Met hod and apparatus for regulating a cooling device fitted to a sw tchgear
cabi net The invention relates to a nethod for regulating a cooling device
fitted in or to a switchgear cabinet, by neans of a regul ating device,
wherein the tenperature of the sw tchgear cabinet interior air is detected
and an interior fan assigned thereto for generating an interior air flow

t hrough an evaporator and providing cooling air is swtched on if the
detected tenperature of the switchgear cabinet interior air exceeds an
upper setpoint tenperature, and is switched off if the detected tenperature
falls below a | ower setpoint tenperature, and to an apparatus for

performng the method. A nethod of this type for regulating a cooling

devi ce fi t¥edod ancanpaiatus Agroaeulatii nerlinhdevaes Hisgde asydchzss BRPfor ni ng t he
nmet hod are disclosed in DE 44 13 128 C2. By neans of the cooling device,
swi tchgear cabinet interior air which increases during operation of
built-in conponents supplying dissipated heat is kept below a tenperature
whi ch uld be disadvant ageous for the built-in onent he
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Ci r cui perfobnéig, thé hethodol ant i s highly conpressed by a conpressor, so that it
reaches a higher tenperature level in a condenser than the anbient air.
Thus, the heat energy transported in the coolant may be supplied to the
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intervals wherein the conipressor and the extema 51 'sre switched on and off at intervals in
response to the temperature by means of a regulating device within the apparatus. For measur-
ing the temperature within the cooling device, the switchgear cabinet interior air is guided
past a temperature sensor by means of the interior fan, wherein operation of the interior fan

contributes significantly to energy consumption.



For the apparatus, it is provided that a tinme control unit is included by
which a tinmekeeping may be triggered if the detected tenperature undershots
the | ower setpoint tenperature or the interior fan is switched off and a
time-controlled operation by switchidg on the interior fan after a
predetermned first time duration for a second predetermned tinme duration
as long as the upper setpoint tenperature is not exceeded is perfornmed. By
these features, a sufficient circulation of the swtchgear cabinet interior
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cool i ngideutge that a conpressor and an external fan of t he cool i ng device
remain switched on during the intermttent time-controlled node of
operation, as long as switching on is predeterm ned by the regul ati on de-
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the tine-control operation within the tinme control unit is predeterm ned
by a pdogeamy wiieh 4 muerncomminopdratim iengliaicd edhilbeb@imgirplidbly, ehéio ckateai | by

exenpl a@gp&gp]gap?rg?a%s with reference to the drawmngs. It is shown in:

This object is solved by the features of claim 1 or claim 3, respectively, It is provided that
after the interior fan has been switched off owing to the lower setpoint temperature being un-
dershot, a timekeeping is started and the interior fan is switched on after a predetermined first
time duration for a second predetermined time duration and is switched off again if the de-
tected temperature stil} falls below the upper setpoint temperature as fong as the second time
duration proceeds, that the intermittent time-controlled mode of operation of the interior fan is
cyclically repeated until the upper setpoint temperature is exceeded after which the interior
fan is operated in continuous operation, and that the timekeeping and the intermittent time-

controlled mode are started anew if the lower setpoint temperature is undershot.

For the apparatus, it is provided that a time control unit is included by which a timekeeping
may be triggered if the detected temperature undershots the lower setpoint temperature or the
interior fan is switched off and a time-controtled eperation by switching on the interior fan
after a predetermined first time duration for a second predetermined time duration as long as

the upper setpoint temperature is not exceeded is performed.

Ry these features, a sufficient circulation of the switchgear cabinet interior air is ensured re-
liably, and a temperature level which is beneficial for the cooling of built-in components and

safe operation thereof is guaranteed.

Those measures contribute 1o a reliable operation of the cooling device that a compressor and
an external fan of the cooling device remain switched on during the intermittent time-
controlled mode of operation, as long as switching on is predetermined by the regulation de-

vice.



