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Arrangenent for cooling electrical subassenblies 5 The invention
relates to an arrangenent  for cooling electrical subassenblies
arranged in aGRo8%i Rgb458 -jWepaionchprarfpspigBecPunbiiesstati ons of a
nobi | e radi o system or access network system Duri ng
operation, technical devices produce 10 lyaste heat, which leads to the
devi ce heat i nDesaprigthon a technical device can ensure its
functionality only within a restricted tenperature range, arrangenents
for cooling this device are normal |y provided. , I'n
electrically éﬁﬁaagé@eﬁévfeﬁs?OPhénﬁoﬂéchslcPés§Ubéﬁse@B%ﬁSﬁents and
subassenblies through which current flows |eads to heating. If such
t echni cal devi ces are i.nst al rotected

t | ed [
t enper at ure- cont r ol | eghe rb‘b\ﬁ"s’,‘gfolauﬁﬂftes of‘}é’r af’lfllogarra EPeRti ofPhust be

pai d not onl ycbolihg peeptgichlesubassemblies 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
10 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
15 1loss 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
20 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
25 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,
30 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
35 with the protection regulations in accordance with the
specified IP classes.



20 tenperature range of the electrical subassenblies but, at the sane
time, also to the possible t enperat ure range of the environnent of the
t echpi cal device, BotE erature r ave.to be taken into account
when di mef®i 8hi Rgth8 ar gﬁ@éﬁﬁnﬁoFo 08869Pn§°u§F5ﬁ8§rd 25 components
for a technical device have, for exanple, perm ssi bl e operating
tenperature range of fromO to 70][ er@ C Components of this type are
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GR 97 p 6458 begénsing ffammfcaesrgeciﬁmtIPeslass, is solved by using
- 2- twb! BB8EiALat LPPSuRESOr SLPgrhfel NPT i 8 ir/air heat
exchanger. In this arrangement, the atmosphere and the
air stream produced by one or more fans in the interior

10 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.

15 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

20 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

25 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

30 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.

35 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.



such as is disclosed, for exanple, by the earlier Ger man pat ent
application 19626778.1, the probl em of cooling the electrical
components and subassenblies, 5 with simultaneous protection fromdirt and
nmoi st ur e, GRoeyh rihiGAp o r-orﬁeafs;l{mnlﬁqrc fioreiigs ssounEwigs/ed by usi ng

two cooling circuits separated by an air/air heat exchanger. In this
ar'ra,ngement the atnosphere and the = AiT stream produced by one or nore
fans in the interior THis odbjeért baseashieved dye tSepaazrtadgevneptetfelry from
t he exter h ted

construction &’?ﬂtlﬁgb%éecg% |%n§ﬁ§8ﬁF§%i%s ta%a%%rg& ][C‘? 2n cPPcst}ln S, has
a det ri ment alasefqlaimesh imepatentogiaimt he A@V@ﬁﬁaaﬁ@ushé%ﬂ@@me@ﬁ& he

base stati on.qfhel iR Weld B Al3@dasrdhanl safvany age, that the
cool ing arrangenent only operates at and ahove a specific,tenmperature

drop betwBen the atnDIpheRErFpoeHRnt aCFﬁF H"Sr toyrthe hénvﬁ’agém" i on

and the amhitenleast @h@&m&r@pemémuhémfanhl @it ,t edpeealcr e in

the 20 interior is al gg bove the te erat#‘ﬁ__of t he arrblef;grt8

at nosphere. 197%%; 3T Ale A A% FEFT o Ofs EhT dLOUBLNYy F8Y &B&Ur t hat

the upper |inurfegred efjdtattien(fof watexxampde dbfer ma@tistlesdifuiodual

conponents or ééibﬂfiem%l |res flawiﬁg exglqedefic i f ogﬁe.mgt errgﬂ @:tt:'frl%alof t he
sp I'Tmting
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conponent lim¢ting t erature Oferr
thgp t enper at egrecfm?:oo ing air, hgate [up ]b cause o{ %rlow1ng

through the subassemblies, out of the housing through

reduce

at least one air outlet.

