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Figure 5

(57) Abstract: The present invention provides a motor
stator comprising a stator body; a stator casing which cir-
cumferentially surrounds the outer contour of the stator
body and is fitted on said stator body; a first end cap and a
second end cap which are respectively located on the two
side ends in the axial direction of said stator casing; a
cooling tlow passage for the stator which is distributed in
said stator casing, first end cap, and second end cap; and
fasteners which are used to fasten the stator casing and the
end caps on the two sides to form the sealed structure of
said cooling flow passage. Through the design of a brand-
new stator structure with a cooling flow passage, the
present invention makes it possible that a relatively simple
extrusion process can be applied to improve the yield of
finished products and lower the manufacturing cost.
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Specification

A Motor for Electric Vehicles and the Stator Thereof

Technical Field
The present invention relates to the technical field of motor
manufacturing of electric vehicles, and in particular relates to

a motor for electric vehicles and the stator thereof.

Background Art

With the high-speed development of the automotive industry, a
series of problems such as oil shortage, environmental warming,
and climate warming have emerged. As representatives of new
energy vehicles, electric vehicles will inevitably become one of
the important development directions of the automotive industry
in China. The performance of the electric driving system which
serves as the only power source of electric vehicles directly
affects the power performance, stability, and comfort of the

vehicles.

Originally, DC motors were developed to serve as traction motors
of electric vehicles because DC motors have advantages such as
a large starting accelerating traction and a simple control
system. However, the disadvantage of DC motors is that they have
a mechanical commutator. When DC motors run at high speed and
heavy duty, sparks will be produced on the surface of the
commutator. Therefore, the revolving speed of DC motors must not
be too large. For this reason, the traction motors of electric
vehicles have mainly been AC asynchronous motors and permanent
magnet motors in recent years. The vector control based speed
regulation technology of AC asynchronous motors is relatively
well-developed and the driving system of AC asynchronous motors
has significant advantages. Therefore, AC asynchronous motors
were used as the driving system of electric vehicles early on,
and currently, they are still the leading products of the driving

system of electric vehicles. Compared with permanent magnet
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motors, AC asynchronous motors have a lower power density,

however.

The design of the motors for electric vehicles requires that
characteristics such as small volume, light weight, high power
density, and good heat dissipation should be satisfied.
Therefore, liquid cooling is generally used as a heat dissipation
method for the motors (mainly AC asynchronous motors and
permanent magnetic motors) for electric vehicles. The cooling
flow passage of motors is generally set around the motor stator,
and the heat of motors is taken away through the
flowing/circulation of a cooling medium. The common methods of
setting a cooling flow passage around the motor stator are as

follows:

Method 1: For example, as shown in Figure 1, the flow passage (7)
of a cooling medium (referred to as cooling flow passage),
disclosed in China patent application No0.201410697450.0, is
arranged on the end cap which is fitted on one side of the motor
stator casing. Currently, such a structure can be implemented

only by use of sand casting.

Method 2: For example, as shown in Figure 2, the cooling flow
passage disclosed in China patent application No.201410475426.2
is arranged on the support base used to fasten the stator

armature. Currently, such a structure can be implemented only by

use of sand casting.

Method 3: For example, as shown in Figure 3, the cooling flow
passage (8) disclosed in China patent application
No0.201420488233.6 is arranged in the motor casing and the cooling
flow passage (8) helically surrounds the circumference of the
outer contour of the stator body in the upper die cavity (1)
according to the direction of the stator winding in the motor
casing and the length of the stator core. Currently, such a

structure can be implemented only by use of die casting.
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Method 4: The inner and outer casings of the motor stator are
machined, the decomposed structures of the cooling flow passage
are arranged on the inner and outer casings, and the breakdown
structures of the cooling flow passage can form a sealed flow

passage after the inner and outer casings are assembled.

For all motors in the prior art of adopting a cooling flow passage
for heat dissipation, the stator is manufactured by use of sand
casting, die casting, or machining and assembling of inner and
outer casings. However, (1) the sand casting process has the
following problems: blow holes are easily produced during casting
to bring about a leaky cooling flow passage; in addition, dies
need to be re-developed for stators with different lengths in
different series of products, and thus the manufacturing cost of
motors is too high; moreover, the stators cast by use of sand
casting have low strength and are apt to wear. (2) The process
of machining and assembling of inner and outer casings has the
following problems: a high fit dimension precision is required
between the inner and outer casings and the assembly process is
complex. (3) The die casting process has the following problems:
restricted by the design of the casting dies, the cross section
of the cooling flow passage will increase and the actual cooling
effect will be poorer than the expected cooling effect; dies need
to be re-developed for stators with different lengths in
different series of products and thus the manufacturing cost is
high; moreover, the stators cast by use of die casting have low

strength and are apt to wear.

Therefore, on the one hand, the process of sand casting, die
casting, or machining and manufacturing of inner and outer
casings itself is unfavorable to the production of small motors,
and on the other hand, the rate of rejects is high, the reliability
of motors is low, and the machining and assembling difficulty is
great so that the manufacturing cost of motors stays at a high

level.
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Inview of the technical problems existing in the heat dissipating
structures of motors of electric vehicles in the prior art, new
manufacturing processes need to be sought for and corresponding
mechanical structures need to be designed so that the yield of
finished products of stators with a cooling flow passage can be
improved greatly and the machining and assembling difficulty can
be lowered, thus realizing mass manufacturing of motors and

reducing the manufacturing cost of motors.

Summary of the Invention

For the above-mentioned technical problems, the present
invention designs a new stator casing for electric vehicles on
the basis of a lot of trial manufacturing experiments and the
stator casing can be integrated and manufactured by use of the
extrusion process so that the yield of finished products of
stators with a cooling flow passage is improved and the

manufacturing cost of motors is lowered.

