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Description

Arrangement for cooling electrical subassemblies

The invention relates to an arrangement for
cooling electrical subassemblies arranged in a housing,
in particular for use in base stations of a mobile
radio system or access network system.

During operation, technical devices produce
waste heat, which leads to the device heating up. Since
a technical device can ensure its functionality only
within a restricted temperature range, arrangements for
cooling this device are normally provided.

In electrically operated devices, the power
loss of components and subassemblies through which
current flows leads to heating. If such technical
devices are not installed in protected,
temperature-controlled rooms, during operation
attention must be paid not only to the permissible
temperature range of the electrical subassemblies but,
at the same time, also to the possible temperature
range of the environment of the technical device. Both
temperature ranges have to be taken into account when
dimensioning the arrangement for cooling. Standard
components for a technical device have, for example, a
permissible operating temperature range of from 0 to
70°C. Components of this type are used, for example, in
base stations of a mobile radio system or access
network system, but also in other technical devices,
such as traffic control devices or supply devices.
Moreover, adequate protection from dirt particles and
penetrating moisture must be ensured for the electrical
components and subassemblies, above all when they are
used outside closed rooms, it being necessary to comply
with the protection regulations in accordance with the
specified IP classes.
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In base stations according to the prior art,
such as is disclosed, for example, by the earlier
German patent application 19626778.1, the problem of
cooling the electrical components and subassemblies,
with simultaneous protection from dirt and moisture,
beginning from a specific IP class, is solved by using
two cooling circuits separated by an air/air heat
exchanger. In this arrangement, the atmosphere and the
air stream produced by one or more fans in the interior
of the base station are separated completely from the
external ambient atmosphere. However, the complicated
construction of the base station, containing two
cooling circuits, has a detrimental effect on the
costg, the volume and the weight of the base station.
This construction also has the disadvantage that the
cooling arrangement only operates at and above a
specific temperature drop between the atmosphere in the
interior of the base station and the ambient
atmosphere, as a result of which the temperature in the
interior is always above the temperature of the ambient
atmosphere. In this case, under certain circumstances
it may occur that the upper 1imiting temperature (for
example 70°C) of individual components or subassemblies
is exceeded if the temperature of the ambient
atmosphere exceeds the corresponding limiting
temperatures. In general, it is true that: ambient
temperature + heat-exchanger temperature difference
AT + internal heating !< component limiting temperature
(e.g. 70°C). In order to reduce the temperature
difference AT needed for the «cooling, a higher
technical outlay is needed with a simultaneous increase
in the volume of the base station or, alternatively,
the use of so-called active cooling devices such as
compressors, Peltier modules etc.

The invention is therefore based on the object
of providing an arrangement for cooling which
circumvents the above-described disadvantages of the
arrangements according to the prior art.
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This object is achieved by the arrangement for
cooling electrical subassemblies arranged in a housing
as claimed in patent claim 1. Advantageous developments
of the invention can be taken from the subclaims.

The arrangement according to the invention has
at least one water-repellent membrane filter, in each
case arranged in an air inlet of the housing, for the
surface filtration of water and dirt particles from
cooling air flowing in for <cooling electrical
subassemblies, as well as at least one cooling device
to build up an airflow in the housing and to lead the
filtered cooling air, heated up because of flowing
through the subassemblies, out of the housing through
at least one air outlet.

The configuration of the arrangement according
to the invention has the advantage that, by comparison
with cooling arrangements according to the prior art,
the interaction of the individual features permits a
simpler construction of the cooling arrangement. In
this case, in spite of the fact that only one
cooling-air stream exists, instead of the two cooling
circuits according to the prior art, optimum cooling of
the electrical subassemblies is achieved with the
required simultaneous protection of the subassemblies
from dirt particles and penetrating moisture, and a
higher temperature of the ambient atmosphere is
permitted, because a temperature difference AT does not
exist. As a result of the airflow built up by the
cooling device, the <cooling air heated in the
subassemblies is led out of the housing and new cooling
air flows into the housing from the ambient atmosphere
through the membrane filter. In the process, the
cooling air flowing in is freed of dirt particles in
the membrane filter, by which means even strict
protection regulations can advantageously be satisfied.
The membrane filter is designed as a water-repellent
surface filter, which advantageously
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prevents the penetration of dirt particles into the
filter and thus permits simple cleaning.

In a first refinement, the arrangement
according to the invention has air guide devices,
respectively underneath and/or above the electrical
subassemblies, to guide the filtered cooling air
flowing in through one subassembly in each case and/orxr
to shield the electrical subassemblies. These air guide
devices advantageously achieve a homogenous
distribution of the cooling air flowing in over the
base surface of the respective electrical
subassemblies, and thus the uniform cooling of the
electrical subassemblies.