15 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

20 this case, 1in 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

25 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

30 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

35 protection regulations can advantageously be satisfied.
The membrane filter is designed as a water-repellent
surface filter, which advantageously



30 difference AT needed for the cooling, a higher t echni cal

outlay is needed with a sinultaneous increase in the volunme of the base
statiion or, alternatively,  the use of so-called active cooling devices
such as c6RpPds £o64 58Pe| Veasigpddioas fereigss countries The jnvention i.s
t heref ore based on the object of providing an arrangenent for

cool iing which circunvents the above-4escri bed di sadvant ages of the
arrangenent s prewveditisg tbet lpenetimation . of dirt pamdRdes n3® -thersion
for foreign c Le : : STRCE Thi s
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el ectrical
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bel ai ms. _5 Th t ing to th tion h t
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air inlet of shdazeembldesf,or tdie guideur thee fiillttertddn adolbtr ahg dirt
particles fro%ﬁowiﬁ&“%ﬁrghréﬂéh éﬁgmgﬂgasngblgoﬁn(éggﬂrghseegﬁﬁygkcm
to shield the electrical subassemblies. These air guide
devices advantageously achieve a homogenous
10 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

15 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

20 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

25 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

30 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

35 flows into the housing through the air outlet and is
led out through the membrane filter,



10 subassenblies, as well as at |east one cooling device to build up
an airflowin the housing and to | ead the filtered cooling air, heated
up because of flow ng t ht ough the subassenblies, out of the housing
through ° afR &84sP &Ae8arr Vegsiep fey foreign weUNEgdSSyuration of the.
arrangenment accordi ng to the inventi has the advantage that, by

conpari son wi th cooling arrangenments Jaccording to the prior art,

the interacti &y ahiche means | dimt paztirfdespdeposited on stheg| surface

construction gf the mRRbrateatiaReeMBte aliRadladeduslycaemovdd) spite of
the fact that only_ one coollng-%ér Etream xi sts, instead of the
u

two cooling ci r cuPCSCXEABEIi & t 8 ¢ ARTHPEEr LREiPEPEPRum EBSI i AY¥Fof
t he el ectri calindelbadsesiiratgyeds iar iy edidd tdhd fer bott@quaresl Sfnthéaneous
protecti ong of .t he .subassenbl.ies 25 fror]e dit g§§r%i.cl es .and

netrating
noi st ur e, an&oélsmg H'Trbh%?cl? e?f‘pglagt Nty oft}l“?\e et adtrnogg%e]rrégi st
pernmitted, beesmtse ®n ertpes atundedgiflesencoé Athdvessubassembkidst . and a
result of thegaittl bui Lt t 00l ' cosLi ng
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advantageousl%nd/or side area of the housing.
The arrangement according to the invention is
suitable, in particular, for use in base stations or
15 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.
20 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
25 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
30 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,

35 and
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-4- prevents the penetration of dirt particles into the filter and
thus_permts sinple_cleani a first  refinenent, t he
ar r angenent ngacgréﬁﬁé fov?ﬁélpﬁvéﬁFlSﬁrﬁégnaFPuﬁﬁF&ESdeV|ces 5 .
respectively underneath and/ or above the el ectrical subassenblies, to
guide the filtered cooling air flomﬁﬁg I n throu h one subassenbly in
each case andFdf ¢  £BOVRi & Fidf Eie¥tefcar |Q§§eTﬁ%%%1%mr

gui de devices  af¥iheoeodsl Y arrafBef¥at aaccoiaaﬂﬁgenoeé 10the

di stribution of the cqolln% alrzégfmnng LN over the iface

of the respect i veRVEDEdOn, | 1ipga r;£§l dﬁ ?ﬂ%%m? t®&8ni f or m
cooling of the el edith additdlbasiefldadteaxes, According to

further rgﬁinenents of the 15 invention t he cooling device conprises a

nDtor-driven t he not or eed and thus the throughput of
cooling air ﬁIFhé hoggPWS |ﬁnad§FFWEH ndP3&nt rBtaEPn rhixg%gcoﬁ?ro

device as a functlon a&rhhgemeﬂperabub&dumg to the invention for
cooling electrical subassemblies with a number
of cooling devices,

10
"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.
15

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

20 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

25 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.

