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o (57) Abstract: A cooling apparatus and method for temperature sensitive components or equipment housed in an enclosure are

provided. The cooling apparatus and method removes hot air from the enclosure upon power or air conditioner failure or rise in
temperature. The cooling apparatus and method helps to regulate the temperature of air in the enclosure. The cooling apparatus and
method may be combined with existing enclosures either as a primary or auxiliary or "back-up" cooling system.
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1
COOLING APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of an earlier-filed U.S. Provisional Application,
entitled "Cooling Apparatus and Method" having Serial No. 61/001,701, filed
November 2, 2007 and also an earlier-filed U.S. Provisional Application, entitled

"Cooling Apparatus and Method" having Serial No. 61/050,961, filed May 6, 2008.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a side view of an exemplary embodiment of the cooling

system as further shown in an electronic circuit as depicted in FIG. 2A, 2B, or 3.

FIG. 1B illustrates a view of an exemplary embodiment of the cooling system
from the perspective of the side of the apparatus which is secured to the enclosure for

temperature sensitive equipment or components.

FIG. 1C is another side view of an exemplary embodiment of the cooling

system from a side opposite to FIG. 1A.

FIG. 2A illustrates an exemplary embodiment in schematic form of the

electronic circuit which controls the components of the device.

FIG. 2B illustrates the exemplary embodiment of FIG. 2A and also shows the

electronic circuit of FIG. 2A as including a reset relay and a "push-to-break” switch.

FIG. 3 illustrates an exemplary embodiment in schematic form of an

alternative electronic circuit which controls the components of the device.

FIG. 4 illustrates an exemplary embodiment of the device in orthographic cut-
away form showing a part of the interior of the device and a single damper motor
operating an intake damper and an exhaust damper by way a first linkage and a

second linkage.
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DETAILED DESCRIPTION

In one embodiment, Figures 1A, 1B, and 1C shows a cabinet (1) which
includes a cooling apparatus ("device") which may be used as an auxiliary or "back-
up" cooling system to supplement an existing air conditioning unit in enclosure (2), or
as a primary cooling system for temperature sensitive equipment or components
contained in an existing enclosure (2). The cabinet is in air flow communication with
said enclosure such that air may be directed into said enclosure from said cabinet and
exhausted from said enclosure through said cabinet. The mechanical and electrical
components of this device are contained in a cabinet (1). Cabinet (1) also has a
control circuit (4) to be described in detail below which controls the operation of the
mechanical parts of this device as discussed in further detail below. The control
circuit (4) and its associated mechanical parts help cool the enclosure (2) which
houses temperature sensitive components or equipment In one embodiment, the
apparatus and method described herein may be adopted and configured to be added
onto existing temperature sensitive components or equipment enclosures that have

been previously equipped with their own existing air conditioning unit.

For purposes of this detailed description, the term "power", "external power",
"external power source," or "AC power" is used to refer to an external power source
from a commercial or municipal supplier, or in the case of the terminology "DC
power," "DC power supply,” or "internal power source" from either a DC power
source incorporated into control circuit (4) such as a battery and identified by
reference numeral (11) in figures 2A and 2B, or an existing source of DC power from
the temperature sensitive equipment or components. The term "current”, "AC
current”, or "DC current” is used in the explanation and description of the function

and operation of the components in control circuit (4).

As shown in the embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, cabinet (1) is connected to enclosure (2) such that air flows
between cabinet (1) and enclosure (2) as controlled by the apparatus described herein.
Cabinet (1) is provided with at least one exhaust fan (6), which is powered by fan
motor (10). Within cabinet (1), at least one exhaust fan (6) is mounted so as to

exhaust air from enclosure (2) through cabinet (1). Exhaust damper (12), through
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which at least one exhaust fan (6) transfers air exhausted from enclosure (2) into the
atmosphere, is provided with exhaust damper motor (13) controls the opening and
closing of exhaust damper (12). When exhaust damper motor (13) is not receiving
power from an external power source, exhaust damper (12) is in an open position to
allow the transfer of air from enclosure (2) and cabinet (1). When exhaust damper
(12) is in an open position, air from cabinet (1) and enclosure (2) is expelled into the

atmosphere provided that at least one exhaust fan (6) is in operation.

As also shown in the embodiment of Figures 1A through 1C, and also
referring to Figures 2A and 2B, intake damper (7) is located within cabinet (1) so as
to permit air from the atmosphere to enter cabinet (1) through particulate filter (14)
and then into enclosure (2). Intake damper (7) is provided with an intake damper
motor (8) which controls the opening and closing of intake damper (7). When intake
damper (7) is in an open position, air is able to pass through particulate filter (14) into
cabinet (1) and then into enclosure (2) to cool the temperature sensitive equipment or
components. Like exhaust damper (12), intake damper (7) remains in an open
position when intake damper motor (8) is not receiving power from the external

power sourcce.

As further shown in the embodiment of Figures 1A through 1C, and also
referring to Figures 2A and 2B, the operation of intake damper (7), intake damper
motor (8), exhaust damper (12), exhaust damper motor (13), and fan motor (10) are
controlled by a control circuit (4) hereinafter described which responds to external

power failures and temperature increases in enclosure (2).

In another embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, when there is a power failure or an air conditioner failure occurs
such that the temperature of the air in enclosure (2) increases above a predetermined
temperature, control circuit (4) senses the power failure and/or the resultant increase
in the temperature of the air in enclosure (2), thereby causing intake damper (7) and
exhaust damper (12) to open and also causing at least one exhaust fan (6) to start. The
exhaust fan (6) operates to direct the ambient air drawn from atmosphere through the

bottom portion of the cabinet (1) for cooling the enclosure (2) (specifically, the air
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equipment. In an alternate embodiment, there is a plurality of exhaust fans (6).

In an embodiment of Figures 1A through 1C, and also referring to Figures 2A
and 2B, the exhaust fan(s) (6) is/are battery-operated and operate on direct current at a
voltage ranging from about 1 VDC to about 60 VDC. Since the exhaust fan(s) (6)
is/are battery-operated, it/they may operate in the event of power failure or in the

event of air conditioner failure, depending upon the size of application.

