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(57) ABSTRACT 

A silencer is disclosed that includes a housing having a ?at 
enclosing shape and having formed therein a passage for 
silencing; and pores, being formed at the housing so as to be 
cornrnunicatively connected With the passage, into Which a 
sound Wave to be noise is introduced. The pores, being 
formed close to the periphery of the housing, are con?gured 
so that the sound Wave travels in the planar direction of the 
housing. 
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SILENCER AND ELECTRONIC EQUIPMENT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a US. continuation application 
?led under 35 USC 111(a) claiming bene?t under 35 USC 
120 and 365(c) of PCT application JP02/13679, ?led Dec. 
26, 2002, Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to a tech 
nology for silencing fan noise, and particularly relates to a 
silencer suitable for use in a fan-noise silencing process and 
electronic equipment having provided therein the silencer. 

[0004] 2. Description of the Related Art 

[0005] In recent years and continuing, as small-siZed elec 
tronic equipment such as a notebook PC and a desk-top PC 
is made smaller and faster, the amount of heat dissipation 
required for a semiconductor apparatus (such as a CPU) set 
up inside is on the increase. It is possible to air-cool using 
a fan as means for cooling the semiconductor apparatus. 

[0006] HoWever, With the method of cooling using the fan, 
there is a problem such that increasing the number of 
rotations of the fan in order to increase the cooling ef?ciency 
results in increased fan noise. Moreover, While only a 
small-siZed fan can be ?t into the doWnsiZed electronic 
equipment as described above, it is knoWn that With the 
same air amount, the smaller the fan the larger the fan noise. 

[0007] On the other hand, in order to reduce the fan noise 
Without degrading the cooling performance, methods are 
possible such as cooling using cooling Water as in Water 
cooling, and by means of temperature control, decreasing 
the number of rotations of the fan When the temperature of 
the CPU is loW. 

[0008] HoWever, With the Water-cooling, the structure of 
the apparatus becomes complicated so as to cause an 
increased product cost, and the enlarged apparatus runs 
counter to the demand for doWnsiZing. Moreover, a problem 
arises such that an increased number of components leads to 
an increased failure rate, so as to cause decreased reliability 
of the electronic equipment into Which the Water-cooled 
cooling apparatus is ?t. 

[0009] With temperature control being con?gured to sense 
With a sensor an increase in the amount of heat dissipation 
of the CPU and to subsequently activate the fan for venti 
lation, the fan noise ?uctuates depending on the change in 
the CPU operating state and room temperature. Such ?uc 
tuating is recogniZed by a human being as annoying noise. 
Moreover, When the CPU continues to operate for more than 
or equal to a certain time period, there is a case such that the 
number of rotations of the fan becomes the maximum so that 
there is no longer any advantage in controlling the number 
of rotations. 

[0010] Thus, in the method of reducing the noise gener 
ated at the fan, the noise cannot be suppressed effectively. 
Therefore, a method is possible that uses a silencer for 
silencing the noise generated at the fan rather than decreas 
ing the noise generated at the fan. HoWever, conventionally, 
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such method of using a silencer is used in a relatively large 
apparatus such as an air-conditioning apparatus but not in 
smaller-siZed electronic equipment such as a PC. This is due 
to the folloWing reasons: 

[0011] 1) It is considered that a large space for the 
silencer is needed in order to silence the loW-fre 
quency fan noise of approximately 500 HZ to 2 kHZ; 

[0012] 2) The frequency characteristics of the fan 
noise are such that the fan noise consists of multiple 
peak frequencies and a Wide-bandWidth component 
so that an adequate silencing effect cannot be 
obtained With a conventional silencer With Which a 
single frequency can be silenced. 