30 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

35 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



t he housi ng and/or of the tenperature of the anbient 20 atnosphere, and
thus of the tenperature of the cooling air flowng in. By this neans,
for exanple, a constant operating tenperature.of the electrical
subassenbl i esGR 97 Bn64§8c6n¥?ﬁﬁ%°?eg®€rg?ﬁ?éanCPHEtFﬁ?érior of the

housi ng, can be ensured, and therefore the service life 25 of the

el ectrical subassenblies can advant ageously be prol onged. Furthernore,
the speed of thelindl i Ajravitceextendgn iﬁ%ﬁacﬁ3§m§3QMa%Rﬂﬂﬁdﬂquiﬁ% such

a way that thprg 1, PRANtREI PeeribAitadBeteiBAL At ures of the el ectrical
subassenblies are just not exceeded, and the noi se 30, em ssion, of the

arrangenent is mnini 788 b§SERRA| o ing oieQihte sHREAFE tHR Hfing
devi ce. interiofubfthaeii®rbasdy stagionoBES), aprtendsatdirpugh the

can ber over s8Rt S SR ezo  Fhg i, th8 ARy « Rethstichy RPatigh t ne
air outlet antwos furtHexd coblihgoudgvides n®3brand fV4 t émplement the GR 97
P 6458 - Vbrsiﬂ@e%ﬁélfBBSEQHgCQEQEﬁ&€§ 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

10 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.

15 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

20 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

25 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

30 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

35 inlet LE provided on the front of the housing G of the
base station BTS,



by which neans dirt particles deposited on the surface of the menbrane
filter are advantageously renoved. According to a further

refi nenent, the air inlet is,arranged in,the side and/or bottom area of
the 5 housi ng®Rn? u%h6$5§ay %ﬁﬁfl?ﬂegegog?ﬁﬁlﬁPrC?Pﬁﬁfhﬁsin acts on the
under si des of the subassenblies and _ Lherefore a flow through the
subassenblies is advant ageousl y nmade possi ble-by the cooling air

heat ed bythe odifiginhebud® hedingd f rsueh auBigsebate £aRdiimg BLY sucked

up Fy t he Coof%i&ﬁiﬁ?\r/]iﬁetl%f&d?ﬁitmﬂ glléﬁlbﬁéiﬁ% Filtdy Q#Eﬁfr:]ranhltﬁé_shmﬁ:[@l@i r
outl et arranged in.the upper and/ or side_area o e haqusi ng.
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drawi ngs, in #pldsy; can be greater Sfhans ther adrt inlehy I, dopsdmensgionedn of a

25 NDBhtle thatadhe ﬁréé’éﬁﬁndrdiﬁ\dﬁg:he Fooltidfy ik flowing in

arrangemelrbt_ agﬁgcr)gglzjﬁgt oe tccei‘o {r'u_?r daegrti’ce 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

15 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

20 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

25 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

30 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

35 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



FIG2 shows a front view of an exenplary base station havi ng

the arrangenent according to the 30 I nvention for cooling

el ectrical subassenblies FIG 3 shows a side view of an exenplary
base station GR 97 P 6458,y grsaan forr AAgeAERt COWBESLBSNg to the
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- 6- FI G 4andhshe &espgrapud® ofn a@%x%@ﬁl?l‘bege thegthateing, by
having an  ghiangenpabnsaccehdi ng opetr%tlotnhe_ Sf Ldhe éIE’é’E‘HéH‘lfOf -
cooling electrical subassenblies %éntlonal feature 5
FIG5 shows SHR2sgguhbiepyBCpdse e%%‘é’fef%ne"?l%vilﬁg temperature o

arrangenent ather dinlgiert t AEmbBpRaEEOrOi 0r for example, Cagbieny ebiebdéni cal

subassenbly es gt {0 3 pgber,

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
10 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
15 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
20 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
25 wventilation 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

