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Description

Cooling device, converter with a cooling device and method for

coolling a converter

The 1nvention relates to a cooling apparatus for coolilng
electrical components of a converter. Furthermore, the
invention relates to a converter which comprises a cooling
apparatus according to the 1nvention. The 1nvention further
relates to a method for cooling electrical components of a

converter.

Typically, during operation of a converter, power losses occur

which can be traced back to the limited level of efficiency of

the electrical components of the converter which are used. The

greatest power losses are usually, for i1nstance, exhibited by

inverters, balancing resistors, DC link capacitors or

additlional components, such as rectifiers for example. The

electrical components consequently requilire a constant
dlissipation of the heat generated by their power loss, 1n

order to ensure the operational reliability of the converter.

The prior art, such as EP 2 734 020 Al for example,
distingulshes between alr cooling and ligquid cooling
solutions. Typilically, the electrical components to be cooled
are screwed to a heat sink, which 1s 1n thermal contact with a
cooling fluid. Furthermore, the electrical components are
fastened to a current-conducting rail, for example by means of

a screw connection.

Converters which are cooled by means of a thermosiphon are

known from the prior art. In a thermosiphon, the power loss 1s
used to evaporate a liguid. By evaporating the fluid, heat 1is

extracted from the electrical components, whereby saild
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components are cooled. The steam produced by the evaporation

1s then supplied to a heat exchanger, which emits the heat to

the surrounding environment of the converter by way of
condensation of the fluid. The condensed fluid (liguid) 1is

gulded back to the electrical components to be cooled, so that

a clrcult 1s formed which consists of evaporation and

condensation. To support the circuit, for instance against

gravitational acceleration, this may have capillary structures

for the fluid.

The object underlying the present invention 1s to provide a

cooling apparatus for cooling electrical components of a

converter, which enables an i1mproved cooling of the cited

electrical components.

The object 1s achieved by a cooling apparatus having the

features of 1ndependent claim 1, by a converter having the
features of i1ndependent claim 10 and by a method having the
features of 1ndependent claim 12. Advantageous embodliments and

developments of the i1invention are specilified 1n the dependent

claims.

The coollng apparatus according to the i1nvention for coolilng

electrical components of a converter comprises at least one

cooling plate with a first and a second cooling region,

whereln the coollng regions are thermally coupled to an
evaporative cooling apparatus. According to the 1nvention, the

cooling apparatus has at least a first control element, by

means of which the cooling capacity of the evaporative cooling
apparatus of at least one of the cooling regions 1s able to be

controlled.

In particular, all components or structural elements or parts

of a converter, which have a thermal power loss during
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operation of the converter and thus generate heat or waste

heat, are considered to be electrical components. In

particular, electronic components are considered to be

electrical components.

An evaporative cooling apparatus 1n the context of the present
invention 1s any apparatus which 1s suiltable for cooling or
for providing a cooling capacity for the cooling regions by
means of a phase transition of a cooling fluid, for 1nstance

an evaporation or a boiling of a cooling fluid.

The cooling plate or the two cooling regions are 1n particular

provided for arrangement on electrical components to be

cooled. The electrical components may typically be divided

into two classes, whereln the electrical components of the

first class have a comparatively high power loss (high-loss

components) and the electrical components of the second class

have a comparatively low power loss (low—loss components).

Advantageously, no movable components, such as pumps for
instance, are requlred for an evaporative cooling apparatus.
One advantage of the evaporative coollng apparatus 1s
therefore that i1t typically controls or regulates 1tself. For
instance, more steam 1s generated as the power loss 1ncreases.
As a result, the pressure loss 1ncreases 1n the lines of the
evaporative cooling apparatus. The i1ncreased pressure 1loss
induces an 1ncreased pressure 1n the evaporator of the
evaporative cooling apparatus, meaning that the evaporation
temperature of the cooling fluid rises. The steam temperature
which 1s i1ncreased as a result simultaneously i1ncreases the
density of the steam, meaning that the pressure loss 1s
reduced agailn. Furthermore, the evaporation temperature of the
cooling fluid 1s dependent upon the condensation temperature

of the cooling fluid, which 1n turn depends upon the
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temperature of the cooling fluid i1tself.

