Method and apparatus for regulating a cooling device fitted fo a switchgear cabinet

The invention relates to a method for regulating a cooling device fitted in or to a switchgear
cabinet, by means of a regulating device, wherein the temperature of the switchgear cabinet
interior air is detected and an interior fan assigned thereto for generating an interior air flow
through an evaperator and providing cooling air is switched on if the detected temperature of
the switchgear cabinet interior air exceeds an upper setpoint temperature, and is switched off
if the detected temperature falls below a lower setpoint temperature, and 0 an apparatus for

performing the method.

A method of this type for regulating a cooling device fitted to a switchgear cabinet and an
apparatus for performing the method are disclosed in DE 44 13 128 C2. By means of the cool-
ing device, switchgear cabinet interior air which increases during operation of built-in com-
poneris suppiying dissipated heat is kept below a temperature which would be disadvanta-
geous for the built-in components, and the dissipated heat produced within the switchgear
cabinet is dissipated from the switchgear cabinet. The cooling device has several circuits
which in conjunction cool the switchgear interior air, An inierior air circuit is driven by an
interior fan of the cooling device. A temperature sensor is located in the interior of the cooling
device measuring the sucked warm switchgear cabinet interior air, A cooling circuit with &
fluid coolant and an ambient air circuit are switched on or off in accordance with a predeter-
mined set temperature. The heat energy of the switchgear cabinet interior air is absorbed by 4
condenser from the coolant of the cooling circuit. Then, the coolant is highly compressed by a
compressor, $o that it reaches a higher temperature level in a condenser than the ambient air,
Thus, the heat energy transported in the coolant may be supplied to the ambient air circuit
which is driven by an external fan. For regulating the interior temperature of the switchgear
cabinet or the switchgear cabinet interior air, respectively, the cooling device is operated at.
intervals wherein the compressor and the external fan are 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 & temperature sensor by means of the interior fan, wherein operation of the interior fan

comtributes significantly to energy consumption,



Other cooling devices for switchgear cabinets are showr in DE 10 2006 051 904 A1, DE 199
12 029 CZ and DE 199 51 921 C2, where different arrangements at a switchgear cabinet are
itlustrated.

The invention is based on the object to provide a method of the type mentioned in the intro-
ductory by which a more economic operation is achieved while cooling reliably, and to create

a respective apparatus.

This object is solved by the features of claim 1 or claim 3, respectively. It is provided that
after the interior fan has been swiiched off owing ic the lower setpoint temperature being un-
dershot, a timekeeping is started and the interior fan s switched on after a predetermined first
time duration for a second predetermined time duration and is switched off again if the de-
tected temperature still fzlls below the upper setpoint femperature as long 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 femperature is exceeded after which the interior
fan is operated in continuous operation, and that the timekeeping and the intermittent time-

controtled 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 imekeeping

may be triggered if the detected temperature undershots the lower setpoint temperature or the

jien

after a predetermined first time duration for a second predetermined time duration as long as

the upper setpoint temperature is not exceeded is performed.

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

safe operation thereof is guaranteed.

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

vice.
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An advantageous embodiment of the apparatus consists in that the time-controlied operation

within the time control unit is predetermined by a progran.

The invention will be explained below in further detall by exemplary embodiments with ref-

erence to the drawings, It is shown in:

Figure 1 a schematic 1llustration of a switchgear cabinet with cooling device fit-

ted thereto and air flow conditions associated therewith,
Figure 2 an example of operating an interior fan and

Figure 3 an exemplary embodiment preferred for the present invention of operat-

ing the interior fan.

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 I, 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 1.

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 T1 of switchgear interior air flowing

from the switchgear interior into the first subspace.

Within cooling device 2, further a cooling circuit for fluid coolant 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 cireuit 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 4s a compressor
27, currently in the lower region of the second subspace, by whick the coolant is strongly

compressed, so that it, in a condenser 26 positioned in the cooling circuit, reaches z higher
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temperature level than the ambient air. Thus, heat energy transported in the coolant from the

switchpear cabinet interior is discharged to ambient air circuit A driven by external fan 25,

The cooling circuit and ambient air circuit A are switched on and off in accordance with a
predetermined set temperature or setpoint temperature, respectively, to meet temperature lim-
its within the switchgear cabinet. This is done by the regulating device 22 of cooling device 2
by which temperature dependent switching on and off of compressor 2 and external fan 25 is
accomplished. A precise temperature measurement of the switchgear cabinet interior air is

required for a reliable cooling operation. It is pm?idecl by means of temperature sensor 24,

interior air circuit [ through the firgt subspace of cooling device 2 as shown in Figure 1 results
from the operation of the interior fan 23 whereas a different interior air circuit I” is present
within the switchgear cabinet while interior fan 23 is switched off where at best a smali flow
of switchgear cabinet interior air through cooling device 2 oceurs. Air flow within the switch-
gear interfor may further be supported by device fans 31 of built-in components 2. In a non-
operative condition of the interior fan 23, an imprecise temperature measurement of the air
temperature present in the region of the built-in components 3 to be cooled may result owing

to bad air mixing.