30 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

35 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



of cooling devices, 10 FIG6 shows an exenplary base station

havi ng an arr angenent according to the invention for

cool i ng el ect es . Wt of cooling
devices in a ﬁgdgb gdgggéang SEREOM ot FeTaihn COppETESSe station BTS, for
exanple a nobile radi o systen1accord gg to the prior art according to

FIG 1, contains rr of electrical assenbl i es During, t he
oper ation of PHPaS§§gB§'ﬂ&P| e pTand kb ?0 c‘iﬁi‘vﬂé}g | &€ J?e?tf1%d| it vghﬁal

el ectrical subabassbimbiies BGBEsl dads morehddtrieng lywhtioclthgi weolriirge to the:
necessity for cooling. The cooling is carried out by cooling

devices V incorporated in a nunber of cooling circuits. These
cool i ng circuits are t wo cooling 25 <circuits, each identified by

bl ack and white arrows and separated from each other in each case, an
external and an internal cooling circuit, the two cooling circuits
bei ng separated fromeach other by an air/air heat exchanger WI. 30

The external cooling circuit is inplenented by two cooling devices Vi
and V2. Air at the tenperature of the anbient atnosphere is sucked into
t he base station BTS by the first cooling device V1 through an air
.inlet LE on one side of the base station BTS. The 35 air is heated in
the heat exchanger W and is subsequently forced out by the second
cool i ng device V2



froman air outlet LA on the opposite side of the base station BTS.

Thi s external GR 97 P 6458 - Version for foreign countries
-7- cool i Lrcuit _extends, .for _.exanpl e.according.to FIG1, in the
verti cal dfreggi§h.$ 6158 - Qerfﬁ8n3585n ES&PPnﬁcgpﬁgﬁﬁﬁ, |l ocated in the

interior of the base station BTS, extegdfotbrough the 5 heat exchanger Wr
in the horizontal direction t WO furéher coolingydevices V3 and

.Here,
V4 inpl enent BR¥ice  VErer RBEScoBFFARIENEREI t 2AVERFRIPPUPLY s RRKEUCBEE of
t he subasgeshblings BEri nwhithe hast &Xeéadgerb¥énbyhélseed flowing )

ol i ng device, V3. The rmair seg. . over_th | r gibs t he
ﬁgatlegchaxéeﬁhﬁ%ugﬁd,oP SS%I mgg ingyréﬁsgs %ngég?gégz?gy %%’th%ég
cool i ng pl at eprevents riany antlemperatiueky tmedke egtwrmahgcodn ngsehecuit.
The Tour! s CORLLAGLARKIIRSV 86, IFtitHd {NeneoU Al quiddl fabPigebhe
1T es hi i Vi de e heat

subassenbl | S cdoli'ng circuit carries t
produced in t B&E nEapn obeof uspd bhet sthei omubIslanghielding of the

subassemblies BG from the point of view of satisfying
protection regulations relating to electrical magnetic
radiation.

10 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

15 example in the area of the air inlet LE and at various
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

20 air in the housing G is varied 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

25 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

30 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

35 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



to the anbient atnosphere of the base station BTS. The cool i ng devi ces
V1 to V4 used are generally known ventilators, since air exchange on

t he basis of natugal 52 nvegtion i s_i nadequate because of the

consi der abl e ek 22 |§%§§f eﬁgrgﬁﬁﬁs@ﬁbgf’g%lgn countriesThe construction
of the base station BTS with a di vi dﬁ% cooling circuit leads to the

