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(54) HEAT CONTROL SYSTEM OF A TRANSFORMER

(67)  Aheatexchange control system of a transform-
er, comprising a plurality of fans adapted to force the
passage of air through one or more transformer windings
in order to facilitate the heat exchange between such
windings and the surrounding environment, actuation de-
vices of said fans,

one or more inputs for receiving the thermal status of the

105

Fig. 3

transformer and/or commands as a function of the ther-
mal status of the transformer, and at least one control
unit in communication with said one or more inputs and
said actuation devices, said control unit being pro-
grammed to send actuation signals to the actuation de-
vices so as to adjust the rotation speed of each fan as a
function of the thermal status of the transformer.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of MV/MV or
MV/LV resin transformers for distributing electric energy.

BACKGROUND ART

[0002] MV/MV or MV/LV resin transformers for distrib-
uting electric energy are electric machines which, during
the operation thereof, generate heat due to losses, which
heat is to be kept within design limits for safety matters
and to protect the transformer.

[0003] Due to the constructional nature thereof, the
transformer autonomously disposes of the heat by virtue
of the stack effect. The arrows in Figure 1 indicate the
air flow from the bottom upwards, which causes the cool-
ing of the transformer.

[0004] On the other hand, the natural up-draft is not
sufficient to ensure an adequate cooling under critical
use conditions, both of environmental and electric type,
such as to maintain the transformer below the maximum
operating temperature thereof.

[0005] For this reason, in the nineties the Applicant in-
troduced and promoted ventilation systems mounted on
board the machine to facilitate the disposal of the heat
generated by the transformer. As shown in Figure 2, the
idea was that of using fans to force the passage of the
cooling air.

[0006] To date, these systems still are the only possi-
bility for increasing the heat exchange of a transformer
with the surrounding environment.

[0007] The traditional ventilation systems however
have a series of limitations essentially due to the fact that
they are ON/OFF type systems, i.e. without rotation
speed adjustment, specifically:

1. Generation of thermal shock when they are actu-
ated;

2. The air flow is not optimized based on the amount
of heat to be disposed of;

3. The power consumption is not optimized due to
the rotation speed always at maximum;

4. The noise generated is not optimized due to the
rotation speed always at maximum;

5. The system wear is not optimized due to the ro-
tation speed always at maximum;

6. The windings may have significantly different tem-
peratures because the rotation speed of the fans for
each coil is the same;

7. The traditional ventilation systems cannot remote-
ly digitally communicate the status of the individual
fans (operating method, breakdowns, or anomalies);
8. In the case of breakdown of one of the compo-
nents, the traditional ventilation system is out of use.

[0008] Itisthe object of the presentinvention to provide
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aventilation system of MV/MV or MV/LV resin transform-
ers which allows to at least partially overcome the afore-
said drawbacks.

[0009] The invention achieves the object by a heat ex-
change control system of a transformer comprising a plu-
rality of fans adapted to force the passage of air through
one or more windings of the transformer in order to facil-
itate the heat exchange between such windings and the
surrounding environment, actuation devices of said fans,
one or more inputs for receiving the thermal status of the
transformer and/or commands as a function of the ther-
mal status of the transformer, and at least one control
unit in communication with said one or more inputs and
said actuation devices. The control unit is programmed
to send actuation signals to the actuation devices so as
to adjust the rotation speed of each fan as a function of
the thermal status of the transformer.

[0010] Theideabehindtheinventionis thatofreplacing
the traditional asynchronous motors mounted to the ven-
tilation bars with intelligent electronic motors based on
BLDC (brushless DC) technology and providing the ven-
tilation bar with one or more control boards capable of
dialoging with the control unitin charge of monitoring the
transformer and commanding the ventilation system.
[0011] Therefore, by virtue of this, it is possible to drive
each aeration fan independently of one another by cre-
ating an optimized heat exchange control system for
each situation of use of the transformer.

