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(57) ABSTRACT 

An electric fan system for a vehicle including tWo electric 
fans (10, 20) arranged in parallel in a vehicle Width direction 
so as to bloW cooling air to a radiator (100) and a condenser 
(110), Wherein the electric fans are driven by a brushless 
motor (12) and a brush motor (22), a ?rst drive voltage V1 
for driving the brushless motor is set so as to increase in 
accordance With an increase of a Water temperature (TW) of 
the radiator or a coolant pressure (P0) of the condenser, and 
simultaneously a second drive voltage V2 for driving the 
brush motor is set so as to increase monotonously as a value 
loWer than the ?rst drive voltage, Whereby the tWo electric 
fans can operate simultaneously at all times, unevenness of 
the distribution of the How rate can be reduced, and the drive 
voltage of the brush motor is reduced, so the lifetime can be 
extended and, further, provision is made of an electronic 
control unit (4011) for preferentially operating the electric fan 
(10) driven by the brushless motor over the electric fan (20) 
driven by the brush motor based on the temperature of the 
engine cooling Water and the electric fan (10) driven by the 
brushless motor is designed to cool by cooling air other 
vehicle-mounted parts besides the radiator (100) and the 
condenser (110), speci?cally for example the ECU box 
(410). 
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ELECTRIC FAN SYSTEM FOR VEHICLE 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims priorities 
of Japanese Patent Application No. 2004-352743, ?led in the 
Japan Patent O?ice on Dec. 6, 2004, and Japanese Patent 
Application No. 2004-376269, ?led in the Japan Patent 
Of?ce on Dec. 27, 2004, the contents being incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to an electric fan 
system for a vehicle Which uses an electric fan to generate 
cooling air. 

[0004] 2. Description of the Related Art 

[0005] In the past, as an electric fan system for a vehicle, 
there has been one Which used an electric fan to circulate 
cooling air to a radiator for cooling engine cooling Water and 
a condenser for vehicle air-conditioning so as cool the 
radiator and condenser. 

[0006] In general, in a taxi, bus, or other vehicle With a 
high frequency of use of the electric fan, a suf?cient fan 
capacity, recti?cation of the distribution of air bloWn to the 
radiator, extension of the lifetime of the electric motor, and 
reduction of the cost are demanded. 

1. Field of the Invention 

[0007] For example, When applying this electric fan sys 
tem for a vehicle to a taxi, bus, or other vehicle With a high 
frequency of use of the electric fan, an electric motor With 
a large rated capacity has been employed as the electric 
motor of the electric fan and this electric motor has been 
operated by a poWer loWer than the rated capacity so as to 
keep the deterioration of the electric motor itself to a 
minimum and extend the lifetime of the electric motor. 

[0008] However, in this case, by employing an electric 
motor With a large rated capacity, there is a possibility of 
inviting not only an increase in cost, but also an increase in 
Weight. 
[0009] Further, in an electric motor for an electric fan, it is 
knoWn to employ a brushless motor so as to extend the 
lifetime of the electric motor, but When the dimension of the 
radiator in the vehicle Width direction (left-right direction of 
vehicle) is larger than the dimension of the rotor of the 
electric fan in the vehicle Width direction, With just a single 
electric fan, the distribution of air bloWn to the radiator 
Would deteriorate and parts of the radiator Where cooling air 
is not bloWn Would end up arising thereby inviting a drop in 
the cooling ef?ciency of the radiator and in turn deterioration 
of the fuel economy. 

[0010] As opposed to this, by employing tWo or more 
electric fans using brushless motors, it Would become pos 
sible to rectify the distribution of bloWn air to the radiator 
and send suf?cient cooling air to the radiator, but the control 
circuit for controlling the brushless motors Would become 
complicated in con?guration and a further increase in cost 
Would be invited. 

[0011] Therefore, the assignees proposed in a prior Japa 
nese Patent Application No. 2003-273458 an electric fan 
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system for a vehicle designed to keep doWn the increase in 
cost and extend the lifetime. The invention of this prior 
application provides a ?rst electric fan for circulating cool 
ing air to the radiator and condenser by a brushless motor 
and a second electric fan for circulating cooling air by a 
brush motor. For example, When it is judged that the 
temperature of the cooling Water circulating through the 
radiator is less than a predetermined value, just the ?rst 
electric fan is operated, While When it is judged that the 
temperature of the cooling Water is the predetermined value 
or more, both the ?rst and second electric fans are operated. 

[0012] In this electric fan, When the temperature of the 
cooling Water becomes higher than a ?rst threshold value, 
only the ?rst electric fan is operated. When the temperature 
of the cooling Water exceeds a second threshold value higher 
than the ?rst threshold value (>?rst threshold value), the ?rst 
and second electric fans are both operated. Therefore, the 
?rst electric fan is operated preferentially compared With the 
second electric fan. Accordingly, Wear of the second electric 
fan, that is, Wear of the brush motor, is suppressed and the 
lifetime is extended. 

[0013] That is, if the temperature of the cooling Water does 
not become the predetermined value or more, the second 
electric fan does not operate thereby reducing the operating 
rate of the brush motor and reducing the Wear of the brush 
motor, that is, extending the lifetime of the brush motor. 
Therefore, by jointly employing a brushless motor free from 
problems in terms of motor lifetime and a brush motor 
extended in lifetime, it is possible to reduce the total cost of 
the electric fan system for a vehicle and extend its lifetime. 

[0014] HoWever, in the invention of the prior application, 
When the temperature of the cooling Water is less than the 
predetermined temperature, the brush motor stops operating, 
but during this time the distribution of the How rate in the 
vehicle Width direction of the radiator becomes uneven. In 
the end a large poWer is required for obtaining the same 
performance (heat dissipation) With just the ?rst electric fan. 
Further, at the parts usually bloWn upon by the stopped 
second electric fan, hot air sneaks around (?oWs back) from 
the high temperature, high pressure engine side to the 
vehicle front direction (radiator front side), the temperature 
in front of the heat exchanger rises, and the cooling perfor 
mance and air-conditioning performance drop. 

[0015] Further, in the engine compartments of recent 
vehicles, aside from the radiator and condenser, the elec 
tronic control unit, headlamps, rubber engine mounts, and 
other parts mounted in the vehicle also have to be cooled. In 
the above electric fan system for a vehicle using a brushless 
motor and brush motor, hoWever, no consideration Was 
given to cooling these other vehicle-mounted parts. 

