/or encapsulated windings on the limbs of the core and provided with slits
along the length thereof and cooling fins on the outer surface thereof, the second
heat sink further consisting of sleeves made of non-magnetic material having
good thermal conductivity disposed between the windings and provided with slits
along the length thereof and cooling fins at one end thereof disposed outside

the windings.

3. Compact dry transformer consisting of a magnetic ~material core anda coil
assembly consisting of resin impregnated and/or encapsulated windings with
insulation between the turns and layers of the windings and assembled onto the
core, the core consisting of a first heat sink consisting of covers made of non-
magnetic material having good thermal conductivity snug fitted over the core and
provided with cooling fins on the outer surface thereof and the coil assembly
consisting of a second heat sink cénsisting of enclosures made of non-magnetic
material having good thermal conductivity snug fitted over the resin impregnated
and/or encapsulated Windings on the limbs of the core and provided with slits

along the length thereof and cooling fins on the outer surface thereof.

4. Compact dry transformer, as claimed in claim 1,2 or 3, wherein the thickness of

the covers, enclosures, jackets or sléeves is 2 to 5 mm.

AMENDED SHEET (ARTICLE 19)
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