MOTOR SYSTEM AND VEHICLE HAVING SAME

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present disclosure claims priority to Patent Application 202110351329.2

filed on March 31, 2021 and entitled "MOTOR SY STEM AND VEHICLE HAVING THE SAME".

FIELD

[0002] The present disclosure relates to the technical field of motor cooling, and in

particular to a motor system and a vehicle having the same.

BACKGROUND

[0003] In existing oil-cooled motors, two flow paths are utilized to cool the motor.
Specifically, before the main flow path enters the gearbox, a part of the coolant is branched to the
motor housing, and the stator end is cooled through the liquid hole on the motor housing. Another
part of the coolant entersthe gearbox. After coming out of the gearbox shaft, the gearbox oil passes
over the flow path on the rotor support. Rotation of the rotor brings along transportation of the ail,
so that the oil is completely transported to the stator end, thereby accomplishing cooling of the
motor. However, in this way, the rotor has great energy consumption, which leads to lowered

efficiency of the motor.

SUMMARY
[0004] The present disclosure aims to solve one of the technical problems mentioned
aboveintherelated art at least to some extent. To this end, the present disclosure provides a motor

system having reduced energy consumption of the rotor and improved efficiency of the motor.
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[0005] The present disclosure further provides a vehicle having the motor system
mentioned above.

[0006] A motor system according to an embodiment of the present disclosure includes
a motor and a valve. The motor includes a motor housing, a stator core, a stator winding, and a
rotor core. The stator core is mounted in the motor housing. The stator winding is wound around
the stator core. The rotor core isrotatably arranged relative to the stator core. A rotor flow path is
formed at least in the rotor core and adapted to transport the coolant to the stator winding. The
valveis configured to control the flow of the rotor flow path.

[0007] In the motor system according to an embodiment of the present disclosure, the
flow of the rotor flow path can be regulated through opening and closing of the valve so that the
valve is opened when the rotor flow path needs to cool the motor to ensure that the flow in the
rotor flow path is not zero; and the valve is closed when the rotor flow path does not need to cool
the motor to ensure that the flow in the rotor flow path is regulated to zero. As such, energy
consumption during rotation of the rotor is reduced, i.e., energy consumption of the motor is
reduced, thereby optimizing efficiency of the motor.

[0008]  According to some embodiments of the present disclosure, the valveis provided
on the motor and the valve is provided on the rotor flow path.

[0009] According to some embodiments of the present disclosure, the motor system
further includes a transmission provided at one end of the motor, the transmission having a
transmission flow channel disposed therein, the transmission flow channel including afirst branch
flow channel, the valve being provided on the first branch flow channel, a valve liquid inlet hole
of the valve being in communication with the first branch flow channel, avalve liquid outlet hole

of thevalve being in communication with the rotor flow path, and the valve liquid outl et hole being



selectively in communication with the valve liquid inlet hole.

[0010] Optionally, the transmission includes. a transmission case, a transmission main
shaft and a transmission bearing, an inner ring of the transmission bearing being mounted on the
transmission main shaft, an outer ring of the transmission bearing being mounted on the
transmission case, a second branch flow channel in communication with the transmission bearing
being provided in the transmission.

[0011] Optionally, the second branch flow channel islocated upstream of thefirst branch
flow channel.

[0012] According to some embodiments of the present disclosure, the motor further
includes: a magnetic shield and a rotary shaft, the magnetic shield being mounted on the rotary
shaft, the valve liquid outlet hole being in communication with arotary shaft flow channel inside
the rotary shaft, a rotary shaft liquid hole in communication with the rotary shaft flow channel
being further provided on the rotary shaft, the magnetic shield having a magnetic shield flow
channel that guides the coolant at the rotary shaft liquid hole to the stator winding.

[0013] Specifically, the magnetic shield flow channel includes: a magnetic shield first
flow channel and a magnetic shield second flow channel, the magnetic shield first flow channel
being adapted to be in communication with the rotary shaft flow channel, a rotor flow channel
being provided inside the rotor core, the rotor flow channel being in communication with the
magnetic shield first flow channel, an opening at one end of the magnetic shield second flow
channel being in communication with the rotor flow channel and an opening at the other end of
the magnetic shield second flow channel facing the stator winding, the rotor flow path at least
including: the rotary shaft flow channel, the magnetic shield first flow channel, the rotor flow

channel, and the magnetic shield second flow channel.



[0014] According to some embodiments of the present disclosure, when the motor
operates at alow load or alow rotational speed, the valve is closed, and when the motor operates
at ahigh load or a high rotational speed, the valve is intermittently opened.

[0015]  According to some embodiments of the present disclosure, the motor has a stator
flow path disposed therein, the stator flow path being adapted to transport the coolant to the stator
winding.

[0016] Specificaly, the inner surface of the motor housing is recessed and forms a
housing flow channel together with the stator core.

[0017] Optionaly, the inner surface of the motor housing is provided with a liquid
spraying hole in communication with the housing flow channel, the coolant in the housing flow
channel being transported to the stator winding viathe liquid spraying hole, the stator flow path at
least including the housing flow channel and the liquid spraying hole.

[0018] Further optionaly, the motor further includes: a motor end cap provided at one
end of the motor housing; the motor system further includes a transmission provided at the end of
the motor facing away from the motor end cap, afirst end flow channel being formed between the
motor housing and the motor end cap, a second end flow channel being formed between the motor
housing and the transmission, the first end flow channel and the second end flow channel being
both in communication with the housing flow channel and aso both in communication with the
liquid spraying hole, the stator flow path further including thefirst end flow channel and the second
end flow channel.

[0019] According to some embodiments of the present disclosure, the motor further
includes: a motor end cap provided at one end of the motor housing, the motor end cap being

provided with apatch panel, the patch panel being provided with aterminal, the patch panel having



a patch panel liquid inlet hole, a patch panel liquid outlet hole, and a patch panel flow channel
communicating the patch panel liquid inlet hole with the patch panel liquid outlet hole, and the
patch panel liquid inlet hole being in communication with the stator flow path, to cool theterminal.