[0012] To this end, the system may advantageously
comprise a plurality of sensors for measuring the tem-
perature in one or more points of the transformer wind-
ings in communication with corresponding inputs of the
control unit for reading the temperature values detected
by said sensors. Such temperature values reach the con-
trol unit by means of the control unit of the transformer
through a specific communication protocol. The control
unit is configured to set the rotation speed of the fans,
each independently of the other, on the basis of the de-
tected temperature values.

[0013] The actuation devices of said fans advanta-
geously comprise DC motors of the brushless type, driv-
en with variable phase currents such as to generate a
magnetic field of rotating stator. Said phases are advan-
tageously determined by the control unit as a function of
the rotation speed to be set.

[0014] There may be sensors coupled or couplable to
the fans and/or motors, in communication with the control
unit inputs, for reading the speed and/or position of the
rotor of the motors. Here, the control unit may advanta-
geously be configured to use such speed and/or position
information as a feedback to control the rotation of the
fans.

[0015] According to an aspect, the invention also re-
lates to an MV/MV or MV/LV resin transformer for dis-
tributing electric energy comprising a plurality of windings
placed side-by-side, bars adapted to support a plurality
of fans arranged at the bottom on opposite sides of each
winding so as to facilitate the air flow from the bottom
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upwards in each winding, actuation devices of said fans
mounted to the same support bars, at least one control
unit configured to set the rotation speed of said fans to
obtain the aforesaid heat exchange control system.
[0016] The transformer may advantageously comprise
temperature sensors interfaced with a control unit con-
figured to read the temperature of each winding and cor-
respondingly communicate the speed value to be set for
each fan to the control unit.

[0017] Furtherobjects, features and advantages of the
present invention will become more apparent from the
following detailed description, provided by way of non-
limiting example, and shown in the accompanying draw-
ings, in which:

Figures 1 and 2 show a sectional view of transform-
ers according to the prior art, with natural and forced
up-draft, respectively, of the ventilation air of the
windings.

Figures 3 and 4 show a side view and a bottom view,
respectively, of a transformer with ventilation bars
provided with fans with BLDC motors in an embod-
iment of the system according to the present inven-
tion.

Figure 5 shows a perspective view of the detail of
the fan connected to a BLDC motor in Figures 3 and
4.

Figure 6 shows the block diagram of a system ac-
cording to an embodiment of the invention.

Figure 7 shows the detail of the fan control unit of
the diagram in Figure 6.

[0018] The following description of exemplary embod-
iments relates to the accompanying drawings. The same
reference numerals in different Figures identify the same
elements or similar elements. The following detailed de-
scription does not limit the invention. The scope of the
invention is defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0019] With reference to the block diagram in Figure
6, a system for controlling the heat exchange of a trans-
former according to an embodiment of the invention com-
prises a control unit 2 interfaced with a plurality of devices
101 for actuating fans 1. Such actuation devices 101 ad-
vantageously comprise DC motors of the brushless type,
and related drives.

[0020] The control unit 2 is a typical device with a mi-
crocontroller or microprocessor 102 provided with pro-
gram memory 202 and input/output devices 302, 402,
respectively, towards the actuation devices 1 and to-
wards the control unit 3 of the transformer. Advanta-
geously, there may be several control units which man-
age subgroups of fans.

[0021] The brushless DC (BLDC) motors are charac-
terized by a rotor with a permanent magnet and a stator
with coils typically arranged at 120°. By driving the coils
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with conveniently out-of-phase currents, a stator rotating
magnetic field may be generated, followed by the rotor
magnet which is thus rotated.

[0022] Therefore, the key part of the operation of a
BLDC motor is the driving of the stator coils. To this end,
mechanisms are required, which allow the direction and
the application ranges of the current in each coil to be
controlled, i.e. the phase changes and the duration of the
stator currents to be controlled.

[0023] A way of controlling the BLDC motors consists
in using square waves with variable duty cycle as driving
signals (PWM - Pulse Width Modulation), which allows
a complete control of the motor rotation to be carried out,
both in terms of direction and rotation speed, as is well
known to those skilled in the art.

