Fan-and-filter unit The invention relates to a fan-and-filter unit to be mounted in the wall of a switch
cabinet or housing, comprising a fan unit inserted-#r a fan housing, a filter mat arrangement mounted
upstream of the fan unit and a fan cover immobilizing the filter mat. A fan-and-filter unit of this type to
be mounted in an opening of a wall of a Svﬂﬁhaﬁﬁbjiﬂfe%]%@ housing is described in DE 198 60 433 B4.
The fan-and-filter unit comprises a fan housing in which a fan unit with electromotor and fan wheel for
suction of air from the exterior into the interior of the cabinet or for expelling air from the interior of the
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which is located In tﬁe region of t%e wall of the switch cabinet or housing and is covered by the filter
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field of use of the switch cabinet or housing, respectively, and depending on its construction,
so that fan efficiency and filtering effect of the fan-and-filter unit may be restricted considera-
bly over time. Thus, it is important to replace the filter mat every once in a while. This is eas-

ily forgotten by a user.

Another fan-and-filter unit of this type is shown in DE 93 06 032 U1, wherein also a cross-
section of a filter housing may be recognized, which possesses an approximately funnel-
shaped construction, so that even in a relatively small fan unit a relatively large air inlet or air
outlet opening, respectively, results, which is located in the region of the wall of the swiich

cabinet or housing and is covered by the filter mat.

Another fan-and-filter unit is shown in DE 10 2004 013 318 B4, that fan-and-filter unit, how-
ever, being installed within a larger housing having air inlet and air outlet openings, and a
specific flow channel is formed to avoid condensation problems. A filter housing and a fan
housing are arranged vertically neighboured with respect to the vertical cabinet wall within

the larger housing unit to form a vertical air duct.

A switch cabinet air-conditioning device is shown in DE 197 14 838 C2 comprising, inter
alia, an air-conditioning unit in form of a fan as well as a filter mat monitoring means which

is part of a superordinate switchgear cabinet monitoring and controlling device in which error



-2- data and diagnostic data including switched-on periods may be stored and which may be
connected to a personal computer serving as an operating means via an interface. A filter mat
monitoring unit of this type is relatively complex and mainly suitable for service staff. The invention is
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means and the timer means. In this way, the illuminated display may be driven with a control signal for
replacemsghbpf the filter mat and produce a corresponding warning indication after expiration of a
maintenance period and/or when exceeding a predetermined degree of soiling.

By this configuration, the fan-and-filter unit itself is provided with a filter mat monitoring unit
which may be easily controlled by a user or operating staff and which, due to its compact con-
struction, is installed almost not influencing anything and offers a well-recognizable display

of state to the user and to operating personnel.

For functioning of the filter mat monitoring unit, it is advantageously provided that the filter
mat monitoring unit comprises a timer unit for determining the service life of the filter mat
arrangement and/or a soiling sensor means having at least one sensor element for determining
the degree of soiling of the filter mat arrangement as well as a monitoring electronic to ana-
lyze signals output by the timer means and/or the soiling sensor means and to produce at least
one drive signal for the illuminated display. For a combination of timer means and soiling
sensor means, an increased reliability of the filter mat diagnostics may be achieved, and the
illuminated display may be driven either based on a signal output by the soiling sensor means
or the timer means or on the basis of a signal based on a previous calculation of the signals
output by the soiling sensor means and the timer means. In this way, the illuminated display
may be driven with a control signal for replacement of the filter mat and produce a corre-
sponding warning indication after expiration of a maintenance period and/or when exceeding

a predetermined degree of soiling.



-3- An embodiment advantageously adjusted or adjustable to different applications of a switch cabinet
or a housing consists in that input means are provited so that different set values for operating
conditions of the switch cabinet or housing or directly service lifes or degrees of soiling for exchanging

the filer fmat aurangerment mak.be inputy When npylling saidalues forepskaling condifigns of the
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particularly urgent filter mat condition may additionally be signalled by a flashing display.