In an alternate embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, the exhaust fan(s) (6) is/are electrically-operated at 120VAC or
240VAC, which may be from the external power source. In this alternate
embodiment, the exhaust fan(s) (6) operate in the event of an air conditioner failure
and a resultant temperature rise, but may not operate if the external power source

fails.

In yet another embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, a particulate filter (14) is mounted on the bottom side of the
cabinet (1), in proximity to intake damper (7) such that intake damper (7) draws
ambient air through particulate filter (14) into cabinet (1) when intake damper (7) is in
an open position. Particulate filter (14) helps eliminate dust, residue, and the like from
entering the cabinet (1) (i.e., when the intake damper (7) and exhaust damper (12) are
open), to protect the electronics contained within the cooling apparatus, and also to
help protect the enclosure which houses temperature sensitive components or

equipment.

In another embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, when the intake damper (7) and exhaust damper (12) are open,
the exhaust fan(s) (6) induce/induces cooler ambient atmospheric air through
particulate filter (14), through intake damper (7), and into cabinet (1) and enclosure
(2), thereby creating a circulation of cooler air in the enclosure (2) and forcing the hot
air from enclosure (2) out through cabinet (1) and exhaust damper (12) into the

atmosphere.
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In yet another embodiment, as shown in the embodiment of Figures 1A
through 1C with reference to an embodiment shown in Figure 2A, if there is no power
failure and if the air conditioner is operational as determined by the thermostat (36),
wherein the detected temperature of the air in enclosure (2) is at or below a certain
predetermined temperature, the intake damper (7) and exhaust damper (12) are in

their closed positions and the exhaust fan(s) (6) is/are not started.

In another embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, when there is no power failure but if the air conditioner is not
operational or otherwise insufficient as determined by thermostat (36), wherein the
detected temperature exceeds a certain predetermined temperature, the intake damper
(7) and exhaust damper (12) are opened by the control circuit (4) and the exhaust
fan(s) (6) run/runs such that the cooler ambient atmospheric air is drawn into cabinet
(1) through particulate filter (14) and intake damper (7) and then transferred into
enclosure (2) to lower the temperature of the air contained therein on account of hot
air being exhausted from enclosure (2) and through cabinet (1) by way of exhaust

damper (12) into the atmosphere with the aid of at least one exhaust fan (6).

In yet another embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, when there is power failure and the air conditioner is not
operational or otherwise insufficient as determined by the thermostat (36), wherein
the detected temperature exceeds a certain predetermined temperature, the intake
damper (7) and exhaust damper (12) are both opened by the control circuit (4), and
the exhaust fan(s) (6) start(s) such that the cooler ambient air is transferred into the
enclosure (2) through particulate filter (14) and cabinet (1) on account of hot air being
exhausted from enclosure (2) through cabinet (1) by way of exhaust damper (12) into

the atmosphere with the aid of at least one exhaust fan (6).

In a further embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, when the power is restored after a power failure, intake damper
motor (8) closes intake damper (7) and exhaust damper motor (13) closes exhaust
damper (12) on account of receiving power from the external power source which, in
turn, de-energizes exhaust fan(s) (6). As discussed in further detail below, control

circuit (4) "waits" for a predetermined amount of time to sense if the temperature of
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the air in cabinet (1) and enclosure (2) has fallen to an acceptable level. If the
temperature of the air in cabinet (1) and enclosure (2) has not fallen to a
predetermined temperature, control circuit (4) reopens intake damper (7) and exhaust
damper (12) and re-start exhaust fan(s) (6) to assist the existing air conditioning unit

already provided to enclosure (2).

In another embodiment of Figures 1A through 1C, and also referring to
Figures 2A and 2B, the exhaust fan(s) (6) is/are electrically-operated with an
alternating current ("AC") voltage ranging from about 120V AC to about 240V AC
from an external power source. In this alternate embodiment, the exhaust fan(s) (6)

operate in the event of air conditioner failure.

For a more detailed description of the device, reference is directed to the
embodiment as depicted in Figures 1A through 1C and Figure 2A. More specifically,
Figure 2A depicts in schematic form a control circuit (4) which controls intake
damper motor (8), exhaust damper motor (13), and fan motor (10). In one
embodiment, AC current from an external power source is supplied to control circuit
(4) through power line (21) and power line (22), which are connected to an alternating
current ("AC") supply which has a voltage within the range from about 120V AC to
about 240V AC. In an embodiment, a time delay relay (16) is connected to power
line (21) and power line (22) by way of a third terminal (19) of time delay relay (16)
and a second terminal (20) of time delay relay (16). AC current from power line (21)
and power line (22) is applied to the third terminal (19) of time delay relay (16) and
second terminal (20) of time delay relay (16) whenever electrical power is supplied to
power line (21) and power line (22). First terminal (23) of time delay relay (16) is
electrically connected to first relay coil (25) of first relay (24) and second relay coil
(31) of second relay (30), (as shown in the embodiment of Figure 2A, first relay coil
(25) and second relay coil (31) are connected in parallel with one another), so that
each coil is energized by way of first terminal (23) of time delay relay (16) when AC
current is applied to third terminal (19) of time delay relay (16) and second terminal
(20) of time delay relay (16). Time delay relay (16) further includes a time delay
feature such that after AC current has been supplied to second terminal (20) of time
delay relay (16) and third terminal (19) of time delay relay (16), AC current is
supplied through first terminal (23) of time delay relay (16) for up to a maximum
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predetermined time. After the maximum predetermined time has lapsed, AC current
ceases at first terminal (23) of time delay relay (16). In an embodiment, the
maximum predetermined time is 16.66 minutes and the designated amount of time
may be adjusted by the user from about 10 seconds to about 1,000 seconds (i.e., 16.66

minutes).