[0024] According to an embodiment, the control unit 2,
on the basis of the speed to be set for each individual
motor, generates square waves for controlling the BLDC
motors by means of drivers capable of supplying the pow-
er required for each coil. Such drivers may consist of
discrete MOSFET bridges or, advantageously, integrat-
ed circuits which are suitable for this purpose, e.g.
DRV10983.

[0025] The speed control of the fansis advantageously
performed on the basis of the temperature of the windings
detected by sensors 4. These sensors are temperature
probes commonly employed to monitor the operation of
the transformers.

[0026] Thetemperature sensors 4 are operatively con-
nected to the control unit 3 which monitors the operation
of the transformer. Said control unit 3 is in charge of trans-
lating the readings received from the temperature sen-
sors into command signals. If the temperatures detected
exceed the thresholds programmed in the control unit 3,
it manages the actuators, for example the alarm relays,
in addition to processing the command signal for the ven-
tilation system. Moreover, said control unit 3 communi-
cates the values read by the temperature sensors, or
directly the related generated actuation commands, to
the control unit 2 by means of a communication line 103.
[0027] The same communication line 103 may be used
to transmit statuses related to the fans 1, e.g. break-
downs, or the actual rotation speed, to the control unit 3.
To this end, further sensors, here speed/position sen-
sors, for example encoders or Hall effect sensors, cou-
pled to the shaft of each motor and preferably interfaced
with the control unit 2 may be used, the data of which
may be used both as a feedback to better operate the
actuation control of the fan motors and to send status
information to the control unit 3. The same motors may
also be provided with internal sensors which signal an
abnormal increase of ambient temperature where they
are located, with consequent implementation of safety
measures if they are operating excessively beyond the
maximum limits allowed.

[0028] As mentioned, the control unit of the fans 2 typ-
ically is in communication with a control unit of the trans-
former 3 to receive commands and/or send operating
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statues from/to said control unit 3. Thereby, a complete
control system is obtained, in which in addition to the
temperature, other parameters may also be involved for
adjusting the speed of the fans, and therefore of the heat
exchange between transformer and external environ-
ment.

[0029] The control unit, which is typically provided with
safety relays, monitors the operation of the transformer
and advantageously comprises a remote communication
interface, e.g. of the RS485, Ethernet or Wireless type,
for sending operating data and receiving setting com-
mands of the operation of the transformer and/or of the
fans.

[0030] By virtue of this, transformers may be built,
which provide a very effective and highly reliable system
for managing the heat exchange by even using the same
support bars of the fans currently used, with an apparent
advantage in terms of retrofitting existing systems. In-
deed, it will be sufficient to replace the fans with brush
motors with fans with BLDC motors and a control unit on
the same supportbar to provide the existing transformers
with an evolved heat exchange control system. Figures
3 and4 show aninstallation example of a fan witha BLDC
motor (shown in detail in Figure 5) in a ventilation bar of
a traditional transformer.

[0031] Overall, transformer (5), typically an MV/MV or
MV/LV resin transformer for distributing electric energy,
comprises a plurality of windings (105) placed side-by-
side, bars (205) adapted to support a plurality of fans (1)
arranged at the bottom on opposite sides of each winding
(105) so as to facilitate the air flow from the bottom up-
wards in each winding, actuation devices (101) of said
fans (1) mounted to the same support bars (205), atleast
one control unit (2) configured to set the rotation speed
ofthefans (1), to obtain the heatexchange control system
described.

[0032] By virtue of the variable speed of the motors
and the digital communication of the control system, var-
ious advantages are achieved, including:

1. Reduction of the thermal shock of the transformer
by virtue of the early actuation of the ventilation sys-
tem at reduced speed.

2. The air flow generated is not fixed, rather is a func-
tion of the temperature detected by the sensors in-
serted in the transformer windings.

3. The electric consumption is reduced by virtue of
the increased efficiency of the brushless systems
and the lower average rotation speed.

4. The average noise is lower because the system
rarely needs to operate at the same speed for long
periods.

5. By eliminating the continuous ON/OFF switching
cycles atthe maximum power, mechanical and elec-
tric stresses are reduced to the benefit of the average
lifetime of the fan.