By the feature that the timer means comprises an operating timekeeper for fan operation, the
maintenance interval may be adjusted to the actual operating time of the fan unit (aggregated
switch-on states of the fan motor), or the operating time of the fan may be considered for
weighting (reduction or extension) the maintenance interval. Also here a compensation with
the signal of the soiling sensor means or a parallel analysis thereof for producing the drive

signal for the illuminated display is possible.

Those features contribute to a2 compact simple construction so that all components of the filter
mat monitoring unit except at least one sensor element and/or an external electric power sup-

ply are received by the insert.

An advantageous embodiment consist in particular in that all components of the filter mat
monitoring unit including their electric power supply are received by the insert. If the insert is
integrated into the fan cover, it can be completely removed from the fan housing, when ex-
changing filter mats, in an easy way. Energy consumption which is as Jow as possible is sup-
ported in combination with the light emitting diode arrangement as an illuminated display,

wherein a small unit for electric power supply is sufficient.



-4- Another advantageous embodiment consists in that the timer means and/or the soiling sensor
means comprises a detector means for detecting the operating time and/or the operating conditions of
the fan unit which is coupled to the fan unit through a wired or wireless connection for signal detection
and which supplies detection signals to the timer means, the operating time and/or the operating state
of the fan unit since the last filter exchange being determined on the basis of those detection signals.
On the basishef Hiesigrals:frambthindate ctosivie antieo der ditings timens roperaifingaetatesdeser high load
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environment, A1 embecknent agvaniagenus (Re eansticlion sonsisisd it e Joggg comprises at
least oneer%gglvmsé) 'hambei r%r ane eg}rlc power supply unit, for the trmer means, % the monitoring
electronics and/or for at least one sensor element. Further advantageous provisions consist in that the
insert is ftiac ed to the f%n cover from inside or, Quts| ql% % rtlcular detachasbll fm?eg%e@ W or
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adaptedstadbe insessimdkentan, a temperature sensor, an optical sensor, an electric ﬁeld sensor, a
magnetic field sensor or an electric conductivity sensor or a combination of at least two such
sensors, wherein the sensors comprise one or more sensor elements. An optical sensor may be
embodied e.g. with light emitter and light receiver as a sensor measuring reflected light oras a
transmission sensor, an electric field sensor as a capacitive sensor, an electric conductivity
sensor or resistivity sensor, respectively, as a current or voltage measuring sensor having e.g.
two spaced electrodes in contact with the filter mat, in particular when conductive ingredients
are contained in the filter mat, such as, e.g., in an arrangement for electromagnetic shielding,

or resistance variations result in a humid environment.

An embodiment advantageous for construction consists in that the insert comprises at least
one receiving chamber for an electric power supply unit, for the timer means, for the monitor-

ing electronics and/or for at least one sensor element.

Further advantageous provisions consist in that the insert is attached to the fan cover from

inside or outside, in particular detachably snapped in or screwed thereto or adhered thereto.

Advantage for construction further result by forming a recess adapted to the insert in the fan

COVEr.



-5- For function and operation further those provisions are advantageous that the recess is arranged in
the region of a grid structure with air outlet openirrés of the fan cover. For example, the insert may
advantageously be combined with a manufacturer's logo formed as an insert and may simultaneously
be used:ge AN QiELIACE AlAGAKEE AIde A RRIBREIHARRINIAA.ING IR9R. Thg nixsption will be
explaineé) in dlcgté?lgb%ﬁow%w%h tf%ﬁgl% of exe‘3 ‘p{)grf} emboé)l‘{ments gv%%h referen%e tosthe drawings. Fig.
1showsaw¢p§mgimmuéﬁmrbsfam@xpl@d@dafanwnﬁmﬁmi@fmg«: DPareswer ah@adeniof a
fan- andyileL AN G, AR ASF B AR I HRIAAL I VR ROl & "aR eoyer from a

and may s,imultaneousiy be used as an outer surface of a cover side of the insert for applying

the logo.

The invention will be explained in detail below with the aid of exemplary embodiments with

reference to the drawings.