di sadvant ages, v al (’gaqrrjr/ﬂ joned .inN t he introduction to the 25
descri ption, of WGh t'Ec cﬁ?lBE?Fﬁy the PPewrEing hF&ﬁ'PeratWé‘ﬁgmftelarge
volune and a relis sopgraeimereemperaturdi hisrvass Adacwbizch occurs -
di sadvant ageousl y, between the internal and external cooling circui ts,
t he internal circuit always being warnmer by AT than the 30 cooling
external circuit. FIG2 illustrates, likewise in a front view, a
base station BTS having el ectrical subassenblies BG arranged as in the
base station BTS according to the prior art. A menbrane filter MBis
arranged in an air 35 inlet LE provided on the front of the housing G of

t he base station BTS, GR 97 P 6458 - Version for foreign
countries



- 8- the air inlet LE being of such a size that cooling air fl ow ng
in through the menbrane filter MB fromthe anbient at nosphere of the
base.station BTS can flow throu el ectrical sybassenblies BG in
each case froffoé’loR £43d8 5 VR g&ﬁl"oﬁroiratf@reflrg(?mctoﬁé‘tfrrlﬁﬁt, and t hus
effects the cooling of the subasserrbét_l The active area of the
menbrane filter MB, which, for exanple b rreans of form ng fol ds, can
be greater than the aPurimgeta LE°1|ds grathsi GFecelse Fpwaldy @WEipdessure

drop of the ce@lint@ndntel loFWithe iBask) sddviutgipide tﬂQ@'éi‘ﬁfI’@Wlﬁﬁ VEecan be
conpensated f

in splte of t nbr ane fj being p
made up by di ?‘Puﬁ&lnﬂ $2R, §uf]??‘f9%?ﬁ ogEane’%ﬁ'?p]ceangy changi gko
cool i ng arr angemsntionE cf rehﬁgeﬂ‘anest ke the uParr wheed eff tties hoosinggG
sucks up the oI|n 15 _heat as it .fl 0 d n e
el ectri calg S8 el i8S aB&aeS%gl cafr ' ls&)livtscéﬁb/\i/a ﬁ?oa?ﬁ fi‘éﬁ& QPEQ
at nosphere thrtdnegmomsmg G)mhmuglﬁqhmtawlmlq:dcb and is led oftG 3
illustrates gy fbrahle £ Mp.StaAl| EHB d@eséglbag En FIG
2, in order t0|I trate 5‘8 e exenplary 1 nternal struction in nore
detail. On Patrﬁéqlétst ﬁ&HGSQFGé 0Pt Heheo BIRTE o1°ft héhEas@eﬁpﬁﬁpén

BTS, the ”Enbrﬂ'l@tefr* |IT419r a&% l&e@éél@éwedaha tcfﬁeaﬂiing ofi fﬂlﬁé in&nbfﬁﬁe
merrbranefllt gg , filte

sur f
whioh B Ehekarorens dteyeds | Thie cohiRaPiRg it

particles andoyﬂratnmnrunnﬂtﬁ@rfenampme aafleentbe initiated by means
of a continuous measurement of the air throughput as a
function of the speed of the cooling arrangement VE,
being initiated when a throughput falls below a
15 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
20 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
25 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
30 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
35 Dbase station BTS supplies, the result is only an
insignificant restriction on the performance capacity
by comparison with complete failure of the base station



at nosphere as early as at the surface of the nenbrane, by which neahs,

for exanple, sensitive electronic nodul es or circuits in the
subassenbl i es 0 rotecte agai nst _ such,__environnmenta

i vences. - 8 7P, BEad s PeRkEoh Par dPEe T BRERKERB R ane T ter e
protection regul ations follow ng the LPlggiQelines up to I P55, for

exanpl e, can be satisfjed. Furthegrnore, t he cool.ing, of fhe,
subassenbl i esB'E§ (Hhsﬁz\ﬁ (,ea’(ﬂqtngogi @ 3Balfynetyqn; tﬂ‘{)ughet Hé’“f?o‘(f’s‘?‘f'@l G has
the direct advesligg arranfementcCc¥Esacyordingr ebUFEGEi £ eBeand AT tending