6. The speed of each individual fan is associated
with the temperature of the coil it cools, with the con-
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sequent advantage of having an increased thermal
uniformity of the electric machine (reduction of ther-
mo-mechanical stresses).

7. The system may dialog directly with the control
unit of the transformer, which is also arranged for
remotely transmitting data via RS485, ETH or Wi-Fi;
therefore, the operating status of the system and
possible abnormalities may be known.

8. If one of the components of the system breaks,
the system enters the SAFETY mode and autono-
mously actuates the fans so as to limit the thermal
increase of the transformer which would be out of
control; the only required condition obviously is the
presence of electric power to the fans.

Claims

1. Asystemforcontrolling the heat exchange of a trans-
former, the system comprising:

a plurality of fans (1) adapted to force the pas-
sage of air through one or more windings of the
transformer in order to facilitate the heat ex-
change between such windings and the sur-
rounding environment;

devices for actuating said fans (101),
characterized in that it comprises one or more
inputs for receiving the thermal status of the
transformer and/or commands as a function of
the thermal status of the transformer and at least
one control unit (2) in communication with said
one or more inputs and said actuation devices
(101), said control unit (2) being programmed to
send actuation signals to the actuation devices
(101) so as to adjust the rotation speed of each
fan (1) as a function of the thermal status of the
transformer.

2. A system according to claim 1, wherein there is a
control unit (3) for controlling the transformer, the
control unit of the fans (2) being in communication
with said control unit (3) to receive commands and/or
send operating statues from/to said control unit (3).

3. Asystemaccording to claim 2, comprising a plurality
of sensors (4) for measuring the temperature in one
or more points of the transformer windings in com-
munication with corresponding inputs of the control
unit (3) for reading the temperature values detected
by said sensors (4), the control unit (2) being config-
ured to set the rotation speed of the fans (1), each
independently of the other, on the basis of the de-
tected temperature values.

4. A system according to one or more of the preceding
claims, wherein the actuation devices (101) of said
fans (1) comprise DC motors of the brushless type,
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driven with variable phase currents such as to gen-
erate a magnetic field of rotating stator, said phases
being determined by the control unit (2) as a function
of the rotation speed to be set.

A system according to one or more of the preceding
claims, wherein there are sensors coupled or cou-
plable to the fans (1) and/or to the motors (101), said
sensors being in communication with inputs of the
control unit (2) to read the speed and/or position of
the rotor of the motors, the control unit (2) being con-
figured to use such speed and/or position information
as a feedback to control the rotation of said fans (1).

A system according to one or more of the preceding
claims, wherein said control unit (3) is configured to
send speed information to be set for at least part of
the fans (1) to the control unit (2) on the basis of the
operating parameters of the transformer.

A system according to one or more of the preceding
claims, wherein the control unit (3) comprises a re-
mote communication interface for sending operating
data and receiving setting commands of the opera-
tion of the transformer and/or of the fans (1).

A system according to one or more of the preceding
claims, wherein the control unit (2) is programmed
to drive the fans (1) at a safety speed when the con-
trol unit (3) provides an indication of breakdown or
the communication between the control unit (2) and
the control unit (3) is interrupted.

An MV/MV or MV/LV resin transformer (5) for dis-
tributing electric energy, comprising a plurality of
windings (105) placed side-by-side, bars (205)
adapted to support a plurality of fans (1) arranged at
the bottom on opposite sides of each winding (105)
so as to facilitate the airflow from the bottom upwards
in each winding, actuation devices (101) of said fans
(1) mounted to the same support bars (205), at least
one control unit (2) configured to set the rotation
speed of said fans (1) to obtain a heat exchange
control system according to one or more of the pre-
ceding claims.

A transformer (5) according to claim 9, wherein there
are a control unit (3) and sensors (4) for detecting
the temperature of the windings (105) in communi-
cation with said control unit (3), which control unit is
configured to read the temperature of each winding
and correspondingly communicate the speed value
to be set for each fan (1) to the control unit (2).

