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(57) ABSTRACT

A cooling controlling apparatus that cools an electronic appa-
ratus includes a cooling fan that discharges air in an inside of
the electronic apparatus to an outside of the electronic appa-
ratus; an intake air temperature detector that detects a tem-
perature of air taken into the electronic apparatus by the
cooling fan; a part temperature detector that detects a tem-
perature of an electronic part arranged inside the electronic
apparatus; and a fan controller that controls a rotation number
of the cooling fan based on the detected temperature of the
electronic part and the detected intake air temperature.
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COOLING CONTROLLING APPARATUS,
ELECTRONIC APPARATUS, AND COOLING
CONTROLLING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2010-
010167, filed on Jan. 20, 2010, the entire contents of which
are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are directed to a
cooling controlling apparatus, an electronic apparatus, and a
cooling controlling method.

BACKGROUND

[0003] Conventionally, a temperature of a heat generating
device such as a central processing unit (CPU) mounted on a
motherboard is monitored by a control unit and the number of
rotation of a device-specific fan or a cooling fan which cools
an entire system is controlled so that the temperature of the
device is adjusted at a target temperature in a personal com-
puter and the like.

[0004] FIG. 8A is a perspective view of an example of a
configuration of a conventional personal computer and FIG.
8B is a block diagram of the configuration of the personal
computer illustrated in FIG. 8A. As illustrated in FIGS. 8A
and 8B, a CPU-specific heatsink to which a fan is attached is
adhered to a CPU which is a heat generating part mounted on
a system board in this personal computer. In the fan-attached
heatsink, a temperature sensor dedicated to the CPU is pro-
vided. Besides, a cooling fan for discharging, while taking in
air in an outside of the housing, air in an inside of the housing
is provided in a housing of the personal computer.

[0005] Then, a temperature monitor/fan controller selects a
most suitable cooling measure to make a noise level appro-
priate by causing the temperature sensor to detect the tem-
perature of the CPU and controlling the number of rotation of
the fan-attached heatsink and the number of rotation of the
cooling fan so that the temperature of the CPU is equal to or
less than the target temperature. Specifically, the temperature
monitor/fan controller increases the number of rotation of the
fan-attached heatsink and the number of rotation of the cool-
ing fan when the temperature of the CPU goes up and
decreases the number of rotation of the fan-attached heatsink
and the number of rotation of the cooling fan when the tem-
perature of the CPU goes down as illustrated in FIG. 8C. By
this, the temperature of the CPU is controlled to be within a
set range for the target temperature. In this manner, the per-
sonal computer is configured to directly control and cool the
CPU which is a heat generating parts by the fan-attached
heatsink.

[0006] In contrast, a server installation as an information
processing apparatus in which a lot of heat generating parts
are mounted on a circuit board in high density is not provided
with a fan-attached heatsink directly on a heat generating
parts but usually configured to perform a cooling depending
on a cooling fan provided in a housing.

[0007] FIG. 9A is a perspective view illustrating an
example of a configuration of a conventional server installa-
tionand FIG. 9B is ablock diagram of the configuration of the
server installation illustrated in FIG. 9A. As illustrated in
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FIGS. 9A and 9B, the server installation is provided with two
cooling fans in parallel for avoiding an operation stop due to
a failure of a cooling fan. These cooling fans are provided at
positions fronting onto an outside of the installation to make
an exchange of the cooling fans easy.

[0008] In the server installation, however, the fan-attached
heatsink adopted in a personal computer is not adopted. This
is because the adhesion of the fan-attached heatsink to each of
the numerous heat generating parts mounted on the circuit
board in high density is not practical from a standpoint of
space, control, and electric power consumption.

[0009] Therefore, the number of rotation of a cooling fan is
controlled depending on a temperature of air taken in the
inside of the housing in the server installation. For example,
the number of rotation of the cooling fan is controlled to be
“LOW SPEED” when the temperature of intake air is less
than L1 [° C.] as illustrated in F1G. 9C. When the temperature
of' the intake is equal to or more than the .1 [° C.] and is less
than L2 [° C.], the number of rotation of the cooling fan is
controlled to be “MIDDLE SPEED”. When the temperature
of the intake air is equal to or more than the [.2 [° C.] and is
less than L3 [° C.], the number of rotation of the cooling fan
is controlled to be “HIGH SPEED”. Besides, when the tem-
perature of the intake air becomes more than control range
degree C., the installation itself'is stopped to avoid a runaway
effect of the server installation. More detailed information
can be obtained in Japanese Laid-open Patent Publication No.
2001-42952, Japanese Laid-open Patent Publication No.
2007-60835, and Japanese Patent No. 4157550.

[0010] However, since the number of rotation of the cool-
ing fan is controlled depending only on the temperature of the
intake air into the housing in the conventional server instal-
lation as described above, the number of rotation of the cool-
ing fan is constant at any time when the temperature of the
intake air does not change. Therefore, the number of rotation
of the cooling fan needs to be set on the assumption of a
situation of each heat generating part operating at its maxi-
mum so that a temperature of each heat generating part will
not exceed a limit value, thereby inevitably resulting in an
excessive cooling as the matter stands now.

[0011] The excessive cooling performed on the assumption
of'the maximum operation despite no increase in temperature
of'each heat generating part in this manner causes problems of
an increase in an electric power consumption and a noise both
associated with the rotation of the cooling fan.

[0012] Because of the problems described above, there has
been a challenge in how to realize an electric power saving
and a noise reduction in cooling heat generating parts in a
server installation. Here, the challenge lies not only in an
information processing apparatus such as a server installation
but also similarly in various types of electronic apparatuses
which cool a plurality of heat generating parts by using a
cooling device.

SUMMARY

[0013] According to an aspect of an embodiment of the
invention, a cooling controlling apparatus that cools an elec-
tronic apparatus includes a cooling fan that discharges air in
an inside of the electronic apparatus to an outside of the
electronic apparatus; an intake air temperature detector that
detects a temperature of air taken into the electronic apparatus
by the cooling fan; a part temperature detector that detects a
temperature of an electronic part arranged inside the elec-
tronic apparatus; and a fan controller that controls a rotation
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number of the cooling fan based on the detected temperature
of'the electronic part and the detected intake air temperature.
[0014] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

[0015] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1A is ablock diagram of a configuration of an
electronic apparatus according to a first embodiment;

[0017] FIG.1Bis aperspective view of the configuration of
the electronic apparatus according to the first embodiment;
[0018] FIG. 2 is a block diagram of a configuration of a
server installation according to a second embodiment;
[0019] FIG. 3A illustrates threshold values for intake air
temperature according to the second embodiment;

[0020] FIG. 3B illustrates threshold values for part tem-
perature according to the second embodiment;

[0021] FIG. 4A is a flowchart of a procedure of a cooling
fan controlling process (mode 1) according to the second
embodiment;

[0022] FIG. 4B is a flowchart of a procedure of a cooling
fan controlling process (mode 2) according to the second
embodiment;

[0023] FIG. 5 illustrates a temporal change of a control of
the number of fan rotation depending on an intake air tem-
perature and a device temperature by the cooling fan control-
ling process according to the second embodiment;

[0024] FIG. 6 is a flowchart of a procedure of a cooling fan
controlling process (mode 2) according to a third embodi-
ment;

[0025] FIG. 7 illustrates minimum number of fan rotation
depending on an intake air temperature according to the third
embodiment;

[0026] FIG. 8A is a perspective view of an example of a
configuration of a conventional personal computer;

[0027] FIG. 8B is a block diagram of the configuration of
the conventional personal computer;

[0028] FIG. 8C illustrates a temporal change of a control of
the number of fan rotation depending on a CPU temperature
in the conventional personal computer;

[0029] FIG. 9A is a perspective view of an example of a
configuration of a conventional server installation;

[0030] FIG. 9B is a block diagram of the configuration of
the conventional server installation; and

[0031] FIG.9C illustrates a temporal change of a control of
the number of fan rotation in the conventional server instal-
lation.

DESCRIPTION OF EMBODIMENTS

[0032] Preferred embodiments of the present invention will
be explained in detail below with reference to accompanying
drawings. Here, while a server installation is taken as an
example of an electronic apparatus to be illustrated in
embodiments below, a communication device such as a
switching mechanism, a router, and a local area network
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switch may substitute. In other words, the disclosed tech-
nique will not be limit to the embodiments to be described
below.

