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ABSTRACT In view of the narrow installation space of high power density and high torque in-wheel motor,
the heat existed the in-wheel motor is balanced by cooling water channel to ensure the heat dissipation of
the high power density in-wheel motor. In this paper, Ansoft Maxwell software is used to establish the two-
dimensional loss simulation model of in-wheel motor, and the winding loss, stator core loss, rotor core loss
and permanent magnet eddy current loss of in-wheel motor are calculated respectively. The temperature field
calculation model of in-wheel motor is established. The heat exchange coefficient of motor is calculated, and
the equivalent treatment of windings is carried out. The spiral channel is selected to cool the motor. The CFD
software is used to simulate and analyze the cooling fluid in the channel. The heat dissipation coefficient
curve is calculated. Finally, the calculated results of in-wheel motor loss and heat dissipation coefficient
curve are imported into the transient temperature field for simulation, and the temperature field distributions
before cooling and after cooling are obtained. The results show that the temperature drop of winding is
32%, the temperature drop of stator core is 30%, the temperature drop of permanent magnet is 26%, and
the temperature drop of rotor is 25%. The spiral channel structure adopted in this paper is reasonable and
feasible, which provides a certain theoretical reference value for the research and development of in-wheel

motor heat dissipation system.

INDEX TERMS Electric vehicle, in-wheel motor, loss calculation, fluid field, water cooling.

I. INTRODUCTION

Facing the severe challenge of global energy crisis and
environmental change, electric vehicle has become a hot
spot [1] of automobile industry development in many coun-
tries in the world in recent years. As the core component of
electric vehicle, the performance of in-wheel is very impor-
tant and directly affects the comprehensive performance of
electric vehicle driven by in-wheel motor. Electric vehicles
driven by in-wheel motors usually use high-power permanent
magnet motors, which are installed in enclosed narrow space.
The large amount of heat generated cannot be released in
time. Excessive temperature will lead to demagnetization of
in-wheel motor, reduce their reliability and safety, and even
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affect the performance of the whole vehicle [2]. Therefore,
it is very necessary to calculate the heat loss, analyze the
temperature field of in-wheel motor, and conduct cooling
analysis.

Liu [3] of Dalian University of Technology took an 8.5 kW
in-wheel motor prototype as an object, established the finite
element simulation model of temperature field of permanent
magnet synchronous motor by ThemiNet software, calculated
the temperature field distribution under no-load and rated
load, and obtained the temperature field distribution of each
component. In 2010, Li ef al. [4] of Hanyang University of
Korea developed a permanent magnet synchronous motor
(PMSM) for electric vehicles. The air cooling is used as cool-
ing mode in in-wheel motor and the heat dissipation bar was
designed on the motor shell to improve the heat dissipation
capacity of the in-wheel motor. In 2013, Tianjin Qingyuan
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Electric Vehicle Company Ltd. [5] developed an in-wheel
motor with air-cooled heat dissipation. The in-wheel motor
uses the high-speed operation of the motor to drive the flow
of surrounding air to cool the motor. At the same time, an arc
radiator is installed on the end cover of the motor to increase
the heat dissipation area of the motor. It improves the heat dis-
sipation capacity of the motor. Li [6] of Athens Polytechnic
University analyzed and studied a 4-pole/6-slot permanent
magnet in-wheel motor. The in-wheel motor was cooled by
liquid, and an oil-cooled channel was designed on the motor
shell. The experimental results showed that the cooling effect
was better. In 2014, Lee et al. [7] in Korea designed and
developed an in-wheel motor with oil-cooled cooling method.
The cooling method of the motor is to inject cooling oil into
the shaft of the motor. Under the pressure of the oil pump,
the cooling fluid is circulated and the motor is cooled. Experi-
ment shows that this method has better heat dissipation effect.
Yu [8] of General Motors Canada designed an axial flux
permanent magnet in-wheel motor. The permanent magnet
in-wheel motor uses liquid cooling to cool motor, and its
cooling system uses high performance epoxy resin as coolant.
The temperature field simulation results show that the cooling
of winding and stator is obvious and the cooling effect is
excellent. Laskaris and Kladas [9] took a high-speed perma-
nent magnet motor as the research object. Using the coupling
method, the temperature distribution in the solid domain of
permanent magnet motor was analyzed. The results show that
the simulation results are more accurate. Lim and Kim [10]
and Xueyan Han of Chongqing University took a high power
density permanent magnet synchronous motor as the research
object, and established the 3D physical model of the in-
wheel motor. Based on the basic theory of fluid mechan-
ics, the coolant of cooling water channel and internal air of
the in-wheel motor were simulated and analyzed by CFD
software, and the experiments were carried out. The validity
of the analysis method is verified by experiments. In 2016,
Hsu et al. [11] and Gaopeng of Tianjin University proposed
the oil cooling mode of in-wheel motor based on the finite
element method of 3D temperature field. According to the
structure of outer rotor in-wheel motor, the model of in-
wheel motor with oil cooling mode was established, and the
temperature field of each component of in-wheel motor under
different cooling modes was calculated and obtained.

