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COOLING ASSEMBLY FOR A HIGH VOLTAGE ASSEMBLY AND METHOD
TO OPERATE A COOLING ASSEMBLY FOR A HIGH VOLTAGE ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to a cooling assembly for a high voltage assembly and to

a method to operate the cooling assembly.

BACKGROUND

Known high voltage assemblies like oil immersed power transformers or oil immersed
reactors comprise a cooling assembly which is adapted to an expected ambient
temperature range and adapted to the configuration of the high voltage assembly.
Furthermore, it is known that such a cooling assembly comprises a pump which

comprises an on-state and an off-state only.

Furthermore, legislative authorities push the need for "green" transformers implicating

that unnecessary energy consumption is avoided.

SUMMARY

In view of the prior art, it is an object of the present disclosure to improve a cooling
assembly for a high voltage assembly and a method to operate a cooling assembly for a

high voltage assembly.

According to a first aspect of this disclosure it is proposed a cooling assembly for
connecting to a compartment of a high voltage assembly via a flow line and a return
line, the cooling assembly comprises a heat exchange assembly adapted to dissipate
heat from the insulation liquid to the environment; and a pump arranged at the flow

line or the return line and being operable at variable speeds.
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Advantageously the cooling power of the heat exchange assembly can be adapted as it
is available a continuously variable speed control of the pump. Therefore, the cooling
performance can be optimized and an increase in overload capacity is possible.
Furthermore, unnecessary losses are avoided as the pump can be operated at less than
100 % of the possible speed. Also inrush currents are limited as the variable speed
control allows starting the pump with a low speed. The proposed cooling assembly
also provides to decrease weight and dimension of the cooling assembly as forced
circulation through the cooling assembly does not rely on natural convection which

would implicate large surfaces exposed to the environment.

A further advantage relies in standardization, which means that one type of pump can
be used for a plurality of speed and sound requirements. Consequently, one type of
pump can be used for a plurality of types of high voltage assemblies. This has also an

advantageous impact on the reduction of service and maintenance costs.

An advantageous embodiment is characterized in that a target volumetric flow rate of
the insulation liquid is determined, wherein the speed of the pump is controlled in

dependence on the target volumetric flow rate.

An advantageous embodiment is characterized in that the target volumetric flow rate is
determined in dependence on a load current of the high voltage assembly.
Consequently, temperature variations of the insulation liquid over time can be reduced.
This results in less breathing of the high voltage assembly which has a positive effect
on ageing of the whole oil/paper-insulation. Therefore life expectancy of the whole

high voltage assembly is increased.

An advantageous embodiment is characterized in that the target volumetric flow rate is
determined in dependence on a temperature of the insulation liquid. Consequently,
temperature variations of the insulation liquid over time can be reduced. This results in
less breathing of the high voltage assembly which has a positive effect on ageing of the
whole oil/paper-insulation. Therefore life expectancy of the whole high voltage

assembly is increased.
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An advantageous embodiment is characterized in that the target volumetric flow rate is
determined to a base rate if the temperature and/or the load current falls below a
threshold. Compared with an off-state of the pump the base rate advantageously
provides that any failure of the pump can be detected and resolved immediately.
Furthermore, the insulation liquid remains in circulation. Moreover, sound emissions of

the pump or cooling fans are reduced when compared to a singular on-state.

An advantageous embodiment is characterized in that the target volumetric flow rate is
determined in dependence on a characteristic curve linking the target volumetric flow
rate and the temperature of the insulation liquid or the target volumetric flow rate and

the load current.

An advantageous embodiment is characterized in that the characteristic curve
comprises partly a linear relationship between the target volumetric flow rate and the
temperature of the insulation liquid or the target volumetric flow rate and the load

current.

An advantageous embodiment is characterized in that the target volumetric flow rate is
determined in dependence on a manual input of a manual input unit, wherein the
manual input overrides the calculated target volumetric flow rate. Therefore, manual

operation is advantageously is still possible.

An advantageous embodiment is characterized in that the target volumetric flow rate is
determined by a closed loop control. A further reduction in temporal drift of the

temperature of the insulation liquid can be achieved.

An advantageous embodiment is characterized in that the cooling assembly comprises a

radiator, and wherein the pump is a propeller pump.

An advantageous embodiment is characterized in that the cooling assembly comprises

an oil-to-air-cooler or an oil-to-water cooler, and wherein the pump is an inline pump.
3
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Another aspect of this disclosure is directed to a high voltage assembly comprising the
proposed cooling assembly, and the compartment containing an active component
surrounded by the insulation liquid, wherein the cooling assembly is connected with the

compartment via the flow line and the return line.