[a] First Embodiment

[0033] FIG. 1A is a block diagram of a configuration of an
electronic apparatus according to a first embodiment. FIG. 1B
is a perspective view of the configuration of the electronic
apparatus according to the first embodiment. An electronic
apparatus 50qa according to the first embodiment is provided
with, in an inside of a housing 51 having a cubic shape for
example, a circuit board 10, a temperature monitor/cooling
controller 15, a cooling device controller 16, and cooling fans
544-1 and 54a-2 as illustrated in FIG. 1B. On the circuit board
10, electronic parts 11a, 115, and 11¢ are mounted.

[0034] Here, the circuit board is, for example, a system
board or a motherboard. The electronic parts 11a to 11c¢ are
semiconductor elements which generate heat according to
operations. However, the electronic parts 11a to 11c¢ are not
limited to semiconductor elements and may be electronic
devices which generate heat according to an operation, for
example, a storage device having a storage medium. Besides,
the electronic parts 11a to 11¢ may be heat radiating parts
such as a heatsink and a heat pipe which facilitate a radiation
of heat of an electronic part or an electronic device which
generate heat according to an operation.

[0035] A cooling device provided in the electronic appara-
tus 50q is not limited to the two cooling fans 54a-1 and 54a-2.
Besides, the electronic parts mounted on the circuit board 10
provided in the electronic apparatus 50q are not limited to the
three electronic parts 11a, 115, and 11c¢ and the number of
parts can be arbitrarily set as long as the number is plural.
[0036] Asillustrated in FIG. 1B, the housing 51 is provided
with a front plate 52 and a back plate 53 facing the front plate
52. In the front plate 52, an air intake surface is provided. In
the back plate 53, an air discharge surface is provided.
[0037] The cooling fans 54a-1 and 54a-2 are arranged in a
manner of fronting onto the back plate 53 in the inside of the
housing 51. The cooling fans 54a-1 and 54a-2 are axial flow
fans having a blade part, for example. Through a rotation of
the blade part of the cooling fans 54a-1 and 54a-2, cooling air
is taken in the inside of the housing 51 from the air intake
surface of the front plate 52.

[0038] Here, the cooling fans 54a-1 and 54a-2 are not lim-
ited to axial flow fans and may be any fans such as an air
blower and a diagonal flow fan which allow taking in and
discharging cooling air by bias in a proper direction in the
housing 51 of the electronic apparatus 50a.

[0039] Cooling air taken in the inside of the housing 51
cools the electronic parts 11a to 11¢ mounted on the circuit
board 10 via flow paths A and B. The cooling air in the flow
path A mainly cools the electronic parts 11a and 115. The
cooling air in the flow path B mainly cools the electronic part
11c.

[0040] The cooling air which has cooled the electronic
parts 11a to 11c¢ is discharged to an outside of the housing 51
by the cooling fans 54a-1 and 54a-2 via the air discharge
surface provided in the back plate 53. Especially, the cooling
air in the flow path A is discharged by the cooling fan 544-1to
the outside of the housing 51 via the air discharge surface
provided in the back plate 53. Besides, the cooling air in the
flow path B is discharged by the cooling fan 544-2 to the
outside of the housing 51 via the air discharge surface pro-
vided in the back plate 53.
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[0041] As illustrated in FIG. 1A, the electronic apparatus
50a is provided with the circuit board 10, an intake air tem-
perature detector 13, the temperature monitor/cooling con-
troller 15, the cooling device controller 16, and the cooling
fans 544-1 and 54a-2.

[0042] In the circuit board 10, a part temperature detector
12a adjacent to the electronic part 11a mounted on the circuit
board 10 is arranged. The part temperature detector 12a is a
temperature sensor such as a thermistor and a semiconductor
temperature sensor which detects a temperature of the elec-
tronic part 11a. Similarly, part temperature detectors 126 and
12¢ respectively adjacent to the electronic parts 115 and 11¢
are arranged. The part temperature detectors 125 and 12¢ are
temperature sensors which detect temperatures of the elec-
tronic parts 116 and 11c, respectively.

[0043] The part temperature detectors 12a to 12¢ are pret-
erably arranged at leeward sides of the electronic parts 11a to
11¢ in the flow path A or the flow path B of the cooling air,
respectively. This arrangement of each electronic part allows
measuring a temperature of each electronic part after cooling
by cooling air more precisely.

[0044] The intake air temperature detector 13 is arranged
between the front plate 52 of the housing 51 and the circuit
board 10. Then, the intake air temperature detector 13 detects
atemperature of intake air of the cooling air taken in the inside
of the housing 51 via the intake air surface of the front plate
52.

[0045] The part temperature detectors 12a to 12¢ and the
intake air temperature detector 13 are connected to the tem-
perature monitor/cooling controller 15 via an interface 14
such as an inter integrated-circuit interface (I2C I/F). The part
temperature detectors 12a to 12¢ notify detected tempera-
tures of the electronic parts respectively to the temperature
monitor/cooling controller 15. Besides, the intake air tem-
perature detector 13 notifies a detected intake air temperature
to the temperature monitor/cooling controller 15.

[0046] The temperature monitor/cooling controller 15 is
provided with a threshold value storing unit 154 and a con-
troller 156. The temperature monitor/cooling controller 15
includes a semiconductor storage device such as a read-only
memory (ROM) and a semiconductor processing device such
as a micro processing unit (MPU). The threshold value stor-
ing unit 15a is realized by the ROM and the controller 156 is
realized by the MPU, for example.

[0047] The threshold value storing unit 15a stores an intake
air temperature threshold value 154-1 and a part temperature
threshold value 15a-2. The intake air temperature threshold
value 15a-1 includes threshold values for determining “high”
or “low” of the intake air temperature of the cooling air
detected by the intake air temperature detector 13. The intake
air temperature threshold value 154-1 includes three thresh-
old values: a “threshold value 1”’; a “threshold value 2” which
is more than the “threshold value 1”’; and a “threshold value 3”
which is more than the “threshold value 27, for example.
[0048] Besides, the part temperature threshold value 15a-2
includes, for each electronic part, threshold values for deter-
mining “high” or “low” of the temperature of each of the
electronic parts 11a to 11c respectively detected by the part
temperature detector 12a to 12¢. The part temperature thresh-
old value 154-2 includes, for each electronic part, four thresh-
old values: a “threshold value 1”’; a “threshold value 2” which
is more than the “threshold value 1”; a “threshold value 3”
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which is more than the “threshold value 2”; and a “threshold
value 4” which is more than the “threshold value 3”, for
example.

[0049] Here, the number of threshold values included in the
intake air temperature threshold value 15a-1 is not limited to
three. In addition, the number of threshold values included in
the part temperature threshold value 154-2 is not limited to
four and any plural number may be adopted.

[0050] The controller 1556 compares the intake air tempera-
ture of the cooling air detected by the intake air temperature
detector 13 to the intake air temperature threshold value 15a-
1. The controller 155 then determines the number of rotation
of the cooling fans 54a-1 and 54a-2 depending on a result of
the comparison.

[0051] For example, when the intake air temperature of the
cooling air is equal to or less than the “threshold value 1” of
the intake air temperature threshold value 154-1, the control-
ler 155 determines the number of rotation of the cooling fans
54a-1 and 54a-2 to be “l1 rotation per minute (RPM)”.
Besides, when the intake air temperature of the cooling air is
more than the “threshold value 1 and equal to or less than the
“threshold value 2” of the intake air temperature threshold
value 15a-1, the controller 155 determines the number of
rotation of the cooling fans 54a-1 and 54a-2 to be “RN2
[RPM]”. Besides, when the intake air temperature of the
cooling air is more than the “threshold value 2 and equal to
or less than the “threshold value 3” of the intake air tempera-
ture threshold value 15a-1, the controller 155 determines the
number of rotation of the cooling fans 54a-1 and 54a-2 to be
“RN3 [RPM]”. Here, the numbers of rotation “RN1 [RPM]”,
“RN2 [RPM]”, and “RN3 [RPM]” have a relation satisfying
“RN1 [RPM]”<“RN2 [RPM]”<“RN3 [RPM]".

