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HIGHLIGHTS

ABSTRACT

o A mathematical model is developed to
determine the internal thermal sources .

e A computer program is developed to
numerically simulate the proposed model.

e The mitigation of thermal losses is strictly
related to the specific speed.

This paper presents the simulation results of the thermal behavior for an
externally cooled asynchronous electric motor in both steady and transient states
cases. For this purpose, a mathematical model based on the heat equation is first
developed to determine internal thermal sources such as copper, mechanical, and
iron losses. Then, a computer program is developed to numerically simulate the
proposed mathematical model. This program determines the radial distribution of

steady and transient states temperatures and predicts the effect of the ambient
temperature on the transient and permanent temperature distributions. This
makes it possible to calculate the specific speed of the motor as a function of its
rotation speed, the airflow rate, and the pressure dropping at the fan level. The
obtained results show that the engine heating is mainly due to the elements that
show thermal losses by the Joule effect. Moreover, the mitigation of these losses
is strictly related to the specific speed, making it possible to select the right
choice for the engine cooling system.

ARTICLE INFO

Handling editor: Muhsin J. Jweeg

Keywords: External cooling, electric motor,
fan, transient regime, nodal method.

1. Introduction

The electric motor dissipation system is thermally non-homogeneous with complex geometry, despite the existence of
symmetries. In addition, one of the difficulties encountered in its development is thermal dimensioning. The main problem is
that the study of the thermal aspect was lagging behind other electrical, magnetic, and mechanical considerations. The thermal
analysis of an engine involves simultaneously the knowledge of power losses transformed into heat and the efficiency of their
evacuation (heat losses). In particular, the evaluation problems of the distribution loss, the choice of the flows type, the heat
exchanges, the geometric complexity, and the diversity of thermo-physical properties of constituents are mainly considered as
troubles sources.

The heating of electric motors causes thermal stresses that particularly affect the life of vital elements such as rolling
bearings of the mechanical axis or winding insulators through the appearance of hot spots. Therefore, it is necessary to
preserve their time of use and their cost to ensure their protection in operation.

On the other hand, the electric motor has shown the problem of increased thermal usage due to its massive volume and
high speed. The increase of the cooling system efficiency for fan motors directly influences enhancing motor reliability and
lifetime [1]. Accordingly, many numerical and experimental studies on power loss generation and thermal behavior for large
power machines have been developed [2, 3]. One of the most common thermal analysis techniques is the thermal network [4].
In particular, many numerical simulation methods have been proposed for the thermal analysis of the electric motors,
especially the finite element method, which is frequently used to estimate the temperature distribution using only the heat
conduction [5]. It is worth noting that some researchers on this subject have also been conducted based on the nodal resolution
methods, which partially limits the structure of the studied system. Satiraman et al.[6] have proposed a powerful resolution
software using the finite element method to resolve complicated geometrical models requiring many computation nodes.
Popescu et al.[7] presented a review paper concerning cooling technologies and heat analysis of brushless permanent magnet
machines. However, most of the proposed techniques published to date highlighted several thermal design issues that are
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difficult to analyze. Thermal analysis of an electric motor solving the more difficult aspects was conducted by Staton et al.[8].
Sreehivasan and Sengupta [9] used a one-dimensional model to predict electric motors' cooling performance. The authors have
determined the heat transfer coefficients on the surface and within the machine. Nevertheless, the internal heat transfer
coefficients seem to be unrealistic. Otherwise, an analytical study that predicted both rotor and stator winding temperatures
was presented by Dokopoulos and Xypteras [10]. However, they supposed that the model is made of rings placed over each
other at constant lengths. An analytical study of the thermal behavior of electric motors was conducted by Staton et al.[11].
This study is an important part of the electric motor design process since it diminishes weights and costs and increases
efficiency.