Another aspect of this disclosure is directed to a method to operate a cooling assembly
for a high voltage assembly being connected to a compartment of the high voltage
assembly via a flow line and a return line, the cooling assembly comprising: a heat
exchange assembly adapted to dissipate heat from the insulation liquid to the
environment; and the method comprising operating a pump arranged at the flow line or

the return line at variable speeds. The advantages of the method are outlined above.

A further aspect of this disclosure is directed to a control unit configured to execute

the proposed method.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1 and 3 show a schematic cooling assembly for a high voltage assembly,

respectively;

Figure 3 shows schematic depiction of the high voltage assembly;

Figures 4 and 6 show a schematic block diagram of open-loop control, respectively;

Figures 5 and 7 show a characteristic curve, respectively;

Figure 8 shows a schematic block diagram of a closed loop control; and

Figure 9 shows a schematic flow diagram.



10

15

20

25

30

WO 2018/138145 PCT/EP2018/051722

DESCRIPTION OF THE EMBODIMENTS

Figure 1 shows a schematic depiction of a cooling assembly 2 for a high voltage
assembly. The cooling assembly 2 is adapted to be connected to a compartment of the
high voltage assembly via a flow line 4 and a return line 6. A heat exchange assembly 8
is adapted to dissipate heat from an insulation liquid 10 passing through the heat
exchange assembly 8 to the environment 12. A pump 14 is arranged at the flow line 4

and is operable at variable speeds.

Figure 2 shows a further schematic cooling assembly 2 for a high voltage assembly.

With difference to figure 1 the pump 14 is arranged at the return line 6.

Figure 3 shows schematic depiction of the high voltage assembly 16. The high voltage
assembly 16 is for example a high voltage transformer or a high voltage reactor. The
heat exchange assembly 8 comprises a heat dissipating component 9 like a radiator or
an oil-to-air-cooler or an oil-to-water-cooler. The heat exchange assembly 8 realizes an
insulation liquid path 11 to ingest high temperature insulation liquid 10 and to emit low
temperature insulation liquid 10 into the compartment 18. Inside the compartment 18
of the high voltage assembly 16 it is arranged an active component 20 comprising a

core and windings. The active component 20 is surrounded by the insulation liquid 10.

An inlet 22 of the flow line 4 is arranged at an upper part 24 of the compartment 18.
An outlet 26 of the return line 6 is arranged at a bottom part 28 of the and inside the
compartment 18. The outlet 26 is arranged below the active component 20. According
to another embodiment the outlet 26 can be arranged outside an area below the active
component 20. According to a further embodiment the outlet 26 can be arranged to

pass at least partly through the active component 20.

A controller 30 is configured to determine a target volumetric flow rate ft. To
determine the target volumetric flow rate ft the controller 30 comprises a processor P
and memory MEM. A temperature sensor 32 is arranged at the flow line 4 to

determine a temperature T of the insulation liquid 10 passing through the flow line 4.
5
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Of course, the temperature sensor 32 can be arranged at another position of the high
voltage assembly 16. A unit 34 is configured to determine a load current I of the high
voltage assembly 16. The unit 34 can be a sensor or a further control unit. A manual
input unit 36 determines a manual input M. The controller 30 is configured to
determine the target volumetric flow rate ft in dependence on the temperature T and/or

the load current I and/or in dependence on the manual input M.

The pump 14 comprises power electronics 38 to which the target volumetric flow rate
ft is applied. The power electronics 38 is configured to translate the applied target

volumetric flow rate ft to a corresponding speed of the pump 14.

According to an embodiment the high voltage assembly 16 comprises a plurality of
cooling assemblies 2, cach cooling assembly 2 being connected to the single
compartment 18 via a respective flow line 4 and a respective return line 6.
Alternatively, the plurality of assemblies 2 is connected to the single compartment 19
via an at least partly conjoint flow line 4 and an at least partly conjoint return line 6.
Advantageously, the cooling of the insulation liquid 10 is assured by redundant cooling

assemblies 2.

Figure 4 shows schematic block diagram of open-loop control. The temperature T is
supplied to a characteristic curve 40 and a corresponding target volumetric flow rate ft

is determined and applied to the pump 14.

Figure 5 shows the characteristic curve 40 in a schematic way. In a first temperature
arca TA the target volumetric flow rate ft remains constant at a base rate ftB. In a
second temperature arca TB a linear relationship between the temperature T and the
target volumetric flow rate ft applies. A threshold Tth divides the temperature arcas
TA and TB. Of course, the relationship between the temperature T and the target
volumetric flow rate ft can depart from the linear relationship in the temperature arca

TB.
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Figure 6 shows schematic block diagram of open-loop control. The load current I is
supplied to a characteristic curve 42. A target volumetric flow rate ft corresponding to

the load current I is determined and applied to the pump 14.