[0013] FIG. 1 illustrates the state in Which a silencer 10 
being con?gured conventionally is set up at a duct 2 of a fan 
1. Cooling air generated at the fan 1 travels Within the duct 
2 in the direction of the arroW illustrated and cools a CPU, 
etc., as material to be cooled. This fan 1 operates at all times, 
or stops/rotates depending on the temperature of the mate 
rials to be cooled as in the temperature control described 
above. 

[0014] The silencer 10 is con?gured such that multiple 
pores 12 are formed at a housing 11. As this silencer 10 is 
to be ?t into small-siZed electronic equipment such as a 
notebook PC and a desktop PC, the housing 11 has a ?at 
enclosing shape. Moreover, a top plate 13 of the housing 11 
is being exposed to the duct 2, and the multiple pores 12 (24 
in the illustrated example) are formed at this top plate 13. 

[0015] As the housing 11 has the enclosing shape as 
described above, an air layer for silencing is being formed. 
Thus, the noise that is generated by the fan 1 and that 
penetrates into the housing 11 from the pores 12 is silenced 
by attenuation through resonance and expansion at the air 
layer Within this housing 11. 

[0016] NoW each parameter of the silencer 10 is set as 
folloWs While illustrating each of these parameters in FIG. 
1: 

[0017] 
[0018] 
[0019] 

c: the speed of sound (m/s) 

t: the plate thickness of the top plate 13 q); the diameter of the pores 12 

[0020] L: the length of the noise passage [0021] D: the interval betWeen the pores 12 [0022] P: the intermediate value; 

[0023] f: the silencing frequency (HZ) 

[0024] When specifying each parameter as described 
above, the silencing frequency f (HZ) silenceable at the 
silencer 10 and the intermediate value P may be represented 
by the folloWing equations (1) and (2): 

[0025] NoW, there is more demand for doWnsiZing the 
silencer to be ?t into small-siZed electronic equipment 
relative to the conventional silencer ?t in large-siZed equip 
ment such as an air-conditioning apparatus so that the 
constraint on the siZe of the silencer to be ?t into the 
small-siZed electronic equipment is severe. More speci? 
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cally, the thickness of the housing 11 may be constrained to 
be Within 0.5 mm. Then, the length L of the noise passage 
in equation (1) as described above is equivalent to the 
distance from the pores 12 to the bottom of the housing 11, 
or in other Words, the thickness of the housing 11. 

[0026] NoW, assuming the speed of sound c as 346.3 m/s, 
the plate thickness t of the top plate 13 as 0.5 mm, the 
diameter 4) of the pores 12 as 0.8 mm, the length L of the 
noise passage (or the thickness of the housing 11) as 0.5 mm, 
and the interval D betWeen the pores 12 as 10 mm; according 
to the equations (1) and (2), the silencing frequency f ends 
up high at f=5176 HZ such that the fan noise (at approxi 
mately 1.5 to 2 kHZ) actually generated at the fan 1 cannot 
be silenced. 

[0027] Thus, in the conventional silencer 10, When it is ?t 
into small-siZed electronic equipment such as a notebook PC 
and a desktop PC, the length L of the noise passage cannot 
be increased so that the fan noise generated at the fan 1 
cannot be silenced. Moreover, When the con?guration is 
made such that the fan noise generated at the fan 1 is reliably 
eliminated, there is a problem in that the silencer 10 ends up 
being large such that a further demand for doWnsiZing the 
small-siZed electronic equipment cannot be met. 

SUMMARY OF THE INVENTION 

[0028] It is a general object of the present invention to 
provide a technology for silencing fan noise that substan 
tially obviates one or more problems caused by the limita 
tions and disadvantages of the related art. 

[0029] It is a more particular object of the present inven 
tion to provide a silencer for use in a fan-noise silencing 
process and electronic equipment having provided the 
silencer that achieves silencing reliably While achieving 
doWnsiZing. 