Recently, many researchers have focused on the three-dimensional thermal analysis of a permanent magnet motor with
cooling fans. Tan et al. carried out a computational fluid dynamics (CFD) simulation with a thermal consideration.[12]. The
authors proposed a simplified numerical approach to study an axial flux permanent magnet machine with a complex
configuration in three-dimensional space. The conduction of forced convection and conjugate heat transfer is taken as a case
study. Kyuho et al.[13] used a thermal analysis model of a high-speed permanent magnet motor with cooling flows supported
on gas foil bearings. The authors investigated the thermal effects of the carrier harmonics, cooling flows, and rotor speed on
motor temperature for an effective thermal design for high-speed machines. Melka et al.[14] proposed three ways of heat
dissipation improvement from the electric motor windings. They measured during experiments the average winding
temperatures at the nominal rate. The first variant of the heat dissipation improvement was based on covering the external
surfaces of the machine with high emissivity material that allowed decreasing the temperature of the windings by
approximately 4 K. The second variant was based on the application of two types radiators on the external motor surfaces. A
novel kind of machine, called a hot air engine, has been developed by Kramer et al. [15] at the Institute of Energy and
Chemical Machinery, University of Miskolc. A mathematical model of this new engine was prepared and compared to the real
model of the engine. This model has been designed for low-temperature working media. Asynchronous electric motors are
generally cooled by air. Fans are the most commonly used cooling devices for heat flow evacuation. Since the asynchronous
motor is the site of heat dissipation, the development of numerical simulation tools requires locating heat sources and the
modes of internal transfer in the engine. The analytical methods used for numerical simulation are nodal and finite element
methods.

Most recently, Nonneman et al. [16] have conducted a thermal analysis of an interior permanent magnet machine using a
lumped parameter model. They evaluated several rotor cooling techniques for electric-vehicle-based applications aiming to
achieve higher power densities. They revealed that when the rotor of an electric motor contains a hub, shaft-cooling methods
are ineffective. In addition, those results were issued from the temperature distributions of the electrical machine resulting from
water jacket cooling in combination with the different rotor cooling techniques. However, the most effective cooling approach
to minimize permanent magnet temperatures resulted from rotor jet cooling.

An experimental and numerical investigation of a novel heat pipe-based cooling strategy for permanent magnet
synchronous motors (PMSMs) was proposed by Yalong et al. [17]. Those researchers have employed heat pipes with potting
silicon gelatin (PSG) as a novel thermal management solution to the heat dissipation problem at the end windings of the
PMSMs. They used a 3-dimensional heat pipe by introducing them into the gap between the winding and the casing, whereas
potting silicon gelatin is used to fix the heat pipes while increasing the contact area. It was found that the obtained results show
that this novel approach maintains the lowest temperatures with a maximum decrease of 22.9°C compared to the original
motor. Nevertheless, there is only a 10°C decrease for the motor only with heat pipes.

Moreover, the stable running time of the PMSM with this novel cooling technique has increased by about 50.6 s under the
peak-load condition, while its counterpart has almost no improvement (i.e., only with heat pipes). Additionally, they
established a numerical model. They showed that it could agree well with the experimental data, leading to the possibility of
optimizing the proposed heat pipe-based thermal management solution.

A bibliographic review of research works on electric motors performance, and heat and temperature losses are appraised
by Gundabattini et al.[18]. They clustered several factors affecting the efficiency, e.g., airgap eccentricity, electromagnetic
performance, effect of temperature, and losses. Similarly, they listed several methods of computer-aided analyses by showing
the temperature distribution in an induction motor through simulation results with different cooling methods and suggested
future research directions, including cryogenic techniques, heat pipes, and phase change materials technology.

Considering the previous discussion, the main objective of this study is to numerically simulate the heat exchanges within
an externally cooled asynchronous electric motor. The nodal numerical method was used to determine the radial temperature
distribution in both steady and transient states cases under the effect of the ambient temperature. Because the engine heating is
mainly due to those elements showing thermal losses by the Joule effect, the obtained results are analyzed and discussed to
demonstrate the mitigation of those losses, which are strictly related to the specific speed. This makes it possible to select the
right choice of engine cooling system.