[0020] According to some embodiments of the present disclosure, the motor system
further includes: a heat exchange device being in communication with the stator flow path and the
rotor flow path for heat exchange with the coolant in the stator flow path and the rotor flow path.

[0021] Optionally, the motor housing is provided with a motor liquid inlet hole, a heat
exchange liquid inlet hole and a heat exchange liquid outlet hole, the heat exchange liquid inlet
hole and the heat exchange liquid outlet hole being both in communication with the heat exchange
device; the motor system further includes a liquid pump configured to pump the coolant from the
motor liquid inlet holeto the heat exchange liquid inlet hole, the cool ant undergoing heat exchange
in the heat exchange device before arriving at the heat exchange liquid outlet hole;

[0022] the motor housing having a first liquid outlet hole in communication with the
heat exchange liquid outlet hole and a second liquid outlet hole in communication with the heat
exchange liquid outlet hole, thefirst liquid outlet hole being in communi cation with the stator flow
path and the second liquid outlet hole being in communication with the rotor flow path.

[0023]  According to some embodiments of the present disclosure, the motor housing is
provided with a motor water inlet, a motor water outlet, a heat exchange water inlet, and a heat
exchange water outlet, the motor water inlet being adapted to be in communication with the heat
exchange water inlet, the motor water outlet being adapted to be in communication with the heat
exchange water outlet, the heat exchange device having a heat exchange water channel disposed
therein and being in communication with the heat exchange water inlet and the heat exchange

water outlet, the motor water inlet and the motor water outlet being further in communication with



an external cooling circuit.

[0024] A vehicle according to an embodiment in another aspect of the present disclosure
includes amotor system mentioned above.

[0025] The vehicle has the same advantages as the motor system mentioned above
compared with the related art, and details are not described herein again.

[0026] Additiona aspects and advantages of the present disclosure will be presented in
the following description, some becoming apparent from the following description or being

learned from practices of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1isaschematic view showing the appearance of a motor system according
to an embodiment of the present disclosure;

[0028] FIG. 2isasectional view of atransmission and a motor that are assembl ed;

[0029] FIG. 3isasectiona view of atransmission end cap and a motor housing that are
assembl ed;

[0030] FIG. 4isanother sectional view of atransmission end cap and a motor housing
that are assembled;

[0031] FIG.5isasectiona view of atransmission end cap, a housing body and a motor
housing that are assembled;

[0032] FIG. 6isasectional view of atransmission end cap, a housing body, avalve and
amotor that are assembled;

[0033] FIG. 7isaschematic view of a motor housing viewed from one direction;

[0034] FIG. 8isaschematic view of the motor housing viewed from another direction;



[0035] FIG. 9isaschematic view of a motor end cap;

[0036] FIG. 10 isaschematic view of a patch panel mounted on a motor end cap;

[0037] FIG. 11l isahalf sectional view of apatch panel and a motor end cap;

[0038] FIG. 12 isapartia schematic view of apatch panel;

[0039] FIG. 13 isaschematic view of atransmission end cap and a housing body that
are assembled;

[0040] FIG. 14 isaschematic view of ahousing body;

[0041] FIG. 15isaschematic view of acoolant flow path in a motor system; and

[0042] FIG. 16 is a schematic view of a vehicle according to an embodiment of the
present disclosure.

[0043] Descriptions of reference numerals:

[0044] vehicle 100, motor system 10, electronic control assembly 1, motor 2, motor end
cap 21, end cap first flow channel 2101, end cap second flow channel 2102, end cap third flow
channel 2103, bottom liquid hole 2104, overflow channel 2105, motor housing 22, motor water
inlet 2201, heat exchange water inlet 2202, heat exchange water outlet 2203, motor liquid inlet
hole 2204, heat exchange liquid inlet hole 2205, heat exchange liquid outlet hole 2206, second
liquid outlet hole 2207, housing flow channel 2208, liquid spraying hole 2209, backflow channel
2210, motor water outlet 2211, first liquid outlet hole 2213, first end flow channel 2214, second
end flow channel 2215, stator core 23, stator winding 24, magnetic shield 25, magnetic shield first
flow channel 2501, magnetic shield second flow channel 2502, rotor core 26, rotor flow channel
2601, rotary shaft 27, rotary shaft flow channel 2701, rotary shaft liquid hole 2702, motor bearing
28, patch panel 29, patch panel liquid inlet hole 2901, patch pane liquid outlet hole 2902, heat

exchange device 3, liquid pump 4, transmission 5, transmission end cap 51, liquid hole 5101, first



flow path 5102, second flow path 5103, end cap first liquid hole 5104, end cap second liquid hole
5106, housing body 52, housing liquid hole 5201, second branch flow channel 5202, first branch
flow channd 5203, transmission main shaft 53, main shaft flow channel 5301, transmission

bearing 54, end cap bearing 55, valve 6, valve liquid inlet hole 601, valve liquid outlet hole 602.

DETAILED DESCRIPTION

[0045] Embodiments of the present disclosure are described in detail below, and
examples of the embodiments are shown in accompanying drawings, where the same or similar
elements or the elements having same or similar functions are denoted by the same or similar
reference numeral's throughout the description. The embodiments described below with reference
to the accompanying drawings are exemplary and are intended to explain the present disclosure
and shall not be construed as limitation to the present disclosure.

[0046] In the description of the present disclosure, it should be understood that

orientations or location relationships indicated by the terms"longitudina”, "transverse”, "length”,

"width", "thickness", "upper", "lower", "front", "rear”, "left", "right", "vertical", "horizontal", "top",
"bottom”, "inner", and "outer" are orientations or location relationships shown based on the
accompanying drawings merely for the convenience of describing the present disclosure and
simplifying the description, but are not used to indicate or imply that a device or an element needs
to have a particular orientation or needs to be constructed and operated in a particular orientation,
and therefore shall not be understood as limitation of the present disclosure.

