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FAN FILTER UNIT 

[0001] THIS APPLICATION IS A US. NATIONAL 
PHASE APPLICATION OF PCT INTERNATIONAL 
PATENT APPLICATION NO. PCT/JP2006/302799. 

TECHNICAL FIELD 

[0002] The present invention relates to a fan ?lter unit used 
in a clean room requiring a clean space for manufacturing 
semiconductors, liquid crystal or plasma display panels for 
example. 

BACKGROUND ART 

[0003] A fan ?lter unit is required to have a thin thickness, 
an opening having a Wide area for bloWing clean air, and a 
capability to supply uniform and su?icient air volume. To 
realiZe these demands, a plurality of fan motors have been 
used. The use of a plurality of fan motors, hoWever, may cause 
a Whining sound. 

[0004] A technique for suppressing the Whining sound is 
disclosed by Japanese Patent Unexamined Publication No. 
2004-205095 for example. This technique controls the rota 
tion numbers per a unit time (hereinafter referred to as rotat 
ing speed) of a plurality of fan motors, accurately. 
[0005] In a conventional control for suppressing the Whin 
ing sound in a ?lter unit having a plurality of fan motors, the 
rotating speed of a second fan motor is adjusted to the rotating 
speed of a ?rst fan motor and then the rotating speed of a third 
fan motor is adjusted to the rotating speed of the second fan 
motor. HoWever, this adjustment of motor rotating speeds 
may be prevented from being achieved When variation in 
capabilities of a plurality of motors causes a later motor to 
have a capability inferior to that of a former motor. 

SUMMARY OF THE INVENTION 

[0006] The present invention solves the conventional dis 
advantage as described above. It is an objective of the present 
invention to provide a fan ?lter unit that can cope With the 
variation in capabilities of motors of a fan ?lter unit to sup 
press the Whining sound. The fan ?lter unit of the present 
invention has a plurality of fan motors, a plurality of detec 
tors, a total controller, and a ?lter. Each of the fan motors 
includes a fan and a motor. Each of the detectors detect a 
rotating speed of each of the motors. The total controller 
subjects, based on rotating speeds detected by the detectors, 
the respective fan motors to a feedback control by Which the 
detected rotating speeds are identical With a set rotating 
speed. When a rotating speed value detected by any of the 
detectors is smaller than a rotating speed value detected by the 
other detector, the total controller performs a tuning control of 
the rotating speeds so that the rotating speed of the other fan 
motor is adjusted to the sloWer rotating speed of the fan motor. 
According to the present invention, in a fan ?lter unit having 
a plurality of fan motors, the rotating speed of the respective 
fan motors including variation in the motor capability can be 
identical. Even When the rotating speeds of the fan motors 
change due to variation in air pressure in a place holding the 
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fan motors, the fan ?lter unit can alloW the rotating speeds to 
be identical so as to suppress the Whining sound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic diagram illustrating a fan ?lter 
unit according to a ?rst exemplary embodiment of the present 
invention. 
[0008] FIG. 2 is a block circuit diagram illustrating the fan 
?lter unit shoWn in FIG. 1. 
[0009] FIG. 3 is a block circuit diagram illustrating a fan 
?lter unit according to a second exemplary embodiment of the 
present invention. 
[0010] FIG. 4 is a block circuit diagram illustrating a fan 
?lter unit according to a third exemplary embodiment of the 
present invention. 
[0011] FIG. 5 is a block circuit diagram illustrating a fan 
?lter unit according to a fourth exemplary embodiment of the 
present invention. 
[0012] FIG. 6 is a block circuit diagram illustrating a fan 
?lter unit according to a ?fth exemplary embodiment of the 
present invention. 
[0013] FIG. 7 is a block circuit diagram illustrating a fan 
?lter unit according to a sixth exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0014] Hereinafter, embodiments of the present invention 
Will be described With reference to the draWings. It is noted 
that the same components in the respective embodiments as 
those of the antecedent embodiment(s) may be denoted With 
the same reference numerals and may not be described fur 
ther. The present invention is not limited to these embodi 
ments. 