More or less brutal load fluctuations can create heating essentially harmful to the sensitive parts of rotating electrical
machines during operation. With the appearance of new power supplies and the increase in specific power, it is necessary to
predict the thermal behavior of these machines, either through experimental phases or even through the development of a
thermal simulation tool. Such an approach could assist in quantifying, separating, and locating the different internal heat
sources that generate overheating.

Consequently, in the present study, we are interested in applying the steps of a numerical simulation method to initially
predict the permanent and transient distributions of the temperature field within each element of the considered electrical
machine. Then, a good choice of the engine cooling system passes by an approach consisting of calculating the engine's
specific speed according to its rotational speed, the air volume flux, and the pressure drops at the level of the cooling fan.
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The rest of the paper is organized as follows; in section 2, the problem formulation has been done, its physical and
mathematical descriptions, the adopted thermal model, and the external cooling fan choice. Furthermore, section three details
the numerical resolution of the studied problem thermal behavior. The obtained results have been presented and discussed
profoundly in section 4. Finally, some conclusions have been presented.

2. Problem Formulation
2.1 Physical and mathematical descriptions

The engine is the site of several electromagnetic, mechanical, and Joule losses. The knowledge of these losses translated
into heat sources can lead well the study of the thermal behavior. Figure 1 illustrates the asynchronous motor losses separation
flowchart.

During the functionality of an electric motor, the heat released is distributed throughout the engine and varies with the
operating conditions. The heat losses of the motor are distributed over several principal elements within the motor, including
winding copper loss, iron core loss, permanent magnet eddy loss, mechanical loss, and stray loss [19].

In this work, the asynchronous electric motor has been studied in a low power-based regime (4 kW) where the rotor is a
spiral type with an external fan ensuring the cooling of 375 W not linked to the motor shaft. An axial view of this engine is
shown in figure 2. Given the radial and axial symmetries, the study area is considerably reduced. Figures 3 and 4 show the
axial and radial demi-cutting of the engine.
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Figure 1: Flow diagram of the heat losses in the electric motor.
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Figure 2: Axial view of the studied synchronous motor [20]
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Figure 3: Axial half-cut of the studied engine

The absorbed power for a voltage between phase and neutraIVph , for an intensity per phase | is a phase shift @
between current and voltage is written by the following expression [21]

Py =3V, cos® 1)

Joule losses in the stator are given by
2
Pjs =3R,! @)

Where R,, is the thermal resistance winding of a phase. The variation of this resistance as a function of the temperature is
given by [22]

Ry =Ry (20°C)(1+aAT) ®3)

R, (20°C) =R, (20°C)(1/5) @

where Ry is the resistivity of the conductor at the reference temperature.

This formulation is valid when the current density is considered uniform in the conductor. In the case of higher
frequencies, a skin effect increases the resistance [20]. The resolution of Maxwell's equations allows determining its expression
as a function of the conductor’s diameters and the skin thicknesses.

Note that the Joule losses in the rotor are due to the heating of the conductors within the rotor and are similar to those of
the stator. In addition, the losses in the stator and rotor iron occur exclusively in the losses of the machines where the magnetic
flux is valid.

The eddy current losses are due to the temporal variations of flux at the origin of electromotive forces in ferromagnetic
materials and creating currents. These losses are usually expressed using the following approximated formula [23]:

P =r°e’B2.f?V/6
f m RO (5)
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Figure 4: Radial half-cut of the studied engine

The mechanical losses concerning the friction losses of the trunnions, the brushes (collectors and rings), in the bearings
that the losses by ventilation are often given by the following expressions:

= Friction losses of the brushes, given by:

P=F.b.v (6)
= Friction losses in the bearings:
P= 272' NCa (7)

where C, the friction torque of the tree.