According to the invention, the cooling apparatus has the two

cooling regions. In this context, according to the 1nvention

the cooling capacity of at least one of the cooling regions

may be controlled by means of the first control element. This

results 1n two cooling regions which may have a different

coollng capacity. In other words, this results 1n the cooliling
capacity of at least one of the cooling regions being able to
be adapted to the power loss of the electrical components

arranged 1n sald coollng region.

For 1nstance, the first coollng region 1s provided for

electrical components with a high power loss, whereiln the

cooling capacity of the first coolling region 1s able to be

controlled by means of the control element. Conseqgquently, the

cooling capacity for the high-loss electrical components can
be 1ncreased by means of the control element. Furthermore, the
cooling capacity of the evaporative coolling apparatus may turn
out to be lower within the second coollng regilion compared to

the first cooling region. Overall, thilis means that the cooling

of the electrical components of the converter becomes more

efficlent by means of the cooling apparatus according to the
invention. By means of the coollng apparatus according to the
invention, 1t therefore becomes possible to control or
regulate the cooling capacity of the evaporative cooling
apparatus 1n at least two cooling regions of the coollng
plate. As a result, the temperature 1n at least one of the

coollng regions may be controlled and adapted.

In accordance with one advantageous embodiment of the
invention, the cooling apparatus comprises a second control
element, by means of which the cooling capacity of the

evaporative cooling apparatus of the further cooling region
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can be controlled.

Advantageously, thilis means that the cooling capacity of the
evaporative cooling apparatus can be controlled 1n the two

cooling regions of the coollng apparatus. As a result, the

efficlency of the coollng apparatus 1s advantageously
improved. Thilis 1s therefore the case since, for 1nstance, the

first cooling region 1s provided for high-loss electrical

components and the second cooling region for low-loss
electrical components, and the respective coollng capacity at

the components to be cooled 1in the two cooling regions 1s able

to be adapted separately from one another. In other words, the

cooling capacity within the cooliling regilions 1s able to be

adapted to the electrical power loss of the electrical

components arranged i1n the coollng regions.

In an advantageous development of the invention, the
evaporative cooling apparatus 1s embodled as a thermal pipe,

1n particular as a heat pilpe or a two-phase thermosiphon.

As a result, the efficiency of the cooling apparatus 1s

advantageously further i1mproved. Typically, a thermal pipe has
an evaporator, a condenser and a pilpe system for a cooling
fluid, which 1s evaporated within the evaporator, condensed

within the condenser and gulded by means of the pipe system.

It 1s therefore particularly preferable 1f the evaporative
cooling apparatus has two evaporators for evaporating the
cooling fluid, wherein the two evaporators are at least
partially embodiled by means of the two cooling regions of the

coollng plate.

In other words, the coolling fluid 1s at least partially

brought to evaporation by the electrical components arranged
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wlithin the two cooling regions. The steam of the cooling fluid

1s then gulded via the pipe system to the condenser of the

evaporative cooling apparatus. Within the condenser of the
evaporative cooling apparatus, the cooling fluid at least

partially condenses and 1n dolng so at least partially emits

“he heat absorbed by 1ts evaporation, which at least partially
corresponds to the power loss of the electrical components, at
least partially to the surrounding environment. The condensed

cooling fluid 1s then guided back to the two cooling regions

of the cooling plate by means of the pipe system. In this
context, the evaporative cooling apparatus has two evaporators
and a common condenser. Furthermore, the two evaporators and
the common condenser are arranged withln a common plpe system,
wherein the two evaporators are connected i1n parallel 1in

relation to the mass flow of the cooling fluid.

In this context, the evaporation temperature of the cooling
fluid, for 1nstance, may be controlled or regulated by means

of a bimetal regulation within the line section of the steam.

In accordance with one advantageous embodiment of the
invention, the evaporatilive coollng apparatus has a plpe system
for guiding the cooling fluid, wherein the pipe system has a

first line section for the first cooling region and a second

line section for the second cooling region. Furthermore, 1in

this context, the cooling capacity of the first line section

1s able to be controlled by means of the first control element
and/or the cooling capacity of the second line section is able

to be controlled by means of the second control element.