In an embodiment with general reference to the embodiment shown in Figures
2A and 2B, AC current flows from first terminal (23) to first relay coil (25) of first
relay (24) and second relay coil (31) of second relay (30) to energize first relay coil
(25) and second relay coil (31), respectively, for up to a maximum predetermined
time. When first relay coil (25) of first relay (24) and second relay coil (31) of second
relay (30) are energized, first armature (26) and first contact (27) of first relay (24)
close a first circuit (not specifically shown in the embodiments of Figures 2A and 2B)
which includes intake damper motor (8) and exhaust damper motor (13) (which are
wired in parallel as may be seen in Figure 2A). Similarly, when second relay coil (31)
of second relay (30) is energized, a second circuit (likewise not specifically shown in
the embodiments of Figures 2A and 2B) which includes second armature (33) of
second relay (30), second contact (32) of second relay (30), fan motor (10), and an
internal power source in the form of a DC power source (11) (which supplies DC
current to the fan motor (10)) is opened. DC power source (11) may be a separate
battery contained internally within enclosure (2) or cabinet (1) or may be a DC current
source derived from the temperature sensitive equipment's or components' own
auxiliary power supply. In Figures 2A and 2B, DC power source (11) is shown to
have a potential of 48 volts for purposes of illustration. However, those skilled in the
art will note that a variety of voltages may be selected depending upon the voltage
requirements of either fan motor (10) in Figure 2A or fan motor (10) and reset relay
coil (39) of reset relay (38) in Figure 2B, to be discussed in greater detail below. In an
alternate embodiment, the exhaust fan(s) (6) as shown in the embodiments of Figures
2A and 2B is/are electrically-operated from about 120V AC to about 240V AC from
the external power source. In that alternate embodiment with reference to the
embodiments of Figures 2A and 2B, the exhaust fan(s) (6) operate in the event of air
conditioner failure, but not a power failure. In other embodiments exhaust fan(s) (6)

as shown in the embodiments of Figures 2A and 2B may be powered from external
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DC power sources in enclosure (2) which supply the temperature sensitive equipment

or components being cooled as previously mentioned.

In another embodiment with reference to Figures 2A and 2B, thermostat (36)
is able to sense the temperature of the air in enclosure (2), and responds to a
temperature increase over the predetermined temperature by opening any circuit in
which it is connected. In this embodiment, it is connected to first relay coil (25) of
first relay (24) and second relay coil (31) of second relay (30) so as to be able to
supply AC current to first relay coil (25) of first relay (24) and second relay coil (31)
of second relay (30) as a separate current path, independent of the path provided by
the first circuit as described above through first terminal (23) of time delay relay (16).
Thermostat (36) interrupts the flow of AC current to first relay coil (25) and second
relay coil (31) when the predetermined temperature is exceeded as determined by
thermostat (36). When the thermostat (36) is open (i.e., when the temperature is above
the predetermined temperature), no AC current is able to flow through it to first relay
coil (25) of first relay (24) and second relay coil (31) of second relay (30) through
thermostat (36). If no AC current is being supplied at terminal (23) of time delay
relay (16) at that time (because of the passage of up to the maximum predetermined
time as described above), no current reaches second relay coil (31) of second relay
(30). Second contact (32) and second armature (33) of second relay (30) then closes
the second circuit containing fan motor (10) and DC power source (11) and the fan
motor (10) is energized so that exhaust fan(s) (6) start(s). Likewise, no AC current is
supplied to first relay coil (25) of first relay (24) so that first contact (27) and first
armature (26) of first relay (24) open the first circuit which includes intake damper
motor (8) and exhaust damper motor (13). As a result, intake damper motor (8) and
exhaust damper motor (13) are not receiving power, and intake damper (7) and
exhaust damper (12) open. It thus may be seen that the device described herein is able
to respond to a failure of the existing cooling apparatus by opening intake damper (7)
and exhaust damper (12) and starting exhaust fan(s) (6) to cool the temperature

sensitive equipment or components in enclosure (2).

Situation 1: External AC power failure occurs.
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In another embodiment with reference to Figures 2A and 2B, in the event of
an AC power failure, there is no external power at power line (21) and power line
(22). No power is supplied to terminals (19) and (20), of time delay relay (16) and so,
no current is supplied at first terminal (23). Although thermostat (36) may initially be
closed (because the temperature has not yet have increased appreciably), no AC
current flows to first relay coil (25) and second relay coil (31) because there is no
external power being supplied to control circuit (4). No current is available for intake
damper motor (8) and exhaust damper motor (13). The first circuit through first
armature (26) and first contact (27) has opened, but this is irrelevant because of the
absence of AC power from the external power source anywhere in control circuit (4).
Intake damper (7) and exhaust damper (12) then both open due to this absence of AC
power. At the same time, second contact (32) and second armature (33) of second
relay (30) close, because the second relay coil (31) is not receiving AC current. The
second circuit containing second contact (32), second armature (33), an internal
power source in the form of a DC power source (11), and fan motor (10) is then
completed, and exhaust fan(s) (6) start(s), moving cooler atmospheric air through

cabinet (1) and enclosure (2).

Situation 2: External AC power is restored following a failure, and the

temperature of the air inside enclosure (2) is at or below the predetermined

temperature of thermostat (36).