[0047] In addition, terms "first” and "second" are used merely for the purpose of

description and shall not be construed as indicating or implying relative importance or implying a

quantity of indicated technical features. Therefore, a feature limited by "first" or "second" may



explicitly or implicitly include one or more of the features. In description of the present disclosure,
"multiple” means at least two, such as two and three unlessit is specificaly defined otherwise.

[0048] In the present disclosure, unless otherwise explicitly specified or defined, the
terms such as "install”, "couple", "connect”, and "fix" should be understood in a broad sense. For
example, the connection may be a fixed connection, a detachable connection, or an integra
connection; or the connection may be a mechanical connection or an electrical connection or
communication with each other; or the connection may be a direct connection, an indirect
connection through an intermediate medium, internal communi cation between two elements, or an
interaction rel ationship between two elements. A person of ordinary skill in the art may understand
the specific meanings of the foregoing terms in the present disclosure according to specific
situations.

[0049] A motor system 10 and a vehicle according to embodiments of the present
disclosure will be described below with reference to FIG. 1 to FIG. 16.

[0050] Referring to FIG. 1, the motor system 10 according to an embodiment of the
present disclosure may include: an electronic control assembly 1, amotor 2, and avalve 6.

[0051] The eectronic control assembly 1 is mounted on the upper portion of the motor
2.Asshown in FIG. 2 and FIG. 6, the motor 2 may include: a motor housing 22, a stator core 23,
a stator winding 24, a rotor core 26 and a rotary shaft 27. The stator core 23 is mounted in the
motor housing 22. The stator winding 24 iswound around the stator core 23. Specifically, the stator
winding 24 is inserted into the tooth space of the stator core 23 to form a stator assembly. The
stator assembly is mounted in the motor housing 22. The rotor core 26 is arranged to be rotatable
relative to the stator core 23. The rotor core 26 is mounted on the rotary shaft 27. The rotor flow

path isformed at |east in the rotor core 26. The rotor flow path is adapted to transport the coolant



to the stator winding 24 so as to cool the stator winding 24. The rotor flow path is further
configured to transport the coolant to the rotor core 26 so as to cool the rotor core 26 and other
components of the rotor.

[0052] Thevalve6 isconfigured to control the flow of the rotor flow path. Specifically,
when the valve 6 is opened, the flow in the rotor flow path is not zero. At this time, the rotor flow
path can transport the coolant to the stator winding 24 to cool the stator winding 24. When the
valve 6 is closed, the flow in the rotor flow path is zero. At this time, the rotor flow path cannot
transport the coolant to the stator winding 24 to cool the stator winding 24. The opening angle of
the valve 6 may be positively correlated to the magnitude of the flow of the rotor flow path. For
example, the greater the opening angle of the valve 6, the greater the flow of the rotor flow path.
Thesmaller the opening angle of thevalve 6, the smaller the flow of therotor flow path. Optionaly,
the opening angle of the valve 6 may be positively proportional to the magnitude of the flow of
the rotor flow path.

[0053] In the motor system 10 according to an embodiment of the present disclosure,
the flow of the rotor flow path can be regulated through opening and closing of the valve 6. The
valve 6 is opened when the rotor flow path needs to cool the motor 2 to ensure that the flow in the
rotor flow path is not zero. The valve 6 is closed when the rotor flow path does not need to cool
the motor 2 to ensure that the flow in the rotor flow path is regulated to zero. As such, energy
consumption is reduced during rotation of the rotor, i.e., energy consumption of the motor 2 is
reduced, thereby optimizing efficiency of the motor 2.

[0054] In some embodiments of the present disclosure, the valve 6 is provided on the
motor 2 and the valve 6 is provided on the rotor flow path.

[0055] Optionally, the motor system 10 may further include a transmission 5 provided
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at one end of the motor 2. Specifically, the motor 2 may further include a motor end cap 21
provided a one end of the motor housing 22. The transmission 5 is provided at the end of the
motor 2 facing away from the motor end cap 21. Referring to FIG. 1 and FIG. 2, the motor end
cap 21 isprovided at the right end of the motor 2 and the transmission 5 is provided at the left end
of the motor 2.

[0056] In the embodiment shown in FIG. 1 and FIG. 2, the valve 6 is provided on the
transmission 5. At this time, the coolant in the rotor flow path enters via the input shaft in the
transmission 5 that is coaxially connected to the rotary shaft 27. In some embodiments not
illustrated in the figures, the valve 6 may aternatively be provided on the motor 2. In this case, the
coolant in the rotor flow path enters viathe end of the rotary shaft 27 away from the transmission
5.

[0057] Optionaly, the transmission 5 may be a speed reducer.

[0058] Specifically, the transmission 5 has a first branch flow channel 5203 disposed
therein. The coolant in the motor housing 22 flowsto thefirst branch flow channel 5203. Thevalve
6 is provided on thefirst branch flow channel 5203. The valve liquid inlet hole 601 of the valve 6
isin communication with the first branch flow channel 5203. The valve liquid outlet hole 602 of
the valve 6 is in communication with the rotor flow path. The valve liquid outlet hole 602 is
selectively in communication with the valve liquid inlet hole 601.

[0059] Optionaly, as shown in FIG. 6, the transmission 5 may include a transmission
case, atransmission main shaft 53, and atransmission bearing 54. The transmission main shaft 53
is coaxialy connected to the rotary shaft 27. The inner ring of the transmission bearing 54 is
mounted on the transmission main shaft 53. The outer ring of the transmission bearing 54 is

mounted on the transmission case. For example, the inner ring of the transmission bearing 54 may
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be mounted on the transmission main shaft 53 through interference fit. The outer ring of the
transmission bearing 54 may be mounted in the transmission case through interference fit. A
transmission flow channel is provided in the transmission case. The transmission flow channel has
a second branch flow channel 5202 in communication with the transmission bearing 54. The
coolant in the motor housing 22 flows to the second branch flow channel 5202.