In other words, the coolling regions of the cooling apparatus

are assilgned different line sections of the pipe system. By

means of the first and/or second control element, the cooling

capaclity of the line sections are, for 1nstance, able to be
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controlled by adapting the mass flow of the cooling fluid

and/or the pressure of the cooling fluid. In doing so, the

first line sectlon 1s embodiled to guide the cooling fluid to

the first cooling regilon and the second lline section to guilde

the cooling fluid to the second cooling region of the coolling

apparatus. Within the coolling regions, the cooling fluild then
at least partially evaporates within the line sectilons due to

the heat generated i1n the cooling regilons by means of the

electrical components. In this context, the line sections are
typically connected 1n parallel i1in relation to the mass flow

of the cooling fluid.

In one advantageous development of the i1nvention, at least one

of the control elements 1s embodied as a control wvalve.

Preferably, both control elements, 1.e. the first and the

second control element, are each embodied as a control wvalve.

In other words, the pipe system 1s divided into the first and
second llne sectilion, wherein one control valve 1s provided for
cach line section. As a result, 1t becomes possible to control
the temperature or the coolling capacility within the cooling
regilons. For instance, the pressure loss within the line
section, which 1s provided for lower-loss components, 1s

increased, whereby less cooling fluild flows through the cited

line section and thus the cooling capacility 1s reduced. In
other words, 1n this context the control wvalve 1s throttled.

As a result, the temperature within the cooling region

assigned to the line section tends to be i1ncreased. If both
control valves are throttled, then the temperature rises

within the cooling regions, since the overall pressure loss of

the evaporative cooling apparatus rises. If an operating point
of the evaporative cooling apparatus has been configured while
taking i1into consideration a partial throttling of the control

valves, then the evaporation temperature of the cooling fluid
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drops when the control valves are opened.

According to one advantageous embodiment of the invention, the

cooling plate comprises the line sections.

As a result, the thermal coupling between the coolling plate

and the line sections, and thus the thermal efficiency of the

coollng apparatus, 1s advantageously i1mproved.

In this context, 1t 1s particularly preferable 1f the line
sections are embodied by means of bore holes within the

coollng plate.

As a result, the thermal coupling between the cooling plate

and the lline sections or between the cooling plate and the

cooling fluid within the line sections 1s further improved.

In one advantageous development of the i1nvention, at least one
of the line sections has a plurality of fluild ducts which are
fluidically coupled 1n parallel 1n relation to the cooling
fluid, wherein the fluid ducts extend i1n parallel with one

another spatially.

In this context, the fluid ducts may preferably be embodiled by
means of bore holes within the cooling plate. Advantageously,
the cooling fluid 1s distributed by the fluid ducts over a
large area within the cooling regions. As a result, a

particularly large amount of heat can be dissipated.

Furthermore, electrical components of a converter are
tyvpically arranged at various geodetic heights. Since the
pressure of the cooling fluld changes along the cooling plate,

1ts evaporation temperature also changes along the cooling

plate. In addition, due to the thermal energy transferred to
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the cooling fluid, the temperature thereof 1ncreases along the

cooling plate. To create as homogeneous a temperature and

pressure distribution as possible, 1t 1s therefore
advantageous to provide the plurality of fluid ducts. Due to
the plurality of fluid ducts, i1n particular the fluid ducts

which are fluildically coupled 1n parallel, the mass flow of
the cooling fluid can be controlled actively and the
temperature can be kept approximately constant along the

coolling plate.

According to the 1nvention, the coolling plate 1s embodied 1n

at least two parts, wherein a first part of the cooling plate

comprises the first cooling regilon and a second part of the

coolling plate the second coolling region.

A modular design 1s advantageously produced as a result.

Furthermore, the thermal i1nsulation between the first cooling

regilon and the second cooling region 1s 1mproved.

The converter according to the i1nvention comprilises a cooling
apparatus 1n accordance wilith the present 1nvention or one of

1ts embodlments.
The converter according to the 1nvention has similar and
equlvalent advantages to the cooling apparatus according to

the 1nvention already mentioned.

Particularly preferably, the converter has a first and second

class of electrical components, wherein the first class of

electrical components has a higher thermal power loss than the
second class of electrical components and the components of

the first class are arranged 1n the first cooling region and

the components of the second class 1n the second cooling

region, wherein the first control element can be used to
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increase the cooling capacity of the evaporative cooling

apparatus within the first cooling region compared to the

coolling capacity of the evaporative cooling apparatus wilithin

the second cooling region.