[0052] Since a speed of the cooling air is constant when the
number of fan rotation is constant, a higher intake air tem-
perature of the cooling air reduces a cooling efficiency of
electronic parts by the cooling air. However, the reduction of
the cooling efficiency of the electronic parts can be sup-
pressed by determining the number of rotation of the cooling
fans 54a-1 and 54a-2 to be large and increasing the speed of
the cooling air when the intake air temperature of the cooling
air is high.

[0053] After determining the number of rotation of the
cooling fans 54a-1 and 54a-2, the controller 155 then per-
forms, after a waiting time period AT, a “determination for
starting increase/decrease control” of the number of rotation
of'the cooling fans 54a-1 and 54a-2. The “determination for
starting increase/decrease control” will be explained later.

[0054] When the intake air temperature of the cooling air is
more than the “threshold value 3” of the intake air tempera-
ture threshold value 15a-1, the controller 155 notifies an
“abnormality warning on intake air temperature” to a control-
ling device which, not illustrated, controls entire operations
of'the electronic apparatus 50a. The controlling device which,
not illustrated, controls entire operations of the electronic
apparatus 50q, for example, stops the operations of the elec-
tronic apparatus 50a itself when the “abnormality warning on
intake air temperature” is notified.

[0055] The controller 156 compares the temperature of
each of the electronic parts 11a to 11c¢ respectively detected
by the part temperature detectors 12a to 12¢ to the part tem-
perature threshold value 15a-2 provided for each electronic
part. The controller 155 then controls to increase/decrease the
number of rotation of the cooling fans 54a-1 and 54a-2 from
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the number of rotation “r” [RPM] determined by the control-
ler 155 by a “predetermined variation unit”.

[0056] Here, the “predetermined variation unit” is a per-
centage with respect to maximum number of rotation of the
cooling fans 54a-1 and 54a-2, for example. In other words,
the controller 155 decreases the number of rotation of the
cooling fans 54a-1 and 54a-2 determined by the controller
155 by o [%] or increases the number of rotation by f§ [%].
Here, the values c. and 3 are not limited to the percentage and
may be the number of rotation.

[0057] The controller 155 starts increasing/decreasing con-
trol of the number of rotation of the cooling fans 54a-1 and
54a-2 when the temperature of each of all the electronic parts
11a to 11c is equal to or less than the “threshold value 17 of
the part temperature threshold value 15a-2 provided for each
electronic part. The determination of whether or not the tem-
perature of each of all the electronic parts 11a to 11¢ is equal
to or less than the “threshold value 1” of the part temperature
threshold value 154-2 provided for each electronic part is the
“determination for starting increase/decrease control”.

[0058] When each part temperature is more than the
“threshold value 1” and equal to or less than the “threshold
value 2” of the part temperature threshold value 15a-2 pro-
vided for each electronic part, the controller 155 decreases the
number of rotation of the cooling fans 54a-1 and 54a-2 by a
[%]. Besides, when each part temperature is more than the
“threshold value 2” and equal to or less than the “threshold
value 3” of the part temperature threshold value 15a-2 pro-
vided for each electronic part, the controller 155 does not
increase/decrease the number of rotation of the cooling fans
54a-1 and 54a-2. Besides, when each part temperature is
more than the “threshold value 3” and equal to or less than the
“threshold value 4 of the part temperature threshold value
15a-2 provided for each electronic part, the controller 155
increases the number of rotation of the cooling fans 54a-1 and
54a-2 by p[%]. The control explained above is a “control of
increasing/decreasing the number of fan rotation”.

[0059] After increasing/decreasing the number of rotation
of'the cooling fans 54a-1 and 54a-2, the controller 155 again
repeats the control of increasing/decreasing the number of
rotation of cooling devices 54a and 545 after a waiting time
period At.

[0060] Here, the values o and 3 described above may sat-
isfy a relation expressed by a<p. In fact, an increase in tem-
perature of an electronic part directly leads to a stop of the
electronic apparatus 50q itself. For this reason, a wide range
for the increase of the number of rotation of the cooling fans
54a-1 and 54a-2 is set, so that an electronic part can be cooled
at high speed. An excessive cooling of an electronic part,
though having a problem in noise and excessive electric
power consumption associated with the rotation of the cool-
ing device, does not cause a stop of the electronic apparatus
50a itself. Therefore, the variation unit for the number of fan
rotation is set as a<fj, so that a continuity of the operation of
the electronic apparatus 50a can further be enhanced.

[0061] In addition, the waiting time period At described
above may be a very short time interval compared with the
waiting time period AT. For example, the waiting time period
At may be one minute when the waiting time period AT is
thirty minutes. The waiting time period At is set to be a very
short time interval compared with the waiting time period AT
in this manner, so that the “increase/decrease control” of the
number of fan rotation can be performed carefully in response
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to the temperature of an electronic part which momentarily
changes depending on operating conditions.

[0062] The controller 155 notifies the determined number
ofrotation of the cooling fans 54a-1 and 54a-2, r [RPM] to the
cooling device controller 16. Besides, the controller 155 noti-
fies the number of fan rotation r1 [RPM] which is obtained by
decreasing the number of fan rotation r [RPM] by o [%] and
the number of fan rotation r2 [RPM] which is obtained by
increasing the number of fan rotation r [RPM] by f [%] to the
cooling device controller 16.

[0063] The cooling device controller 16 selects and pro-
vides to the cooling fans 54a-1 and 544-2 a control pulse
according to the number of fan rotation r [RPM], the number
of fan rotation r1 [RPM], or the number of fan rotation r2
[RPM] notified by the controller 1556 or the controller 155.
The cooling fans 54a-1 and 54a-2 rotate blade parts according
to the control pulse provided by the cooling device controller
16.

[0064] As described above, the number of rotation of the
cooling fans 54a-1 and 54a-2, r [RPM] determined based on
the intake air temperature is further increased/decreased
according to a temperature of each electronic part in the first
embodiment. Therefore, the number of fan rotation can be
controlled carefully without reducing the cooling efficiency.
Besides, a noise of a fan rotation of a cooling device and an
excessive electric power consumption caused by an excessive
cooling of an electronic part can be avoided appropriately. In
addition, a stop of the electronic apparatus 50a for preventing
a runaway effect of an electronic part due to insufficiency in
cooling can be avoided appropriately.

[b] Second Embodiment

[0065] FIG. 2 is a block diagram of a configuration of a
server installation according to a second embodiment. In the
second embodiment, only a different part from the first
embodiment will be explained and an explanation for the
same configuration will be omitted. As illustrated in FIG. 2, a
server installation 505 according to the second embodiment is
provided with, in an inside of a housing 515, a system board
20, an intake air temperature sensor 23, a temperature moni-
tor/cooling controller 25, a fan controlling device 26, and
cooling fans 545-1 and 545-2.

[0066] The cooling fans 545-1 and 54b-2 are arranged in a
manner of fronting onto a back plate 535 in the inside of the
housing 515. The cooling fans 545-1 and 545-2 are axial flow
fans having a blade part, for example. Through a rotation of
the blade part of the cooling fans 545-1 and 545-2, cooling air
is taken in the inside of the housing 51 from an air intake
surface of a front plate 524.

[0067] Cooling air taken in the inside of the housing 515
cools devices 21a to 21¢ mounted on the system board 20 and
is then discharged by the cooling fans 545-1 and 545-2 to an
outside of the housing 515 via an air discharge surface of the
back plate 535.

[0068] In the system board 20, a temperature sensor 22a
adjacent to the device 21a mounted on the system board 20 is
arranged. Here, the “device” represents an electronic part
such as a semiconductor element which generates heat
according to an operation or a heat generating part which
generates heat. The temperature sensor 22q is a temperature
sensor such as a thermistor and a semiconductor temperature
sensor which detects a temperature of the device 21a. Simi-
larly, temperature sensors 226 and 22c¢ respectively adjacent
to the devices 215 and 21c¢ are arranged. The temperature

DELL - Exhibit 1005 - Page 19



US 2011/0176275 Al

sensors 22b and 22¢ are temperature sensors which detect the
temperatures of the devices 215 and 21c¢, respectively.
[0069] The temperature sensors 22a to 22¢ are preferably
arranged at leeward sides of the devices 21a to 21¢ in a flow
path of cooling air, respectively. This arrangement allows
measuring a temperature of each device after cooling by
cooling air more precisely.