Figure la schematic illustration of a switchgear cabinet with cooling
device fit- ted thereto and air flow conditions associated therewth,

Fi gure 2an exanple of operating an interior fan and Figure 3an exenpl ary
enbodi ment preferred for the present3rnvention of operat- ing the interior
fan. Figure 1 shows a schematic view of a switchgear cabinet 1 together
with a,coqli devi 2 : her I SW t chgear
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pr oduceittingsd fhat eshtivdanit andedateramedbe zpomr@d by neans of cool i ng device 2
via an interior air circuit I. Wthin cooling device 2, in a subspace in

fl ow communi cation with the switchgear cabinet interior via flow apertures,

an i nt exd Rbedidn vA8 bk BxpIRLRNSK i Reheni-afi tha-suhspagsdanchiaway agor at or 21
downstream t hereof are arranged. Further, cooling device 2 includes a

regul aterg tel & eevings. Iigs shay@ iBont rol unit 22.1 and a tenperature sensor
arranged within the first subspace close to the interior fan 23 for
detecting the tenperature Tl of switchgear interior air flowing fromthe
swi t chgear Fiptrerli or iantlentabie ilfustrgttonsifbspéickeeaiiabimehwito oddling ddecs Ble 2,

further a cooling circuit for flu d coolant is.fo ~as well as an
anbient air circuit ﬂ?d%&ﬂgﬁpeafl% aglrtjﬁ?vecr? 8%1??‘5 %Sgocéaﬁ%q&ggdg Wg’ anbient air
apertures by nmeans of an external fan 25 arranged in a second subspace of
the cooling device 2 in a |lower region thereof, and, after flow ng through
a condenserfig8e % s agaFFERIse ﬁﬁggPBHFﬁéﬁgﬁﬁwgnt. The cooling circuit for
the cool ant includes evaporator 21 where the heat energy of the sw tchgear
cabinet interior air is received by the coolant flow ng therethrough, as
wel | as a dompeéssor appxengipry epbpginient praredits thepsgicohingentioRe! euEdnd
subspace, by which the ¢ S strongly conpressed, so that it, in a
condenser 26 positioﬁgﬂﬁggkﬁﬁ%ﬁgboling circuit, reaches a higher

Figure 1 shows a schematic view of a switchgear cabinet 1 together with a cooling device 2
mounted to the rear wall thereof. Inside switchgear cabinet 1, built-in components 3 are
mounted on a mounting plate 4 which produce dissipated heat and which are cooled by means

of cooling device 2 via an interior air circuit L.

Within cooling device 2, in a subspace in flow communication with the switchgear cabinet
interior via flow apertures, an interior fan 23 in the upper region of the subspace and a evapo-
rator 21 downstream thereof are arranged. Further, cooling device 2 includes a regulating de-
vice 22, a time control unit 22.1 and a temperature sensor arranged within the first subspace
close to the interior fan 23 for detecting the temperature TI of switchgear interior air flowing

from the switchgear interior into the first subspace.

Within cooling device 2, further a cooling circuit for fluid coclant is formed, as well as an
ambient air circuit A, wherein ambient air is sucked via ambient air apertures by means of an
external fan 25 arranged in a second subspace of the cooling device 2 in a lower region
thereof, and, after flowing through a condenser 26, is again discharged to the ambient. The
cooling circuit for the coolant includes evaporator 21 where the heat energy of the switchgear
cabinet interior air is received by the coolant flowing therethrough, as well as a compressor
27, currently in the lower region of the second subspace, by which the coolant is strongly

compressed, so that it, in a condenser 26 positioned in the cooling circuit, reaches a higher



-4 tenperature | evel than the anbient air. Thus, heat energy transported in
the coolant fromthe sw tchgear cabinet interior is discharged to anbi ent
air circuit Adriven by external fan 25. The cooling circuit and amnbi ent
air circuit A are switched on and off-in accordance with a predeternined
set tenperature or setpoint tenperature, respectively, to neet tenperature
limts within the switchgear cahinet. This is done by the,regul ating device
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measur enent of the switchgear cabinet interior air is required for a
reliable cooling operation. It is provided by nmeans of tenperature sensor
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Consequently, it appears to be appropriate in view of a precise temperature measurement to
operate interior fan 23 continvously. However, continuous operation is associated with corre-

spondingly high wear and energy consumption.