To achieve the above-mentioned object, firstly, the present
invention provides a cooling flow passage for stators. The
cooling flow passage comprises straight-through cooling
sub-passages which are set in the stator casing, extend in the
axial direction of said stator casing and run through said stator
casing, and connecting grooves which are set in the end caps of
the stator casing and are used to seal and connect different
cooling sub-passages after the end caps are fittedwith the stator
casing so that a cooling medium can flow in different cooling

sub-passages continuously.

Secondly, the present invention also provides a motor stator
casing for electric vehicles, which is applicable to stators of
AC asynchronous motors or permanent magnet motors, comprises the
above-mentioned straight-through cooling sub-passages, and is
manufactured into an integral body by use of the extrusion

process.
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Thirdly, the present invention also provides a motor stator
assembly accommodating device, which comprises a stator casing
used to accommodate the motor stator, end caps fitted at the ends
on the two axial sides of said stator casing, and a cooling flow
passage distributed in said stator casing and said end caps,
wherein said cooling flow passage distributed in said stator
casing and said end caps is the above-mentioned cooling flow

passage for stators.

Fourthly, the present invention also provides a motor stator for
electric vehicles, which comprises a stator body, a stator casing
circumferentially surrounding the outer contour of the stator
body and fitted on said stator body, a first end cap and a second
end cap respectively located on the two side ends in the axial
direction of said stator casing, a cooling flow passage for the
stator distributed in said stator casing, first end cap, and

second end cap, and fasteners used to fasten the stator casing
and the end caps on the two sides to form the sealed structure
of said cooling flow passage, wherein said cooling flow passage
distributed in said stator casing and said end caps is the

above-mentioned cooling flow passage for stators.

Fifthly, the present invention also provides a motor for electric

vehicles, which comprises the above-mentioned stator.

The innovation of the present invention lies in that through the
design of a brand new stator structure with a cooling flow
passage, a relatively simple extrusion process can be applied to
improve the yield of finished products and lower the

manufacturing cost.

Further, the manufacturing process of the cooling flow passage
manufactured by use of the extrusion process is simple, the
sealing performance of the cooling flow passage is greatly
improved, the cooling flow passage is sealed by ends, and the
assembling process is simple and reliable. By comparison, the

cooling flow passage manufactured by use of the extrusion process
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is by far better than the cooling flow passage obtained by use
of sand casting, die casting, or machining and assembling of inner

and outer casings.

Further, since the extrusion process is adopted, the stator
casing can have any length as required and the same set of dies
can be used for a series of stators with different lengths to meet
different specifications of different types of motors, thus
improving the application scope of the extrusion process and the
manufacturing efficiency of the stator structure and lowering the

manufacturing cost.

Further, the motor stator casing for electric vehicles in the
present invention is manufactured into an integral body with a
cooling flow passage by use of the extrusion process and is sealed
through the end caps preset with connecting grooves to form a
closed circulation passage for a cooling medium. Such a structure
and the extrusion process can greatly improve the yield of

finished products and lower the manufacturing cost.

The additional aspects and advantages of the present invention
will be given in the description below and they will become
obvious in the description below or be learned through practice

of the present invention.

Brief Description of the Drawings

The drawings described here are used to provide a better
understanding of the present invention and constitute a part of
the application. The exemplary embodiments of the present
invention and the description are used to explain the present
invention, but do not constitute an improper limitation of the

present invention. In the drawings,

Figure 1 is a schematic diagram for the first structure of the

motor stator with a cooling flow passage in the prior art.
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Figure 2 is a schematic diagram for the second structure of the

motor stator with a cooling flow passage in the prior art.

Figure 3 is a schematic diagram for the third structure of the

motor stator with a cooling flow passage in the prior art.

Figure 4A and Figure 4B are exploded views of the motor stator
with a cooling flow passage in one embodiment of the present

invention.

Figure 5 is a three-dimensional view of the cooling flow passage
after the stator casing in the embodiment in Figure 4A and Figure

4B is assembled.

Figure 6 is a front view of the assembled stator in the embodiment
in Figure 4A, viewed from the side of fasteners to the opposite

side.

Figure 7 is a cutaway view of section A-A in the embodiment in

Figure 6.

Figure 8 is a cutaway view of section B-B in the embodiment in

Figure 6.

Figure 9 is a cutaway view of section C-C in the embodiment in

Figure 8.

Figure 10 is a cutaway view of section D-D in the embodiment in

Figure 8.

Figure 11 is a perspective view of section D-D in the embodiment

in Figure 8.

Detailed Description of the Invention
To let those skilled in the art have a better understanding of
the technical solution of the present invention, the following

further describes in detail the present invention in combination
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with drawings and specific embodiments. The following will
describe in detail the embodiments of the present invention. The
examples of the described embodiments are given in the drawings,
where the same or similar reference number represents the same
or similar element or an element having the same or similar
function throughout. The embodiments described by reference to
the drawings are exemplary and are only used to explain the
present invention, but should not be interpreted as limitations

to the present invention.

Those skilled in the art should understand that the singular form
modified by "one", "said", and "the" may also include the plural
form, unless specifically stated. It should be further understood
that the word "comprises"™ or "comprising" used in the
specification of the present invention means that said
characteristic, integer, step, operation, element and/or
assembly exist(s), but does not exclude one or more other
characteristics, integers, steps, operations, elements,
assemblies, and/or a group of them. It should be understood that
when we say an element is "connected" or "coupled" to another
element, it can be directly connected or coupled to another
element, or connected to another element with an intermediate
element. In addition, the word "connection" or "coupling”™ used
here may also include wireless connection or coupling. The words
"and/or" used here include any unit and all combinations of one

Or more assoclated items listed.