First Exemplary Embodiment 

[0015] FIG. 1 illustrates a schematic structure of a fan ?lter 
unit according to a ?rst exemplary embodiment of the present 
invention. FIG. 1 is a front vieW in Which the ?lter is partially 
cut out. FIG. 2 is a block circuit diagram thereof. This fan 
?lter unit has ?rst fan motor 5A, second fan motor 5B, and 
?lter 6. Fan motor 5A is composed of ?rst fan 2A, ?rst motor 
3A, and ?rst motor driver 4A. Fan motor 5B is composed of 
second fan 2B, second motor 3B, and second motor driver 4B. 
Filter 6 cleans air bloWn by fans 2A and 2B. Filter 6 has glass 
?bers, for example, and captures micron-order ?ne particles 
With a high e?iciency. More speci?cally, ?lter 6 traps ?ne 
particles of 0.3 pm With a trapping ef?ciency of 99.97% or 
more. Filter 6 is provided at the bloWing side or suction side 
of fans 2A and 2B. 
[0016] Fan ?lter unit has: total controller 7 (hereinafter 
referred to as controller 7) con?gure to control fan motors 5A 
and 5B; ?rst detector 9A con?gured to detect a rotating speed 
of motor 3A; and second detector 9B con?gured to detect a 
rotating speed of motor 3B. Controller 7 has: rotating speed 
setting section 8 con?gured to set rotating speeds of fan 
motors 5A and 5B; ?rst rotation controller 10A (hereinafter 
referred to as controller 10A) con?gured to receive a rotating 
speed detected by detector 9A to control the rotation of fan 
motor 5A; and second rotation controller 10B (hereinafter 
referred to as controller 10B) con?gured to receive a rotating 
speed detected by detector 9B to control the rotation of fan 
motor 5B. Controller 7 also has; ?rst comparator 30A; second 
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comparator 30B; third comparator 31; and rotating speed 
tuning controller 11 (hereinafter referred to as controller 11). 
Comparator 30A compares a rotating speed set by rotating 
speed setting section 8 With the rotating speed detected by 
detector 9A to transmit the result to controller 1 0A. Compara 
tor 30B compares the rotating speed set by rotating speed 
setting section 8 With the rotating speed detected by detector 
9B to transmit the result to controller 10B. Comparator 31 
compares the rotating speed detected by detector 9A With the 
rotating speed detected by detector 9B to calculate hoW much 
the sloWer rotating speed is sloWer than the faster rotating 
speed to transmit the result represented by r/min. to controller 
11. In other Words, comparator 31 calculates a difference 
betWeen the rotating speed detected by detector 9A and that 
detected by detector 9B. When the result by comparator 31 is 
equal to or higher than a predetermined value, controller 11 
subjects fan motors 5A and 5B to a tuning control via one of 
controllers 10A and 10B so that the faster rotating speed of 
those of fan motors 5A and 5B is reduced. 

[0017] Motors 3A and 3B are electronic control-type 
brushless motors, for example. Motor drivers 4A and 4B are 
composed of a microcomputer and softWare or an exclusive 
circuit, respectively. It is noted that motors 3A and 3B also 
may be motors based on a system other than the above one and 
motor drivers 4A and 4B also may be composed of circuits 
con?gured to control poWer applied to motors 3A and 3B. 

[0018] Each part of controller 7 is composed of a micro 
computer and softWare or an exclusive circuit. These parts 
may be provided integrally or may be provided separately. 
[0019] Detectors 9A and 9B are composed of, for example, 
magnets rotated by motors 3A and 3B, magnetic detection 
elements con?gured to detect changes in the magnetism, and 
circuits con?gured to calculate rotating speeds based on the 
changes in the magnetism. Alternatively, detectors 9A and 9B 
also may be composed by, for example, circular disks having 
re?ection sections rotated by motors 3A and 3B, optical ele 
ments con?gured to detect the brightness thereof, and circuits 
con?gured to calculate rotating speeds based on the changes 
in the brightness. As described above, detectors 9A and 9B 
can be con?gured based on a magnetic method, an optical 
method or the like. Each of detectors 9A and 9B generates 
clock vibration by a crystal oscillator to calculate a rotation 
number of motors 3A or 3B per a unit time based on this 
vibration. The structure as described above provides accurate 
detection of the rotation speeds of motors 3A and 3B. 

