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ENGINE COOLING SYSTEM AND MOTOR 
THEREFORE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This non-provisional patent application claims priority 
under 35 U.S.C. §l 19(a) from Patent Application No. 
2008102162537 ?led in The People’s Republic of China on 
Sep. 19, 2008. 

FIELD OF THE INVENTION 

This invention relates to an engine cooling system and in 
particular, to an electric motor for such a system. This inven 
tion is particularly suited to engines of automobiles. 

BACKGROUND OF THE INVENTION 

An internal combustion engine, particularly, an automotive 
engine Will produce lots of heat When it’s running. An engine 
cooling system is used to help discharging the heat, to prevent 
the heat damaging components of the engine. An engine 
cooling system usually comprises a coolant tank, cooling 
pipes and a fan unit. The heat is absorbed by coolant passing 
through cooling channels in the engine. After absorbing heat, 
the coolant circles to the coolant tank via the cooling pipes. 
The cooling pipes are cooled by a fan unit. The fan unit 
mainly comprises a motor and fan blades driven by the motor. 
The motor comprises a permanent magnet stator and a Wound 
rotor. 
A motor’s Windings are usually Wound by copper Wire, 

since copper Wire has a good electrical conductivity, good 
strength and an acceptable chemical stability. The Windings 
formed by Winding copper Wire are hereinafter called copper 
Windings. Copper Wire has a high hardness and sometimes, 
laminations such as a rotor core Will be deformed by the 
copper Windings during assembly. FIG. 6 shoWs a core of a 
rotor Which had been Wound With copper Windings. The 
Windings have been removed to shoW the distortion Which can 
occur to the teeth of the rotor by copper Wire during the 
Winding process, the deformation is especially noticeable 
When the teeth are long. In particular, the force applied to the 
rotor teeth by the copper Wire causes the outer laminations to 
bend, distorting the effective position of the center of the 
tooth Which affects the commutation angle and thus the life 
and e?iciency of the motor. 

Furthermore, copper costs more than aluminum. In the past 
during hard economic times, it has been knoWn to make 
Windings from aluminum Wire. The Windings formed from 
aluminum Wire are hereinafter called aluminum Windings. 

HoWever, the use of aluminum Windings Will encounter 
many di?iculties. It’s dif?cult to solder aluminum Wire to 
commutator segments Which are usually made of copper. It is 
also dif?cult to attach aluminum Windings to commutator 
books by the common Welding or fusing techniques due to the 
soft nature of aluminum Wire. Therefore, aluminum Windings 
Were used in brushless DC motor as a part of motor stator, 
instead of motor rotor. This Will limit the use of aluminum 
Windings. 

Secondly, aluminum has a strong chemical activity and is 
vulnerable to corrosion and oxidation. Lead Wires of alumi 
num Wire are easily to oxidize, resulting in a higher resistivity. 
Therefore, the lead Wires Will become too hot When the motor 
is running, Which may result in a motor failure or damage to 
parts of the motor. 
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2 
In addition, aluminum has a higher resistivity than copper, 

and aluminum Wire has a higher resistance than copper Wire. 
Accordingly, under the same terminal voltage, the current in 
aluminum Windings Will be less than the current in copper 
Windings. Therefore, performance of a motor using alumi 
num Windings is affected. In other Words, to make the current 
in aluminum Windings equal to the current in copper Wind 
ings, it is necessary to increase the diameter of aluminum 
Wire. It Will use more aluminum materials and increase the 
siZe of the motor. 

Therefore, most motors, especially the motors used in 
automotive engine cooling application ?eld, are equipped 
With copper Windings. For an automotive engine cooling 
system, sometimes the motor stalls, for example, When the 
motor is froZen by loW ambient temperature or its fan blades 
are blocked by an obstacle. In these circumstances, the cur 
rent in the Windings Will be too large When the motor is 
poWered on, and it can produces a lot of heat in a very short 
time such as 60 seconds, Which Will likely damaged the 
motor, resulting in cooling system failure. 

SUMMARY OF THE INVENTION 

Hence there is a desire for an improved engine cooling 
system and a motor therefore. 