In this paper, the I0KW outer rotor in-wheel motor is
taken as the research object. Firstly, the finite element model
of electromagnetic field of in-wheel motor is established
by Ansoft Maxwell software. Then, the thermal losses are
simulated and calculated respectively. Finally, the calculated
losses are used as heat sources and are imported into Ansys
Workbench for the coupling analysis of electromagnetic field
and temperature field.

Il. LOSS ANALYSIS OF IN-WHEEL MOTOR

Based on the 10KW in-wheel motor of an electric vehi-
cle, the motor is modeled and simulated by Maxwell soft-
ware. Firstly, according to the actual demand of in-wheel
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FIGURE 2. Distribution of magnetic line of force at the time of 0.029s.

motor, the main technical parameters of the motor are
optimized [15]. The list of basic parameters of in-wheel
motor is shown in Table 1. Two-dimensional electromagnetic
field model is established by Maxwell software. Maxwell
2D model of in-wheel motor is shown in Fig. 1.

The transient load field of in-wheel motor is simulated by
Maxwell software. The distribution of magnetic line of force
and magnetic flux density at the time of 0.029s under rated
load state of in-wheel motor are obtained, which are shown
in Fig.2 and Fig.3. Fig.2 shows that the maximum magnetic
line of force is at the end of stator slot near air-gap, which
is mainly caused by the interaction between stator winding
current and permanent magnet magnetic field. Fig.3 shows
that the magnetic flux density between permanent magnet and
stator slot is also large, but the magnetic flux density between
different stator slots is roughly equal. The magnetic flux
density in the outer rotor is more uniform, and the difference
is not significant. In the in-wheel motor, the magnetic flux
density in the stator center is the smallest, and the closer along
the motor center, the smaller the magnetic flux density.

It can be seen from the above that the distribution of mag-
netic line of force and magnetic flux density of the in-wheel
motor are in line with the design theory, so the correctness of
the model is verified and further research can be conducted.
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TABLE 1. List of basic parameters of in-wheel motor.

parameter value parameter value
rated power ( KW ) 10 stator outer diameter ( mm ) 306
rated voltage ( V) 300 rotor outer diameter ( mm ) 343
rated speed ( r/min ) 650 effective length ( mm ) 48
rated torque ( Nm ) 150 air-gap length ( mm ) 0.8
rated current (A ) 33.3 number of pole-pair 12
frequency ( HZ ) 130 number of slot 27
60.00 -
50.00
o 40.00
e 1
0.30.00
20.00
e 10.00

FIGURE 3. Distribution of magnetic flux density at the time of 0.029s.