[0030] According to the invention, a silencer includes a 
housing having a ?at enclosing shape and having formed 
therein a passage for silencing, and one or a plurality of 
pores, being formed at the housing so as to be communica 
tively connected With the passage, into Which a sound Wave 
to be noise is introduced, Wherein the pores, being formed 
close to the periphery of the housing, are con?gured so that 
the sound Wave to be noise travels in the planar direction of 
the housing. 

[0031] The silencer as described above enables achieving 
silencing reliably While achieving doWnsiZing. 

[0032] According to another aspect of the invention, in 
electronic equipment including Within the apparatus main 
frame a fan for cooling and a silencer for silencing noise 
generated at the fan, the silencer includes a housing having 
a ?at enclosing shape and having formed therein a passage 
for silencing, and one or more pores, being formed at the 
housing so as to be communicatively connected With the 
passage, into Which a sound Wave to be noise is introduced, 
and the pores, being formed close to the periphery of the 
housing, are con?gured so that the sound Wave to be noise 
travels in the planar direction of the housing. 

[0033] The electronic equipment as described above 
enables achieving silencing reliably While achieving doWn 
siZing. 
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[0034] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a diagram for describing a con?guration 
of an exemplary conventional silencer and a theoretical 
equation regarding the silencing frequency; 

[0036] FIG. 2 is a block diagram of a silencing apparatus 
being a ?rst embodiment of the present invention; 

[0037] FIG. 3 is a cross-sectional vieW of the silencing 
apparatus being the ?rst embodiment of the present inven 
tion; 

[0038] FIG. 4A is a diagram illustrating the silencing 
performance of the silencer being the ?rst embodiment of 
the present invention relative to the silencing performance of 
a conventional silencer; 

[0039] FIG. 4B is a diagram illustrating the silencing 
effect of the silencer being the ?rst embodiment of the 
present invention; 

[0040] FIG. 5A is a diagram illustrating the silencing 
performance of a silencer not being enclosed; 

[0041] FIG. 5B is a diagram illustrating the silencing 
effect of the silencer not being enclosed; 

[0042] FIG. 6 is a block diagram of a silencing apparatus 
being a second embodiment of the present invention; 

[0043] FIG. 7 is a cross-sectional vieW of the silencing 
apparatus being the second embodiment of the present 
invention; 

[0044] FIG. 8 is a cross-sectional vieW of a silencing 
apparatus being a third embodiment of the present invention; 

[0045] FIG. 9 is a block diagram of a silencing apparatus 
being a fourth embodiment of the present invention; 

[0046] FIG. 10 is a cross-sectional vieW of the silencing 
apparatus being the fourth embodiment of the present inven 
tion; 

[0047] FIG. 11 is a block diagram of a silencing apparatus 
being a ?fth embodiment of the present invention; 

[0048] FIG. 12 is a cross-sectional vieW of the silencing 
apparatus being the ?fth embodiment of the present inven 
tion; 

[0049] FIG. 13 is a block diagram of a silencing apparatus 
being a siXth embodiment of the present invention; 

[0050] FIG. 14 is a cross-sectional vieW of a silencing 
apparatus being the siXth embodiment of the present inven 
tion; 

[0051] FIG. 15 is a cross-sectional vieW of a silencing 
apparatus being a seventh embodiment of the present inven 
tion; 

[0052] FIG. 16 is a cross-sectional vieW of a silencing 
apparatus being an eighth embodiment of the present inven 
tion; 
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[0053] FIG. 17 is a cross-sectional vieW of a silencing 
apparatus being a variant of the eighth embodiment of the 
present invention; 

[0054] FIG. 18 is a cross-sectional vieW of a silencing 
apparatus being a ninth embodiment of the present inven 
tion; 

[0055] FIG. 19 is a cross-sectional vieW illustrating the 
state before operating a silencing apparatus being a tenth 
embodiment of the present invention; 

[0056] FIG. 20 is a cross-sectional vieW illustrating the 
state after operating the silencing apparatus being the tenth 
embodiment of the present invention; 