SUMMARY OF THE INVENTION 

[0016] A ?rst object of the present invention is to provide 
an electric fan system for a vehicle enabling an extension of 
the lifetime While reducing the unevenness of the distribu 
tion of the How rate. 

[0017] A second object of the present invention is to 
provide an electric fan system for a vehicle designed to 
enable cooling of not only the radiator and condenser, but 
also other vehicle-mounted parts While extending the life 
time. 
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[0018] To achieve the ?rst object, according to a ?rst 
aspect of the present invention, there is provided an electric 
fan system for a vehicle Which circulates cooling air to a heat 
exchange unit provided With a radiator for cooling cooling 
Water circulating inside a Water-cooled engine for vehicle 
operation and a condenser for cooling a coolant circulating 
inside a refrigeration cycle apparatus, the system provided 
With a brushless motor driven by a ?rst drive voltage, a ?rst 
electric fan for circulating cooling air to the heat exchange 
unit by the brushless motor, a brush motor driven by a 
second drive voltage, a second electric fan for circulating 
cooling air to the heat exchange unit by the brush motor, and 
a control device for supplying the brushless motor With the 
?rst drive voltage so that the ?rst drive voltage monoto 
nously increases up to a ?rst maximum drive voltage in 
accordance With a rise in temperature of the cooling Water 
and for supplying the brush motor With the second drive 
voltage so that the second drive voltage monotonously 
increases up to a second maximum drive voltage in accor 
dance With a rise in temperature of the cooling Water and 
becomes a voltage loWer than the ?rst drive voltage based on 
the detection output from a temperature sensor for detecting 
the temperature of the cooling Water. 

[0019] According to the ?rst aspect, the drive voltage of 
the brushless motor constituted by the ?rst drive voltage is 
made to monotonously increase in accordance With a rise in 
temperature of the cooling Water and the drive voltage of the 
brush motor constituted by the second drive voltage is made 
a voltage loWer than the ?rst drive voltage and is made to 
monotonously increase in accordance With a rise in tem 
perature of the cooling Water. Therefore, When the ?rst 
electric fan of the brushless motor is operating, the second 
electric fan of the brush motor does not stop and is also 
simultaneously operating, so hot air sneaking its Way to the 
parts meant to be bloWn on of the second electric fan in the 
heat exchange unit is avoided and therefore the unevenness 
of the distribution of the How rate can be reduced and the 
cooling e?iciency of the heat exchange unit can be raised. 

[0020] Further, in the process of increasing the drive 
voltage along With a rise in the temperature of the cooling 
Water, since the drive voltage of the brush motor constituted 
by the second drive voltage is set loWer than the drive 
voltage of the brushless motor constituted by the ?rst drive 
voltage, the lifetime of the brush motor can be extended and 
the lifetime of the electric fan system can be prolonged. 

[0021] Note that according to a second aspect of the 
present invention, When the temperature of the cooling Water 
is a temperature of a temperature threshold value or more, 
the ?rst and second maximum drive voltages may be set to 
become constant values. 

[0022] According to a third aspect of the present inven 
tion, instead of the rise in the temperature of the cooling 
Water of the ?rst aspect of the invention, the ?rst and second 
drive voltages are made to monotonously increase in accor 
dance With the rise of the pressure of the coolant. Therefore, 
in the same Way as the ?rst aspect of the invention, the drive 
voltage of the brushless motor constituted by the ?rst drive 
voltage is made to monotonously increase in accordance 
With a rise in the coolant pressure and the drive voltage of 
the brush motor constituted by the second drive voltage is 
made a voltage loWer than the ?rst drive voltage and is made 
to monotonously increase in accordance With a rise in the 
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coolant pressure. Therefore, When the ?rst electric fan of the 
brushless motor is operating, the second electric fan of the 
brush motor also simultaneously operates Without stopping, 
so hot air sneaking its Way to the parts meant to be bloWn on 
of the second electric fan in the heat exchange unit is 
avoided and therefore the unevenness of the distribution of 
the How rate can be reduced and the cooling efficiency of the 
heat exchange unit can be raised. 

[0023] Further, in the process of increasing the drive 
voltage along With a rise in the coolant pressure, since the 
drive voltage of the brush motor constituted by the second 
drive voltage is set loWer than the drive voltage of the 
brushless motor constituted by the ?rst drive voltage, the 
lifetime of the brush motor can be extended and the lifetime 
of the electric fan system can be prolonged. 

[0024] According to a fourth aspect of the present inven 
tion, When the pressure of the coolant is a pressure of a 
pressure threshold value or more, the ?rst and second 
maximum drive voltages can be set to become constant 
values. 

[0025] According to a ?fth aspect of the present invention, 
both the ?rst and second electric fans are axial ?oW fans. By 
making the fan diameters substantially equal, it is possible 
to make the distribution of the How rate to the entire surface 
of the heat exchange unit uniform and possible to raise the 
cooling e?iciency of the heat exchange unit. 

[0026] To achieve the second object, according to a sixth 
aspect of the present invention, there is provided an electric 
fan system for a vehicle Which circulates cooling air to a heat 
exchange unit provided With a radiator for cooling cooling 
Water circulating inside a Water-cooled engine for vehicle 
operation and a condenser for cooling a coolant circulating 
inside a refrigeration cycle apparatus, the system provided 
With a ?rst electric fan for circulating cooling air to the 
radiator and condenser by operation of a brushless motor, a 
second electric fan for circulating cooling air to the radiator 
and condenser by a brush motor, and a control means for 
operating the ?rst electric fan preferentially over the second 
electric fan based on a state of either the cooling Water and 
the coolant, the ?rst electric fan being designed to cool other 
vehicle-mounted parts than the radiator and condenser by 
cooling air. 

[0027] According to the sixth aspect of the present inven 
tion, since the ?rst electric fan is operated preferentially over 
the second electric fan, the Wear of the second electric fan, 
that is, the Wear of the brush motor, can be suppressed. 
Further, since the ?rst electric fan is designed to cool other 
vehicle-mounted parts besides the radiator and condenser by 
cooling air, the lifetime is extended and other vehicle 
mounted parts can also be cooled. 