In an embodiment as shown in the embodiments of Figures 2A and 2B, after
AC power has been restored such that AC current is once again present at power line
(21) and power line (22), time delay relay (16) once again supplies AC current to the
first terminal (23) of time delay relay (16) for a designated amount of time as selected
by the user (using a "push-to-break” switch (44) as depicted in an embodiment shown
in Figure 2B) up to a maximum predetermined time. AC current from power line (22)
is able to flow through first terminal (23) to first relay coil (25) and second relay coil
(31) of first relay (24) and second relay (30) respectively. If the temperature of the air
in enclosure (2) is at or below the predetermined temperature of thermostat (36),

thermostat (36) presents an independent path for AC current to flow through
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thermostat (36) to first relay coil (25) and second relay coil (31). First relay coil (25)
and second relay coil (31) remain energized even after time delay relay (16) has
ceased to supply AC current to the first terminal (23) of time delay relay (16) because
of this independent current path through thermostat (36). Because first relay coil (25)
of first relay (24) is energized, AC current is able to flow from power line (22)
through said first circuit, including first armature (26) and first contact (27) to intake
damper motor (8) and exhaust damper motor (13) so that intake damper (7) and
exhaust damper (12) remain closed. Additionally, because second relay coil (31) is
also energized, which causes second armature (33) and second contact (32) to open,
said second circuit is likewise open, and direct current ("DC") current does not flow
through fan motor (10) and an internal power source in the form of a DC power
source (11) such that exhaust fan(s) (6) do/does not operate. In an alternate
embodiment, the exhaust fan(s) (6) is/are electrically-operated from a voltage range
from about 120V AC to about 240V AC. In this alternate embodiment, the exhaust

fan(s) (6) operate in the event of air conditioner failure.

Situation 3A: External AC power is restored after a failure, but the

temperature of the air inside cabinet (2) remains above a predetermined temperature

of thermostat (36).

Situation 3B: The temperature of the air inside enclosure (2) increases to or

over the predetermined temperature of thermostat (36) at any time for any reason.

In yet another embodiment with reference to Figure 2A, when external AC
power is restored, AC current flows through power line (21) and power line (22) to
time delay relay (16). This allows AC current to initially flow from first terminal (23)
of time delay relay (16) to first relay coil (25) and second relay coil (31) of first relay
(24) and second relay (30) respectively. As a result, AC current is able to flow
through first contact (27) and first armature (26) of first relay (24) to intake damper
motor (8) and exhaust damper motor (13) which causes both intake damper (7) and
exhaust damper (12) to close as a result of the existing air conditioning unit having
commenced operation. After the maximum predetermined time, time delay relay (16)
ceases supplying AC current through the first terminal (23) of time delay relay (16) as

described previously, opening said first circuit. If the temperature of the air in the
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enclosure (2) remains above the predetermined temperature of thermostat (36), or if
at any time, for any reason, the temperature of the air inside cabinet (2) increases
above the predetermined temperature of thermostat (36), thermostat (36) remains
open (assuming no previous external power failure stemming from a failure of power
at power line (21) and power line (22)) so that first relay coil (25) of first relay (24)
and second relay coil (31) of second relay (30) are again both deenergized because no
AC current is flowing to first relay coil (25) and second relay coil (31) through either
first terminal (23) of time delay relay (16) or thermostat (36). As a result, intake
damper motor (8) and exhaust damper motor (13) are deenergized and reopen both
intake damper (7) and exhaust damper (12). Furthermore, because second relay coil
(31) of second relay (30) are also deenergized, DC current once again flows from an
internal power source in the form of a DC power source (11) through second armature
(33) and second contact (32) of second relay (30) to fan motor (10), thereby
energizing exhaust fan(s) (6). In this manner, intake damper (7) and exhaust damper
(12) reopen and exhaust fan(s) (6) is/are re-started to assist in reducing the
temperature of the air in enclosure (2). In an alternate embodiment, the exhaust fan(s)
(6) is/are electrically-operated from a voltage range of about 120V AC to about 240V
AC. In an embodiment, the exhaust fan(s) (6) may operate in the event of air
conditioner failure. In another embodiment, the exhaust fan(s) (6) operate to help
cool the air in enclosure (2) containing temperature sensitive components or

equipment.

In an alternate embodiment as shown in the embodiment of Figure 2B, a
control circuit (4) similar to that shown in Figure 2A is further provided with a reset
relay (38) which has reset relay coil (39) which receives power from DC power
source (11). As a result, reset relay coil (39) is normally energized. Reset relay (38)
has reset relay contact (42) and reset relay armature (40) which are electrically
connected in series with power line (22) and second terminal (20) of time delay relay
(16). As a result, second terminal (20) of time delay relay (16) receives power when
reset relay armature (40) and reset relay contact (42) are both closed -- i.c. reset relay

coil (39) of reset relay (38) is energized.

In yet another embodiment with reference to Figure 2B, one may interrupt

power to second terminal (20) of time delay relay (16) to either test the operation of
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control circuit (4) or to "reset", or "restart" the designated amount of time as
determined by the maximum predetermined time during which time delay relay (16)
supplies AC current at the first terminal (23) of time delay relay (16). In particular, a
"push-to-break" switch (44) is connected in series with DC power source (11) such
that when "push-to-break" switch (44) is pushed it interrupts the flow of DC current to
fan motor (10) and reset relay coil (39) of reset relay (38) from DC power source (11).
Because reset relay armature (40) and reset relay contact (42) open when reset relay
coil (39) of reset relay (38) is deenergized, the flow of AC current to second terminal
(20) of time delay relay (16) through reset relay armature (40), reset relay contact
(42), and line (22) is interrupted as well. When the "push-to-break” switch (44) is
released, the process is reversed. Reset relay coil (39) is again energized, closing reset
relay armature (40) and reset relay contact (42). This in turn allows current to again
flow to second terminal (20) of time delay relay (16). Time delay relay (16) then
supplies AC current to the first terminal (23) of time delay relay (16) for the aforesaid
designated amount of time as determined by a maximum predetermined period of
time. In effect, "push-to-break" switch (44) causes time delay relay (16) to treat the
momentary interruption of DC current to reset relay coil (39) as an intermittent power
failure. Stated another way, pushing "push-to-break” switch (44) may increase the
time during which AC current is supplied by way of first terminal (23) to first relay
coil (25) and second relay coil (31).

In another embodiment with reference to Figure 2B, after restoration of
external AC power from an actual power failure, wherein power line (21) and power
line (22) are supplied with power, if "push-to-break" switch (44) is pressed and then
released by a user during a designated amount of time as determined by the user, in
which time delay relay (16) is still supplying AC current to terminal (23), this has the
effect of "restarting”" the maximum predetermined time period for time delay relay
(16). A new time period starts from the perspective of time delay relay (16) (since
time delay relay (16) has been "reset") during which AC current is supplied to first
terminal (23) of time delay relay (16) and thus to first relay coil (25), first relay (24),
second relay coil (31), and second relay (30). Thus, if thermostat (36) is above the

predetermined temperature, intake damper (7) and exhaust damper (12) remain closed
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for an additional period of time as a result of the provision of the AC current and

exhaust fan(s) (6) do not operate during the time period.