In other words, the first cooling region of the cooling
apparatus 1s provided for the high-loss electrical components,

for 1nstance bipolar transistors with i1nsulated gate bipolar

transistors (IGBTs). The second cooling region of the cooling
apparatus 1s provided for lower-loss electrical components,
for 1nstance condensers. As a result, the cooling capacity 1s

advantageously adapted to the power loss of the electrical

components of the converter to the greatest extent possible,

and 1s thus optimlised. As a result, the energy efficiency of

the converter 1s 1mproved.

In this context, the cooling fluld or the condensate thereof

1s typilcally distributed to both cooling regions via the pipe

system. In the prior art, the bolling temperature of the

cooling fluid within the cooling region provided for the low-
loss components 1s 1nfluenced and determined by the high-loss
components via the fluid ducts, whilich communicate 1n parallel
and are assigned to the cooling regions. To prevent this
influence, provision 1s made according to the invention for at

least the first control element, by means of which the cooling

capaclity wilthin the cooling regions 1s able to be controlled

separately from one another.

The method according to the invention for cooling electrical
components of a converter 1n accordance with the present
invention 1s characterised 1n that the cooling capacity of the
evaporative cooling apparatus of at least one of the cooling

regilons 1s controlled by means of the first control element of

the cooling apparatus.
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The method according to the invention has similar and

equlvalent advantages to the cooling apparatus according to

the 1nvention and the converter according to the 1nvention.

In this context, 1t 1s particularly preferable 1f a control

valve 1s used as the first and/or second control element.

Further advantages, features and details of the invention will

become apparent from the exemplary embodiments described below
as well as with reference to the drawings, 1n which, shown

schematically:

Figure 1 shows a converter wilith an evaporative cooling

apparatus known from the prior art;

Figure 2 shows a converter wilth a cooling apparatus 1n

accordance with a first embodiment of the present

invention; and

Figure 3 shows a further converter with a coolling apparatus 1n
accordance with a second embodiment of the present

invention.

FElements which are similar, equivalent or have a similar
effect can be provided with the same reference characters 1n

the figures.

Figure 1 shows an outline of the converter 2, which has a

cooling apparatus 1 known 1n the prior art. In this context,
the cooling apparatus 1 1s embodied as an evaporatlive cooling
apparatus 6. The evaporative coollng apparatus 6 comprises a

plipe system 60 and a condenser 8.
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Arranged within a cabinet 12 of the converter 2 1s a cooling

plate 4. The cooling plate 4 1s provided for the arrangement

of electrical components as well as the cooling thereof. To
this end, the coolling plate 4 1s thermally coupled to the pipe

system 60 of the evaporative coolling apparatus 6. Furthermore,

the cooling plate 4 has a plurality of fluid ducts 64, which
are fluidically connected 1n parallel 1n relation to a cooling

fluid within the pilpe system 60, for cooling the electrical

components.

The coollng apparatus 1 known from the prior art has two

cooling regions 410, 420, within which electrical components

with different power losses are arranged. Arranged wilithin the

first cooling region 410 are, for instance, high-loss

electrical components, 1n particular IGBTs. Arranged within

the second cooling region 420 are then comparatively low—-loss

electrical components, for 1nstance condensers. The fluid
ducts 64, which are thermally coupled to the cooling regions
410, 420 and extend through these, are provided to cool the
cooling regions 410, 420.

The disadvantage of the prior art shown 1s that 1t 1is
necessary to configure the cooling capacity within the cooling
regions 410, 420, which are supplied by the evaporative

cooling apparatus 6, to the high-loss components of the first

cooling region 410.

To overcome this disadvantage, Figure 2 shows a converter with

a coolilng apparatus 1 1n accordance with a first embodiment of

the present i1inventilion.

The coollng apparatus 1 1n turn comprises a condenser 8, a
plpe system 60, a cooling plate 4 as well as two cooliling

regions 410, 420. Furthermore, a steam collector 10 1s
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provided for collecting the evaporated cooling fluid and for

gulding the evaporated cooling fluid back to the condenser 8.