Those skilled in the art should understand that all terms
(including technical terms and scientific terms) used here have
the same meanings as those skilled in the art generally
understand, unless otherwise defined. It should also be
understood that the terms defined in common dictionaries should
be interpreted as the meanings which agree with the meanings in
the context of the prior art, and they will not be interpreted
by use of ideal or too formal meanings unless defined like those

in this document.
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[Overall structure of stator] Figure 4A and Figure 4B are exploded
views of the motor stator with a cooling flow passage in one
embodiment of the present invention. Figure 5 is a
three-dimensional view of the cooling flow passage after the
stator casing in the embodiment in Figure 4A and Figure 4B is
assembled. As shown in Figure 4A and Figure 4B, the motor stator
provided in the present invention is applicable to AC
asynchronous motors or permanent magnetic motors, and comprises
a stator body (4); a stator casing (1) which circumferentially
surrounds the outer contour of the stator body and is fitted on
the stator body (4) (for example, assembled by use of shrink fit);
a first end cap (2) and a second end cap (3) which are respectively
located on the two side ends in the axial direction (longitudinal
direction in Figure 4A and Figure 4B) of said stator casing (1);
a cooling flow passage (6) (as shown in Figure 5) for the stator
which is distributed in said stator casing (1), first end cap (2),
and second end cap (3); and fasteners (5) which are used to fasten
the stator casing and the end caps on the two sides to form the
sealed structure of said cooling flow passage (6) (as shown in

Figure 5).

As shown in Figure 4A, Figure 4R, and Figure 5, as one embodiment,
straight-through cooling sub-passages are set in the stator
casing (1), and connecting grooves are set in the first end cap
(2) and the second end cap (3), respectively. Straight-through
cooling sub-passages are set in the stator casing, extend in the
axial direction of said stator casing and run through said stator
casing; connecting grooves are set in the end caps of the stator
casing and are used to seal and connect different cooling
sub-passages after the end caps are fitted with the stator casing
so that a cooling medium can flow in different cooling
sub-passages continuously. Further, the stator casing (1) has an
interior wall and an exterior wall and straight-through cooling
sub-passages are set between the interior wall and the exterior
wall of the stator casing (1). Further, an uninterruptible
separation area is set between different straight-through

cooling sub-passages in the stator casing. Alike, an
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uninterruptible separation area is also set between different

connecting grooves in the same end cap.

It should be understood that the cooling flow passage (6) designed
for stators in the present invention is divided into two different
parts, with one part set in the end caps (2 and 3) on the two sides
(and called connecting groove) and the other part set in the
stator casing (1) (and called straight-through cooling
sub-passage) so that the shape and size of the cross-section of
straight-through cooling sub-passages set in the stator casing
1 are set according to the radian of the outer contour of the
stator body to maximize the contact area between said cooling
sub-passages and the stator body. As one embodiment, the
cross-sectional shape of straight-through cooling sub-passages
agrees with the radian shape of the outer contour of the stator
body. Preferably, the shape of the cross-section of
straight-through cooling sub-passages looks like a waist or

flattened mouth, as shown in Figure 4A and Figure 4B.

[Innovation description] One of the innovations of the present

invention lies in that the distributed design concept is

innovatively introduced to the design of the cooling structure
of the stator. The distributed design divides the cooling flow
passage which is conventionally designed and manufactured into
an integral body into straight-through cooling sub-passages and
connecting grooves, where straight-through cooling sub-passages
are set in the stator casing and connecting grooves are set in
the end caps of the stator casing. The "cooling sub-passage"
concept introduced in the distributed design simplifies the
conventional design scheme for a cooling flow passage. In
addition, the "cooling sub-passage" which can be manufactured
according to a standard is set in the stator casing so that the
stator casing with cooling sub-passages in the present invention
can be manufactured by use of the extrusion process. Further, the
shape, size, and structure of connecting grooves can be adjusted
at any time according to different design schemes for

straight-through cooling sub-passages. For example, when the
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diameter of cooling sub-passages is enlarged or reduced, the
cross-sectional size of the connecting grooves can be increased
or decreased accordingly; when the spacing distance between
cooling sub-passages is enlarged or reduced, the cross-sectional
width can be increased or decreased accordingly. The design
scheme provided in the present invention greatly simplifies the
structure of the stator with a cooling flow passage. The
reliability of products and the yield of finished products are
improved by use of the extrusion process. In addition, the

manufacturing cost is greatly lowered since machining is avoided.

[Straight-through cooling sub-passage] The major function of
straight-through cooling sub-passages lies in that the adoption
of the standard design facilitates the manufacturing by use of
the extrusion process and that the area of contact with the stator
body is maximized to improve the cooling efficiency. As shown in
Figure 5, straight-through cooling sub-passages (61) in the
stator casing (1) are passages which are set in the stator casing
(1) and extend in the direction parallel to the axis of the stator
(4). In addition, straight-through sub-passages (61) in the
stator casing run through the stator casing (1) in the axial
direction, and thus a plurality of sub-passages running from one
axial end of the stator casing (1) to the other axial end of the
stator casing (1) are formed. Those skilled in the art can set
the quantity, and the cross-sectional shape (for example, an
elliptical cross-section) and size of straight-through cooling
sub-passages (61) according to the actual requirements. These
variants are all within the scope of protection of the present
invention. In addition, each cooling sub-passage in the stator
casing is closed, straight-through, and parallel to the axial
direction of the stator in accordance with the standard design,
which facilitates the manufacturing by use of the extrusion

process.

[Shrink fit process] Further, in the present invention, the
shrink fit process (for example, heat the aluminum or aluminum

alloy casing and extrude the casing so that the inner hole of the
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casing is increased to produce a clearance between the inner hole
and the outside diameter of the stator) can be adopted to position
and assemble the stator and the stator casing with a fixture, and
after cooling, an interference pre-tightening force is produced
between the stator and a the stator casing so that the stator

casing can be tightly combined with the stator body.