[0057] FIG. 21 is a cross-sectional vieW illustrating the 
state before operating a silencing apparatus being an elev 
enth embodiment of the present invention; 

[0058] FIG. 22 is a cross-sectional vieW illustrating the 
state after operating the silencing apparatus being the elev 
enth embodiment of the present invention; 

[0059] FIG. 23 is a cross-sectional vieW of a silencing 
apparatus being a tWelfth embodiment of the present inven 
tion; 

[0060] FIG. 24 is a plan vieW illustrating the state before 
operating the silencing apparatus being the tWelfth embodi 
ment of the present invention; 

[0061] FIG. 25 is another plan vieW illustrating the state 
after operating the silencing apparatus being the tWelfth 
embodiment of the present invention; 

[0062] FIG. 26 is a cross-sectional vieW from the right 
hand side of the silencing apparatus being the tWelfth 
embodiment of the present invention; 

[0063] FIG. 27 is a perspective vieW of the silencing 
apparatus being a thirteenth embodiment of the present 
invention; 

[0064] FIG. 28 is a cross-sectional vieW illustrating the 
state before operating the silencing apparatus being the 
thirteenth embodiment of the present invention; 

[0065] FIG. 29 is a cross-sectional vieW illustrating the 
state after operating the silencing apparatus being the thir 
teenth embodiment of the present invention; 

[0066] FIG. 30 is a perspective vieW of a silencing appa 
ratus being a fourteenth embodiment of the present inven 
tion; 

[0067] FIG. 31 is a (?rst) diagram for describing a mount 
ing structure of the silencing apparatus being the fourteenth 
embodiment of the present invention; 

[0068] FIG. 32 is a (second) diagram for describing the 
mounting structure of the silencing apparatus being the 
fourteenth embodiment of the present invention; 

[0069] FIG. 33 is a cross-sectional vieW of the silencing 
apparatus being the fourteenth embodiment of the present 
invention; 

[0070] FIG. 34 is a cross-sectional vieW of the silencing 
apparatus being a ?rst variant of the fourteenth embodiment 
of the present invention; 
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[0071] FIG. 35 is a cross-sectional vieW of the silencing 
apparatus being a second variant of the fourteenth embodi 
ment of the present invention; 

[0072] FIG. 36 is a cross-sectional vieW of the silencing 
apparatus being a third variant of the fourteenth embodiment 
of the present invention; 

[0073] FIG. 37 is a perspective vieW of the silencing 
apparatus being a ?fteenth embodiment of the present inven 
tion; and 

[0074] FIG. 38 is a perspective vieW of electronic equip 
ment into Which each of the silencing apparatuses corre 
sponding to each of the embodiments of the present inven 
tion is ?t. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0075] In the folloWing, embodiments of the present 
invention are described With reference to the accompanying 
draWings. 

[0076] FIGS. 2 and 3 illustrate a silencer 20A being a ?rst 
embodiment of the present invention. It is noted that the 
same elements in FIGS. 2, 3, and each of the subsequent 
?gures used in describing each embodiment as the elements 
illustrated in FIG. 1 have applied the same letters. 

[0077] The silencer 20A in the present embodiment is 
con?gured from a housing 21 and pores 22 being formed at 
a top plate 23 of this housing 21. The housing 21 has a ?at 
enclosing shape and is con?gured to be enclosed eXcept for 
the pores 22. Therefore, a space (beloW referred to this space 
as an air layer 24) is formed Within the housing 21. This 
housing 21 is set up at a duct 2 of a fan 1 generating cooling 
an. 

[0078] The fan 1 and the duct 2 are set up Within an 
apparatus mainframe 72 of electronic equipment 70 such as 
a desktop PC as illustrated in FIG. 38 so that materials to be 
cooled such as a CPU, etc., are cooled by cooling air 
generated at the fan 1. It is noted that applying the present 
invention is not to be limited to a desktop PC such that the 
present invention may be applied to a further-doWnsiZed 
notebook PC or a large-siZed server. 