Fig. 1 shows a perspective illustration of an exploded fan-and-filter unit,
Fig. 2 shows a rear view of a fan-and-filter unit,
Fig. 3 shows a section of the fan-and-filter unit in the region of a fan cover from a

rear side thereof,

Fig. 4 shows different views of an insert of the fan-and-filter unit,

Fig. 5 shows a fan unit of the fan-and-filter unit with two different flow directions of
sucked and exhausted air, and

Fig. 6 shows a schematic illustration of a filter mat monitoring unit and a fan motor

connected to a fan control.

Fig. 1 shows a fan-and-filter unit 1 in a perspective illustration consisting of a fan housing 10
having a fan unit 50 with fan motor 51 installed therein (cp. Fig. 2), a filter mat arrangement

20 and a fan cover 30 and further comprising a filter mat monitoring unit 40.

Fan housing 10 possess, on its front side facing to fan cover 30, a large, for example rectangu-
lar or square, opening which is surrounded by a continuous rectangular or square, respec-
tively, frame and tapers rearwardly like a funnel with wall sections adjoining the frame and
thus comprises a frustoconical shape, wherein a parallel rear side facing away from the front
side is closed by a wall section. A round opening is provided in the rear side wall section of
filter housing 10 which is surrounded by a cylindrical section protruding rearwards which
accommodates the fan motor and a fan wheel driven thereby. Fan unit 50 is provided with a

protective grid on its front side and advantageously also on its rear side.

Presently, filter mat arrangement 20 is comprised of two filter mats, namely a standard filter

mat (A) and a fine filter mat (B) and covers completely the front opening of fan housing 10.



Fig. 4shows different views of an insert of the fan-and-filter unit, Fig. 5shows a fan unit of the
fan-and-filter unit with two different flow directions®f sucked and exhausted air, and Fig. 6shows a
schematic illustration of a filter mat monitoring unit and a fan motor connected to a fan control. Fig. 1

shows a,fan-and-filter-unit 1 in r ti Ijllxl tr ' g-lco&ﬁ' %ﬂg &f 1%39@&%1 iNge: g_ur@ ing a fan
unit 50 v‘e% ' aaﬁﬂﬁ?gbrlgil iﬁ@aﬁ%@%ﬁeﬁgﬁ %/gp él?g .%%%asfﬁter at arrangementﬁz%}ga% a én ‘cover 30
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sectionsragjoitimghinelfrgreiieanc ahids cordprisieh mbrvboicsaital shapb i lennpasaitd rear side
facing away Jiom e ot e . clossd oy Al sesion Aaund repina.isiavidsdip the rear side
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accommetztesithetiag rootpezmdsastah whesidiivion theielsy. oF annduittB® iseslvided Witina protective
grid on lgrsoggc%tdsﬁgt% %dfﬁt%}(%tegg QY 9&?96%5&5%8&&@%31 conductance or resistance, re-

spectively, is associated therewith. Filter mat arrangement 20 may also be embodied more or

less porous or permeable to air, respectively, thereby having a corresponding flow resistance

for air flow which, however, should be as low as possible combined with filter characteristics

as good as possible. Filter mat arrangement 20 is attached to the front opening of the frame

surrounding fan housing 10, e.g. with the aid of fan cover 30, wherein it is previously fixed to

the rear side of fan cover 30 by means of a holding device, e.g. in form of a grill-like holding

grid at fan cover 30.

Fan cover 30 is formed as a louvre grill having horizontal lamellae with downwardly sloping
top side and air passage gaps (which are not visible in Fig. 1) arranged therebehind or there-
between, wherein the lamellae form, with respect to the front side in cross-section, a
sawtooth-shaped structure. Fan cover 30 is placed onto the front frame of fan housing 10 with
its centre approximately in an imaginary extension of the rotor axis of fan unit 50 and is fixed,
in particular snapped on, whérein, in a lower corner region, e.g. a biased lock finger, releas-
able by means of a tool, engages in an attached station of fan cover 30 into a mating locking
receptacle of fan housing 10 in region of the front frame. Further, filter mat monitoring unit
40 with an illuminated display visible from the exterior is received within fan cover 30, for

example in an upper corner region.

Fig. 2 shows fan-and-filter unit 1 with fan unit 50 and fan motor 51 inserted into fan housing
10 from the rear side, while also in a transparent illustration of the rear side fan housing wall
(assumed, not really present) filter mat arrangement 20 as well as filter mat monitoring unit

4( are visible.