Accordingly, in one aspect thereof, the present invention 
provides an engine cooling system, comprising a fan unit, 
cooling pipes, cooling channels of the engine and a coolant 
tank, the coolant tank, the cooling pipes and the cooling 
channels of the engine being connected together and forming 
a cooling circuit, the fan unit being used to cool the cooling 
pipes and coolant therein, the fan unit comprising a motor and 
fan blades driven by the motor; Wherein the motor comprises 
a stator and a rotor rotatable mounted confronting the stator; 
the rotor comprising a shaft, a commutator ?tted to the shaft, 
a rotor core ?tted to the shaft adjacent to the commutator, 
Windings Wound about teeth of the rotor core and electrically 
connected to segments of the commutator; the Windings 
being formed from aluminum cored Wire that has an electrical 
insulation ?lm around its peripheral surface. 

Preferably, each of the segments comprises a hook at one 
end, the hook having tin coating to electrically connect to lead 
Wires of the Windings. 

Preferably, the surface of the hook is concave and forms an 
increased space for accommodating the lead Wire(s) of the 
Windings. 

Preferably, the Windings comprise a plurality of coils, each 
of the coils being Wound about one tooth of the rotor core. 

Preferably, the Windings comprise a plurality of coils, each 
of the coils being Wound about tWo or more teeth of the rotor 
core. 

Preferably, the electrical insulation ?lm comprises tWo 
insulation layers. 

According to a second aspect, the present invention pro 
vides a electric motor used in an engine cooling system, the 
engine cooling system comprising fan blades driven by the 
motor to cooling an engine, Wherein the motor comprises a 
stator and a rotor rotatable mounted confronting the stator; 
the rotor comprising a shaft, a commutator ?tted to the shaft, 
a rotor core ?tted to the shaft adjacent to the commutator, 
Windings Wound about teeth of the rotor core and electrically 
connected to segments of the commutator; the Windings 
being formed from aluminum cored Wire that has a electrical 
insulation ?lm around its peripheral surface. 

Preferably, each of the segments comprises a hook at one 
end, the hook having a tin coating to electrically connect to 
lead Wires of the Windings. 
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Preferably, each lead Wire of the Windings is soldered to a 
corresponding hook. 

Preferably, the soldered lead Wires and hooks are encapsu 
lated by a protective ?lm. 

Preferably, the electrical insulation ?lm comprises tWo 
insulation layers. 

Preferably, the aluminum cored Wire is copper clad alumi 
num Wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the invention Will noW be 
described, by Way of example only, With reference to ?gures 
of the accompanying draWings. In the ?gures, identical struc 
tures, elements or parts that appear in more than one ?gure are 
generally labelled With a same reference numeral in all the 
?gures in Which they appear. Dimensions of components and 
features shoWn in the ?gures are generally chosen for conve 
nience and clarity of presentation and are not necessarily 
shoWn to scale. The ?gures are listed beloW. 

FIG. 1 is an assembly schematic diagram of an engine 
cooling system provided by an embodiment of the present 
invention; 

FIG. 2 is an isometric vieW of a motor used in an engine 
cooling system provided by an embodiment of the present 
invention; 

FIG. 3 is an isometric vieW of a rotor of the motor of FIG. 

2; 
FIG. 4 is a sectional vieW of a commutator of the rotor of 

FIG. 3; 
FIG. 5 is an isometric vieW of a rotor core according to a 

second embodiment, With coils of the Windings each span 
ning more than one rotor tooth; and 

FIG. 6 is an isometric vieW of a core of a conventional rotor 

shoWing teeth deformed by copper Windings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates an engine cooling system according to an 
embodiment of the present invention. The system comprises 
a coolant tank 11, cooling pipes 13 and a fan unit 14. The 
coolant tank 11 is ?lled With coolant such as Water. The 
coolant ?oWing out from the coolant tank 11 enters into the 
cooling channels of engine 12 and absorbs the heat produced 
by the engine 12, and then returns back to the coolant tank 11 
via the cooling pipes 13, and thus forms a cooling cycle. The 
fan unit 14 is used to dissipate the head of cooling pipes 13 
and the coolant thereof. Generally the coolant tank and the 
cooling pipes are formed together as a radiator. 