[0028] Here, according to a seventh aspect of the present 
invention, there is provided the electric fan system for a 
vehicle as set forth in the sixth aspect of the invention 
Wherein the control means determines the How rate of 
cooling air by the ?rst electric fan based on both the state of 
one of the cooling Water and the coolant and the temperature 
of the other vehicle-mounted parts, so the other vehicle 
mounted parts, radiator, and condenser can be suitably 
cooled. 

[0029] According to an eighth aspect of the present inven 
tion, the ?rst electric fan is designed to bloW air toWard 
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locations different from the locations Where the other 
vehicle-mounted parts are arranged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] These and other objects and features of the present 
invention Will become clearer from the following descrip 
tion of the preferred embodiments given With reference to 
the attached draWings, Wherein: 

[0031] FIG. 1 is a schematic vieW of the electric fan 
system for a vehicle according to an embodiment of the 
present invention; 

[0032] FIG. 2 is a vieW of the arrangement of a radiator 
and a condenser according to the electric fan system for a 
vehicle of FIG. 1; 

[0033] FIG. 3 is a schematic vieW of the electrical system 
of the electric fan system for a vehicle of FIG. 1; 

[0034] FIG. 4 is a vieW of the electrical system of an 
electric fan drive circuit of the electric fan system for a 
vehicle of FIG. 1; 

[0035] FIG. 5 is a How chart of a fan control routine; 

[0036] FIG. 6 is a graph of a control characteristic With 
respect to a Water temperature of a brushless motor of a ?rst 
electric fan; 

[0037] FIG. 7 is a graph of a control characteristic With 
respect to a coolant pressure of a brushless motor of a ?rst 
electric fan; 

[0038] FIG. 8 is a graph of a control characteristic of a 
brush motor of a second electric fan; 

[0039] FIG. 9 is a graph of a control characteristic of a 
brush motor of another embodiment; 

[0040] FIG. 10 is a schematic vieW of the con?guration of 
an electric fan system for a vehicle of another embodiment 
of the present invention; 

[0041] FIG. 11 is a schematic vieW of the electrical system 
of the electric fan system for a vehicle of FIG. 10; 

[0042] FIG. 12 is a How chart of the control processing by 
an electronic control unit of FIG. 11; 

[0043] FIG. 13 is a graph for determining a How rate of an 
electric fan by an electronic control unit of FIG. 11; 

[0044] FIG. 14 is a graph for determining a How rate of an 
electric fan by an electronic control unit of FIG. 11; 

[0045] FIG. 15 is a graph for determining a How rate of an 
electric fan by an electronic control unit of FIG. 11; 

[0046] FIG. 16 is a schematic vieW of the con?guration of 
an electric fan system for a vehicle according to a modi? 
cation of the present invention; and 

[0047] FIG. 17 is a graph for determining the How rate of 
an electric fan in the modi?cation shoWn in FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] BeloW, preferred embodiments of the present 
invention Will be explained With reference to the draWings. 
Throughout the draWings, the same reference numerals 
indicate the same objects. 
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First Embodiment 

[0049] FIG. 1 to FIG. 4 shoW the con?guration of an 
electric fan system for a vehicle according to a ?rst embodi 
ment of the present invention. FIG. 1 and FIG. 2 are 
schematic vieWs of the con?guration of the electric fan 
system for a vehicle. 

[0050] The electric fan system for a vehicle is provided 
inside an engine compartment of the vehicle, as shoWn in 
FIG. 1, With ?rst and second electric fans 10 and 20 
comprised of axial ?oW fans. The ?rst electric fan 10 is 
comprised of a rotor 11 and a brushless motor 12 for driving 
rotation of the rotor 11, While the second electric fan 20 is 
comprised of a rotor 21 and a brush motor (DC motor) 22 for 
driving rotation of the rotor 21. 

[0051] The ?rst and second electric fans 10 and 20 func 
tion to circulate cooling air to the radiator 100 and the 
condenser 110 forming the heat exchange unit so as to cool 
the radiator 100 and the condenser 110. 

[0052] Further, the radiator 100 and the condenser 110 are 
arranged in the engine compartment in the front-rear direc 
tion of the vehicle. The radiator 100 cools the cooling Water 
circulating inside a Water-cooled engine for driving the 
vehicle (engine cooling Water). The condenser 110 is one 
component of the vehicle air-conditioning system for air 
conditioning of the inside of the vehicle compartment in a 
refrigeration cycle (refrigeration cycle system) and cools the 
coolant circulating through the inside of the vehicle air 
conditioning system. 

[0053] Note that the fan diameters of the rotors 11 and 21 
of the ?rst and second electric fans 10 and 20 are set to be 
substantially equal to each other. Due to this, it is possible 
to achieve a uniform ?oW rate of the cooling air (reduce the 
unevenness) over the entire surface of the heat exchange unit 
and possible to improve the cooling ef?ciency in the heat 
exchange unit. 

[0054] Next, the schematic electrical system of the electric 
fan system for a vehicle of the present embodiment Will be 
explained using FIG. 3 and FIG. 4. FIG. 3 is a block 
diagram shoWing the schematic electrical system of the 
electric fan system for a vehicle, While FIG. 4 is a block 
diagram shoWing details of the electric fan drive circuit in 
FIG. 3. 

[0055] The electric fan system for a vehicle, as shoWn in 
FIG. 3, is comprised of an electric fan drive circuit 30 and 
an engine electronic control unit (E/G-ECU) 40. The electric 
fan drive circuit 30, as shoWn in FIG. 4, is comprised of a 
control unit 31, a brushless motor driver 32, and a brush 
motor driver 33. 

[0056] The control unit 31 is comprised of a brushless 
motor control unit 3111, a poWer logic generation circuit 31b, 
and a brush motor control unit 310. 

[0057] Here, the brushless motor control unit 3111 detects 
the actual position of a rotor 12b of the brushless motor 12 
based on detection output from a magnetic pole sensor 13 in 
the brushless motor 12. Note that the actual position of the 
rotor 12b detected Will be referred to beloW as the detected 
position of the rotor 12b. 

[0058] The magnetic pole sensor 13 is comprised of three 
Hall elements. The magnetic pole sensor 13 is arranged 
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around the rotor 12b in the brushless motor 12 and detects 
changes in the magnetic ?eld accompanying rotation of the 
rotor 12b. Further, the rotor 12b is comprised of a permanent 
magnet and makes the rotor 11 turn by its rotation. 