Fig. 3 shows a section of fan cover 30 from a rear side thereof. In the region of the upper (or
alternatively lower) edge of fan cover 30 in which Jamellae and gap-shaped passing openings

for air are present, a recess 31 is formed to the rear side of fan cover 30 which comprises two



-6- Alternatively, filter mat arrangement 20 may comprise only one or more than two filter mats.
Further, embodiments of the filter mat arrangemerit-20 with more or less porous mat structure,
membrane-like mat structure, e.g. for shielding humidity in damp rooms and/or with electromagnetic

shielding effect may be used which may, be inserte dditignal filter mats . and wherein a filter mat
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in partictilgr $sappedmeaxatdseinsibadiawet figrimeenegian sepgrsadoidsedliotkafiogptet@asable by
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tend perpendicularly rearwards. Guiding posts 43 which protrude outwardly are formed to the

wall sections. Cover side 47 is bounded by fitting sections 44 (somewhat rounded in the ex-

ample) which are transverse with respect to the two wall sections, wherein snap-lock fingers

42 are moulded to a section adjoining cover side 47 which is offset rearwardly and which 1s,

with its free edge away from the fitting section 44, oriented to the front side, i.e. forms an

angle of less than 90° with respect to the plane of the cover side 47. Three receiving openings

for illuminated display 45 which are neighboring in fransverse direction are formed in cover

side 47 or the wall of insert 41, to include e.g. three light emitting diodes for differently col-

oured light (preferably red, yellow, green). Alternatively, e.g. only one receiving opening for

an illuminated display, in particular light emitting diode, may be provided which may emit

merely light of one colour or light of several colours for signalling depending on the control

thereof. Further, a receptacle 46 for receiving components of filter mat monitoring unit 40,

such as e.g. one or more sensor elements, an electrical energy supply and/or electronic circuit

components is arranged in the insert 41, as in particolar shown in the illustration on the upper

right hand side. Receptacle 46 is open on its rear side facing away from cover side 47 and is

bounded by cover side 47 or the walls thereof on its front side, by side wall sections laterally

and by transverse wall sections between side wall sections and thus forms a rectangular cavity

open to the rear side.



-7- wall-like boundaries 32 parallel and perpendicularly to the lamellae vertically to the plane of the fan
cover 30 and rounded, at its upper rim, by a horizeftal edge of fan cover 30 and at its lower rim by a
horizontal lamella wall. Guiding grooves 33, 33" are formed within the boundaries 32, approximately in
its middle region, which extend recess 31 outwardly vertical to the plane of the fan cover 30. As a
whole, recess 31 forms a rectangular-like cavity which is merely rounded a little bit at its upper edge
region and 4eeeIVasiap. inser ddiefdilienss meriaring dsntdhnihereintatesalfguidngr@asts 43 of
insert 41 engage jntQ guiding grooves 33, 33/, ai clar%%%(:f?i)%%% Fig. 4 shows an exempl
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48, sensor elements 481, an clectrical energy supply and/or a monitoring electronics 482 with

corresponding electronic circuit components, as shown in Fig. 6, are partly or completely ac-

commodated by insert 41.

Filter mat monitoring unit 40 comprises e.g. a timer means for determining the service life of
filter mat arrangement 20 and/or a soiling sensor means comprising at least one sensor ele-

ment 481 and monitoring electronics 482 in which signals output by the timer means and/or



For exchanging filter mat arrangement 20, it is regularly sufficient to remove fan cover 30 with a small
distance from the frame of fan housing 10, e.g. to‘ghop it down. To this end, flexible connection wires
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Additionally, the signals from the timer means and from the soiling sensor means may be analyzed in
combination. An advantageous embodiment of filter mat monitoring unit 40 consists in that a service
person rhay setpdiffecesd, sefxvaluesiforraperatiregvebmditi bapufdtfmsd/ity hyesns cdlthedimehousing, for
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the time interval expires. Alternatively or additionally, the degree of soiling of filter mat ar-

rangement 20 may be detected by means of the soiling sensor means and, when a predeter-