According to  further refinements of the
invention, the cooling device comprises a motor-driven
fan wheel, the motor speed and thus the throughput of
cooling air in the housing in addition being controlled
by a control device as a function of the temperature in
the housing and/or of the temperature of the ambient
atmosphere, and thus of the temperature of the cooling
air flowing in. By this means, for example, a constant
operating temperature of the electrical subassemblies,
and a constant temperature in the interior of the
housing, can be ensured, and therefore the service life
of the electrical subassemblies can advantageously be
prolonged. Furthermore, the speed of the cooling device
can in each case be controlled in such a way that the
permissible limiting temperatures of the electrical
subassemblies are Jjust not exceeded, and the noise
emission of the arrangement is minimized by the lowest
possible speed of the cooling device.

Furthermore, by means of an appropriately
configured cooling device, the direction of the airflow
in the housing can be reversed, so that cooling air
flows into the housing through the air outlet and is
led out through the membrane filter,
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by which means dirt particles deposited on the surface
of the membrane filter are advantageously removed.

According to a further refinement, the air
inlet is arranged in the side and/or bottom area of the
housing in such a way that the cooling air flowing in
acts on the undersides of the subassemblies and
therefore a flow through the subassemblies is
advantageously made possible by the cooling air heated
by flowing through the electrical subassemblies being
sucked up by the cooling device and being led out
through at least one air outlet arranged in the upper
and/or side area of the housing.

The arrangement according to the invention is
suitable, in particular, for use in base stations or
similar outdoor installations of a mobile radio system
or access network system, as well as in comparable
technical devices such as traffic control devices,
directional radio devices and the like, which have to
be operational within a wide temperature range.

Exemplary embodiments of the invention will be
explained in more detail with reference to the appendéd
drawings, in which:

FIG 1 shows a front view of a base station of a
mobile radio system having a cooling
arrangement according to the prior art,

FIG 2 shows a front view of an exemplary base station
having the arrangement according to the
invention for cooling electrical subassemblies,

FIG 3 shows a side view of an exemplary base station
having an arrangement according to the
invention for cooling electrical subassemblies,
and
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FIG 4 shows a side view of an exemplary base station
having an arrangement according to the
invention for coocling electrical subassemblies
with additional features,

FIG 5 shows an exemplary base station having an
arrangement according to the invention for
cooling electrical subassemblies with a number
of cooling devices,

"FIG 6 shows an exemplary base station having an

arrangement according to the invention for
cooling electrical subassemblies with a number
of cooling devices in a modified arrangement.

The base station BTS, for example a mobile
radio system according to the prior art according to
FIG 1, contains a number of electrical subassemblies
BG. During the operation of the base station BTS, the
power loss of the individual electrical subassemblies
BG leads to heating, which gives rise to the necessity
for cooling. The cooling is carried out by cooling
devices V incorporated in a number of cooling circuits.

These cooling circuits are two cooling
circuits, each identified by black and white arrows and
separated from each other in each case, an external and
an internal cooling circuit, the two cooling circuits
being separated from each other by an air/air heat
exchanger WT.

The external cooling circuit is implemented by
two cooling devices V1 and V2. Air at the temperature
of the ambient atmosphere is sucked into the base
station BTS by the first cooling device V1 through an
air inlet LE on one side of the base station BTS. The
air is heated in the heat exchanger WT and is
subsequently forced out by the second cooling device V2
from an air outlet LA on the opposite side of the base
station BTS. This external
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cooling circuit extends, for example according to
FIG 1, in the vertical direction.

The second cooling circuit, located in the
interior of the base station BTS, extends through the
heat exchanger WT in the horizontal direction. Here,
two further coocling devices V3 and V4 implement the
internal cooling circuit. Warm air is sucked out of the
subassemblies BG into the heat exchanger WT by the
third cooling device V3. The warm air passes over the
plates or ribs of the heat exchanger WT and, in so
doing, gives up heat energy to these cooling plates or
ribs and ultimately to the external cooling circuit.
The fourth cooling device V4 in turn forces the cooled
air into the subassemblies BG.

This divided cooling circuit carries the heat
produced in the interior of the base station BTS away
to the ambient atmosphere of the base station BTS. The
cooling devices V1 to V4 used are generally known
ventilators, since air exchange on the basis of natural
convection is inadequate because of the considerable
heating of the subassemblies.

The construction of the base station BTS with a
divided cooling circuit leads to the disadvantages,
already mentioned in the introduction to the
description, of high technical outlay, high costs, high
weight, large <wvolume and a necessary temperature
difference AT, which occurs disadvantageously, between
the internal and external cooling circuits, the
internal circuit always being warmer by AT than the
cooling external circuit.