[0070] The intake air temperature sensor 23 is arranged
between the front plate 525 of the housing 515 and the system
board 20. Then, the intake air temperature sensor 23 detects
the temperature of intake air of the cooling air taken in the
inside of the housing 515 via the intake air surface of the front
plate 5264.

[0071] The temperature sensors 22a to 22¢ and the intake
air temperature sensor 23 are connected to the temperature
monitor/cooling controller 25 via an inter integrated-circuit
interface (12C I/F) 24. The temperature sensors 22a to 22¢
notify detected temperatures of the devices respectively to the
temperature monitor/cooling controller 25. Besides, the
intake air temperature sensor 23 notifies a detected intake air
temperature to the temperature monitor/cooling controller
25.

[0072] The temperature monitor/cooling controller 25 is
provided with a threshold value storing unit 25q, a fan opera-
tion amount determining unit 255, and a fan operation amount
increasing/decreasing unit 25¢. The threshold value storing
unit 25a stores an intake air temperature threshold value
25a-1 and a part temperature threshold value 25q¢-2. The
intake air temperature threshold value 25a-1 includes “25°
C” as a “threshold value 17, “30° C.” as a “threshold value 27,
and “35° C.”’ as a “threshold value 3” as illustrated in FIG. 3A.
FIG. 3 A illustrates threshold values for intake air temperature
according to the second embodiment. The values of the
“threshold value 17, the “threshold value 2”, and the “thresh-
old value 3” have a relation satisfying “threshold value
17<“threshold value 2”<*threshold value 3”. The values of
the “threshold value 17, the “threshold value 2”, and the
“threshold value 3 are set in advance according to heat-
generation characteristics of an entirety of the server instal-
lation 505. Here, specific numerals for the “threshold value
17, the “threshold value 27, and the “threshold value 3” illus-
trated in FIG. 3 A are provided only as one example.

[0073] As illustrated in FIG. 3B, the part temperature
threshold value 25a-2 includes, for each device, a “threshold
value 17, a “threshold value 27, a “threshold value 37, and a
“threshold value 4”. FIG. 3B illustrates threshold values for
part temperature according to the second embodiment. As
illustrated in FIG. 3B, the part temperature threshold value of
the device 21a includes “30° C.” as the “threshold value 17,
“55° C? as the “threshold value 2, “70° C.” as the “threshold
value 3, and “80° C.” as the “threshold value 4”.

[0074] Similarly, the part temperature threshold value of
the device 215 includes “30° C.” as the “threshold value 17,
“55° C. as the “threshold value 2, ““75° C.” as the “threshold
value 3”, and “85° C.” as the “threshold value 4”. Besides, the
part temperature threshold value of the device 21¢ includes
“20° C.” as the “threshold value 17, “50° C.” as the “threshold
value 2”7, “65° C.” as the “threshold value 37, and “85° C.” as
the “threshold value 4”.

[0075] The values ofthe “threshold value 17, the “threshold
value 27, the “threshold value 3”, and the “threshold value 4”
have a relation satisfying “threshold value 1”<“threshold
value 2”<“threshold value 3”<“threshold value 4”. The val-
ues of the “threshold value 17, the “threshold value 2, the
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“threshold value 3”, and the “threshold value 4” are set in
advance according to heat-generation characteristics of each
device. Here, specific numerals for the “threshold value 17,
the “threshold value 27, the “threshold value 3”, and the
“threshold value 4” illustrated in FIG. 3B for each device are
provided only as one example.

[0076] The fan operation amount determining unit 255
compares an intake air temperature of the cooling air detected
by the intake air temperature sensor 23 to the intake air
temperature threshold value 254-1. The fan operation amount
determining unit 255 then determines the number of rotation
of'the cooling fans 545-1 and 545-2 depending on a result of
the comparison.

[0077] For example, when the intake air temperature of the
cooling air is equal to or less than the “threshold value 17
(“25° C”’) of the intake air temperature threshold value 25a-1,
the fan operation amount determining unit 255 determines the
number of rotation of the cooling fans 545-1 and 545-2 “r” to
be “2000 [RPM]”. When the intake air temperature of the
cooling air is more than the “threshold value 1”” (“25° C.”) and
equal to or less than the “threshold value 2” (“30° C.”) of the
intake air temperature threshold value 25a-1, the fan opera-
tion amount determining unit 256 determines the number of
rotation of the cooling fans 545-1 and 545-2 “r” to be “3000
[RPM]”. When the intake air temperature of the cooling air is
more than the “threshold value 2” (“30° C.”) and equal to or
less than the “threshold value 3” (“35° C’) of the intake air
temperature threshold value 25a-1, the fan operation amount
determining unit 255 determines the number of rotation of the
cooling fans 545-1 and 54b-2 “r” to be “4000 [RPM]”. It
should be noted that the specific numeral for the number of
rotation “r” to be determined depending on the “threshold
value 17, the “threshold value 2”, and the “threshold value 3”
of the intake air temperature threshold value 25q-1 is pro-
vided only as one example.

[0078] After determining the number of rotation of the
cooling fans 545-1 and 545-2, the fan operation amount deter-
mining unit 2556 then performs, after a waiting time period
AT=30 min., a “determination for starting increase/decrease
control” of the number of rotation of the cooling fans 545-1
and 545-2.

[0079] The fan operation amount determining unit 255
starts increasing/decreasing control of the number of rotation
of the cooling fans 545-1 and 545-2 when the part tempera-
ture of each of all the devices 21a to 21c is equal to or less than
the “threshold value 1” of the part temperature threshold
value 25a-2 provided for each electronic part. The determi-
nation of whether or not the part temperature of each of all the
devices 21a to 21c¢ is equal to or less than the “threshold value
17 of the part temperature threshold value 25a-2 provided for
each electronic part is the “determination for starting
increase/decrease control”.

[0080] When each device temperature is more than the
“threshold value 1” and equal to or less than the “threshold
value 2” of the part temperature threshold value 25a-2 pro-
vided for each device, the fan operation amount increasing/
decreasing unit 25¢ decreases the number of rotation of the
cooling fans 545-1 and 5456-2 by o=1 [%]. Besides, when
each device temperature is more than the “threshold value 2”
and equal to or less than the “threshold value 3” of the part
temperature threshold value 254-2 provided for each device,
the fan operation amount increasing/decreasing unit 25¢ nei-
ther increases nor decreases the number of rotation of the
cooling fans 545-1 and 54b-2. Besides, when each device
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temperature is more than the “threshold value 3” and equal to
or less than the “threshold value 4” of the part temperature
threshold value 25a-2 provided for each device, the fan opera-
tion amount increasing/decreasing unit 25¢ increases the
number of rotation of the cooling fans 545-1 and 545-2 by
=5 [%]. The control explained above is a “control of increas-
ing/decreasing the number of fan rotation”. Here, the values
“a=1 [%]” and “f=5 [%]” are set in advance according to
heat-generation characteristics based on the entire operation
of the server installation 505.

[0081] After increasing/decreasing the number of rotation
of'the cooling fans 545-1 and 545-2, the fan operation amount
increasing/decreasing unit 25¢ again repeats the control of
increasing/decreasing the number of rotation of the cooling
fans 54b-1 and 54b-2 after a waiting time period At=1 min.,
for example.

[0082] The fan operation amount determining unit 255
notifies the determined number of rotation of the cooling fans
54b-1 and 545-2, r [RPM] to the fan controlling device 26.
The fan operation amount increasing/decreasing unit 25¢
notifies the number of fan rotation r1 [RPM] which is
obtained by decreasing the number of fan rotation r [RPM] by
a=1 [%] and the number of fan rotation “r2” [RPM]which is
obtained by increasing the number of fan rotation r [RPM] by
=5 [%] to the fan controlling device 26.