The total losses of in-wheel motor mainly include core loss,
copper loss, eddy current loss and mechanical loss. Most of
the heat loss of the motor is converted into heat, which is
transmitted in the motor. Then, the existing heat changes the
distribution of temperature field in the motor. The total losses
of in-wheel motor can be expressed as [14], [16]:

Pz=PCu+PFe+Pme+me (1)
Pre = Py + Pe + Pex = CifB), + Cof *By, + Couf B,

)
Poy = mI*R (3)
T 12p1(La + Lo)

Here: Pcy is copper loss of winding;
Pre is core loss;
Pre 1s eddy current loss of permanent magnet;
P 1s mechanical loss;
Cy, is hysteresis loss coefficient;
C, is eddy current loss coefficient;
m is phase number of in-wheel motor;
1 is effective value of phase current of one cycle;
R is resistance value of motor at this temperature;
L, is axial length of permanent magnet;
Jfme 1s alternate frequency of magnetic field;
p1 1s resistivity of permanent magnet;
Bme 1s maximum magnetic flux density of permanent
magnet.
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FIGURE 4. Core loss of DW310-35 at multi-frequency (BP curve).
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For the permanent magnet synchronous in-wheel motor,
the material of stator and rotor is made of non-oriented silicon
steel sheet DW310-35. The data of BP curve and BH curve
have been found and fitted. The core loss curve (BP curve)
and magnetization curve (BH curve) are shown in Fig.4 and
Fig.5 respectively.

The innovation is that the iron loss curve at single fre-
quency is only used in previous studies on iron core loss,
so the loss value calculated by simulation is not accurate
enough to intuitively reflect the temperature rise of in-wheel
motors. The multi-frequency iron loss curve is adopted in this
paper, which is helpful to improve the simulation accuracy
and the calculation result is more accurate.

Using Ansoft Maxwell software, the internal losses of the
motor are analyzed by finite element method. The losses of
the permanent magnet in-wheel motor under the speed of
650r/min at rated load are shown in Table 2. The losses
of the permanent magnet in-wheel motor under the speed
of 650r/min at the load of 1.1 times are shown in Table 3.

Table 2 and table 3 shows: in-wheel motor in the rated
speed under different load working state of the loss of value is
different. In the load state of 1.1 times is much higher than the
loss value of the rated load, Therefore, in the cooling study
in the following paper, the imported loss value is the load
loss value of 1.1 times. If the cooling effect can reach the
expected temperature under extreme conditions, the cooling
effect under rated load will not be a problem.
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TABLE 2. Losses of the permanent magnet in-wheel motor under the speed Of 650r/min at rated load.

copper loss core loss

eddy current loss air friction loss

730W 100W

104mwW 30W

TABLE 3. Losses of the permanent magnet in-wheel motor under the speed of 650r/min at rated load of 1.1 times.

copper loss core loss

eddy current loss air friction loss

780W 112W

120mwW 30W
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FIGURE 5. Magnetization curve of DW310-35 (BH curve).

Ill. ESTABLISHMENT OF TEMPERATURE FIELD MODEL

A. THE EQUIVALENCE OF WINDING

When the equivalent thermal model of stator winding is
established, the whole winding can be treated as an equivalent
part, and the equivalent thermal conductivity coefficient of
the winding must be calculated. Therefore, the corresponding
assumptions should be made [17]: (1) The conductors in
the slot are uniformly arranged, and the temperature differ-
ence is neglected; (2) The insulating paint of copper wire
is uniformly distributed; (3) The temperature changes in the
insulating layer and the filling paint of copper wire are linear;
(4) The impregnating paint of the winding is fully filled.
Therefore, the stator slot insulation includes copper wire
varnish impregnating paint insulation and slot insulation, and
its equivalent thermal conductivity coefficient is as follows:

&= ZS,-/Z&'/OH (%)
i=1 =l

Here: ¢ is the equivalent thermal conductivity coefficient of
the insulating layer in the stator slot;

«; is the thermal conductivity coefficient of the insulating
materials in the stator slot;

d; is the thickness of the insulating layer in the stator slot.

B. CALCULATION OF HEAT EXCHANGE COEFFICIENT

Accurate calculation of heat dissipation coefficient of each
component of in-wheel motor is very important to the sim-
ulation analysis and calculation of motor temperature field.
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The calculation of surface heat dissipation coefficient is rel-
atively complex, and empirical formula is usually used to
calculate it.