[Hot extrusion process] Further, in the present invention, the
open-die hot extrusion process can be adopted. The aluminum ingot
used to be manufactured into stator casings is set in the die
cavity and is extruded into a long blank casing body being used
for manufacturing stator casing, and the length of the casing body
is cut according to the length of the stator. For example, first
set an extrusion die according to the shape and size of the
required motor stator, then fasten the extruded section bar used
to be manufactured into a stator casing on the slider of the die
base, use the ejector block to push the slider to bring the section
bar to the extrusion position and extrude the section bar into
the required shape, and finally perform annealing setting and
gumming to obtain the stator casing. For the casing structure
provided in the present invention and the corresponding
manufacturing process, a set of manufacturing dies can be adopted
to manufacture different types of stators. This avoids the
repeated design of stator casings and the structure and size of
the corresponding cooling flow passage, and in addition, the dies

are simple. Thus, the manufacturing cost is greatly lowered.

[Connecting groove] The major function of connecting grooves lies
in that they connect adjacent cooling sub-passages. Connecting
grooves can be designed into one type or two types, or can be
configured according to the type of the cooling sub-passages.
Preferably, the connecting grooves described in the embodiments
of the present invention are of two types, namely, Type I

connecting grooves (62B) and Type II connecting grooves (62A7).
As shown in Figure 4A, Figure 4B, and Figure 5, one or more Type
I connecting grooves (62B) which extend in the circumferential

direction of the first end cap (2) are set on the end face of the
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first end cap (2) adjacent to the stator casing (1), and one or
more Type II connecting grooves (62A) which extend in the
circumferential direction of the second end cap (3) are set on
the end face of the second end cap (3) adjacent to the stator
casing (1). Type I connecting grooves (62B) and Type II connecting
grooves (62A) are uniformly called groove structures (62). The
shape and size of groove structures (62) are so designed that each
groove structure (62) can respectively connect the fluids in two
adjacent cooling sub-passages (61) in the stator casing (1), that
is to say, the cross-section of each groove structure (62) can
completely overlap the cross-sections of two adjacent cooling
sub-passages (61). That is to say, the groove structure (62) is
a cooling sub-passage set on the first end cap (2). Type I
connecting grooves (62B) are used to connect two adjacent cooling
sub-passages (61lA and 61B) between which a first spacing distance
is, and Type II connecting grooves (62A) are used to connect two
adjacent cooling sub-passages (61B and 61C) between which a
second spacing distance is. Type I connecting grooves (62B) can
be set in the first end cap (2), and Type II connecting grooves
(62A) can be set in the second end cap (3). In the present
invention, a part of the cooling flow passage is set in the end
caps on the two sides so that the overall structure of the cooling
flow passage is simple and a closed flow passage is formed for
a circulating cooling medium after the end caps on the two sides
and the stator casing are assembled. Further, such a design allows
the sealing performance of the end faces to be improved greatly

and the structure to be simple and reliable.

It should be understood that since the cooling flow passage
provided by the prior art for a stator is restricted by the
manufacturing process or the size and shape of the configured
component, the required contact area can be calculated only in
advance, the contact shape will be designed according to the
contact area, and the stator will be manufactured by use of sand
casting, die casting, or machining and assembling of inner and
outer casings. For such a method, repeated die development is

required, the process of manufacturing the cooling flow passage
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is not flexible, and the cost is high. However, in the present
invention, the distributed cooling flow passage design is

introduced and the extrusion process is adopted to manufacture
the stator casing with straight-through cooling sub-passages so
that the manufacturing process is flexible without repeated die

development and the manufacturing cost is lowered.

[Type I connecting groove] As one embodiment, since Type I
connecting grooves (62B) are used to connect two adjacent cooling
sub-passages (61A and 61B) between which the first spacing
distance is, Type I connecting grooves (62B) can be grooves
directly opened on the first end cap (2). For example, the
specific positions of Type I connecting grooves (62B) are
indicated by reference number 62 in Figure 4B, and their shapes
and structures are indicated by reference number 62B in Figure
5. Preferably, the two-dimensional shape of Type I connecting
grooves (62B) is a rectangle and Type I connecting grooves are

used to connect the cooling sub-passages (61A and 61B).

[Type II connecting groove] As one embodiment, since Type II
connecting grooves (62A) are used to connect two adjacent cooling
sub-passages (61B and 61C) between which the second spacing
distance is, and screw holes or similar structures need to be
reserved between cooling sub-passages (61B and 61 C) to screw in
fasteners (5), the following solution can be adopted for Type II
connecting grooves (62A): a groove is respectively opened at the
two ends and the two grooves are then connected through the
built-in passage in the end cap body. For example, a Type II
connecting groove (62A) comprises three parts: a first sub-groove
opened in the second end cap (3) to connect the cooling
sub-passage (61B), a second sub-groove opened in the second end
cap (3) to connect the cooling sub-passage (61C), and a built-in
passage which is buried in the second end cap (3) to combine the
first sub-groove and the second sub-groove respectively. The
specific positions of Type II connecting grooves (62A) are
indicated by reference number 7 in Figure 4A, and their shapes

and structures are indicated by reference number (62A) in Figure
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5. Preferably, the two-dimensional shape of Type II connecting
grooves (62A) is trouser-like or concave and Type II connecting
grooves are used to connect the cooling sub-passages (61B and
61C) . It should be understood that since screw holes or similar
structures need to be reserved to screw in fasteners, the spacing
distance (hereinafter referred to as second spacing distance)
between cooling sub-passages (61B and 61C) to be connected by Type
II connecting grooves (62A) is greater than the spacing distance
(hereinafter referred to as first spacing distance) between

cooling sub-passages (6lA and 61B) to be connected by Type I

connecting grooves (62B).

