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(57) ABSTRACT 

A serial fan set and rotation speed-matching curve genera 
tion method thereof are provided. The serial fan set com 
prises a rotation speed control module, a ?rst fan and a 
second fan, in Which the rotation speed control module is 
used to receive the poWer signal and produce the rotation 
speed driving signal corresponding to the poWer signal in 
accordance With the relations of the rotation speed-matching 
curve, so that the ?rst fan and the second fan are operated at 
the matching rotation speed, thus producing the optimum 
operation e?iciency and achieving the purpose of controlling 
the serial fan set. 

20 

rotation speed 
control module 

Y 
I 
l 

:\ first fan 
I 
I 
l 

\f second fan ‘ 
l 
I 

Driving signal 



Patent Application Publication Sep. 14, 2006 Sheet 1 0f 7 US 2006/0202647 A1 

E56 @525 2288 65:00 . 96% 5:92 

u v E8 960mm L/ 
n m NN 

" cg we _ 

n J" _| | | | I 1 |>| | | | | |_ _.N 

ow 

EcQw SQE 



US 2006/0202647 A1 

6:06 @525 

1 EB ucooow 

2368 6260‘ 
88m c0228 Ecgm xumnummm 

ca we 

Patent Application Publication Sep. 14, 2006 Sheet 2 0f 7 



Patent Application Publication Sep. 14, 2006 Sheet 3 0f 7 US 2006/0202647 A1 

2.0a 
E55 @526 vcooow 

1'... 

239.: 6260 

:3 268m 

26% 5:99 H56 @526 @E 

6:05 :55 

v E8 E5 

ow 





Patent Application Publication Sep. 14, 2006 Sheet 5 0f 7 US 2006/0202647 A1 

m.0_u_ _ cow; cow m 8: 000 w ooh: 002 m com co: N cow cog M 

E5: uooaw 5:22 :3 E086 

A805 ummaw c292 :2 65 



Patent Application Publication Sep. 14, 2006 Sheet 6 0f 7 US 2006/0202647 A1 

p air flow (Q) 

FIG.4 

air pressure (P) 



US 2006/0202647 A1 

Aummam c290: CE 5E m uwmaw c0522 _‘ 83m 5:39 

A , 

||||| | | N ommnw c252 ||||||||||||||| I - w nmoaw 5:22 
hummaw c0580: :2 2003 

Patent Application Publication Sep. 14, 2006 Sheet 7 0f 7 

P 



US 2006/0202647 A1 

SERIAL FAN SET AND ROTATION 
SPEED-MATCHING CURVE GENERATION 

METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a fan set and rotation 
speed-matching curve generation method for controlling the 
fan set, especially to a serial fan set operated in accordance 
With its rotation speed-matching characteristic curve and the 
method of generating, such as a rotation speed-matching 
curve. 

[0003] 2. RelatedArt 

[0004] With the increasing operation speed of the central 
processing unit (CPU) and the rising demand for reducing 
the unit area used for circuit design, a data processing device 
is in need of a better heat dissipation system to enhance the 
stability of system operation. The serial fan set system of the 
invention is designed to provide fairly good heat dissipation 
ef?ciency, as such it is frequently utiliZed in the data 
processing device, requiring high heat dissipation ef?ciency. 

[0005] The serial fan set is composed of tWo fans, 
arranged closely in sequence having mutually reverse fan 
rotation directions (one rotates in the forWard direction, and 
the other rotates in the reverse direction), thus increasing the 
output air volume and air pressure, and improving the fan 
rotation e?iciency. 

[0006] In general, since the respective fan of the serial fan 
set system receives the same input voltage, as such in 
controlling the fan rotation speed, the input voltage of the 
tWo fans must be controlled simultaneously to control their 
rotation speed. HoWever, by doing so, it Would lead to the 
result that the tWo fans are capable of producing the opti 
miZed rotation speed, matching only When they are operated 
under the maximum operation voltage, yet When the system 
is operated in the range betWeen the minimum operation 
speed and the maximum operation speed, the rotation speed 
matching and operation ef?ciency of the serial fan set system 
are not quite satisfactory. 

[0007] As the serial fan set system has to be operated With 
speci?c rotation speed ratio (since its rotation directions are 
mutually reverse, the rotation speeds of the tWo fans affect 
each other), and the rotation speed ratio at the respective 
rotation speed operation point is not quite the same, as such 
the operation of the serial fan set can not be maintained With 
optimum ef?ciency in the ordinary fan set control method of 
the prior art. 

[0008] Therefore, hoW to achieve the optimum rotation 
speed-matching in the operation range of the serial fan set, 
is the most important problem to be solved, so as to achieve 
a breakthrough in this ?eld. 