to zero between the tenperature of the anbi ent atnosphere and t hus
the tenperature of the cooling air flowing in GR 97 P 6458 -
Version for foreign countries - 9- and the
tenperature in the interior of the housing, by whi ch neans t he
operation of t he el ectrical subassenblies BGis ensured even if
the tenperature of t he anbi ent atnosphere of, for exanple, +70[err]C,
which 5 corresponds to the limting tenperature of the

conponents, reduced by the level of internal heating



(see above). Cooling air sucked in by the cooling device VE,
which is arranged, for exanple, in the rear upper area 10 of the housing

G flows out of the_anbient atnosphere, t_hrog‘gh the nenbrane filter MB,
into the housPRg26 Bf 6458 th¥epgsensfar; SRreTen AEURLFeSSIt of the opposing
arrangenment of the air inlet LE and the air outlet LA, the filtered

cooling air flows through the electrical ™45 subassenblies BG arranged in
the housing G As a rBEgl 6 shawsthe sdvaddern| eubgdinerhy & arkRRl at a

speci fitcI tQ%§&ﬁ§f1ﬁeﬁﬁogh@66raﬂﬁ hteiﬁo t'&%e“'@.‘ﬁvfe@itﬁ%rp'_&%% i asede
case at |eas rom t he _underside o e.subassenplies . nd ca

Caart onal Ty, PERELPRABTSY, O (HIELS (SIROH RS0 Thr Aismimets o $8 he
formof an enversesponflingly, thécmembiraget €idterk MByariesdyanddd® on
subassenbld es rise, .for.ex W r | -unit, .hQusing with
el ectroni cg coﬁggngﬁf%%%ﬁ eh?’ h-tgbem}}o%%i?sowo%g‘ge%%e 5 ﬁati:'to. THe

wi t hdr awal - unat tesisltgofar whighi pphd viodl 289 \aeimt | Edowdngs| dhs,actts ough
whi ch cool i ngga] q o] t d.6i i :

The base statiaropiel Wil Che | unbbECARROIRE L1l CobbhplibiBlies, B0, | o1
in FIG 3, airCgaléegdeleciees VH [En jeachciFasse ryapgedspabe¥ebetRen t he

i ndi vi dual 3osuEHB§éﬁBM’_QébeSd3Q>@ﬂii uggelant Nei FOVES! R RIS eaisp
subassean% BG. Thase air gui de dev ce;:_ LLE serve for t he %l%gose of
g 4 'ﬂt) it

di stributithg PABCEG0IAthgRai owing prRYQRIR hENFeRSRRCH TR er MG
uni formy ovesubhssbabty BG ssr fede difreidtd yr axparie wocliras sdewplge B so
that a 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,
15 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.



35 honmobgenous flow through the entire subassenbly BG occurs.
Mor eover, the oblique arrangenent neans t hat the cooling air flowing in

is led nore d| ect | GR_97 6458 - Version for foreign
countries §1'¢ 6858"° version foy Eg%%b%%s%ﬂ%??%%eﬁci and the cooling

air heated in the subassenblies BGis | more directly to the cooling

% 2 7 Clovimatans ShnlR | hoedent “agvan: ageous! y previlllllllllllullluﬂllluﬂl[
air which has already been heated fl ow ng t hr ough one *or *noke ¥ urs her

ssenblies, B an revents a te erature ak occurrin sone
suba 1.(5 %U1 %rrangeme coo fhg ﬂectfﬁcéﬂ

subassemblies (BG) arranged in a housing (G), having
5 - 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

10 - 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).

15 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.