It should be understood that the trouser-like or concave
structure of Type II connecting grooves (62A) and the rectangular
structure of Type I connecting grooves (62B) are interconnecting
structures, which is also a preferred embodiment of the present
invention. The trouser-like or concave structure of Type II
connecting grooves (62A) implements the function of mixing the
cooling medium flowing in the second end cap (3), and the
rectangular structure of Type I connecting grooves (62B)
implements the function of mixing the cooling medium flowing in
the first end cap (2).

It should be understood that according to one embodiment of the
present invention, the rectangular Type I connecting grooves
(62B) cooperate with the trouser-like or concave Type II
connecting grooves (62A) to connect cooling sub-passages (614,
61B, and 61C) so that the grooves and sub-passages form a closed
cooling flow passage for the stator. As one embodiment, the
cooling flow passage is distributed in the S shape in the axial
direction of the stator casing to effectively increase the
contact area between the cooling flow passage and the stator body,
and thus the cooling efficiency can be improved. As one
embodiment, straight-through cooling sub-passages are
rotationally arranged around the circumference of the stator
body. Preferably, 12 flattened-mouth, closed, and

straight-through fluid passage structures are rotationally
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arranged around the stator. Such an arrangement allows the
temperature field to be distributed evenly and enhances the
cooling effect. As another embodiment, the cross-sectional shape
of straight-through cooling sub-passages looks like a waist or
flattened mouth. As a third embodiment, straight-through cooling

sub-passages are parallel to the axial direction of the stator.

[Cross-sectional size of connecting groove] The cross-sectional
shape and size of said grooves are configured according to the
cross-sectional shape and size of different cooling sub-passages
and the spacing distances therebetween, so that the end caps can
transversely seal different cooling sub-passages and
longitudinally connect these different cooling sub-passages
after the end caps are fitted with the stator casing. [Unequal
spacing distance] As one embodiment, when the quantity of
straight-through cooling sub-passages set in the stator casing
is at least three, the first spacing distance between the first
cooling sub-passage (61A) and the second cooling sub-passage
(61B) is smaller than the second spacing distance between the
second cooling sub-passage (61B) and the third cooling
sub-passage (61C) so that a screw hole can be set within the area
of the second spacing distance to screw in a fastener to tightly
fasten the end caps on the two sides of the stator to the stator
casing. Further, when the first spacing distance is smaller than
the second spacing distance, cross-sectional size Wgl of a Type
I connecting groove 2 cross-sectional size Wal of the first
cooling sub-passage (61A) + cross-sectional size Wbl of the
second cooling sub-passage (61B) + first spacing distance D1;
cross-sectional size Wg2 of a Type II connecting groove 2
cross-sectional size Wbl of the second cooling sub-passage (61B)
+ cross-sectional size Wcl of the third cooling sub-passage (61C)
+ second spacing distance D2. [Equal spacing distance] As another
embodiment, if the first spacing distance is equal to the second
spacing distance, connecting grooves must be of the same type of
grooves, that is to say, if the spacing distances between cooling
sub-passages are equal, the shapes of the grooves set in the end

caps on the two sides can be completely the same, but connecting
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grooves in the end caps on the two sides should be set accordingly
when the end caps are fitted with the stator casing, so that a
closed cooling flow passage is formed. Further, cross-sectional
size of connecting grooves 2 cross-sectional size of any cooling
sub-passage + cross-sectional size of the other of two adjacent
cooling sub-passages + spacing distance between two adjacent

cooling sub-passages.

[Flow rate control scheme] Further, the longitudinal depth of
said grooves is configured according to the required flow rate
of the cooling medium. It should be understood that those skilled
in the art can design a specific mechanical structure by reference
to the mathematical relationship between the cross-section of a
component and the physical properties of different circulating

media in physics or mechanics.

[Inlet and outlet of cooling medium] In the present invention,
the inlet (6A) and outlet (6B) of a cooling medium can be set on
an end cap. It should be understood that the inlet (6A) and the
outlet (6B) can both be set on the same end cap on one side, or
the inlet (6A) and the outlet (6B) can respectively be set on
different end caps on the two sides. It should be understood that
when the inlet (6A) and the outlet (6B) for a cooling medium are
set on the same end cap on one side, no connecting passage 1is
directly set between the inlet (6A) and the outlet (6B) to avoid
the flow passage from being shortened. Such a design idea is aimed
at enabling a cooling medium to run along the longest cooling
passage. Therefore, a separation structure should be set between
the inlet (6A) and the outlet (6B) in advance. As one embodiment,
the inlet (6A) and the outlet (6B) of a cooling medium can be set
on the second end cap (3) where Type II connecting grooves (6247)
are located. For example, when the inlet (6A) and outlet (6B) for
a cooling medium are set on the second end cap (3), the inlet (6A)
is set on the first sub-groove interconnecting one cooling

sub-passage, and the outlet (6B) is set on the second sub-groove
interconnecting another cooling sub-passage, and in addition, no

built-in passage is set between the cooling sub-passage fitted
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with the inlet (6A) and the other cooling sub-passage fitted with
the outlet (6B).

Therefore, the cooling passage (6) provided in the present
invention for a stator can comprise: straight-through cooling
sub-passages (61) which are set in the stator casing (1), extend
in the axial direction of said stator casing (1) and run through
said stator casing; and connecting grooves (62) which are set in
the end caps of the stator casing (1) and are used to seal and
connect different cooling sub-passages after the end caps are
fitted with the stator casing so that a cooling medium can flow
in different cooling sub-passages continuously. It should be
understood that after the stator casing (1), the first end cap
(2) and the second end cap (3) are assembled together, the cooling
sub-passages in the stator casing (1) and connecting grooves in
the first end cap (2) and the second end cap (3) are connected
through a fluid to form a complete cooling flow passage (6) shown

in Figure 5.