[0060] The transmission case may include a housing body 52 and a transmission end
cap 51. The transmission end cap 51 is mounted on the end portion of the housing body 52. The
outer ring of the transmission bearing 54 is fixed to the housing body 52. For example, the outer
ring of the transmission bearing 54 is mounted in the housing body 52 through interferencefit. The
end cap bearing 55 is provided at the other end of the motor housing 22. The inner ring of the end
cap bearing 55 may be mounted on the rotary shaft 27 through interference fit. The outer ring of
the end cap bearing 55 may be mounted in the transmission end cap 51 through interference fit.
The end cap bearing 55 may be configured to support the rotary shaft 27 so as to ensure stability
in rotation of the rotary shaft 27.

[0061] Referingto FIG. 3and FIG. 13, thetransmission 5 hasaliquid hole 5101, afirst
flow path 5102 and a second flow path 5103. The liquid hole 5101 is in communication with the
first flow path 5102. Thefirst flow path 5102 isin communication with the second flow path 5103.
The coolant at the bottom of the transmission 5 is guided to thefirst flow path 5102 viathe liquid
hole 5101, then the coolant is guided from the first flow path 5102 to the second flow path 5103
viaan internal flow path.

[0062] Theliquid hole 5101, thefirst flow path 5102 and the second flow path 5103 are
all provided in the transmission end cap 51. Referring to FIG. 4 to FIG. 5, an end cap first liquid

hole 5104 is further provided in the transmission end cap 51. The coolant at the end cap first liquid
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hole 5104 is guided to the end cap second liquid hole 5106 via the internal flow path of the
transmission end cap 51. A housing liquid hole 5201 is provided on the housing body 52. The end
cap second liquid hole 5106 isin communication with the housing liquid hole 5201 (e.g., arranged
opposite to each other), so that the coolant at the end cap second liquid hole 5106 flows to the
housing liquid hole 5201. Referring to FIG. 6, apart of the coolant at the housing liquid hole 5201
flowsto the transmission bearing 54 via the second branch flow channel 5202, and another part of
this coolant flows to the valve liquid inlet hole 601 via the first branch flow channel 5203. After
accomplishing cooling, the oil at one side of the transmission end cap 51 flows from the end cap
second liquid hole 5106 to the bottom of the gearbox due to the gravitationa effect, thereby
accomplishing backflow of the oil.

[0063] Referringto FIG. 6, the second branch flow channel 5202 islocated upstream of
thefirst branch flow channel 5203. That isto say, the coolant passesfirst through the second branch
flow channel 5202 and then through the first branch flow channdl 5203. As such, even closing of
the valve 6 will not affect lubrication of the transmission bearing 54.

[0064] Referringto FIG. 2 and FIG. 6, the motor 2 may further include a magnetic shield
25 and a motor bearing 28. The magnetic shield 25 is mounted on the rotary shaft 27. The inner
ring of the motor bearing 28 is mounted on the rotary shaft 27. The outer ring of the motor bearing
28 is mounted on the motor end cap 21. For example, the inner ring of the motor bearing 28 may
be mounted on the rotary shaft 27 through interference fit. The outer ring of the motor bearing 28
may be mounted in the motor end cap 21 through interference fit. The motor bearing 28 supports
the rotary shaft 27 and the motor bearing 28 can improve stability in rotation of the rotary shaft 27.
Both ends of the rotor core 26 are provided with amagnetic shield 25. The magnetic shield 25 has

the function of magnetic shielding and may be configured to adjust dynamic balance of the rotor
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assembly (at least including the rotor core 26) of the motor 2.

[0065] The motor 2 has a stator flow path disposed therein and adapted to transport the
coolant to the stator winding 24 so asto cool the stator winding 24.

[0066] Asshownin FIG. 2, the motor end cap 21 has an end cap oil chamber that isin
communication with the stator flow path. The motor housing 22 has a backflow channel 2210 at
the bottom. The oil in the stator flow path flows back to the transmission 5 through the end cap oil
chamber and the backflow channel 2210. Specifically, the motor end cap 21 has a bottom liquid
hole 2104 at the bottom. The bottom liquid hole 2104 is located below the end cap oil chamber
and is in communication with the backflow channel 2210. After accomplishing cooling and
lubrication, the coolant at one side of the motor end cap 21 flows to the bottom due to the
gravitational effect and flows to the backflow channel 2210 via the bottom liquid hole 2104, and
then flows back to the bottom of the transmission 5 via the backflow channel.

[0067] Optionaly, the motor bearing 28 is provided at the end of the rotary shaft 27
facing the motor end cap 21. Asshown in FIG. 2, the motor bearing 28 is provided at the right end
of the rotary shaft 27. The end cap oil chamber communi cates the stator flow path with the motor
bearing 28. Specifically, as shown in FIG. 2 and FIG. 9, the end cap oil chamber includes an end
cap second flow channel 2102 and an end cap third flow channel 2103. The end cap second flow
channel 2102 is in communication with the end portion of the stator assembly (e.g., arranged
directly oppositeto each other), so that apart of the coolant at the end portion of the stator assembly
is guided out to the end cap oil chamber, then the coolant flows to the end cap third flow channel
2103 aong the inner surface of the end cap oil chamber. The end cap third flow channel 2103 is
in communication with the motor bearing 28 (e.g., arranged directly opposite to each other), so as

to provide lubrication to the motor bearing 28.
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[0068] Referringto FIG. 9, the motor end cap 21 is further provided with an overflow
channel 2105. The coolant | eft over from lubrication of the motor bearing 28 flows out through the
overflow channel 2105. The height of the position of the overflow channel 2105 is slightly higher
than the inner surface of the outer ring of the motor bearing 28. In other words, the height of the
position of the overflow channel 2105 is slightly greater than the thickness of the outer ring of the
motor bearing 28. As such, once the oil level becomes higher than the inner surface of the outer
ring of the motor bearing 28, the oil flows out through the overflow channel 2105. In this way,
lubrication of the motor bearing 28 is ensured, and too much coolant at the motor bearing 28 can
be avoided, and efficiency can also be taken into account.