[0020] In the above structure, a rotating speed of 2000 
r/min set by rotating speed setting section 8 is given to motors 
3A and 3B. Then, a feedback control is performed so that the 
respective detected rotating speeds of motors 3A and 3B 
reach the set rotating speed. Speci?cally, comparators 30A 
and 30B compare the rotating speeds detected by detectors 
9A and 9B With the rotating speed set by rotating speed 
setting section 8, respectively, to send the result to controllers 
10A and 10B. Based on the results by comparators 30A and 
30B, controllers 10A and 10B control motor drivers 4A and 
4B so that motors 3A and 3B can have rotating speeds closer 
to the set rotating speed, respectively. 
[0021] Even the feedback control as described above may 
cause fan motors 5A and 5B to have different rotating speeds 
due to variation in the capability betWeen fan motors 5A and 
5B or a change in an air pressure in a place holding fan motors 
5A and 5B. When the difference in the rotating speeds is 10 
r/min or more for example, Whining sound is caused. 
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[0022] In this case, controller 11 controls controller 10B 
based on the calculation result of comparator 31 so that the 
higher detection rotating speed of fan motor 5B is adjusted to 
the loWer detection rotating speed of fan motor 5A. Speci? 
cally, controllers 10A and 10B prioritizes the control from 
controller 11 over the results from comparators 30A and 30B. 
As a result, Whining sound is suppressed from being caused 
Without being in?uenced by variation in the capability 
betWeen fan motors 5A and 5B or a change in an air pressure 
in a place holding fan motors 5A and 5B. 
[0023] It is noted that conditions causing Whining sound 
change depending on the rotation speeds, siZes of fan motors 
5A and 5B, or the shapes of fans 2A and 2B. Thus, a threshold 
value of a difference betWeen the rotating speeds at Which a 
tuning control of rotating speeds is started is preferably deter 
mined on a case-by-case basis. 
[0024] As described above, based on the rotating speed 
detected by detector 9A, controller 7 provides a feedback 
control by Which the rotating speed of fan motor 5A is iden 
tical With the set rotating speed. Similarly, based on the rotat 
ing speed detected by detector 9B, controller 7 also provides 
a feedback control by Which the rotating speed of fan motor 
5B is identical With the set rotating speed. Furthermore, When 
the rotating speed detected by detector 9A is sloWer than the 
rotating speed detected by detector 9B by an amount equal to 
or larger than a predetermined value, controller 7 performs a 
tuning control to the rotating speed so that the rotating speed 
of fan motor 5B is reduced to the rotating speed detected by 
detector 9A. When the rotating speed detected by detector 9B 
is sloWer than the rotating speed detected by detector 9A by 
an amount equal to or larger than a predetermined value, 
controller 7 also performs a tuning control to the rotating 
speed so that the rotating speed of fan motor 5A is reduced to 
the rotating speed detected by detector 9B. 
[0025] It is noted that, although a case Where tWo fan 
motors are provided is described above, the above system also 
can be applied to a case Where three or more fan motors are 

provided. In such a case, a control may be provided by Which 
rotating speeds of fan motors are adjusted to the loWest rotat 
ing speed of a fan motor. 

Second Exemplary Embodiment 

[0026] FIG. 3 is a block circuit diagram illustrating a fan 
?lter unit according to a second exemplary embodiment of the 
present invention. This exemplary embodiment has the same 
structure as that of the ?rst exemplary embodiment except for 
that total controller 73 is structured so that stabiliZer 16 is 
provided betWeen comparator 31 and rotation speed tuning 
controller 11 (hereinafter referred to as controller 11). 
[0027] StabiliZer 16 is designed to prevent controller 11 
from functioning until a preparatory operation performed for 
a predetermined time is completed. StabiliZer 16 prevents 
controller 11 from functioning in a time Zone in Which 
detected rotating speeds of fan motors 5A and 5B are unstable 
e.g., at a time just after the start of the operation of fan motors 
5A and 5B or in a case Where the rotating speeds change 
instantaneously. StabiliZer 16 is also composed by a micro 
computer, for example. 
[0028] Speci?cally, When a set rotating speed is 2000 r/min. 
for example, and detected rotating speed of fan motors 5A and 
5B are different from each other in an amount equal to or 
higher than +10 r/min, stabiliZer 16 prevents controller 11 
from functioning for a predetermined time. In other Words, 
stabiliZer 16 delays the start of a tuning control of the rotating 
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speed by a predetermined time. Speci?cally, When a differ 
ence in the detected rotating speeds of fan motors 5A and 5B 
is equal to or larger than :10 r/min, controller 11 does not 
function for a predetermined time. 
[0029] The predetermined time is set to 30 seconds for a 
timing just after the start of the operation by poWer activation 
and is set to 10 seconds for a case Where a set rotating speed 
is changed or a case Where a sudden change in loads to motors 
5A and 5B causes a change in the detected rotating speeds, for 
example. Each of these set times correspond to a preparatory 
operation time. This can avoid an excessive response of the 
tuning control of the rotating speed in a state in Which fan 
motors 5A and 5B have unstable rotating speeds. 
[0030] As described above, total controller 73 delays the 
start of a tuning control of the rotating speed by a predeter 
mined time. This prevents controller 11 from functioning in a 
time Zone in Which the detected rotating speeds of fan motors 
5A and 5B are unstable. 