SUMMARY OF THE INVENTION 

[0009] In vieW of the above-mentioned shortcomings and 
draWbacks of the prior art, the invention provides a serial fan 
set and a rotation speed-matching curve generation method. 
Wherein the operation of the fan set is based on the 
previously acquired fan rotation speed-matching curve, thus 
solving the problem of the rotation speed control of the serial 
fan set in its entire operation range. 
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[0010] To achieve the above-mentioned objective, the 
invention provides a serial fan set, comprising: a rotation 
speed control module, a ?rst fan, and a second fan, Wherein 
the rotation speed control module has a characteristic circuit, 
Which is used to receive the poWer signal and the output 
rotation speed driving signal in accordance With the rotation 
speed-matching curve; a ?rst fan, used to receive the poWer 
signal and operate With a corresponding rotation speed; a 
second fan, used to receive the rotation speed driving signal 
and generate the matched rotation speed. 

[0011] In addition, in order to achieve the above-men 
tioned objective, the invention further provides a serial fan 
set, comprising: a rotation speed control module, a ?rst fan, 
and a second fan, Wherein the rotation speed control module 
has a characteristic circuit, Which is used to receive external 
input according system-level demand, and provide corre 
spond driving signals to target fan or fans; the ?rst fan, used 
to receive the driving signal and operate With a correspond 
ing rotation speed; a second fan, used to receive the rotation 
speed driving signal and generate the matched rotation 
speed. 
[0012] Furthermore, the invention provides a rotation 
speed-matching curve generation method for the serial fan 
set, comprising the folloWing steps: setting a plurality of sets 
of rotation speed values to be measured, namely adjusting 
the range of the rotation speed value of the second fan, based 
on the rotation speed value of the ?rst fan, or adjusting the 
range of the rotation speed value of the ?rst fan, based on the 
rotation speed value of the second fan, to obtain a plurality 
of sets of set rotation speed; operating the serial fan set in 
accordance With a plurality of sets of set rotation speed, so 
as to obtain a plurality of air pressure vs air ?oW charac 
teristic curves; determining the local optimum value of the 
air pressure and air ?oW; plotting the rotation speed-match 
ing curve of the serial air set by making use of the ?rst fan 
and second fan rotation speed values, corresponding to the 
respective local optimum value. 

[0013] Through the application and implementation of the 
serial fan set and the rotation speed-matching curve genera 
tion method, the rotation speed of the serial fan set can be 
kept at its optimiZed matching condition in the entire opera 
tion range, thus solving the problem and shortcoming of the 
prior art that the rotation speed of the serial fan set can not 
be controlled While achieving the rotation speed-matching in 
accordance With the input voltage. 

[0014] Further scope of the applicability of the present 
invention Will become apparent from the detailed descrip 
tion given hereinafter. HoWever, it should be understood that 
the detailed description and speci?c examples, While indi 
cating preferred embodiments of the present invention, are 
given by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above objects and advantages of the invention 
Will become more apparent With the folloWing detailed 
description of the exemplary embodiments thereof With 
reference to the attached draWings in Which: 

[0016] FIG. 1A is a system block diagram of the serial fan 
set according to the ?rst embodiment of the invention; 
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[0017] FIG. 1B is a system block diagram of the serial fan 
set according to the second embodiment of the invention; 

[0018] FIG. 1C is a system block diagram of the serial fan 
set according to the third embodiment of the invention; 

[0019] FIG. 2 is a ?owchart of the operation of the serial 
fan set according to the embodiment of the invention; 

[0020] FIG. 3 is a table of rotation speed settings of the 
serial fan set of the invention; 

[0021] FIG. 4 is a diagram indicating the curve of air 
pressure vs air ?oW (P-Q) of the serial fan set of the 
invention; and 

[0022] FIG. 5 is a diagram indicating the curve of the 
rotation speed-matching betWeen tWo fans of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Refer to FIG. 1A, Which shoWs the system block 
diagram according to the ?rst embodiment of the invention, 
comprising: a rotation speed control module 10, a ?rst fan 21 
and a second fan 22. 

[0024] The rotation speed control module 10, provided 
With a characteristic circuit having the functions of the 
rotation speeds matching, is used to receive input signal and 
output the corresponding rotation speed driving signals in 
accordance With the matching relations of the rotation 
speed-matching curve of the characteristic circuit, so that the 
rotation speed of the ?rst fan 21 matches that of second fan 
22, Wherein the rotation speed control module 10 can be 
installed in the fan or on the main machine board (not 

shoWn). 
[0025] The ?rst fan 21 and rotational speed control mod 
ule are received the input signal. The second fan 22 is 
received the driving signal by the rotation speed control 
module 10 so as to generate the corresponding rotation 
speed. The input and driving signal may be a voltage level 
or certain Width duration from PWM generator. 