[0069] Referringto FIG. 9to FIG. 12, apatch panel 29 isfixedly arranged on the motor
end cap 21. The patch panel 29 has a patch panel liquid inlet hole 2901, a patch panel liquid outlet
hole 2902 and a patch panel flow channel communicating the patch panel liquid inlet hole 2901
with the patch panel liquid outlet hole 2902. The patch pand liquid inlet hole 2901 is in
communication with the stator flow path. The patch pane liquid inlet hole 2901 is in
communication with the stator flow path through the end cap oil chamber. Specifically, the end
cap oil chamber further includes an end cap first flow channel 2101. The coolant in the end cap
first flow channel 2101 is guided out through the stator flow path. The patch panel liquid inlet hole
2901 is directly opposite to the end cap first flow channel 2101. The coolant in the end cap first
flow channel 2101 flows through the patch panel liquid inlet hole 2901 and then through the patch
panel flow channel, and then flows out through the patch panel liquid outlet hole 2902, so as to
cool the terminal fixed on the patch panel 29, thereby solving the problem of overheated terminal
in high current conditions and consequently eliminating the weakness and improving the overall

power density of the motor 2. In thisway, the stator flow path can cool the stator core 23, the stator
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winding 24, the terminal as well as the motor bearing 28 at the same time. The stator flow path is
provided on the motor housing 22 and can be effectively in contact with the stator core 23 so asto
cool the stator core 23. Then sealing can be made effectively between the motor housing 22 and
the motor end cap 21(so that the number of parts can be reduced and consequently the NVH
performance of the motor system 10 can be improved), and the motor bearing 28 can be lubricated
and the terminal can be cooled through the end cap oil chamber.

[0070] Referring to FIG. 7 and FIG. 8, the inner surface of the motor housing 22 is
recessed and forms a housing flow channel 2208 together with the stator core 23. Theinner surface
of the motor housing 22 is provided with aliquid spraying hole 2209. Specificaly, theinner surface
at both ends of the motor housing 22 is provided with aliquid spraying hole 2209. The housing
flow channel 2208 isin communication with thefirst liquid outlet hole 2213 and theliquid spraying
hole 2209 isin communication with the housing flow channel 2208. The coolant at the first liquid
outlet hole 2213 istransported to the stator winding 24 through the housing flow channel 2208 and
the liquid spraying hole 2209 and can be specifically transported to the end portion of the stator
winding 24 to cool the stator winding 24. The stator flow path at least includes the housing flow
channel 2208 and the liquid spraying hole 2209. The liquid spraying hole 2209 may be directly in
communication with the housing flow channel 2208 or may be indirectly in communication with
the housing flow channel 2208 through other flow path structures (e.g., through the first end flow
channel 2214 and the second end flow channel 2215 described below).

[0071] Specificaly, the housing flow channel 2208 is a sealed flow channel formed by
the flow path in the inner surface of the motor housing 22 together with the stator core 23. The
housing flow channel 2208 isin direct contact with the stator core 23, which facilitates reducing

the therma resistance and improving the heat dissipation efficiency. The housing flow channel
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2208 may include a circumferential flow channel and multiple axial parallel flow channels. The
multiple axial parallel flow channels are al in communication with the circumferential flow
channel.

[0072]  Further optionadly, after the motor housing 22 is assembled with the motor end
cap 21 and the transmission 5 (optionally by using a seal ring), afirst end flow channel 2214 is
formed between the motor housing 22 and the motor end cap 21 and a second end flow channel
2215 is formed between the motor housing 22 and the transmission 5. The first end flow channel
2214 and the second end flow channel 2215 are both in communication with the housing flow
channel 2208 and a so with the liquid spraying hole 2209. In other words, the housing flow channel
2208 is in communication only with the first end flow channel 2214 and the second end flow
channel 2215, whereas the first end flow channel 2214 and the second end flow channel 2215 are
in communication with the liquid spraying hole 2209. The housing flow channel 2208 and the
liquid spraying hole 2209 are in indirect communication through the first end flow channel 2214
and the second end flow channel 2215. The coolant in the first end flow channel 2214 and the
second end flow channel 2215 is transported to the end portion of the stator winding 24 via the
liquid spraying hole 2209 to cool the stator winding 24. That is to say, the flow channel further
includes a first flow channel 2214 and a second flow channel 2215. The housing flow channel
2208 may further be in communication with the liquid spraying hole 2209 through the first end
flow channel 2214 and the second end flow channel 2215.

[0073] As shown in FIG. 6, the valve liquid outlet hole 602 of the valve 6 is in
communication with the main shaft flow channel 5301 inside the transmission main shaft 53. The
main shaft flow channel 5301 isin communication with the rotary shaft flow channel 2701 inside

the rotary shaft 27. The rotary shaft 27 is further provided with arotary shaft liquid hole 2702 that
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is in communication with the rotary shaft flow channe 2701. The magnetic shield 25 has a
magnetic shield flow channel configured to guide the oil at the rotary shaft liquid hole 2702 to the
stator winding 24.

[0074] Specificaly, the magnetic shield flow channel may include a magnetic shield
first flow channel 2501 and a magnetic shield second flow channel 2502. The magnetic shield first
flow channel 2501 is adapted to be in communication with the rotary shaft flow channel 2701. The
rotor core 26 has a rotor flow channel 2601 disposed therein. The rotor flow channd 2601 isin
communication with the magnetic shield first flow channel 2501. An opening at one end of the
magnetic shield second flow channel 2502 isin communication with the rotor flow channel 2601
and an opening at the other end of the magnetic shield second flow channel 2502 faces the stator
winding 24. The rotor flow path at least includes a rotary shaft flow channd 2701, a magnetic
shield first flow channel 2501, a rotor flow channel 2601 and a magnetic shield second flow
channel 2502. The first branch flow channel 5203 isin communication with the rotor flow path.
Therotor flow path passes through the rotor core 26 and can cool the rotor core 26 so asto provide
better heat dissipation condition for magnet steel.