It should be understood that straight-through cooling
sub-passages shown in Figure 5 are not limited to the given
shapes, sizes, structures, and spacing distances of cooling
sub-passages (61A, 61B, and 61C), or limited to six pairs of
(namely, twelve) cooling sub-passages (61A and 61B) which
approach each other in pairs. For example, different sizes and
shapes can be designed for the flow passage. For example, more
than three cooling sub-passages can be connected. For example,
a suitable quantity, such as two pairs (namely, four), three pairs
(namely, six), four pairs (namely, eight), five pairs (namely,
ten), eight pairs (namely, sixteen), and twelve pairs (namely,

twenty-four), of cooling sub-passages can be set.

Figure 6 is a front view of the assembled stator in the embodiment
in Figure 4A, viewed from the side of fasteners to the opposite
side. Figure 7 is a cutaway view of section A-A in the embodiment
in Figure 6. Figure 8 is a cutaway view of section B-B in the

embodiment in Figure 6. Figure 9 is a cutaway view of section C-C
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in the embodiment in Figure 8. Figure 10 is a cutaway view of
section D-D in the embodiment in Figure 8. Figure 11 is a
perspective view of section D-D in the embodiment in Figure 8.
As shown in the above figures, after the stator casing (1), the
first end cap (2) and the second end cap (3) are assembled
together, and different parts of the cooling flow passage (6) are
connected through a fluid to form a complete cooling flow passage
(6) shown in Figure 5. As one embodiment, as shown in Figure 6-
through Figure 11, the parts of the cooling flow passage in the
stator casing (1) are cooling sub-passages (61) which are set in
the stator casing (1) and extend in the direction parallel to the
axis of the stator (4). In addition, cooling sub-passages (61)
in the stator casing run through the stator casing (1) in the axial
direction, and thus a plurality of sub-passages running from one
axial end of the stator casing (1) to the other axial end of the
stator casing (1) are formed. As shown in Figure 6- through Figure
11, a plurality of groove structures (62) (above-mentioned Type
I connecting grooves (62B)) which extend in the circumferential
direction of the first end cap (2) are set on the end face of the
first end cap (2) adjacent to the stator casing (1), and the shape
and size of groove structures (62) are so designed that each
groove structure (62) can respectively connect the fluid in two
adjacent cooling sub-passages (61) in the stator casing (1), that
is to say, the cross-section of each groove structure (62) can
completely overlap the cross-sections of two adjacent cooling
sub-passages (61). That is to say, the groove structure (62) is

a cooling sub-passage set on the first end cap (2).

As shown in Figure 6 through Figure 11, a plurality of opening
grooves (7) (above-mentioned Type II connect grooves (62A)) are
set on the end face of the second end cap (3) adjacent to the stator
casing (1), and the shape of opening grooves (7) matches the

cross-sectional shape of the cooling sub-passage (61) in the

stator casing (1) so that these opening grooves (7) connect the
fluid in each cooling sub-passage (61) in the stator casing (1).
The built-in passages set in the second end cap (3) are a plurality

of built-in passages which are set in the second cap (3) and extend
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in the circumferential direction of the second end cap (3), and
the fluid in each built-in passage is connected between two

corresponding opening grooves (7).

After said stator casing (1), the first end cap (2), and the second
end cap (3) are assembled together, on the ends adjacent to the
first end cap (2), two adjacent cooling sub-passages (61) in the
stator casing (1) are connected through the groove structure (62)
on the first end cap (2); on the ends adjacent to the second end
cap (3), the two adjacent cooling sub-passages (61) in the stator
casing (1) are connected through the built-in passage in the

second end cap (3), and thus a complete cooling flow passage (6)
is formed. When a motor runs, the cooling medium (for example
cooling water) flowing in the cooling flow passage (6) will cool
the motor to control the temperature of the motor. The cooling
flow passage in the present invention is set not only in the stator
casing (1), but also in the first end cap (2) and the second end
cap (3). As a result, the action area of the cooling medium is

increased and the motor can be cooled quickly and uniformly.

In the above-mentioned embodiment of the present invention, the
parts of the cooling flow passage in the first end cap (2) and
the second end cap (3) are set to the above-mentioned two

different forms. However, those skilled in the art should

understand that the parts in the first end cap (2) and the second
end cap (3) can be set to the same form. For example, they can
both be set to the groove structure (62) in the first end cap (2),
or the built-in passage in the second end cap (3). Or, other forms
can be set in the first end cap (2) and the second end cap (3)
to connect the parts of the cooling flow passage in the stator
casing. These variants will be within the scope of protection of

the present invention.

As shown in Figure 6 through Figure 11, the motor in the present
invention also comprises a cooling flow passage inlet (6A) and
a cooling flow passage (6B). A cooling medium flows from the

cooling flow passage inlet (6A) into the cooling flow passage (6),
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then flows in the direction indicated by the arrows in Figure 5
and Figure 11 through the whole cooling flow passage (6), and
finally flows out of the cooling flow passage outlet (6B) of the
cooling flow passage (6). In Figure 6 through Figurell, the

cooling flow passage inlet (6A) and the cooling flow passage

outlet (6B) are set on the second end cap (3). However, the cooling
flow passage inlet (6A) and the cooling flow passage outlet (6B)
can be set on the first end cap (2). Alternatively, one of the
cooling flow passage inlet (6A) and the cooling flow passage

outlet (6B) can be set on the first end cap (2), while the other
can be set on the second end cap (3). Or, the cooling flow passage
inlet (6A) and the cooling flow passage outlet (6B) can be set
on the stator casing (1) . Or, one of the cooling flow passage inlet
(6A) and the cooling flow passage outlet (6B) can be set on an
end cap, while the other can be set on the stator casing. These
variants will be within the scope of protection of the present

invention.