Third Exemplary Embodiment 

[0031] FIG. 4 is a block circuit diagram illustrating a fan 
?lter unit according to a third exemplary embodiment of the 
present invention. This exemplary embodiment has the same 
structure as that of the ?rst exemplary embodiment except for 
that total controller 74 includes retry section 19. Retry section 
19 is also composed of a microcomputer, for example. 
[0032] Retry section 19 has a retry function to try to provide 
a control by Which the rotation speeds of fans 2A and 2B are 
adjusted to a rotating speed set by rotating speed setting 
section 8, When rotating speed tuning controller 11 (herein 
after referred to as controller 11) continuously performs a 
tuning control of rotating speed for a predetermined time. 
[0033] When fan motors 5A and 5B are stopped during an 
important process in a clean room using the fan ?lter unit, the 
process may have a remarkably-deteriorated productivity. If 
fan motors 5A and 5B are operated With a loW rotating speed, 
an expected air volume provided by a set rotating speed is not 
supplied. It is thus desirable that such a continuous operation 
of fan motors 5A and 5B is avoided during such an important 
process. 
[0034] Retry section 19 measures a time during Which a 
tuning control of rotating speed is continued. When a tuning 
control of the rotating speed is continued for 10 minutes, for 
example, due to variation in the capability betWeen fan 
motors 5A and 5B, for example, retry section 19 tries to 
control fan motors 5A and 5B With an initial set rotating speed 
via rotation controllers 10A and 10B (hereinafter referred to 
as controllers 10A and 10B). Speci?cally, an instruction by 
retry section 19 is prioritized over the control by controller 11. 
As described above, total controller 74 performs a retry con 
trol by Which the rotating speeds of motors 5A and 5B are 
adjusted to a set rotating speed When a tuning control of 
rotating speed continues for a predetermined time. This pre 
vents a situation Where fan motors 5A and 5B are continu 
ously operated With a loW rotating speed While a tuning con 
trol of rotating speed prevents an expected air volume 
provided by a set rotating speed. Fan motors 5A and 5B can 
thus fully use the capabilities thereof. Then, fan motors 5A 
and 5B are operated again With a rotating speed as much as 
close to the set rotating speed. 
[0035] A predetermined time measured by retry section 19 
depends on an inner volume of a clean room or the like 
attached With the fan motor unit or a required air volume. 
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[0036] It is noted that, even When the retry control cannot 
prevent a difference in the rotating speeds of fan motors 6A 
and 5B equal to or larger than a predetermined value of 
rotating speed, the rotating speeds are preferably subjected to 
a tuning control again. Thus, a retry control is not continu 
ously performed. Once retry section 19 instructs controllers 
10A and 10B to perform a retry control, a time during Which 
a tuning control of rotating speed is performed, Which is 
measured by retry section 19, is reset. Then, a normal control 
as in the ?rst exemplary embodiment is returned. The control 
as described above is preferred. 