In still another embodiment with reference to Figure 2B, "push-to-break”
switch (44) may be located at an alternate position designated by reference numeral
(44A). When "push-to-break” switch (44A) is pushed, it does not interrupt the flow of
DC current to fan motor (10), although it temporarily interrupts the flow of current to

reset relay coil (39) of reset relay (38).

In an alternate embodiment, Figure 3 shows a further alternative configuration
for control circuit (4) in schematic form. The mechanical and electrical components of
this device are contained in cabinet (1), similar to the embodiment shown in Figure
2A. The control circuit (4) and its mechanical and electrical components, as
previously described above in connection with Figure 2A, help cool the enclosure (2)
which houses temperature sensitive components or equipment. Additionally, "push-
to-break" switch (44) as described previously may be located at an alternate position
designated by reference numeral (44A). When "push-to-break” switch (44A) is
pushed, it does not interrupt the flow of DC current to fan motor (10), although it
temporarily interrupts the flow of current to reset relay coil (39) of reset relay (38). In
one embodiment, the apparatus and method described herein may be adopted and
configured as an add-on to existing temperature sensitive components or equipment

enclosures.

As shown in the embodiments of Figures 1A through 1C and Figure 3, cabinet
(1) is connected to enclosure (2) such that air flows between cabinet (1) and enclosure
(2) as controlled by the apparatus described herein. Cabinet (1) is provided with at
least one exhaust fan (6), which is powered by fan motor (10). Within cabinet (1), at
least one exhaust fan (6) is mounted so as to exhaust air from cabinet (1) and
enclosure (2). In contrast with the embodiment as described with Figures 1 and 2, this
embodiment of Figure 3 provides a single damper motor (46) which actuates both
intake damper (7) and exhaust damper (12) by way of first linkage (51) which is
mechanically connected to intake damper (7) and second linkage (52) which is
mechanically connected to exhaust damper (12) as shown in the embodiment of

Figure 4. First linkage (51) and second linkage (52) are shown in the embodiment of
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Figure 4 in their respective relationships with damper motor (46) in the embodiment
of Figure 4, with reference to Figures 1 and 3. Damper motor (46) operates from an
internal power source in the form of a direct current ("DC") supply which may be an
auxiliary DC supply for the temperature sensitive equipment or components.
Although Figure 3 does not show a DC power source designated by reference numeral
(11), those skilled in the art will note that control circuit (4) may be operated from a
DC power source integral with control circuit (4) similar to the one identified by
reference numeral (11) in Figures 2A and 2B, or, in the alternative, control circuit (4)
may be operated from a DC current from an existing DC supply source for the
temperature sensitive equipment or components. As mentioned with regard to Figures
2A and 2B, the voltage supplied by the DC supply in this embodiment may be
selected depending upon the power requirements of fan motor (10), and also the

power requirements of reset relay coil (39A), to be discussed below.

By way of configuration as depicted in the embodiment of Figure 3, third
terminal (49) of damper motor (46) is directly connected to the negative side of the
DC supply, and second terminal (48) of damper motor (46) is connected directly to
the positive side of the DC supply. Both first terminal (47) and third terminal (49) of
damper motor (46) are connected in parallel with the fan motor (10). First terminal
(47) of damper motor (46) is also connected to the positive side of the DC supply
through first armature (26A) and first contact (27A) of first relay (24A). When DC
current is applied to first terminal (47), the damper motor (46), which is bidirectional,
reverses position from its present state. As noted above, the direct current supply may
be the DC supply for the temperature sensitive equipment or components being
cooled, or a separate source such as a battery, as described in the other embodiments

herein.

As shown in an embodiment of Figure 3, first relay coil (25A) of first relay
(24A) is supplied with AC current by way of third terminal (19) of time delay relay
(16) and first terminal (23) of time delay relay (16), in a manner similar to the
embodiment described in Figure 2A. After the designated amount of time as
determined by the maximum predetermined period of time has expired, first relay coil
(25A) of first relay (24A) does not receive AC current from first terminal (23) of time

delay relay (16). However, if the temperature of the air in enclosure (2) is at or below
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the predetermined temperature of thermostat (36), first relay coil (25A) receives AC
current through thermostat (36). As a result, first armature (26A) and first contact
(27A) are opened and no DC current from the DC supply is able to flow to first
terminal (47) of damper motor (46) and fan motor (10). Damper motor (46) closes
intake damper (7) and exhaust damper (12) by way of first linkage (51) and second

linkage (52) respectively as shown with reference to the embodiment of Figure 4.

As further shown in an embodiment of Figures 3 and 4, in the event of a
failure of the external AC power supply or in the event of a temperature increase of
the air within enclosure (2) above the predetermined temperature of thermostat (36)
first relay coil (25A) no longer receives AC power from power line (21) and power
line (22), through either first terminal (23) and third terminal (19) of time delay relay
(16) or thermostat (36). First armature (26A) and first contact (27A) then closes which
then provides a path for DC current from the DC supply to fan motor (10) and damper
motor (46). Exhaust fan (6) starts and damper motor (46) opens intake damper (7) and
exhaust damper (12) by way of first linkage (51) and second linkage (52) respectively

as described with reference to the embodiment of Figure 4.