[0059] The brushless motor control unit 3111 detects the 
target speed of the brushless motor 12 as a control instruc 
tion value (brushless motor control instruction value ll) 
based on a duty ratio Ds of a pulse signal sent from the 
engine electronic control unit 40. 

[0060] Further, the poWer logic generation circuit 31b 
drives a brushless motor driver 32 based on the detected 
position of the rotor 12b so as to make the actual speed of 
the brushless motor 12 approach the target speed. 

[0061] The brushless motor driver 32 is a knoWn inverter 
circuit Which is supplied With poWer from a DC poWer 
supply Ba and controls the three-phase AC poWer supplied 
to a stator coil 12a of the brushless motor 12 and is 
comprised of six ?eld e?cect transistors U+, V+, W+, U—, 
V—, and W- used to form a three-phase full Wave bridge 
circuit. 

[0062] Note that the brushless motor control instruction 
value 11 is set by the later explained control characteristic 
graphs (FIG. 6 and FIG. 7). Due to the control instruction 
value, the brushless motor 12 is given a ?rst drive voltage 
V1 as an average value and rotates by a predetermined target 
speed in accordance With the ?rst drive voltage V1. 

[0063] The brush motor control unit 310 controls the brush 
motor driver 32 by pulse Width modulation (PWM) in 
accordance With a control signal output from the engine 
electronic control unit 40 so as to give a predetermined 
target speed (brush motor control instruction value 12) based 
on a later explained control characteristic graph (FIG. 8 or 
FIG. 9). 

[0064] The brush motor driver 33 is comprised of a single 
?eld e?cect transistor Which is supplied With poWer from a 
DC poWer supply Ba and controls the poWer to the brush 
motor 22. Due to this, the brush motor 22 is supplied With 
the second drive voltage V2 as an average value and 
operates by a predetermined target speed in accordance With 
the second drive voltage V2. 

[0065] The engine electronic control unit 40 is comprised 
of a microcomputer, a memory, etc. and controls the ?rst and 
second electric fans 10 and 20 through the electric fan drive 
circuit 30 based on the detection output of a Water sensor 41 
for detecting the temperature of the cooling Water of an 
engine (not shoWn) and the detection output of a pressure 
sensor 42 for detecting the pressure of the coolant (coolant 
pressure) ?oWing through the condenser 110. The Water 
temperature sensor 41 detects the Water temperature of the 
cooling Water ?oWing out from the radiator 100 and retum 
ing to the Water-cooled engine. 

[0066] Next, the operation of this embodiment Will be 
explained using FIG. 5 to FIG. 8. FIG. 5 is a How chart 
shoWing a fan control routine of the engine electronic 
control unit 40. The engine electronic control unit 40 runs a 
computer program stored in the memory in accordance With 
the How chart shoWn in FIG. 5. This computer program is 
repeatedly run every predetermined time (control period). 

[0067] First, at step S100, the temperature of the cooling 
Water (hereinafter referred to as the Water temperature TW) 
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is read from the Water temperature sensor 41 and the coolant 
pressure Pc is read from the pressure sensor 42. 

[0068] Next, at step S110, ?rst and second duty ratios D1 
and D2 of a pulse signal for controlling the ?rst electric fan 
10 and a third duty ratio D3 of a pulse signal for controlling 
the second electric fan 20 are determined based on the Water 
temperature TW, the coolant pressure Pc, and the control 
characteristic graphs of FIG. 6, FIG. 7, and FIG. 8 stored 
in advance in the memory. 

[0069] Speci?cally, as the ?rst duty ratio D1, as shoWn in 
FIG. 6, a value is selected set so as to monotonously 
increase from a duty ratio corresponding to the minimum 
speed Nf0 as the Water temperature TW becomes larger in the 
period from the temperature T1 to the temperature T2 (for 
example, 105° C.>T1). Due to this, a ?rst drive voltage V1 
is supplied to the brushless motor 12. Further, When the 
Water temperature TW is the temperature threshold value T2 
or more, the ?rst duty ratio D1 is set to a constant duty ratio 
corresponding to the fan speed NF2(1) and the constant 
value ?rst maximum drive voltage VM1 is supplied to the 
brushless motor 12 in accordance With this. 

[0070] Further, as the second duty ratio D2, as shoWn in 
FIG. 7, a value is selected set so as to monotonously 
increase from a duty ratio corresponding to the minimum 
speed Nf0 as the coolant pressure Pc becomes larger in the 
period from the pressure P1 to the pressure P2 (>P1). Due 
to this, a ?rst drive voltage V1 is supplied to the brushless 
motor 12. Further, When the coolant pressure Pc is the 
pressure threshold value P2 or more, the ?rst duty ratio D1 
is set to a constant duty ratio corresponding to the fan speed 
number of rotations of the fan per second NF2(1) and, 
accompanied by this, the constant value ?rst maximum drive 
voltage VM1 is supplied to the brushless motor 12. Here 
inafter, the fan speed means the number of rotations of the 
fan. 

[0071] In this Way, the ?rst and second duty ratios D1 and 
D2 are values shoWing the speed of the brushless motor 12. 
This corresponds to the speed of the ?rst electric fan 10, that 
is, the How rate. Note that the minimum speed Nf0 may also 
be Zero (stopped) or a ?nite value. 

[0072] FIG. 8 is a graph of the control characteristic of the 
brush motor 22 and also shoWs the control characteristic 
graphs of the brushless motor 12 of FIG. 6 and FIG. 7. 

[0073] As shoWn in FIG. 8, the third duty ratio D3 is is 
selected as a value Which monotonously increases along 
With the rise of the Water temperature TW in the period from 
the temperature T1 to the temperature T2 (>T1). Due to this, 
the second drive voltage V2 is supplied to the brush motor 
22. Further, When the Water temperature TW is the tempera 
ture threshold value T2 or more, the third duty ratio D3 is set 
to a constant duty ratio and a constant value constituted by 
the second maximum drive voltage VM2 is supplied to the 
brush motor 22 in accordance With this. 