20 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

25 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

30 the temperature



5 subassenblies BG Furthernore, the air guide devices LLE can be used
for the nutual shielding of the subassenblies BG fromt heal | I "im”“l
of satisfyin pL o regulations_relating to electrlcm"mm m

radi ation. %;R 97 éf% ord r b°?e5%¥af%r?ﬁ%n AREEEGTe in t L

interior of the housing G the speed of Jge_el ectric rmtor of the
cool-ing device VE.is controlled

ontrol dewvice In order to
regi ster parah@t dri€ f dnteriqn,; fzoﬁpﬁol hopgiapgy a? & %tgn bﬁ'}:e

provi ded, forté@eﬁﬁm@éeof ntﬁaec@@mangfaiiaefm‘mnglgﬁ LE and at various’
poi nts withinthe ho sai d sensars cQ ntlnﬁ usly deterni.ning the
3 GEEREE

tenperatures ®f the c LA nGS  CPAMS t 1R RS in the
interior of tdkabmoysiimg whlclﬁ the tdvrntreudevice s{8Tlenconheolbr dinghput of

cooling 28 abolindhecyousl eonf i ¥gbhed way LineoRsrd dirddiagn of

el ectric notor
mai ntain a cohb@aﬁﬂrteeralnréhﬁn hcm;smg (M edisorreversede Sﬁ’odfélékfg G

i rrespective c8b1ihdeairf1bpaPehattyntth iife @Heaﬁt%ewmr &nd® Pnst ant
25 operating tenperature of the subassenblies BG exanple, a

positive effet®doRUEnEbERNEE ithe IMewRTIRe ofilter; H@Bélfe Eheome G dnent s

and of the hlghw@wer(ms) beliheuifireed roRddepboitedediiry paie ivleed 19f the
cool i ng con tanﬂ%gvrlow under the condition that the 30

ce V
limitingX rrp@i’%tﬁ?% PI+30f e 72 A8t - exceeded, pernits the noi se
em ssion fron¥the basthst aarvang@Bend bes cleiimed zeoh FRurtgweoedimgin the

case of a colgdigi@lt iff 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
15 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
20 (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.



t he base station BTS, the regulation systemcan refrain from operating
the cooling device VE at the start, in 35 or der to permt the subassenblies

to heat up r SJ r‘15;06 5g L desir rati n erature, and only to
carry out Tt Her %egula??ﬁ%?ﬁ Qﬁa S d fc? 5T i ng GR 97 P
6458 - Version for foreign countries _ 5 - 10a -
devi-ce VE to i.ntai.n the operating terrperature after this operating

t enperature Y5t r eached. GR 97 P 6458 - Version for foreign
countries - 11 - During a cold
start, or man ea%rllell.'Yt di:uor r}.%olln ma'lrlatc rlgael C)fu es@x&%igé ation BTS, the

alrfIOW|nt

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

FIG 3



housi ng can be reversed, for exanple by changing the position of the
vanes of the fan wheel of the cooling 5 devices VE, as a result of which

éoo[ing air flows into t he housi ng rough the air outlet LA and is
| ed out t hrough the nenbrane filte In the process, dirt :
particles deposited on the surface of the nenbrane filter MB are

det ached, and cl eaning of the nenbrane 10 filter M is therefore

achi eved. | S Cleani ng operation can, for exanple, also be initiated
by neans Cl nt(npm:msasm ment of the air throughput as a
function of the speed of the cooling arrangenent VE, being initiated
when a throughput falls below a 15 pergapently defined val ue, the
nmeasur ed ratio i ndicating the ded of soiling of the menbrane
filter VB. FIG 5 shows albpse st n BTS in which

differing fromthe base station BTS in' a cooling 20 device VE
havi ng an air outl et LA I n each ' respectlvely arranged above
each el ectri c{

t hrough the to t he coollng devi cqgs

VE by the air ‘ 2 ranged 25 above a
subassenbl y Bu g __._aduanLage_jhat if the
event of any | [ [ devices VE, afd the

swi tching of f jof th._ < y BG needed as fa resulgt

----------------------------------------------------------

.....................................................