In an embodiment as shown in Figures 3 and 4, and similar to the embodiment
shown in Figures 2A and 2B, upon the restoration of external AC power after a power
loss, time delay relay (16) initially supplies AC current to first terminal (23) of time
delay relay (16) and, thus, to first relay coil (25A) of first relay (24A) for a maximum

predetermined time if utilizing the "push-to-break" switch (44). After maximum
predetermine time has passed, AC current is no longer supplied to the first relay coil
(25A) of first relay (24A) through first terminal (23), but AC current may still be
supplied to first relay coil (25A) of first relay (24A) through thermostat (36), so long
as the temperature of the air is at or below the predetermined temperature as
monitored by thermostat (36) in which case first relay coil (25A) of first relay (24A)
is energized, drawing first armature (26A) away from first contact (27A) such that DC
power cannot flow to fan motor (10) and first terminal (47) of damper motor (46).

Exhaust fan (6) stops running and damper motor (46) closes intake damper (7) and

exhaust damper (12).
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However, in a further embodiment as shown in Figures 3 and 4, in the event
that the temperature of the air in enclosure (2) remains above the predetermined
temperature of thermostat (36), the contacts of thermostat (36) open, thereby
preventing the flow of AC current to first relay coil (25A) of first relay (24A) through
thermostat (36). At such time as time delay relay (16) has ceased supplying AC
current to the first terminal (23) of time delay relay (16), no AC current flows to first
relay coil (25A) by way of first terminal (23) of time delay relay (16). This causes
first contact (27A) and first armature (26A) of first relay (24A) to again close,
allowing DC current from the DC supply to flow to fan motor (10) and to first
terminal (47) of damper motor (46), thus causing exhaust fan (6) to start and damper

motor (46) to reopen intake damper (7) and exhaust damper (12).

In yet another embodiment as shown in Figure 3, a "push-to-break switch"
(44) momentarily interrupts the supply of DC current from the DC supply to reset
relay coil (39A) of reset relay (38A), when the "push-to-break switch” is pressed and
released by a user, thereby causing reset relay contact (42B) and reset relay armature
(40A) of reset relay (38A) to open, interrupting the flow of AC current to second
terminal (20) of time delay relay (16). This, in turn, interrupts the flow of AC current
to second terminal (20) of time delay relay (16). This has a similar effect as described
in previous embodiments, namely to extend the designated amount of time as selected
by the user for which AC current through the first terminal (23) of time delay relay
(16) is provided to first relay coil (25A). If thermostat (36) is above the predetermined
temperature, intake damper (7) and exhaust damper (12) remain in their respective

closed positions, and fan (10) does not operate.

In still another embodiment with reference to Figure 3, "push-to-break” switch
(44) as previously described above may be located at an alternate position designated
by reference numeral (44A). When "push-to-break” switch (44A) is pushed, it does
not interrupt the flow of DC current to fan motor (10), although it temporarily

interrupts the flow of current to reset relay coil (39) of reset relay (38).



WO 2009/059262 PCT/US2008/082170

10

15

20

25

30

17

CLAIMS

What is claimed is:
1. A cooling apparatus for temperature sensitive components or equipment housed in

an enclosure comprising:

a) a cabinet being in air flow communication with said enclosure such that air may be
directed into said enclosure from said cabinet and exhausted from said enclosure

through said cabinet;

b) intake means secured to said cabinet, said intake means having open and closed
positions such that air from the atmosphere may enter said cabinet when said intake
means is in an open position, said intake means being disposed in said open position

in the absence of power from an external power source;

¢) exhaust means secured to said cabinet, said exhaust means having open and closed
positions such that air may be exhausted into the atmosphere from said cabinet when
said exhaust means is in an open position, said exhaust means being disposed in said

open position in the absence of power from said external power source;

d) a fan and a fan motor for operating said fan, secured in proximity to said exhaust
means such that said fan exhausts air from said enclosure through said cabinet when

said fan is in operation;

¢) an internal power source for said fan motor; and,

f) a control circuit for supplying power from said external power source to said intake
means and said exhaust means for closing said intake means and said exhaust means
and stopping said fan and fan motor if both (1) said external power source has not
failed and (2) the temperature of air in said enclosure is at or below a predetermined
temperature and for opening said intake means and said exhaust means and starting

said fan and fan motor if either (1) said external power source has failed or (2) the
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temperature of the air in said enclosure rises above said predetermined temperature,
said control means reopening said intake means and said exhaust means and starting
said fan after a maximum predetermined time after restoration of said external power
source if the temperature of the air in said enclosure remains above said

predetermined temperature.

2. The cooling apparatus of Claim 1 wherein said intake means comprises at least one
intake damper operated by a corresponding intake damper motor, and said exhaust
means comprises at least one exhaust damper operated by an exhaust damper motor,
wherein each said intake damper motor closes each said intake damper and each said
exhaust damper motor closes each said exhaust damper in the absence of power

received from said external power source through said control circuit.

3. The cooling apparatus of Claim 2 wherein said control circuit comprises a first
relay having a first relay coil, a second relay having a second relay coil, said first
relay coil and said second relay coil being electrically connected so as to be able to
receive power from said external power source through either a time delay relay or a
thermostat connected to said external power source, said thermostat being configured
so as to open when the temperature in said enclosure exceeds said predetermined
temperature and close when said temperature of air is at or below said predetermined
temperature, said time delay relay being able to apply power to each said first relay
coil and second relay coil from said external power source for a maximum
predetermined time, said first relay having a first armature and a first contact which
stops the flow of power to cach said intake damper motor and each said exhaust
damper motor if said first relay coil is not receiving power, said second relay having a
second armature and a second contact which start the flow of power from said internal
power source to said fan motor if said second relay coil is not receiving power from

said external power source.

4. The cooling apparatus of Claim 3 wherein said internal power source is a source of

direct current.

5. The cooling apparatus of Claim 4 wherein said internal power source is a battery.
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6. The cooling apparatus of Claim 3 wherein said control circuit further comprises a

"push-to-break" switch and a reset relay for momentarily interrupting the flow of
external power from said external power source, causing said time delay relay to
restart the time period for said maximum predetermined time that it supplies power to

said first relay coil and said second relay coil.