10

15

20

25

30

35

40

45

50

55



EP 3 893 255 A1

Fig. 1 Fig. 2



EP 3 893 255 A1

-

s

105

Aanraassaye
SRR

105

205

105

e

205

101



EP 3 893 255 A1

1 \\ |
(G

/101 101 ~ 101 ~.
/ N\
2
7
103 ]
\
~3
Fig. 6
7
v 302 202>~
402
O\ 1022

Fig. 7




10

15

20

25

30

35

40

45

50

55

EP 3 893 255 A1

D)

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 20 16 8886

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X CN 2 452 102 Y (PANG QIDONG [CN]) 1-4,6, | INV.
3 October 2001 (2001-10-03) 8-10 HO1F27/08
* page 2, line 3 - line 26; figures 1, 2 * HO1F27/28
----- HO1F27/40
X CN 105 810 402 A (SHILIN ELECTRIC 1,2,4,6,
ELECTRIC POWER EQUIPMENT CO LTD) 8,9 ADD.
27 July 2016 (2016-07-27) HO1F27/32
* paragraph [0019] *
* paragraph [0023]; figures 1, 2, 3 *
* paragraph [0025] - paragraph [0029] *
X CN 205 406 243 U (GUANGZHOU YINBIAN POWER (1,2,4,6,
EQUIPMENT CO LTD) 8,9
27 July 2016 (2016-07-27)
* paragraph [0021] *
* paragraph [0022] *
* paragraph [0023]; figures 1, 3-5 *
X KR 2018 0076632 A (KYUNGPOOK NAT UNIV IND (1,2,4-8
ACADEMIC COOP FOUND [KR])
6 July 2018 (2018-07-06) TECHNICAL FIELDS
* paragraph [0002] * SEARCHED  (IPC)
* paragraph [0035] - paragraph [0037] * HO1F
* paragraph [0039] - paragraph [0040] * HO2P
* paragraph [0043] - paragraph [0046] * HO5K
* paragraph [0048] *
* paragraph [0055] *
* claim 4 *
* claim 8 *
A EP 2 629 415 A1l (PANASONIC CORP [JP]) 4
21 August 2013 (2013-08-21)
* paragraph [0038] *
* paragraph [0061] *
_/ -
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 17 August 2020 Bracher, Thomas
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
Atechnological backgroUnd e e ettt
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

page 1 of 2



10

15

20

25

30

35

40

45

50

55

EP 3 893 255 A1

D)

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 20 16 8886

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
9oy of relevant passages to claim APPLICATION (IPC)
A US 2003/011332 Al (MAYS FORD CHAPMAN [US]) |4

16 January 2003 (2003-01-16)
* paragraph [0008] *

* paragraph [0002]
paragraph [0008]
paragraph [0026]
paragraph [0036]
paragraph [0038]
paragraph [0040]
paragraph [0053]

* * X % * *
* F % % F 1

* paragraph [0023] - paragraph [0026] *

US 2009/154906 Al (FRANKEL SCOTT [US] ET |4
AL) 18 June 2009 (2009-06-18)
*

paragraph [0009] *

TECHNICAL FIELDS
SEARCHED (IPC)

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

Munich 17 August 2020

Brdacher, Thomas

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

10

page 2 of




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 893 255 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 20 16 8886

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

17-08-2020
Patent document Publication Patent family Publication

cited in search report date member(s) date

CN 2452102 Y 03-10-2001  NONE

CN 105810402 A 27-07-2016  NONE

CN 205406243 U 27-07-2016  NONE

KR 20180076632 A 06-07-2018  NONE

EP 2629415 Al 21-08-2013 CN 103181072 A 26-06-2013
EP 2629415 Al 21-08-2013
JP 5273322 B2 28-08-2013
JP W02012132231 Al 24-07-2014
US 2013170951 Al 04-07-2013
WO 2012132231 Al 04-10-2012

US 2003011332 Al 16-01-2603  US 6392372 B1 21-05-2002
US 2003011332 Al 16-01-2003

US 2009154906 Al 18-06-2009  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

1"



	bibliography
	abstract
	description
	claims
	drawings
	search report