Fourth Exemplary Embodiment 

[0037] FIG. 5 is a block circuit diagram illustrating a fan 
?lter unit according to a fourth exemplary embodiment of the 
present invention. This exemplary embodiment has the same 
structure as that of the third exemplary embodiment except 
for that total controller 75 includes retry counter 20 and 
operation stop section 18. Retry counter 20 and operation stop 
section 18 are also composed of a microcomputer, for 
example. It is noted that operation stop section 18 also may be 
con?gured to stop the poWer supply to motors 3A and 3B, 
instead of stopping fan motors 5A and 5B via rotation con 
trollers 10A and 10B. In other Words, operation stop section 
18 also may be con?gured by a relay. 
[0038] When retry counter 20 detects that the retry function 
by retry section 19 is repeatedly performed a predetermined 
times Within a predetermined period of time, retry counter 20 
skips a tuning control of rotating speed to automatically stop 
fan motors 5A and 5B via operation stop section 18. Speci? 
cally, an instruction by operation stop section 18 is prioritiZed 
over that by retry section 19. As described above, When a retry 
control is repeated a predetermined times Within a predeter 
mined period of time, total controller 75 stops fan motors 5A 
and 5B. 
[0039] Retry counter 20 counts hoW many times a retry 
function is performed Within one hour, for example. When the 
counted number exceeds ?ve, for example, retry counter 20 
determines an abnormal use. Such status is caused, for 
example, When an abnormal pressure is caused in a place 
Where the fan ?lter unit is placed, When the fan ?lter unit is 
used in an abnormal use, for example, When a foreign matter 
such as rope Winds around fan motors 5A and 5B, or When 
?lter 6 has abnormality. When the number of a retry function 
performed Within a predetermined period of time is equal to 
or more than a predetermined value, retry counter 20 outputs 
a signal to operation stop section 18. Upon receiving this 
signal, operation stop section 18 automatically stops fan 
motors 5A and 5B. In this manner, an abnormal use of fan 
motors 5A and 5B is automatically prevented. 
[0040] It is appropriate that the predetermined period of 
time Within Which retry counter 20 measures hoW many times 
retry section 19 has instructed a retry function is about one 
hour to tWo hours. This control intends to detect abnormality 
as described above and thus determination Within a short time 
is preferred. When an abnormality is caused, a retry function 
is continuously performed. Thus, a threshold value for out 
putting a signal to operation stop section 18 may be about 3 to 
5. 

Fifth Exemplary Embodiment 

[0041] FIG. 6 is a block circuit diagram illustrating a fan 
?lter unit according to a ?fth exemplary embodiment of the 
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present invention. This exemplary embodiment has the same 
structure as that of the ?rst exemplary embodiment except for 
that total controller 76 includes third comparator 21 having a 
different function from that of comparator 31 and operation 
stop section 18. Comparator 21 is also composed of a micro 
computer, for example. 
[0042] Comparator 21 has the same function as that of 
comparator 31 to compare the rotating speed detected by 
detector 9A With the rotating speed detected by detector 9B to 
transmit the result to rotating speed tuning controller 11 
(hereinafter referred to as controller 11). Comparator 21 also 
compares a set rotating speed set by rotating speed setting 
section 8 With the rotating speeds detected by detectors 9A 
and 9B. Then, comparator 21 determines Whether or not a 
difference betWeen the set rotating speed and any of the 
rotating speeds detected by detectors 9A and 9B is larger than 
a rotation difference limit corresponding to 25%, for 
example, of the set rotating speed. When comparator 21 
detects that the difference is larger than the rotation difference 
limit, comparator 21 skips a tuning control of rotating speed 
via operation stop section 18 to automatically stop fan motors 
5A and 5C. As described above, an instruction by operation 
stop section 18 is prioritized over that by controller 11. 
[0043] As described above, comparator 21 compares the 
rotating speeds detected by detectors 9A and 9B With the set 
rotating speed set by rotating speed setting section 8 to detect 
a difference in the rotating speeds. 
[0044] There may be a case as shoWn in FIG. 6 in Which fan 
motor 5C completely different from fan motor 5B is provided 
When fan motors 5B and 5C are arranged. When fan motor 5C 
is used in a Wrong manner as described above, comparator 21 
detects that fan motor 5C has a rotating speed signi?cantly 
different from that of fan motor 5B, and is able to determine 
that fan motor 5B and fan motor 5C are arranged in a Wrong 
manner. For example, comparator 21 detects that a difference 
betWeen a set rotating speed of 2000 r/min. and detected 
rotating speeds is 500 r/min. or more. In such a case, com 
parator 21 outputs a signal to operation stop section 18. Upon 
receiving this signal, operation stop section 18 automatically 
stops fan motors 5A and 5C. In this manner, an abnormal use 
of fan motor 5C is automatically avoided. 
[0045] Alternatively, fan motors 5A and 5B are also 
stopped When motors 5A and 5B are correctly provided and 
?lter 6 is locally clogged to prevent one of fan motors 5A and 
5B from correctly operating. 
[0046] It is noted that, When fan motor 5B having the same 
function as that of fan motor 5A is placed instead of fan motor 
5C, a criterion value used by comparator 21 is set so as to 
prevent operation stop section 18 from operating. 
[0047] As described above, When a difference betWeen a set 
rotating speed and a rotating speed detected by detector 9A or 
detector 9B is larger than a predetermined value, total con 
troller 76 stops the fan motors. This prevents one fan motor 
from being Wrongly used or operating in an abnormal condi 
tion. 