[0075] Referring to FIG. 6, when the valve liquid outlet hole 602 is in communication
with the valve liquid inlet hole 601, the coolant in the first branch flow channel 5203 flows from
the valveliquid inlet hole 601 to the valve liquid outlet hole 602, then from the valve liquid outlet
hole 602 to the main shaft flow channel 5301 and then to the rotary shaft flow channel 2701, and
flows through the rotary shaft liquid hole 2702 to the magnetic shield first flow channel 2501 and
then to the rotor flow channel 2601, and isfinally transported through the magnetic shield second
flow channel 2502 to the end portion of the stator winding 24 so as to cool the stator winding 24.

In some optional embodiments, the liquid flows through the rotary shaft liquid hole 2702 to the
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magnetic shield first flow channel 2501 and then directly to the magnetic shield second flow
channel 2502, and is then transported to the end portion of the stator winding 24 so as to cool the
stator winding 24. At this time, the rotor core 26 may be or may not be provided with arotor flow
channel 2601 disposed therein.

[0076] Optionally, the valve liquid outlet hole 602 is intermittently in communication
with the valve liquid inlet hole 601. That isto say, the valve 6 is intermittently opened, and when
the valve liquid outlet hole 602 isin communication with the valve liquid inlet hole 601, the heat
accumulated in the motor 2 can be carried away more quickly to cool the motor 2.

[0077] The motor system 10 may further include a heat exchange device 3 mounted on
a side face of the motor 2. The heat exchange device 3 isin communication with the stator flow
path and the rotor flow path for heat exchange with the coolant in the stator flow path and the rotor
flow path. Specifically, the heat exchange device 3 has coolant inside which is at a lowered
temperature after heat exchange with the coolant, so that when the coolant is transported to the
stator winding 24, the stator winding 24 can be effectively cooled.

[0078] After heat exchange by the heat exchange device 3, the coolant enters the stator
flow path and the rotor flow path to improve the effect of cooling of the stator winding 24 with the
coolant.

[0079] Referring to FIG. 7 and FIG. 8, the motor housing 22 is provided with a motor
liquid inlet hole 2204, a heat exchange liquid inlet hole 2205 and a heat exchange liquid outlet
hole 2206. The motor liquid inlet hole 2204 is in communication with the heat exchange liquid
inlet hole 2205, and the heat exchange liquid inlet hole 2205 and the heat exchange liquid outlet
hole 2206 are both in communication with the heat exchange device 3. The motor system 10 may

further include a liquid pump 4. As shown in FIG. 1, the liquid pump 4 is mounted on the right
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surface of the transmission 5 and the liquid pump 4 islocated near the heat exchange device 3, and
the valve 6 is mounted on the left surface of the transmission 5, so that the liquid pump 4 and the
valve 6 are in reasonable distribution and the space on both sides of the transmission is fully
utilized. Theliquid pump 4 is configured to pump the coolant in the transmission 5 from the motor
liquid inlet hole 2204 to the heat exchange liquid inlet hole 2205. The coolant undergoes heat
exchange in the heat exchange device 3 before arriving at the heat exchange liquid outlet hole
2206.

[0080] The second flow path 5103 of the transmission 5 is in communication with the
motor liquid inlet hole 2204 (e.g., arranged opposite to each other). The coolant goes through the
second flow path 5103 and arrives at the motor liquid inlet hole 2204, and then flows through the
flow path inside the motor housing 22 to the heat exchange liquid inlet hole 2205, and flowsto the
heat exchange device 3 via the heat exchange liquid inlet hole 2205. After heat exchange of the
coolant with the coolant in the heat exchange device 3, the cooled coolant flows to the heat
exchange liquid outlet hole 2206.

[0081] The motor housing 22 has afirst liquid outlet hole 2213 in communication with
the heat exchange liquid outlet hole 2206 and a second liquid outlet hole 2207 in communication
with the heat exchange liquid outlet hole 2206. The first liquid outlet hole 2213 is in
communication with the stator flow path and the second liquid outlet hole 2207 is in
communication with the rotor flow path. That is to say, the coolant that has been cooled in the heat
exchange device 3 flows to the heat exchange liquid outlet hole 2206 before being divided inside
the motor housing 22 into two branches, one over the stator flow path and the other over the rotor
flow path. The valve 6 is provided on the rotor flow path.

[0082] Thetransmission 5 hasatransmission flow channel. The coolant from the second
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liquid outlet hole 2207 flows to the transmission flow channel.

[0083] Referring to FIG. 7, the motor housing 22 is provided with a motor water inlet
2201, amotor water outlet 2211, a heat exchange water inlet 2202 and a heat exchange water outlet
2203. The motor water inlet 2201 is adapted to be in communication with the heat exchange water
inlet 2202. The motor water outlet 2211 is adapted to be in communication with the heat exchange
water outlet 2203. The heat exchange device 3 has a heat exchange water channel disposed therein
and being in communication with the heat exchange water inlet 2202 and the heat exchange water
outlet 2203. The motor water inlet 2201 and the motor water outlet 2211 are further in
communication with an external cooling circuit. Specificaly, the motor water inlet 2201 is in
communication with the water outlet of the electronic control assembly 1 via piping.
Communication is enabled between the motor water inlet 2201 and the heat exchange water inlet
2202 by drilling a hole on the motor housing 22. The coolant enters the heat exchange device 3
through the electronic control assembly 1, the motor water inlet 2201 and the heat exchange water
inlet 2202, then flowsinto the heat exchange water outlet 2203 and then into the motor water outlet
2211 through the water channel inside the motor housing 22, and finally to an external cooling
circuit. As such, when the coolant from the stator flow path and the rotor flow path are undergoing
heat exchangein the heat exchange device 3, heat exchange can be made between this coolant and
the coolant inside the heat exchange device 3, so that the coolant can be cooled quickly.

[0084] Theflow path of the coolant in the motor system 10 isshownin FIG. 15. Driven
by the liquid pump 4, after cooling of the coolant at the bottom of the transmission 5 in the heat
exchange device 3, apart of this coolant enters the stator flow path. The coolant in the stator flow
path can cool the stator winding 24, the motor bearing 28 and the patch panel 29. When the valve

6 is opened, another part of the coolant that has been cooled by the heat exchange device 3 can
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enter the rotor flow path and cool the rotor assembly, then be transported to the end portion of the
stator winding 24 and flows back to the transmission 5 through the backflow channel 2210 at the
bottom of the motor 2 after cooling the stator winding 24.