[0074] Alternatively, the third duty ratio D3 (correspond 
ing to the second drive voltage V2) is set so as to monoto 
nously increase along With the rise of the coolant pressure Pc 
as shoWn in FIG. 8 and so as to become a constant duty ratio 
(corresponding to the second maximum drive voltage VM2) 
When the coolant pressure Pc is the pressure threshold value 
Pc or more. 
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[0075] Note that the third duty ratio D3 is a value indi 
cating the speed of the brush motor 22. This corresponds to 
the speed, that is, How rate, of the second electric fan 20. 

[0076] Further, as shoWn in FIG. 8, the second drive 
voltage V2 and second maximum drive voltage VM2 sup 
plied to the brush motor 22 are set so as to become loWer 
than the ?rst drive voltage V1 and the ?rst maximum drive 
voltage VM1 supplied to the brushless motor 12. Due to this, 
it is possible to suppress hot air sneaking to the locations 
bloWn upon by the second electric fan 20 and to extend the 
lifetime of the brush motor 22. 

[0077] Next, at step S120, the larger of the ?rst and second 
duty ratios D1 and D2 determined from the Water tempera 
ture TW and the coolant pressure Pc is selected and used as 
the duty ratio Ds. 

[0078] Further, at step S130, a pulse signal of this selected 
duty ratio Ds is output to the brushless motor control unit 
31a of the control unit 31 of the electric fan drive circuit 30. 

[0079] Here, the brushless motor control unit 3111 detects 
the target speed based on the duty ratio Ds of the pulse 
signal, detects the detected position of the rotor 12b based on 
the detection output from the magnetic pole sensor 13, 
generates a drive signal including the detected position of 
the rotor 12b and the target speed, and outputs this to the 
poWer logic generation circuit 31b. 

[0080] Along With this, the poWer logic generation circuit 
31b individually switches the transistors U+, V+, W+, U—, 
V—, and W- forming the brushless motor driver 33 based on 
the drive signal from the brushless motor control unit 31a so 
as to make the actual speed of the brushless motor 12 
approach the target speed. 

[0081] Further, these transistors U+, V+, W+, U—, V—, and 
W- supply three-phase AC poWer to the stator coil 1211 by 
the individual sWitching. Further, among the transistors U+, 
V+, W+, U—, V—, and W—, the loW potential side transistors 
U—, V—, and W- are controlled by PWM based on the 
control of the poWer logic generation circuit 31b. 

[0082] Along With this, by control of the three-phase AC 
poWer supplied to the stator coil 12a, the speed of the rotor 
12b and in turn the speed of the rotor 11 is controlled. Due 
to this, the speed of the rotor 11 is controlled based on the 
duty ratio Ds of the pulse signal. 

[0083] That is, the ?rst electric fan 10 can be made to send 
cooling air of the How rate determined in accordance With 
the detection signals TW and Pc to the radiator 100 and the 
condenser 110. 

[0084] Further, at step S140, a pulse signal of the third 
duty ratio D3 determined above is output to the brush motor 
control unit 310 of the control unit 31 of the electric fan drive 
circuit 30. 

[0085] Along With this, the brush motor control unit 310 
controls the brush motor driver 33 so that the brush motor 
driver 33 drives the brush motor 22 to the target speed by the 
drive voltage V2 corresponding to the third duty ratio D3 of 
the pulse signal. 

[0086] In this case, the second electric fan 20 can be made 
to send cooling air of the How rate determined in accordance 
With the detection signal TW (or Pc) to the radiator 100 and 
the condenser 110. 
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[0087] Due to this, the second electric fan 20 can send 
cooling air to the radiator 100 and the condenser 110 along 
With the ?rst electric fan 10. 

[0088] BeloW, the actions and effects of this embodiment 
Will be explained. 

[0089] According to this embodiment, While the ?rst elec 
tric fan 10 is operating, the second electric fan 20 is also 
operating Without stopping, so in the operating region of the 
second electric fan 20, unevenness of the distribution of the 
How rate caused by hot air sneaking in to the front of the 
vehicle is suppressed. Due to this, it is possible to suppress 
a drop in the cooling ef?ciency in the heat exchange unit 
(radiator 100 and condenser 110). 

[0090] Simultaneously, since the drive voltage V2 of the 
brush motor 22 of the second electric fan 20 is controlled to 
be smaller than drive voltage V1 of the brushless motor 12 
of the ?rst electric fan 10 at all times, it is possible to extend 
the lifetime of the brush motor 22 and possible to extend the 
lifetime of the electric fan system. 

Modi?cations of First Embodiment 

[0091] In the above embodiment, the second drive voltage 
V2 supplied to the brush motor 22 driving the second 
electric fan 20 Was set so as to linearly increase in accor 
dance With the increase in the Water temperature TW (or 
coolant pressure Pc) up to the temperature threshold value 
T2 (or pressure threshold value P2), but the invention is not 
limited to this. For example, as shoWn in FIG. 9, it is also 
possible to make the second drive voltage V2 increase 
stepWise in accordance With the increase in the Water tem 
perature TW or coolant pressure Pc under condition of being 
loWer than the ?rst drive voltage V1. 

[0092] In the above embodiment, the example Was 
explained of setting the second drive voltage V2 supplied to 
the brush motor 22 driving the second electric fan 20 based 
on the Water temperature TW or coolant pressure Pc, but the 
invention is not limited to this. That is, in the same Way as 
the method of determining the control instruction value of 
the brushless motor 12 constituted by the duty ratio Ds, it is 
also possible to make the larger of the third duty ratio D3(T) 
set in accordance With the Water temperature TW and the 
third duty ratio D3(P) set in accordance With the coolant 
pressure Pc in FIG. 8 the third duty ratio D3 and control the 
brush motor 22 based on this selected third duty ratio D3. 

[0093] In the above embodiment, the example Was 
explained of controlling the brushless motor 12 and the 
brush motor 22 driving the ?rst and second electric fans 10 
and 20 based on the Water temperature TW and/or the coolant 
pressure Pc, but the invention is not limited to this. It is also 
possible to control these in accordance With the engine 
speed, vehicle speed detected by a vehicle speed sensor 43 
etc. Alternatively, it is also possible to control the motors 12 
and 22 in accordance With the rates of change of the Water 
temperature TW and coolant pressure Pc. 