[0083] The fancontrolling device 26 selects and provides to
the cooling fans 545-1 and 545-2 a control pulse according to
the number of fan rotation r [RPM], the number of fan rotation
rl [RPM], or the number of fan rotation r2 [RPM] notified
from the fan operation amount determining unit 255 or the fan
operation amount increasing/decreasing unit 25¢. The cool-
ing fans 545-1 and 545-2 rotate blade parts according to the
control pulse provided by the fan controlling device 26. Here,
the cooling fans 54b-1 ad 54b-2 transmit a rotation speed
signal (TACH) of the blade part thereof to the fan controlling
device 26. The fan controlling device 26 controls, while
monitoring the rotation speed signal transmitted from the
cooling fans 545-1 and 544-2, the cooling fans 54b-1 and
545-2 so that the number of fan rotation will meet the target.
[0084] Here, a cooling controlling apparatus 20a includes
the temperature sensors 22a to 22¢, the intake air temperature
sensor 23, the 12C I/F 24, the temperature monitor/cooling
controller 25, and the fan controlling device 26.

[0085] Next, a cooling fan controlling process according to
the second embodiment will be explained with reference to
FIGS. 4A and 4B. FIG. 4A is a flowchart of a procedure of a
cooling fan controlling process (mode 1) according to the
second embodiment. FIG. 4B is a flowchart of a procedure of
a cooling fan controlling process (mode 2) according to the
second embodiment. Here, the cooling fan controlling pro-
cess in mode 1 performs controlling cooling fans according to
the intake air temperature of the cooling air. In addition, the
cooling fan controlling process in mode 2 performs control-
ling the cooling fans according to the part temperature of the
device. The cooling fan controlling processes (mode 1 and
mode 2) are performed by the temperature monitor/cooling
controller 25.

[0086] At step S101, the fan operation amount determining
unit 255 of the temperature monitor/cooling controller 25 first
checks the intake air temperature of the cooling air detected
by the intake air temperature sensor 23. Next at step S102, the
fan operation amount determining unit 256 determines
whether or not the intake air temperature of the cooling air
detected by the intake air temperature sensor 23 is equal to or
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less than the “threshold value 17 (“25° C’) of the intake air
temperature threshold value 25q-1.

[0087] When the intake air temperature of the cooling air
detected by the intake air temperature sensor 23 is determined
to be equal to or less than the “threshold value 17 (“25° C.”) of
the intake air temperature threshold value 25a-1 (“Yes” at
step S102), the process moves to step S103. When the intake
air temperature of the cooling air detected by the intake air
temperature sensor 23 is not determined to be equal to or less
than the “threshold value 1”7 (“25° C.”) of the intake air
temperature threshold value 254-1 (“No” at step S102), the
process moves to step S104.

[0088] At step S103, the fan operation amount determining
unit 255 determines the number of fan rotation “r” to be 2000
[RPM] and notifies the determined number to the fan control-
ling device 26. The fan controlling device 26 then controls the
cooling fans 545-1 and 545-2 to realize the notified number of
fan rotation “r’=2000 [RPM] (step S103). On completion of
step S103, the process moves to step S109.

[0089] At step S104, the fan operation amount determining
unit 255 determines whether or not the intake air temperature
of'the cooling air detected by the intake air temperature sensor
23 is equal to or less than the “threshold value 2” (“30° C.”) of
the intake air temperature threshold value 25a-1.

[0090] When the intake air temperature of the cooling air
detected by the intake air temperature sensor 23 is determined
to be equal to or less than the “threshold value 27 (“30° C.”) of
the intake air temperature threshold value 25a-1 (“Yes” at
step S104), the process moves to step S105. When the intake
air temperature of the cooling air detected by the intake air
temperature sensor 23 is not determined to be equal to or less
than the “threshold value 2” (“30° C.”) of the intake air
temperature threshold value 25a-1 (“No” at step S104), the
process moves to step S106.

[0091] At step S105, the fan operation amount determining
unit 255 determines the number of fan rotation “r” to be 3000
[RPM] and notifies the determined number to the fan control-
ling device 26. The fan controlling device 26 then controls the
cooling fans 545-1 and 545-2 to realize the notified number of
fan rotation “r’=3000 [RPM] (step S105). On completion of
step S105, the process moves to step S109.

[0092] At step S106, the fan operation amount determining
unit 255 determines whether or not the intake air temperature
of'the cooling air detected by the intake air temperature sensor
23 is equal to or less than the “threshold value 3” (“35° C.”) of
the intake air temperature threshold value 25a-1.

[0093] When the intake air temperature of the cooling air
detected by the intake air temperature sensor 23 is determined
to be equal to or less than the “threshold value 3” (“35° C.”) of
the intake air temperature threshold value 25a-1 (“Yes” at
step S106), the process moves to step S107. When the intake
air temperature of the cooling air detected by the intake air
temperature sensor 23 is not determined to be equal to or less
than the “threshold value 3” (“35° C.”) of the intake air
temperature threshold value 254-1 (“No” at step S106), the
process moves to step S108.

[0094] At step S107, the fan operation amount determining
unit 255 determines the number of fan rotation r to be 4000
[RPM] and notifies the determined number to the fan control-
ling device 26. The fan controlling device 26 then controls the
cooling fans 545-1 and 545-2 to realize the notified number of
fan rotation r=4000 [RPM] (step S107). On completion of
step S107, the process moves to step S109.
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[0095] At step S108, since the intake air temperature of the
cooling air is more than the “threshold value 3” of the intake
air temperature threshold value 25a-1, the fan operation
amount determining unit 255 notifies an “abnormality warn-
ing on intake air temperature” to a controlling device which,
not illustrated, controls entire operations of the server instal-
lation 505. On completion of step S108, the process moves to
step S101. The controlling device which, not illustrated, con-
trols entire operations of the server installation 5056, for
example, stops the operations of the server installation 505
itself when the “abnormality warning on intake air tempera-
ture” is notified.

[0096] At step S109, the fan operation amount determining
unit 256 determines whether or not the waiting time period
AT=30min. has passed after starting counting the time period
AT as a first time period while step S103, step S105, or step
S107 continues. When the time period AT=30 min. is deter-
mined to have passed from the start of counting the first time
period AT, (“Yes” at step S109), the process moves to step
S110. When the time period AT=30 min. is not determined to
have passed from the start of counting the first time period AT,
(“No” at step S109), the process moves to step S101.

[0097] At step S110, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not the tempera-
ture of each of all the devices is equal to or less than the
“threshold value 1” of the part temperature threshold value
25a-2 provided for each device. When each device tempera-
ture is determined to be equal to or less than the “threshold
value 1” of the part temperature threshold value 25a-2 pro-
vided for each device (“Yes” at step S110), the process moves
to step S201 in FIG. 4B. When each device temperature is not
determined to be equal to or less than the “threshold value 17
of the part temperature threshold value 25a-2 provided for
each device (“No” at step S110), the process moves to step
S101.

[0098] At step S201 in FIG. 4B, the fan operation amount
increasing/decreasing unit 25¢ determines whether or not the
temperature of each of all the devices is equal to or less than
the “threshold value 2” of the part temperature threshold
value 25a-2 provided for each device. When each device
temperature is determined to be equal to or less than the
“threshold value 2 of the part temperature threshold value
25a-2 provided for each device (“Yes” at step S201), the
process moves to step S202. When each device temperature is
not determined to be equal to or less than the “threshold value
2” of the part temperature threshold value 254-2 provided for
each device (“No” at step S201), the process moves to step
S203.

[0099] At step S202, the fan operation amount increasing/
decreasing unit 25¢ decreases the number of fan rotation
determined in the process at step S103, step S105, or step
S107 in FIG. 4A by 1%. On completion of this process, the
process moves to step S206.

[0100] At step S203, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not the tempera-
ture of each of all the devices is equal to or less than the
“threshold value 3” of the part temperature threshold value
25a-2 provided for each device. When each device tempera-
ture is determined to be equal to or less than the “threshold
value 3” of the part temperature threshold value 25a-2 pro-
vided for each device (“Yes™ at step S203), the fan operation
amount increasing/decreasing unit 25¢ maintains the number
of fan rotation determined in the process at step S103, step
S105, or step S107. Then, the process moves to step S206.
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When each device temperature is not determined to be equal
to or less than the “threshold value 3 of the part temperature
threshold value 254-2 provided for each device (“No” at step
S203), the process moves to step S204.