Figure 7 shows the characteristic curve 42 in a schematic way. In a first load current
arca 1A the target volumetric flow rate ft remains constant at a base rate ftB. In a
second load current areca TB a linear relationship between the load current I and the
target volumetric flow rate ft applies. A threshold Ith divides the load current areas IA
and IB. Of course, relationship between the load current I and the target volumetric

flow rate ft can depart from the linear relationship in the load current area IB.

Figure 8 shows a schematic block diagram of a closed loop control. A block 44
determines a setpoint value Ts as a desired value for the temperature of the insulation
liquid 10 inside the compartment 18 or a temperature of the insulation liquid 10 at the
temperature sensor 32. At a block 46 a difference D is determined by subtracting the
temperature T from the setpoint value Ts. The difference d is applied to a controller
48, for example a proportional plus integral plus derivative element. The controller 48
determines the target volumetric flow rate ft in dependence on the difference D and
applies it to the pump 14. The operation of the pump 14 at variable speeds has an
impact on the whole high voltage assembly 16 which can be measured by the

temperature T.

Figure 9 shows a schematic flow diagram to operate the cooling assembly 2. In a step

50 the pump 14 is operated at variable speeds.
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CLAIMS:

1. A cooling assembly (2) for connecting to a compartment (18) of a high voltage
assembly (16) via a flow line (4) and a return line (6), the cooling assembly (2)

comprising:

a heat exchange assembly (8) adapted to dissipate heat from the insulation

liquid (10) to the environment (12); and

a pump (14) arranged at the flow line (4) or the return line (6) and being

operable at variable speeds.

2. The cooling assembly (2) according to claim 1, wherein a target volumetric
flow rate (ft) of the insulation liquid (10) is determined, and wherein the speed of the

pump (14) is controlled in dependence on the target volumetric flow rate (tf).

3. The cooling assembly (2) according to claim 2, wherein the target volumetric
flow rate (ft) is determined in dependence on a load current (I) of the high voltage

assembly (16).

4. The cooling assembly (2) according to claim 2 or 3, wherein the target
volumetric flow rate (ft) is determined in dependence on a temperature (T) of the

insulation liquid (10).

5. The cooling assembly (2) according to claim 3 or 4, wherein the target
volumetric flow rate (ft) is determined to a base rate (ftB) if the temperature (T) and/or

the load current (I) falls below a threshold (Tth; Ith).

6. The cooling assembly (2) according to one of the claims 3 to 5, wherein the
target volumetric flow rate (ft) is determined in dependence on a characteristic curve
(40; 42) linking the target volumetric flow rate (ft) and the temperature (T) of the

insulation liquid (10) or the target volumetric flow rate (ft) and the load current (I).

7. The cooling assembly (2) according to claim 6, wherein the characteristic curve

(40; 42) comprises partly a linear relationship between the target volumetric flow rate

8
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(ft) and the temperature (T) of the insulation liquid (10) or the target volumetric flow
rate (ft) and the load current (I).

8. The cooling assembly (2) according to one of the preceding claims, wherein the
target volumetric flow rate (ft) is determined in dependence on a manual input (M) of a
manual input unit (36), wherein the manual input (M) overrides the calculated target

volumetric flow rate (ft).

9. The cooling assembly (2) according to one of the claims 2 to 8, wherein the

target volumetric flow rate (ft) is determined by a closed-loop control.

10.  The cooling assembly (2) according to one of the preceding claims, wherein the

cooling assembly (8) comprises a radiator, and wherein the pump (14) is a propeller

pump.

11.  The cooling assembly (2) according to one of the claims 1 to 9, wherein the
cooling assembly (8) comprises an oil-to-air-cooler or an oil-to-water cooler, and

wherein the pump (14) is an inline pump.
12. A high voltage assembly (16) comprising;:
a cooling assembly (2) according to one of the claims 1 to 11, and

the compartment (18) containing an active component (20) surrounded by the
insulation liquid (10), wherein the cooling assembly (8) is connected with the

compartment (18) via the flow line (4) and the return line (6).

13. A method to operate a cooling assembly (2) for a high voltage assembly (16)
being connected to a compartment (18) of the high voltage assembly (16) via a flow

line (4) and a return line (6), the cooling assembly (2) comprising:

a heat exchange assembly (8) adapted to dissipate heat from the insulation

liquid (10) to the environment; and the method comprising:

operating a pump (14) arranged at the flow line (4) or the return line (6)

at variable speeds.
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14.  The method according to the preceding claim for operating the cooling

assembly (8) according to one of the claims 2 to 11.

15. A control unit (30) configured to execute the method according to claim 13 or

14.

10
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