As shown in Figure 6 through Figure 11, the stator casing (1),
the first end cap (2), and the second end cap (3) can be fastened
together by use of a plurality of fasteners (5). The fasteners
(5) can be assemblies of studs and nuts, and holes used together
with fasteners (5) are set on the stator casing (1), the first
end cap (2), and the second end cap (3). The stator casing (1),
the first end cap (2) and the second end cap (3) can be fastened
together in one direction by use of a set of fasteners (5). For
example, as shown in Figure 1 through Figure 7, a plurality of
fasteners (5) are first inserted into through-holes (8) in the
first end cap (2) to pass through the first end cap (2), then
inserted into through-holes (9) in the stator casing (1) to pass
through the stator casing, and then inserted into the second end
cap (3) through the holes (10) in the second end cap (3), and
finally the stator casing (1), the first end cap (2) and the second
end cap (3) are fastened together through the nuts at the end of
the fasteners (5). Alternatively, the structure of the first end
cap (2) and the second end cap (3) shown in Figure 1 through Figure

7 can be changed slightly so that the stator casing (1), the first
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end cap (2) and the second end cap (3) can be fastened together
in two different directions by use of two sets of fasteners (5).
These variants will be within the scope of protection of the

present invention.

In the motor with a cooling flow passage in the present invention,
the cooling flow passage is set not only in the stator casing,
but also in the first end cap and the second end cap. As a result,
the action area of the cooling medium is increased and the motor
can be cooled quickly and uniformly. In addition, the stator

casing and the end caps of the motor in the present invention can
be fastened together only by use of fasteners, without any complex
assembly process. Moreover, since the cooling flow passage in the
stator casing in the present invention is structurally simple,
the mature, low-cost, and low-reject-rate extrusion technology
can be adopted to manufacture stator casings, thus lowering the

total manufacturing cost of motors and reducing the reject rate.

To achieve the above-mentioned object, firstly, the present
invention provides a cooling flow passage for stators. The
cooling flow passage comprises straight-through cooling
sub-passages which are set in the stator casing, extend in the
axial direction of said stator casing and run through said stator
casing, and connecting grooves which are set in the end caps of
the stator casing and are used to seal and connect different
cooling sub-passages after the end caps are fittedwith the stator
casing so that a cooling medium can flow in different cooling

sub-passages continuously.

As one embodiment, the longitudinal depth of said groove is
configured according to the required flow rate of the cooling

medium.

As one embodiment, the cross-sectional shape and size of said
grooves are configured according to the cross-sectional shape and
size of different cooling sub-passages and the spacing distances

between them so that the end caps can transversely seal different
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cooling sub-passages and longitudinally connect these different
cooling sub-passages after the end caps are fittedwith the stator

casing.

As one embodiment, when the quantity of straight-through cooling
sub-passages set in the stator casing is at least three (61A, 601B,
and 61C), a first spacing distance exists between the first
cooling sub-passage (61A) and the second cooling sub-passage
(61B), a second spacing distance exists between the second
cooling sub-passage (61B) and the third cooling sub-passage
(61C), and the first spacing distance is smaller than or equal

to the second spacing distance.

As one embodiment, when the first spacing distance is smaller than
the second spacing distance, said connecting grooves are
classified into: Type I connecting grooves which are set in the
end cap on one side of the stator and whose cross-sectional size
satisfies inequality 1: cross-sectional size Wgl of Type I
connecting groove 2 cross—-sectional size Wal of the first cooling
sub-passage (6lA) + cross-sectional size Wbl of the second
cooling sub-passage (61B) + first spacing distance D1, and Type
IT connecting grooves which are set in the end cap on the other
side and whose cross-sectional size satisfies inequality 2:
cross-sectional size Wg2 of a Type II connecting groove 2
cross-sectional size Wbl of the second cooling sub-passage (61B)
+ cross-sectional size Wcl of the third cooling sub-passage (61C)

+ second spacing distance D2.

As one embodiment, the two-dimensional shape of said Type I
connecting grooves 1is a rectangle and Type I connecting grooves
are used to connect the cooling sub-passages (61A and 61B); the
two-dimensional shape of said Type II connecting grooves is
trouser-like or concave and Type II connecting grooves are used

to connect the cooling sub-passages (61B and 61C).

As one embodiment, said Type II connecting groove (62A) comprises

a first sub-groove opened in the second end cap (3) to connect
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the cooling sub-passage (61B), a second sub-groove opened in the
second end cap (3) to connect the cooling sub-passage (61C), and
a built-in passage which is embedded in the second end cap (3)
to combine the first sub-groove and the second sub-groove

respectively.

As one embodiment, said cooling flow passage comprises an inlet
(6A) and an outlet (6B) for a cooling medium and they are
configured on an end cap on the same side or the end caps on the

two sides.

As one embodiment, when said inlet (6A) and outlet (6B) for a
cooling medium are set on the second end cap (3), the inlet (6A4)
is set on the first sub-groove interconnecting one cooling
sub-passage, and the outlet (6B) is set on the second sub-groove
interconnecting another cooling sub-passage, and in addition, no
built-in passage is set between the cooling sub-passage fitted
with the inlet (6A) and the other cooling sub-passage fitted with
the outlet (6B).

As one embodiment, a hole allowing a fastener to pass through is
set at the geometric center of said second spacing distance so
that the end caps on the two sides of the stator can be fastened

to the stator casing by screwing in the fastener.

As one embodiment, the shape of the cross-section of
straight-through cooling sub-passages looks like a waist or
flattened mouth.

As one embodiment, said straight-through cooling sub-passages

are parallel to the axial direction of the stator.

As one embodiment, said straight-through cooling sub-passages
are rotationally arranged around the circumference of the stator
body.
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Secondly, the present invention also provides a motor stator

casing for electric vehicles, which is applicable to stators of
AC asynchronous motors or permanent magnet motors, comprises the
above-mentioned straight-through cooling sub-passages and is

manufactured into an integral body by use of the extrusion

process.

As one embodiment, said stator casing is manufactured from
aluminum or an aluminum alloy into an integral body by use of the

extrusion process.