[0101] At step S204, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not the tempera-
ture of each of all the devices is equal to or less than the
“threshold value 4” of the part temperature threshold value
25a-2 provided for each device. When each device tempera-
ture is determined to be equal to or less than the “threshold
value 4” of the part temperature threshold value 25a-2 pro-
vided for each device (“Yes” at step S204), the process moves
to step S205. When each device temperature is not deter-
mined to be equal to or less than the “threshold value 4” of the
part temperature threshold value 254-2 provided for each
device (“No” at step S204), the process moves to step S101 in
FIG. 4A.

[0102] At step S205, the fan operation amount increasing/
decreasing unit 25¢ increases the number of fan rotation
determined in the process at step S103, step S105, or step
S107 by 5%. On completion of this process, the process
moves to step S206.

[0103] At step S206, the fan operation amount increasing/
decreasing unit 25¢ stands by to a next process until the time
period At=1 min. passes after starting counting the time
period At as a second time period. On completion of this
process, the process moves to step S201.

[0104] FIG. 5 illustrates a temporal change of a control of
the number of fan rotation depending on an intake air tem-
perature and a device temperature by the cooling fan control-
ling process according to the second embodiment. FIG. 5
illustrates an intake air temperature, the number of fan rota-
tion, and a device temperature in the control based on the
intake air temperature (mode 1) and the control based on the
part temperature (mode 2), and especially a hatching portion
in the number of fan rotation represents a region in which a
fan electric power and a noise can be reduced compared to the
conventional technique. Here in FIG. 5, an example of one
device which detects a temperature is given for ease of expla-
nation.

[0105] In (5C) of FIG. 5, a device temperature equal to or
less than the “threshold value 1” is detected at a time point t1
which is after a lapse of the time period AT=30 min. after
starting a rotation control in a low speed rotation (2000 RPM)
under the control based on the intake air temperature (mode
1). Then, the mode shifts to the control based on the part
temperature (mode 2) to decrease the number of fan rotation.
[0106] In(5C)ofFIG. 5, an increase in temperature occurs
in response to an increase in heat generation amount due to an
increase in operation load of the device at a point A. Then, an
increase in temperature of the device up to the “threshold
value 3” is detected at a time point t2 and the number of fan
rotation is increased. Thereafter, an increase in temperature of
the device over the “threshold value 4” is detected at a time
point t3 and the mode returns to the control based on the
intake air temperature (mode 1). Because of the low speed
rotation range under a low intake air temperature (equal to or
less than the “threshold value 17, i.e., “25° C.””) of the cooling
air at this moment, the number of fan rotation in mode 1 is
determined to be the low speed rotation (2000 RPM).
[0107] In (5C) of FIG. 5, a decrease in temperature occurs
in response to a decrease in heat generation amount due to a
decrease in operation load of the device at a point B. Then, a
device temperature equal to or less than the “threshold value
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1” is detected at a time point t4 which is after a lapse of the
time period AT=30 min. after starting the rotation control in
the low speed rotation (2000 RPM) under the control based on
the intake air temperature (mode 1). Then, the mode shifts to
the control based on the part temperature (mode 2) to decrease
the number of fan rotation.

[0108] At a point C in (SA) and a time point t5 in (5C) of
FIG. 5, increases in intake air temperature of the cooling air
and in device temperature occur. However, the number of fan
rotation is maintained at this stage since the device tempera-
ture exceeds neither the “threshold value 3” nor the “thresh-
old value 4”.

[0109] Then atatime point t6 in (5C) of FIG. 5, an increase
in device temperature up to the “threshold value 3” is detected
and thereby the number of fan rotation is increased. Besides,
at a time point t7 in (5C) of FIG. 5, an increase in device
temperature over the “threshold value 4” is detected and
thereby the mode returns to the control based on the intake air
temperature (mode 1). Since the intake air temperature at this
time point is more than the “threshold value 1” and equal to or
less than the “threshold value 27, the number of fan rotation in
mode 1 is determined to be a middle speed rotation (3000
RPM).

[0110] At a time point t8 in (5C) of FIG. 5, a decrease in
temperature occurs in response to a decrease in heat genera-
tion amount due to a decrease in operation load of the device.
More specifically, a device temperature equal to or less than
the “threshold value 17 is detected after a lapse of the time
period AT=30 min. in the middle speed rotation in mode 1.
Then, the mode shifts to the control based on the part tem-
perature (mode 2) to decrease the number of fan rotation.
[0111] Atapoint Din (5A) and at a time point t9 in (5C) of
FIG. 5, increases in intake air temperature of the cooling air
and in device temperature occur. However, the number of fan
rotation is maintained at this stage since the device tempera-
ture exceeds neither the “threshold value 3” nor the “thresh-
old value 4”.

[0112] Atatime point t10 in (5C) of FIG. 5, an increase in
device temperature over the “threshold value 4” is detected
and thereby the mode returns to the control based on the
intake air temperature (mode 1). Since the intake air tempera-
ture at this time point is more than the “threshold value 2”” and
equal to or less than the “threshold value 3, the number of fan
rotation is determined to be the middle speed rotation (3000
RPM).

[0113] Since the intake air temperature becomes more than
the “threshold value 1” and equal to or less than the “threshold
value 2 during mode 1, the number of fan rotation is deter-
mined to be the low speed rotation (2000 RPM). Then, a
device temperature equal to or less than the “threshold value
17 is detected at a time point t13 which is after a lapse of the
time period AT=30 min. after starting a rotation control in the
low speed rotation (2000 RPM) under the control based on the
intake air temperature (mode 1). Then, the mode shifts to the
control based on the part temperature (mode 2) to decrease the
number of fan rotation.

[0114] As described so far, since the number of rotation of
the cooling fans 54b-1 and 545-2 r [RPM] which is deter-
mined according to the intake air temperature is further
increased or decreased according to the temperature of each
device, the number of fan rotation can be controlled carefully
in the second embodiment.

[0115] Specifically, the number of rotation of the cooling
fans 545-1 and 545-2 r determined according to the intake air
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temperature is decreased by a=1 [%] when the temperature of
each device is equal to or less than the own “threshold value
2”. By this, a noise and an excessive electric power consump-
tion, caused by an excessive cooling of a device, in the cool-
ing fan rotation can be avoided appropriately.

[0116] In addition, the number of rotation of the cooling
fans 545-1 and 545-2 r determined according to the intake air
temperature is increased by =5 [%] according to a tempera-
ture, exceeding a temperature threshold value, of a device. By
this, insufficiency in cooling of the server installation 505 can
be prevented. Then, a stop of the server installation 505 for
preventing a runaway effect of a device due to insufficiency in
cooling can be avoided appropriately.

[¢] Third Embodiment

[0117] Ina third embodiment, the number of fan rotation is
controlled so as not to fall below minimum number of cooling
fan rotation “PMW_duty [min]” which is obtained according
to an intake air temperature x [° C.] of cooling air in control-
ling to increase/decrease the number of fan rotation in the
cooling fan controlling process in mode 2 explained in the
second embodiment. Here, a value for the minimum number
of cooling fan rotation “PMW_duty [min]” indicates the
number of cooling fan rotation which is needed for cooling a
device of the server installation 505 when the intake air tem-
perature is X [° C.]. The value “PMW_duty [min]” is obtained
by the following Equation where the intake air temperature of
the cooling airis x [° C.].

PMW duty [min]=Ex>+F-x*+Gx+H 1)

wherein x indicates an intake air temperature and E, F, G, and
H indicate predetermined coefficients.

[0118] FIG. 6 is a flowchart of a procedure of a cooling fan
controlling process (mode 2) according to the third embodi-
ment. In FIG. 6, the same step as that in the flowchart of the
procedure of the cooling fan controlling process (mode 2)
which is illustrated in FIG. 4B according to the second
embodiment is assigned with the same step reference number.
[0119] At step S201 in FIG. 6, the fan operation amount
increasing/decreasing unit 25¢ determines whether or not the
temperature of each of all the devices is equal to or less than
the “threshold value 2” of the part temperature threshold
value 25a-2 provided for each device. When each device
temperature is determined to be equal to or less than the
“threshold value 2 of the part temperature threshold value
25a-2 provided for each device (“Yes” at step S201), the
process moves to step S201a. When each device temperature
is not determined to be equal to or less than the “threshold
value 2” of the part temperature threshold value 25a-2 pro-
vided for each device (“No” at step S201), the process moves
to step S203.