Sixth Exemplary Embodiment 

[0048] FIG. 7 is a block circuit diagram illustrating a fan 
?lter unit according to a sixth exemplary embodiment of the 
present invention. This exemplary embodiment has the same 
structure as that of the ?rst exemplary embodiment except for 
that total controller 77 includes third comparator 22 and 
operation stop section 18. Third comparator 22 is used instead 
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of comparator 31 and has a different function. Comparator 22 
is also composed of a microcomputer or the like. 
[0049] Comparator 22 has the same function as that of 
comparator 31 to compare a rotating speed detected by detec 
tor 9A With a rotating speed detected by detector 9B to trans 
mit the result to rotating speed tuning controller 11 (herein 
after referred to as controller 11). Comparator 22 also 
compares rotating speeds detected by detectors 9A and 9B 
With a set rotating speed set by rotating speed setting section 
8. When a difference betWeen the rotating speeds detected by 
detectors 9A and 9B and the set rotating speed is equal to or 
larger than a predetermined value, comparator 22 stops fan 
motors 5C and 5D via operation stop section 18. 
[0050] Fan motors 5C and 5D here are different from fan 
motors 5A and 5B having a required capability that should be 
attached. In such a case, fan motors 5C and 5D cannot be 
rotated With the required rotating speed. Speci?cally, the 
detected rotating speeds in this case do not identical With the 
set rotating speed just after the start of the operation in spite of 
that the set rotating speed is set to be equal to or loWer than a 
predetermined rotating speed determined Within a range of 
capabilities of the fan motors that should be attached. In such 
a case, comparator 22 compares rotating speeds detected by 
detectors 9A and 9B With the set rotating speed set by rotating 
speed setting section 8 to detect a Wrong use of fan motors 5C 
and 5D. Then, comparator 22 skips a tuning control of the 
rotating speed to alloW operation stop section 18 to automati 
cally stop fan motors 5C and 5D. 
[0051] Assume a case Where rotating speed setting section 
8 is used to set a set rotating speed of 1800 r/min. that is Within 
a range of 1000 to 2000 r/min as a range of capabilities of 
rotating speeds of fan motors 5A and 5B. In this case, fan 
motors 5A and 5B have a suf?cient capability and can be 
subjected to a feedback control. HoWever, fan motors 5C and 
5D arranged in a Wrong manner prevent the rotating speed 
detected by detectors 9A and 9B from being Within a range of 
:10 r/min Within the set rotating speed, for example. In such 
a case, comparator 22 determines an abnormal use in Which 
fan motors 5C and 5D having capabilities totally different 
from those of fan motors 5A and 5B are Wrongly used. Then, 
comparator 22 outputs a signal to operation stop section 18. 
Upon receiving this signal, operation stop section 18 auto 
matically stops fan motors 5C and 5D. In this manner, an 
abnormal use of fan motors 5C and 5D is automatically 
avoided. 
[0052] It is noted that, When fan motors 5A and 5B are 
provided instead of fan motors 5C and 5D, a criterion value 
used by comparator 22 is set so as to prevent operation stop 
section 18 from operating. 
[0053] Fan motors may have unstable rotating speeds just 
after the start of the operation as described in the second 
exemplary embodiment. Thus, as in the function of stabiliZer 
16 of the second exemplary embodiment, operation stop sec 
tion 18 is preferably suppressed from operating for a prede 
termined time. 
[0054] As described above, total controller 77 stops the fan 
motors When a difference betWeen a set rotating speed and 
rotating speeds detected by detectors 9A and 9B is larger than 
a predetermined value. 
[0055] It is noted that the respective structures unique to the 
second exemplary embodiment to the sixth exemplary 
embodiment may be combined so long as they are incompat 
ible to each other. Such a combination is covered by the scope 
of the present invention. For example, the structure of the 
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second exemplary embodiment may be combined With the 
structures of the third to sixth exemplary embodiments. 