Conseguently, it appears to be appropriate in view of a precise temperature measurement to
operate interior fan 23 continuously. However, continuous operation is associated with corre-

spondingly high wear and energy conswmption.

Figure 2 showe 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 fhe interior fan is
plotted against time t, and also the profile of the interior temperature T1 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 {alis below &
lower setpoint temperature T1 (e.g. ~10°C) (which lies below the upper setpoint temperature).
If the interior air temperature TT increases in a non-operative state of cooling device 2 and
exceeds upper setpoint temperature T2, tnterior fan 23 is switched on again and also the cool-

ing operation is enabled.
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The representation in the middle of Figure 2 shows the operation of interior fan 23 in response
to the detected temperature. Accordingly, interior fan 23 is put from a switched-off into &
switched-on state, if the detected temperature T corresponds to the upper setpoint fempera-
ture T2, and is put from the switched-on to the switched-off state, if the detected temperature

T1 undershots lower setpoint temperature T1.

In the lower representation of Figure 2, operation of compressor 27 and external fan 25 in
response of the interior temperature of the switchgear cabinet is iltustrated. Also here, a hys-
teresis is provided, wherein compressor 27 and external fan 235 are put from the switched-off
state into the switched-on state, if a higher temperature (above the upper setpoint temperature
T2) is reached, and from the switched-on state to the switched-off state, if 2 lower tempera-
ture, presently ¢.g. below upper setpoint temperature T2 and above lower setpoint temperature

T1 is reached.

For this temperature~-controlied operation, temperature regulation of the interior air tempera-
ture of the switchgear cabinet is subject o uncertainties in particular in the region of the built-
in cormponents. Consideration could be given to control inferior fan 23 by means of tempera-
ture signals from a further temperatore sensor which is e, g. arranged in proximity of the built-

in component 3,

Presently, however, the temperature-controlled regulating operation is superimposed with a
time-controlled operation of the interior fan, as illustrated in Aigure 3. If the measured tem-
perature TT of the interior air falls below the lower setpoint temperature T1, coming from a
temperature above the upper setpoint temperature 12, interior 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 & first time duration tl {of e, g. 15 minutes) inte-
rior far 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 z 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. 13 minutes), interior fan 23 is switched on again, so that the interior air temperature T1

which is now detected, exceeds upper setpoint temperature T2 and thus, interior fan 23
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remains switched on temperature-controlled. Interior fan 23 maintains the switched-on state
unti] Jower setpoint temperature T1 is apain undershot. Then, time-conirolied operation be-
gins anew with start of timekeeping, as previously described, until in turn upper setpoint tem-

perature T2 is exceeded.

By cyclically intermittent operation of interior fan 23, reliable cooling operation is ensured,
since the interior temperature of the switchgear cabinet is detected relatively reliably in the
region of temperature sensor 24 owing to the time-controlled operation of interior fan 23. Re-
liably may be chosen more or less by adjusting first time duration t1 and second time duration

2 of the ¢yclic operation to the respective requirements,

Time-controlled operation is preferably predetermined by a program wherein time control
unit 22.1 is part of 2 microprocessor control or microcomputer circuit. The time-controlled
operation of the interior fan 23 may occur direcily by a time control signal of time control unit

22.1 or indirectly thereby via other circuif components,



Claims

o

A method for regulating a cooling device fitted in or to a switchgear cabinet, by means
of a regulating device, wherein the temperature of the switchgear cabinet interior air is
detected and an interior fan assigned thereto for generating an interior air flow through
an evaporator and providing cooling air 1s switched on if the detected temperature of
the switchgear cabinet interior air exceeds an upper setpoint temperature, and is
switched off if the detected temperature falls below a lower setpoint temperature,
characterized in that after the interior fan has been switched off owing to the Jower
setpoint temperature being undershot, 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 detected temperature stil! falls below the
upper sefpoint temperature, as long 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.

The method of claim 1, characterized in that a compressor and an external fan of the
cooling device remain switched on during the mtermittent time-controlled mode of

operation, as long as switching on is predetermined by the regulation device.



An apparatus for performing the method of claim 1 or 2, comprising a cooling device
fitted in or to a switchgear cabinet and including an interior fan for generating an
interior air flow which circulates through the switchgear interior housing built-in
components which generate dissipated heat and through a subspace of the cooling
device in flow communication with the switchgear interior and housing an evaporator,
comprising a coolant circuit, wherein the coolant flows through a compressor and is
cooled in a condenser arranged in an ambient air circuit, and comprising a regulating
device by which the interior fan is switched on if the detected temperature in the
interior air flow exceeds an upper setpoint temperature, and is switched off if the
detected temperature falls below a lower setpoint temperature,

characterized in that a time control unit is included, by which a time keeping may be
triggered if the detected temperature undershots the lower setpoint temperature or the
interior fan is switched off, and a time-controlled operation by switching on the
ntertor fan after a predefermined first time duration for-a second predetermined time

duration as long as the upper setpoint temperature is not exceeded is performed.

The apparatus of clarm 3, characterized in that the time-controlled operation within the

time control unit is predetermined by a program.