(1) Heat dissipation coefficient of stator core end face [18]

1+ 0.04v
oy = ——
0.045

Here: v is the outer diameter linear velocity of the rotor of
in-wheel motor.

(2) Heat dissipation coefficient of in-wheel motor shell
surface

Q)

o = 14 (14 0.5\7)° \/g )

Here: T is the air temperature of the outer wall of the machine
base.

(3) Heat dissipation coefficient of rotor end face of in-
wheel motor

@, =28 (1+045) ®)

Here: v is the inner wall temperature of the machine base.

(4) Heat dissipation coefficient of clearance between stator
and rotor of in-wheel motor

When calculating the temperature field of in-wheel motor,
the air between stator and rotor is in a flow state. In this paper,
the air-gap is treated equivalently [19].

The mathematical expression of Reynolds number in
air-gap of outer rotor in-wheel motor can be expressed
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as follows:

)
Re = 201° ©)
T

Di»
Ree, = 41.2,/ =7 (10)

When Re < Re,,, the air flow of air gap can be judged
as laminar flow, and the equivalent thermal conductivity
coefficient of air-gap is approximately equal to the thermal
conductivity coefficient of air; when Re > Re.., the air
flow of air-gap can be judged as turbulent flow. At this time,
the calculation equation of the equivalent thermal conductiv-
ity coefficient of air gap between stator and rotor is as follows:

)\eq — 0'0019n—2.9084ReO.4614ln(3.33361n) (11)

Here: n = D1/Dj3;
wy, is the circumferential speed of the rotor;
&  is the length of the air-gap of the motor;
T s the air kinematic viscosity coefficient.

IV. ESTABLISHMENT AND SIMULATION OF WATER
COOLING MODEL

A. ESTABLISHMENT OF WATER COOLING MODEL

The cooling channel design of in-wheel motor should meet
the following design requirements:

(1) The contact surface between the fluid and the in-wheel
motor in the waterway should be as large as possible.

(2) The channel should be designed as smoothly as possible
to reduce the resistance of the fluid in the flow process.

(3) The surface heat transfer coefficient of cooling water
channel should be as large as possible to improve its heat
dissipation capacity.

(4) Coolant with relatively large thermal conductivity
should be used as cooling medium as far as possible.

(5) Cooling water pipes should be safe, stable and cheap to
maintain.

The control model suitable for the water-cooling model of
in-wheel motor in this paper is k — ¢ turbulence model [20],
and its mathematical expression is as follows (12) and (13),
as shown at the bottom of this page.

Here: Gy is the turbulent energy generation term caused by
average velocity gradient;

Gy, is the turbulent energy generation term caused by
buoyancy;

Y, is the contribution of pulsation expansion in compress-
ible turbulence;

S &S, are the original term of definition;

G1:&Gr: &G, are the empirical coefficient.

FIGURE 6. 3D model of the cooling channel.

According to the actual demand of this paper, the circum-
ferential helical cooling structure is chosen as the cooling
channel structure of in-wheel motor. In addition, the cooling
pipe inlet and outlet are placed on different sides of the
motor. The water-cooling channel model is established, and
the simple equivalent treatment is carried out. The cooling
channel is installed on the frame inside the stator, and the
3D model of the cooling channel is shown in Fig. 6.

B. CALCULATION OF COOLANT FLOW VELOCITY AND
INLET-OUTLET PRESSURE DIFFERENCE

In this paper, the motor is an outer rotor in-wheel motor.
When the in-wheel motor works stably, the heat generation
and heat dissipation of the motor itself have reached a heat
balance state. The water cooling system in this paper is the
main heat dissipation system of the motor. If all the heat
generated by the in-wheel motor is taken away by the cooling
system, when the temperature difference between the inlet
and outlet is 7', the flow rate and the velocity of the cooling
system can be calculated by empirical formula [21], [22]. The
formula is as follows.

wd?
—6
Pioss = u x pT x ¢p X (Tour — Tin) x 10 (14)

Here: P, is the total loss of in-wheel motor;

T,us 1s the inlet temperature of cooling water jacket;

T;, is the outlet temperature of cooling water jacket;

cp is the specific heat capacity of water;

p is the density of fluid;

u is the flow rate of fluid;

m is the flow rate of fluid.