The mechanical axis of the electric motor is shown in the form of a concentric cylinder, which is incorporated in the
package of rotor plates and the stator plates concerning the outer carcass (see Figure 5). Then the thermal resistance R, of a
multilayer cylinder is given by the following expression [24]

1 &1 (r
e

Figure 5: The thermal resistance of concentric cylinder

2.2 Thermal Model

The thermal model shows the relationships between the losses in the different parts of a rotating machine and the
temperatures, considering the geometry and the heat exchange conditions. The different parts that make up our thermal model
are the cast iron housing, the stator iron, the winding, the air gap, the rotor iron, and the mechanical axis.

To simplify the thermal model analysis, three hypotheses have been adopted to justify the modeling of the various
constituent parts of the machine as a cylindrical elements:

1) The heat flows in the axial and radial directions are independent.
2) The average temperatures in both directions are independent.
3) No circumferential heat flows.

Thus, a cylindrical element, its dimensions, and its temperatures, given in figure 5, is used to model the different parts
constituting the motor. For this simple geometry, the solution of differential transfer equations in both radial and axial
directions allows obtaining an exact temperature distribution.
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2.3 Fan choice

The most effective choice of the external fan, or blower, depends on many factors. The fans can be compared to each other
based on the specific speed, an index to determine the most appropriate type of fan considering the flow rate, the pressure loss,
and the speed of rotation. The specific speed is defined by[25]:

Ns = N@
Ap™
9

For each type of fan, the specific speed is within a certain range (table 3). Thus, there are only a limited number of
combinations that give maximum efficiency. The necessary airflow is easily calculated by the following relation:

g, =0,83—2
AT, (10)

Where g is the power released in the equipment (W), and AT, is the permissible increase of the air temperature (°C).

The third factor to be determined to calculate the rotation speeddepends on the available power supply, acoustic limits,

service life, mass, and space requirement. In Table 1, we give the rotational speeds N most often used as a function of the
available frequency. This simulation study is based on the experimental results carried out by Glises [26]on an asynchronous
motor of 4 kW of power with an external fan. These experimental results are used as a data carrier for our simulation. For
example, the separation of the Joule losses at the level of the various elements of the engine, the airflow, and the pressure
losses, generated the thermophysical parameters of the engine elements.

Table 1: Speed range by fan motor type.
s . M @ 3 @G 6 6 0O 6

10°%

10*

10°

10°

(1)- Propeller fan.

(2)- Axial tube fan.

(3)- Axial vane fan.

(4)- Squirrel cage fan: loose scroll.
(5)- Squirrel cage fan: tight scroll.
(6)- Centraxial fan.

(7)- Radial turbine fan.

(8)- High-pressure fan

3. Numerical Resolution

3.1 Nodal method

Traditionally, the temperature distribution within electrical machines is achieved using thermal networks [27]. This
approach is still effective in determining the steady and transient states of temperature distribution. The model is developed
from the geometric dimensions and the thermophysical properties of the materials constituting the machine. In addition, this
method considers the machine assembly of homogeneous parts in construction and operation[28].

Instead, an equivalent thermal network type description is used, resulting in a simple representation. The losses then
constitute the sources of currents, and the potential at the different nodes gives the temperature. The temperature is calculated
only at the nodes of the network such that each node represents a subset of the machine in which the temperature is uniform.
This method can deal with 1D, 2D, and 3D problems, and the equations can be nonlinear. The thermo-physical parameters are
then functions of the temperature[29]. This method imposes the definition of a common parameter, the conductance, in the
fluid and solid regions. The principle of such a method is simple:

1) The system is divided into several small but finite volumes.
2) Itisassumed that each volume is isothermal at the temperature of its center.
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3) The physical system is replaced by a network of fictitious, heat-conducting bars joining the centers (nodes) of the volumes.
4) Each bar is assigned a thermal conductance corresponding to that material between the nodes.

The heat flow transiting between two nodes is written in the form [30]:

dQ
E=G.(TJ. -T))

Where G[W.K’l}is the thermal conductance, and T;, Tj [K] is the isothermal temperatures of volumes i and j .

(11)

The different expressions of the flow and the conductance are given in the following table.