Figure 2 shows an exemplary embodiment wherein interior fan 23 is switched on and off con-
trolled by temperature. In the upper subframe, the operating condition Al of the interior fan is
piotted against time t, and also the profile of the interior temperature TI against time t, If inte-
rior air temperature TI exceeds an upper setpoint temperature T2 (e.g. -5°C), the interior fan is
in a switched-on state and is switched off only if the interior air temperature TI falls below a
Jower setpoint temperature T1 (e.g. -10°C) (which lies below the upper setpoint temperature).
If the interior air temperature T increases in a non-operative state of cooling device 2 and
exceeds upper setpoint temperature T2, interior fan 23 is switched on again and also the cool-

ing operation is enabled.



5 The representation in the mddle of Figure 2 shows the operation of
interior fan 23 in response to the detected tenperature. Accordingly,
interior fan 23 is put froma switched-off into a switched-on state, if the
detected tenperature Tl corresponds-fo the upper setpoint tenperature T2,
and is put fromthe switched-on to the swtched-off state, if the detected
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reached, and fromthe swtched-on state to the switched-off state, if a

| oner Ténplershvaieverpeipsishtempeniye Thel ow upper setpoint tenperature T2 and
above | ower setpoint tenperature Tl is reached. For this
tenperature-control |l ed operation, tenperature regulation of the interior
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TI of the interior air w the | ower setpoint tenperature Ti,

com ngture, prasentlyenp éelaturmpendstnodit tdreperppe i 2swt] pbdvstlowernoont (Rmwelpure i nt er i or
fan 23 595 putl %romthe swi tched-on state into the switched-off state.
Concur e ¢ mekeeping is triggered and a tine signal is provided from
time control unit 22.1. After a first tinme duration tl (of e. g. 15

mnutes) interior fan 23 is swi tched on for secqond tinme period t2 (of e.
g. 1 nf AU fensRigsegtrelled apretigRiarredied MY rerHieTHCHEGERE 1 ¢ he
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tenperature Ti to a |l evel above, however, still remains (in the shown
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first tdmnpdikmati on tl. After expiration of the third tine period t3 (of e.
g. 15 mnutes), interior fan 23 is switched on again, so that the interior
air tenperature Tl which is now detected, exceeds upper setpoint

t enper alud iy, vRRel, iusmpdritRLdoRtrofid@itegBatimg Beration is superimposed with a
time-controlled operation of the interior fan, as illustrated in figure 3. If the measured tem-
perature T1 of the interior air falls below the lower setpoint temperature T1, coming from a
temperature above the upper setpoint temperature T2, interfor fan 23 is put from the switched-
on state into the switched-off state. Concurrently, timekeeping is triggered and a time signal is
provided from time control unit 22.1. After a first time duration t1 (of e, g. 15 minutes) inte-
rior fan 23 is switched on for a second time period t2 (of e. g. 1 minute). By doing so, the de-
tected temperature T1 increases in the region of temperature sensor 24 from a level below the
lower setpoint temperature T1 to a level above, however, still remains (in the shown example)
below upper setpoint temperature T2). Accordingly, interior fan 23 is not yet switched on
temperature-controlled, but time-controlled is switched off again for a third time duration €3,
which corresponds to the first time duration t1. After expiration of the third time period t3 (of
e. g. 15 minutes), interior fan 23 is switched on again, so that the interior air temperature TI

which is now detected, exceeds upper setpoint temperature T2 and thus, interior fan 23



remai ns switched on tenperature-controlled. Interior fan 23 maintains the

switched-on state until |ower setpoint tenperature Ti is again undershot.
Then, tinme-controlled operation begins anew with start of tinekeeping, as
previ ously described, until in turn-@pper setpoint tenperature T2 is
exceeded. By cyclically intermttent operation of interior fan 23, reliable

coolin eration i S ensu the interior te era he
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respechi Y@ d eOWick&RBAL S. Tinme-controlled operation is preferably
predeterm ned by a program wherein tinme control unit 22.1 is part of a

m cr opr ocessor control or mcroconputer circuit. The tinme-controlled
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t edrevlnon%f tetn?pe?atgre sugx?sog §f owfn%tl)o the ttme r.)onthed operation of interior fan 23. Re-
liably may be chosen more or less by adjusting first time duration t1 and second time duration

t2 of the cyclic operation to the respective requirements.