According to the above formula, the velocity of coolant
fluid in the cooling channel is approximately 3.0 m/s.

For in-wheel motor of electric vehicle, the water resistance
of cooling water channel is one of the important factors
to measure whether the design of cooling water channel is
reasonable or not. Generally speaking, the distance flowing
through the fluid and the cross-sectional area of the water
channel are the main factors affecting the resistance along the

3 (pk)

d (pe)
ot ox; ij
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‘ Establishment of Discrete Equation
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FIGURE 7. Solution flow chart of CFD.

path, and the correlation formula is as follows [23].

v2 Lay
hy = dee 2 (15)
Here: hy is the resistance along the path;

Ly is the total length of channel;
As is the resistance coefficient;
d, is the hydraulic diameter of the channel;
v is the flow rate of cooling fluid;
g is the acceleration of gravity.

C. FLOW FIELD SIMULATION ANALYSIS OF COOLING
SYSTEM

Firstly, in order to simulate and analyze the fluid characteris-
tics of the cooling medium in the cooling channel of in-wheel
motor, based on the basic theory of hydrodynamics, the gov-
erning equation is established and the turbulence model is
determined. Secondly, a three-dimensional solution model
is established, the model is meshed, and the boundary con-
ditions, initial conditions and control parameters are deter-
mined. Finally, the calculation results are post-processed, and
the related nephograms are obtained by iteration. The solution
flow chart of CFD is shown in Fig. 7.

Secondly, mesh generation of in-wheel motor geometric
model is carried out, and the mesh generation diagram of
cooling channel shown in Fig. 8 below is obtained. In order to
obtain more accurate partial nephogram of temperature field,
it is necessary to mesh accurately. At the same time, con-
sidering the efficiency of computer simulation calculation,
the mesh generation of motor is also not to be too small. In this
paper, the mesh number of cooling channel is 30120.

Then, the boundary conditions and necessary settings of
the helical channel model are set. According to the calculated
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FIGURE 8. Mesh generation diagram of cooling channel.
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FIGURE 9. Velocity nephogram of the cooling medium.
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FIGURE 10. Velocity vector nephogram of the cooling medium.

inlet velocity of cooling medium, the inlet velocity is set
to 3.0m/s, the number of iterations is set to 600, and the
relative error is set to 0.01%. The velocity nephogram of
the cooling medium is shown in Fig. 9. The velocity vec-
tor nephogram of the cooling medium is shown in Fig. 10.
Fig. 9 shows that when the inlet flow velocity is 3.0m/s,
the cooling medium flow velocity of the helical channel
fluctuates between 0.5m/s and 2.3m/s. The flow velocity of
the fluid in the channel is relatively uniform on the whole, and
the water paths of each layer are similar. The results indicate
that the resistance of the coolant in the channel is not very
different. Because of there is no major change of angle in
helical channel, the channel is smooth and the cooling effect
is better.

Fig. 10 shows that when the inlet flow velocity is 3.0m/s,
the velocity vector of the cooling medium in the pipe fluc-
tuates between 2.1m/s and 2.8m/s. The velocity vector of the
fluid in the channel is relatively uniform on the whole, mainly
because the number of bends in the cooling channel is less and
the water resistance is smaller.

V. TEMPERATURE FIELD ANALYSIS OF IN-WHEEL
MOTOR WITH WATER COOLING SYSTEM

Before simulating the temperature field of in-wheel motor
with cooling channel, it is necessary to calculate the thermal

140147



IEEE Access

Q. Chen et al.: Analysis of Temperature Field and Water Cooling of Outer Rotor In-Wheel Motor for Electric Vehicle

TABLE 4. Comparison of the temperature changes of in-wheel motor before cooling and after cooling.