As already shown 1n Figure 1, the coollng apparatus 1 1s

arranged at least partially within a cabinet 12 of the

converter 2. Typically, the condenser 8 of the evaporative
cooling apparatus 6 1s arranged outside the cabilinet 12. As a
result, the heat 1s emitted to the surrounding environment of

the converter 2.

The coollng apparatus 1 has a first and second control element

417, 42. In this context, the control elements 41, 42 are

embodled as control valves by way of example.

Furthermore, the pipe system 60 has a first line section 61

and a second line section 62. The pressure and/or mass flow of

the cooling fluid within the first line section 61 can be

controlled or regulated by means of the first control element
41. Similarly, the pressure and/or mass flow of the cooling
fluid within the second line section 62 can be controlled or

regulated by means of the second control element 42.

This advantageously makes 1t possible to control or regulate
the cooling capacilty of the evaporative cooling apparatus 6

within the first cooling region 410 and within the second

cooling region 420. For instance, the cooling capacity of the

evaporative cooling apparatus 6 within the first coolling

region 410 1s 1ncreased compared with the cooling capacity of

the evaporative cooling apparatus within the second cooling

region 420. In other words, the first cooling region 410 1s

provided for high—-loss electrical components and the second
cooling region 420 for low—-loss electrical components of the

converter 2.
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To distribute the ligquid cooling fluid within the cooling
regions 410, 420, a plurality of fluid ducts 64 are provided.

In thlis context, the fluid ducts 64 are 1n each case
fluidically coupled to the associated line section 61, 62Z2. For

11llustrative purposes, only one of the fluid ducts 1s

designated with the reference character 64. The fluid ducts 64
extend approximately 1n parallel with one another spatially
within thelr respective cooling region 410, 420. There may be
provision for a spatially meandering extension of the cooling
ducts 64 within the cooling regions 410, 420. The fluid ducts
64 extend approximately vertically 1n the representation 1n

Figure 1.

In Figure 3, a further converter with a coollng apparatus 1 1s
shown 1n accordance with a second embodiment of the present

invention.

The coolling apparatus 1 1n Figure 3 essentially comprises the

elements of the cooling apparatus already shown i1n Figure 2.

In addition to Figure 2, the cooling apparatus 1 in Figure 3

has three coolling regions 410, 420, 430. Each of the cooling
regions 410, 420, 430 1s fluidically coupled to the pipe
system 60 of the evaporative coollng apparatus 6 via an
assoclated line section 61, 62, 63. To control the coolilng
capacity of the cooling regions 410, 420, 430, at least one
control element 41, 42, 43 1s provided for each line section

6l, 62, ©63. In this context, the control elements 41, 42, 43

are embodied as control valves and connected 1n parallel 1n
relation to the cooling fluid of the evaporative cooling

apparatus o.

Furthermore, 1n addition to the coollng apparatus from Filigure

2, the cooling apparatus 1 has horizontally and vertically
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extending fluid ducts 64. In this context, the horizontal

fluid ducts 64 extend at least partially between the cooling
regions 410, 420, 430.

The present i1nvention makes 1t possible to selectively control

or regulate the cooling capacility within the cooling regions.

In this context, the cooling reglons are provided for wvarious
electrical components of a converter which are prone to

losses. As a result, the enerqgy efficiency of the cooling of a

converter 1s 1mproved.

Although the invention has been 1llustrated and described 1in

detall based on the preferred exemplary embodiments, the

invention 1s not restricted by the examples given or other

variations can be derived therefrom by a person skilled 1n the

art wilthout departing from the protective scope of the

invention 1n accordance with the claims.



10

15

20

25

30

35

DK/EP 3563650 T3

Patentkrav

1. Kaleindretning (1) til keling af elektriske komponenter | en omformer (2),
omfattende en kaleplade (4) med et farste og andet kaleomrade (410, 420),
hvor kalepladen (4) er udformet | det mindste todelt, og en farste del af kale-
pladen omfatter det farste keleomrade (410) og en anden del af kalepladen
(4) omfatter det andet kaleomrade (420), hvor kaleomraderne (410, 420) er
termisk sammenkoblet med en kogekaleindretning (6) omfattende et lednings-
system (60) og en kondensator (8), og keleindretningen (1) omfatter mindst et
forste styreelement (41), ved hjaelp af hvilket kogekaleindretningens (6) kale-
effekt af mindst et af kaleomraderne (410) kan styres, hvor kalepladen (2) om-
fatter en dampsamler 10 til opsamling af fordampet kalefluid og til tilbagefaring
af den fordampede kglefluid til kondensatoren 8.