7. A cooling apparatus for temperature sensitive components or equipment housed in

an enclosure comprising:

a) a cabinet being in air flow communication with said enclosure such that air is
directed into said enclosure from said cabinet and exhausted from said enclosure

through said cabinet;

b) intake means secured to said cabinet, said intake means having open and closed
positions such that air from the atmosphere enters said cabinet when said intake

means is in an open position;

¢) exhaust means secured to said cabinet, said exhaust means having open and closed
positions such that air is exhausted into the atmosphere from said cabinet when said

exhaust means is in an open position;
d) a fan and a fan motor for operating said fan, secured in proximity to said exhaust
means such that said fan exhausts air from said enclosure through said cabinet when

said fan is in operation;

¢) actuating means mechanically linked to said intake means and said exhaust means

for opening and closing said intake means and said exhaust means,

f) an internal power source for said fan motor and said actuating means; and,

g) a control circuit for controlling said actuating means and said fan motor to close

said intake means and exhaust means and for stopping said fan and fan motor if both
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(1) external power source has not failed and (2) the temperature of air in said
enclosure is at or below a predetermined temperature and to open said intake means
and said exhaust means and start said fan and fan motor if either (1) said external
power source has failed or (2) the temperature in said enclosure rises above said
predetermined temperature, said circuit reopening said intake means and said exhaust
means and starting said fan after a maximum predetermined time after restoration of
said external power source if the temperature in said enclosure remains above said

predetermined temperature.

8. The cooling apparatus of Claim 7 wherein said internal power source is direct

current.

9. The cooling apparatus of Claim 8 wherein a damper motor and said fan motor
receive direct current power through a first armature of a first relay and a first contact
of said first relay, wherein said first relay has a first relay coil, said first relay coil
receiving power from said external power source through either a time delay relay or
a thermostat, said time delay relay supplying power from said external power source
for a maximum predetermined period of time, said thermostat supplying power from
said external power source to said first relay coil if said temperature of air in said

enclosure is at or below a predetermined temperature.

10. A cooling apparatus for temperature sensitive components or equipment housed in

an enclosure comprising:

a) a cabinet being in air flow communication with said enclosure such that air is
directed into said enclosure from said cabinet and exhausted from said enclosure

through said cabinet;

b) intake means secured to said cabinet, said intake means having open and closed
positions such that air from the atmosphere enters said cabinet when said intake
means iS in an open position, said intake means opened in the absence of external

power from an external power source;
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¢) exhaust means secured to said cabinet, said exhaust means having open and closed
positions such that air is exhausted into the atmosphere from said cabinet when said
exhaust means is in an open position, said exhaust means opened in the absence of

external power from said external power source;

d) a fan and a fan motor for operating said fan, secured in proximity to said exhaust
means, such that said fan when operating exhausts air from said enclosure through

said cabinet into the atmosphere;

¢) an internal power source for said fan motor; and,

f) a control circuit for supplying power from said external power source to said intake
means and said exhaust means to close each said intake means and each said exhaust
means if the temperature of air in said enclosure is at or below a predetermined
temperature, wherein the flow of said external power to said intake means and said
exhaust means and to operate said fan and fan motor is interrupted if either (1) the
source of external power fails, (2) the temperature in said enclosure rises above said
predetermined temperature, wherein said control circuit interrupts the flow of said
external power to said intake means and said exhaust means and operates said fan
after a maximum predetermined time after restoration of said external power source if
the temperature in said enclosure remains above said predetermined temperature, said
control circuit further comprising a first relay having a first relay coil, a second relay
having a second relay coil, said first and second relay coils being electrically
connected so as to be able to receive power from said external power source through
cither a time delay relay or a thermostat connected to said external power source, said
thermostat being configured so as to open when the temperature of air in said
enclosure exceeds said predetermined temperature and close when said temperature is
at or below said predetermined temperature, said time delay relay being able to apply
power to said first relay coil and said second relay coil from said external power
source for a maximum predetermined period of time, said first relay having a first
armature and a first contact which stops the flow of power to each said intake damper

motor and each said exhaust damper motor if said first relay coil is not receiving
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power, and wherein said second relay has a second armature and a second contact

starts the flow of power from said internal power source to said fan motor.

11. The cooling apparatus of Claim 10 wherein said control circuit further comprises a

"push-to-break" switch and a reset relay for momentarily interrupting the flow of
external power from said source, causing said time delay relay to restart the time
period for said maximum predetermined time that it supplies power to said first relay

coil and said second relay coil.

12. A cooling method for cooling temperature sensitive components or equipment

housed in an enclosure, comprising the steps of:

a) providing a cabinet being in air flow communication with said enclosure such that
air may be directed into said enclosure from said cabinet and exhausted from said

enclosure through said cabinet;

b) providing intake means secured to said cabinet, said intake means having open and
closed positions such that air from the atmosphere may enter said cabinet when said
intake means is in an open position, said intake means being disposed in said open

position in the absence of power from an external power source;

¢) providing exhaust means secured to said cabinet, said exhaust means having open
and closed positions such that air may be exhausted into the atmosphere from said
cabinet when said exhaust means is in an open position, said exhaust means being
disposed in said open position in the absence of power from said external power

source;
d) providing a fan and a fan motor for operating said fan, secured in proximity to said
exhaust means such that said fan exhausts air from said enclosure through said cabinet

when said fan is in operation;

¢) providing an internal power source for said fan motor; and,
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f) providing a control circuit for supplying power from said external power source to
said intake means and exhaust means for closing said intake means and said exhaust
means and stopping said fan and fan motor if both (1) said external power source has
not failed and (2) the temperature of air in said enclosure is at or below a
predetermined temperature and for opening said intake means and said exhaust means
and starting said fan and fan motor if either (1) said external power source has failed
or (2) the temperature of the air in said enclosure rises above said predetermined
temperature, said control means reopening said intake means and said exhaust means
and starting said fan after a maximum predetermined time after restoration of said
external power source if the temperature of the air in said enclosure remains above

said predetermined temperature.

13. The cooling method of Claim 12 wherein said intake means comprises at least one
intake damper operated by a corresponding intake damper motor, and said exhaust
means comprises at least one exhaust damper operated by an exhaust damper motor,
wherein each said intake damper motor closes each said intake damper and each said
exhaust damper motor closes each said exhaust damper in the absence of power

received from said external power source through said control circuit.