[0079] The housing 21 is mounted onto the duct 2 such 
that the top plate 23 is eXposed Within the duct 2. Thus, the 
sound Wave to be noise generated at the fan 1 penetrates 
from the pores 22 into the housing 21. It is noted that the 
arroW represented by the letter N illustrates the penetrating 
of the sound Wave to be noise into the housing 21. 

[0080] The pores 22 for introducing the sound Wave to be 
noise into the housing 21 are formed close to the periphery 
of the housing 21. More speci?cally, a multiple number (4 
in the present embodiment) of pores are formed along the 
short side of one end Which is upstream relative to the 
direction (represented as arroW “a” in FIG. 2) of How of the 
cooling air generated at the fan 1. It is noted that While the 
pores 22 are formed along the short side on the one upstream 
end relative to the direction of the How of the cooling air in 
the present embodiment, the con?guration may be such that 
the pores 22 are formed along the short side of the other 
doWnstream end relative to the direction “a” of the How of 
the cooling air. 
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[0081] Thus, having formed the pores 22 close to the 
periphery of the housing 21 causes the sound Wave to be 
noise that has penetrated from the pores 22 to travel in the 
planar direction (the direction parallel to the direction “a” of 
the How of the cooling air) in the air layer 24 that is formed 
Within the housing 21 and that is to be the passage for the 
sound Wave. Then, the distance that the sound Wave to be 
noise travels Within the housing 21 becomes the distance 
represented by the arroW “L” in FIGS. 2 and 3 so as to be 
a larger distance relative to the thickness dimension W of the 
housing 21 (L>W). 
[0082] NoW focusing on equation (1) as described above, 
out of the various parameters, the length L of the noise 
passage in the present embodiment becomes the distance L 
that the sound Wave to be noise travels Within the housing 
21. The length L of this noise passage is a value in the 
denominator so that as the value L gets larger the silencing 
frequency f becomes smaller. Therefore, according to the 
silencer 20A of the present embodiment, even making the 
thickness W of the housing 21 smaller to achieve doWnsiZ 
ing, or in other Words even achieving doWnsiZing of the 
silencer 20A enables decreasing the silencing frequency f, 
enabling effectively silencing the noise generated at the fan 
1 that is of loW frequency. 

[0083] Next, a calculation is made by substituting speci?c 
parameter values into equation NoW, each of the param 
eter values in equation (1) is set equal to the parameter 
values used When deriving the silencing frequency f of the 
silencer 10 previously illustrated in FIG. 1. More speci? 
cally, the parameters are set With the speed of sound c as 
346.3 m/s, the plate thickness t of the top plate 13 as 0.5 mm, 
the diameter 4) of the pores 12 as 0.8 mm, the interval D 
betWeen the pores 12 as 10 mm, and the length L of the noise 
passage as 4 mm in the present embodiment (L=0.5 mm in 
the example illustrated in FIG. 1). 

[0084] As a result, the silencer 20A in the present embodi 
ment, Without changing to a large extent the shape relative 
to the silencer 10 as illustrated in FIG. 1, or in other Words 
While achieving doWnsiZing of the silencer 20A, a large 
reduction from the previous f=5176 HZ to f=1830 HZ is 
enabled. This silencing frequency f=1830 HZ (beloW 
referred to as the theoretical frequency value) becomes the 
roughly-center frequency of the fan noise (approximately 
1.5 to 2 kHZ) actually generated at the fan 1. Therefore, With 
the silencer 20A of the present embodiment, effectively 
silencing the fan noise generated at the fan 1 is enabled. 

[0085] FIG. 4A illustrates the silencing performance of 
the silencer 20A in the present embodiment in relation to the 
silencing performance of the conventional silencer as illus 
trated in FIG. 1. Moreover, FIG. 4B is a diagram illustrating 
the silencing effect of the silencer being the ?rst embodiment 
of the present invention, and more speci?cally represents the 
result of having subtracted the value after applying the 
silencer from the value before applying the silencer as 
illustrated in FIG. 4A. 