Table 2: Expressions of flows and conductance

Heat Transfer Mode Flow expression conductance Expression
AS. AS..
Conductance —”(T =T ) G”?O”d =—1
Lij Lij
Convection hS(TS _TI) GO = hS
4 4
Radiance o$;F(Tj =T;"). for black Gj=oS,F(T7 +T°)(T, +T))
materials
Fluid flow mc(T; -T;) Gi,-f =mec

(1) S;; volume exchange surface (i) and (j); L;; Length between two nodes (i) and (j) (2) m mass flow [kg.s™]

In the case of a transient study, for a node (i)subjected to an internal source of heat and exchanging energy by
conduction and radiation the equation of heat flow is written by'

—_ZGU“’(T T)+ZG|]“‘V(T T)+ZG|J°“(T ~T)+Q,(t)
c da = (12)

Writing this system to each node provides as many equations as there are nodes. The matrix formatting leads to:
dT

CIEECATANCY
dt [ J (13)
Where[Ci] . the matrix of thermal capacities of the discretized volumes, [G}J . the matrix of the sum of the

conductance’s associating the volumes, [Q i ] : the heat source associated with the i™" node.
The different heat flows introduced for each node, according to the figure 6, are given by the following expressions:

dT, _ 1S,

de(1):C T, +
node(1):€, G- 25+ 1)
o 4T
node(2):C,—%=hST, +Q,(t)
node(3): Q% = hST,
d'It' AS (14)
R B t
node(4):C, L, s+ Qu(t)
dT, A4S
C,—o =L t
node(5):C, T s +Qs (1)
o dT
node(6):Cs —==hST, +Q,(t)
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d i _i+1 _i
By taking d_tl = 'A—t' , the resolution of equations (14) is given as follows

Tll _Tlo + At |:A’1812 Tlo Q1:|
1 L12
1_T10 At 0
LT g (hsT, )+Q2]
T =T? +§[(hsT3°)]
3
At( 2,8
T, =T +—|| === T/ +
4 4 C4 |:[ L45 J 4 Q4:|
T51=T50 +£|:[25856 JT50+Q5:|
C5 L56
TH=T? +§[(hsT6°)]
6

(15)

Knowing that:TG0 =24°C and S ;; are equal for all nodes.

X7 C7T7?
Fis \\\WWeeers WAL T
\|\|\|\|\|\' A
Carcass x5C5T5 Q5
- %4 C4"T41Q4
Stator AR R 0
gap x3 C3T3
TrrT T
Rotor l' C2 T2|Q2
\

e ANAGR AT

Figure 6: The different thermal source layers.

3.2 Computer Program

A computer program code written and compiled in the MATLAB environment, based on dimensions and thermo-physical
data of engine components (shown in Table 3). The flow chart of the mentioned code is illustrated in Fig.7.

Table 3: Dimensional and thermo-physical data of the engine components [31]

Radial Nodal Surface Thermal Joule

Engine component distance distance element conductivity losses

(10°m  (10°m) (") (W /mK) W)
Cast iron housing 7 4 0,1493 55,8 0
Stator iron 17 12 0,1395 62 0

Statoric winding 20 18,5 0,1158 0,5 241,10
Gap 0,35 10,17 0,0879 0,03 0

Rotor winding 22 11,17 0,0874 0,5 118,10
Rotor iron 13 17,5 0,0567 62 0
Mechanical axis 26,5 19,75 0,0386 45,8 0
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Dimensions of the different motor elements.
Thermo-physical parameters of the motor elements.
. The ambient temperature.

|

= Calculation of steady state conductance’s.
= Calculation of losses by Joule effect for each element of the
engine.

>
>

v

= Introduction of boundary conditions (Node
temperatures).

= (Calculation of nodes temperatures in steady state.

No Precision

w| ired

g Yes

= [Introduction of boundary and initial conditions.

\ 4

= Calculation of the nodes temperatures in transient regime.

Precision
acquired

Yes

= Calculation of the specific speed.

v

= Choice of fan type.