Maximum temperature Maximum temperature before Temperature .
components ) ) ) Proportion
after cooling cooling different
winding ( °C ) 123.26 182.4 59.14 32%
Stator core ( °C ) 90.895 130.34 39.445 30%
Permanent magnet ( °C ) 62.864 85.537 22.673 26%
Rotor ( °C ) 59.705 80.477 20.477 25%
Analysis of Analysis of = - ¥ .
N SIS 0 iy
Electromagnetic Field Fluid Field ; @ ﬁmﬂ 7 . ; nginw Pl
3 @ Mesh v, 3 @) Geometry o
4@ setup v 4@ Model P2,
5 | g soluton v ———e5 @ setwp i
v 6 @ Resuts * 6 @3 soluton &
Analysis of Fluid Flow (Fluent) 7 @ Results o
Temperature Field Tesis[eri Thammal
FIGURE 11. Coupling principle. = :
T
) 2 & Geometry v
losses of the main components of the motor under over- S Esew o,

load condition. At the same time, CFD software is used to
simulate and analyze the fluid field of the coolant in the
cooling water channel, and the heat dissipation coefficient
curve is calculated. Finally, the simulation results obtained by
the above simulation software are imported into the thermal
analysis module of Ansys Workbench transient field, and the
temperature distribution nephogram of the main components
of the motor is obtained. The coupling principle is shown
in Fig. 11.

In this paper, the temperature field coupling simulation
of in-wheel motor with water cooling system is carried out.
In order to get the temperature distribution nephogram of
components in in-wheel motor under overload condition,
the ambient temperature is set to 22 °C, and the material
parameters and boundary conditions are set. Considering the
configuration of the computer and the efficiency of simula-
tion, the simulation step is set to 0.5s and the total simulation
time is set to 600 s. The temperature field simulation starts
from O s, and the iteration calculation is carried out continu-
ously until the final simulation calculation is completed. The
diagram of the coupling of electromagnetic field, fluid field
and temperature field is shown in Fig. 12.

As shown in Fig. 13, the stator temperature distribution
nephogram shows that the cooling water channel of in-wheel
motor has a great influence on the stator temperature field
heat dissipation under overload condition. Fig. 13 (b) shows
that the maximum temperature of the motor stator is about
130 °C before water cooling. Fig. 13 (a) shows that the
maximum temperature of the motor stator is about 91 °C after
water cooling. The highest temperature of the stator appears
in the stator yoke. This is mainly because the smaller heat
dissipation area of the stator yoke and the slower heat dissi-
pation efficiency, and the better heat dissipation condition of
the stator tooth.

As shown in Fig. 14, the winding temperature distribution
nephogram shows that the water cooling system of in-wheel
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FIGURE 12. Diagram of the coupling of electromagnetic field, fluid field
and temperature field.

motor has a great influence on improving the heat dissipation
ability of the motor. Fig. 14 (b) shows that the maximum
temperature of the winding is about 182 °C before water cool-
ing. Fig. 14 (a) shows that the maximum temperature of the
winding is about 123 °C after water cooling. The temperature
of the winding in the upper surface area is higher than that
in the lower surface area, and the temperature distribution
has certain regularity. This is mainly because the current
input in the winding is three-phase alternating current. At any
moment, the current value in the winding is different, so it
presents the situation of high temperature in some areas and
low temperature in some areas.

As shown in Fig. 15, the maximum temperature of the
rotor before water cooling is about 80 °C, and the highest
temperature of the rotor after water cooling is about 60 °C.
The minimum temperature of the rotor appears in the outer-
most layer, which is mainly the outer rotor motor is used in
this paper, so the outermost layer of the rotor has better heat
dissipation efficiency. The highest temperature region of the
rotor mainly appears in the inner layer of the rotor, which is
mainly close to the winding and permanent magnet, and is
greatly affected by their temperature.

As shown in Fig. 16, the maximum temperature of the
permanent magnet before water cooling is about 137 °C,
and after cooling is about 72.4 °C, which is reduced by
about 23 °C.