Time-controlled operation is preferably predetermined by a program wherein time control
unit 22.1 is part of a microprocessor control or microcomputer circuit. The time-controlled
operation of the interior fan 23 may occur directly by a time control signal of time control unit

22.1 or indirectly thereby via other circuit components.



means of a regulating device (22), wherein the tenperature (Tl) of the

swi tchgear cabinet interior air (I, 1') is detected and an interior fan
(23) assigned thereto for generating-dn interior air flow through an
evaporator (21) and providing cooling air is switched on if the detected
tenperature (Tl) of the switchgear cabinet interior air exceeds an upper
setpoint tenperature (12), and is switched off if the detected tenperature
(TI) f?LI s below a | ower setpoint tenperature (11), characterized in that
after tHe™nterior fan (23) has been switched off owing to the | ower
setpoint tenperature (11) being undershot, a tinekeeping is started and the
interior fan (23) is switched on after a predeterm ned first tinme duration
(t1l) for a second predeteimned tinme duration (t2) and is switched off
again if th t poi nt
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performng the method of claim1 or 2, Q%E.WSI ng a cool i ng device (2)
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interior faproc@d, is switched on if the detected tenperature (TI) in the
interior a|r flow (1), exceeds an per s oint t erature ), and is
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tenperatur ec;&c-faﬁy repeated until the upper setpomt temperature (T2) is exceeded, after which

the interior fan (23) is operated in continuous operation, and

that the timekeeping and the intermittent time-controlled mode are started anew if the

lower setpoint temperature (T1} is undershot.

2. The method of claim 1, characterized in that a compressor (27) and an external fan
(25) of the cooling device (2) remain switched on during the intermittent time-
controlied mode of operation, as long as switching on is predetermined by the

regulation device (22).



characterized in that a time control unit (22.1) is included, by which a
time keeping may be triggered if the detected tenperature (Tl) undershots
the | ower setpoint tenperature (T1) obf-the interior fan (23) is swtched
off, and a tinme-controlled operation by switching on the interior fan (23)
after a predeternmned first time duration (t1) for a second predetern ned
time duration (t2) as long as the upper setpoint tenperature (12) is not
exceeded is performed. 4. The apparatus of claim3, characterized in that
the time- conhhepdrems apeeabinging \td Mbthod becltini® oe ON¢an@brisiny 4 cdo?ig Hpvics
predeterm ned by a program ) . . o

(2) fitted in or to a switchgear cabinet (1) and including an interior fan (23) for

generating an interior air flow (I) which circulates through the switchgear interior

housing built-in components (3) which generate dissipated heat and through a

subspace of the cooling device (2) in flow communication with the switchgear interior

and housing an evaporator, comprising a coolant circuit, wherein the coolant flows

through a compressor (27) and is cooled in a condenser (26) arranged in an ambient air

circuit (A), and comprising a regulating device (22) by which the interior fan (23) is

switched on if the detected temperature (T} in the interior air flow (I} exceeds an

upper setpoint temperature (T2), and is switched off if the detected temperature (TT)

falls below a lower setpoint temperature (T1),

characterized in that a time control unit (22.1) is included, by which a time keeping

may be triggered if the detected temperature (TI) undershots the lower setpoint

temperature (T1) or the interior fan (23) is switched off, and a time-controlled

operation by switching on the interior fan (23) after a predetermined first time duration

(t1) for a second predetermined time duration (t2) as long as the upper setpoint

temperature (T2) is not exceeded is performed.

4. The apparatus of claim 3, characterized in that the time-controlled operation within the

time control unit (22.1) is predetermined by a program.