Figure 7: Flow-chart of the simulation method nodal.

3.3 Validation of Simulation

The presented results shown in table 4 are the simulated and the experimental heating temperature differences on an
asynchronous electric motor in the reference laboratory [26]. For the same condition of operation at an ambient temperature
20°C , it is noted that the relative error of the temperatures between the two results (humerical and experimental) within the
motor elements (stator iron, rotor winding, stator winding, and the gap) is less than 8%. Therefore, there is a good agreement
between the numerical and experimental results. Also, it is noted that the errors produced may be due to the reading of
experimental measurements or the physical characteristics of the materials. Therefore, the mathematical model used to evaluate
the thermal heating inside the asynchronous motor can represent the actual situation of normal operation. This means that the
calculation program developed for this numerical approach can be used as a thermal performance optimization tool and allows
measuring the most favorable operating conditions of asynchronous electric motors with low power. These permit selecting a
good choice of engine cooling system.
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Table 4: Comparison between the simulated and experimental heating temperatures.

. The experimental The simulated AT Temperature
Engine components Temperature, ref [26] Temperature (°C) range P Error
Windings rotor 86,85 83,33 3,52 4,22%
Middle stator wind 60,53 65,64 5,11 7,78%
Bottom stator wind 55,87 52,98 2,89 5,17%
Middle stator iron 52,31 48,32 3,99 7,62%

4. Results And Discussions

4.1 Permanent Temperature Distribution (T, . = 20°C )

The temperature distribution within the motor is an increasing function with the radial distance. From Figure 8, it can be
seen that the temperature at the surface of the cast iron housing is equal to the ambient temperature. As the radial distance
increases, it is noted that the temperature increases linearly by 20°C crankcase up to almost 130°C  at the mechanical axis.
The rapid temperature growth at the stator and rotor winding is the Joule effect losses in these two motor elements. The
conductance matrix and the permanent temperature distribution within the engine are found as follows:

amb

T, =[20 20 97,052 97,052 27,257 27,257 27,257]
G =10"[2,0970 0,7207 0,0031 0,0003 0,0039 0,2009 0,0894]

140

120 |

80

T (°C)

60 +

40

20

0 20 40 60 80 100
r(mm)

Figure 8: The permanent temperature distribution within the asynchronous motor for an ambient
temperature of T, = 20°C

160

140

120 -

100

0 10 20 30 40 50 60 70 80 90
r(mm)

Figure 9: Effect of ambient temperature on permanent temperature field within the asynchronous
motor
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4.2 Effect of Ambient Temperature on Permanent Temperature Distribution

Figure 8 shows the effect of the ambient temperature on the permanent temperature field within the engine. Clearly, this
figure shows that the permanent temperature increases mostly linearly with increasing radial distance (starting from the cast
iron housing, stator iron, stator winding, air gap, rotor winding, and rotor iron towards the mechanical axis). The increase in
temperature within the engine is mainly due to the Joule heat losses at the stator and rotor winding. The ambient temperature
increase is clear on electric motor heating while operation, i.e. the permanent temperature for each engine element increases
proportionally with increased ambient temperature.

4.3 Transient Temperature Distribution (T

amb

= 20°C)

Figures 10 and 11 show the transient temperature evolution within the externally cooled asynchronous motor. In particular,
Figure 10 illustrates this evolution, shown as a contour plot indicating isothermal lines in the various engine elements. In
contrast, Figure 11 shows the same mentioned evolution as the surface plot, which allows determining the engine hotspots (i.e.,
hottest elements) as a function of time.

It is worth noting that the engine heats up over time. Except for the first seconds when the different motor elements are
almost at room temperature, the temperature increases in the elements from the mechanical axis, the rotor iron, the rotor
winding, etc., to the cast iron housing, or the is close to the ambient temperature. The reason behind the inner elements' heating
problem is that the Joule effects losses are mainly generated in the stator or rotor windings.