mined degree of soiling (threshold) is exceeded, a signal for filter mat exchange is output via

illuminated display 45. Additionally, the signals from the timer means and from the soiling

sensor means may be analyzed in combination. An advantageous embodiment of filter mat

monitoring unit 40 consists in that a service person may set different set values for operating

conditions of the switchgear cabinet or housing, for example in an environment with high air



pollution and humidity or low air pollution or low humidity. Thereby, input means and associated
monitoring electronics 482 of filter mat monitoringdgnit 40 may be configured such that an operation
period or a degree of soiling for filter mat exchange may also be directly predefined. If filter mat
monitoring unit 40 is equipped with a_programmabhle integrated circuit, such as a microcontroller,
differen®HBHHSH Y SCERLSLHAY BE apfbvé%ﬁre@‘aﬁwla@&@ﬁﬁhaf ShiBRBAEEEO GG

illuminatggrelisalayidane pipbiiesesn. oEaimenht A danwand filer 40nihie be oetintes indheivall off a
switch cabinet or housing, comprising a fan unit (50) inserted jn a fan hoysing (10), a filter mat
arrangeePRBHP BT &%Q%%rgﬁlo&sﬂ’llén%#ﬂ it FAR EEl)i ﬁ‘?r:% ISRy #18%ter mat,
charactgtized in that the fan-and-filter unit has a filter mat monitoring unit (40) which is designed to
detect the service life and/or a degree of soiling of the filter mat arrangement (20) and which
comprises an insert (41) integrated into the fan housing or the fan cover (30) and having an illuminated
display @%dsible Homtthaexiarion of theifpacaver{3Q)dasingsuanbamdheifaniusiictb) and being
designed to display at least exceeding of a predetermin%d or predeterminable service life.and/or a
predete%ﬁ@@&ﬁﬁ%&e‘@?ﬁﬁﬁﬁ’éﬁ?@‘&&ﬂ?%% Bratignay be programmed and predefined in this

way to control the illuminated display dependent thereon.



2. The fan-and-filter unit of claim 1, characterized in that the filter mat monitoring unit (40) comprises a
timer means for determining the service life of theffilter mat arrangement (20)und/or a soiling sensor
means having at least one sensor element (481) for detein- ing the degree of soiling of the filter mat
arrangement %20) and a monitoring electronics (482) to analyze signals output by the timer means
and/or thé“dd ing sensor means and to produce at least one drive signal for the illuminated display
(45). 3. The fan-and-filter unit of claim 1 or 2, characterized in that input means are provided so that
cabinet or housing or directly service lives or

different set v Iuesé:) operating.conditions of the swjtc
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unit of any afftdteupieciigatains acharmeteiized i, thaiithentunniaageth eis 28y fdapirdudes a light
emitting diode arra nt to emit light of at legst.two %:f erent coloys. 5. The fan-and-filter unit of any
of claims 2 t§ %%ﬁz?g%z@dti nf#gtg ecﬂ?(r%r&;:q qRge lr{%ﬁl%etseaﬁ%ﬁé% fon timekeeper for fan
operation. #Raracterized in that the fan-and-filter unit has a filter mat monitoring unit (40) which is

designed to detect the service life and/or a degree of soiling of the filter mat arrangement

(20) and which comprises an insert (41) integrated into the fan housing or the fan cover

(30) and having an illuminated display (45) visible from the exterior of the fan cover (30}

facing away from the fan unit (50) and being designed to display at least exceeding of a

predetermined or predeterminable service life and/or a predetermined or predeterminable

degree of soiling.

2. The fan-and-filter unit of claim 1, characterized in that the filter mat monitoring unit (40)
comprises a timer means for determining the service life of the filter mat arrangement
(20)und/or a soiling sensor means having at least one sensor element (481) for determin-
ing the degree of soiling of the filter mat arrangement (20) and a monitoring electronics
(482) to analyze signals output by the timer means and/or the soiling sensor means and to

produce at least one drive signal for the illuminated display (45).