14. The cooling method of Claim 13 wherein said control circuit comprises a first
relay having a first relay coil, a second relay having a second relay coil, said first
relay coil and said second relay coil being electrically connected so as to be able to
receive power from said external power source through either a time delay relay or a
thermostat connected to said external power source, said thermostat being configured
so as to open when the temperature in said enclosure exceeds said predetermined
temperature and close when said temperature of air is at or below said predetermined
temperature, said time delay relay being able to apply power to each said first relay
coil and second relay coil from said external power source for a maximum
predetermined time, said first relay having a first armature and a first contact which
stops the flow of power to cach said intake damper motor and each said exhaust
damper motor if said first relay coil is not receiving power, said second relay having a

second armature and a second contact which start the flow of power from said internal
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power source to said fan motor if said second relay coil is not receiving power from

said external power source.

15. The cooling method of Claim 14 wherein said internal power source is a source of

direct current.

16. The cooling method of Claim 15 wherein said internal power source is a battery.

17. The cooling method of Claim 14 wherein said control circuit further comprises a

"push-to-break" switch and a reset relay for momentarily interrupting the flow of
external power from said external power source, causing said time delay relay to
restart the time period for said maximum predetermined time that it supplies power to

said first relay coil and said second relay coil.

18. A cooling method for cooling temperature sensitive components or equipment

housed in an enclosure, comprising the steps of:

a) providing a cabinet being in air flow communication with said enclosure such that
air is directed into said enclosure from said cabinet and exhausted from said enclosure

through said cabinet;

b) providing intake means secured to said cabinet, said intake means having open and
closed positions such that air from the atmosphere enters said cabinet when said

intake means is in an open position;

¢) providing exhaust means secured to said cabinet, said exhaust means having open
and closed positions such that air is exhausted into the atmosphere from said cabinet

when said exhaust means is in an open position;

d) providing a fan and a fan motor for operating said fan, secured in proximity to said
exhaust means such that said fan exhausts air from said enclosure through said cabinet

when said fan is in operation;
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¢) providing actuating means mechanically linked to said intake means and said

exhaust means for opening and closing said intake means and said exhaust means,

f) providing an internal power source for said fan motor and said actuating means;

and,

g) providing a control circuit for controlling said actuating means and said fan motor
to close said intake means and said exhaust means and stopping said fan and fan
motor if both (1) external power source has not failed and (2) the temperature of air in
said enclosure is at or below a predetermined temperature and to open said intake
means and said exhaust means and start said fan and fan motor if either (1) said
external power source has failed or (2) the temperature in said enclosure rises above
said predetermined temperature, said circuit reopening said intake means and said
exhaust means and starting said fan after a maximum predetermined time after
restoration of said external power source if the temperature in said enclosure remains

above said predetermined temperature.

19. The cooling method of Claim 18 wherein said internal power source is direct

current.

20. The cooling method of Claim 19 wherein a damper motor and said fan motor
receive direct current power through a first armature of a first relay and a first contact
of said first relay, wherein said first relay has a first relay coil, said first relay coil
being able to receive power from said external power source through either a time
delay relay or a thermostat, said time delay relay supplying power from said external
power source for a maximum predetermined period of time, said thermostat supplying
power from said external power source to said first relay coil if said temperature of air

in said enclosure is at or below a predetermined temperature.

21. A cooling method for temperature sensitive components or equipment housed in

an enclosure comprising:



WO 2009/059262 PCT/US2008/082170

10

15

20

25

30

26

a) providing a cabinet being in air flow communication with said enclosure such that
air is directed into said enclosure from said cabinet and exhausted from said enclosure

through said cabinet;

b) providing intake means secured to said cabinet, said intake means having open and
closed positions such that air from the atmosphere enters said cabinet when said
intake means is in an open position, said intake means opened in the absence of

external power from an external power source;

¢) providing exhaust means secured to said cabinet, said exhaust means having open
and closed positions such that air is exhausted into the atmosphere from said cabinet
when said exhaust means is in an open position, said exhaust means opened in the

absence of external power from said external power source;

d) providing a fan and a fan motor for operating said fan, secured in proximity to said
exhaust means, such that said fan when operating exhausts air from said enclosure

through said cabinet into the atmosphere;

¢) providing an internal power source for said fan motor; and,

f) providing a control circuit for supplying power from said external power source to
said intake means and said exhaust means to close cach said intake means and each
said exhaust means if the temperature of air in said enclosure is at or below a
predetermined temperature, wherein the flow of said external power to said intake
means and said exhaust means and to operate said fan and fan motor is interrupted if
either (1) the source of external power fails, (2) the temperature in said enclosure rises
above said predetermined temperature, wherein said control circuit interrupts the flow
of said external power to said intake means and said exhaust means and operates said
fan after a maximum predetermined time after restoration of said external power
source if the temperature in said enclosure remains above said predetermined
temperature, said control circuit further comprising a first relay having a first relay
coil, a second relay having a second relay coil, said first and second relay coils being

electrically connected so as to be able to receive power from said external power
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source through either a time delay relay or a thermostat connected to said external
power source, said thermostat being configured so as to open when the temperature of
air in said enclosure exceeds said predetermined temperature and close when said
temperature is at or below said predetermined temperature, said time delay relay
being able to apply power to said first relay coil and said second relay coil from said
external power source for a maximum predetermined period of time, said first relay
having a first armature and a first contact which stops the flow of power to each said
intake damper motor and each said exhaust damper motor if said first relay coil is not
receiving power, and whereby said second relay having a second armature and a
second contact starts the flow of power from said internal power source to said fan

motor.

22. The cooling method of Claim 21 wherein said control circuit further comprising
the step of providing a "push-to-break" switch and a reset relay for momentarily
interrupting the flow of external power from said source, causing said time delay relay
to restart the time period for said maximum predetermined time that it supplies power

to said first relay coil and said second relay coil.
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