[0085] During parking of the vehicle and operation of the motor 2, the motor 2 operates
as the inductor of the battery pack at an increased voltage. The magnitude of the ripple current in
the winding is affected by the voltage difference between two sides, i.e., the charging cabinet and
the battery pack. When the voltage difference is greater than a certain threshold, the valve 6 is
opened. That is to say, the heat of the motor 2 is harmful at thistime, so it is desirable to increase
cooling of the motor 2. When a constant direct current applied to the winding of the motor 2 causes
the stator winding 24 of the motor 2 to be parking heated, the rotor flow path does not need to be
opened as there is no alternating current. At this time, the valve 6 is closed. That is to say, the
amount of the coolant in the rotor flow path is reduced at this time, so that energy consumption in
rotation of the rotor is reduced, i.e., energy consumption of the motor 2 is reduced, to improve
efficiency of the motor 2.

[0086] When the motor 2 operates to drive the vehicle in functioning, if the motor 2
operates at alow load/low rotational speed, thevalve 6 isclosed, and the power of theliquid pump
4 is adjusted according to the temperature of the winding. If the motor 2 operates at a high
load/high rotational speed, the power of the liquid pump 4 is adjusted according to the temperature
of thewinding. Thevalve 6 isintermittently opened, e.g., it operatesfor 1 minute at atimeinterval
of 10 minutes, and at the end of the high load and high rotational speed operation, the valve is
opened for 1 minute to cool the motor 2, while avoiding the case where the operation is not aways
at ahigh load and high rotational speed during the 10-minuteinterval. Optionally, the opening time

of the valve 6 may be set according to user demand.
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[0087] In some embodiments, the low load isaload with atorque less than 50N-M and
the high load is aload with atorque greater than or equa to 50 N-M. The low speed is arotational
speed | ess than 3000 revol utions per minute (RPM) and the high speed isarotationa speed greater
than or equal to 3000 RPM.

[0088] The motor system is used in a vehicle. In some embodiments, during power-on
and parking of the vehicle, the liquid pump 4 is still functioning. Specifically, during parking, the
motor 2 isnot in operation. After power-on of the vehicle, thevalve 6 is closed and theliquid pump
4 operates at low power, which can ensure normal lubrication of the transmission bearing 54 and
the motor bearing 28. As the vehicle may start at any time, if the transmission bearing 54 and the
motor bearing 28 are not lubricated, then the transmission bearing 54 and the motor bearing 28
may be damaged when the vehicle suddenly starts. Therefore, service life of the motor system 10
can be extended if it is ensured that the liquid pump 4 is still functioning during power-on and
parking of the vehicle.

[0089] Referringto FIG. 16, avehicle 100 according to an embodi ment in another aspect
of the present disclosure includes a motor system 10 according to the above embodi ment.

[0090] The vehicle 100 according to an embodiment of the present disclosure has the
following beneficia effects.

[0091] (1) A vave6 isprovided in the rotor flow path. The flow of the rotor flow path
can be adjusted by the valve 6 according to various functioning conditions of the motor 2 so asto
improve the efficiency of the oil-cooled motor 2 (experiments show that the efficiency of the motor
2 will be decreased when oil passes through the interior of the rotor core 26).

[0092] (2) The motor bearing 28 is lubricated by a part of the coolant guided out of the

stator flow path. The transmission bearing 54 is lubricated by a second branch flow channel 5202

23



guided out upstream of the valve 6 in the rotor flow path. As such, after the valve 6 is closed,
lubrication of the transmission bearing 54 will not be affected.

[0093] (3) A part of the coolant is guided out through the stator flow path to cool the
patch panel 29 so that the terminal on the patch panel 29 can be cooled. In this way, the problem
of overheated terminal in high current conditions is solved, the weakness is eliminated and the
overall power density of the motor 2 isimproved.

[0094] Inthedescription of this specification, the description with referenceto the terms
“an embodiment”, “some embodiments”, “example”, “specific example”, or “some examples’” and
so on means that specific features, structures, materials or characteristics described in connection
with the embodiment or example are embraced in at least one embodiment or example of the
present disclosure. In this specification, schematic expressions of the foregoing terms are not
necessarily directed to the same embodiment or example. Moreover, the described specific features,
structures, materials or characteristics may be combined in a suitable manner in any one or more
embodiments or examples. In addition, those skilled in the art can integrate and combine different
embodiments or examples described in this specification.

[0095]  Although the embodiments of the present disclosure have been shown and
described above, it can be understood that the above embodiments are exemplary and should not
be understood as limitation of the present disclosure. A person of ordinary skill in the art can make
changes, modifications, replacements, or variations to the above embodi ments within the scope of

the present disclosure.
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WHAT ISCLAIMED IS

1. A motor system, comprising:

a motor (2) including: a motor housing (22), a stator core (23), a stator winding (24), and a
rotor core (26), the stator core (23) being mounted in the motor housing (22), the stator winding
(24) being wound around the stator core (23), the rotor core (26) being rotatably arranged relative
to the stator core (23), and a rotor flow path being formed at least in the rotor core (26) and
configured to transport a coolant to the stator winding (24); and

avalve (6) configured to control aflow of the rotor flow path.

2. The motor system according to claim 1, wherein the valve (6) is provided on the motor (2)

and the valve (6) is provided on the rotor flow path.

3. The motor system according to claim 1 or 2, further comprising a transmission (5) provided
at one end of the motor (2), wherein the transmission (5) has a first branch flow channel (5203)
disposed therein, the valve (6) being provided on the first branch flow channel (5203), a valve
liquid inlet hole (601) of the valve (6) being in communication with the first branch flow channel
(5203), avalveliquid outlet hole (602) of the valve (6) being in communication with the rotor flow
path, and the valve liquid outlet hole (602) being selectively in communication with the valve

liquid inlet hole (601).