3. The fan-and-filter unit of claim 1 or 2, characterized in that input means are provided so
that different set values for operating conditions of the switch cabinet or housing or di-
rectly service lives or degrees of soiling for exchanging the filter mat arrangement (20)

may be input.

4, The fan-and-filter unit of any of the preceding claims, characterized in that the illuminated
display (45) includes a light emitting diode arrangement to emit light of at least two dif-

ferent colors.

5. The fan-and-filter unit of any of claims 2 to 4, characterized in that the timer means com-

prises an operation timekeeper for fan operation.



6. The fan-and-filter unit of any of the preceding claims, characterized in that all components of the
filter mat monitoring unit (40) except at least one sor element and/or an external electric power
supply are received by the insert (41). 7. The fan-and-filter unit of any of claims 1 to 5, characterized in
that all components of the filter mat monitoring unit (40) including their electric power supply are
receivedbyThe imsedd4iljer8mlhe tary-afithiilpecasdihgfckain af diatmsA4ed 4n charald tenizpdointhat the
timer means ﬁ

d/or the soiling. sensor comprises a detector means for detecting the operating
time and/or thi SPLIERE ETUIRERE BFE U0 R ORISH IO BSSETRe (3 SHSTAATI (Boy iRFotan a wired
or wireless ehwnnéciiowdorgighahdeteeion dydhwliiclks¢pplies detection signals to the timer means,
the operating time and/or the operating state of the fan unit (50) since the last filter exchange being
deteimined on basis of those detection signals. 9. The fan-and-filter unit of any of claims 2 to 8,

charactetizé&thintshatrithei Bailingt sdnagrofdanssidodesharfiowrsedsorthatpié seurgosensarf te

temperature.sensor, an optical sen an_electric field sensor, a magnetic field sensor qr an electric
conduc:tivit;ﬁ 5555%?%? %n%:f))lrﬁ}%r%’tli%?@flgf %‘gisrﬁv%lg% Isel%ﬁcs%bryg%rrg%ﬂi fein cgl‘é%gn%s)g(}é%omprise
one or moramsertg@l glements (481). 10. The fan-and-filter unit of any of the preceding claims,
characterized in that the insert (41) comprises at least one receiving chamber (46) for an electric
power supply unit, for the timer means, for the monitoring electronics (482) and/or for at least one
sensor element (481). 11. The fan-and-filter unit of any of the preceding claims, characterized in that

the inseft- (41 5daardiddiss 1A PARBOVEFEBI oM ndideeictaedide that the dEnr sk snapped
in or screweggdhengte adhakaddbersifsd?a G drnanshiitsr uniicahanmfibadmigersling claims,

characterized in that a recess (31) adapted to the insert (41) is formed in_the fan cover (30).
and/or the operating conditions of the fan unit which is coupled to the fan unit (50)

through a wired or wireless connection for signal detection and which supplies detection
signals to the timer means, the operating time and/or the operating state of the fan unit

(50) since the last filter exchange being determined on basis of those detection signals.

9. The fan-and-filter unit of any of claims 2 to 8, characterized in that the soiling sensor
means includes a flow sensor, a pressure sensor, a temperature sensor, an optical sensor,
an electric field sensor, a magnetic field sensor or an electric conductivity sensor or a
combination of at least two of such sensors, wherein the sensors comprise one or more

sensor elements (481).

10. The fan-and-filter unit of any of the preceding claims, characterized in that the insert (413
comprises at least one receiving chamber (46) for an electric power supply unit, for the
timer means, for the monitoring electronics (482) and/or for at least one sensor element

(481).

11. The fan-and-filter unit of any of the preceding claims, characterized in that the insert (41)
is attached to the fan cover (30) from inside or outside, in particular detachably snapped in

or screwed thereto or adhered thereto.

12. The fan-and-filter unit of any of the preceding claims, characterized in that a recess (31)

adapted to the insert (41) is formed in the fan cover (30).



43- 13. The fan-and-filter unit of claim 12, characterized in that the recess (31) is arranged in the
region of a grid structure with air outlet openings qlf;he fan cover (30).

13. The fan-and-filter unit of claim 12, characterized in that the recess (31) is arranged in the

region of a grid structure with air outlet openings of the fan cover (30).