2. Keleindretning (1) iIfelge krav 1, kendetegnet ved, at denne omfatter et an-
det styreelement (42), ved hjeelp af hvilket det yderligere kaleomrades (420)
kogekwleindretnings (6) kaleeffekt kan styres.

3. Kaleindretning (1) ifelge krav 1 eller 2, kendetegnet ved, at kogekaleind-
retningen (6) er udformet som et varmerar, isaer som heat-pipe eller en tofaset
termovandlas.

4. Kaleindretning (1) iIfelge krav 3, kendetegnet ved, at kogekaleindretningen
(6) omfatter to fordampere til fordampning af en kalefluid, hvor de to fordam-

pere i det mindste delvist er udformet ved hjaelp af de to keleomrader (410,
420) af kelepladen (4).

5. Kaleindretning (1) iIfelge krav 4, kendetegnet ved, at kogekaleindretningen
(6) omfatter et ledningssystem (60) til fering af kelefluiden, hvor ledningssy-
stemet (60) omfatter et farste ledningsafsnit (61) til det farste keleomrade
(410) og et andet ledningsafsnit (62) til det andet kaleomrade (420), hvor det
forste ledningsafsnits (61) keleeffekt kan styres ved hjeelp af det f@rste styre-
element (41) og/eller det andet ledningsafsnits (62) kaleeffekt kan styres ved
hjaelp af det andet styreelement (42).
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6. Kaleindretning (1) ifalge krav 5, kendetegnet ved, at mindst et af styreele-
menterne (41, 42) er udformet som en styreventil.

7. Keleindretning (1) ifelge et af kravene 4 til 6, kendetegnet ved, at kalepla-
den (4) omfatter ledningsafsnittene (61, 62).

8. Kaleindretning (1) ifelge krav 7, kendetegnet ved, atledningsafsnittene
(61, 62) er udformet ved hjeelp af boringer | kalepladen (4).

9. Kaleindretning (1) ifelge et af kravene 5 til 8, kendetegnet ved, at mindst
et af ledningsafsnittene (61, 62) har en flerhed af fluidkanaler (63), der er flu-
idparallelkoblet | fornold til kelefluiden, hvor fluidkanalerne (63) straekker sig
rumligt parallelt med hinanden.

10. Omformer (2), kendetegnet ved, at den omfatter mindst en k@leindretning
(1) ifelge et af de foregaende krav.

11. Omformer (2) ifelge krav 10, kendetegnet ved, at den har en farste og
anden klasse af elektriske komponenter, hvor den ferste klasse af elektriske
komponenter har en hgjere termisk tabseffekt end den anden klasse af elek-
triske komponenter, og den farste klasses komponenter er anbragt | det farste
kaleomrade (410) og den anden klasses komponenter er anbragt i det andet
kaleomrade (420), hvor kogekaleindretningens (6) kaleeffekt i det farste kale-
omrade (410) kan forages i forhold til kogekaleindretningens (6) kaleeffekt |
det andet kaleomrade (420) ved hjeelp af det farste styreelement (41).

12. Fremgangsmade til kaling af elektriske komponenter i en omformer (2)
med en omformer ifglge krav 10 eller 11, kendetegnet ved, at kogekaleind-
retningens (6) kaleeffekt af mindst et af k@aleomraderne (410) styres ved hjeelp
af keleindretningens (1) ferste styreelement (41).

13. Fremgangsmade ifglge krav 12, kendetegnet ved, at det yderligere kale-
omrades (420) kogekaleindretnings (6) kaleeffekt styres ved hjeelp af kaleind-
retningens (1) andet styreelement (42).
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14. Fremgangsmade ifalge krav 12 eller 13, kendetegnet ved, at en styreven-
til anvendes som farste og/eller andet styreelement (41, 42).
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