From the above analysis, before water cooling and
after water cooling, the temperature of the main com-
ponents of the motor has been significantly reduced.
Table 4 is the comparison of the temperature changes of
in-wheel motor before and after cooling. Table 4 shows
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B: Transient Thermal

Figure Figure
Type: Temperature Type: Temperature
Units °C Unit: °C

Time: 600 Time: 600
2019/1/10 16:13 2019/1/9 9:20

79.674 Min

( a ) After water cooling

B: Transient Thermal

( b ) Before water cooling

FIGURE 13. Stator temperature distribution nephogram.

B: Transient Thermal

Figure Figi
Type: Temperature

Unit: °C Unil
Time: 600

2018/1/10 16:13

123.26 Max
12211
12296

[y,
| 2

122.67

121.19 Min

( a ) After water cooling

Type: Temperature

Time: 600
20197179 9:20

8 195016

B: Transient Thermal

ure

it: °C

1824 Max
18193

18169
18145

179.07 Min

( b ) Before water cooling

FIGURE 14. Winding temperature distribution nephogram.

B: Transient Thermal

Figure Fig
Type: Temperature

Units °¢ Unii
Time: 600

2019/1/10 16:13

59.708 Max
59.606
59.508
59411

[ 5o
Ll

58.339 Min

( a) After water cooling

FIGURE 15. Rotor temperature distribution nephogra.

that the water cooling heat dissipation system has a greater
impact on improving the heat dissipation capacity of the
motor, which shows the rationality of the water cooling
structure.
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Type: Temperature

Time: 500
2019/1/8 9:20

B: Transient Thermal

ure

it: °C

80.477 Max
80.322
80.167
80.011
79.856

78.308 Min

( b ) Before water cooling

VI. DISCUSSION

This paper takes an in-wheel motor as the research object,
carries out a series of research work, and obtains relevant
conclusions. However, due to limited personal ability, time
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B: Transient Thermal
Figure

Type: Temperature
Units °C

Time: 600
2019/1/10 16:13

62.864 Max
62451
62,037
61.623
61,209
60.796
60.382
59.968
50.555
59.141 Min

( a ) After water cooling

B: Transient Thermal
Figure

Type: Temperature
Unit: °C

Time: 600

2019/1/9 9:20

85.557 Max
84.875

84.213 y

83.552 4

8289

82.229

81.567 a

80.905 !

80.244 X
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FIGURE 16. Permanent magnet temperature distribution nephogram.

and energy, the paper still needs to be further improved in
many aspects:

(1) In this paper, the coupling analysis of electromagnetic
field, temperature field and fluent field of the electric car
in-wheel motor is carried out. However, it is studied the
theoretical level, and the real vehicle test is lacked. With
the existing conditions and the limitation of funding, it is
difficult to meet the related test conditions, only do the
relevant theoretical analysis and simulation calculation and
analysis, Therefore, it is necessary to improve real vehicle
tests.

(2) In the coupling simulation calculation of electromag-
netic field and temperature field of in-wheel motors, the influ-
ence of performance of various materials of the motor with
the temperature change are not considered, but only carried
out unidirectional coupling, and its simulation accuracy needs
to be further improved. Therefore, the follow-up research
should conduct bidirectional coupling simulation of in-wheel
motor.

VIl. CONCLUSION

(1) The inlet flow velocity is set to 3.0m/s, and the cooling
medium flow velocity of the helical structure channel fluc-
tuates between 0.5m/s and 2.3m/s. The flow velocity of the
fluid in the channel is relatively uniform on the whole, and
the water paths of each layer are similar, indicating that the
resistance of the coolant in the channel is not very different,

(2) When the inlet flow velocity is 3.0m/s, the velocity
vector of the cooling medium in the pipe fluctuates between
2.1m/s and 2.8m/s, and the velocity vector of the fluid in the
water channel is relatively uniform on the whole.

(3) The cooling channel of in-wheel motor has great influ-
ence on the stator temperature field heat dissipation. Before
water cooling, the maximum temperature of the motor stator
is about 130 C, and after water cooling, the maximum tem-
perature of the motor stator is about 91 C. The temperature
drop of stator is about 30%. The maximum temperature of
stator appears in the stator yoke area.
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