[0086] According to these ?gures, the silencing frequency 
f of the silencer 20A in the present embodiment is 1810 HZ 
to 1840 HZ so as to roughly correspond to 1830 HZ being the 
theoretical frequency value derived from equation More 
speci?cally, as illustrated in FIG. 4B, it can be understood 
that, as a large noise-reducing effect of approximately 20 dB 
(A) centered at 1840 HZ is obtained, an effective silencing 
is performed on the noise of the fan 1. 
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[0087] On the other hand, FIG. 5A illustrates the silencing 
performance of the silencer 20A When there is a gap at a 
portion of the housing 21 so that the air layer 24 is 
communicatively connected to outer air. The silencing per 
formance of the conventional silencer as illustrated in FIG. 
1 is also illustrated in this ?gure as Well. Furthermore, FIG. 
5B illustrates the silencing effect of the silencer 20A having 
formed the gap. 

[0088] According to FIG. 5A, 5B, With the silencer 20A 
that has the gap in the housing 21 so that the airproofness of 
the housing 21 is reduced, the peak of the silencing fre 
quency f is 2848 HZ so as not to coincide With the theoretical 
frequency value of f=1830 HZ. 

[0089] Thus, it can be understood that effectively silencing 
the noise of the fan 1 requires enclosing the air layer 24 
formed Within the housing 21. Having to enclose the housing 
21 except at the positions at Which the pores 22 are formed, 
enables suppressing the so-called noise leakage, thus 
enabling to reliably absorb resonance Within the housing 21. 

[0090] Next, a second embodiment of the present inven 
tion is described. 

[0091] FIGS. 6 and 7 illustrate a silencer 20B being the 
second embodiment. The silencer 20B in the present 
embodiment is characteriZed in that a partition plate 25 is 
provided Within the housing 21 in the silencer 20A in the 
?rst embodiment. It is noted that in each of the diagrams for 
use in describing the second and the subsequent embodi 
ments, the same elements as the elements illustrated in 
FIGS. 1 and 2 have applied the same letters so as to omit 
the explanations for the elements. 

[0092] This partition plate 25 is being set up so as to be 
roughly parallel to the direction “a” of How of the cooling air 
generated at a fan 1 and also to be roughly parallel to a top 
plate 23. Also, the partition plate 25 has the edge of the side 
Which is upstream relative to the direction of the How of the 
cooling air (the left-hand side in FIG. 7) ?xed to the inner 
Wall of the housing 21. 

[0093] By con?guring as described above, an air layer 24 
formed Within the housing 21 is partitionally formed into 
upper and loWer sections so that tWo passages consisting of 
an upper passage 26 and a loWer passage 27 are formed. 
Then, the sound Wave to be the noise introduced from pores 
22 travels through the upper-section passage 26 so as to 
further travel into the loWer-level passage 27. 

[0094] Thus, in the silencer 20B in the present embodi 
ment, even the housing 21 having the same shape as that of 
the silencer 20A in the ?rst embodiment enables providing 
a longer distance for the sound Wave to be noise to travel 
relative to the con?guration of the silencer 20A in the ?rst 
embodiment Which is not provided a partition plate. More 
speci?cally, the distance for the sound Wave to be noise to 
travel Within the housing 21 may be roughly doubled from 
L With the silencer 20A in the ?rst embodiment to 2><L 
according to the present embodiment. Hereby, further 
decreasing the silencing frequency f While maintaining the 
small siZe of the silencer 20B is enabled. 

[0095] It is noted that While an example of having pro 
vided one partition plate 25 Within the housing 21 is 
described, the number of the partition plates 25 provided 
Within the housing 21 is not limited to one so that a 
