--------------------------------------------------------

-------------------------------------------------------

internal \\\\EE external

cooling circuit cooling circuit

front view




this case the operation of the major part of the recei ving paths or

transmtting paths of the base station BTS can be ensured by the
'subassenbl i es BG set up in parallel each path. For the area which
t he 35 base station BTS supplies, the r is only an i nsi gni fi cant
restriction on the performance capacity by conparison with conplete
failure of the base station GR 97 P 6458 - -Version for foreign

countries - 1la - BTSin the event of a nalfunction
of the indi VE'IG aol i ng arrangenent VE according to FIGS 2, 3 and 4.
GR 97 P 6458 - Version for foreign countries

G

front view




- 12 - FIG6 shows a further enbodinent of the

arrangenent according to the invention in a base station BTS. In this
“enbodi nent, the air inlet LE and, neespondi ngly, the menbrane filter
MB Tare arranged on 5 the underside of Eglgousi ng G of the base station; as
a result of which the cooling air flowng in acts directly on the
under si des of the subassenblies BG Cool i ng devices VE in each case
arranged ab subassenblies BG build up an airflow. The cooling
air 10 heat é 8resu|t of flow ng through the respective

subassenbly BGis fed directly to the cooling device VE by an air guide
devi ces LLE of funnel-like de€ggn. The cooling air thus flows
successively through all the subassenbl ies in the formof a se S
cooling system 15 s ove the
top subassenbl i es B(Q Clhervm se, ' and the
respective air outle BAT(Sn be arranged on any side o oustNg G
of the base station ) GR 97 P 6458 - w
countries

_ side view




-13 - Pat ent cl ai ns 1. An arrangenent for cool i ng

el ectrical subassenblies (BG arranged |n a housing (G, having 5 - at
| east one water-repellent nenbrane filt in each case arranged
in@an air inlet (LE) of the hous#ﬁl "for the surface filtration
of dirt particles fromcooling air f|OWI ng in for cooling the

el ectrical subassenblies (BG, and 10 - at |east one cooling device (VE)
to build up airflowin the housing (G and to |lead the filtered
cooling air, eé‘up because of flow ng through the subassenbl i es
(BG, out of the housing (G through at | east one air outlet (LA). 15
2. The arrangenent as clai@ed in claim1, having air mde
device (LLE), arranged resped{ively underneat h and/or above

el ectrical subassenb = ik ng

t hrough one subags (BG in ea ‘ rangenent
as clained in a g?cﬁ] claim ' i ce LE),
arranged respectfvely underneath an

subassenblies (BG, o shiel dlike subas - he
arrangenment as clagnmed in pre ' havi ng not or -driven

- fan wheel as the coojing

side view




devi ce (VE). 5. The arrangenent as clainmed in the preceding
claim having a control device (ST) to control the not or speed of the
cooling device (VE) as a function of 3 t enperature GR 97 P
6458 - Version for foreign countries - 14 -

in the interior of the housing (G and/or of the tenperature of the
cooling air flow ng in. 6. The arrangenent as clainmed in the

pr ec€edi ng [ in which the control device (ST) controls the 5

cool i ng deviEeI@Egi n such a way that the direction of the air flowin
the housing (G is reversed, so that cooling airf lows in through the
air outlet (LA and is | e@out through the menmbrane filter (MB), the
menbr ane filter (MB) being X{eed of deposited dirt particles by 10 the
cooling air flow ng @ a¥= . Sminy TEd | a

pr ecedi ng claim iéwh the air inlet (LE) is arranged
side and/or bottom g e he housing (G in such a

LLE | VEO E_J_l>

side view




- e——TT

way that the cooling air flowwng in acts on the 15 wundersides of the

subassenbl i es (BG. 8. The arrangenent as clained in one of
" the preceding clains, in which theagj& outlet (LA) for | eadi ng t he
filtered gnd heated cooling air out |96a/6 arranged in the upper and/or
side area of the housing 20 (GQ. 9. A base station (BTS) of a

nmobi |l e radi o system or of an access network system having an
arrangementFI(;f% cooling as clainmed in one of clains 1 to 8.

gide view ﬁ {} MB