4. The motor system according to clam 3, wherein the transmission (5) comprises. a
transmission case, a transmission main shaft (53), and a transmission bearing (54), an inner ring

of the transmission bearing (54) being mounted on the transmission main shaft (53), an outer ring
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of the transmission bearing (54) being mounted in the transmission case, and a second branch flow
channel (5202) in communication with the transmission bearing (54) being provided in the

transmission.

5. The motor system according to claim 4, wherein the second branch flow channel (5202) is

located at upstream of the first branch flow channel (5203).

6. The motor system according to any one of claims 3 to 5, wherein the motor (2) further
comprises amagnetic shield (25) and arotary shaft (27), the magnetic shield (25) being mounted
on the rotary shaft (27), the valve liquid outlet hole (602) being in communication with a rotary
shaft flow channel (2701) inside the rotary shaft (27), a rotary shaft liquid hole (2702) in
communication with therotary shaft flow channel (2701) being further provided on therotary shaft
(27), the magnetic shield (25) having a magnetic shield flow channel configured to guide the

coolant at the rotary shaft liquid hole (2702) to the stator winding (24).

7. The motor system according to claim 6, wherein the magnetic shield flow channel comprises
amagnetic shield first flow channel (2501) and a magnetic shield second flow channel (2502), the
magnetic shield first flow channel (2501) being adapted to be in communication with the rotary
shaft flow channel (2701), therotor core (26) having arotor flow channel (2601) disposed therein,
the rotor flow channel (2601) being in communication with the magnetic shield first flow channel
(2501), an opening a one end of the magnetic shield second flow channel (2502) being in
communication with the rotor flow channel (2601) and an opening at the other end of the magnetic

shield second flow channel (2502) facing the stator winding (24), the rotor flow path at least
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comprising: the rotary shaft flow channel (2701), the magnetic shield first flow channel (2501),

the rotor flow channel (2601), and the magnetic shield second flow channel (2502).

8. The motor system according to any one of clams 1 to 7, wherein:
when the motor (2) operatesin alow load or alow rotational speed, the valve (6) is closed; and
when the motor (2) operates at ahigh load or ahigh rotational speed, the valve (6) isintermittently

opened.

9. Themotor system according to any one of claims 1 to 8, wherein astator flow path is provided

in the motor (2) and is configured to transport the coolant to the stator winding (24).

10. The motor system according to claim 9, wherein an inner surface of the motor housing (22) is

recessed and forms a housing flow channel (2208) together with the stator core (23).

11. The motor system according to claim 10, wherein the inner surface of the motor housing (22)
is provided with a liquid spraying hole (2209) in communication with the housing flow channel
(2208), the coolant in the housing flow channel (2208) being transported to the stator winding (24)
viathe liquid spraying hole (2209), and the stator flow path at least comprising the housing flow

channel (2208) and the liquid spraying hole (2209).

12. The motor system according to claim 11, wherein the motor (2) further comprises a motor end
cap (21) provided at one end of the motor housing (22),

wherein the motor system further comprises a transmission (5) provided at the end of the motor
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(2) facing away from the motor end cap (21), and

wherein afirst end flow channel (2214) is formed between the motor housing (22) and the motor
end cap (21), and asecond end flow channel (2215) isformed between the motor housing (22) and
the transmission (5), the first end flow channel (2214) and the second end flow channel (2215)
being both in communication with the housing flow channel (2208) and aso both in
communication with the liquid spraying hole (2209), and the stator flow path further comprising

thefirst end flow channel (2214) and the second end flow channel (2215).

13. The motor system according to any one of claims 9 to 11, wherein the motor (2) further
comprises amotor end cap (21) provided at one end of the motor housing (22), the motor end cap
(21) being provided with a patch panel (29), the patch panel being provided with aterminal (29),
the patch panel (29) having a patch panel liquid inlet hole (2901), a patch panel liquid outlet hole
(2902), and a patch panel flow channel communicating the patch panel liquid inlet hole (2901)
with the patch panel liquid outlet hole (2902), and the patch panel liquid inlet hole (2901) being in

communication with the stator flow path, to cool the terminal.

14. The motor system according to any one of claims 9 to 13, further comprising a heat exchange
device (3) in communication with the stator flow path and the rotor flow path for heat exchange

with the coolant in the stator flow path and the rotor flow path.

15. The motor system according to claim 14, wherein the motor housing (22) is provided with a
motor liquid inlet hole (2204), a heat exchangeliquid inlet hole (2205), and a heat exchange liquid

outlet hole (2206), the heat exchange liquid inlet hole (2205) and the heat exchange liquid outlet
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hole (2206) being both in communication with the heat exchange device (3),
wherein the motor system further comprises a liquid pump (4) configured to pump the coolant
from the motor liquid inlet hole (2204) to the heat exchange liquid inlet hole (2205), the coolant
undergoing heat exchange in the heat exchange device (3) before arriving at the heat exchange
liquid outlet hole (2206);

wherein the motor housing (22) has a first liquid outlet hole (2213) in communication with
the heat exchange liquid outlet hole (2206) and a second liquid outlet hole (2207) in
communication with the heat exchange liquid outlet hole (2206), the first liquid outlet hole (2213)
being in communication with the stator flow path, and the second liquid outlet hole (2207) being

in communication with the rotor flow path.

16. The motor system according to claim 14 or 15, wherein the motor housing (22) is provided
with a motor water inlet (2201), a motor water outlet (2211), a heat exchange water inlet (2202),
and a heat exchange water outlet (2203), the motor water inlet (2201) being adapted to be in
communication with the heat exchange water inlet (2202), the motor water outlet (2211) being
adapted to be in communication with the heat exchange water outlet (2203), the heat exchange
device (3) having a heat exchange water channel disposed therein and being in communication
with the heat exchange water inlet (2202) and the heat exchange water outlet (2203), the motor
water inlet (2201) and the motor water outlet (2211) being further in communication with an

external cooling circuit.

17. A vehicle, comprising the motor system according to any one of claims 1 to 16.
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