Second Embodiment 

[0094] FIG. 10 shoWs the con?guration of an electric fan 
system for a vehicle according to a second embodiment of 
the present invention. FIG. 10 is a vieW shoWing the partial 
con?guration in the engine compartment of a vehicle. 
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[0095] The electric fan system for a vehicle is provided 
With, as shown in FIG. 10, electric fans 10 and 20. The 
electric fans 10 and 10 are arranged inside the engine 
compartment in the front-rear direction at the front side of a 
Water-cooled engine 300. The electric fan 10 is the same as 
that shoWn in FIG. 1 and is comprised of a rotor and a 
brushless motor for driving rotation of the rotor, While the 
electric fan 20 is comprised of a rotor and a brush motor for 
driving rotation of the rotor. 

[0096] On the other hand, at the front side of the electric 
fans 10 and 20, a radiator 100 and a condenser 110 are 
arranged in parallel in the front-rear direction. The electric 
fans 10 and 20 function to send cooling air to the radiator 
100 and the condenser 110 to cool the radiator 100 and the 
condenser 110. 

[0097] Here, the radiator 100 is a heat exchanger for 
cooling the cooling Water circulating inside the Water-cooled 
engine 300. The condenser 110 is one component of the 
vehicle air-conditioning system for air-conditioning of the 
inside of the vehicle compartment in a refrigeration cycle 
(refrigeration cycle system) and cools the coolant circulating 
through the inside of the vehicle air-conditioning system. 

[0098] At the left side of the Water-cooled engine in the 
engine compartment, an electronic control unit (ECU) box 
410 is arranged. This ECU box 410 holds an electronic 
control unit 40 (FIG. 11) for controlling the engine. 

[0099] Next, the schematic electrical system of the electric 
fan system for a vehicle of the present embodiment Will be 
explained using FIG. 11. FIG. 11 is a block diagram 
shoWing the schematic electrical system of the electric fan 
system for a vehicle. 

[0100] The electric fan system for a vehicle, as shoWn in 
FIG. 11, is comprised of an engine electronic control unit 
(E/G-ECU) 40a. The electronic control unit 4011 is com 
prised of a microcomputer, a memory, peripheral circuits, 
etc. and controls the electric actuators of the Water-cooled 
engine 300. Further, the electronic control unit 4011 controls 
the electric fans 10 and 20 based on the detection output of 
a temperature sensor 60 for detecting the temperature of the 
cooling Water of the engine. The temperature sensor 60 
detects the temperature of the cooling Water near the cooling 
Water outlet of the radiator 100 or near the cooling Water 
outlet of the engine 300. 

[0101] Here, in the present embodiment, When using the 
electronic control unit 4011 to control the electric fans 10 and 
20, in addition to the temperature sensor 60, the detection 
output of a temperature sensor 61 for detecting the surface 
temperature of an ECU box 410 as the part temperature is 
used. 

[0102] Further, the electric fan system for a vehicle is 
provided With an electric fan drive circuit 3011. This electric 
fan drive circuit 30a is comprised of a control unit 3111, a 
brushless motor driver 32a, and a brush motor driver 33a. 
The control unit 3111 controls the brushless motor driver 32a 
and the brush motor driver 3311 based on control instruction 
values instructed from the electronic control unit 40a. 

[0103] The brush motor driver 33a is supplied With poWer 
from the DC poWer supply Ba and gives voltage to the 
electric fan 20 to control its speed. Speci?cally, the brush 
motor driver 33a adjusts the value of the voltage given to the 
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brush motor 22 of the electric fan 20 so as to adjust the speed 
of the brush motor 22 and in turn the How rate of the electric 
fan 20. That brush motor 22 is comprised of a knoWn electric 
DC motor. 

[0104] On the other hand, the brushless motor driver 33a 
is provided With a knoWn inverter circuit serving as a 
three-phase full Wave bridge circuit supplied With poWer 
from the DC poWer supply Ba and generating three-phase 
AC poWer for supply to the brushless motor 12 and a control 
circuit controlling this inverter circuit by PWN and output 
ting a three-phase AC poWer to be supplied to the brushless 
motor 12 from the inverter circuit to the brushless motor 12. 
The brushless motor 12 is comprised of a three-phase 
synchronous device motor. 

[0105] Next, the operation of this embodiment Will be 
explained using FIG. 12 and FIG. 13. FIG. 12 is a How 
chart of the processing for fan control by the electronic 
control unit 40a. The electronic control unit 4011 runs a 
computer program stored in advance in accordance With the 
How chart shoWn in FIG. 12. 

[0106] First, the temperature of the cooling Water (Water 
temperature) is read from the temperature sensor 60 and the 
surface temperature of the ECU box 410 is read as the part 
temperature from the temperature sensor 61. Further, it is 
judged if the temperature of the cooling Water (Water tem 
perature) is the threshold value TW or more (step S121). 

[0107] Here, When the temperature of the cooling Water 
(Water temperature) is less than a threshold value TW (tem 
perature of cooling WaterETW), it is judged NO. That is, it 
is judged that it is not necessary for the electric fan 10 to cool 
the radiator 100 and the condenser 110. 

[0108] Further, it is judged if the part temperature consti 
tuted by the surface temperature of the ECU box 410 is a 
threshold value Ta or more (step S122). When the part 
temperature is the threshold value Ta or more (part 
temperatureiTa), it is judged YES. That is, it is judged that 
it is necessary for the electric fan 10 to cool the ECU box 
410, that is, the electronic control unit 40a itself. 

[0109] In this case, in the folloWing Way, the fan speed 
(that is, How rate) required for cooling the ECU box 410 by 
the electric fan 10 based on the control pattern A stored in 
advance in the memory is calculated as a control instruction 
value. Here, the control pattern A, as shoWn in FIG. 13, is 
a characteristic graph having an abscissa shoWing the part 
temperature and the ordinate shoWing the fan speed Where 
the fan speed and the part temperature are speci?ed one-to 
one. 

[0110] Here, in the control pattern A, When the part 
temperature is Within the intermediate temperature range, 
the fan speed becomes higher the higher the part tempera 
ture. Further, When the part temperature is less than the 
intermediate temperature range, the fan speed becomes the 
constant value of Zero. That is, the electric fan 10 enters the 
OFF state. On the other hand, When the part temperature is 
above the intermediate temperature range, the fan speed 
becomes a constant value. 