[0120] Atstep S201a, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not a value
obtained by decreasing the current number of rotation of the
cooling fans 545-1 and 545-2 (hereinafter referred to as “cur-
rent duty”) by 1% is equal to or more than the value “PMW_
duty [min]” obtained in Equation (1) above.

[0121] When the value obtained by decreasing the “current
duty” by 1% is determined to be equal to or more than the
value “PMW_duty [min]” obtained in Equation (1) above
(“Yes” at step S201a), the process moves to step S202. When
the value obtained by decreasing the “current duty” by 1% is
not determined to be equal to or more than the value “PMW_
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duty [min]” obtained in Equation (1) above (“No” at step
S201a), the process moves to step S202a.

[0122] Atstep S202a, the fan operation amount increasing/
decreasing unit 25¢ decreases the number of fan rotation
determined in the process at step S103, step S105, or step
S107 in FIG. 4A by 1%. Besides, at step S202a, the fan
operation amount increasing/decreasing unit 25¢ sets the
number of rotation of the cooling fans 545-1 and 5456-2 to
“PMW _duty [min]”. On completion of these processes, the
process moves to step S206.

[0123] At step S203, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not the tempera-
ture of each of all the devices is equal to or less than the
“threshold value 3” of the part temperature threshold value
25a-2 provided for each device. When each device tempera-
ture is determined to be equal to or less than the “threshold
value 3” of the part temperature threshold value 25a-2 pro-
vided for each device (“Yes” at step S203), the process moves
to step S203a. When each device temperature is not deter-
mined to be equal to or less than the “threshold value 3” of the
part temperature threshold value 254-2 provided for each
device (“No” at step S203), the process moves to step S204.
[0124] Atstep S203a, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not the value for
the “current duty” of the cooling fans 54b-1 and 545-2 is
equal to or more than the “PMW_duty [min]” obtained in
Equation (1) above.

[0125] When the value for the “current duty” is determined
to be equal to or more than the “PMW_duty [min]” obtained
in Equation (1) above (“Yes” at step S203a), the process
moves to step S206. When the value for the “current duty” is
not determined to be equal to or more than the “PMW_duty
[min]” obtained in Equation (1) above (“No” at step S203a),
the process moves to step S202a.

[0126] At step S204, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not the tempera-
ture of each of all the devices is equal to or less than the
“threshold value 4 of the part temperature threshold value
25a-2 provided for each device. When each device tempera-
ture is determined to be equal to or less than the “threshold
value 4” of the part temperature threshold value 25a-2 pro-
vided for each device (“Yes” at step S204), the process moves
to step S204a. When each device temperature is not deter-
mined to be equal to or less than the “threshold value 4” of the
part temperature threshold value 254-2 provided for each
device (“No” at step S204), the process moves to step S101 in
FIG. 4A.

[0127] Atstep S204a, the fan operation amount increasing/
decreasing unit 25¢ determines whether or not a value for the
number of fan rotation obtained by increasing the “current
duty” of the cooling fans 545-1 and 545-2 by 5% is equal to or
more than the value “PMW_duty [min]” obtained in Equation
(1) above.

[0128] When the value for the number of fan rotation
obtained by increasing the “current duty” by 5% is deter-
mined to be equal to or more than the value “PMW_duty
[min]” obtained in Equation (1) above (“Yes” at step S204a),
the process moves to step S205. When the value for the
number of fan rotation obtained by increasing the “current
duty” by 5% is not determined to be equal to or more than the
value “PMW_duty [min]” obtained in Equation (1) above
(“No” at step S204a), the process moves to step S201.
[0129] At step S205, the fan operation amount increasing/
decreasing unit 25¢ increases the number of fan rotation
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determined in the process at step S103, step S105, or step
S107 in FIG. 4A by 5%. On completion of this process, the
process moves to step S206.

[0130] At step S206, the fan operation amount increasing/
decreasing unit 25¢ stands by to a next process till the time
period At=1 min. passes after starting counting the time
period At as a second time period. On completion of this
process, the process moves to step S201.

[0131] The wvalue “PMW_duty [min]” monotonically
increases with respect to the intake air temperature x [° C.] as
illustrated in FIG. 7. FIG. 7 illustrates minimum number of
fan rotation depending on an intake air temperature according
to the third embodiment. As illustrated in FIG. 7, when the
intake air temperature x is 35° C., the value “PMW_duty
[min]” is 4000 [RPM]. Here, the numeral “4000 [RPM]” is
provided only as one example and a specific numeral for the
“PMW _duty [min]”is determined depending on heat-genera-
tion characteristics of a device provided in the server instal-
lation 5064.

[0132] In the third embodiment, the number of rotation of
the cooling fans 545-1 and 54b-2, r [RPM] determined
depending on the intake air temperature x [° C.] is increased
or decreased according to the temperature of each device so as
not to fall below the minimum value which is determined
depending on the intake air temperature X and required as the
number of fan rotation. Therefore, the minimum number of
fan rotation necessary for cooling a heat generating device
provided in the server installation 505 can be secured at any
time.

[d] Another Embodiment

[0133] While the first to the third embodiments are
explained above, the disclosed technique may be realized in
different embodiments. Recently, it has been becoming pos-
sible to confine a heat generating area or an electronic part
which needs to be monitored since an integration of electronic
parts has been improved in a server installation having a
circuit board such as a system board which mounts a plurality
of electronic parts. Therefore, a control of, by monitoring a
temperature for each electronic part, the number of rotation of
the cooling fan depending on the temperature has been of
significance even with a cost for providing a temperature
sensor for each electronic part and monitoring the tempera-
ture of each electronic part.

[0134] Hence, a monitor area including a heat generating
part temperature of which needs to be monitored is set in a
circuit board in a server installation. Then, a temperature
sensor such as a semiconductor temperature sensor and a
thermistor is provided at a leeward side of each monitor area
involved in a flow path of cooling air formed by each cooling
fan. Then, the number of rotation of the cooling fan forming
the flow path of the cooling air may be controlled depending
on the temperature detected by the corresponding tempera-
ture sensor of each monitor area. This configuration allows
controlling the number of fan rotation more carefully for each
cooling fan depending on the temperature of each monitor
area.

[0135] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
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inferiority of the invention. Although the embodiments of the
present inventions have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A cooling controlling apparatus that cools an electronic
apparatus, comprising:

a cooling fan that discharges air in an inside of the elec-
tronic apparatus to an outside of the electronic appara-
tus;

an intake air temperature detector that detects a tempera-
ture of air taken into the electronic apparatus by the
cooling fan;

a part temperature detector that detects a temperature of an
electronic part arranged inside the electronic apparatus;
and

a fan controller that controls a rotation number of the
cooling fan based on the detected temperature of the
electronic part and the detected intake air temperature.

2. The cooling controlling apparatus according to claim 1,
further comprising:

a threshold value storing unit that stores an intake air tem-
perature threshold value used to determine the intake air
temperature and a plurality of part temperature threshold
values each provided for each of a plurality of electronic
parts and determining the temperature of each of the
plurality of electronic parts, respectively, wherein

the fan controller controls the rotation number of the cool-
ing fan based on a result of comparing the detected
intake air temperature and the stored intake air tempera-
ture threshold value, and performs at least one of
increasing and decreasing the rotation number of the
cooling fan by a predetermined variation ratio based on
aresult of comparing the detected temperature of each of
the plurality of electronic parts and each of the plurality
of stored part temperature threshold values provided for
each of the plurality of electronic parts.

3. The cooling controlling apparatus according to claim 2,
wherein the fan controller stands by to progress to a next
process for a first time period after performing one of the
increasing or the decreasing the rotation number.

4. The cooling controlling apparatus according to claim 2,
wherein

the plurality of stored part temperature threshold values
provided for each of the plurality of electronic parts each
include a first threshold value and a second threshold
value larger than the first threshold value for each of the
plurality of electronic parts, respectively, and

the fan controller controls the rotation number of the cool-
ing fan by a first mode and a second mode, compares the
detected temperature of each of the plurality of elec-
tronic parts and each of the plurality of first threshold
values provided for each of the electronic parts in the
first mode, changes the first mode to the second mode
when all the temperatures of the plurality of electronic
parts are equal to or smaller than each of the plurality of
first threshold values provided for each of the electronic
parts, compares the detected temperature of each of the
plurality of electronic parts and each of the plurality of
second threshold values provided for each of the elec-
tronic parts, and decreases the rotation number of the
cooling fan controlled based on the intake air tempera-
ture by a first variation ratio when all of the temperatures
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of the plurality of electronic parts are equal to or smaller
than each of the plurality of second threshold values.