The fan unit 14 comprises a motor and fan blades driven by 
the motor. Referring to FIG. 2, the motor comprises a stator 
19 and a rotor 20 rotatably mounted confronting the stator 19. 
The stator 19 comprises a housing and magnets accommo 
dated inside the housing. Referring to FIG. 3, the rotor 20 
comprises a shaft 21, a commutator 22 ?tted to the shaft, a 
rotor core 23 ?tted to the shaft adjacent to one end of the 
commutator, and Windings 24 Which Wind about teeth of the 
rotor core 23 and electrically connect to the commutator 22. 
The Windings 24 are Wound using aluminum cored Wire that 
has electrical insulation ?lm around its peripheral surface. 
For example, the aluminum cored Wire can be enamel-insu 
lated aluminum Wire, copper-clad aluminum Wire, etc. Each 
terminal portion or lead Wire of Windings 24 is connected to a 
corresponding segment 27 of commutator 22. For better pro 
tection against insulation breakdoWn, the electrical insulation 
?lm may have one or tWo layers of insulation. In FIG. 3 the 
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4 
lead Wires are not shoWn connected to the commutator for 
ease of draWing but it is to be understood that the lead Wires 
are connected to the commutator hooks. While soldering is 
mentioned as a preferred method of joining the lead Wires to 
the commutator hooks, the common process of hot staking, 
fusing or Welding in Which the hook and lead Wire are heated 
as the hook is bent to grip the lead Wire is also preferred. 

Referring to FIG. 4, the commutator 22 comprises a cylin 
der base 26 formed of plastics material or any other insulating 
materials and a plurality of segments 27 that distributes 
around a peripheral surface of the cylinder base. The seg 
ments are mainly made of copper. Each of the segments 
comprises a hook 28 at one end. It’s preferred that the hook 28 
has tin coating to achieve a better electrical connection to the 
Winding Wire. With the tin coating, lead Wires of the alumi 
num cored Wire can be easily soldered to the hook 28 and 
create a reliable electrical connection. 

Furthermore, after soldering, the soldered lead Wires and 
hooks are preferred encapsulated by a protective ?lm to pre 
vent the lead Wires of aluminum cored Wire being corroded by 
oxygen and/or moisture. For example, the protective ?lm can 
be formed by an insulating resin. 

Returning to FIG. 4, the surface of the hook 28 is concave 
relative to the contacting surface of the corresponding seg 
ment, and thus forms an increased space for accommodating 
the lead Wire(s). 

In the embodiment, the Windings 24 comprise a plurality of 
coils, each of Which is Wound about one tooth. In an altema 
tive embodiment, each of the coils is Wound about tWo or 
more teeth. FIG. 5 is an isometric vieW of a rotor core accord 

ing to a second embodiment, in Which coils of the Windings 
24 each span more than one rotor tooth 25. 

In the embodiments of the present invention, aluminum 
cored Wire is used to form the Windings of a motor, especially 
a PMDC motor, Which is preferred used in an engine cooling 
system to drive fan blades. Aluminum cored Wire is cheaper 
than copper Wire, resulting in a loWer co st. On the other hand, 
aluminum cored Wire has a larger resistance than copper Wire. 
For the same terminal voltage, the current in aluminum Wind 
ings Will be smaller than that in copper Windings. Therefore, 
When stalled, a motor equipped With aluminum Windings is 
not so easy to burn out as motor equipped With copper Wind 
ings. 

In addition, aluminum cored Wire has a loWer hardness 
than copper Wire. Therefore, teeth of a rotor are not so easily 
deformed during Winding of the Windings When using alumi 
num cored Wire. 

In the description and claims of the present application, 
each of the verbs “comprise”, “include”, “contain” and 
“have”, and variations thereof, are used in an inclusive sense, 
to specify the presence of the stated item but not to exclude the 
presence of additional items. 

Although the invention is described With reference to one 
or more preferred embodiments, it should be appreciated by 
those skilled in the art that various modi?cations are possible. 
Therefore, the scope of the invention is to be determined by 
reference to the claims that folloW. 
The invention claimed is: 
1 . An engine cooling system, comprising a fan unit, cooling 

pipes, cooling channels in the engine and a coolant tank, the 
coolant tank, the cooling pipes and the cooling channels in the 
engine being connected together and forming a cooling cir 
cuit, the fan unit being used to cool the cooling pipes and 
coolant therein, the fan unit comprising a motor and fan 
blades driven by the motor; Wherein the motor comprises a 
stator and a rotor rotatable mounted confronting the stator; 
the rotor comprising a shaft, a commutator ?tted to the shaft, 
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a rotor core ?tted to the shaft adjacent to the commutator, 
Windings Wound about teeth of the rotor core and electrically 
connected to segments of the commutator; the Windings 
being formed from aluminum cored Wire that has an electrical 
insulation ?lm around its peripheral surface, each of the seg 
ments comprising a hook formed at one end thereof, a pro 
tective ?lm encapsulating the hook and lead Wire of the Wind 
ings after the lead Wire and the hook are soldered together for 
preventing the soldered hook and lead Wire from being cor 
roded by oxygen and/or moisture. 