[0111] Further, the fan speed corresponding to the detected 
temperature read from the temperature sensor 61 (part 
temperature) is determined based on this control pattern A 
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and the thus determined fan speed is output as the duty ratio 
of the control pulse signal to the control unit 3111 of the 
electric fan drive circuit 30a. 

[0112] On the other hand, the control unit 3111 drives the 
brushless motor driver 32a based on the duty ratio of the 
control pulse signal, so the brushless motor driver 32a 
supplies three-phase AC poWer corresponding to the duty 
ratio to the brushless motor 12 of the electric fan 10. 

[0113] Here, the three-phase AC poWer becomes larger as 
the duty ratio becomes larger, While the three-phase AC 
poWer becomes smaller as the duty ratio becomes smaller. 
Therefore, the speed of the brushless motor 12 becomes 
higher as the duty ratio becomes larger, and the speed of the 
brushless motor 12 becomes loWer as the duty ratio becomes 
smaller. 

[0114] Since the speed of the brushless motor 12 is con 
trolled in this Way, the fan speed of the electric fan 10 is 
controlled in accordance With the part temperature. 

[0115] On the other hand, the electric fan 10 is arranged at 
the right side in the engine compartment and the rotor of the 
electric fan 10 turns clockWise, so the air bloWn by the rotor 
?oWs to the right side of the engine 300 as shoWn by the 
arroWs Y1 in FIG. 10. Therefore, the air pressure in the 
space at the right side of the engine 300 becomes higher and 
relative to this the air pressure in the space at the left side of 
the engine 300 (that is, around the ECU box 410) becomes 
loWer. 

[0116] Therefore, outside air ?oWs into the left side space 
from the front of the vehicle as shoWn by the arroW Y2. 
Here, the ECU box 410 (that is, the electronic control unit 
40a) is arranged in the left side space, so the ECU box 410 
is cooled by the outside air ?oWing in from the front of the 
vehicle. 

[0117] After this, the routine proceeds to step S129, 
Wherein the operating state of the electric fan 20 is decided 
based on the control pattern C. This control pattern C, as 
shoWn in FIG. 14, is a characteristic graph having an 
abscissa shoWing the cooling Water temperature and the 
ordinate shoWing the operating state of the electric fan 20 
Where the operating state of the electric fan 20 and the 
cooling Water temperature are speci?ed one-to-one. 

[0118] Speci?cally, in the control pattern C, to avoid 
control hunting of the operating state of the electric fan 20, 
hysteresis is set betWeen the cooling Water temperature and 
the operating state. When the cooling Water temperature 
becomes higher than the temperature Ty, the electric fan 20 
enters the ON state. On the other hand, When the cooling 
Water temperature becomes loWer than the temperature Tx 
(<Ty), the electric fan 20 enters the OFF state. 

[0119] Based on this control pattern C, the operating state 
of the electric fan 20 corresponding to the cooling Water 
temperature read from the temperature sensor 60 is deter 
mined and the thus decided operating state is output as the 
duty ratio of the control pulse signal to the control unit 31a 
of the electric fan drive circuit 30a. 

[0120] Here, When deciding on the ON state as the oper 
ating state, the duty ratio dn is determined, While When 
deciding on the OFF state as the operating state, the duty 
ratio df (not equal to dn) is determined. 
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[0121] On the other hand, the control unit 3111 drives the 
brush motor driver 33a based on the duty ratio of the control 
pulse signal, so the brush motor driver 32a controls the 
brush motor 22 of the electric fan 20 so as to correspond to 
that duty ratio. 

[0122] Here, in the case of the duty ratio dn, the brush 
motor driver 33a supplies a constant voltage to the brush 
motor 22, so the brush motor 22 operates at a constant speed. 
Therefore, the electric fan 20 operates by a constant fan 
speed, so the radiator 100 and the condenser 110 are cooled 
by the air bloWn from the electric fan 20. 

[0123] On the other hand, in the case of the duty ratio df, 
the brush motor driver 32a stops the supply of voltage to the 
brush motor 22, so the electric fan 20 stops the fan operation. 

[0124] Further, When the temperature of the cooling Water 
(Water temperature) is the threshold value TW or more at the 
above step S121 (temperature of cooling Water>TW), it is 
judged YES. That is, it is judged that it is necessary for the 
electric fan 10 to cool the radiator 100 and the condenser 
110. 

[0125] Next, the routine proceeds to step S125, Where the 
fan speed (that is, How rate) required for cooling the radiator 
100 and the condenser 110 by the electric fan 10 based on 
the control pattern B stored in advance in the memory is 
calculated as a control instruction value. Here, the control 
pattern B, as shoWn in FIG. 14, is a characteristic graph 
having an abscissa shoWing the cooling Water temperature 
and the ordinate shoWing the fan speed Where the fan speed 
and the cooling Water temperature are speci?ed one-to-one. 

[0126] Here, in the control pattern B, When the cooling 
Water temperature is Within the intermediate temperature 
range, the fan speed becomes higher the higher the cooling 
Water temperature. Further, When the cooling Water tem 
perature is less than the intermediate temperature range, the 
fan speed becomes the constant value of Zero. That is, the 
electric fan 10 enters the OFF state. On the other hand, When 
the cooling Water temperature is above the intermediate 
temperature range, the fan speed becomes a constant value. 

[0127] Further, the fan speed corresponding to the 
detected temperature read from the temperature sensor 60 
(cooling Water temperature) (hereinafter referred to as the 
“fan speed Kb”) is determined based on this control pattern 

[0128] Next, it is judged if the part temperature (surface 
temperature of ECU box 410) is the threshold value Ta or 
more (step S126). Further, When the part temperature is less 
than the threshold value Ta (part temperature<Ta), it is 
judged NO. That is, it is judged that there is no need for the 
electric fan 10 to cool the ECU box 410, that is, the 
electronic control unit 4011 itself. 

[0129] In this case, as explained above, the fan speed Kb 
determined based on the control pattern B is output as the 
duty ratio of the control pulse signal to the control unit 3111 
of the electric fan drive circuit 30a. 

[0130] Therefore, the control unit 31b drives the brushless 
motor driver 3211 based on the duty ratio Kb of the control 
pulse signal, so the brushless motor driver 32a supplies 
three-phase AC poWer corresponding to the duty ratio to the 
brushless motor 12 of the electric fan 10. 
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[0131] Here, the speed of the brushless motor 12 is con 
trolled so as to correspond to the duty ratio Kb, so the fan 
speed of the electric fan is controlled in accordance With the 
cooling Water temperature. Further, the air from the electric 
fan 10 cools the radiator 100 and the condenser 110. 