[0026] Therefore, When the input signal is varied, the 
rotation speed of the ?rst fan 21 is varied. The second fan 22 
receives the driving signal by the rotation speed control 
module 10 to generate its oWn corresponding rotation speed, 
as such the rotation speeds of the ?rst fan 21 and the second 
fans 22 are kept and maintained according to the matching 
relations provided by the rotation speed-matching charac 
teristic curve. 

[0027] In addition, When the number of fans of the serial 
fan set 20 exceeds 2, the rotation speed control module 10 
may be so designed and con?gured according to the number 
of fans, that each rotation speed control module 10 corre 
sponds to an fan, thus achieving the optimum operation of 
the serial fan 20 With the optimum Air Pressure and Air FloW 
in the entire operation range of the fans. 

[0028] FIG. 1B exhibits the second embodiment of this 
invention. The ?rst fan 21 not only receive input signal, but 
also provide a feedback signal to control module 10. Accord 
ing to speed-matching characteristic chart, the control mod 
ule 10 converts feedback signal into the driving signal for 
the second fan. With this mechanism, both fans are able to 
operate as the behavior of speed-matching characteristic 
curve When input signal is varied. 
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[0029] The third embodiment of this invention is shoWn as 
FIG. 1C The block diagram of the serial fans comprises a 
rotation speed control module 10, a ?rst fan 21 and a second 
fan 22. 

[0030] The difference betWeen the second embodiment 
and the ?rst embodiment is that: in the third embodiment the 
rotation speed control module 10 does not need the feedback 
signal from the ?rst fan 21 to control the rotation speed of 
the second fan 22, instead the ?rst fan 21 ?rst driving signal 
and second fan 22 second driving signal are generated by the 
rotation speed control module 10, so that the ?rst fan 21 and 
the second fan 22 rotate according to the matching relations 
provided by the rotation speeds matching the characteristic 
curve. The operation principle of the remaining portion of 
the circuit is the same as that of the ?rst embodiment, and 
it Will not be repeated here for brevity’s sake. 

[0031] Refer to FIG. 2, Which shoWs the ?owchart of the 
steps for generating the rotation speed-matching the char 
acteristic curve. First, setting the plurality of sets of rotation 
speed to be measured (step 100), namely, adjusting the range 
of rotation speed values of the second fan based on the 
rotation speed values of the ?rst fan, to obtain a plurality of 
sets of rotation speed values, or adjusting the range of 
rotation speed values of the ?rst fan, based on the rotation 
speed values of the second fan, to obtain a plurality of sets 
of rotation speeds, so that the serial fan set rotates according 
to each of the plurality of sets of preset rotation speed values, 
and thus obtaining a plurality of Air Pressure vs. Air FloW 
characteristic curves (step 101). 

[0032] Subsequently, determining the local optimum 
value on the Air Pressure vs. Air FloW characteristic curves, 
based on the operation requirements (step 102). Then, plot 
ting the rotation speed-matching curve of the serial fan 
according to the ?rst and second fan rotation speed corre 
sponding to the local optimum value (step 103). 
[0033] Refer to FIG. 3, Which shoWs the rotation speed 
setting values table of the serial fan set of the invention. The 
values in the table is obtained by ?xing the rotation speed of 
the ?rst fan 21, and adjusting the rotation speed of the 
second fan 22. When the rotation speed of the ?rst fan 21 is 
set at 1000 revolutions per minute (rpm), adjusting the 
rotation speed of the second fan 22 from 800 rpm to 1200 
rpm, thus generating 5 sets of rotation speeds (the purpose 
of making use of 5 sets of rotation speeds is for illustration 
only), then test-run the serial fan set by making use of the 5 
sets of rotation speed values to obtain the 5 corresponding 
Air Pressure vs Air FloW (R-Q) curve as shoWn in FIG. 4. 