Thirdly, the present invention also provides a motor stator

assembly accommodating device, which comprises a stator casing
used to accommodate the motor stator, end caps fitted at the ends
on the two axial sides of said stator casing, and a cooling flow

passage distributed in said stator casing and said end caps.

As one embodiment, said cooling flow passage distributed in said
stator casing and said end caps is the above-mentioned cooling

flow passage for stators.

Fourthly, the present invention also provides a motor stator for
electric vehicles, which is applicable to AC asynchronous motors
or permanent magnet motors and comprises a stator body, a stator
casing circumferentially surrounding the outer contour of the
stator body and fitted on said stator body, a first end cap and
a second end cap respectively located on the two side ends in the
axial direction of said stator casing, a cooling flow passage for
the stator distributed in said stator casing, first end cap, and
second end cap, and fasteners used to fasten the stator casing
and the end caps on the two sides to form the sealed structure

of said cooling flow passage.

As one embodiment, said cooling flow passage distributed in said
stator casing and said end caps is the above-mentioned cooling

flow passage for stators.
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As one embodiment, said cooling flow passage is distributed in

the S shape in the axial direction of the stator casing.

As one embodiment, the cross-sectional shape of said
straight-through cooling sub-passage agrees with the radian
shape of the outer contour of the stator body so that the contact
area between said cooling sub-passage and the stator body is

maximized.

Fifthly, the present invention also provides an AC asynchronous
motor or permanent magnet motor for electric vehicles, which

comprises the above-mentioned stator.

The innovation of the present invention lies in that through the
design of a brand-new stator structure with a cooling flow
passage, a relatively simple extrusion process can be applied to
improve the yield of finished products and lower the

manufacturing cost.

Further, the manufacturing process of the cooling flow passage
manufactured by use of the extrusion process is simple, the
sealing performance of the cooling flow passage is greatly
improved, and by comparison, the cooling flow passage
manufactured by use of the extrusion process is by far better than
the cooling flow passage obtained by use of sand casting, die

casting, or machining and assembling of inner and outer casings.

Further, since the extrusion process is adopted, the stator
casing can have any length as required and the same set of dies
can be used for a series of stators with different lengths to meet
different specifications of different types of motors, thus
improving the application scope of the extrusion process and the
manufacturing efficiency of the stator structure and lowering the

manufacturing cost.

Further, the motor stator casing for electric vehicles in the

present invention is manufactured into an integral body with a
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cooling flow passage by use of the extrusion process and is sealed
through the end caps preset with connecting grooves to form a
closed circulation passage for a cooling medium. Such a structure
and the extrusion process can greatly improve the yield of

finished products and lower the manufacturing cost.

Only some embodiments of the present invention are described

above. It should be pointed out that those skilled in the art can
make improvements and modifications without departure from the
principle of the present invention and these improvements and
modifications also fall within the scope of protection of the

present invention.
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Claims

1. A cooling flow passage for the stator, characterized in that
it comprises:

straight-through cooling sub-passages, which are set in the
stator casing, extend in the axial direction of said stator casing
and run through said stator casing; and

connecting grooves, which are set in the end caps of the stator
casing and are used to seal and connect different cooling
sub-passages after the end caps are fitted with the stator casing
so that a cooling medium can flow in different cooling

sub-passages continuously.

2. The cooling flow passage as claimed in claim 1,
characterized in that the longitudinal depth of said grooves is

configured to meet the required flow rate of the cooling medium.

3. The cooling flow passage as claimed in claim 1,
characterized in that the shape and size of the cross-section of
said grooves are configured as claimed in the shape and size of
the cross-section of different cooling sub-passages as well as
the spacing distance between them so that the end caps can
transversely seal different cooling sub-passages and
longitudinally connect these different cooling sub-passages

after the end caps are fitted with the stator casing.

4. The cooling flow passage as claimed in claim 1,
characterized in that

the shape of the cross-section of said straight-through cooling
sub-passages looks like a waist or flattened mouth; and/or
said straight-through cooling sub-passages are axially parallel
to the stator; and/or

said straight-through cooling sub-passages are rotationally

arranged around the circumference of the stator body.

5. A motor stator casing for electric vehicles, characterized

in that it comprises: straight-through cooling sub-passages as
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claimed in any of claim 1 through claim 4, and said stator casing
is manufactured into an integral body by use of the extrusion

process.

6. A motor stator assembly accommodating device, characterized
in that it comprises:

a stator casing, which is used to accommodate the motor stator;
end caps, which are fitted at the ends on the two axial sides of
said stator casing; and

a cooling flow passage, which is distributed in said stator casing
and said end caps;

wherein said cooling flow passage distributed in said stator

casing and said end caps is a cooling flow passage for the stator

as claimed in any of claim 1 through claim 4.

7. A motor stator for electric vehicles, characterized in that
it comprises:

a stator body;

a stator casing, which circumferentially surrounds the outer
contour of the stator body and is fitted on said stator body;
a first end cap and a second end cap, which are respectively
located on the two side ends in the axial direction of said stator
casing;

a cooling flow passage for the stator, which is distributed in
said stator casing, first end cap, and second end cap; and
fasteners, which are used to fasten the stator casing and the end
caps on the two sides to form the sealed structure of said cooling
flow passage;

wherein said cooling flow passage distributed in said stator
casing and said end caps is a cooling flow passage for the stator

as claimed in any of claim 1 through claim 4.

8. The motor stator as claimed in claim 7, characterized in that
said cooling flow passage is distributed in the S shape in the

axial direction of the stator casing.
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9. The motor stator as claimed in claim 7, characterized in that
the cross-sectional shape of said straight-through sub-passage
agrees with the radian shape of the outer contour of the stator
body so that the contact area between said cooling sub-passages

and the stator body is maximized.

10. A motor for electric vehicles, characterized in that it

comprises:

a stator as claimed in any of claim 7 through claim 9.
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