INDUSTRIAL APPLICABILITY 

[0056] According to the present invention, in a room 
including a clean room holding therein a plurality of fans 
having similar rotating speeds, a tuning control of rotating 
speed can be used to suppress Whining sound by the fans. 
Thus, the invention can be used for an application for making 
not only a Work environment but also a living environment 
more comfortable. 

1. A fan ?lter unit comprising: 
a ?rst fan motor having a ?rst fan and a ?rst motor; 
a ?rst detector con?gured to detect a rotating speed of the 

?rst motor; 
a second fan motor having a second fan and a second 

motor; 
a second detector con?gured to detect a rotating speed of 

the second motor; 
a ?lter con?gured to clean air bloWn from the ?rst fan and 

the second fan; and 
a total controller con?gured to perform a feedback control 

so that a rotating speed of the ?rst fan motor is identical 
With a set rotating speed based on the rotating speed 
detected by the ?rst detector, to perform a feedback 
control so that a rotating speed of the second fan motor 
is identical With the set rotating speed based on a rotating 
speed detected by the second detector, to perform a 
tuning control of rotating speed so that the rotating speed 
of the second fan motor is reduced to the rotating speed 
detected by the ?rst detector When the rotating speed 
detected by the ?rst detector is sloWer than the rotating 
speed detected by the second detector by at least a pre 
determined value, to perform a tuning control of rotating 
speed so that the rotating speed of the ?rst fan motor is 
reduced to the rotating speed detected by the second 
detector When the rotating speed detected by the second 
detector is sloWer than the rotating speed detected by the 
?rst detector by at least a predetermined value. 

2. The fan ?lter unit according to claim 1, Wherein 
the total controller includes: 

a ?rst rotation controller con?gured to perform a feed 
back control so that the rotating speed of the ?rst fan 
motor is identical With a set rotating speed based on 
the rotating speed detected by the ?rst detector; 

a second rotation controller con?gured to perform a 
feedback control so that the rotating speed of the 
second fan motor is identical With the set rotating 
speed based on the rotating speed detected by the 
second detector; 

a ?rst comparator con?gured to compare the rotating 
speed detected by the ?rst detector With the set rotat 
ing speed and to transmit a comparison result to the 
?rst rotation controller; 

a second comparator con?gured to compare the rotating 
speed detected by the second detector With the set 
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rotating speed, and to transmit a comparison result to 
the second rotation controller; 

a third comparator con?gured to calculate a difference 
betWeen the rotating speed detected by the ?rst detec 
tor and the rotating speed detected by the second 
detector; and 

a rotating speed tuning controller con?gured to perform 
a tuning control so that the rotating speed of a faster 
fan motor among the ?rst fan motor and the second 
fan motor is reduced via one of the ?rst and second 
rotation controllers When a calculation result of the 
third comparator is at least the predetermined value, 
upon receiving the calculation result of the third com 
parator. 

3. The fan ?lter unit according to claim 1, Wherein 

the total controller is con?gured to delay a start of the 
tuning control of rotating speed by a predetermined 
time. 

4. The fan ?lter unit according to claim 3, Wherein 

the predetermined time is set a time required for a prepa 
ratory operation during Which the rotation speeds 
detected by the ?rst detector and the second detector are 
stabiliZed, just after one of the start of the operation of 
the fan ?lter unit and a change of the set rotation speed 
for the fan motors. 

5. The fan ?lter unit according to claim 1, Wherein 

the total controller is con?gured to perform a retry control 
so that the rotating speeds of the ?rst fan motor and the 
second fan motor are adjusted to the set rotating speed 
When the tuning control of rotating speed is performed 
for a predetermined time. 

6. The fan ?lter unit according to claim 5, Wherein 

the total controller is con?gured to stop the fan motors 
When the retry control is repeated a predetermined times 
Within a predetermined period of time. 

7. The fan ?lter unit according to claim 1, Wherein 
the total controller is con?gured to stop the ?rst fan motor 

and the second fan motor When any of a difference 
betWeen the set rotating speed and the rotating speed 
detected by the ?rst detector, and a difference betWeen 
the set rotating speed and the rotating speed detected by 
the second detector is larger than a predetermined value. 

8. The fan ?lter unit according to claim 1, Wherein 
the total controller is con?gured to stop the ?rst fan motor 

and the second fan motor When a difference betWeen the 
set rotating speed and the rotating speed detected by the 
?rst detector and a difference betWeen the set rotating 
speed and the rotating speed detected by the second 
detector are larger than a predetermined value, 
respectively. 