FIG 2 illustrates, likewise in a front view, a
base station BTS having electrical subassemblies BG
arranged as in the base station BTS according to the
prior art. A membrane filter MB is arranged in an air
inlet LE provided on the front of the housing G of the
base station BTS,
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the air inlet LE being of such a size that cooling air
flowing in through the membrane filter MB from the ambient
atmosphere of the base station BTS can flow through the
electrical subassemblies BG, in each case from below énd,
if appropriate, from the front, and thus effects the
cooling of the subassemblies. The active area of the
membrane filter MB, which, for example by means of forming
folds, can be greater than the air inlet LE, is dimensioned
such that the pressure drop of the cooling air flowing in
through the cooling device VE can be compensated for
or, in spite of the membrane filter MB being partly
made up by dirt particles, sufficient cooling air can
still flow in. A cooling arrangement VE érranged in the
upper area of the housing G sucks up the cooling air
heated as it flows through and around the electrical
subassemblies BG, and carries it away to the ambient
atmosphere through an air outlet LA (not illustrated).

FIG 3 illustrates a side view of the base
station BTS described in FIG 2, in order to illustrate
the exemplary internal construction in more detail. On
the left-hand side of the housing G of the base station
BTS, the wmembrane filter MB is arranged in the air
inlet LE. The membrane filter MB is designed, for
example, as a surface filter, which has the
particularly advantageous property of separating dirt
particles and water or moisture from the ambient
atmosphere as early as at the surface of the membrane,
by which means, for example, sensitive electronic
modules or circuits in the subassemblies BG can be
protected against such environmental influences. By
means of special designs of the membrane filter MB,
protection regulations following the IP guidelines up
to IP55, for example, can be satisfied. Furthermore,
the cooling of the subassemblies by causing cooling air
to flow through the housing G has the direct advantage
of a necessary temperature difference AT tending to
zero between the temperature of the ambient atmosphere
and thus the temperature of the cooling air flowing in
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and the temperature in the interior of the housing, by
which means the operation of the electrical
subassemblies BG is ensured even if the temperature of
the ambient atmosphere of, for example, +70°C, which
corresponds to the 1limiting temperature of the
components, reduced by the level of internal heating
(see above).

Cooling air sucked in by the cooling device VE,
which is arranged, for example, in the rear upper area
of the housing G, £flows out of the ambient atmosphere,
through the membrane filter MB, into the housing G of
the base station BTS. As a result of the opposing
arrangement of the air inlet LE and the air outlet LA,
the filtered cooling air flows through the electrical
subassemblies BG arranged in the housing G. As a result
of the subassemblies BG being arranged at a specific
distance from one another, the flow takes place in each
case at least from the underside of the subassemblies
BG and can additionally take place from the front side
or from the side in the form of an enveloping flow.
According to one known design, the subassemblies BG
comprise, for example, a withdrawal-unit housing with
electronic components and high-power circuits located
in it. The withdrawal-unit housings are equipped with
ventilation slots, through which cooling air can get to
the components and circuits.

The base station BTS in FIG 4 has, in addition
to the base station BTS in FIG 3, air guide devices
LLE, in each case in the spaces between the individual
subassemblies BG and under the lowest and above the top
subassembly BG. These air guide device LLE serve for
the purpose of distributing the cooling air flowing in
through the membrane filter MG uniformly over the base
surface of the respective subassembly BG, so that a
homogenous flow through the entire subassembly BG
occurs. Moreover, the oblique arrangement means that
the cooling air flowing in is led more directly to the
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subassemblies BG, and the cooling air heated in the
subassemblies BG is led more directly to the cooling
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device VE. This arrangement advantageously prevents
cooling air which has already been heated flowing
through one or more further subassemblies BG, and
prevents any temperature peak occurring in some
subassemblies BG. Furthermore, the air guide devices
LLE can be used for the mutual shielding of the
subassemblies BG from the point of view of satisfying
protection regulations relating to electrical magnetic
radiation.

In order to regulate the temperature in the
interior of the housing G, the speed of the electric
motor of the cooling device VE is controlled by a
control device ST. In order to register parameters for
this control, temperature sensors can be provided, for
example in the area of the air inlet LE and at wvarious
points within the housing G, said sensors continuously
determining the temperatures of the cooling air flowing
in and of the atmosphere in the interior of the housing
G. In this regulation system, the throughput of cooling
air in the housing G is wvaried via the speed of the
electric motor of the cooling device VE, in order, for
example, to maintain a constant temperature in the
interior of the housing G irrespective of the
temperature of the ambient atmosphere. A constant
operating temperature of the subassemblies BG has, for
example, a positive effect on the operating lifetime of
the electronic components and of the high-power
circuits. In addition, keeping the speed of the cooling
device VE constantly low, under the condition that the
limiting temperature of +70°C is not exceeded, permits
the noise emission from the base station BTS to be
minimized. Furthermore, in the case of a cold start of
the base station BTS, the regulation 3ystem can refrain
from operating the cooling device VE at the start, in
order to permit the subassemblies to heat up rapidly to
the desired operating temperature, and only to carry
out further regulation of the speed of the cooling
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device VE to maintain the operating temperature after
this operating temperature has been reached.
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During a cold start, or else manually during
maintenance of the base station BTS, the airflow in the
housing can be reversed, for example by changing the
position of the vanes of the fan wheel of the cooling
devices VE, as a result of which cooling air flows into
the housing G through the air outlet LA, and is led out
through the membrane filter MB. In the process, dirt
particles deposited on the surface of the membrane
filter MB are detached, and cleaning of the membrane
filter MB 1is therefore achieved. This cleaning
operation can, for example, also be initiated by means
of a continuous measurement of the air throughput as a
function of the speed of the coocling arrangement VE,
being initiated when a throughput falls below a
permanently defined value, the measured ratio
indicating the degree of soiling of the membrane filter
MB. _