2. The engine cooling system of claim 1, Wherein, the hook 
has a tin coating to electrically connect to the lead Wires of the 
Windings, Wherein the tin coating enables the lead Wire to be 
easily soldered to the hook and create a reliable electrical 
connection. 

3. The engine cooling system of claim 2, Wherein the 
surface of the hook is concave inWardly in a radial direction of 
the commutator relative to the contacting surface of the cor 
responding segment and forms an increased space for accom 
modating the lead Wire of the Windings, the hook having a 
reduction in thickness at a portion corresponding to the 
increased space. 

4. The engine cooling system of claim 1, Wherein the 
Windings comprise a plurality of coils, each of the coils being 
Wound about one tooth of the rotor core. 

5. The engine cooling system of claim 1, Wherein the 
Windings comprise a plurality of coils, each of the coils being 
Wound about tWo or more teeth of the rotor core. 

6. A cooling fan used in an engine cooling system, the 
cooling fan comprising a motor, fan blades driven by the 
motor to cool an engine, Wherein the motor comprises a stator 
and a rotor rotatable mounted confronting the stator; the rotor 
comprising a shaft, a commutator ?tted to the shaft, a rotor 
core ?tted to the shaft adjacent to the commutator, Windings 
Wound about teeth of the rotor core and electrically connected 
to segments of the commutator; the Windings being formed 
from aluminum cored Wire that has an electrical insulation 
?lm around its peripheral surface, Wherein each of the hooks 
at a position adjoining a corresponding segment is concave 
inWardly along a radial direction of the commutator relative 
to a contacting surface of the corresponding segment to 
thereby form an increased space for accommodating lead 
Wire of the Windings. 
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7. The motor of claim 6, Wherein each of the segments 

comprises a hook at one end, the hook having tin coating to 
electrically connect to the lead Wires of the Windings. 

8. The motor of claim 7, Wherein each lead Wire of the 
Windings is soldered to a corresponding hook. 

9. The motor of claim 7, Wherein the lead Wires and hooks 
are encapsulated by a protective ?lm after the lead Wires and 
the hooks are soldered together, for preventing the soldered 
hooks and lead Wires of the Windings from being corroded by 
oxygen and/ or moisture. 

1 0. The motor of claim 6, Wherein the aluminum cored Wire 
is copper clad aluminum Wire. 

11. A motor used in an engine cooling system comprising 
fan blades driven by the motor to cool an engine, Wherein the 
motor comprises a stator and a rotor rotatably mounted con 
fronting the stator; the rotor comprising a shaft, a commutator 
?tted to the shaft, a rotor core ?tted to the shaft adjacent to the 
commutator, Windings Wound about teeth of the rotor core 
and electrically connected to segments of the commutator, the 
Windings being formed from copper clad aluminum Wire, 
Wherein each of the segments comprises a hook formed at one 
end thereof, each of the hooks at a position adjoining the 
corresponding segment is concave inWardly along a radial 
direction of the commutator relative to a contacting surface of 
the corresponding segment to thereby form an increased 
space for accommodating a lead Wire of the Windings, pro 
tective ?lms respectively encapsulating the lead Wires and 
hooks after the lead Wires and hooks are soldered together for 
preventing the soldered hooks and lead Wires of the Windings 
from being corroded by oxygen and/ or moisture. 

12. A motor used in an engine cooling system comprising 
a fan driven by the motor to cool an engine, Wherein the motor 
comprises a stator and a rotor rotatably mounted confronting 
the stator; the rotor comprising a shaft, a commutator ?tted to 
the shaft, a rotor core ?tted to the shaft adjacent to the com 
mutator, Windings Wound about teeth of the rotor core and 
electrically connected to segments of the commutator, the 
Windings being formed from copper clad aluminum Wire, 
Wherein each of the segments comprises a hook formed at one 
end thereof, each of the hooks having a portion With a reduced 
thickness forming a concave providing an increased space for 
accommodating a lead Wire of the Windings. 

* * * * * 