[0132] Here, explaining the relationship betWeen the con 
trol patterns B and C, in the control pattern B, When the 
cooling Water temperature is higher than the temperature 
TSB, the brushless motor 12 enters the ON state, While When 
the cooling Water temperature is loWer than the temperature 
TSB, the brushless motor 12 enters the OFF state. 

[0133] On the other hand, in the control pattern C, When 
the cooling Water temperature becomes higher than the 
temperature Ty, the electric fan 20 enters the ON state, While 
When the cooling Water temperature becomes loWer than the 
temperature Tx, the electric fan 20 enters the OFF state. 

[0134] Further, since the temperatures Tx and Ty are set 
higher than the temperature TSB, in the loW cooling Water 
temperature region, only the electric fan 10 operates. When 
the cooling Water temperature reaches the high temperature 
region, both the electric fans 10 and 20 operate. Due to this, 
the frequency of operation of the electric fan 10 becomes 
higher than the frequency of operation of the electric fan 20. 
That is, the electric fan 10 is operated preferentially over the 
electric fan 20. 

[0135] Note that When the part temperature is the thresh 
old value Ta or more at the above step S126 (part 
temperatureiTa), it is judged YES. That is, it is judged that 
it is necessary to use the electric fan 10 to cool the ECU box 
410, that is, the electronic control unit 40 itself. 

[0136] In this case, in the same Way as the processing for 
control of the above step S130, the fan speed of the electric 
fan 10 (hereinafter referred to as the “fan speed Ka”) is 
determined based on the control pattern A and the part 
temperature (step S127). Further, the higher of the fan 
speeds Ka and Kb is selected and the selected fan speed Kc 
is output as the duty ratio of the control pulse signal to the 
control unit 51 of the poWer fan drive circuit 50. 

[0137] Therefore, the control unit 31a drives the brushless 
motor driver 3211 based on the duty ratio Kc of the control 
pulse signal, so the brushless motor driver 32a supplies 
three-phase AC poWr corresponding to the duty ratio to the 
brushless motor 12 of the electric fan 10. 

[0138] Here, since the speed of the brushless motor 12 is 
controlled so as to correspond to the duty ratio Kc, the fan 
speed of the electric fan 10 is controlled in accordance With 
the cooling Water temperature and the part temperature. The 
air bloWn by the electric fan 10 cools all of the radiator 100, 
condenser 110, and ECU box 410 (electronic control unit 
4011). 
[0139] After this, the routine proceeds to step S129, Where 
processing is performed to control the brush motor 22. Note 
that at step S122, When the part temperature is less than a 
threshold value Ta (part temperature<Ta), it is judged NO, 
the operation of the electric fan 10 is prohibited, and the 
routine proceeds to step S129. 

[0140] BeloW the actions and effects of this embodiment 
Will be explained. That is, the electric fan system for a 
vehicle of this embodiment circulates cooling air to a 
radiator 100 for cooling cooling Water circulating inside a 
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Water-cooled engine 300 for vehicle operation and a con 
denser 110 for cooling a coolant circulating inside a vehicle 
air-conditioning system. It is provided With an electric fan 
10 for circulating cooling air to the radiator 100 and con 
denser 110 by operation of a brushless motor 12, an electric 
fan 20 for circulating cooling air to the radiator 100 and 
condenser 110 by a brush motor 22, and an electronic control 
unit 40a for operating the electric fan 10 preferentially over 
the electric fan 20 based on the temperature of the engine 
cooling Water, Wherein the electric fan 10 is designed to cool 
the ECU box 410 (that is, the electronic control unit 4011) in 
addition to the radiator 100 and the condenser 110. 

[0141] According to the present embodiment, since the 
electric fan 10 is operated preferentially over the electric fan 
20, the Wear of the electric fan 20, that is, the Wear of the 
brush motor 22, can be suppressed. Further, the electric fan 
10 is made to also use cooling air to cool the ECU box 410 
as one of the “other vehicle-mounted parts” besides the 
radiator 100 and the condenser 110. Therefore, it is possible 
to cool the ECU box 410 (other vehicle-mounted part) While 
extending the lifetime. 

[0142] Here, the electronic control unit 40a determines the 
fan speed (?oW rate) of the electric fan 10 based on the 
surface temperature of the ECU box 410 and the temperature 
of the engine cooling Water, so the radiator 100, condenser 
110, and ECU box 410 (that is, the electronic control unit 
4011) can be suitably cooled. 

[0143] Further, in the embodiment, rubber engine mounts 
310 are arranged at the four corners of the Water-cooled 
engine betWeen the Water-cooled engine 300 and chassis. 
The rubber engine mounts 310 function to suppress trans 
mission of vibration of the Water-cooled engine to the 
chassis. 

[0144] Here, When the rubber engine mounts 310 become 
high in temperature, they deteriorate in characteristics, so 
cooling is required, but since the air bloWn from the electric 
fan 10 ?oWs as shoWn by the arroWs Y1 in FIG. 11, the 
rubber engine mounts 310 at the right side are cooled by the 
cooling air from the electric fan 10. 

Modi?cations of Second Embodiment 

[0145] In the above embodiment, the example Was 
explained of using the temperature of the cooling Water of 
the engine 300 When controlling the electric fans 10 and 20, 
but the invention is not limited to this. The coolant tem 
perature or the coolant pressure may also be used. Further, 
any of the cooling Water temperature, coolant temperature, 
and coolant pressure may be used in combination. 

[0146] In the above embodiment, the example Was 
explained of not causing the air bloWn from the electric fan 
10 to directly strike the ECU box 410, but to loWer the air 
pressure around the ECU box 410 and cool the ECU box 410 
by the outside air ?oWing in from the sides of the vehicle, 
but instead of this it is also possible to make the air bloWn 
from the electric fan 10 directly strike the ECU box 410 so 
as to cool the ECU box 410. 

[0147] In the above embodiment, the example Was 
explained of employing the ECU box 410 as one of the 
“other vehicle-mounted parts”, detecting the surface tem 
perature of the ECU box 410, and using the detected 
temperature to control the speed of the electric fan 10, but 