FIG 5 shows a base station BTS in which,
differing from the base station BTS in FIG 4, a cooling
device VE having an air outlet LA in each case is
respectively arranged above each electrical subassembly
BG. The cooling air heated by flowing through the
subassembly BG is led directly to the cooling devices
VE by the air guide device LLE respectively arranged
above a subassembly BG. This arrangement provides the
advantage that, in the event of any possible failure of
a cooling devices VE, and the switching off of the
respective subassembly BG needed as a result because of
the risk of overheating, all the further subassemblies
BG can continue to remain in operation. Therefore, in
this case the operation of the major part of the
receiving paths or transmitting paths of the base
station BTS can be ensured by the subassemblies BG set
up in parallel for each path. For the area which the
base station BTS supplies, the result is only an
insignificant restriction on the performance capacity
by comparison with complete failure of the base station
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BTS in the event of a malfunction of the individual

cooling arrangement VE according to FIGS 2, 3 and 4.
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FIG 6 shows a further embodiment of the
arrangement according to the invention in a base
station BTS. In this embodiment, the air inlet LE and,
correspondingly, the membrane filter MB are arranged on
the underside of the housing G of the base statioh, as
a result of which the cooling air flowing in acts
directly on the undersides of the subassemblies BG.
Cooling devices VE in each case arranged above the
subassemblies BG build up an airflow. The cooling air
heated as a result of flowing through the respective
subassembly BG is fed directly to the cooling device VE
by an air guide devices LLE of funnel-like design. The
cocling air thus flows successively through all the
subassemblies in the form of a series cooling system,
and is led out at an air outlet LA arranged above the
top subassemblies BG.

Otherwise, both the air inlet LE and the
respective air outlet LA can be arranged on any side of
the housing G of the base station BTS.
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racens etatas ' N

1. An arrangement for cooling electrical
subassemblies (BG) arranged in a housing (G), having
- at least one water-repellent membrane filter (MB), in
each case arranged in an air inlet (LE) of the
housing (G), for the surface filtration of dirt
particles from cooling air flowing in for cooling the
electrical subassemblies (BG), and
- at least one cooling device (VE) to build up an
airflow in the housing (G) and to lead the filtered
cooling air, heated up because of flowing through the
subassemblies (BG), out of the housing (G) through at
least one air outlet (LA).
2. The arrangement as claimed in claim 1, having
an air guide device (LLE), arranged respectively
underneath and/or above the electrical subassemblies
(BG), to guide the filtered cooling air through one
subassembly (BG) in each case.
3. The arrangement as claimed in a preceding
claim, having an air guide device (LLE), arranged
respectively underneath and/or above the electrical
subassemblies (BG), to shield the subassembly (BG).
4. The arrangement as claimed in a preceding
claim, having a motor-driven fan wheel as the cooling
device (VE). ‘
5. The arrangement as claimed in the preceding
claim, having a control device (ST) to control the
motor speed of the cooling device (VE) as a function of
the temperature
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in the interior of the housing (@ and/or of the
temperature of the cooling air flowing in.

6. The arrangement as claimed in the preceding
claim, in which the control device (ST) controls the
cooling device (VE) in such a way that the direction of
the air flow in the housing (G) is reversed, so that
cooling airflows in through the air outlet (LA) and is
led out through the membrane filter (MB), the membrane
filter (MB) being freed of deposited dirt particles by
the cooling air flowing out.

7. The arrangement as claimed in a preceding
claim, in which the air inlet (LE) is arranged in the
side and/or bottom area of the housing (G) in such a
way that the cooling air flowing in acts on the
undersides of the subassemblies (BG).

8. The arrangement as claimed in one of the
preceding claims, in which the air outlet (LA) for
leading the filtered and heated cooling air out is
arranged in the upper and/or side area of the housing
(G).

9. A base station (BTS) of a mobile radio system
or of an access network system, having an arrangement
for cooling as claimed in one of claims 1 to 8.