4.4 Effect of Ambient Temperature on Transient Temperature Distribution

The effects of the ambient temperature on the transient temperature distribution within the asynchronous electric motor are
shown in figure 12 according to the considered ambient temperature values. The most significant observation is that the
increase of the ambient environment temperature where the motor operates enables the appearance of the hot zones, especially
at the engine elements level, which manifests thermal losses by the Joule effect, namely, winding stator and rotor winding.

For example, if we compare the thermal behavior of the engine at an ambient temperature 5°C with that demonstrated at

45°C atime interval of 120 seconds. We can discern that the motor 5°C will begin to heat by the Joule effect at its internal
elements level as soon as the first 70™"-second pass, while the hot zones appear within the engine for an ambient temperature of
45°C the first 3 seconds. This interprets the easy appearance of the hot zones within the engine under the effect of the
ambient temperature.

30

{ 25

th
T

20

o0
Time (s)

Figure 10: Transient temperature evolution (contour representation) within the asynchronous motor
for an ambient temperature (Tamb = 20°C)

1] 40 60 80 100 120
Time (s)
Figure 11: Transient temperature temporal evolution (surface representation) within the

asynchronous motor for an ambient temperature (Tamb = 20°C)
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Figure 12: Transient temperature time-evolution (contour and surface plots) within the asynchronous
motor for different ambient temperatures

The second observation concerning the ambient temperature effect is that the engine's heating following the latter's effect
is predominant in depth. This is because it covers almost all the elements in the radial direction as the temperature of the
surrounding environment increases.

The effect of the operating time on the distribution of the transient temperature within the asynchronous electric motor is
shown in figure 13, corresponding to the operation time taken by the asynchronous electric motor.

We observe that the increase of this time interval is accompanied by a very considerable temperature increase within the

various engine elements and, more specifically, the appearance of the hot zones at the engine elements level, which manifest
thermal losses by the Joule effect, namely, the stator and rotor windings.
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Figure 13: Transient temperature histories within the engine elements for different time intervals

(Tono = 25°C)

amb

The comparison between the engine thermal behavior at a time interval of 120 seconds and that over 1800 seconds shows
that the maximum inner temperature reached in the first period is in the order of 20°C . In contrast, the hot zones that appear

within the engine for the second period have temperature values 80°C for an ambient temperature of 20°C . This elucidates
the possible appearance of hot zones within the engine during the asynchronous electric motor’s operating time.
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5. Conclusion

In this study, we have dealt with applying the nodal numerical method to determine the heating behavior of an
asynchronous electric motor. The study aimed to predict the permanent and transient temperature fields within each element of
this machine, namely the cast iron housing, stator iron, stator winding, air gap, rotor winding, rotor iron, and the mechanical
axis. The approach of this simulation is based on the dimensional and thermo-physical data of an electric engine with low
power of 4 kW. This numerical approach shows that the engine heating is mainly owed to the thermal losses caused by the
Joule effect at various motor elements, which is explained by very hotspots at the stator and rotor windings. Furthermore, by
analyzing the ambient temperature effect on the heating engine, we have concluded that the increase of this latter causes the
appearance of the very hot zones leading to the heating engine’s phenomenon.

The procedure calculates the motor's specific speed according to its rotation speed, the volumetric air flow rate, and the
fan-load losses for the fan's choice. Using the table giving the appropriate external cooling fan types according to the required
specific speed allows us to choose the engine cooling system adequately.

Nomenclature

P, Absorbed power (W)
C Thermal capacity
Pjs Joule losses in the stator (J)

R, Thermal resistance winding (K/W)

The resistivity of the conductor at the reference
temperature

R

G Thermal conductance

Q Heat flux (W)

S Surface (m?)

L” Length between two nodes (i and j)

A Thermal conductivity (W/mK)

h Coefficient of thermal convection (W/m?K)
N The specific speed of the fan (tr/min)

(1) The power released in the equipment

AT, Permissible increase of the air temperature
T Temperature (K)

T Ambient temperature (K)

Te Permanent temperature (K)

r Radial distance (m)

t Time (s)
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