5. The cooling controlling apparatus according to claim 4,
wherein the fan controller calculates a minimum rotation
number of the cooling fan based on the detected intake air
temperature, decreases the rotation number of the cooling fan
by the first variation ratio when the rotation number of the
cooling fan obtained by decreasing by the first variation ratio
is equal to or larger than the minimum rotation number, and
controls the rotation number of the cooling fan to be the
minimum rotation number when the rotation number
obtained by decreasing by the first variation ratio is smaller
than the minimum rotation number.

6. The cooling controlling apparatus according to claim 4,
wherein

the plurality of stored part temperature threshold values

provided for each of the plurality of electronic parts each
include a third threshold value larger than the second
threshold value for each of the electronic parts, and

the fan controller compares the detected temperature of

each of the plurality of electronic parts and each of the
plurality of third threshold values provided for each of
the electronic parts in the second mode when the
detected temperature of each of the plurality of elec-
tronic parts is not equal to or smaller than the second
threshold value, and maintains the rotation number
when all the temperatures of the plurality of electronic
parts are equal to or smaller than each of the plurality of
third threshold values.

7. The cooling controlling apparatus according to claim 6,
wherein

the plurality of stored part temperature threshold values

provided for each of the plurality of electronic parts each
include a fourth threshold value larger than the third
threshold value for each of the electronic parts, and

the fan controller further compares the detected tempera-

ture of each of the plurality of electronic parts and each
of the fourth threshold values provided for each of the
electronic parts in the second mode when the detected
temperature of each of the plurality of electronic parts is
not equal to or smaller than the third threshold value, and
increases the rotation number by a second variation ratio
when all the temperatures of the electronic parts are
equal to or smaller than each of the plurality of fourth
threshold values.

8. The cooling controlling apparatus according to claim 7,
wherein

the fan controller calculates a minimum rotation number of

the cooling fan based on the detected intake air tempera-
ture, increases the rotation number of the cooling fan by
the second variation ratio when the rotation number of
the cooling fan obtained by increasing by the second
variation ratio is equal to or larger than the minim rota-
tion number of the cooling fan, and does not increase the
rotation number of the cooling fan when a rotation num-
ber of the cooling fan obtained by decreasing the rotation
number of the cooling fan by the second variation ratio is
smaller than the minimum rotation number of the cool-
ing fan.

9. The cooling controlling apparatus according to claim 8,
wherein the fan controller stands by to progress to a next
process for a second time period after performing one of the
maintaining the rotation number, decreasing the rotation
number of the cooling fan by the first variation ratio, and one
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of'increasing and decreasing the rotation number of the cool-
ing fan by the second variation ratio.

10. The cooling controlling apparatus according to claim 7,
wherein the fan controller controls a rotation number based
on a result of comparing an intake air temperature newly
detected by the intake air temperature detector and the stored
intake air temperature threshold value when all the tempera-
tures of the plurality of electronic parts are not equal to or
smaller than each of the plurality of fourth threshold values.

11. The cooling controlling apparatus according to claim 9,
wherein the first time period is larger than the second time
period.

12. The cooling controlling apparatus according to claim 7,
wherein the first variation ratio is small than the second varia-
tion ratio.

13. An electronic apparatus, comprising:

a plurality of electronic parts arranged in an inside of the

electronic apparatus;

a cooling fan that discharges air in the inside of the elec-
tronic apparatus to an outside of the electronic appara-
tus;

an intake air temperature detector that detects a tempera-
ture of air taken into the electronic apparatus by the
cooling fan;

a part temperature detector that detects a temperature of
each of the electronic parts; and

a fan controller that controls a rotation number of the
cooling fan based on the detected temperature and the
detected intake air temperature.

14. The electronic apparatus according to claim 13, further

comprising:

a threshold value storing unit that stores an intake air tem-
perature threshold value used to determine the intake air
temperature and a plurality of part temperature threshold
values each provided for each of the electronic parts and
determining the temperature of each of the plurality of
the electronic parts, wherein

the fan controller controls the rotation number of the cool-
ing fan based on a result of comparing the detected
intake air temperature and the stored intake air tempera-
ture threshold value, and performs at least one of
increasing and decreasing the rotation number of the
cooling fan by a predetermined variation ratio based on
aresult of comparing the detected temperature of each of
the plurality of electronic parts and each of the plurality
of stored part temperature threshold values provided for
each of the plurality of electronic parts.

15. A cooling controlling method performed by a cooling
controlling apparatus that cools an electronic apparatus, the
cooling controlling method comprising:

detecting a temperature of an electronic part arranged in
the electronic apparatus;

detecting a temperature of air taken into the electronic
apparatus; and

controlling a rotation number of a cooling fan based on the
detected temperature of the electronic part and the
detected intake air temperature.

16. The cooling controlling method according to claim 15,

wherein the controlling includes

controlling the rotation number of the cooling fan based on
aresult of comparing the detected intake air temperature
and an intake air temperature threshold value stored in a
threshold value storing unit; and
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increasing or decreasing the rotation number of the cooling
fan by a predetermined variation ratio based on a result
of comparing the detected temperature of each of a plu-
rality of electronic parts and each of a plurality of part
temperature threshold values provided for each of the
plurality of electronic parts stored in a threshold value
storing unit.
17. The cooling controlling method according to claim 16,
wherein
the plurality of part temperature threshold values provided
for each of the plurality of electronic parts each include
a first threshold value and a second threshold value
larger than the first threshold value for each of the plu-
rality of electronic parts, respectively, and
the controlling includes
controlling the rotation number of the cooling fan by a
first mode and a second mode;
comparing the detected temperature of each of the plu-
rality of electronic parts and each of the first threshold
values provided for each of the electronic parts in the
first mode;
changing the first mode to the second mode when all of
the temperatures of the plurality of electronic parts are
equal to or smaller than each of the plurality of first
threshold values provided for each of the electronic
parts;
comparing the detected temperature of each of the plu-
rality of electronic parts and each of the plurality of
second threshold values provided for each of the elec-
tronic parts; and
decreasing the rotation number of the cooling fan con-
trolled based on the intake air temperature by a first
variation ratio when all of the temperatures of the
plurality of electronic parts are equal to or smaller
than each of the plurality of second threshold values.
18. The cooling controlling method according to claim 17,
wherein
the plurality of part temperature threshold values provided
for each of the plurality of electronic parts each include
a third threshold value larger than the second threshold
value for each of the electronic parts, and
the controlling includes
comparing the detected temperature of each of the plu-
rality of electronic parts and each of the plurality of
third threshold values provided for each of the elec-
tronic parts in the second mode when the detected
temperature of each of the plurality of electronic parts
is not equal to or smaller than the second threshold
value; and
maintaining the rotation number of the cooling fan when
all the temperatures of the plurality of electronic parts
are equal to or smaller than each of the plurality of
third threshold values.
19. The cooling controlling method according to claim 18,
wherein
the plurality of part temperature threshold values provided
for each of the plurality of electronic parts each include
a fourth threshold value larger than the third threshold
value for each of the electronic parts, and
the controlling includes

further comparing the detected temperature of each of
the plurality of electronic parts and each of the fourth
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threshold values provided for each of the electronic 20. The cooling controlling method according to claim 19,
parts in the second mode when the detected tempera- wherein, the controlling includes controlling a rotation num-
ture of each of the plurality of electronic parts is not ber based on a result of comparing an intake air temperature

. . newly detected at the detecting of the intake air temperature
equal to or smaller than the third threshold value; and and the stored intake air temperature threshold value when all

increasing the rotation number of by a second variation  the temperatures of the electronic parts are not equal to or

ratio when all the temperatures of the electronic parts smaller than the fourth threshold values.
are equal to or smaller than the fourth threshold val-
ues. sk sk sk sk sk
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