[0034] Then, the local optimum value 40 is determined by 
selecting the Air Pressure and Air FloW (P-Q) curve, 
required according to the requirement of the fan operation 
conditions (for example, high or loW rotation speed), and 
then obtaining the corresponding fan rotation speed value 
according to this local optimum value 40 determined. Thus 
the local optimum values of the entire operation range are 
obtained by respectively varying the set rotation speed value 
and conducting the respective test-run, then plotting a rota 
tion speed-matching curve, based on the rotation speed 
value corresponding to each local optimum value as shoWn 
in FIG. 5. Finally, the fans of the serial fan set are operated 
With the matching rotation speeds according to the driving 
signals of the ?rst fan 21 and the second fan 22, output by 
the rotation speed control module 10, based on the rotation 
speeds matching the characteristic curve. 
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[0035] Refer to FIG. 5, Which shows the diagram illus 
trating the rotation speed-matching curve betWeen the 
respective fans. This rotation speed-matching curve is 
obtained by plotting the rotation speed value corresponding 
to the local optimum value of the Air Pressure vs Air FloW 
curve of FIG. 4, With its horiZontal axis as the rotation speed 
of the ?rst fan 21, and its vertical axis as the rotation speed 
of second fan 22. When the rotation speed of the ?rst fan 21 
is rotation speed 1, it corresponds to the rotation speed 2 of 
the second fan 22 on the said rotation speed-matching curve, 
and at this particular point on the curve, the ?rst fan 21 and 
the second fan 22 operated With rotation speed 1 and rotation 
speed 2 produce the optimized Air Pressure vs Air FloW 
performance; When the rotation speed of the ?rst fan 21 is 
increased to rotation speed 3, it corresponds to the increased 
rotation speed 4 of the second fan 22 on the said rotation 
speed-matching curve. At this particular point on the curve, 
the ?rst fan 21 and the second fan 22 With rotation speed 3 
and rotation speed 4 produce another optimiZed Air Pressure 
vs Air FloW performance. Thus, the corresponding relations 
of the rotation speed-matching curve is obtained by making 
use of the “trial-and-error” method in getting the rotation 
speed-matching relations betWeen the ?rst fan 21 and the 
second fan 22, and the characteristic circuit is utiliZed to 
realiZe the corresponding relations in the above-mentioned 
curve. 

[0036] When the number of fans of the serial fan set 
exceeds tWo, the rotation speed-matching curve may also 
obtained by making use of the above-mentioned method, 
thus acquiring the information concerning the corresponding 
relations of the rotation speed of the respective set of fans. 
As such, the rotation speeds of the respective fans of the 
serial fan set are controlled through the rotation speed 
control module, so that the serial fan set can be operated With 
the optimum efficiency in its entire operation range. 

[0037] Through the application and implementation of this 
particular pre-set rotation speed-matching curve, the ?rst fan 
and second fan of the serial fan set can be controlled to 
operate With optimum operation ef?ciency in its entire range 
of operation, thus achieving the purpose of controlling the 
rotation efficiency of the serial fan set and improving its heat 
dissipation e?iciency. 
[0038] While the invention has been shoWn and described 
With reference to preferred embodiments thereof, it Will be 
understood by those skilled in the art that various changes in 
form and details may be made therein Without departing 
from the spirit and scope of the invention as de?ned by the 
appended claims. 

1. A serial fan set, comprising: 

a rotation speed control module, Which is used to receive 
an input signal, and output a rotation speed driving 
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signal corresponding to the input signal in accordance 
With the rotation speed-matching relations of a rotation 
speed-matching curve; 

a ?rst fan, connected to the rotation speed control module 
and rotating at a corresponding rotation speed; and 

a second fan, connected to the rotation speed control 
module and rotating at a corresponding rotation speed; 

Wherein the rotation speed-matching curve represents the 
rotation speed-matching relations of the ?rst fan and 
the second fan that correspond to the optimum Air 
Pressure vs. Air FloW relations of the ?rst fan and the 
second fan during their operations. 

2. (canceled) 
3. The serial fan set as claimed in claim 1, Wherein the 

rotation speed control module is used to receive a rotation 
speed value of the ?rst fan and output a rotation speed 
driving signal in accordance With the speed-matching rela 
tions of the said relations of the said rotation speed-matching 
curve. 

4. The serial fan set as claimed in claim 1, Wherein the ?rst 
fan and the second fan are designed to have multiple rotation 
speeds. 

5. Arotation speed-matching curve generation method for 
a serial fan set, Which is composed of a ?rst and a second 
fan, the method comprising: 

setting a plurality sets of rotation speed values of the ?rst 
fan and the second fan; 

operating the serial fan set in accordance With the plural 
ity sets of rotation speed values for obtaining a plurality 
of Air Pressure vs Air FloW curves; 

determining the local optimum value based on the Air 
Pressure vs Air FloW curves; and 

plotting a rotation speed-matching curve of the sserial fan 
set by making use of the ?rst and the second fan 
rotation speed values corresponding to the local opti 
mum values. 

6. The rotation speed-matching curve generation method 
for a serial fan set as claimed in claim 5, Wherein the 
plurality sets of rotation speed values are obtained by 
adjusting the rotation speed values of the second fan based 
on the rotation speed values of the ?rst fan. 

7. The rotation speed-matching curve generation method 
for a serial fan set as claimed in claim 5, Wherein the 
plurality sets of rotation values are obtained by adjusting the 
rotation speed values of the ?rst fan based on the rotation 
speed values of the second fan. 

8. The rotation speed-matching curve generation method 
for a serial fan set as claimed in claim 5, Wherein the ?rst fan 
and the second fan are the fans having multiple rotation 
speeds. 


